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Efforts to reduce pesticide-rclated risks to consumers and farmworkers often neglect the
possibility that measures to reduce the target risk may introduce or enhance countervailing
risks. These may arise from substitute pesticides or pest-control practices, from increased lev-
els of pests or pest-related hazards, from increased levels of toxic natural pesticides in plants,
from increased costs and decreased consumption of health-enhancing fruits and vegetables,
or from direct income effects on consumers and farmers. The effect of the countervailing
risks may partially or completely offset the reduction in the target risk. A risk-trade-off anal-
ysis was conducted of a potential ban on the use of organophosphate and carbamate (OP/
Carbamale) insecticides in U.S. agriculture. Although this scenario is extreme. it has the ana-
Ivtic virtue of dispensing with the infinite number of “next-best” OP/Carbamates that might
be substituted for specific combinations of crops and pests should only selected uses be
banned. The analysis relies on detailed descriptions of the alternative pesticides and pest-
control measures that would be used for each of 14 major crops. The effects of pest-control
cost changes on prices and consumption and effects on consumer and producer incomes are
projected using a general-equilibrium economic model. Several countervailing risks that may
be significant were found, including acute toxicity to farmworkers from substitute pesticides,
cancer and noncancer risks from substitute pesticides, and mortality induced by changes in dis-
posable income. Other countervailing risks are more difficult to estimate or weigh. Potential in-
creases in natural plant pesticides following an OP/Carbamate ban are discussed but data are
lacking to quantify the effects. Changes in diet following the ban have both positive and neg-
ative effects, and the ultimate change is difficult to estimate. Although a net risk cannot be
estimated, several approaches were illustrated that would be useful in risk-trade-off analyses.
Key factors complicating comprehensive analysis of risk/risk trade-offs for pesticides were
also identified, including data gaps and shortcomings of current risk assessment methods.
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and thereby partially or completely offset reductions
in the target risk (Gray & Graham, 1995). Counter-
vailing risks may arise from substitute pesticides or
pest-control practices, from increased levels of pests
or pesi-related hazards, from increased levels of toxic
natural pesticides in food crops, from increased costs
and decreased consumption of health-enhancing fruits

1. INTRODUCTION

Efforts to reduce pesticide-related risks to con-
sumers and farmworkers may exacerbate other risks
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and vegetables, or from financial effects on farmers and
consumers. Sound decisions about pest-control op-
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tions and the production of food and fiber should
weigh both target and countervailing risks. This article
attempts to compare the effects of a specific pesticide
regulation on target and countervailing risks. It iden-
tifics a number of data and methodological limita-
tions that preclude a comprehensive and quantitative
risk-trade-off analysis (RTA; Graham & Wiener, 1995).

Risk/risk trade-offs occurring as the result of a
complete ban on organophosphate and carbamate
(OP/Carbamate) insecticides are evaluated. OP/Car-
bamaltes are a large and widely used group of chemi-
cals. There are more than 50 OP/Carbamates regis-
tered with the U.S. Environmental Protection Agency
(EPA), and organophosphates account for almost
hall of all insecticide sales in the United States (U.S.
Environmental Protection Agency, 2000). It is appar-
ent that a ban of OP/Carbamates is an extreme sce-
nario, but it has the analytic virtue of dispensing with
the infinite number of “next-best” OP/Carbamates
for specific combinations of crops and pests should
only some number of uses be banned. In addition,
this is a scenario that has been considered in the de-
bate about implementation of the 1996 Food Quality
Protection Act (FOPA: Neilsen, 1999). Indeed, re-
strictions on the use of two organophosphates were
announced in late 1999 (U.S. Environmental Protec-
tion Agency, 1999).

Although a variely of countervailing risks were
identified, a comprehensive and quantitative estimate
of the risk trade-offs is not possible under the current
study conditions. Significant factors that preclude a
more complete analysis include limited data on the
concentration of pesticides remaining on food when
consumed (especially for those that might substitute
for OP/Carbamates) and the concentrations and tox-
icities of naturally occurring pesticides in food crops,
as well as the extent to which both of these might in-
crease from higher pest stress in these crops or substi-
tutions for more resistant cultivars. Potentially more
important though are the limitations in conventional
risk assessment methods for health effects other than
cancer. Because these methods neither identify the
specific health effect that may occur, nor provide
probabilities of occurrence, they permit no sensible
method for comparing changes in risk of cancer and
noncancer health effects. Similarly, conventional meth-
ods prove inadequate for estimating the risks of changes
in dictary intake of essential nutricnts and other food
constituents. Surprisingly, it was found that the coun-
lervailing risk most susceptible to quantification is
the effect of increased production costs on family in-
comes and health—the “richer is safer” effect.
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Potential risk trade-offs and populations of con-
cern are identified in section 2. This qualitative eval-
uation does not allow comparison of the magnitude
of the risks; the focus is on risks to public health. how-
ever, ecosystem and production risks are also identi-
fied. Some methods to quantify the identified risks
using available data are demonstrated in section 3.
Section 4 discusses how the target and countervailing
risks can be compared, identifies additional counter-
vailing risks not addressed in this study, and describes
data and methods needed for a more complete RTA.
Section 5 concludes with a discussion of the factors
impeding comprehensive analysis of risk/risk trade-
offs for pesticides, including data gaps and shortcom-
ings of current risk assessment methods.

2. IDENTIFYING TRADE-OFFS

Most members of the OP/Carbamatce families of
pesticides share a common mode of insecticidal activ-
ity: interference with the enzyme acetylcholinesterase.
The primary human health concerns—the target risks
in the present analysis—are possible neurotoxic ef-
fects in exposed humans. This toxicity may manifest
acutely (i.c., poisoning of highly exposed workers), or
with long-term consumer exposure to residucs on
food. These insecticides have come under increasing
regulatory scrutiny. Since tolerances—Ilegal residue
levels—are set with a focus on chronic exposure from
food, it was assumed the primary target risk to be ad-
dressed is neurotoxicity from chronic consumer expo-
sure to organophosphate or carbamate insecticides.
Potential importance of the corollary target risk of
acute toxicity to farmworkers is also illustrated. The
countervailing risks of substitute pesticides that might
be used in crop production, the potential risks of
changes in natural plant pesticides, changes in diet
and nutrient intake, and health risks due to changes
in consumer and farmer income following a ban are
also considered.

In an effort to encourage the explicit consider-
ation of risk trade-offs and their consequences, Gra-
ham and Wiener (1995) developed a typology of trade-
offs and a simple classification system—RTA. In this
type of analysis, two questions are considered: First,
does the countervailing risk, generated by the risk
management aclivity, [all on the same population as
the target risk or on another group? Second, is the
countervailing risk of the same type as the target risk
(e.g., one cancer risk replacing another cancer risk)
or of a different type (e.g., a noncancer risk replacing
a cancer risk)? The answers to these two questions
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Table I. Risk Trade-off Analysis Classification System

Compared to the target risk, the
countervailing risk is

Same type Different type
Compared to the target
risk, the countervailing
risk affects
Same population Risk offset Risk substitution

Different population  Risk transfer  Risk transformation

can be used to classify a trade-off either as a “risk off-
set,” a “risk transfer,” a “risk substitution” or a “risk
transformation,” as shown in Table 1.

Table II lists some of the qualitative public
health risk trade-offs identified for an OP/Carbamate
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ban. Other risk trade-offs, including those to farm-
workers and the environment, are discussed later.
The countervailing risks identified in Table II arise
from substitute pesticides, changes in levels of natural
plant toxins, decreases in income, and changes in diet
following an OP/Carbamate ban (see Table 11I).

In all cases, the primary target risk is assumed to
be potential neurotoxicity to consumers from the res-
idues of OP/Carbamates on food. A secondary poten-
tial benefit of an OP/Carbamate ban is a reduction in
exposure of farmworkers to these compounds. Risk
substitutions are the most common trade-off, many
arising from the use of alternative pesticides, al-
though all classes of trade-olfs are identified. Follow-
ing is a discussion on methods that might be helpful in
quantifying the target and countervailing risks identi-
fied in Table IL

Table I1. Risk Trade-off Analysis for the OP/Carbamate-Ban Scenario

Risk trade-off
type Target risk

Countervailing risk

Example(s)

Substitution Neurotoxicity from chronic
consumer exposure to
organophosphate or

carbamate insecticides

Substitution Neurotoxicity from chronic
consumer exposure o
organophosphate or
carbamate insecticides

Offset Neurotoxicity from chronic

consumer exposure to
organophosphate or
carbamate insecticides

Cancer risk from substitute insecticides

Other (than neurotoxicily) non-cancer
effects from substitute pesticides

Neurotoxicity from substitute pesticides

Lindane replacing Fonofos for wireworm
control on wheat (Peel & Aarke, 1999)

Imidaclorpid (thyroid toxicity) replacing
dimethoate for sharpshooter control on
grapes (Peacock, 1999)

Tefluthrin substituting for ethyl parathion
or parathion methyl for control of stink-
bugs on soybeans (Wiese, Helmers, &
Shaik, 1999)

Substitution

Substitution,

offset

Substitution

Transformation

Substitution,

transformation

Neurotoxicity from chronic
consumer exposure to
organophosphate or
carbamate insecticides

Neurotoxicity from chronic
consumer exposure Lo
organophosphate or
carbamate insecticides

Neurotoxicity from chronic
consumer exposure Lo
organophosphate or
carbamate insecticides

Neurotoxicity from chronic
consumer exposure to
organophosphate or
carbamate insecticides

Corollary target risk of acute
toxicity to farmworkers
from OP/Carbamates

Decreased nutrient intake and subsequent
health risks due to consumer changes in
consumption (also has corollary benefits
with some food components)

Cancer and other toxic effects due to con-
sumer exposure to higher levels of natu-
ral pesticide in foods (due to pest pres-
sure or breeding of resistant cultivars)

Adverse health effects on consumers due
to decreased income

Adverse health effects on farm families
due to decreased farm income

Acute toxicity to farmworkers from
substitute pesticides; toxicity to
consumers from substitutes

Predicted decreased intake of folate and
vitamins C and E, benefit from pre-
dicted reduction in cholesterol and fat
intake (Taylor & Smith, 1999)

Caffeic acid (carcinogen) in apples, carrots,
grapes, potatoes; solanine and chaconine
(cholinesterase inhibitors, teratogens) in
potatoes (Ames er al., 1990)

A ban on OP/Carbamates is estimated to
cause an aggregate decrease in personal
income of over $5 billion; an increase in
household spending on food of approxi-
mately $840 million (Taylor & Smith,
1999)

A ban on OP/Carbamates is estimated to
cause an aggregate $1.6 billion decrease
in net income for fruit and vegetable
farmers (Taylor & Smith, 1999)

Note: OP/Carbamate = organophosphate and carbamate.
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3. QUANTIFYING RISK TRADE-OFFS

Quantitative risk assessment requires estimates
of exposure to OP/Carbamales, substitute pesticides,
and other risk agents. To estimate exposure to OP/
Carbamates and substitute pesticides, the present
analysis relies on studies that estimate changes in pes-
ticide use, yield, and cost for 14 crops in a 4-year pe-
riod following a complete ban on OP/Carbamate pes-
ticides (Knutson & Smith, 1999). These data were
developed through analysis, models, and the expert
judgment of farmers, extension agents, and academic
researchers around the United States. They represent
the crop experts’ considered opinions as to the most
effective and economical currently available pest-
control practices that would be adopted if OP/Car-
bamates were banned, including the use of substitute
pesticides, alternative tilling, biological agents, and
other scenarios. The studies have not, to this point,
been peer reviewed but follow accepted methods and
are fully documented. Data from Knutson and Smith
(1999) were also used to propagate production
changes through the U.S. economy using AGSIM, a
regional econometric simulation model of the agri-
cultural economy (Taylor, 1993) and IMPLAN, a na-
tional input/output model of the U.S. economy (Min-
nesota IMPLAN Group, Inc., 1997). These models
predict changes in prices, production levels, demand,
and incomes following an OP/Carbamate ban (Taylor
& Smith, 1999).

3.1. Substitute Pesticides—A cute Toxicity
to Farmworkers

To illustrate a potential approach for addressing
farmworker risks, data on the acute effects of pesti-
cides were taken from the California Pesticide Illness
Surveillance Program (PISP, California Environmen-
tal Protection Agency, 1997). PISP relies on physician
reports of any case known or suspected to be due to
pesticide exposure, and on California Department of
Pesticide Regulation review of worker-compensation
claims. This is the most comprehensive database of
pesticide-related illness in the country. Data from 1995
were used because they reported illnesses as “defi-
nitely,” “probably.” or “possibly” associated with or-
ganophosphates, carbamates, and other insecticides.
Data on pesticide use in California for 1995 are from
the California Pesticide Reporting System (California
Environmental Protection Agency. 1995). A complete
analysis would benefit from similar data for different
locations and over time.
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The California PISP data are useful as a guide to
the potential effects of pesticides on farmworkers
and others, although there are concerns about attri-
bution of disease and reporting (California Environ-
mental Protection Agency, 1997). Table IIT summa-
rizes data on acute illnesses/injuries reported to PISP
in 1995. Illnesses/injuries are categorized as “systemic,”
“eye,” “skin,” and “eye and skin.” The table reports
totals across the categories. There were no reported
fatalities associated with insecticides in California in
1995, The California Department of Pesticide Regu-
lation reports that only 41% of these cases were re-
lated to agricultural uses of the pesticides (California
Environmental Protection Agency, 1997).

Making a few assumptions, the target risk of acute
illness or injury associated with OP/Carbamate appli-
cations and the countervailing risk of other insecti-
cides that might be used as substitutes can be estimated.
It was first assumed that the 41% share of cases re-
lated to agricultural use applies uniformly across classes
of pesticides. Another assumption was that “number
of applications™ is the appropriate measure of toxic-
ity opportunities, rather than, for example, number of
pounds applied. Considering only the top 100 most
frequently applied pesticides, there were 430,685 ap-
plications of OP/Carbamates and 425,529 applica-
tions of other named insecticides (excluding oils and
soaps) in California in 1994 (California Environmen-
tal Protection Agency, 1995).

From these numbers it can be estimated that
cach application of an OP/Carbamate for agricultural
purposes is associated with 0.0011 illness or injury,
and each non-OP/Carbamate insecticide is associated
with 0.0009 illness or injury. The ratio of illness or in-
juries per application for non-OP/Carbamates to OP/
Carbamates is 0.8. This ratio suggests that a change
from OP/Carbamates to other insecticides may lead
to a small reduction in acute toxicity to farmworkers
and others. If the number of necessary applications
increases—either because of lower efficacy or the
need for several malterials to replace a single OP/

Table III. 1995 California Pesticide Illness Reporting
Program Illnesses/Injuries by Insecticide Type

Definite/

probable Possible
Category illness illness Total
Organophosphates 103 65 168
Carbamates 20 10 30
Other insecticides 124 30 154
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Carbamate—the acute toxicity risk could also in-
crease. Similarly, a decrease in the number of overall
applications would make the trade-off more favor-
able. It appears that any gain from an OP/Carbamate
ban would be at least partially offset by the acute tox-
icity of the pesticides that would be used as alterna-
tives. Other methods of estimating changes in acute
toxicity, such as measuring pounds of active ingredi-
ent applied, might also be useful in RTA.

3.2. Substitute Pesticides—Chronic Noncancer
Toxicity to Consumers

Knutson and Smith (1999) have described the
likely changes in farm pest-control practices that would
follow a ban on OP/Carbamates, including pesticides
that would be substituted. For illustrative purposes,
the cancer and noncancer risks from OP/Carbamates
and substitutes used on potatoes and tomatoes were
compared. These crops were chosen because judg-
ments about current and substitute pesticide use and
monitoring data on pesticide residue levels are avail-
able. Nine OP/Carbamates can be used on potatoes;
five can be used on tomatoes.

The chronic public health risks of OP/Carba-
males and substitute pesticides are compared using
standard EPA procedures and risk values, Estimates
of exposure are compared to a Reference Dose (RID)
or Acceptable Daily Intake (ADI) for noncancer effects
by constructing a hazard quotient—exposure/RfD.

Determining exposure estimates for consumers
requires data on both residue levels on food and the
amount of food consumed. Residue levels are esti-
mated in two ways. First, exposure is assumed to be at
the tolerance level (the Tolerance Approach), the
highest amount of residue allowed on food by law
(Insecticide. Fungicide, and Rodenticide Act, 1948, as
amended). It 1s recognized that actual exposures “on
the dinner plate” are often much lower than the toler-
ance level (Eilrich, 1991). Therefore, data from the U.S.
Department of Agriculture’s (USDA’s) Pesticide Data
Program (PDP, U.S. Department of Agriculture 1995,
1996b, 1997) are also used to estimate exposure (the
PDP Approach). The PDP collects statistical samples
of commodities at distribution or retail establish-
ments and measures the level of specilic synthetic
pesticides. Reported summary data include the
percentage of samples for which residucs were de-
tected, the range of levels detected, and the range
of levels of detection for the analysis method.

Two methods were used to account for nondetects
in the PDP data. First, it is assumed that nondetects are
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true zeros reflecting different use patterns across farms
and regions of the country (the Use Model). In this
case, estimated residue concentrations for pesticide/
crop combinations with PDP detections are the mid-
point of the range detected multiplied by the percent-
age of samples with detected residues. Concentrations
for pesticide/crop combinations tested by the PDP but
with no detected residues are treated as zeros. Con-
centrations for pesticide/crop combinations not
tested by the PDP are estimated by multiplying the
average of the detection-midpoint/tolerance ratio for
pesticides detected on that crop by the tolerance and
by the average percentage of samples of that crop
with detected residues.

The second approach (the Delect Model) assumes
that PDP nondetects reflect the inability to measure
low levels of residues. In this case, concentrations for
pesticide/crop combinations with PDP detections are
the midpoint of the range detected multiplied by the
percentage of samples with residues detected. plus
one-half the midpoint of the limit of detection for that
pesticide times the percentage ol nondetects. Con-
centrations for pesticide/crop combinations tested by
PDP but with no detected residues are estimated as
one-half of the midpoint of the reported levels of de-
tection for the pesticide. Concentrations for pesti-
cide/crop combinations not tested by PDP are esti-
mated by multiplying the average half-limit of the
detection/tolerance ratio for pesticides detected on
that crop by the tolerance.

To estimate human exposure, residue levels are
combined with average daily consumption. Con-
sumption estimates were taken from the USDA Con-
tinuing Survey of Food Intake by Individuals (CSFII,
USDA, 1996c¢).

Table IV shows the cumulative hazard quotient
for OP/Carbamates and substitute pesticides for to-
matoes (Gilreath, Smith, & Taylor, 1999) and pota-
toes (Wiese & Guenthner, 1999). The “summed haz-
ard quotient” is the sum of the hazard quotients
(exposure/RfD) for the individual pesticides. Several
key assumptions arc embedded in these estimates:
For the estimates based on tolerances, it was assumed
that all OP/Carbamates and substitutes identified for
a crop arc used since there are no data on the substi-
tution pattern that might occur in the event of a ban.
Data based on PDP measurements account for use
patierns since numbers and levels of detections arc
influenced by farm practices. For substitute pesti-
cides, it was assumed that frequency of detection and
levels of detection will not change as they replace OP/
Carbamates. It was also assumed that pesticides not
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Table IV. Hazard Indices for Average Consumption of Produce
Treated With OP/Carbamates or Substitutes

Gray and Hammitt

Table V. Summed Upper-Bound Cancer Risks for Average
Consumption of Potatoes and Tomatoes Treated
With OP/Carbamates or Substitutes

OP/Carbamate Substitute
summed summed OP/Carbamate Substitute
hazard hazard summed summed
Crop/model quotient quotient Crop/model cancer risk cancer risk
Potatoes Potatoes
Tolerance 6.453 0.041 Tolerance 5.23 X 100* 147 x 10
Use Model 0.011 0.002 Use Model 2.74 x 10°® 239 X 107%
Detect Model 0.450 0.003 Detect Model 6.27 X 107° 1.20 X 1077
Tomatoes Tomatoes
Tolerance 11.448 0.0250 Tolerance 0 0
Use Model 0.010 0.000006 Use model 0 0
Detect Model 0.047 0,001 Detect model 0 0

Note: OP/Carbamate = organophosphate and carbamate,

tested in the PDP will have similar frequencies of de-
tection and ratios of detected levels to tolerance as
those that were tested.

An important consideration in RTA is the rela-
tive severity of toxic effects. The RfDs (or ADIs) and
tolerances for OPs/Carbamates are set primarily on
the basis of inhibition of cholinesterase (ChE) in the
blood or brain. This is a particularly subtle endpoint
that many scientists believe is a marker of exposure
rather than toxicity (e.g., Chen, Sheets, Nolan, &
Mattsson, 1999). In some cases, other endpoints are
the basis for regulatory assessment. Most other pesti-
cides are evaluated on the basis of more traditional,
and severe, toxic effects leading to both higher RfDs
and more direct links to morbidity. There are also im-
portant questions about prediction of actual toxic ef-
fects across species, and those that may change from
high to low doses.

3.3. Substitute Pesticides—Cancer Risk
to Consumers

For a quantitative characterization of cancer risk,
exposure estimates are combined with carcinogenic-
potency values calculated by the EPA (U.S. Environ-
mental Protection Agency, 1997). For all the pesti-
cides under consideration, concerns about carcino-
genic potential are based on results of high-dose
animal tests. No direct evidence of carcinogenicity in
humans has been found and so the usual concerns
about interspecies and low-dose extrapolation arise.

Table V shows the summed cancer risks for OP/
Carbamates and substitute pesticides for potatoes
and tomatoes. The “summed cancer risk” is the total
of individual cancer risks for cach pesticide with po-

Note: OP/Carbamate = organophosphate and carbamate.

tential carcinogenicity in each category. The EPA
classifies none of the OP/Carbamates or substitules
used on tomatoes as a potential carcinogen. There-
fore the risks with and without OP/Carbamaltes, as
conventionally estimated. are zero. It should be noted
that the risks may be higher if evaluations of human
cancer potential based on animal studies are incor-
rect. Again, several assumptions are made in inter-
preting these estimates. The most important is that
these compounds are indeed carcinogenic to humans
at the levels found on food. Second, the assumption
of a linear, no-threshold dose—response relationship,
embedded in EPA cancer potency values (Anderson
& the Carcinogen Assessment Group of the U.S. En-
vironmental Protection Agency, 1983; U.S. Environ-
mental Protection Agency, 1986) has a strong influ-
ence on estimates of risk. Third, these estimates are
considered by the EPA to be “plausible upper bounds™
on risk and the true risk is expected to be lower, and
may be zero (U.S. Environmental Protection Agency.
1986). The same assumptions about exposurc (usc
patterns and PDP data) apply to cancer estimates as
to hazard quotients.

3.4. Risk from Natural Toxins in Food

There are insufficient data to quantitatively eval-
uate the risk trade-offs posed by changes in the levels
of natural toxins in plants, although there are reasons
to think they could be as large or even larger than
pesticide risks (National Research Council, 1996).
Plants produce a number of chemical agents that act
as natural pesticides to protect the plant against vari-
ous predators. Many of these natural compounds
have been found to be carcinogenic or toxic in other
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ways. Some even have natural anti-Che activity; for
example, solanine and chaconine are Che inhibitors
found in potatoes (Ames, Profet, & Gold, 1990). There
could be countervailing risks from plant toxins if
farmers react to an OP/Carbamate ban by increasing
the use of resistant cultivars, or if pest predation, which
stimulates production of natural toxins, increases.

3.5. Risks from Changes in Diet

The OP/Carbamate insecticides are inexpensive
relative to many other pest-control options. In many
casecs, a ban on these compounds would require the
substitution of more expensive pest-control methods
which would lead to an increase in prices. As price in-
creases, consumers will substitute other foods. Changes
in the diet may cause both countervailing risks and
corollary benefits. Countervailing risks arise if the
substitute foods are less nutritious than the fruits,
vegetables, and grains purchased when OP/Carba-
maltes are in use. A number of vitamins and minerals
found in these food crops are known to be protective
against cancer and other diseases (National Research
Council, 1996). Decreases in intake may increase
these risks. Corollary benefits of the OP/Carbamate
ban come from decreased consumption of food com-
ponents that are linked to increased risk of disease
(c.g., saturated fat) or increased nutrient intake from
substitute, for example, organically grown, foods. A
series of quantitative models (Taylor & Smith, 1999)
are used Lo estimate changes in food prices, consumer
purchasing choices, and nutrient intakes if OP/Car-
bamates are climinated.

A simple way Lo estimate the effects of changes
in food consumption in terms of public health is to
compare the number of persons ingesting the recom-
mended amount of certain components. For nutri-
ents, this could mean comparing persons achieving
the recommended daily intake of a nutrient now and
after an OP/Carbamate ban. To address the potential
countervailing risks from changes in diet following
an OP/Carbamate ban, the change in the number of
persons consuming at least the Recommended Daily
Intake (RDI) for a wide range of nutrients and other
dietary components is evaluated. Estimates of
changes in daily consumption of each nutrient fol-
lowing an OP/Carbamate ban are from Taylor and
Smith (1999). Data on U.S. population intake of nutri-
ents (mean, median standard deviation of the mean,
and sample size) are from the National Center for
Health Statistics (Alaimo er al.. 1994: McDowell et
al.,1994). RDIs are from the Food and Drug Admin-
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istration (FDA), as published in the Federal Register
(U.S. Department of Health and Human Services,
1995) or the American Heart Association (AHA)
Website (American Heart Association, 1999). Popu-
lation intake is modeled as a normal distribution.
The average (mean-median)/standard deviation value
was 0.104 with a standard deviation of 0.023, which
suggests that the nutrient intake distributions are
recasonably symmetric and the assumption of nor-
mality is reasonable. Changes in consumption were
assumed to change the mean but not the standard
deviation of the intake. U.S. population was assumed
to be 271,000,000 as of November 1, 1998 (U.S. Bu-
reau of the Census, 1998).

Table VI shows estimates of the number of
Americans that would change intake status, for better
or worse, based on the projected changes in food-
component consumption (from Taylor & Smith, 1999).
The correlation across nutrients cannot be accounted
for because of the absence of data on long-term di-
elary patterns.

3.6. Mortality Induced by Decreases in Income

A significant body of research supports the find-
ing that “richer is safer” (Chapman & Hariharan,
1994, 1996: Keeney, 1990, 1997, Wildavsky, 1979, 1980,
1988). Common sense supports this notion—if health
and safetv are normal goods, wealthier people will
tend to “purchase” more of them. Although wealthier
people may also spend some of their money in ways
that put them at increased mortality risk (e.g., more
airplane travel), on average they are expected to pur-
chase, and to maintain in better condition, safer
homes, automobiles, and other products (Wildavsky,
1979, 1980, 1988).

Empirical research finds a correlation between
greater income and smaller age-adjusted mortality
risk (Lutter & Morrall, 1994). Moreover, this re-
search provides estimates of the rate at which mortal-
ity risk increases with decreasing income. Most of the
recent evidence comes from cross-sectional studies of
people within the United States (Chapman & Hari-
haran, 1994; Keeney, 1990) supplemented by longitu-
dinal (time-series) studies (Chapman & Hariharan,
1996; Keeney, 1997), which compare changes in mor-
tality rates and changes in income. A limitation of
these studies is that it is difficult to control for “re-
verse causality”: the possibility that the observed cor-
relation between lower income and impaired health
reflects the effect of poor health in limiting earning
potential (Smith, 1999). Chapman & Hariharan (1994)
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Table V1. Population Effects of Nutrient Changes Induced by OP/Carbamate Ban
Number of Number of
persons persons
Change in daily RDI or AHA changing changing
consumption recommended Lo worse to better
Nutrient (percent) (per day) health state health state
Calcium —0.264 1,000 mg 174.000
Cholesterol —-0.202 300 mg 115,000
Copper —0.447 2mg 399,000
Dietary Fiber —0.348 30g 199,000
Folate —0.512 400 pg 288,000
Iron -0.226 18 mg 148,000
Magnesium —0.205 400 mg 169,000
Niacin —0.132 20 mg 132,000
Phosphorus —0.201 1,000 mg 212,000
Riboflavin —0.126 1.7 mg 105,000
Saturated fat —0.414 2g 243,000
Total fat —0.390 T0g 298,000
Sodium —0.651 2,400 mg 540,000
Thiamin —0.298 1.5 mg 207,000
Vitamin A 0.059 500010 24,000
Vitamin B, 0.019 12 pg 7,000
Vitamin B, —0.152 2mg 113,000
Vitamin C —1.410 60 mg 520,000
Vitamin E —-0.522 10 (mg o-TE) 184,000
Zinc —0.142 15mg 96,000

Nore: OP/Carbamate = organophosphate and carbamate; RDI = Recommended Daily Intake; AHA = American Heart Association;

[U = international unit; «-TE = alpha-tocopherol.

find that failure to control for individual health over-
states the effect of income on mortality risk by about
a factor of two. The longitudinal studies, in which
time-varying individual mortality risk is modeled as a
function of time-varying individual income, provide
stronger evidence of a causal relationship.

Results from cross-sectional and longitudinal
analyses suggest that the effect of income on mortal-
ity risk is smaller at high income levels than at low
levels, so the increased mortality risk to a population
depends on how income losses are distributed. If
wealthy people bear a larger share of the costs, the ef-
fect on mortality will be smaller (Chapman & Hari-
haran, 1996: Keeney, 1990, 1997). Overall, the loss of
income in a population that would be expected to in-
duce one premature [atality (the “cost per induced fa-
tality” or CIF) is estimated to be about $5-16 million,
with values at the lower range being more appropri-
ate when the loss is concentrated on lower income
groups, and values at the higher end being more ap-
propriate when the loss is proportional to income or
concentrated on higher income groups (Chapman &
Hariharan, 1996; Keeney. 1990, 1997).

An alternative, indirect approach (Viscusi, 1994a,
1994b) uses economic theory to show that CIF is re-

lated to the rate at which individuals are willing to
trade money for reduced mortality risk, convention-
ally measured as a “value per statistical life” or VSL.
CIF is equal to the VSL divided by the marginal pro-
pensity to spend income in ways that reduce mortal-
ity risk. For example, assume an individual’s marginal
propensity to spend on health is 0.2, which means he
or she spends an average of 20 cents out of every ad-
ditional dollar earned in ways that reduce mortality
risk (e.g., better diet, improved health care). Using a
conventional estimate of the VSL equal to $5 million
(Viscusi, 1993), the individual is willing to spend $100
per year in order to reduce his or her annual mortal-
ity risk by 2 in 100,000. If income is reduced by $500,
the individual will spend $100 less on reducing mor-
tality risk, yielding an increase in mortality risk of 2 in
100.000. Thus, CIF = $500/(2 x 107°) = $25 million =
VSL/0.2. Viscusi (1994a) reviews a body of evidence
that suggests the marginal propensity to spend on
health is about 0.1-0.3. From this he estimates CIF as
between about $30 million and $70 million. Premature
fatalities induced by an OP/Carbamate ban were calcu-
lated using both direct and indirect estimates of CIF.

Applying estimates of CIF to the effects of a hy-
pothetical ban on use of OP/Carbamate pesticides re-
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quires estimates of the resulting loss in disposable in-
come. Taylor and Smith (1999) provide two estimates
useful for determining this loss. First, they estimate
that annual spending on foods would increase by
$8.40 per household. Multiplying this amount by the
approximately 100 million U.S. households yields an
aggregate increase in food spending of $840 million.
Even though this increased spending does not reduce
income, it reduces the share of income available for
spending on other goods and services (disposable in-
come), and so is anticipated to increase the num-
ber of premature fatalities. Accounting for general-
equilibrium effects of increased food prices (i.e.,
changes in the prices of other goods and services due o
changes in input costs and demand substitution)
yields an aggregate reduction in personal income of
$5.5 billion. (This assumes no change in government
subsidies.) A substantial share of this loss is due to in-
crcased unemployment associated with the loss of
209,000 jobs throughout the economy, which suggests
that the total income loss represents large losses to a
small share of the population (the newly unem-
ployed) and small losses to most of the population.
These job losses are likely to be transient. as dis-
placed workers move to other economic sectors.
Even if they are temporary, large changes in income
may have significant adverse health effects.
Estimates of the premature fatalities induced
per year can be obtained by dividing the estimated in-
come losses by alternative estimates of CIE. The re-
sults are summarized in Table VII. The estimated an-
nual number of fatalities induced by the increase in
food cost ranges from roughly 10 to 1,000. Consider-
ing only the reduction in disposable income directly
attributable to increased food costs yields estimated
effects of roughly 10 to 170 premature fatalities, de-
pending on the rate at which income loss increases

Table VII. Estimates of Annual Premature Fatalities From
Loss of Disposable Income

Estimated loss of disposable income

Aggregate
loss in
personal
income
($5.5 billion)

Increased
Cost per induced food spending
fatality (8840 million)

Direct estimates

($5-16 million) 52-170 340-1,100
Indirect estimates
($30-70 million) 12-28 79-180
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mortality risk (CIF). Considering a more inclusive
measure of lost income—the estimated reduction in
personal income after accounting for the effects of in-
creased food costs on other economic sectors and em-
ployment—yields estimates of about 100 to 1,000 pre-
mature fatalities per year.

As noted, estimates of CIF suggest it is smaller
for lower income groups, which implies that the ag-
gregate number of induced fatalitics depends on how
the loss in disposable income is allocated across in-
come groups. Taylor and Smith (1999) provide infor-
mation showing that the change in food spending in-
creases with income, but less than proportionately.
Combining these estimates of increased spending
with estimates of CIF by income group (Chapman &
Hariharan, 1996) yields results similar to those ob-
tained using the average (all-income) results. Al-
though the estimated effect of reduced disposable in-
come on health is larger for low-income households,
higher income houscholds lose more disposable in-
come. If the loss in aggregate personal income aggre-
gates very large losses to a small fraction of the pop-
ulation who become unemployed, accounting for the
distributional effects of lost income on mortality risk
could be important.

4. DISCUSSION—WEIGHING THE RISKS

The quantitative analysis discussed in the previ-
ous section provides some indication ol the elfect of
an OP/Carbamate ban on a variety of health risks.
The quality of the estimates is hampered, however,
by data and methodological limitations, and a method
for comparing changes in risks across endpoints is
needed. In this section, some of the limitations of the
quantitative analysis are highlighted and suggested
methods for improvement are given.

4.1. Acute Toxicity

The OP/Carbamates have, as a class, moderate
to high acute toxicity. One might expect that this
property would make them of greater risk to farm-
workers than alternative pesticides. The present eval-
uation of rates of illness and injury from OP/Carba-
mates and other insecticides in the California PISP
data suggests this may not be so. There are several po-
tential explanations that must be considered. The
PISP data include agricultural and nonagricultural
uses of pesticides. If the two classes of compounds are
used at different rates in these two applications and
injury/illness rates are different, simplifying the as-
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sumptions, as was done in the present study, may
mask a true difference. Another weakness is the in-
ability to account for possible differences in applica-
tion methods. Acrial application or other dispersive
methods could increase the potential for exposure to
OP/Carbamates. The California Environmental Pro-
tection Agency worries that some pesticide-induced
injuries/illnesses are not reported to the PISP pro-
gram. If reporting, or mention in worker-compensa-
tion reports, were differential between OP/Carba-
mates and other insecticides, it could present a false
picture of the rates for each group. Given the high
profile and known toxicity of the OP/Carbamates, it
is unlikely that their rates are differentially underre-
ported and it is perhaps more likely that health ef-
fects due to other pesticides are not fully ascertained.
Of course, this would reduce or reverse the apparent
differences in the rates of illness between OP/Carba-
mates and their alternatives. Finally, it may be that
farmworkers are aware of the relatively high toxicity
of OP/Carbamates and use them more carcfully than
the substitute pesticides. In this case, one might ex-
pect injury risk to be inversely related to toxicity, and
for injuries to rise following a ban.

From this evaluation of readily available data, it
is apparent that in some situations the countervailing
risks of substitute pesticides can significantly offset—
and might even outweigh—the benefit from address-
ing the corollary target risk of acute toxicity. A more
thorough assessment of acute toxicity target and
countervailing risks would need to include a longer
time period and larger geographic area, and would
need to ensure all relevant pesticides were evaluated.

4.2. Pesticide Noncancer Effects

The comparison of noncancer risks posed by OP/
Carbamates to those of their potential substitutes is
complicated by difficulties in interpreting both expo-
sure and endpoint data. Alternative methods for esti-
mating exposure yield quite different conclusions
about the relative riskiness of OP/Carbamates and
their alternatives (Table IV). For potatoes, the ratio
of OP/Carbamate to substitute summed hazard quo-
tients ranges from about 160 at the tolerance level of
exposure to about 6 for the Use Model, which as-
sumes PDP nondetects are true 0s. Only the Tolerance
Model has a summed hazard quotient above 1, indi-
cating potential risk. In the other cases, the summed
hazard quotients are <1,and a strict interpretation of
the RfD implies there is no noncancer risk with OP/
Carbamates or their substitutes.

Gray and Hammitt

Exposure estimates are limited by incomplete
data on use patterns of the different pesticides. For
the Tolerance Model of residues, it was assumed that
all OP/Carbamates reported as used on a crop arc
used on all acres of that crop. This is clearly an over-
estimate since many of the OP/Carbamates are sub-
stitutes for each other and use varies in accordance
with regional differences in pest prevalence. The no-
tion that the PDP data reflect actual use patterns is
behind the Use Model of exposure.

The comparison is biased against the OP/Car-
bamates since [or many pests and many crops, there
are no alternative pesticides registered and available.
In these cases it was implicitly assumed that there is
no countervailing risk.

A more thorough evaluation of trade-offs would
use full distributions of pesticide residue levels, ac-
count for changes in quantities of pesticides used fol-
lowing a ban. and include the complete range of reg-
istered pesticides for each relevant crop.

Standard methods for assessing noncancer risks
are inadequate for RTA. The hazard quotient docs
not allow predicting the likelihood of an adverse effect,
nor does it directly address how the likelihood changes
with changes in exposure, unless the change causes the
hazard quotient to fall below (or rise above) L.

Even if the probabilities of the target and coun-
tervailing risks could be estimated, evaluation of the
magnitude of noncancer trade-offs is complicated by
the relative severity of toxic effects. A hazard quo-
tient of 1 for an OP/Carbamate based on red blood
cell Che inhibition presumably has different implica-
tions than a hazard quotient of 1 for a substitute pes-
ticide that is based on kidney toxicity, developmental
toxicity, or more severe neurotoxic endpoints such as
ataxia. The nonsystematic application of the FOPA
additional safety factor for developmental effects
(the “children’s 10X™) further complicates the prob-
lem. One potential solution might be the use of sur-
rogate values that are explicitly free of endpoint attri-
bution, such as ratios of exposure to LDy, similar to
that suggested by Layton., Mallon, Rosenblatt, and
Small (1987) and performed by Hammitt (1986, 1993).

Amnalysis of the noncancer risks that would be re-
duced by an OP/Carbamate ban, and the risks posed
by alternative pesticides, highlights the inability of
current risk assessment methods to inform compari-
sons (Gray, 1996). Use of actual exposure data from
the USDA PDP suggests that for most crops, the
chronic noncancer risk is 0 if the RfD or ADI is truly
a level of exposure without potential for harm, even
in sensitive populations (Barnes & Dourson, 1988).
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The countervailing risks would also presumably be 0.
Of course, the notion of adding hazard indices across
crops when pesticides have a common mechanism of
action (as called for in the FQPA) could lead to
summed hazard quotients above 1, even with the use
of measured residue data. There are considerable
technical uncertainties in combining hazard quo-
tients across chemicals, and a comprehensive com-
parison of OP/Carbamates and their substitutes would
demand a similar analysis for all pesticides, as well as
the natural constituents like the Che inhibiting sub-
stances in potatoes.

4.3. Pesticide Cancer Risks

Comparison of the potential cancer risks of OP/
Carbamates and their substitutes is more straightfor-
ward since risks can theoretically be summed across
pesticides. Clearly, for some crops, the decrease in
cancer risk from a ban on OP/Carbamates is at least
partially offset by potential cancer risks from the sub-
stitutes. For others, for example, tomatoes, neither the
OP/Carbamales currently used nor the alternative
pesticides are suspected of carcinogenicity. In other
cases, a carcinogenic substitute could replace an OP/
Carbamale classified by the EPA as noncarcinogenic.
Regardless of the method used for estimating expo-
sure. the estimated cancer risks from consumption of
OP/Carbamate or substitute pesticide residues on food
are quite small.

The magnitude of the cancer risk reduction
achieved by an OP/Carbamate ban depends on the
method of estimating exposure, just as in the noncan-
cer case. For the example of potatoes (Table V), in the
tolerance model an OP/Carbamate ban would reduce
the upper-bound estimate of risk by 5.08 % 1077 (5.23 x
10° — 1.47 % 10 %). The smallest estimate of benefit is
from the Use Model of exposure, which predicts, at
most, a 3.5 X 10" decrease in cancer risk with an
OP/Carbamate ban. Another way to look at these
changes is the percentage of the risk reduced by an
OP/Carbamate ban taking into account the offsetting
risk induced by the alternatives. This calculation—(OP/
Carbamate Risk — Substitute Risk)/OP/Carbamate
Risk—yields a 97% decrease in risk for the Tolerance
Model, but only a 13% decrease for the Use Model.

A complicating factor in the comparison of can-
cer risks is the assumption of low-dose linearity for all
carcinogens. The cancer risk for OP/Carbamates on
potatoes is due to the fungicide mancozeb (a carba-
mate) that is thought to have a mode of action indicat-
ing a very nonlinear dose-response relationship,

675

perhaps with a threshold (U.S. Environmental Pro-
tection Agency, 1998). If mancozeb truly has safe,
nonzero, levels of exposure, applying a conservative
risk assessment approach does not provide greater
safcty because one would be misled about the rela-
tive risk of alternative pesticides. Risk could increase
if’ the substitute pesticide has carcinogenic potential
while the banned OP/Carbamate poses no cancer risk
at actual exposure levels.

Similar to noncancer cffects, a more complete
analysis would better characterize exposure and would
account for model uncertainty in dose response Lo en-
sure useful comparisons (Gray. 1996).

4.4, Natural Toxins in Food

Interest in the relative risks of natural and syn-
thetic chemicals in the human food supply prompted
a National Research Council (NRC) report entitled
Carcinogens and Anticarcinogens in the Human Diet
(National Research Council, 1996). The NRC found
that there are no clear differences in modes of action
between natural and synthetic carcinogens, and con-
cluded that carcinogenic potencies of the compounds
were very similar. The report also suggested that the
natural components of food may be “of greater con-
cern” to public health since human exposures are sig-
nificantly greater than those to synthetic carcinogens
(i.c., pesticides) in the diet. This report, along with re-
search on the relative toxicity of natural compounds
in plants compared to pesticides (e.g. Ames et al.,
1990) prompted us to evaluate this potential counter-
vailing risk.

In order for the natural pesticides produced by
plants to be a countervailing risk, there must be a dif-
ference in their levels in plants grown with and with-
out OP/Carbamates. There are two ways in which this
could occur: (1) through increased use of resistant va-
rieties of crop plants containing higher levels of natu-
ral toxins and (2) if increased predation by pests in-
creases levels of natural pesticides.

There is some reason to think that an OP/Car-
bamate ban could prompt an increase in the use of re-
sistant cultivars; survey data indicate that 62% of or-
ganic farmers, who use no synthetic pesticides, report
using insect-resistant plant varieties as a key pest-
control practice (U.S. Department of Agriculture,
1996b). Loss of OP/Carbamates could result in in-
creased planting of resistant varicties by conven-
tional farmers. The amount of use of resistant varie-
ties by conventional farmers is unknown. There are
examples of human toxicity with resistant-bred vari-
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eties of plants. For example, an insect-resistant potato
variety had to be withdrawn from the market because
it contained levels of chaconine and solanine—two
natural Che-inhibiting neurotoxins that are also ter-
atogenic—that were causing toxicity in humans (Beier,
1990). An alternative method for increasing pest re-
sistance is genetic engineering. For example, genetically
modified corn, cotton, and potatoes contain a gene from
the soil microorganism Bacillus thuringiensis that con-
fers resistance to specific insects. If genetically modi-
fied crops were thought to be a major alternative, a
risk/risk trade-off of an OP/Carbamate ban should
explicitly address the risks from this technology.

A general response of plants to stress, the phy-
toalexin response, can increase the level of natural
pesticides in plants (Beier, 1990). Many experts be-
lieve that substitutes for OP/Carbamates are less ef-
fective in controlling pests (Gilreath er al, 1999;
Wiese & Guenthner, 1999). If the stress of increased
pest predation results in higher levels of natural tox-
ins, this could be a significant countervailing risk.
For example, levels of the natural toxin psoralen, a
skin irritant (and potential mutagen and carcinogen).
were found to increase 100-fold when celery plants
were damaged by mold (Ames, Magaw, & Gold, 1987).

Another class of natural toxins of potential
concern are mycotoxins produced by fungal pests.
Rodriguez-Kabana and Taylor (1999) suggest that the
loss of the OP chlorpyrifos in peanut production could
lead to increased levels of aflatoxin, a fungal product
that is a known—and very potent—human carcinogen.

Although there are few specific data on changes in
the levels of natural toxins that might occur should OP/
Carbamates be banned, there is enough general knowl-
edge about plant physiology and the toxicology of nat-
ural pesticides and mycotoxins to suggest that this is a
countervailing risk worthy of further attention. A com-
prehensive RTA should consider the differences in the
levels of natural toxins with and without the use of OP/
Carbamates, along with food consumption patterns, to
estimate the magnitude of the countervailing risk.

4.5. Nutrient Changes

Changes in diet and the accompanying changes
in consumption of both beneficial and detrimental
components of food are an often-overlooked source
of countervailing and corollary target risks. Results
from Taylor and Smith (1999) predict both positive
and negative changes in the average diet following an
OP/Carbamate ban. These estimates are derived from
predictions of changes in food intake following an

Gray and Hammitt

OP/Carbamate ban and data on the nutrient content
of various foods. The present study follows the results
from Taylor and Smith (1999).

Although the percentage changes in daily con-
sumption are small, the potential number of persons
affected is fairly great. A large fraction of the U.S. pop-
ulation already falls below RDIs for many nutrients.
In many cases, poor or minority persons have even
lower nutrient intakes. Decreases in vitamins and nu-
trients may increase risk in two ways: by reducing the
disease-fighting benefits of the nutrients or by inducing
damage through deficiencies. For example, 60% of the
U.S. population consumes less than the RDI of folate
(Alaimo et al., 1994). Folate deficiency is associated with
increased risk of chromosome breaks and cancer
(Blount er al., 1997), heart disease (Verhoef ef al.. 1996),
and birth defects (Shaw, Lammer, Wasserman, O’Mal-
ley, & Tolarova, 1995). Recently introduced supplemen-
tation of flour products may reduce folate deficiencies.

There may also be corollary benefits from diet
changes induced by an OP/Carbamate ban, including
a predicted decrease in consumption of cholesterol,
saturated fat,and total [at. These decreases are linked
to short-term increases in meat prices as feed for live-
stock becomes more expensive. Excess cholesterol has
been linked to heart disease. and lower fat intake (from
a decrease in meat consumption) can reduce risks of
heart disease and colon cancer. The increased intake
ol certain vitamins [rom dietary changes may also im-
prove general health.

It is difficult to weigh the countervailing and cor-
ollary nutritional risks of an OP/Carbamate ban. It is
not a matter of just being able to sum the numbers of
people changing from a better or worse nutrient in-
take status because of possible correlations in con-
sumption. As an example, the same people who get
less folate may also be taking in less vitamin C. More-
over, a change in status for one food component may
have greater health implications than for others. Un-
certainty about these relationships means that there
are considerable difficulties in translating small changes
in consumption of food components into risk. A re-
finement of this study might use epidemiologic data
to estimate the net increase or decrease in sickness
and deaths that might result from predicted changes
in nutrient consumption.

4.6. Mortality Induced by Changes in Income

The effect of higher food production costs on
disposable income and mortality risk is the counter-
vailing risk for which the most comprehensive esti-
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mate can be provided. Although there are uncertain-
ties about the magnitude of the effect of reduced
income on mortality risk, the existence of such a link
correlates with common sense and is well supported
by empirical estimates. Intuitively, it seems unlikely
that a reduction in income would cause people to
spend more (on net) in ways that reduce mortality
risk. Empirically, there is a wealth of evidence show-
ing a positive correlation between health, longevity,
and income (Keeney, 1990; Smith, 1999; Wildavsky.
1988). Identifying the causal effect of income on
health is more difficult, since causality runs both
ways, but a significant body of literature using alter-
native data sets and statistical methods yields roughly
comparable estimates of the cost per induced fatality
for the U.S. population, on the order of millions to
tens of millions of dollars (Chapman & Harriharan,
1994, 1996; Keeney, 1990, 1997; Viscusi, 1994).

Changes in food expenditures and those in dis-
posable income resulting from an OP/Carbamate ban
depend on the magnitude of the increased produc-
tion costs for crops that use OP/Carbamates and the
effects of these increases on patterns of food demand,
production, and purchase. The changes in production
costs are estimated by agricultural economists and
scientists familiar with each crop, but are necessarily
somewhat speculative as farmers might find superior
pest-control alternatives than those the experts pre-
dict. It is often claimed that the costs of prospective
environmental regulations are overestimated ex ante,
because analysts fail to foresee the variety of cost-
saving innovations that will occur once regulations
are adopted (Goodstein & Hodges, 1997; Porter & van
der Linde, 1995). Logic and analysis of specific cases,
however, suggest that costs are not invariably or even
systematically overestimated (Palmer, Oates, & Port-
ney, 1995; Harrington, Morgenstern, & Nelson, 1999;
Hammitt, 2000).

Effects of higher production costs on food prices,
consumption, and income are estimated using a so-
phisticated and widely used general-equilibrium eco-
nomic model, IMPLAN (Minnesota IMPLAN Group
Inc., 1997). The estimated increase in household ex-
penditures on food depends on estimates of the sup-
ply and demand elasticities (how production and de-
mand for specific crops shifts with price changes),
which are reasonably well estimated. The estimated
$840 million increase in household expenditure (see
Table VII) represents a lower estimate of the economic
impact of an OP/Carbamate ban. The estimated $5.5
billion loss in personal income is more uncertain as it
depends on modeling the effects of higher food prices
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on supply and demand of all other market goods as
well as sectoral employment.

In summary, the existence of a countervailing
health risk due to the higher costs of production is
reasonably certain. What is less certain is the magni-
tude of this risk, which depends on the magnitude of the
increase in production costs and how these higher costs
influence the food sector and the overall economy.

4.7. Other Countervailing Risks

In addition to health risks associated with agri-
cultural use, several other risks deserve notice. These
include pesticide use to control disease vectors, de-
velopment of resistance to pesticides, and ecotoxicity.

The OP/Carbamate pesticides have public health
as well as agricultural value. They are used to control
mosquitoes, cockroaches, and other vectors of insect-
borne disease. If an OP/Carbamate ban were to limit
control of these vectors, rates of encephalitis, malaria,
and other deadly diseases could increase.

On the other hand. use of pesticides can act as a
selective pressure and may lead to pest populations
developing resistance to the pesticidal activity of spe-
cific compounds. There are known cases of resistance
to certain OP/Carbamates. Resistance is of even
greater concern for many of the substitule pesticides.
Peacock (1999), for example, suggests that leafhop-
pers on grapes will develop severe resistance to imi-
dacloprid within 3 to 5 years of the loss of OP/Car-
bamates. Any weighing of risks should include the
changes in efficacy that might occur over time in con-
trol of specific pests. In addition, the loss of OP/Car-
bamates would decrease the number of pesticides
that farmers could use, leading to increased likeli-
hood of resistance.

OP/Carbamates are broad-spectrum pesticides,
effective against multiple pests. If multiple, narrow-
spectrum substitutes are required, pesticide use and
potential risk could be increased. More selective pes-
ticides, however, may be less likely to kill nontarget
species.

The OP/Carbamate family of pesticides have a
mode of toxicity common to many organisms and
there are concerns about nontarget species being
harmed by routine use of these compounds. Substi-
tute pesticides have their own profiles of nontarget
toxicity that will potentially offset some or all of the
gain achieved through restriction of the use of OP/
Carbamates. For example, Musick (1999) reports that
lambda cyhalothrin is a registered and moderately ef-
fective alternative to carbofuran for control of rice
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water weevil larvae in a water-seeded rice production
system. Lambda cyhalothrin, however, is highly toxic
to crawfish, In Louisiana, about 120,000 acres of cul-
tured crawfish ponds are in or adjacent to water-
seeded rice fields. In this case, use of the substitute
pesticide could pose a threat to the approximately
$30 million annual production of Louisiana crawfish.
A thorough risk/risk analysis should evaluate the tox-
icity to nontarget species of substitute pesticides or
cultivation practices (including the need to bring
more land under cultivation) that would result from
an OP/Carbamate ban.

5. SUMMARY

The goal of a comprehensive evaluation of risk/
risk trade-offs is an estimate of the net change in
health that might occur from a regulatory action. This
net benefit (or harm) aggregates the reduction in the
target risk, and additional benefits that might accrue,
with the countervailing risks that would be created.
Comparing across different health endpoints re-
quires the use of an integrated measure of risk, such
as changes in Quality-Adjusted Life Years (QALYS)
(Gold, 1996).

In this analysis, both target and countervailing
human health risks of a complete ban on the use of
OP/Carbamate pesticides have been identified. Quan-
tification of these risks, in order to find the net change
in risk, proves to be quite difficult. Some impediments
are amenable to further data collection and analysis;
others are rooted in current methods of risk assess-
ment and are more difficult to address.

A key source of difficulty in reliably estimating
risks of pesticide use is the lack of data on residue lev-
els on food for many crop/pesticide combinations.
The USDA PDP provides very useful data, but does
not analyze many foods and many pesticides, espe-
cially newer compounds not detected with multiresi-
due screens. Given the importance of exposure esti-
mates in characterizing risk (Tables IV and V), better
residue monitoring would seem necessary to sound
pesticide management.

Understanding consumer risk also requires bet-
ter data on food consumption patterns. Data on long-
term average consumption and correlations among
foods consumed would be very helpful. Available
data (the CSFII) report only 2- to 3-day consumption
patterns.

Another source of uncertainty that is, however,
amenable to data collection is the illness or injury that
farmworkers incur through pesticide use. Current data
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rely on self-reports of pesticide use and coincidence of
use and illness. A more systematic monitoring pro-
gram would use biomarkers of exposure, such as me-
tabolites in blood or urine, to relate a specific injury
or illness to a specific pesticide.

The question of natural toxins in food, and po-
tential changes with alterations in pest-control prac-
tices, requires more attention. More systematic eval-
uation of levels of these plant pesticides in different
varieties of crop plants grown under different condi-
tions would determine whether differences among
cultivars or between growing regimens lead (o signif-
icant risk differences.

Changes in nutrient intake could conceivably be
balanced through modeling of discase rates at differ-
ent levels of food consumption. Aggregating these
changes would require use of QALYs or a similar
method of aggregating across diverse health endpoints.

The greatest challenges to risk/risk comparisons
arise from current methods of regulatory risk assess-
ment for pesticides. For noncancer endpoints, avail-
able methods do not allow estimation of the probabil-
ity of harm or even identification of the specific harm
that might be expected. Reference doses based on
toxicologic endpoints of different severity for dif-
ferent pesticides make even relative comparisons
treacherous. Differential conservatism in cancer risk
estimates, a result of assumptions being more or less
appropriate for different pesticides, makes risk com-
parisons potentially misleading.

These technical difficulties prevent calculating
a net risk change in the current analysis. Qualita-
tively, it can be said that the benefits of an OP/Car-
bamate ban will be significantly offset by counter-
vailing risks. It is difficult to imagine that the
benefits of a ban would offset the 10-1,000 annual
premature fatalities predicted from the income
losses that would be caused by elimination of OP/
Carbamate use.

In spite of these many concerns, it is apparent
that sound management of pesticide risks and bene-
fits demands that we “look before we leap” and ex-
amine potential countervailing risks. Understanding
foreseeable consequences to health is necessary to
ensure that actions do more good than harm (Wiener,
1998). It is also important to look at the distribution
of risk across the population. It may influence deci-
sion makers to know that, while small benefits acerue
to many people, certain groups like farmers or farm-
workers may bear a disproportionate share of the
countervailing risks. It is hoped that this preliminary
exercise helps illustrate the value of explicit identifi-
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cation of trade-offs and the need for quantitative
analysis to ensure that policies do not inadvertently
increase net health risk.
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