STATUS SUMMARY

onfer a variety of characteristics, including texture, flavor, color, and

nutritive value. The potential human health risks from consumption of specific

food chemicasisan issue of considerable societal importance as can be seen by theresults

of consumer food safety surveys (Opinion Research Corporation, 1996) and the enormous

number of food chemical regulationsin the United States and abroad. Concerns have been

raised about different types of food chemicals, including those added to food during

production and processing (i.e., pesticide residues, hormones, antibiotics, and food addi-

tives), environmental substancesthat inadvertently contaminatefoods, and naturally-occur-
ring toxins (Francis, 1992; NRC, 1993a, 1996a; Winter et a., 1990).

I ntensedebate centerson themagnitudeof ri sksposed by chemicalsinfoodand society’s
acceptance of such risks. A trinity of risk-related factors — assessment, management, and
communication—formsthebasi sfor decisi onsabout chemical srequiringregul ationandthe
types of regulation needed. The relationships of these factors are shown in Figure 1. Risk
assessment, risk management, and ri sk communi cation represent dependent yet uniquefields
of study, and each may becharacterized asrapidly evolving and controversial. Thissummary
addressesthecurrentissuessurroundingthistrinity of factorsthat pertaintothedetermination,
management, and acceptability of risks posed by chemicalsin foods.

P)ods may contain mixtures of thousands of individual chemicals that

Risk ASSESSMENT

Thel6thCentury Swissphys cian Parace sus(PhillipusAureol us TheophrastusBombastus
von Hohenheim) established the basis of the modern study of toxicology through his
observationthat “ all substancesarepoisons; thereisnonewhichisnot apoison. Theright dose
differentiatesapoisonand aremedy.” To paraphrase Paracel sus, it isthedosethat makesthe
poison. Modern risk assessment practicesrely upon thisrelationship — between the dose of
a chemical and the toxicological response — to predict the probabilities, types, and
magnitudesof human health effectsanticipated from exposureto specificlevelsof chemicals
from foods or other sources.

Paracel susfounded thetoxicological principleafter conducting human studiesinvesti-
gatingtheusesof mercurial compoundsfor thetrestment of syphilis. Four hundredyearslater,
human epidemiology, which uses human data to predict potential health risks, is till the
preferred method for estimating risks, asit precludesthe need to make assumptionsabout the
reliability of animal toxicology dataasasurrogatefor human data. Epidemiological studies
have been used to correlate human cancers with various factors; afamousreview articleon
this subject isthat of Doll and Peto (1981), who estimated that approximately 35% (with a
range of 10—70%) of U.S. cancer deaths are attributableto variationin diet. Further studies
have identified macronutrients and excess calories as the greatest contributors to dietary
cancer risk inthe United States (NRC, 1989a).

Unfortunately, there are severe limitations in the use of epidemiology to predict risks
from human exposureto chemicalsin thediet. Ethical considerations, appropriately, do not
allow for the sametype of human toxicological studiesthat were performed in Paracelsus
time. Hedlth effects with low probabilities of occurrence are difficult to measure with
statistical confidence using epidemiology, and human data are often difficult to obtain and
may beinaccurate duetorecall bias. A major problem with epidemiol ogy, particularly with
respecttodeterminingtherisksfromexposuretofood chemicals, isthedifficulty inidentifying
control groupsthat have not been exposed to the chemical being studied. Diseases, such as
cancer, are characterized by having along latency period, making epidemiol ogy ineffective
in ng risksfrom exposureto newer chemicals. Additionally, the use of epidemiology
requires some documented level of human exposure; as such, it isnot useful for predicting
potential risksfrom newly-developed chemicalsprior to their release.

As a result of the limitations of human epidemiology studies, toxicologica risk
assessment istypically performed to determine the probabilities, types, and magnitudes of

ASSESSING,
MANAGING, AND
COMMUNICATING

CHEMICAL

FooD Risks

A Publication

of the

Institute of Food
Technologists’
Expert Panel

on Food Safety
and Nutrition

Authors:

Carl K. Winter,

FoodSafe Program,

Dept. of Food Science and
Technology,

University of California, Davis
and

F. Jack Francis,

Professor Emeritus,

Dept. of Food Science,
University of Massachusetts,
Ambherst

VoL. 51, No. 5, MAY 1997—FOOD TECHNOLOGY 85




o

ENTIFIC

Risk Assessment Risk Management Risk Communication
Hazard Consideration REGULATORY Sociological
Identification . of Risk Components
Risk ] ch ey g bEcisions pr. "
Characterization aracterization of Ris| 3
Acceptability
Dose/Response (Estimation T ﬁ
Relationship of
Risk, Legislative | Public
Statement Mandate = Opinion(s)
of
Exposure /Q Uncertainty) 0 i
Assessment Consideration
Economic, of Risk
Political, Characterization
Technological
Factors T
Fig. 1 — Trinity of risk issues

human health effects anticipated from exposureto spe-
cificlevelsof food chemicals. Toxicological risk assess-
ment normally relies upon the results of long-term ani-
mal toxicology studiesperformedin avariety of animal
species; results are extrapolated to predict potential
human health effects.

Whileanimal toxicology studieshave been widely
usedinthepast half-century, thefield of risk assessment
isrelatively new and rapidly evolving. The first major
guidelines for conducting risk assessments were pub-
lishedin 1983; they definethefour major componentsof
risk assessment as (1) hazard identification, (2) dose/
response assessment, (3) exposure assessment, and (4)
risk characterization (NRC, 1983).

Hazard ldentification. Hazardidentificationisthe
process by which specific chemica sare causaly linked
totheproductionof particular healtheffects. Theprocess
involvesgathering and eval uatingtoxicity dataobtained
fromanimal and human studiestodeterminethetypesof
health effects produced and the conditions of exposure
under which the effects may be produced. Examples of
such health effectsinclude neurotoxicity, birth defects,
reproductive abnormalities, developmental effects,
immunotoxicity, toxicity totheliver, kidney, or lung,and
cancer. Hazard identification in itself does not assess
risks but determines whether and to what degree it is
scientifically correcttoinfer that healtheffectsproduced
inonesetting (e.g., animals) will occur in other settings
(e.g., adequatdly exposed humans) (Environ, 1986). The
U.S. Environmental Protection Agency (EPA) has de-
veloped avariety of guidelinesfor thetoxicology testing
of pesticides, whiletheU.S. Foodand Drug Administra-
tion (FDA) haspublished comprehensiveguideinesfor
the safety assessment of direct food and color additives
(FDA, 1993).

A critical component of hazardidentificationisthe
determination of whether a chemical does or does not

cause cancer. Thisdistinctionisimportant becauserisk
assessment practices use different criteriafor carcino-
gens (cancer-causing chemicals) and non-carcinogens.
Itistypically assumed, aswill be discussed later, that
non-carcinogenic effectsmay exhibit toxicity threshold
doses while carcinogenic effects may lack thresholds;
this distinction may have dramatic effects upon the
relative risks calculated from low levels of exposureto
carcinogensand non-carcinogens.

Cancer studies usualy involve long-term rodent
(e.g., rat and mouse) feeding studies, in which test
animals are exposed to various doses of a chemical
typically includingacontrol (zero) dose,amediumdose,
andahighdose. Thedos ngisconti nuousthroughout the
animals lifetimes. Thedeterminationof whether achemi-
cal isacarcinogenismadestatistically through compari-
sons of the results of the exposed animal groups with
those of the control group (Winter, 1992).

The procedures used to determine carcinogenicity
are themselves highly controversid. In an effort to
maximize the chance of detecting cancer intheanimal
studies, specia strains of animals that may be more
susceptible to developing cancer are often used; this
practicerai sesquestionsabout thevalidity of extrapol at-
ing such resultsto humans (Abel son, 1993). Addition-
ally, while cancer itself requirestumorsto invade other
tissues, benign (non-invasive) tumors are also usualy
considered as evidence of potentia carcinogenicity.

Another critical issue in hazard identification of
carcinogensistheuseof theMaximum Tolerated Dose,
or MTD, which typically represents the highest dose
administered to the test animals. The MTD is usually
determinedfollowingtheresultsof 90-day toxicity stud-
iesandisroughly described asthehighest dosethat does
not alter the test animal’s longevity or well-being be-
cause of non-cancer effects (NRC, 1993b). It has been
argued that many chemicals may induce cancer at the
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MTD through biol ogical mechanismsthat do not occur
at lower doses. Suchmechanismsincludeincreased cell
proliferation rates in response to high-dose toxicity
(Amesand Gold, 1990); exposureat |ower doses, where
these mechanisms are not active, would not result in
cancer. The controversy over the use of the MTD is
reflected in the polarity of opinions of the 17-member
panel of theNationa Research Council’ s(NRC's) Com-
mitteeon Risk Assessment M ethodol ogy. The Commit-
tee recommended continued use of theMTD, but asix-
member minority recommended abandoning usein fa-
vor of more moderate doses that could provide greater
understanding of the mechanisms of carcinogenesis
(NRC, 1993b).

Dose/Response Assessment. Onceaspecifictoxi-
cological hazard has been identified, it is possible to
predict therel ationshi p between human exposuretothe
chemical and the probability of adverse effects. The
proceduresusedto establishthisdose/responserel ation-
ship are governed by the type of hazard; non-carcino-
genic and carcinogenic hazards are typicaly treated
differently.

For non-carcinogenichazards, itisusualy believed
that toxic effectswill not be observed until aminimum,
or threshold, doseisreached. The concept of atoxicity
thresholdistheoretical; itispractical only inrelationto
what effectsoccur at exposures;just aboveand just below
thethresholddose. Toestimatethethreshol d, toxicol ogy
studies generdly try to identify two dose levels: one
above the threshold at which effects are seen (i.e, the
Lowest Observed Effect Level, or LOEL) and one
presumably below thethreshold at which no effectsare
seen (i.e, theNoObserved Effect Level,or NOEL). The
degreetowhichtheNOEL and L OEL estimatesapproxi-
mate the threshold is not possible to determine due to
limitations in the number of dose levels used in the
toxicology studies and statistical and biological limita-
tions. Asaprudent measure, theNOEL isgenerally used
as a conservative estimate of the threshold (Environ,
1986).

It is critical to realize that the NOEL values are
derived from toxicology studiesinvolving small homo-
geneous groups of animas and, therefore, may not
represent appropriate thresholds for large and
nonhomogeneous human populations. Toallow for dif-
ferences in the animal-to-human extrapolation and to
consider variability in human responses, uncertainty
factors (also known as safety factors) are used; “ accept-
able’ levels of human exposure are determined by
dividing the NOELSs by the uncertainty factors. The
choice of uncertainty factorsis governed by the avail-
ability of humandata, thenature, severity, andchronicity
of the effect, the quality of animal toxicology data, and
theneedtoaccommodatehumanresponsevariability for
sengitive subgroups; overall uncertainty factors may
range from 1 t010,000 (NRC, 19934a). The most com-
mon uncertainty factoris100whichisrationalized asa
10-fold uncertainty factor for speciesvariation (assum-
inghumansare10timesmoresensitivethantheanimals
studied) multiplied by another 10-fol d uncertainty factor
for human variation (assuming some humans are 10
timesmoresensitivethan“average’ humans).

Historically, thedivision of theNOEL by anuncer-
tainty factor has produced aterm known asthe Accept-
ableDaily Intake(ADI), expressed asamount of chemi-
cal exposure per amount of body weight per day. The

EPA hasrecently replaced theterm ADI withananao-
gous term, the toxicity reference dose, or RfD, thereby
removing the inference of “acceptability,” which may
carry theconnotation of anon-scientific, valuejudgment
(Rodricks, 1992).

Asanaternativeto the use of the NOEL approach
in the dose/response assessment, the concept of the
benchmark dosehasbeen proposed (Crump, 1984). The
benchmark doseisdefined asthelower confidencelimit
for thedose, corresponding to aspecificincreaseinthe
responserate over the backgroundlevel (NRC, 1993a).
Thisapproachprovidesaconsi stent basisfor cal culating
theRfD, cons dersthedose/responsemodel, and usesall
available experimental data in contrast to the NOEL
approach, whichignoresthe shape of thedose/response
curve. The benchmark dose approach can also be ap-
plied to the risk assessment of carcinogens.

Themajor distinction in the dose/response assess-
ment for carcinogensand non-carcinogensinvolvesthe
trestment of thresholds. For carcinogens, it isassumed
that no threshold level of exposure may exist; this
impliesthat carcinogens are hazardousin any amount.
Limited scientific evidence in support of the lack of
thresholdsfor carcinogens comesfromionizing radia-
tion studies, although such studies involved relatively
high level s of human radiation exposure, anditiscom-
monly argued that cancer from radiation itself may
proceed by a threshold mechanism (Goldman, 1996).
Mechanitically, itisassumedthat many carcinogensact
asmutagensthat causedirect damagetothegenes; ithas
been proposed, in what is often called the *one-hit”
model of carcinogenesis, that exposureto asinglemol-
eculeof acarcinogen couldultimately leadtoamutation
that could develop into cancer.

Typica human exposureto animal carcinogensis
often severa thousand times lower than doses that
producedtumorsinexperimental studies. Calculationof
carcinogenicrisksthereforerequirestheresultsof high-
doseanimal studiesto beextrapolated to predict human
risks at low exposures. A number of mathematical
models have been developed for the dose/response
assessment of carcinogens, eechyieldsavalueknownas
thecancer potency factor, oftenknown astheQ* or Q *
(NRC, 1987). Cancer potency factors may
vary widely depending uponthechoiceof themodel and
itsassumptions. Themost commonly used model isthe
linearized multistage model that assumesacell, which
may be a target for a carcinogenic chemical, goes
throughaspecificnumber of different stagesandthat the
probability of a “hit” on the cell, which leads to the
development of cancer, is stage-specific. At the lowest
levels of exposure, the relationship between exposure
level and excess cancers is linear (Figure 2). Also
commonly performed are statistical corrections that
express cancer risks on the basis of the upper 95%
confidence interval of the dope of the dose/response
curve, adding an additional e ement of conservatismto
therisks(Winter, 1992). Upper confidencelevel cancer
risksmay beordersof magnitudegreater thanthe* best”
estimates obtained using the mathematical models.

Considerablediscuss onhasfocused onthefact that
chemicals may, in fact, use several biological mecha
nismsto cause cancer (Gori, 1992). Genotoxic chemi-
cals, which causemutations, may indeed lack threshold
doses. In other cases, such as the induction of thyroid
tumors (Paynter et a ., 1988) or theinduction of tumors
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resulting from increased cdll proliferation (Ames and
Gold, 1990), it isargued that such carcinogenic effects
areexertedthroughmechanismsconsistentwithathresh-
old hypothesis. Currently, however, the non-threshold
linearized multistage modd isthe one most commonly
applied to carcinogenic chemicals, regardless of the
potential mechanismsof carcinogenicity.

Exposure Assessment. To apply the information
derived from the hazard identification and dose/re-
§ponse assessment processes to risk assessment, an
estimate of the likely amount of human exposure is
necessary. Human exposure to chemicasinthe diet is
typically expressed astheproduct of theconcentration of
the chemical in various foods and the amounts of the
foods consumed. Estimation of both factors requires
several assumptions and involves considerable uncer-
tainty.

In some cases, such as with food additives, the
concentration of achemical infood may bewell known
and relatively constant. For incidental chemicals in
foods (e.g., pesticide residues, hormones, antibiatics,
andenvironmental contaminants), however, theconcen-
trations may vary dramatically from sampleto sample,
making an accurate estimate of the “actual” level of
concentration difficult to obtain. The choice of assump-
tionsusedtopredict theconcentrationlevelsmay alsobe
related to the availability of reliable monitoring data.

Asanexample, thereareavariety of techniquesto
determine pesticide residue levels in foods. Such ap-
proachesrangefromthehighly theoretical and conserva-
tiveassumptionthat all pesticidesarepresent at aprede-
termined level, typicaly at the maximum alowable
level,tomorecomplex, data-intensiveapproachesbased
upon actual measurements of residue levelsat thetime
thefoodisready tobeconsumed. Alsoof useareavariety
of intermediatetechniquesthat consider factors, suchas
residue results from field monitoring studies, effects of
post-harvest factorsonresiduelevels, andincorporation
of actual pesticideusedata(Winter, 1992). Resultsfrom
theuseof thevarioustechniquesmay differ dramatically.
For example, the NRC, in an effort to examine the
statutory basisfor establishing legal limitsfor pesticide
residuesinfood, estimated exposureto severa carcino-
genic pesticides in foods by making several assump-
tions: (1) all registered pesticideswereawaysusedonall
commodities for which they were registered, (2) al
residue levelswere present at the maximum allowable
level (tolerance), and (3) residuel evel swerenot reduced
by post-harvest factors (NRC, 1987). Archibald and
Winter (1989), using more redlistic pesticide residue
dataobtainedfromtheFDA’ sTota Diet Study, inwhich
residuelevelsweredetermined at thetime thefood was
ready to be consumed, reported that the NRC exposure
estimates were exaggerated by factors ranging from
hundredsto tens of thousands of times.

The development of accurate food consumption
estimatesischallenging. Typically, eight general meth-
ods are used to assess food consumption: food disap-
pearance data (correcting food production and import
data for food exports, waste, storage, and non-human
food use), househol d disappearance data, dietary histo-
ries, dietary frequencies, 24-hour recalls, food records,
weighted intakes, and duplicate portions (Pennington,
1991). The method used depends upon the purposes of
the study and availability of resources. For dietary risk
assessment purposes, themost common food consump-

tion estimates are derived from the results of the 1977—
78and 1987-88 USDA NationwideFood Consumption
Surveys from which three-day dietary records of indi-
vidualswerecollected by interview; the amount of each
food item consumed and the individua’s weight were
specified. Additional information concerning demo-
graphic and socioeconomic background, age, gender,
ethnicity, and geographic location were tabulated. To
assist in the exposure assessment process, standard
recipes for composite foods are acquired and the per-
centages, by weight, of the various raw agricultural
commodities present in the composite foods are deter-
mined (Alexander and Clayton, 1986). Anapplepie, for
example, could beconvertedinto componentsof apples,
sugar, flour, and shortening; multiplying estimates of
chemical concentrations in each component by esti-
mated consumption of each component yields an esti-
mate of chemical exposure.

A criticd stepin the exposure assessment phaseis
to identify the “target” audience exposed. It is widely
accepted that dietary chemical exposures of different
population subgroups may differ dramaticaly due to
differences in food consumption patterns. Infants and
children, for example, eat fewer foods than adults but
consume more food on a per-body-weight bas's; their
exposure to pesticide residues, for example, is often
greater thanthat for adults(NRC, 19934a). Becauseof the
differencesin exposure of population subgroups, expo-
sure assessments often use the subgroup of highest
exposure. In the case of acute (short-term) risk assess-
ments, the diets of the most highly-exposed individuals
— those representing the upper 90th, 95th, or 99th
percentiles— are often considered rather than median
consumers, and chemical concentrationsare often con-
Sidered at the highest detected levels rather than at
median levels. A new approach, involving Statistical
convolution of the distributions of food consumption
and chemical concentration levels, allowsthe distribu-
tion of dietary exposuresto be calculated in place of the
simple point estimates of “target” audiences described
above. Thisapproach can be modified to address expo-
sure to multiple chemicals with similar toxicological
properties, such as organophosphate pesticides (NRC,
1993a).

Risk Characterization. The fina stage of risk
assessmentiscalledrisk characterization. Thisinvolves
describing the nature, and often the magnitude, of risk
andincludesany uncertainties. An accurate description
hinges on the accuracy of the results of the first three
steps, which, again, involve identifying a specific haz-
ard, estimating the amount of exposure, and predicting
the likelihood of adverse effects based on exposure.

For non-carcinogens, risk characterization typi-
cally relatesthe estimated exposureto thetoxicity refer-
ence dose or acceptable daily intake. It is critical to
understand that the RfD or ADI isnot athreshold level
that divides” safe” and* unsafe’” humanexposuresandis,
therefore, not a direct expression of risk. Risk is a
probability; exposureat theRfD or ADI presentsa” very
low risk,” athough “very low” isundefined (Rodricks,
1992). Qualitatively, risk increases at levels above the
RfD or ADI, with greater exposure resulting in greater
potential risk.

For carcinogens, estimated cancer risks are ob-
tained by multiplying exposure estimates by cancer
potency factors. Thispracticeoftenresultsinnumerical
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cancer risks such as 1 x 10, which is defined as one
excess cancer over background per million persons
exposed. Care should betaken to avoid misinterpreting
results through “body count” analyses, in which risk
estimates are multiplied by population numbersto sug-
gest “actual” human cancer cases. Asanexampleof this
practice, the Natural Resources Defense Council, in a
widely publicized report (NRDC, 1989), predicted that
between 5,500 and 6,200 of the current population of
U.S. preschoolersmay eventually devel op cancer solely
as aresult of their exposure before six years of age to
eight pesticidesor metabolitescommonly foundinfruits
andvegetables(NRDC, 1989). Thispracticeignoresthe
fact that considerable uncertainty is inherent in the
processof carcinogen risk assessment and that the esti-
mated cancer risk typically representstheupper bound of
occurrence, whilethe* best” estimateof cancer risk may
be severa orders of magnitude lower or even zero
(Winter, 1992).

Optimally, risk characterizationshouldincludequali-
tativeeva uationsinadditionto singlenumerical depic-
tions of risk or ranges of numerical depictions. Such
qualitative factors include the strength of the evidence
that achemical producestheparticular effect fromwhich
therisk wasestimated. Thenumerousuncertaintiesand
assumptions inherent in the risk assessment process
should also be discussed (Hoerger, 1990).

The NRC's Committee on Risk Characterization
recently proposed that thenotion of risk characterization
should be reconceived to incresse the likelihood of
achieving sound and acceptabledecisions(NRC, 1996b).
Current methodsof risk characterizationwerecriticized
fortheirinappropriateportrayal of scientificandtechni-
ca information that may be of little use to decision
makers and that could lead to unwise decisions. It has
been proposed that the process of risk characterization
be considerably expanded so that it be viewed as a
product of both analysis and deliberation. Risk charac-
terization should be directed toward informing choices
and solving problems. Indoing so, risk characterization
would encourage participation and a broader under-
standing of the consequences among interested and
affected parties.

From the preceding discussion, it is clear that our
current practi cesof risk assessment arefar fromideal and
introduce considerableuncertainty inthefinal risk esti-
mates. At the sametime, however, risk assessment has
provided ardatively consistent framework that allows
for open discussion and debate on how to best regulate
chemicals in foods. The accuracy of risk assessments
will undoubtedly increase as improvements emergein
theareasof hazard, dose/response, and exposureassess-
ment.

Risk MANAGEMENT

Measuring risks and deciding how they should be
managed are two related, yet distinct activities. Risk
assessment provides regulators with probabilistic risk
information; regulators may make use of therisk infor-
mation in determining what action, if any, should be
takento managetherisk in question. Risk management
shouldbeviewedasaprocessby whichactionstocontrol
a particular risk are identified, selected, and imple-
mented (Covello and Merkhofer, 1993). In addition to
cons deringtheresultsof risk assessments, risk manage-
ment represents a regulatory decision-making process
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using linear extrapolation.

that involves consideration of political, social, eco-
nomic, and technological information and requiresthe
useof val uejudgmentsonissuessuchastheacceptability
of risk and the reasonableness of the costs of control
(NRC, 1983).

Theproper interpretation of risk assessment infor-
mation is crucia for the development of scientifically
appropriate risk management policies (Winter, 1994).
Inherent intherisk assessment processarelargegapsin
knowledgethat requiremany choicesto bemadeamong
competing models and assumptions; this introduces
cons derableuncertainty intotheri sk estimatesthat must
be appreciated in the risk management process. Opti-
mally, risk managersshould beallowed theflexibility to
makerisk-related decis onsusinga'“ wel ght-of-evidence”
approach that allows for the consideration of all avail-
ablevdidscientificdata It hasbeensuggested, however,
that risk assessmentsareoftenconducted usinga” strength-
of-evidence” approach, in which experiments demon-
dtrating positive toxicologica effects are given more
weight than any number of negative experiments of
equal quality (Gray, 1996). Thismay beparticularly true
inthecaseof carcinogenrisk assessment, whereconser-
vative assumptions may exaggerate risks greatly and,
therefore, may distort regulatory practices(Nicholsand
Zeckhauser, 1988).

L egidativemandatelargely determinestheflexibil -
ity afforded risk managersin interpreting the results of
risk assessmentsand in considering other factorsbefore
makingregulatory decisions. A variety of lawspertainto
chemicals in food and water (Table 1); different risk
management practices are prescribed for the different
laws. Assuch, an acceptableleve of risk for onetypeof
food chemical may differ greatly from what is consid-
ered legally acceptable for another type of food chemi-
cal, and the use of practices such as risk baancing
(comparingriskswithbenefitsand/or economicimpact)
and technical feasibility may be alowed under some
laws and not allowed under others. In essence, it is
possiblefor the same chemical to be subject to different
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allowable levels of risk depending upon whether con-
sumerseat it, breatheit, or drink it. Whilethismay seem
counterintuitive, itiscritical torealizethat eachlaw has
its own history and was enacted rather independently
from the other laws through a complex interaction of
industry, consumer, environmental, and government
constituencies, eachprovidinginput for their agendasin
thelegidative process (Rodricks, 1992).

FDA regulates carcinogenic food additives on a
zero-risk basis through the Federal Food, Drug, and
Cosmetic Act (FFDCA). Within the FFDCA is the
Ddaney Clause, whichstatesthat no additivecan beused
infood if the additive has been shown to induce cancer
inhumansor animals; as such, carcinogenic food addi-
tivesarenot alowed regardlessof thelevel of exposure.
At the sametime, the FDA has applied the concept of a
negligible risk (defined as one excess cancer above
background per million persons exposed using conser-
vativerisk assessment model s) toveterinary drugswhile
taking negligiblerisk and risk balancing approachesto
regul ate specific carcinogenic food contaminants, such
as PCBs in fish and aflatoxins in peanuts and other
products (Rodricks, 1992). Non-carcinogenic food ad-
ditivesareallowed for useif the exposure estimatesare
below the ADI.

The regulation of pesticide residues in foods has
been the subject of considerable scientific and societal
interest for much of the past decade (NRC, 1987; NRC,
1993a). Themajorlaw regulating pesticides, theFedera
Insecticide, Fungicide, and Rodenticide Act (FIFRA),
provides the EPA with the authority to permit specific
pesticide uses when it has been determined that the
potential benefits of the uses of the pesticides outweigh
their potential risks. Somebenefitsof pesticidesmay be
directly relatedto health; anexampleconcernstheuseof
a fungicide that may result in food residues yet may
prevent theformation of naturally-occurringfungal tox-
insof potentially greater health risk. Substitution risks
area soimportant, sincecessationof theuseof aspecific
pesticide that may leave food residues could lead to an
increasein the use of less-effective pesticides, resulting
in greater potential for environmenta disruption and
worker-safety concerns in addition to food residues.
Another benefit considered by the EPA isthepesticide’ s
ability toproducean abundant, available, and affordable
food supply by increasing crop yields and reducing
production costs and consumer prices.

Until recently, some pesticide residues were also
subject to the Delaney Clause of FFDCA, which, in
contrasttotherisk/benefit balancingapproachof FIFRA,
existed asastrict zero-risk statute for potentially carci-
nogeni c pesticidesthat concentratedinprocessedforms.

This inconsistency led to what has been called the
“Delaney Paradox” ; pesticide residues on raw agricul-
tura commodities were not subject to the Delaney
Clause and could be regulated on the basis of risksand
benefitswhilethose on processed formswereregulated
solely on a risk basis (NRC, 1987). To complicate
matters, EPA, throughitscoordinationpolicy, would not
allow pedticides to be used on raw commodities if
processed forms were impacted by the Delaney Clause
(Winter, 1993).

In August 1996, new legid ation was enacted that
repealed the Delaney Clause with respect to pesticide
residues. The legidation limited risk balancing provi-
sions concerning pesticide residues in foods and insti-
tuted a“ reasonable certainty of no harm” standard that
considersrisks from threshold effects (exposure below
the RfD) and from non-threshold effects (one excess
cancer above background per million persons exposed
using conservativerisk assessment models). Inaddition,
regulatory practices were prescribed to consider expo-
sures and sengitivities of specific population subgroups
(e.g., infantsand children), other types of toxicological
effectssuch asendocrinedisruption, and multipleexpo-
sureto pesticides possessing sSimilar toxicological haz-
ards.

EPA regulatesdrinking water contaminantsunder
provisions of the Safe Drinking Water Act. For non-
carcinogenic drinking water contaminants, alowable
levels are set to ensure that afraction of the ADI isnot
exceeded. For carcinogenic drinking water contami-
nants, it hasbeenrecogni zed that zero-riskisnot techno-
logically attainable. Asan aternative, Maximum Con-
tainment L evel sareestablished at thel owest technol ogi-
caly feasible levels, these typicaly result in lifetime
cancer risksin the order of onein 100,000 or lower, but
risksfor somechemicalsat the Maximum Containment
Level exceed onein 100,000 (Rodricks, 1992).

Risk COMMUNICATION

Commonmethodsfor communicatingfood chemi-
cal riskinformation havebeen characterized asone-way
andtechnocratic,inwhichgovernment leaders, industry,
or regulatory agencies providerisk assessment and risk
management information with the aim that the public
accept therisk messageshbeing conveyed and act accord-
ingly (Scherer, 1991). Since public opinion directly
influences risk management decisions (Figure 1), this
one-way communication process presents a barrier to
effective public involvement in the decision-making
process. Consistent with the need to increase public
involvement in therisk management process, the NRC
broadly defined risk communication as “an interactive

Table 1 — U.S. federal laws regulating chemicals in food and water

Regulatory  Regulated Products

Agency

Food, Drug, and Cosmetic Act  FDA

Food additives Zero risk
Veterinary drugs
Natural toxins

Risk Management
Model

Negligible risk
Negligible risk/risk balancing

Federal Insecticide, Fungicide, EPA
and Rodenticide Act

Pesticides

Reasonable certainty of no harm/
limited risk balancing

Safe Drinking Water Act EPA

Drinking water contaminants  Technical feasibility
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Table 2 — Qualitative factors affecting risk perception and evaluation.

Factor Conditions Associated with Conditions Associated with
Increased Public Concern Decreased Public Concern
Voluntariness of exposure Involuntary Voluntary
Controllability Uncontrollable Controllable

Fairness Inequitable distribution of risks and benefits Equitable distribution of risks and benefits
Familiarity Unfamiliar Familiar

Origin Caused by human actions or failures Caused by acts of nature

Memorability Memorable Not memorable

Dread Dreaded effects Effects not dreaded

Catastrophic potential

Fatalities and injuries grouped in time and space

Benefits Effects irreversible

Effects reversible

Effects manifestation Delayed effects

Immediate effects

Effects on children

Children specifically at risk

Children not specifically at risk

Victim identity Identifiable victims

Statistical victims

Trust in institutions

Lack of trust in responsible institutions

Trust in responsible institutions

Sources: Sandman, 1987; Covello et al., 1988.

processof exchange of information and opinionamong
individuals, groups, andingtitutions. Itinvolvesmultiple
messages about the nature of risk and other messages,
not strictly about ri sk, that expressconcerns, opinions, or
reactions to risk messages or to legal and ingtitutional
arrangementsfor risk management” (NRC, 1989b).

Effective risk communi cation requires communi-
catorsto recognize and overcome several obstaclesthat
arerootedinthelimitationsof scientificrisk assessment
andin publicunderstanding. Technical barrierstoeffec-
tive risk communication include the need to make as-
sumptions and subjective judgmentsin the risk assess-
ment process aswell asthe existence of disagreements
among experts. From the standpoint of public under-
standing, it hasbeen notedthat public perceptionsof risk
are often not consistent with those of experts, that risk
information may frighten and frustrate the public, that
strong beliefs are hard to modify, and that naive views
are easly manipulated by the method of presentation
(Slovic, 1986).

The sheer complexity and uncertainty inherent in
risk assessment provides asignificant barrier to public
understanding and appreciation of the magnitude of
risks. One method of explaining risk information isto
make comparisons to other risks; it appears that com-
parisonsaremoremeani ngful tothepublicthanabsolute
numbersor probabilities, particularly incaseswherethe
absolute values are quite small. As an example of this
approach, Wilson and Crouch (1987) collected and
analyzedrisk datafor avariety of commonplacehuman
risks, includingmotor vehicleaccidents, cigarettesmok-
ing, electrocution, alcohol consumption, drinking con-
taminated water, and mountaineering; annual risks of
death and attendant uncertai ntiesof measurement were
provided to enable comparisons of the various risks.
Ames et a. (1987) and Gold et a. (1992) ranked the
potential human carcinogenic risks of exposures to a
variety of environmental pollutants, synthetic pesticide
residues, naturally-occurring toxins, and pharmaceuti-
cal productsusinganindex that rel atespredicted human
exposure levels for carcinogens to their carcinogenic

potency inrodents. Their resultsindicated that therisks
posed by residuesof synthetic pesticidesor environmen-
tal pollutants ranked low in comparison to risks of
naturally-occurring carcinogens; this finding was re-
cently supported in areport of the NRC (19963).

Despitetheappeal of using risk comparisonsto put
results of risk assessments in perspective, such risk
comparison practices have been subject to criticism. It
has been pointed out that risk comparisonsreducerisks
to asingle dimension, such asloss of life expectancy,
while many risks are multi-dimensiona (Roth et a.,
1990) and involve differential types of morbidity and
affect specific population subgroups. Direct compari-
sonsof different types of risk often ignore the different
levelsof uncertainty inherentintherisk estimates; some
actuarial risks such as the risks from death in motor
vehicleaccidentsor homeaccidentshaverdatively low
uncertaintieswhilethosepredictedfor lifetimeexposure
to low levels of carcinogens in the diet are subject to
sgnificantuncertainty.

Whilerisk comparisonsarehe pful incommunicat-
ing the magnitude of risks, they are not, by themselves,
adequate guidesto personal or public decision policies
becausethey ignorecritical elementsconcerning public
values and acceptability of different typesof risks. The
scientific process providesinformation concerning the
risks, costs, and benefits of policy choices, but the
ultimate management of the risksis an issue of social
policy that requires decisionsto be made on the basis of
value choices (Groth, 1991).

Accordingto Sandman (1987), risk may bedefined
asthesummationof “ hazard” (defined astheprobability
of an adverse outcome) and “ outrage” (defined asother
nonquantitative nonbiological attributes). Sandman
points out that the public pays too little attention to
hazard while the scientific experts pay absolutely no
attentiontooutrage, which explainsthecommon differ-
ences between public and expert opinions concerning
risks; someriskspossess ng highhazard butlow outrage
may beof lesspublicconcernthanthosewithlow hazard
but high outrage. A variety of “outrage’ factors have
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been identified; severa are listed in Table 2. Magjor
outrage factors include whether the risk is voluntary,
whether therisksand benefitsare equitably distributed,
whether the risk is from natural or synthetic sources,
whether the risk is subject to individua control, and
whether therisk isfamiliar or not.

Severa dtrategiesfor effectiverisk communication
through acknowledgment of scientific and social risk
factors have been developed (Covello et a., 1988;
Groth, 1991; NRC, 1989b, Scherer, 1991). Given the
enormous complexity in both the scientific and socia
risk arenas, itiscritical that risk communicatorsandrisk
managersmaintai n reasonabl eexpectationsfor theout-
comeof their respectiveefforts. TheNRC, initsexhaus-
tive study of ways to improve risk communication,
concluded that improvements in risk communication
will not resolve problemsin risk management and end
controversy, although poor risk communication may
create problems. The NRC aso concluded that risk
managers must consider risk communication asanim-
portant andintegral aspect of risk management, andthat
risk communicationwill, insomeinstances, changethe
risk management processitself (NRC, 1989b).

CONCLUSION

Thissummary hasreviewed critical issuesconcern-
i ng assess ng, managing, and communi cating chemical
food risks. Each component of thistrinity of risk issues
iscomplex andisshaped by scientificand publiclimita
tions, subjectivity, and a reliance on value judgments.
Optima policy decisions concerning chemical food
safety risks require an appreciation of each of the risk
components rather than myopic focus upon only the
assessment, management, or communication phase.
Relatively speaking, the study of each of the three risk
componentsisinitsinfancy. Significantimprovements
are needed and expected as society strives to develop
appropriate policies concerning food chemical risks.

REFERENCES

Abelson, P.H. 1993. Hedlth risk assessment. Reg. Toxicol. Pharmacol. 17: 219-
223.

Alexander, B.V., and Clayton, C.A. 1986. Documentation of the food consump-
tionfilesusedinthetolerance assessment system. Research Triangle Ingtitute,
Research Triangle Park, NC.

Ames, B.N., and Gold, L.S. 1990. Too many rodent carcinogens: Mitogenesis
increases mutagenesis. Science 249: 970-971.

Ames, B.N., Magaw, R., and Gold, L.S. 1987. Ranking possible carcinogenic
hazards. Science 236: 271-280.

Archibad, S.O., and Winter, C.K. 1989. Pesticide residues and cancer risks.
Cadifornia Agriculture 43(6): 6-9.

Covello, V.T., and Merkhofer, M.W. 1993. “Risk Assessment Methods:
Approaches for Assessing Health and Environmental Risks.” Plenum, New
York.

Covdlo, V.T., Sandman, P.M., and Slovic, P. 1988. “Risk Communication,
Risk Statistics, and Risk Comparisons: A Manud for Plant Managers.”
Chemical Manufacturers Assn., Washington, D.C.

Crump, K.S. 1984. A new method for determining alowable daily intakes.

Fundam. Appl. Toxicol. 4: 854-871.

Dall, R., and Peto, R. 1981. The causes of cancer: Quantitative estimates of
avoidable risks of cancer in the United States today. J. Natl. Cancer Ingt. 66:
1192-1308.

Environ. 1986. “Elements of Toxicology and Chemical Risk Assessment.”
Environ Corp., Washington, D.C.

FDA. 1993. Toxicological Principlesfor the Safety Assessment of Direct Food
Additives and Color Additives Used in Food: “Redbook I1.” U.S. Food and
Drug Administration, Washington, D.C.

Francis, F.J. 1992. “Food Safety: The Interpretation of Risk.” Council for
Agricultural Science and Technology, Ames, 1A.

Gold, L.S,, Sone, T.H., Stern, B.R., Manley, N.B., and Ames, B.N. 1992.
Rodent carcinogens: Setting priorities. Science 258: 261-265.

Goldman, M. 1996. Cancer risk of low-level exposure. Science. 271: 1821-
1822.

Gori, G.B. 1992. Cancer risk assessment: The science that is not. Reg. Toxicol.
Pharmacol. 16: 10-20.

Gray, G.M. 1996. “Key Issuesin Environmental Risk Comparisons: Removing
Distortions and Insuring Fairness.” Reason Foundation, Los Angeles, CA.

Groth, E. 1991. Communicating with consumers about food safety and risk
issues. Food Technol. 45: 248-253.

Hoerger, F.D. 1990. Presentation of risk assessments. Risk Analysis 10(3):
359-361.

Nichols, A.L., and Zeckhauser, R.J. 1988. The perils of prudence: How
conservative risk assessments distort regulation. Reg. Toxicol. Pharmacol. 8:
61-75.

NRC. 1983. “Risk Assessment in the Federal Government: Managing the
Process.” National Academy Press, National Research Council, Washington,
D.C.

NRC. 1987. “Regulating Pesticides in Food: The Delaney Paradox.” National
Academy Press, National Research Council, Washington, D.C.

NRC. 1989 “Diet and Hedth: Implications for Reducing Chronic Disease
Risk.” Nationa Academy Press, National Research Council, Washington,
D.C

NRC. 1989h. “Improving Risk Communication.” National Academy Press,
Nationa Research Council, Washington, D.C.

NRC. 1993a “Pedticides in the Diets of Infants and Children.” National
Academy Press, National Research Council, Washington, D.C.

NRC. 1993b. “Issuesin Risk Assessment.” National Academy Press, National
Research Council, Washington, D.C.

NRC. 1996a. “Carcinogens and Anticarcinogensin the Human Diet.” National
Academy Press, National Research Council, Washington, D.C.

NRC. 1996b. “Understanding Risk: Informing Decisions in a Democratic
Society.” National Academy Press, National Research Council, Washington,
D.C.

NRDC. 1989. “Intolerable Risk: Pesticides in Our Children’s Food.” Natural
Resources Defense Council, New York.

Opinion Research Corporation. 1996. “Trends, Consumer Attitudes, and the
Supermarket.” Food Marketing Intitute, Washington, D.C.

Paynter, O.E., Burin, G.J,, Jaeger, R.B., and Gregorio, C.A. 1988. Goitrogens
and thyroid follicular cell neoplasia: Evidence for a threshold process. Reg.
Toxicol. Pharmacol. 8: 102-119.

Pennington, JA.T. 1991. Methodsfor obtaining food consumption information.
Chpt. 1in“Monitoring Dietary Intakes,” ed. I. Macdonald, pp. 3-8. Springer-
Verlag, New York.

Rodricks, J.V. 1992. “ Calculated Risks: The Toxicity and Human Hedlth Risks
of Chemicalsin our Environment.” Cambridge University Press, New Y ork.

Roth, E., Morgan, M.G., Fischhoff, B., Lave, L., and Bostrom, A. 1990. What
do we know about making risk comparisons? Risk Analysis 10: 375-387.

Sandman, P.M. 1987. Risk communication: Facing public outrage. EPA Journa
13(9): 21-22.

Scherer, C.W. 1991. Strategies for communicating risks to the public. Food
Technol. 45: 110-116.

Sovic, P. 1986. Informing and educating the public about risk. Risk Anaysis
6(4): 403-415.

Wilson, R., and Crouch, E.A.C. 1987. Risk assessment and comparisons: An
introduction. Science 236: 267-270.

Winter, C.K. 1992. Dietary pesticide risk assessment. Rev. Environ. Contam.
Toxicol. 127: 23-67.

Winter, C.K. 1993. Pesticide residues and the Delaney Clause. Food Technol.
47: 81-86.

Winter, C.K. 1994. Lawmakers should recognize uncertainties in risk assess-
ment. California Agriculture 48(1): 21-29.

Winter, C.K., Seiber, JN., and Nuckton, C.A. 1990. “ Chemicasin the Human
Food Chain.” Van Nostrand Reinhold, New Y ork.

scienceltechnology and nutrition.

INSTITUTE OF FOOD TECHNOLOGISTS

This and other Scientific Status Summaries are published by the Ingtitute of Food Technologists' Expert Panel on Food Safety and Nutrition in Food
Technology. Scientific Status Summaries, which are not necessarily written by the Expert Panel, are rigoroudly peer-reviewed by the Expert Panel aswell as
by individuals outside the Panel who have specific expertisein the subject area. IFT’ s Expert Panel on Food Safety and Nutrition, which studies significant food-
related issues and oversees timely production of Scientific Status Summaries, comprises academicians representing expertise in one or more areas of food

The Scientific Status Summaries may be reprinted or photocopied without permission, provided that suitable credit is given.

The Society for Food Science and Technology

221 N. LaSalle St., Ste. 300, Chicago, IL 60601-1291 USA
Tel.: 312-782-8424 « Fax: 312-782-8348
E-mail: info@ift.org « URL: http://www.ift.org/

92 FOOD TECHNOLOGY—VoL. 51, No. 5, MAY 1997



