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(’- SUMMARY <—

Although direct proof that aflatoxins (B, By, Gj, Gz) induce
cancer in humans deces not exist, laboratorf tests have demonstrated
that they are animal carcinogens. Further,-epidemiology studies in
Thailand and parts of Africa show a significant relationship between
liver cancer incidence and estimated levels of aflatoxin intake.

Aflatoxins cannot be completely eliminated from food products
without eliminating the products themselves. FD; has been enforcing
a limit of 20 parts per pillion (ppb) fér aflatoxins in certain foods
and is considering resducing that limit to 15 ppb for peanuts and peanut
products (39 FR 42748).

Unfortunately;'the direct risks, if any, to humans from ingestion
of aflatoxins cannot be measured. Therefore, risk assessments must
rely on mathematical treatment of animal.toxicology and epidemiology
studies. Such risk assessments have been made by FDA and are described
herein.

Aflatoxins can occur in a variety of grains.and nuts and can also
occur in the meat, milk, and eggs of food animals that have consumed
aflatoxin-containing feeds. Corn products and'geanut products only
have been considered in the risk calculations since inclusion of
other products, because of contamination levels and/or frequency of
contamination or consumption does not significantly affect the
numerical results. Emphasis has been placed on corn products in the
Southeastern United States because both consumption and aflatoxin

contamination levels are relatively high in that”region.
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Utilizing FDA and USDA aflatoxin survey and food consumption

data, it is estimated that aflatoxin intake ranges from an avera
of 2.7 to a maximum of 9.0 nanograms/kilogram of body weight/day
(0.1 to 0.3 parts per billion in the diet) in the Southeast.

An extensive body of data exists on aflatoxin toxicology in
Jaboratory-animals. -Because it would be impractical to make ris
calculations for each such study, five studies, involving long-t
feeding of aflatoxins to three species of rats, were selectad.
in general, and male rats of the Fisher scrain‘ in particular, a
considered the most aflatoxin-susceptible mammals.) Using the
mathematical procedure of Mantel and Bryan, estimates of lifetim

liver cancer incidence rates were derived for each study, and fo
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the five studies combined. These estimates range from 30 to 1400

per 100,000 for the individual rat studies and from 240 to 1100 per

100,000 for their combination. By way of comparison, risk estim
derived from studies on rats and other species combined by Cornf

and co-workers yield a range from 17 to 126 per 100,000.

ates

ield

The actual lifetime liver cancer incidence rate from all causas

in the U.S. is approximately 161 per 100,000. Actual incidence
in Georgia and Alabama are approximately 103 and 100 per 100,000
respectively. (Ratas for other Southeastern states are not reaad
available.)

The fact that the risk estimatec for rats in general exceed

human incidence rate for liver cancer from all causes can be attributed,

in part, to the conservative mathematical procedures employed.
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addition, available in vitro data would indicate that humans are
biologically closer to relatively resistant animals such as mice and
monkeys than to aflatoxin-susceptible réts. .

Epidemiology studies conducted in Thaziland and several parts of
Africa show a positive correlation between zactual liver cancer
incidence and estimated intake of aflatoxins. Utilizing the relation-
ship derived by Peers and Linsell, risk estimates were calculated to
range—trom 20.2 to 67.0 per 100,000 for estizated average and maximunm
aflatoxin intakes. How applicable such epidemiological studies are
to the U.S. is not known, particularly since the liver cancer incidencs
rates in these areas outside the U.é. may be greatly influenced by
the presence of pyrrolizidine alkaloids in herbal medicines and the

existence of hepatiﬁis—B virus.

Risk estimates calculated from the epidemiology data for peanut

products only yield a range of 1.1 to 2.7 per 100,000. Assuming that =

.y

a proportional reduction in aflatoxin levels would result frcm the

[N

proposed regulatory enforcement limit of 15 ppb yields a projected
range of 0.8 to 2.1 per 100,000. TFor the lowest enforcement limit
currently possible, 5 ppb, the theoretical range would be 0.3 to

0.7 per 100,000. Although the ranges are broader, the animal data
yield a similar comparison between a limit of 15 ppb and that of

5 ppb.

Neither the estimated incidence rates calculated from the animal

data nor those from the epidemiology studies can be construed as

representing the actual human risk from aflatoxins. It is reassuring,
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however, that the two apoproaches yield similar results, at least
when inter-species differences are taken into account. Assuming
that these approaches at least provide conservative indications of
petential human risk, there appears to be little, if any, gain in
public health protaction associated with a tolerance for aflatoxins
in peanut products at 10 ppb or 5 ppb as opéosed to the 15 ppb level
being considered. Again assuming that these apprcaches have some
validity, it appears prudent to continue efforts to control the largely
intra-state problem with aflatoxins in corn in the Southeast--nothwith-
standing the apparently lower actual incidence of liver cancer in the

Southeast.

The several other reasons why a 15 ppb tolerance for aflatoxins in
consumer peanut vroducts is deemed appropriate were described in thel

preamble to the proposal to establish the tolerance.
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INTRODUCTION R g

The Food and Druo Admlnlstratlon (FDA) 13 con51der1ng a regulatiocn

’Eﬁéc"éééabii's'ﬁ‘e's“a"&oiéraﬁaé fa‘r'afiacaﬁﬁs"‘iﬁ'éhéliéa"péaﬁacs and peanut

‘The regulatlon would set a 15 parts per

vpfoducts uSed as human food:

'Biiiion:25§b):toiéféﬁce Eéfbtotal afi Coxins ?Bl'; Bé + éi';—CQ) in these

e - - -
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Aflatoxins are mold-produced toxins which are unavoidable contaminzats

in peanuts and a number of other food commodities (1). Although the human

e - . 2 .~ NP .- - - - .

"health effeCCS of chroqlb exposure to aLlatox1ns are not known with certainty,

there is ev1dence whlch assoc1ates chronlc dletary exuosure to aflatoxias

with the induction of primary liver cancer. In particular, several studies

-bave_indicted aflatoxins as animal cartinogens (2).

- ou-Sb present, it is not possible_to.determine.a level of dietary exposure

.to carcinogenic substances that would not lead to a finite risk of human
cancer. Therefore, assurance of absolute safety for the consumer (i.e., no

risk of cancer) is achievable only through complete eliminatioa of carcino-

genic substances from the diet and from other sources. However, unlike
chemicals intentionally added to food, unavoidable food contaminants cannot
be pronibited from the diet, unless the food susceptible to contamination 15
itself prohibited.

This approach to the assurance of absolute safety for food unavoidably
contaminatred with aflatoxin would mean the complete elimination of those
food commodities that have been shown to be susceptible to such ccntamination.
These food commodities include corn, peanuts, sorghum, rice, wheat, soybeans,

walnuts, almonds, pecans, pistachio nuts, Brazil nuts, figs, and the edible

SLTR2044
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tissue (meat, eggs, and milk) from food-prcducing animals that consume animal
feed containing these compounds (3,4).

Because not all lots of these foods are expected to contain measurable
aflatoxins, an alternative approach to indiscriminately eliminating from the
diet both contaminated and non-contaminated food is to prevent from entering

consumer channels only those lots demonstrated to contain aflatoxin.

In the case of consumer peanut products, aflatoxins at or above a

level of 5 parts per billiop (ppb) can be measured with the degree of
certainty required of FDA to initiate regulatory actioﬁ (e.g., seizure)
to prevent the marketing of aflatoxin-contaminated peanuts. In shoret,
the goal of attaining a ''zero' tolerance for aflatoxin would translate
to an enforcement level of 5 ppb, i.e., the lowest level at which it can

be determined with certainty whether aflatoxin is or is not present in

peanuts. (It should-be noted that aflatoxins at levels less than 5 ppb
can be detected in peanuts, but the validity of measurements at such
levels is questionable.)

While a level of 5 ppb may represent the lowest enforceable toler-
ance consistent with FDA's consumer protection objectives of minimizing

dietary exposures to aflatoxins, such a tolerance would be bevond the capa-

bili:y.of manufacturers to meet consistently. This is the case because of

the high variability of aflatoxin levels within and among peanut lots.. Such
vafiability requires that quality control limits in manufacturing be set much
lower than the regulatory tolerance (5). For example, consistent production

of lots conforming to the proposed tolerance of 15 ppb would require quality )
hY

A

control limits on the order of 5-7 ppb. Lower tolerances would require pro- &)

r g

portionately lower quality control limits. A tolerance of 5 ppb would thus C.

30

Y
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require a quality control limit below the level of reliable detection and
would result in the inadvertent release of illegal lots into commercial
channels, there to be seized by FDA. '

In brief, if peanut products are not to be entirely prohibited, ceonsumer

exposure to aflatoxins from these products can only be kept below detectable

levels (i.e., 5 ppb) by seizure (and a significant loss of product). For a

o higher tolerance (e.g., 15 or 10 ppb), the emphasis would be on manufacturing
‘f;f quality control (and there would be less loss of product).
Because of the foregoing characteristics of the control situation,
information is needed to assess the human risks associated with low levels
of aflatoxin exposure. Unfortunateiy, such information is not readily avail-
able. However, evaluation of that ;nformation whiéh is available from toxi-

cology and epidemiology studies does help to put the risk question in per-

spective. In the following, risk estimates are derived from animal tests and
from epidemiology studies. Such estimates cannot be construed as representing
actual human risk but they do provide an indication of the relative potential

toxicity of aflatoxins.

INFORMATION NEEDED FOR RISX ASSESSMENT

Existing data indicaté that the most likely potential effect from chronic
aflatoxin exposure is primary liver cancer (1,2). 1In all risk estimates to
follow, it is this disease that is being considered.

An estimate of the risk of primary liver cancer in humans due to exposure
to dietary aflatoxins requires two types of information. First, some measure

of the toxicity of aflatoxin to humans must be available. For purposes of

L0301
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this assessment the most relevant toxicity data would be those relating

R T A 2O S Z

lona term low—level af latoxln exposure to primary liver cancer in the exposad

group. Ideallv what is sought is a dose-response curve expressing the

relatlonshlp between the level of aflatox1n exposure (the dose) and the

1ncioence of liver cancer ( he response) in the exposed croup

- PR NN

The most relevant and least suspect of such infornatlon mould be that

obtained by direct experimentatﬂon in human beings. Clearly no such data are

available nor, for ethical reasons, could they ever be developed. Therefore,

reliance must be placed on data resulting from: 1) epidemiolegical studias in

- B . Ll P N . - - el — - - . -

groups of humans known to have been* 1nadvertently exposed to af latox-nS' or

2) direct experimentation in laboratory animals. Epidemiological studies,

which shoulc prov1de the most relevant 1nformation obtainaol nonetheless 7

- - Tae - - Areiem e e 2 [ PR L - . - T P

have several disadvan ages, perhaps the most important of wnich are their

inherent limitations in establishing clear causal relationships and their

relative insensitivity in detecting such relationships. Studies in experi-

mental animals are usually more sensitcive than epidemiological studies and,
when properly conducted, are capable of estzblishing direct causation and
dose-responsa relationships of relatively high certainty. But they have been

cr1t1c1zed on the grounds of belno irrelevant to humans. It must also be kept

in mind that epidemiological and animal data obtained from relatively small,

homogenous population groups requires, for estimation of risks in an entire

population extrapolation to very laroe, heterogeneous groups of humans.

It is not known how to estimate the uncertainty associated with extrapolations

of these types.

D A2TFY 4 vy
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In addition to toxicity information, risk assessment depends on data

concerning the level and duration of human exposure to the toxic matzarial.

For purposes of this assessment, the relevant data are the food commodities

in which aflatoxins occur, the levels of aflatoxins in thosa foods, the
frequency and amounts of human consumption oi those foods, and the length of
time of exposure. As with the toxicity information, the human exposure factor

in the risk assessment equation is also subject to much uncertziaty.

DIETARY EXPOSURE TO AFLATOXINS
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a. Occurrence of Aflztoxins in Food: The food classes the ont
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most significantly to dietarv exposure to aflatoxins in the
dry milled corn products (e.g.,corn meal and grit;) and.peanuts and peanut
products (3). Exposure to aflatoxins through contaminated corn occurs mainly
in the southeastern states (i.e., Morth Carolinea, Soutﬁ Carolina, Georgzia,
Alabama, Florida, Mississippi, and Louisiana), where the contamination of corn
is most severa. 1In this area corn is a dietary staple and the corn consumed
is primarily of local origin. On the basis of FDA and USDA survey data, it is
estimated that the average level of total aflatoxins in dry milled corn pro-
ducts has been in the range of 5-10 ppb (3,6,7). Corn produced and consumed
in other regions of the nation has a substantizlly lower aflatoxin content.
Therefore, the United States population groups that appear to be at highest
risk, those of the southeastern states, have been selected for empnasis in
this risk assessment. To be conservative, the upper level of 10 ppb is used
in the risk calculations.

Peanuts, while grown in the Southern states, are processed and consumed

Pra

ZYeh

throughout the country. Data from surveys conducted by FDA indicate an esti-p

mated average level of 2 ppb total aflatoxins in consumer peanut products

(3,6,7). This estimated level is egually applicable to population groups on

EI0CEE

a national or regional basis.
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As previously ‘mentioned;-aflatoxins ‘may also occur -id other food com-
modities consumed in thé “Unitéd -Stated:- Uowever; survey and experimental
ditd ‘indiéaté that eithef -the 1e6éls>and/dé-iééidédceTof aflatoxin in these

. £06d5 ‘and/ot “théir"cénsumption paEferis-dfe not édm

peanuts and dotn (3;6,7) 7 Cafculations used “in-EHé estimates of total risk-

would notbe *significantlyaffécted by ignoring these -6thér féed-items.

The relevaqt data on the aflatoxin occurrence in food is presented in

Table I.

TABLE I: “Major Food Classes With Aflatoxins (3, + B, + G, + G,)

fod = L : : - - Ll sz = T = N .

--. Food €lass .. . . ... .. .. Estimated Average Level _
(total aflatoxins, ppb)

Peanuts and Peanut Products 2

“‘Corn Products 5-10 *

* Average 1s for Southeastarn States; average in all other areas is

lower (see text).

b. Consumption of Aflatoxin - Containing Food Products: A survey

conducted b&hthé U S Department of Agrlculture (USDA) in 1963 prov1des the

—-— - — - s ~ e - - - -~ PP, PPN - - -~ -

best available data for estlmatlno human consumptlon ‘of the significant food

235 =245 PR The -

sources of aflatox1ns (8) The

GSpa survey ‘data’ “were colle cted through
personal interviews which required the respondent to recall all foods and

the amounts actually consumed during the 24-hour period prior to the interview.
The data collected, which covered the entire United States, are available for

four major regions--Northeast, North Central, West, and South.

LR &
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For purposes of this risk assessment, the data collected for the

Southern region were used. This survey region included the states of Alazbama,

Florida, Georgia, Louisiana, Mississippi, North Carolina, South Carolina,

Arkanéas, Kentucky, Delaware, District of Columbia, Maryland, Oklzhoma, Texas,

Virginia, and West Virginia. Although it would have been more approprizte to
N base estimates of intake on the southeastern states alone (i.e., the first

it

o seven states 1isted), since dry milled corn products which may contain afla-

toxins are mainly produced and consumed in these states, the food intake

estimates used in the risk calculations assume that dietary patterns of the

South and Southeast are identical.

Food intake estimates were used for the consumer peanut products and

dfy milled corn products listed in Table II.

TABLE II: Food Items From USDA Survey Used To Estimate Intake Of

Aflatoxin-Susceptible Food (8).

Consumer Peanut Products

i peanuts, shelled and in~shell peanut butter & jelly sandwich

peanut butter peanut butter & banana sandwich

peanut butter sandwich peanut butter & jelly

Dry Milled Corm Products

corn bread & muffins cornmeal pancakes

corn pone corn grits, hominy grits

spoonbread cornmeal , cornmeal mush

johnnycake grits with fat

hush puppies fried cornmeal mush s
ot
-
o
G
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The estimated average levels of aflatoxins in consumer peanut products
and dry milled corn products (Table I) are derived from surveys of these food
items as marketed as opposed to food items prepared for consumption (i.e.,
as eaten). Therefore, conversion factors were applied, where appropriate,
to the amount of intake of food items listed in Table II to obtain the amount
of intake expressed in terms of the food items listed in Table I.

Calculation of the average and maximum daily intakes of foods suscentible
to aflatoxin contamination also requires knowledge of the Irequency at which
these foods are consumed. Direct knowledge of the frequency of consumption
of these foods is not available. To estimate daily ccnsumption, it was
necessary to make use of the information that the total population in the
South surveyed by USDA counsisted of 6,268 persons, 560 of whom had eaten
peanut products and 1,380 of whom had eaten corn products during the 24-hour
period preceding the questioning. Since it would be expected that these
individuals would not consume these foods every day, the ratio of "eatars"
for one day versus "non-eaters” for one day was used to establish the esti-
mated frequency at which these foods were eaten. This ratio, or frequency
factor, was applied to both the average amount and to the amount consumed by
the 90th percentile of the "eaters' surveyed to derive an estimate of average

and maximum daily intakes. These estimates are presented in Table TIL.

TABLE III: Estimated Consumption Rates For The Southeastern United States

0f Food Products Which May Contain Aflatoxins.

Peanut Products Corn Products

One day average 45 33
intake (grams)

One day maximum (90th percentile) 116 186
intake (grams)

Factor for frequency of consumption .090 .252 3
Y Qv

P

v

. ) (@)
Estimated average daily intake (grams) 4 14 T
Estimated maximum daily intake (grams) 10 47 .;;
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c. Human Exposure to Aflatoxins: The estimates of consumption

contained in Table III can be combined with the levels of aflatoxin contamina-
tion (Table I) to estimate average and maximum human exposure to aflatoxins

in the southeastern part of the country (the exposure in all other regions
being lower). The‘results of these calculations are presented in Table IV.
Also shown are the estimated average and méximum human intakes of dietary

‘aflatoxin expressed in ng/kg body weight/day and in parts per billion (ppb)

in the diet.

TABLE IV: Estimated Average and Maximum Daily Aflatoxin Intake In The

Southeastern U.S.

DAILY AFLATOXIN INTAKE

Average Maximoum
FOOD CLASS ngt  ag/kg? pov’ agt ag/kg?’ ppp?’
Peanuts and 8 0.15 0.005 20 0.37 0.013
Peanut Products
Corn Products 140 2.38 0.093 470 8.66 0.313
TOTAL 148 2.73 0.098 490 9.03 0.326

1/ ng = nanograms (1l x 1077 grams)
2/ ng/kg body weight; average body weight of 54.3 kg

"3/ ppeb in diet; average daily food iatake of 1500 g

-

0TI T
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" a.” “Animal Toxici:t¥ Data: ~The toxic seffects of aflatoxin have been

examined i §éveral studies in a~variety of species and strains of experi-

méntal~ animals. These iatlude-S&Veral-strains of rats 25 well as mice;

marmosets, tree shrews, tréut] ducks, rhesus monkeVvs; and hamsters (2).
The literature is much too extensive to céver exhaustively in this report.

s

Therefore, selected studies are employed in the following to illustrate the

range of results obtained in animal studies. Generally, the rat, and in

particular the male ¥isher strain rat, is considered the mammalizn species

that is most sensitive to aflatoxin‘carcinogenesis (2). For this assessment,

five studies involving three strains of rats were examined and the statisti-

cal procedure developed by Mantel and Bryan (9) as modified (10) was applied
to the experimental resultsw>—-This statistical procedure-is one of several
available which allow the estimation of carcinogenic risks associated with

dose levels of the carcinogen below those necessary to yield a positive

carcinogenic response in the animal experimentation. In the present example,

the levels of interest are the averagz and maximum intakes, 0.1 and 0.3 ppd
aflatoxins, respectively (see Table IV). Yo experiments have been conducted
in rats at these low dose levels, so no direct measure of risk can be made;
but, as noted, the Mantel-Bryan procedure can be applied to the available
animal data to estimate the risks associated with the 0.1 and 0.3 ppb dose

levels. It must be kept in mind that the Mantel-Bryan procedure estimates

animal, not human, risks. The relative sensitivities of humans and, in the

prasent case, rats, remains to be considered. The results of the risk assess-

ment in rats are presented in Table V.

BFG17222
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As can be seen from Table V, the estimated lifetime liver cancer
incidence rates vary widely among the rat studies, ranging from a low of.

30 to a high-B%-1400 per 1003000.- -Andther indication &f-the inherent

variability in these®expetiments is provided by-the apper” 99% confidence -
Tinmits 8r-Tisk shown’in-pérentheses’ in Table V. =~ 2l: = .o

TABLE V Estlmated Llfetlme Cancer Risks In Laboratory An mals (Rats)--
’ " Incidence Rate Per lOO OOOA/ T i

- Leaar T - .::‘__,_. -

DATA SOURCE

e —— e
- s T —_

AFLATOYIV I T\Au

(Reference No.) - i '?bll Bob)' o (0 3 oob)

- :(.li.j_r.; LTt L -3/(_ 60)2/ IT= P S 7/( 370)3/
oAy T O T Re 22007 = 7 T160( 990)
a3y T 70(600) T T 360(2300)
(16) " 140( 620) 650 (2400)
asy  320(1400) 1400 (£600)
COMBINED RAT STUDIES 240( 470) 1100(1900)

A

COMBINED ANTMAL STCDIES® 17( - ) 126( -- )

1/ Incidence rates are based on the procedure of Mantel and Bryan (9), as

nedified by Mantel, et al. (10).

2/ Cannot be estimated.

3/. Numbers in parentheses are upper 99%

4/ 1Includes rats, rainbow trout,

Risks are graphically estimated.

ducks, and tree shrews.

confidence limits.

BFG17223
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The upper 997% confidence limits on the lifetime risks derived from
the studies in Table V are not only conservative risk estimates (i.e., they

bl

"worst case' estimate), but also are useful for comparing the

represent a
several studies since the confidence limits tsdke into account diffsrences
in sample size and other variables in experimental design.

Although the results of ‘these five rat studies are too variable to
justify statistically their pooling, the;\have been combined in Table V to
indicate an overall level of response in rat studies iavolving different
strains.

Another approach to aflatoxin risk assessment basgd on animal studies
is that taken by Cornfield, et al. (16). Combining data from experiments
on the rainbow troug, duck, tree shrew, and six different studies on five
different strains of rats, these authors fitted various mathematical models.
A probit model with a slope of 1.2 probits per loglO dose appeared to gzive
the best fit. Estimates from graphs in this paper yield lifetime incidence
rates of approximately 17 and 126 per 100,000 for doses of 0.1 and 0.3 ppb,
respectively.

As shown in Tabla IV, the average and maximum dietary intakes of afla-
toxin contributed by peanuts are approximately 0.005 and 0.0l ppb, respec-
tively. For the combined rat studies, the risk estimates for these aflatoxin

levels are 2 and 7 per 100,000, respectively. Utilizing the Cornfield

approach yields risk estimates on the order of less than 0.1 per 100,000

Yy
<

K2

C

(graphically estimated) for the 0.005 and 0.0l ppb levels.
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‘ifi/io (17) o pﬁipoS'g'df“EBmpéqison-w1L§HEH§

“edSCérn Stdtés, aTfe most appropriata fOr compari

c : g

To assess the reasonableness of these animal derived risk estimates,

1t is of interest to compare them to the overall human liver cancer incidencs

rates in the United ‘States.  THe total crude Tt Sér yedr of prime

3

{iver Cancer in Ehe totdl United States popd*atlon egffmafed'in'1969,'was

T{ifatime animal risk

‘data, it s necessary to break down the “above crude vea*ly incidence rata

in terms of a°e—spec1f1c rates,'to nultlply eaeh age- snec1f1c rate by a

factof which reflects the proportlon ‘of the total ‘liver cancer rate con-

tributed'bv Weiibefs of that age group; and thed to multiply each such age-

<

spec ific Ttate by “the expected'human lLfespan of 70 years. Recompining the

‘age-specific rates yields a calculated lifetime risk for liver cancer

D T e T T T S U

occurrence ‘of T61° ‘for every fCO“OOO in the total U.S. oopulatlon. ?rimafy

'Tivef'cancer IlIetlme 1nc1dence “rateés in Alabama “and Geor01a, ‘estimated in

'the.éaﬁe'way, are lOO/lO and 103/10 , respectively (18). The rates for

these ‘two states, which are the only ones readil y davailable for the south-

- ——~—- -~ -
- . ~

§6d with the risks estcimated

pated ‘e;q;a;;r'e to aflatoxins.
The risks calculated from the rat data in Table V not only differ

greatly among themselves, demonstrating an intraspecies difference in sus-

céptibiliﬁy, but, at the 0.3 ppb dose level, individually exceed the lifetime

risks of primary liver cancer in the human population of the United States

from all causes. Possible explanations for these differences are: 1) the

‘level of human exposure to aflatoxXin has been over-éstimated; 2) cthe Mantel-d\)

b
Bryan extrapolation procedure is overly conservative in this case; and/or Q)

T Ay g
L

0

3) rats may not be an appropriate model for predicting aflacoxin-induced

o~
e
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primary liver cancer in humans. While data to test the validity of the
first or second explanation are not available, the third receives some cor-
roboration from studies showing differences in afiatoxin metabqlism among
various animal species, most relevant of which are the differences between
rats and humans observed in vitro. Available in vit;o data indicats that
the ability of an animal species to metabolize aflatoxin Bl to a metabolite
called aflatoxicol (AFL) is related to the sensitivity of the species to
acute aflatoxicosis, and that the ratio of reductive and oxidative activi-

ties, measured as the ratio of AFL concentration to that of an oxidized

metabolite known as Ql’ is an index of species susceptibility to the carcino-

genic effects of Bl' Although in vitro data for humans are extremely limited,

the data available indicate that, with respect to these modes of metabolic
behavior, humans are closer to relatively resistant species such as mice and

monkeys than they are to the highly susceptible rat strains (19).

b. Epidemiology Data: Data reflecting actual consumption of aflatoxins

over defined périods of time by particular individuals who develop liver
cancer are not available. The data most closely representing that situation
are those derived from studies in Thailand (20), Xenya (21), Mozambique (22),
and Swaziland (23). TFor two or more districts in each of these countries,
average aflatoxin content in samples of meals actually consumed were deter-
mined. These estimates of average aflatoxin content were then correlacad.
with official annual liver cancer mortality statistics. As previously
stated, there are limitations to these epidemiology data, not the least of
which is their inherent inability to establish direct cause-effect relation-

ships. For example, any comparison based on these epidemiological data
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rests on the assumption that sample meals are representative, that current

contamination levels are indicative of past experience

(i.e., 10-20 years

ago), and that there is no significant exposure to other possible causes of

liver cancer.

With respect to other pessible causes, there is evidence that pyvrroli-

zidine alkaloids consumed in herbal medicines and hepatitis-B virus may play

a role in the etiology of primary liver cancer in some of the areas studies

(24,25). Thus, the appropriateness of applying the human epidemiology data

derived from these studies to low~incidence western countries is question-

able. Several other interfering factors, well-described by van Rensburg

(24), further cloud the epidemiological data. The calculations made below

should be considered against this background of uncertaintvy.

The results of the various epidemiology studies have been standardized

by van Rensburg (24) and these data are presented in Table VI.

highly significant positive correlation between cancer

level of aflatoxin B, intake in the geographical areas

1
relationship between log aflatoxin Bl level and cancer
as follows:
y = 6.449 log 10 %~ 2.4115

where y = total cancer raCe/lOS/year and x = aflatoxin

in ng/kg/body weight/day.

rate and estimated

There is a

studied, and a linear

incidence, expressed

concentration
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TABLE VI: Summatizad Results % Epidehivlogy Studiés Measuring Prizmary

':::al;:i:;tive%Ttahcéi&Réié‘anatA?léﬁokiﬁ:Ihtéké‘(hg/kg body weight/day).

T L TaTi jerzoEmT empoioL. oI Lesllas oLk

(From Reference 2%47% ShESEe-s R

:;,‘ﬁ:,'& e el T TELY T TLED TILrlLas .':‘.'..'i—ifver-'.:f": il Es'timatad"_',_

- wicznlocalicy o ---co=:f -- - --.:. Lancerx-Rate-- -.- - Aflatoxin Intake

(10°/year) . (ng/kz body

weight/davy

Kenya - High Altitude 0.7 o o 3.5 o7

Thailand - Songkhla 2

.
- A e e ce e em s A -~ - - -

S;azil;;a ;-ﬁiéhﬁéid-hv 2.& . 5.1 ,7& 8

Renya - ¥iddle Altitude
Swaziland - Middleveld 40 o 8.9 ,2>
Kenya - Low Altitude . AT 10.0 . 26
Thailand - Ratburi 60 45.0 /o327

Swaziland - Lowveld .,9:7 . . S 43;1 éiiéb

(853
N
[RS]
o
Ve
L »
\
-

Mozambique - Inhambane 13.0

-~ - e, - - - - -

[ R ad of ¥}
NL ¥ A )

&0
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Using the estimated average and maximum chronic exposures Zor diezary
levels of aflatoxins in the southeastern states (2.7 and 9.0 ng/kg body
weight/day, respectively, Table IV) and the log relation between dietary
aflatoxin and cancer incidence derived from the epidemiological studies,
the calculated range in the expected crude cancer incidence/year is 0.37 to
3.74 per 100,000. The actual crude rates/lOs/year in Alabama and Georgia
are 0.97 and 1.18, respectively (18).

It should be noted that the above calculations involve a significant
assumption that quite possibly is not the case. They assume that the back-
ground liver cancer rate (i.e., that rate due to unknown factor(s) other
than aflatoxin present in the areas of the epidemiological studies) is equal
to that of the United States. Of course, there is also the implicit assump-
tion that aflatoxin contributes to the rate of liver cancer in this country;
there is no evidence that this is true. And certainly there. are other sub-
stances in the environment, including the workplace, that are known to be
hepatotoxic and could contribute to this disease rate.

In an attempt to reduce the effects of this possible error, a different
type of risk estimate has been made. Specifically, a linear, non-logarith-
mic relationsnip, derived from the human epidemiological data tabulated by
Peers and Linsell (26), allows estimation of the human cancer rate related
to dietary aflatoxins (or to other interfering factors, since these epiden-
iologic studies cannot conclusively show that the increased rate of liver
cancer above background is due only to dietary aflatoxin). The relationship
is

y = .106 x + 2.2,

where y and x have the same meaning as above and 2.2 is the background

e

cancer incidence/lOS/yeaf when x = 0.
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ESTIMATES OF RISKS AT ALTERMATIVE TOLERANCES: - _z-:.:: =7 -

.- ---Using the-last derived relationship;-theoretical-risk estimates nave

made for various aflatoxin levels. that might result f{rom alternative foler-

ances.. These are shown in.Table VII:and are based on the-assumption that:

.the legal maximum level of aflatoxins in peanut products is directly pro-
portional to.the average level ofi aflatoxins actually found in these procduccs.
For.example, the current FDA action lével of 20 ppb leads to survey estimetes
of average levels of.2 ppb in peanuts and peanuts produccs and 10 ppb in dry
.milled corn products. -This.information:is .based on .data collected while the
20 ppb action level was in effect for zll food commodities. If one assures

a direct proportioqal relationship, -a reduction of the 20 ppb level to 15 opb
-for peanuts .and peanut .products could produce an average level of 1.5 ppb
.aflatoxins .in this .type .of food. Similarly, a reducticn of the tolerance
-ta 10 ppdb and .5 ppb could produce -average levels -of 1.0 ppb and 0.5 ppb,
respectively. Since, for purposes of this assessment, the legal limit for

.corn is not under consideration, the estimated average level of aflatoxins

-in this food is held constant.
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As shown in Table VII, the theoretical cancer rates over a lifetime of
expcsure (70 years) are estimated for the Southeast to range from 20.2 to
67.0/105 at the current 20 ppb action level; 19.9 to 66.4/10S at a 15 ppb
tolerance, 19.6 to 65.6/105 at a 10 ppb tolerance and 19.4 to 65.0/105 at a
5 ppob tolerance. .

Thus, based on the epidemiological data (26), assessment of the estimated
risk of human exposure to varyving levels of aflatoxins in peanuts and peanut
products shows relatively no significant gain in the protection of the public
health (i.e., reduction in liver cancer) by aaopting a tolerance of 5 pob
(currently the lowest enforcéable tolerance) as opposed to FDA's proposed
tolerance of 15 ppb. This analysis applies to the population at highest
risk, namely that of the southeastern United States.

In other areag of the country, where aflatoxin contamination of corn is
not a significant problem, the health risks from aflatoxins are due, for the
most part, to exposure to contaminated peanuts. The estimated lifetime risk
to humans from this source of exposure only, based on the same type of cal-
culations used to derive Table VII, ranges from 0.8 to 2.0/105, if it is
assumed that all peanut products contain 1.5 ppb aflatoxins (under the pro-
posed 15 ppb tolerance). This theoretical lifetime risk of cancer would be
reduced to 0.5-1.3/10S at a 10 ppb tolerance and 0.3—0.7/105 at a 5 ppb
tolerance.

For the convenience of the reader, the lifetime liver cancer incidence

rates listed in the foregoing tables are summarized in Table VIII.
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TABLE VIII: Summarv of Maximum Expected Lifetime Liver Cancer Incidencs

“~“-Rates Due to Aflatoxin Exposures Under Curreat FDA Guideline

of 20 PPB. . ... - -l izai ..
IR i/ ~:oZilnTT oLevell Lo
Actual Incidence Rates~ _ o

Total U. S. - 161 per 100,000
Alabama.:. - 100 per 100,000 _-._ _. .:
Georgia - 103 per 100,000

Estimated Incidence Rates Due to Aflatoxins

2/ o zrinie s

' From Combined Rat Studies =
Total Consumption?-*- *- 240°to*1166 per 100,000
cw..Peanut Produets:Only:.::.2 to 7:per 100,000
X B N j 'j. : . 2/- '.-~'
From Combined Animal Studies —
" -17 to 126 per 100,000
Less than .l per 100,0C0

= ““gtai*Consimpeion: -

Peanut-Products Only:. ..

FMFfoﬁ Epidemiology~3tﬁdiés-—/ o i
Total Consumption: 20:2 to 67.0 per 1G0,000

--Peanut Products-Only:: . .1,1 to 2:7.per 100,000 .

1/ See Text, pages 15, 16. R
2/ ‘See Text, Table V. )

3/ .See Text, Table VII.
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