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Ochratoxin A
CAS No. 303-47-9

Reasonably anticipated to be a human carcinogen

First listed in the Sixth Annual Report on Carcinogens (1991)
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Carcinogenicity
Ochratoxin A is reasonably anticipated to be a human carcinogen

based on sufficient evidence of carcinogenicity from studies in ex-
perimental animals.

Cancer Studies in Experimental Animals

Oral exposure to ochratoxin A caused tumors at several different
tissue sites in mice and rats. Dietary administration of ochratoxin A
caused benign and/or malignant liver tumors (hepatocellular ade-
noma or carcinoma) in mice of both sexes and benign and malignant
kidney tumors (renal-cell adenoma and carcinoma) in male mice
(IARC 1983, 1987). When administered by stomach tube, ochra-
toxin A caused benign and/or metastatic malignant kidney tumors
(renal-cell adenoma or carcinoma) in rats of both sexes and benign
mammary-gland tumors (fibroadenoma) in female rats (NTP 1989,
Huff 1991). Since ochratoxin A was listed in the Sixth Annual Report
on Carcinogens, an additional study in male rats has been identified,
which also found an increased incidence of kidney tumors following
dietary exposure to ochratoxin A (Mantle et al. 2005).

Cancer Studies in Humans

The data available from epidemiological studies are inadequate to
evaluate the relationship between human cancer and exposure spe-
cifically to ochratoxin A. In descriptive ecological studies, a relatively
high frequency of contamination of cereals and beans with ochra-
toxin A has been reported in an area of Yugoslavia where a poten-
tially fatal chronic renal disease, Balkan endemic nephropathy (BEN),
is present (IARC 1983, 1987). The geographical distribution of this
disease has been linked, in turn, to areas of increased incidence and
mortality from urinary-tract tumors.

Since ochratoxin A was listed in the Sixth Annual Report on Car-
cinogens, additional studies in humans have been identified; however,
the findings concerning a relationship between exposure to ochra-
toxin A and cancer are mixed. Ecological studies have found corre-
lations between the geographic distribution of urinary-tract tumors
and exposure to ochratoxin A (Pfohl-Leszkowicz et al. 2002, Clark
and Snedeker 2006). In addition, higher blood levels of ochratoxin A
were observed in individuals with BEN or urinary-tract tumors than
in unaffected residents of the same areas (Petkova-Bocharova and
Castegnaro 1991), and levels of ochratoxin A were higher in a small
sample of Egyptian patients with urinary-tract tumors than among
healthy control subjects (Wafa et al. 1998). However, the International
Agency for Research on Cancer reported that there was no clear asso-
ciation between ochratoxin A—contaminated foods and BEN in Bul-
garia (IARC 1993), and a small study of urinary-bladder cancer in
Pakistan found no differences in blood ochratoxin A concentrations
between case and control subjects (Aslam et al. 2006). Exposure to
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aristolochic acid, which also correlates with the geographical distri-
bution of urinary-tract tumors, has been proposed as a risk factor for
BEN and the associated urinary-tract tumors (Grollman et al. 2007).

Properties

Ochratoxin A is a naturally occurring fungal toxin that occurs as a
colorless crystal at room temperature under normal light, but exhib-
its green and blue fluorescence in ultraviolet light (IARC 1976). The
free acid is insoluble in water but is moderately soluble in organic
solvents such as chloroform, ethanol, methanol, and xylene (Akron
2010, HSDB 2010). It is unstable in light, especially in very humid
conditions; however, it is stable in the dark in ethanol solutions (Ak-
ron 2010). Ochratoxin A is also fairly stable to heat; in cereal prod-
ucts, up to 35% of the toxin survives autoclaving for up to 3 hours
(IARC 1976). Physical and chemical properties of ochratoxin A are
listed in the following table.

Property Information

Molecular weight 403.8°

Density 1.366 g/mLP

Melting point 169°C2

LogkK, 4.74

Water solubility 1.31 mg/L at 25°C°

Vapor pressure 7.56 x 107> mm Hg at 25°C¢
Dissociation constant (pK) 3.46°

Sources: 2HSDB 2010, ®Akron 2010, <SRC 2010.

Use

Ochratoxin A has no known commercial use. It has been used as a
research chemical (HSDB 2010).

Production

Ochratoxin A is a naturally occurring mycotoxin (IARC 1976). The
most important ochratoxin A—producing species is Aspergillus ochra-
ceus (IARC 1993). Ochratoxin A is also produced by one species of
Penicillium, P. verrucosum, and by rare species in the A. ochraceus
group. Ochratoxin A is not produced commercially (IARC 1983);
however, in 2010, it was available from 16 suppliers worldwide, in-
cluding 8 U.S. suppliers (ChemSources 2010). No data were found
on U.S. imports or exports of ochratoxin a.

Exposure

The widespread occurrence of ochratoxin A in food and animal feed
results in probable human exposure (IARC 1976, 1993). Ochratoxin A
is formed by Penicillium in colder climates and by Aspergillus in
tropical and subtropical regions. It is found on corn, peanuts, stor-
age grains, cottonseed, and decaying vegetation (Merck 1996). It has
been detected in peanuts, coffee beans, bread, flour, rice, peas, and
beans and in moldy cereals, including wheat, maize, rye, barley, and
oats (IARC 1983, 1993). Concentrations in cereals ranged from 0.03
to 27.5 ppm (Scott et al. 1972, Krogh et al. 1973).

Ochratoxin A has been detected in fresh grapes, grape juice, dried
vine fruits, musts, and all types of wine throughout the world. It was
found in Cabernet Sauvignon grapes from Portugal at a concentra-
tion of 115.6 pg/kg (Serra et al. 2006), in grape juice at 0.337 pg/kg
(Clark and Snedeker 2006), and in dried fruit (raisins, currants, and
sultanas) purchased in the United Kingdom at concentrations of up
to 53.6 ug/kg (Rizzo et al. 2002). Concentrations are higher in red
wines than in rosé wines, and higher in rosé wines than in wines or
special wines (e.g., Marsala).

Ochratoxin A has been detected in coffee throughout the world
in all stages of production, from coffee cherries to brewed coffee. It
was found in coffee cherries and beans in Brazil at concentrations of
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up to 3.3 pg/kg (Clark and Snedeker 2006). The highest concentra-
tion found in green (processed) coffee was 56 pg/kg in coffee from the

Ivory Coast (Studer-Rohr et al. 1995). Ochratoxin A was also found

in roasted coffee from Ethiopia at 2.0 pg/kg (Napolitano et al. 2007)

and instant coffee from Brazil at 6.29 ug/kg (De Almeida et al. 2007).
The highest concentration found in brewed coffee was 4.2 pug/L, mea-
sured in Switzerland (Studer-Rohr et al. 1995). Ochratoxin A has also

been detected in cocoa in all stages of production, from raw beans

to chocolate and chocolate cream, in the tropical areas where cocoa

is produced. The highest concentration found at any stage of cocoa

production was 48.02 pg/kg in wounded cocoa beans in Camaroon

(Mounjouenpou et al. 2008). The worldwide mean concentration in

cocoa cake was 2.79 pg/kg, the mean concentration in cocoa pow-
der in Africa was 2.41 pg/kg, and the worldwide mean concentration

in chocolate and chocolate cream was 0.63 pg/kg (Bonvehi 2004).

Ochratoxin A has been detected in spices and licorice flavoring
and candy in many countries where these spices and flavorings are
important in the diet. Although ochratoxin A from contaminated
barley can occur in beer, a survey of all U.S. breweries (130 at the
time) did not detect ochratoxin A in beer or malted barley (detec-
tion limit = 10 pg/kg). In moderately contaminated barley, the malt-
ing process completely degrades ochratoxin A; however, 2% to 7%
of the toxin remained in the final product from heavily contami-
nated barley (IARC 1983). Residues of ochratoxin A were detected
in samples of meat from animals slaughtered immediately after con-
suming contaminated feed; concentrations of 10 to 920 pg/kg were
found in sausage, ham, and bacon (Krogh ez al. 1977, IARC 1983,
1993). Ochratoxin A also was found in peas and beans from Sweden
at 442 ug/kg, peanut seeds from Argentina at up to 170 pg/kg, and
olives from Greece at 1.86 pg/kg (Clark and Snedeker 2006, Ghita-
kou et al. 2006, Magnoli et al. 2006).

In ambient air, ochratoxin A exists completely in the particulate
phase (HSDB 2010). It is immobile in soil. Ochratoxin A has been
measured in airborne particulates in mainly occupational settings
where contaminated items were stored or processed. Where black
pepper was processed, the maximum ochratoxin A concentrations
were 0.43 ng/m? in ambient air and in 8.304 ng/m?® personal air sam-
ples (Brera et al. 2002). Lower concentrations were found in ambi-
ent air and personal air monitors in workplaces where cocoa, coffee,
and nutmeg were handled (Brera et al. 2002, Iavicoli et al. 2002).
Ochratoxin A has also been measured in settled dust collected in
residential and agricultural locations. The highest concentration was
1,581.8 pg/kg in dust in an air supply duct in a U.S. residence; other
dust samples from the same residence all had high levels of ochra-
toxin A (Richard et al. 1999).

Ochratoxin A has been measured in the blood and urine of ex-
posed individuals around the world. The concentrations are excep-
tionally high in Bulgaria, where BEN occurs. Concentrations of
ochratoxin A in the blood have been measured at up to 100 ng/mL
(100 pg/L) in Bulgaria (Clark and Snedeker 2006) and up to 66.2 pug/L
in Tunisia (Abid et al. 2003). Urinary concentrations have been mea-
sured at up to 148 pg/L for girls in Sierra Leone (Jonsyn-Ellis 2000)
and 0.604 pg/L for individuals with BEN in Bulgaria (Castegnaro et
al. 1991). The highest concentration in breast milk was 1,890 ng/L
in Egypt (Hassan et al. 2006). Total daily intake of ochratoxin A var-
ies among countries, depending on food-handling methods, and has
been estimated based on total diets or on consumption of specific
contaminated foods or beverages. The highest estimated daily in-
take was 1.21 pg for adults with BEN in Bulgaria (Clark and Snede-
ker 2006), and the highest estimated daily intake for children was
3.6 ng/kg of body weight for Swiss children who consumed grape juice.
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Regulations

No specific regulations or guidelines relevant to reduction of expo-
sure to ochratoxin A were identified.
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