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Ciéncia e Tecnologia de Alimentos

Estimate of dietary intake of chloropropanols (3-MCPD and 1,3-DCP)
and health risk assessment

Estimativa da ingestdo de cloropropandis (3-MCPD e 1,3-DCP) e avaliagdo do risco a satide

Adriana Pavesi ARISSETO", Eduardo VICENTE', Regina Prado Zanes FURLANT',
Maria Cecilia de Figueiredo TOLEDO!

Abstract

Chloropropanols, including 3-monochloropropane-1,2-diol (3-MCPD) and 1,3-dichloropropan-2-ol (1,3-DCP), comprise a group of chemical
contaminants with carcinogenic and genotoxic properties. They have been found in a variety of processed foods and food ingredients, such
as hydrolyzed vegetable protein, soy sauce, cereal-based products, malt-derived ingredients, and smoked foods. This study aimed to assess
the dietary exposure to 3-MCPD and 1,3-DCP in Brazil and verify whether the presence of these substances in foods could represent health
risks. The intake was calculated by combining data on food consumption, provided by the Consumer Expenditure Survey 2008-2009, with
the levels of contaminant occurrence determined by gas chromatography-mass spectrometry. The exposure to 3-MCPD ranged from 0.06 to
0.51 pg.kg bw'.day! considering average and high consumers, while the intake of 1,3-DCP was estimated to be 0.0036 pg.kg bw'.day™ in
the worst case scenario evaluated. Based on these results, it was verified that the Brazilians” exposure to chloropropanols does not present a
significant health risk. However, the consumption of specific foods containing high levels of 3-MCPD could exceed the provisional maximum
tolerable daily intake of 2 ug.kg bw " established for this compound and, therefore, represent a potential concern.

Keywords: contaminants; processed foods; margin of exposure (MOE).

Resumo

Os cloropropandis, entre eles o 3-monocloropropano-1,2-diol (3-MCPD) e o 1,3-dicloropropan-2-ol (1,3-DCP), compreendem um grupo
de contaminantes quimicos com propriedades carcinogénicas e genotdxicas, encontrados em diversos alimentos processados e ingredientes
alimenticios, como proteina vegetal hidrolisada, molho de soja, produtos a base de cereais, ingredientes derivados de malte e alimentos
defumados. Este trabalho teve como objetivo avaliar a exposi¢do ao 3-MCPD e 1,3-DCP pela dieta no Brasil e verificar se a presenga destes
compostos em alimentos pode representar um risco a sade da populagao. A ingestao foi calculada combinando-se dados sobre o consumo
alimentar, fornecidos pela Pesquisa de Or¢amento Familiares 2008-2009, com os niveis de ocorréncia dos contaminantes, determinados
por cromatografia gasosa — espectrometria de massas. A exposi¢ao ao 3-MCPD variou de 0,06 a 0,51 pg.kg pc'.dia™! considerando médios
e grandes consumidores, enquanto que a ingestao de 1,3-DCP foi estimada em 0,0036 pg.kg pc'.dia™! no pior cendrio avaliado. Com base
nesses resultados, verificou-se que a exposi¢do aos cloropropanoéis nao representa um risco significativo a saide da populagio brasileira.
Entretanto, o consumo de determinados alimentos contendo altos niveis de 3-MCPD poderia ultrapassar a ingestao didria maxima toleravel
provisoria de 2 pg.kg pc! estabelecida para este composto e, assim, representar uma preocupagdo potencial.

Palavras-chave: contaminantes; alimentos processados; margem de exposicdo.

1 Introduction
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Chloropropanols are a group of chemical contaminants
which can be found in a large variety of foods and food
ingredients. They were originally discovered in acid hydrolyzed
vegetable protein (acid-HVP) in the 1970s and 1980s
(VELISEK et al., 1978, 2009), but subsequent studies
demonstrated their presence also in soy sauces manufactured
with acid-HVP (UNITED..., 1999), as well as in several
processed foods and food ingredients, such as cereal-derived
products, malt-derived ingredients, and smoked foods
(HAMLET; JAYARATNE; MATTHEWS, 2002). The most
commonly studied chloropropanols are 3-monochloropropane-
1,2-diol (3-MCPD) and 1,3-dichloropropan-2-ol (1,3-DCP).

The occurrence of chloropropanols in foods and food
ingredients can mainly result from the reaction between

chloride ions and lipid components (glycerol or glycero-lipids)
during thermal treatment, the use of acid-HVPs (produced
with HCI), the migration from coating materials treated
with epichlorohydrin, the reaction between chloride ions
and 3-hydroxyacetone during the smoking processes, or the
enzyme-catalyzed hydrolysis of their esters (LEON et al., 2008;
HAMLET; SADD, 2009).

The presence of these compounds in human diet is a
concern due to their toxicological properties. It has been shown
that 3-MCPD can affect male fertility, kidney functioning, and
body weight of rats when regularly ingested in large amounts.
Carcinogenic potential has also been observed in rats when
3-MCPD was administrated in high doses over a long period
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Chloropropanols intake and risk assessment

of time; however, the contaminant did not demonstrate a
significant genotoxic potential in vivo. On the other hand,
1,3-DCP presented hepatotoxic properties, induced a variety of
tumours in various organs in rats, and was genotoxic in vitro, and
thus it is considered a genotoxic carcinogen that causes cancer
by directly damage of genetic material (BAER; DE LA CALLE;
TAYLOR, 2010).In 2012, 3-MCPD and 1,3-DCP were classified
as possible human carcinogens (group 2B) by the International
Agency for Research on Cancer (INTERNATIONAL...,
2012a, b).

The safety of chloropropanols was first examined by
the Joint FAO/WHO Expert Committee on Food Additives
(JECFA) in 1993 (FOOD...; WORLD..., 1993), followed by two
re-evaluations in 2001 (FOOD...; WORLD..., 2002) and in 2006
(FOOD...; WORLD...,2007).In 2001, the Committee established
a provisional maximum tolerable daily intake (PMTDI) of
2 pg.kg body weight (bw)™' for 3-MCPD on the basis of the
lowest observed effect level (LOEL) of 1.1 mg.kg bw™'.day! for
tubule hyperplasia in the kidney of rats using a safety factor of
500, but the same approach was considered inappropriate for
1,3-DCP in view of its toxicity (FOOD...; WORLD..., 2002).
In 2006, the Committee retained the previously established
PMTDI of 2 pg.kg bw' for 3-MCPD and derived a BMDL,
(lower bound of a 95% confidence interval on a benchmark
dose corresponding to a 10% tumour incidence) of 3.3 mg.kg
bw'.day for 1,3-DCP since carcinogenicity was considered the
critical effect of this chloropropanol and a genotoxic mechanism
could not be excluded (FOOD...; WORLD..., 2007).

Dietary intake is the main route of exposure to
chloropropanols. As a consequence, information about it
is necessary to evaluate the potential risks to human health
(LEON et al., 2008). According to data from the European
Union, Australia, and Thailand, which were evaluated in
2006 by the JECFA, 3-MCPD intakes ranged from 0.02 to
0.7 pug.kg bw'.day! for average consumers and from 0.06
to 2.3 pg.kg bwl.day! for high consumers (95" percentile)
including estimates for adults, children, and adolescents. When
these values were expressed as a percentage of the PMTDI, the
results varied from 1 to 35% for average consumers and from 3
to 115% for consumers in the high percentile. The Committee
noted that the regular consumption of highly contaminated
products could result in intakes greater than the PMTDI
(FOOD...; WORLD..., 2007).

Based on information provided by the same countries
mentioned above, the Committee verified that the estimated
intake of 1,3-DCP ranged from 0.008 to 0.051 pg.kg bw™.
day ' and from 0.025 to 0.136 pg.kg bw'.day! for average and
high consumers, respectively. Since 1,3-DCP is considered a
genotoxic carcinogen, risk characterization has been made
by using the margin of exposure (MOE) approach, which
establishes the margin between a dose causing cancer in animal
studies and the estimated human exposure to the substance
(EUROPEAN..., 2005). Taking into account the BMDL, and
the estimated intakes evaluated by the JECFA in 2006, MOEs
of approximately 65000 and 24000 were calculated for average
and high consumers, respectively, which were considered of low
concern for human health (FOOD...; WORLD..., 2007).

Due to the toxicological properties of 3-MCPD and
1,3-DCP as well as the lack of dietary intake data in Brazil, the
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objectives of this study were to conduct a preliminary assessment
of exposure of Brazilian consumers to these chloropropanols
considering the general population and different subgroups,
to identify the most important sources of these compounds in
the diet, to evaluate the potential health risks associated to the
consumption of foods containing these substances, and to verify
the need of risk management actions, such as the application
of good manufacturing practices and the setting of maximum
permitted limits, focusing on the health of consumers.

2 Materials and methods

2.1 Estimate of the dietary intake

The dietary intake of chloropropanols was estimated by
combining food consumption data with occurrence levels of
3-MCPD and 1,3-DCP in foods using a deterministic approach.

Food consumption

Data on food consumption were obtained from the
Consumer Expenditure Survey 2008-2009, which is the most
recent of a series of surveys abbreviated as POF (Pesquisa de
Org¢amentos Familiares) carried out by the Brazilian Institute
of Geography and Statistics (INSTITUTO..., 2010a). For the
2008-2009 survey, the questionnaires were expanded to include
detailed information on the consumption of food in addition
to the usually evaluated indicators such as household food
acquisition, anthropometry and nutritional status, expenditure
profile, and household availability of food and nutritional
conditions.

The information on individual food consumption was
provided by the module of the Analysis of Personal Food
Consumption in Brazil, in which data were collected from
34003 individuals aged from 10 or over using the method of
food record. Each individual took notes of all food consumed
inside and outside of the housing unit for two non-consecutive
days, in the urban and rural areas of the whole country, over a
period of twenty-four hours of the day (INSTITUTO..., 2011).

A total of 1121 food items were mentioned by the
participants in the survey, which were combined by the IBGE
in a table with 105 foods classified into 21 groups. The present
study considered only those foods constituted by at least one
item for which data on chloropropanols levels were available. As
an example, the food “other leguminous” was selected because
“vegetable meat” was investigated for chloropropanols, and it
was one of the 20 items that composed this category of food.
Therefore, it was assumed that the consumption of an individual
food (other leguminous) was only due to the consumption of
the food item(s) selected for calculations (vegetable meat).

Table 1 shows the foods considered in this exposure
assessment, the items cited in the POF 2008-2009 for which
chloropropanols levels were determined, and the mean
consumption used to estimate the daily intake by the total
population (INSTITUTO..., 2011). Food consumption data
reported for subgroups established according to gender (male
and female), age (adolescents, adults, and elderly), area of
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Table 1. Mean national consumption of the foods considered in the exposure assessment based on the items reported by the Analysis of Personal

Food Consumption in Brazil (INSTITUTO..., 2011).

Food

Selected items that compose the food

Consumption (g.day'.person)

Other leguminous Vegetable meat 1.3
Breakfast cereal Cereal bar, corn flakes, granola 0.8
Instant noodle Instant noodle 5.3
Bread Bisnaguinha, loaf bread, corn bread, French bread, bread not specified, toast 53.0
Whole bread Whole bread 0.9
Cracker Cracker 6.8
Sausage Sausage 3.3
Frankfurter Pickled Frankfurter 2.1
Bologna Bologna 1.4
Other processed meats Smoked turkey breast pdté 0.7
Cheese Provolone cheese 6.8
Chocolate drink powder Chocolate drink powder, malted drink powder 0.8
Beer Beer 31.1
Baked and fried snacks Chicken nuggets 10.1
Industrialized snacks Chips, extruted snacks 0.7
Soups and broths Beef broth, instant soup 50.3
Sauces and seasonings Soy sauce 0.5

residence (urban and rural), and geographic region (North,
Northeast, Southeast, South, and Central-West) were also used
in this assessment (data not shown).

Levels of occurrence of chloropropanols in foods

3-MCPD and 1,3-DCP were determined by an in-house
validated gas chromatography-mass spectrometry (GC-MS)
method in 232 and 172 samples, respectively, including
foods containing hydrolyzed vegetable protein (HVP), soy
sauces, cereal-based products, foods containing malt-derived
ingredients, and smoked foods. The samples were collected in
the city of Campinas-SP, Brazil, between 2009 and 2011. For
most of the products, two different lots were analyzed.

The sample preparation was carried out according to
Brereton et al. (2001) and Lim et al. (2005). Briefly, the
homogenized sample (8 g) was weighed into a 250 mL beaker.
Internal standard solutions of 3-MCPD-d, and 1,3-DCP-d, were
added to the test portion, followed by NaCl 5M. The mixture
was homogenized and, after sonication, the Extrelut™ NT20
refill pack was added and mixed thoroughly. The mixture was
transferred to a glass chromatographic column, and the 1,3-DCP
was eluted with hexane and diethyl ether (9:1). The 3-MCPD was
then eluted with diethyl ether, and the combined extracts were
concentrated to a small volume. A portion of the concentrated
extract was derivatized with heptafluorobutyrylimidazole
(HFBI) at 70 °C for 40 minutes before injection.

The analyses were performed on a HP 6890 gas
chromatograph equipped with a MSD 5973 mass spectrometer
(Agilent Technologies, Palo Alto, CA, USA). Helium was used as
the carrier gas at a flow rate of 1 mL.min"'. The Programmable
Temperature Vaporizing (PTV) injector was operated in the
splitless mode under the following temperature program: started
at 100 °C, followed by an increase at a rate of 500 °C.min" up
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to 280 °C remaining constant until the end of the run. The
separation was performed with a 60 m x 0.25 mm, d,0.25 um
HP-INNOWAX capillary column (Agilent Technologies), and
the oven temperature program was: 1 min at 50 °C, followed
by an increase at a rate of 5 °C.min™' up to 150 °C and another
increase at a rate of 50 °C.min" up to 240 °C remaining constant
for 2 min. The mass spectrometer was operated in positive
electron impact ionization mode (+EI) with 70 eV of electron
energy. Selected ion monitoring (SIM) was used for the detection
of the following ions: m/z 278*/116/79 for 1,3-DCP-d,, m/z
275%/110/277 for 1,3-DCP, m/z 294*/278/456 for 3-MCPD-d,,
and m/z 289%/275/291 for 3-MCPD (*quantifier ions).

Table 2 shows the levels of chloropropanols used in the
calculations. Mean and P95 concentrations were calculated
considering the amounts of the compounds determined
in the item(s) according to Table 1. As an example, the
chloropropanols levels in breakfast cereal were established
based on the concentrations measured in individual samples of
cereal bar, corn flakes, and granola. The results of 185 samples
analyzed for 3-MCPD and 131 samples analyzed for 1,3-DCP
were taken into account considering all foods selected for
calculations. Analytical results below the limits of detection
(LOD) and quantification (LOQ) were treated according to
the Instructions for electronic submission of data on chemical
contaminants in foods to GEMS/Food - Appendix 5: Evaluation
of low level contamination of foods (WORLD..., 2002). The range
indicates the lower and upper bounds of the chloropropanols
concentrations for a group of data with more than 60% of results
below the LOQ.

Modelling

To estimate the intake of chloropropanols using a
deterministic approach, a fixed value for the consumption
of an individual food was multiplied by a fixed value for the
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Table 2. Concentrations of chloropropanols used in the exposure assessment.

3-MCPD (ug.kg™)

1,3-DCP (pg.kg™)

Food
Mean P95 N Mean P95
Other leguminous 6 102.3 177.8 6 0.0-1.7 0.0-1.7
Breakfast cereal 16 19.3-22.2 113.0 16 0.0-2.4 0.0-2.4
Instant noodle 5 7.9 14.2 5 0.0-1.7 0.0-1.7
Bread 28 63.4 436.9 - - -
Whole bread 4 2.8-10.9 9.6-11.2 - - -
Cracker 5 20.9 30.8 5 0.0-2.4 0.0-2.4
Sausage 8 6.2 13.4 - - -
Frankfurter 2 0.0-1.1 0.0-1.1 2 0.0-1.7 0.0-1.7
Bologna 2 4.9 6.6 - - -
Other processed meats 6 1.0-2.5 4.5-5.0 - - -
Cheese 6 22.4 46.4 - - -
Chocolate drink powder 6 0.0-4.5 0.0-8.8 6 0.0-2.4 0.0-2.4
Beer 23 0.0-3.2 0.0-3.2 23 0.0-2.4 0.0-2.4
Baked and fried snacks 4 0.0-1.1 0.0-1.1 0.0-1.7 0.0-1.7
Industrialized snacks 7 3.1-4.1 15.4-15.7 7 0.0-1.7 0.0-1.7
Soups and broths 12 24.9 81.6 12 0.0-1.7 0.0-1.7
Sauces and seasonings 45 220.6-221.4 621.9 45 1.3-2.2 0.0-0.9

N = number of samples; P95 = 95" percentile. The range indicates the lower and upper bounds of the chloropropanols concentrations for a group of data with more than 60% of results

below the limit of quantification.

contaminant concentration in this food (KROES et al., 2002).
Total exposure was obtained by summing the intakes from all
foods (Equation 1).

2 (Consumption X Occurrence)

Intake= (1)

Body weight

For average consumers, the intake was estimated by
multiplying the mean food consumption by the mean levels
of chloropropanols. For high consumers, i.e. individuals who
consume large amounts of foods containing the chemical or
consume regular amounts of highly contaminated foods, the
mean food consumption and the chloropropanols concentration
at the 95" percentile (P95) were used.

The intake was expressed on a body weight basis considering
the average body weights of the different populations evaluated
in this study, which were calculated taking into account the
data reported by the survey on Anthropometry and Nutritional
Status of Children, Teenagers, and Adults in Brazil, which is also
provided by the POF 2008-2009 (INSTITUTO..., 2010b). The
average body weight used for the total population was 65 kg,
but it varied according to the considered subgroup.

2.2 Risk characterization

Since 3-MCPD has been considered a non-genotoxic
carcinogen and, in this case, there is a threshold dose
below which no adverse effect is observed, the potential risks to
human health were assessed by comparing the estimated intakes
obtained in the present study with the PMTDI of 2 pg.kg bw™!
established for the development of renal tubular hyperplasia
(FOOD...; WORLD..., 2002). The risk may exist if the estimated
intake exceeds this reference value.
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On the other hand, since no safe level could be established
for 1,3-DCP exposure due to its genotoxic potential, the
risk was characterized using the margin of exposure (MOE)
approach according to equation (2), considering a BMDL,  of
3.3 mg.kg bw.day~! (FOOD...; WORLD..., 2007).

BMDL,,

MOE=———-—"—
Estimated intake

(@)

The MOE approach has been used by risk managers for
priority setting in relation to the presence of both genotoxic
and carcinogenic compounds in foods, and it suggests that a
low MOE value indicates high concern, while a large MOE
value indicates low concern (EUROPEAN..., 2005). Although
the interpretation of its magnitude is still under discussion, it
has been considered that a MOE of 10000 or higher would be
of low concern from a public health point of view, and it might
reasonably be considered as a low priority for risk management
actions (EUROPEAN..., 2005).

3 Results and discussion

3.1 3-MCPD

Figure 1 illustrates the estimates of 3-MCPD daily intake
based on mean national food consumption data. The total
intakes were estimated at 0.08 and 0.44 pg.kg bw'.day™' for
average and high consumers, respectively, considering both
the lower and upper bound of 3-MCPD concentrations. At
high percentiles, the 3-MCPD intake was approximately 5-fold
higher than the mean. These values are within the ranges of 0.02
t0 0.7 pg.kg bw'.day" and 0.06 to 2.3 pg.kg bw'.day' reported
by the JECFA for average and high consumers, respectively

Ciénc. Tecnol. Aliment., Campinas, 33(Supl. 1): 125-133, fev. 2013
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Other leguminous
Breakfast cereal
Instant noodle

Bread

Whole bread

Cracker

Sausage

Frankfurter

Bologna

Other processed meats
Cheese

Chocolate drink powder
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Figure 1. Estimated intakes of 3-MCPD for average and high consumers (ug.kg bw.day™").

(FOOD...; WORLD..., 2007), and are comparable to the results
obtained in other studies (FOOD..., 2007; LEON et al., 2008).

As can be seen in Figure 1, bread was the most important
source of 3-MCPD in the diet, contributing to 63 and 81% of
the total exposure to the contaminant for average and high
consumers, respectively. This might be due to the relatively
high levels of 3-MCPD found in the analyzed samples of bread,
especially at high percentile, and to the significant consumption
of this food. The second most important contributor was the
group of soups and broths, accounting for 24 and 14% of the total
exposure to the contaminant for average and high consumers,
respectively. According to the results reported by other
countries, soy sauces and oyster sauces have been identified as
the main dietary sources of 3-MCPD for the general population
(FOOD...; WORLD..., 2007). However, soy sauces (sauces and
seasonings) contributed only to 1-2% of the overall dietary
exposure in this study, which might be due to its low average
consumption in Brazil.

The 3-MCPD intakes for the subgroups established
according to gender, age, area of residence, and geographic
region are shown in Figure 2. The estimates varied between 0.06
and 0.09 pg.kg bw'.day™ for average consumers and between
0.32 and 0.51 pg.kg bw'.day™ for high consumers, considering
all subgroups. The lowest exposures were observed for the
population of rural areas, which could be attributed to the lowest
consumption of bread in comparison to the other subgroups.
The highest intakes were estimated for adolescents, which might
be due to the lower average body weight. With regard to gender,
no differences were observed. When considering geographic
regions, the population from Central-West presented the lowest
exposures levels, while the highest intakes were verified in the
Northeast region.

When the dietary intakes estimated were expressed as a
percentage of the PMTDI, the results ranged from 3 to 5%
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for average consumers and from 16 to 25% for consumers at
the high percentile, considering both the total population and
the subgroups evaluated. These results are also comparable to
those of other studies (FOOD...; WORLD..., 2007) and suggest
that the Brazilian population is unlikely to experience major
toxicological effects of 3-MCPD.

3.21,3-DCP

Dietary exposure to 1,3-DCP for average consumers was
estimated to be 0.00001 and 0.0036 pg.kg bw.day, considering
the lower and upper bounds of the mean concentrations,
respectively. For high consumers, the intakes were estimated
to be zero and 0.0036 pg.kg bw'.day!, considering the lower
and upper bounds of the P95 concentrations, respectively. These
values are lower than the estimated intakes reported by Australia
and European countries, i.e. from 0.008 to 0.051 pg.kg bw'.day!
for average consumers and from 0.025 to 0.136 pg.kg bw.day™*
for high consumers (FOOD...; WORLD..., 2007), and may be
associated to the high number of not detected results (98.8%)
obtained in this study. In order to illustrate a worst case scenario
of exposure, the intakes estimated using the upper bound
concentrations were taken into account (Figure 3).

According to Figure 3, the most important contributors to
the 1,3-DCP intake were soups and broths (40%), followed by
beer (35%), crackers (8%), baked and fried snacks (8%), and
instant noodle (4%). According to estimates reported by the
JECFA in 2006, meat products have been considered the main
contributors to the total intake of 1,3-DCP, ranging from 45
to 99% depending on the country diet, while soy sauce and
soy sauce-based products contributed up to 30% (FOOD...;
WORLD..., 2007). In our study, these foods contributed only
to 2% (frankfurter) and 0.5% (soy sauce).

The 1,3-DCP intakes for the subgroups established
according to gender, age, area of residence, and geographic
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Figure 2. Estimated intakes of 3-MCPD (ug.kg bw.day™) according to gender (a), age (b), area of residence (c), and geographic region (d).
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Breakfast cereal
Instant noodle
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Figure 3. Estimated intakes of 1,3-DCP for average and high consumers (pg.kg bw'.day') considering the upper bound concentrations.
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region are shown in Figure 4. The estimates varied between
0.0026 and 0.0038 ug.kg bw'.day! for average and high
consumers considering all subgroups. The lowest exposures were
observed for the population of rural areas, while the highest
intakes were estimated for men, which might be associated
to the higher consumption of beer. As for age, adolescents
presented the lowest intakes, while slight differences were
observed between adults and elderly individuals. With regard
to geographic regions, the population from the Central-West
presented the lowest exposure levels, while the highest intakes
were verified in the North region.

Using the intakes estimated in the present study, the
resulting MOEs ranged from 867717 to 1278510, considering
average and high consumers, respectively, of both the total
population and the subgroups evaluated. Such values are even
higher than those previously reported (FOOD...; WORLD...,
2007) and suggest that the exposure of Brazilians to 1,3-DCP
is of low public health concern.

3.3 Assumptions and limitations of this study

The main objective of this study was to provide a general
idea of the current situation of chloropropanols intake in
Brazil since no information is available so far. Therefore, a
deterministic approach (also called point estimate), in which a
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fixed value for food consumption is multiplied by a fixed value
for occurrence level, was initially applied. Point estimates are
generally considered to be most appropriate for screening
purposes and are commonly used as a first step in exposure
assessments because they are relatively simple and inexpensive
(KROES et al., 2002; DORNE et al., 2009; JARDIM; CALDAS,
2009). However, inherent in the point estimate models are the
assumptions that all individuals consume the specified foods
at the same amount, that the contaminant is always present
in the foods at an average/high concentration, and that all
individuals have the same body weight. In practice, the fixed
levels used to calculate point estimates are generally chosen
assuming a conservative scenario, so as to be on the safe side
when determining the absence of safety concern (DORNE etal.,
2009). Therefore, the use of this conservative approach tends to
significantly overestimate the resulted exposure (KROES et al.,
2002).

For the first time, data on individual food consumption
were reported for the Brazilian population in a Consumer
Expenditure Survey (INSTITUTO..., 2011). This type of
information is much more appropriate for exposure assessment
purposes in comparison to the household food acquisition
data provided by the POF 2002-2003 (INSTITUTO..., 2004).
As previously mentioned, it was assumed in this study that
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Figure 4. Estimated intakes of 1,3-DCP (ug.kg bw'.day™") according to gender (a), age (b), area of residence (c), and geographic region (d).
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the consumption of an individual food is due only to the
consumption of some selected items that compose this food.
This could overestimate the chloropropanols intakes since other
items, which are probably not contaminated, also contribute
to the mean consumption reported for the food. On the other
hand, it should be noted that the consumption of some highly
contaminated foods was not included in the POF 2008-2009,
which could underestimate the results. This is the case of frozen
meals, for which 3-MCPD levels up to 2529 pg.kg™* were found
in a specific brand (data not shown). Finally, individuals who
consume large amounts of foods containing the chemical were
not considered in this assessment, which could underestimate
the exposure levels of high consumers.

As for the analytical data, some considerations must also
be pointed. Although about 150 samples were taken in this
study, the chloropropanol levels in some foods were calculated
based on the results of a few samples (ex: frankfurter, bologna).
Therefore, increasing the number of samples for these foods
could provide a more precise estimate of the mean/P95
concentrations of 3-MCPD and 1,3-DCP. Moreover, the samples
were only collected in the Campinas area and, although the
sampling included brands that are probably commercialized in
other Brazilian regions, they may not be representative of the
national food supply. In spite of this, it was assumed that the
levels of 3-MCPD and 1,3-DCP reported in this study represent
the occurrence level of all similar foods consumed in the whole
country. Assumptions regarding analytical results below LOD
or LOQ may also contribute to the total uncertainty, especially
when a very high number of not detected samples is considered,
as in the case of 1,3-DCP.

Even considering the assumptions and limitations of this
study, it is likely that the 3-MCPD intake for average and high
consumers is still below the PMTDI of 2 pg.kg™ bw, and that
the MOE for 1,3-DCP is much higher than 10000, which would
suggest that the risks to human health in relation to the presence
of chloropropanols in foods are low. However, a potential
concern may arise for individuals who consume specific brands
of frozen meals containing very high concentrations of 3-MCPD.
For illustration purposes, the consumption of 250 gin a day of a
meal containing 2529 pg.kg™' could result in a 3-MCPD intake
of 10.5 pg.kg bw.day™, considering a body weight of 60 kg.
This value is approximately 5-fold higher than the PMTDI and
may pose some concern for these target consumers.

It should be mentioned that the samples of frozen meals
which presented very high concentrations of 3-MCPD
contained added HVP, as informed on the label of the
products. Therefore, it is highly likely that this ingredient was
the source of contamination of these products. According to
these observations, it is important to monitor and control the
3-MCPD content in the HVP that is added to food as a savory
ingredient, as well as to stimulate the reduction of 3-MCPD
levels during the production of acid-HVP.

For that, international strategies in risk management of
chloropropanols levels in HVP that include a Code of Practices
developed by the Codex Alimentarius Commission (CODEX...,
2008) and the establishment of maximum permitted levels in
some countries (HAMLET; SADD, 2009) should be considered.
With regard to the Code of Practices, three main approaches
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may be adopted for the reduction of 3-MCPD levels in HVP
produced by acid hydrolysis: the first of these involves careful
control of the acid hydrolysis step; the second, subsequent
neutralization to minimize 3-MCPD formation; and the third
makes use of sulfuric acid as a substitute for hydrochloric acid
in the hydrolysis step (CODEX..., 2008). Regarding regulatory
actions, maximum permitted levels from 0.02 to 1 mg.kg™" have
been established in China, European Union, Korea, Malaysia,
and United States (HAMLET; SADD, 2009), but no official limits
have been set in Brazil so far.

4 Conclusions

This study reported the results of a preliminary estimate of
the dietary intake of chloropropanols and health risk assessment
in Brazil. The total exposure to 3-MCPD was about the same
order of magnitude when compared to the exposures estimated
in other countries, whereas that for 1,3-DCP was lower than
those previously reported. Based on the intakes estimated in
this study, it could be suggested that the overall risk to human
health in relation to the presence of chloropropanols in foods
is low. However, a potential concern may arise for individuals
who consume specific brands of particular foods, such as frozen
meals, which showed very high concentrations of 3-MCPD,
probably due to the addition of acid-HVP as a savory ingredient.
Thus, it is important to consider the introduction of potential
risk management actions during the production of acid-HVP
in order to protect consumer health from the increased risks
associated to the occurrence of 3-MCPD in this ingredient.
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