
Toxicologia

Conceitos em toxicologia 

Profa. Tania Marcourakis 

tmarcour@usp.br



EXEMPLOS DIÁRIOS DE 
TOXICOLOGIA

Princesa Diana - 1996
Alimentos

Medicamentos

Meio ambienteÁlcool

Ambiente de trabalho



ANTIGUIDADE

Cleopatra testando venenos em prisioneiros sentenciados a morte

Avaliação: efeito, letalidade, dose necessária para matar 
e o sofrimento que eles causavam

Alexandre Cabanel 



� 1493-1541: “Todas as substâncias
são tóxicas: não existe nenhuma
que não seja tóxica. A dose certa
diferencia o composto tóxico do 
medicamento.”

Paracelsus
Pai da toxicologia 

A dose e a frequência da dose
são importantes

Estabelecimento da relação dose-resposta



Um dos primeiros cientistas a 

demostrar que o câncer 

poderia ser causado por 

agentes químicos presentes 

no ambiente

IDADE MODERNA

limpadores de chaminés; meninos 
escaladores (verruga de fuligem) (1775)

exposição à fuligem 
(hidrocarbonetos 

aromáticos policíclicos)  

câncer escrotal 

Percival Pott
(1714 – 1788)

Londres

“...peculiar a certo grupo de pessoas; quer dizer, o 
câncer dos limpadores de chaminé. É uma doença 

que sempre ataca primeiro a parte inferior do escroto, 
onde produz uma ferida superficial, aberta, de 

péssimo aspecto, com beiradas duras, levantadas. 
Nunca vi uma delas antes da puberdade, o que, 

imagino explica em parte por que é tida, tanto por 
pacientes como por cirurgiões, como uma doença 

venérea; e por que, era tratada com mercúrio.”

TOXICOLOGIA 
OCUPACIONAL



IDADE 
CONTEMPORÂNEA

Mateo Orfila

• Fez a primeira tentativa de

sistematicamente estudar e

categorizar venenos

• Marie LaFarge e arsênico –

teste de Marsh feito de forma

errada

Mateo Orfila (1787-1853) 

TOXICOLOGIA FORENSE



Guerra Química
• 1910 – 1920 - gás mostarda, 

fosfogênio
• Tabun: organofosforado usado na 

guerra Irã-Iraque
• Agente laranja: mistura de 2 

herbicidas –Vietnã
• II Guerra mundial: alemães 

usaram cianeto e monóxido de 
carbono

DDT – Paul Muller
1939
Praguicida de larga escala –
controle do vetor da malária

1948 - Prêmio Nobel Medicina
Persistente no ambiente, acúmulo 
no tecido adiposo, propriedades 
estrogênicas

SÉCULO XX

Napalm – Vietnã
(Naftenatos de Alumínio/Palmitato 
de alumínio + gasolina)



Rachel Carson
• 1962
• Primavera Silenciosa
• Interferentes endócrinos
• Início do movimento 

ecológico – proibição do 
DDT em 1972 nos EUA

Baia de Minamata
• 1953
• despejo de toneladas de MeHg na baía por 

uma indústria de fertilizantes desde 1930
• Morte de peixes moluscos e aves
• 1956 primeira criança com danos 

cerebrais
• + de 1000 mortos e milhares de afetados

Chernobyl
• 1986
• Césio 137, Iodo 

131, Estrôncio 90

SÉCULO XX

Relação da presença do 
DDT no meio ambiente e 
o declínio da população 
de algumas espécies de 
animais (principalmente 

aves)

1987

- 4 mortos
- 151 contaminados
- 1.143 afetados

https://www.youtube.com/watch?v=VUHLS1WL6FM

https://www.youtube.com/watch?v=VUHLS1WL6FM


Crack
• 1980
• Surgimento de nova 

forma de uso da 
cocaína

• Problema de saúde 
pública no Brasil

• Brasil é o maior 
consumidor de crack

Pão e fungicida de Hg 
- Iraq
• Inverno 1971-1972
• pão feito com sementes 

contaminadas com 
fungicida de Hg

• Exposição de 40.000 
pessoas

Viktor Yushchenko
• 2004 candidato à 

presidência da 
Ucrânia

• Envenenamento com 
TCDD

SÉCULO XX



Exposição à dose única de 20 μg/Kg  de 
TCDD – dose diária aceitável é de 4 pg/Kg 

Histopathological and immunohistochemical evaluation. Sections were
cut from formalin-fixed, paraffin-embedded skin biopsy specimens and stained

with hematoxylin and eosin. Cytochrome P450 (CYP) 1A1 immunohisto-

chemical analysis was performed with the use of an immunoperoxidase

technique according to standard procedures (Lebeau et al., 2005).

Dioxin analysis. TCDD was determined in lipid extracts from serum and

skin samples using gas chromatography with high-resolution mass spectrom-

etry as previously described (Sorg et al., 2009).

Imaging and volumetric analysis. Radiologic follow-up included high-

resolution magnetic resonance (MR) imaging examinations of the face and head

at 1.5 T and total body positron emission tomography/computed tomography

(PET/CT) exams. The acquired MR and PET/CT data obtained for diagnostic,
pretherapeutic, and follow-up purposes formed the basis of our volumetric

analysis. The total skin volume and the combined volume of all hamartomatous

skin lesions in the examined area were calculated separately using
commercially available software according to the manufacturers’ instructions

(GE Healthcare Advantage Windows). Individual skin lesions on each slice

were defined by manual contouring, and appropriate thresholding was used to

determine total skin volume. The software was used to generate three-
dimensional representations of the calculated total skin volume and of the

calculated volume of all hamartomatous lesions.

Gene expression analysis. Total RNA extracts from skin samples (face) of

the patient and four healthy Caucasian men matched for age, sex, race, and site

of sampling were prepared as previously reported (Sorg et al., 2008). RNA
quality was assessed using an Agilent 2100 Bioanalyzer with an RNA 6000

Nano LabChip kit. We generated a hybridization mixture containing 15 lg of

biotinylated complementary RNA and hybridized it to GeneChip HG U133

Plus 2.0 according to manufacturer’s instructions (Affymetrix). To identify
differentially expressed transcripts, comparisons were carried out after

normalization with the Affymetrix GCOS 1.2 (MAS5) software.

Bioinformatic analysis. Responsive elements for genes corresponding to

differentially expressed transcripts were searched with the University of

California—Santa Cruz Genome Browser (http://genome.ucsc.edu/, March
2006 [NCBI36/hg18] assembly) in the Transcription Factor Binding Sites

Conserved Track (Fujita et al., 2010) and Gene2Promoter and MatInspector

from Genomatix software (www.genomatix.de) (Cartharius et al., 2005). For
most of the tested genes, the same responsive elements were found with both
resources.

RESULTS

Dioxin-Induced Skin Lesions Progress over Months while
Internal Organs Heal

A few hours after dinner in Kiev on 5 September 2004, a 50-
year-old male patient suddenly became severely ill. Hospital
work-up revealed gastritis, colitis with multiple ulcers, hepatitis,
and pancreatitis, all compatible with poisoning by an ‘‘unknown
substance’’ because testing for thallium, arsenic, antimony,
mercury, and lead was negative (Ryan, 2011). Severe facial
edema appeared 2 weeks after the poisoning (W2 a.p.). By W6
a.p., the digestive tract symptoms had improved (Fig. 1).
However, severe bilateral lower limb neuropathic pain appeared,
and electroneuromyography confirmed that this was caused by
small fiber peripheral neuropathy (The organs and systems
involved, other than the skin, are just cited here. Each will be
fully addressed in future publications when the mechanism has
been better analyzed by appropriate ongoing data analysis.).
Facial involvement worsened with diffuse nodular lesions on an
edematous background, sparing of the periocular zone, but
major involvement of the ears and retroauricular folds (Figs. 2A
and 2B). The basic skin lesions were small nodules (Fig. 2C),

FIG. 1. Evolution of the dioxin disease. Chronology of organ involvement a.p. The peak of skin involvement is delayed as compared with the other organs,

and skin lesions show a longer and chronic course.
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Cronologia da doença

with rapid growth into cysts that developed severe painful
inflammation. These lesions were clinically very similar to those
of severe nodulocystic acne (Plewig and Kligman, 1993). By
W10 a.p., a few scattered cystic lesions had appeared on the
body, but it was not until 9 months (M9) a.p. that lesions became
widespread over the entire body, including the limbs, with
a peak clinical manifestation at M11 a.p (Fig. 1). Palms and
soles were spared and have remained so for the subsequent years
of follow-up. Only a few lesions occurred in the axillary and
inguino genital folds.

Skin Lesions Are Hamartomas

The data are based on 52 skin specimens taken over M43,
which showed consistently identical aspects. The key
features were ‘‘structure loss’’ and ‘‘structure gain,’’ with
preservation of other normal skin structures, thereby
compatible with hamartomas (http://en.wikipedia.org/wiki/
Hamartoma) (Albrecht, 1904).

The structure loss was the disappearance of the sebaceous
glands. This loss occurred to a striking extent: on 252
histological slides studied, not a single sebaceous gland was
observed (a very conservative estimate of normal numbers
would be from 500 to 4500 sebaceous glands observed on 252
slides) (Montagna, 1963).

The structure gain was the appearance of cystic lesions with
epithelial walls showing epidermal-like differentiation with the
expected distribution of epidermal keratins (not shown). These
lesions (Figs. 3A–C) were either superficial with an open
comedo-like aspect or extending much deeper in the dermis,
hence resembling infundibular cysts (Plewig and Kligman,
1993), but with the following distinct characteristics: (1)
mantle-like columnar epithelial downgrowths, showing high
proliferative activity (Ki67-positive cells, not shown), puta-
tively giving birth to new cysts, resulting in branching cystic
figures with downward growth (Figs. 3A–C) and (2) focal
expression of CYP1A1, the major dioxin-metabolizing CYP
enzyme, in the epithelial walls of the cystic lesions as shown by
immunohistochemistry (Figs. 3A and 3C).

Gene Expression in the Skin

Gene expression as monitored by whole-genome micro-
arrays analysis was strongly altered in this hamartomatous skin,
as compared with age, sex, race, and site of sampling skin
specimens taken in healthy subjects (Table 1).

The majority of differentially expressed genes were re-
pressed: thus, when a cutoff of more than twofold was
considered for the analysis of skin samples taken at M5 a.p.,
530 genes were found to be differentially expressed, 63% of
which were repressed.

Table 1 shows a more stringent sorting, with only the genes
downregulated more than 10-fold and those upregulated more
than threefold in skin samples taken M5 a.p.. Table 1 includes in
addition (1) the key genes of the aryl hydrocarbon receptor (AhR)
dioxin signaling pathway, whatever their modulation, and (2)
another transcriptome performed M11 a.p. in order to evaluate
the permanence of the altered gene expression, which was found
to be quite consistent (see Table 1, fold changes M5 and M11).

Among the genes known to be involved in AhR/dioxin
pathway, the most induced were CYP1A1, CYP1B1, CYP1A2,
and the aryl hydrocarbon receptor repressor (AhRR), whereas
the AhR itself, its chaperones heat shock protein 90 and
prostaglandin E synthase 3 (p23), as well as aryl hydrocarbon
receptor nuclear translocator/HIFb genes were not differen-
tially expressed. Real time PCR analysis for AhR, AhRR,
CYP1A1, and CYP1A2, performed on independent samples
dissected at the same time, confirmed these results (data not
shown). This indicates that a strong and sustained induction of
the AhR pathway does occur in the skin lesions and provides,
for the first time in humans, information on the relative
expression of each player under high dioxin exposure.

The most represented structural/functional family of genes
differentially expressed was related to lipid metabolism. In this
family, all genes were repressed except phospholipase A2
group IIA, which was induced threefold. The repressed genes

FIG. 2. Representative pictures of the skin lesions. (A) Facial, auricular,

and retroauricular nodular lesions on an edematous background at month 4 a.p.

(B) Axial, high-resolution T2-weighted MR image at the level of the mid face
showing many hamartomas located in the dermis, on the cheek, the ear lobe,

and retroauricular fold. Note variable size of the cysts, the largest being located

in the ear lobe. Some cysts extend into the subcutaneous fat. (C) Per-operative

aspect of the hamartomas on the ear lobule at month 4 a.p.

FIG. 3. Histological analyses of the skin lesions. (A) Photomicrograph of
a skin sample from the retroauricular area stained with hematoxylin-eosin (upper

part) showing the dermal distribution of the hamartomas and the absence of

sebaceous glands and (lower part) reacted with anti-CYP1A1 showing the focal

expression of the enzyme in the hamartomas (scanning magnification; monoclonal
anti-CYP1A1 antibody, Santa Cruz Biotechnology, diluted 1:50). (B) Photomi-

crograph of one of the hamartoma showing mantle-like columnar epithelial

downgrowths (Hematoxylin-eosin, original magnification: X20). (C) Immunohis-

tochemical staining of CYP1A1 in a hamartoma. Original magnification: X20.
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included some genes specifically involved in sebum lipid
metabolism.

AhR-responsive elements were identified in the promoter
regions of FADS2, AWAT1, ELOVL3, ALOX15B, and sterol O-
acyltransferase 1 genes.

The differentially expressed genes involved in tissue renewing
may relate to hamartomas formation. Among the induced genes,
gremlin 2 and high temperature requirement factor A serine
peptidase 3, which encode for antagonists of the bone
morphogenic protein family (BMP), may be highly relevant to
the process of hamartomas formation (Sneddon et al., 2006).

Most of the differentially expressed genes from structural/
functional families shown in Table 1 as ‘‘extracellular matrix’’
and ‘‘inflammation’’ were induced, which was expected from
the clinicopathological but does not suggest a specific pattern.

The solute carrier family genes were all strongly repressed
except one. This family encodes proteins involved in the
trafficking of many compounds including fatty acids, cholesterol,
conjugated steroids, eicosanoids, peptides, and numerous drugs.
That so many genes of this family/function were repressed
suggests that specific studies are indicated for analyzing the link
with dioxin toxicity. This also applies to the differentially
expressed genes in the functional family of metabolism.

Dioxin Concentrates in the Skin Lesions: The Emergence of
a New Compartment

Figure 4 shows the progressive decrease of TCDD levels in
the serum, which contrasts with an increase of TCDD levels in
the skin lesions that reaches a peak at M11 a.p. At that time,
TCDD concentration in skin lesions was 10-fold that of serum.
This indicates that the skin lesions do constitute a significant
novel compartment, which we calculated to be for the face 482
cm3 or 68.5% of the total skin volume (704 cm3) (Fig. 5).
Because at M11 a.p. 40% of the total body skin surface was
covered with hamartomatous lesions, it can be estimated that
during the peak manifestation of the cutaneous disease, the
total volume of the hamartomatous compartment could have
reached 6400 cm3 for the entire body, containing about 35 lg
TCDD, i.e., 2% of the initial total body burden.

Synopsis of Therapeutical Measures Derived from
Observations

We initially observed that any incisional approach resulted
in dystrophic healing, which we found to be a dioxin-induced,
very fast skin healing response (Barouti et al., 2009). With this
important limiting feature to incisional skin intervention, we
found that mechanical dermabrasion and multiple micro punch
extraction/aspiration techniques yielded very quick healing
(again due to the mechanism cited above) and were
cosmetically still satisfactory. These methods allowed both
significant pain relief from inflammation and extraction of large
amounts of dioxin-rich hamartomatous lesions. A total of 26
procedures were performed on the whole-body skin surface
under general anesthesia, from M4 to M46 a.p.

Compassionate use of tumor necrosis factor a (TNF-a) blockade
was considered because non-steroidal anti-inflammatory drugs and
systemic steroids were not effective. The patient received three
infusionsof infliximabbut becauseof intolerancewas then switched
to adalimumab, which was given for M18 (M16th to M34th a.p.).

FIG. 4. Kinetics of TCDD showing the concentration of dioxin in the skin
lesions: the emergence of a new compartment. Despite a progressive decrease

in serum TCDD from months 3 to 15 a.p., there was a concomitant increase of

TCDD concentration in skin, while the surface of skin involvement spread. For

each parameter, the results are expressed as the percentage of the maximum
values reached during this period of observation. The maximum values were as

follows: (A) for skin lesions: 40% of total body surface area at M11 a.p.

(evaluated prospectively by the palm of the hand method; Agarwal and Sahu,

2010); (B) for TCDD in serum: 890 pg/g wet weight (ww) at M3 a.p.; (C) for
TCDD in skin lesions: 5000 pg/g ww at M11 a.p. At that time, TCDD

concentration in skin lesions was therefore 10-fold that of serum. This indicates

that the skin lesions do constitute a significant novel compartment, which could
have reached 6400 cm3 for the entire body by M11 a.p., containing about 35 lg

TCDD, i.e., 2% of the total initial body burden (see Fig. 5 and discussion).

FIG. 5. Volumetric analyses of the skin lesions. (A) Three-dimensional

representation of the calculated total skin volume of the face using the
methodology described in the text. (B) Three-dimensional representation of the

calculated volume of the hamartomatous lesions seen in the same area as in (A).

Anterior view. Note that most lesions are located in the ear lobes and lateral
cheeks. (C) Thick slab reconstruction of an FDG PET data set obtained from

a whole-body PET/CT acquisition showing the distribution and the metabolism

of the skin lesions on the back of the patient. Posterior view. Note that some

lesions display a high metabolism (major FDG uptake, dark spots), whereas
other lesions are metabolically less active (moderate FDG uptake, gray spots).

‘‘Metabolism’’ refers to FDG uptake, most probably linked to secondary

inflammation rather than to CYP1A1/dioxin metabolism.
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Lesão hamartomatosa

Imunoistoquímica para 
CYP1A1 no hamartoma
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Several million people are exposed to dioxin and dioxin-like
compounds, primarily through food consumption. Skin lesions
historically called ‘‘chloracne’’ are the most specific sign of
abnormal dioxin exposure and classically used as a key marker in
humans. We followed for 5 years a man who had been exposed to
the most toxic dioxin, 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), at a single oral dose of 5 million-fold more than the
accepted daily exposure in the general population. We adopted
a molecular medicine approach, aimed at identifying appropriate
therapy. Skin lesions, which progressively covered up to 40% of
the body surface, were found to be hamartomas, which developed
parallel to a complete and sustained involution of sebaceous
glands, with concurrent transcriptomic alterations pointing to the
inhibition of lipid metabolism and the involvement of bone
morphogenetic proteins signaling. Hamartomas created a new
compartment that concentrated TCDD up to 10-fold compared
with serum and strongly expressed the TCDD-metabolizing
enzyme cytochrome P450 1A1, thus representing a potentially
significant source of enzymatic activity, which may add to the
xenobiotic metabolism potential of the classical organs such as the
liver. This historical case provides a unique set of data on the
human tissue response to dioxin for the identification of new
markers of exposure in human populations. The herein discovered
adaptive cutaneous response to TCDD also points to the potential
role of the skin in the metabolism of food xenobiotics.
Key Words: dioxin; toxicity; skin; hamartoma; morphology.

Dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin, TCDD) is the
most potent of a large number of industrial-era halogenated
polyaromatic hydrocarbon pollutants, including other dibenzo-p-
dioxins, dibenzofurans, and certain polychlorinated biphenyls.

Human populations are exposed to low levels of dioxin and
dioxin-like compounds, primarily through food consumption
(Connor et al., 2008; Schecter et al., 1999). The risk

characterization of dioxin exposure remains difficult to establish,
although it is an issue that broadly affects important public health
policy decisions (Gies et al., 2007; Steenland et al., 2001). Thus,
chronic exposure to low/moderate doses of dioxin may be
involved not only in the classic dioxin toxicity in some
genetically predisposed individuals (IARC Monograph, 1997;
Aylward et al., 2005) but also in the newly identified role of
these compounds in autoimmunity (Brembilla et al., 2011;
Marshall and Kerkvliet, 2010; Ramirez et al., 2010).

In humans, skin lesions called ‘‘chloracne’’ are the most
visible and consistent response to dioxin exposure and therefore
play the role of a sentinel sign for toxicity (Caputo et al., 1988).
The mechanism by which chloracne appears was not previously
known and its diagnostic value is not straightforward, especially
in mild and sporadic cases, which could still relate to significant
exposure (Passarini et al., 2010). A robust indicator that would
trigger specific ecotoxicology diagnostic processes is lacking; in
the current situation, it is likely that many cases have not been
recognized (Saurat and Sorg, 2010).

We have previously reported on the TCDD poisoning in
Victor Yushchenko with identification and measurement of
TCDD metabolites (Sorg et al., 2009). The maximum accepted
daily dose exposure in human is 4 pg/kg, and this patient
received a single dose of 20 lg/kg.

With the approval of the patient to release peer-reviewed
scientific information on his case, we now report on a set of
data that has never been obtained in humans and helps define
the phenotype of the dioxin-induced skin pathology.

MATERIALS AND METHODS

Clinical specimens. Skin sampling was performed under general anesthe-

sia during therapeutic procedures.

! The Author 2011. Published by Oxford University Press on behalf of the Society of Toxicology. All rights reserved.
For permissions, please email: journals.permissions@oup.com
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Several million people are exposed to dioxin and dioxin-like
compounds, primarily through food consumption. Skin lesions
historically called ‘‘chloracne’’ are the most specific sign of
abnormal dioxin exposure and classically used as a key marker in
humans. We followed for 5 years a man who had been exposed to
the most toxic dioxin, 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), at a single oral dose of 5 million-fold more than the
accepted daily exposure in the general population. We adopted
a molecular medicine approach, aimed at identifying appropriate
therapy. Skin lesions, which progressively covered up to 40% of
the body surface, were found to be hamartomas, which developed
parallel to a complete and sustained involution of sebaceous
glands, with concurrent transcriptomic alterations pointing to the
inhibition of lipid metabolism and the involvement of bone
morphogenetic proteins signaling. Hamartomas created a new
compartment that concentrated TCDD up to 10-fold compared
with serum and strongly expressed the TCDD-metabolizing
enzyme cytochrome P450 1A1, thus representing a potentially
significant source of enzymatic activity, which may add to the
xenobiotic metabolism potential of the classical organs such as the
liver. This historical case provides a unique set of data on the
human tissue response to dioxin for the identification of new
markers of exposure in human populations. The herein discovered
adaptive cutaneous response to TCDD also points to the potential
role of the skin in the metabolism of food xenobiotics.
Key Words: dioxin; toxicity; skin; hamartoma; morphology.

Dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin, TCDD) is the
most potent of a large number of industrial-era halogenated
polyaromatic hydrocarbon pollutants, including other dibenzo-p-
dioxins, dibenzofurans, and certain polychlorinated biphenyls.

Human populations are exposed to low levels of dioxin and
dioxin-like compounds, primarily through food consumption
(Connor et al., 2008; Schecter et al., 1999). The risk

characterization of dioxin exposure remains difficult to establish,
although it is an issue that broadly affects important public health
policy decisions (Gies et al., 2007; Steenland et al., 2001). Thus,
chronic exposure to low/moderate doses of dioxin may be
involved not only in the classic dioxin toxicity in some
genetically predisposed individuals (IARC Monograph, 1997;
Aylward et al., 2005) but also in the newly identified role of
these compounds in autoimmunity (Brembilla et al., 2011;
Marshall and Kerkvliet, 2010; Ramirez et al., 2010).

In humans, skin lesions called ‘‘chloracne’’ are the most
visible and consistent response to dioxin exposure and therefore
play the role of a sentinel sign for toxicity (Caputo et al., 1988).
The mechanism by which chloracne appears was not previously
known and its diagnostic value is not straightforward, especially
in mild and sporadic cases, which could still relate to significant
exposure (Passarini et al., 2010). A robust indicator that would
trigger specific ecotoxicology diagnostic processes is lacking; in
the current situation, it is likely that many cases have not been
recognized (Saurat and Sorg, 2010).

We have previously reported on the TCDD poisoning in
Victor Yushchenko with identification and measurement of
TCDD metabolites (Sorg et al., 2009). The maximum accepted
daily dose exposure in human is 4 pg/kg, and this patient
received a single dose of 20 lg/kg.

With the approval of the patient to release peer-reviewed
scientific information on his case, we now report on a set of
data that has never been obtained in humans and helps define
the phenotype of the dioxin-induced skin pathology.

MATERIALS AND METHODS

Clinical specimens. Skin sampling was performed under general anesthe-

sia during therapeutic procedures.

! The Author 2011. Published by Oxford University Press on behalf of the Society of Toxicology. All rights reserved.
For permissions, please email: journals.permissions@oup.com
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Como o toxicologista atua?



Toxicologia mecanística
Identifica mecanismos bioquímicos, celulares e moleculares pelos 

quais os agentes tóxicos exercem seus efeitos nos organismos

Câncer de bexiga

Irrelevante nas 
doses diárias 

utilizadas

Interferências em genes que 
regulam a angiogênese

Uso na hanseníase e
mieloma múltiplo

Cuidado especial em mulheres em idade reprodutiva

Uso clínico banido em 1962, estudos mecanísticos



Toxicologia mecanicista
Toxicogenômica

Identificar e proteger indivíduos geneticamente suscetíveis e personalizar  
terapias farmacológicas com base na genética desses sujeitos

6-mercaptopurina 6-metilmercaptopurina
Tiopurina metiltransferase

Toxicidade hematopoietica

1 a cada 300 crianças é homozigoto para TPMT

Hepatotoxicidade



Toxicologia descritiva
Referente aos testes de toxicidade, que fornecem informações

para a avaliação da segurança e dos requisitos regulamentares

Testes desenhados para avaliar os 
riscos de um agente químico específico 

para os seres humanos e ao meio 
ambiente 

Humanos: Fármacos e aditivos de alimentos
Humanos e meio ambiente (peixes, pássaros, plantas): praguicidas em geral 

Qualquer fator que possa prejudicar o equilíbrio 
do ecossistema

Estudos fundamentais para a 
avaliação do risco que são 

usados pelos toxicologistas que 
tratam da parte regulatória

Testes alternativos tem sido desenvolvidos para minimizar o uso de animais



Toxicologia regulatória
Responsabilidade em decidir, com base em dados fornecidos 

pelos toxicologistas descritivos e mecanicistas, se um 
medicamento ou outro produto químico representa risco 

suficientemente baixo para ser comercializado com efeitos 
previsíveis

Avaliação de fármacos, cosméticos, aditivos 
alimentares

Avaliação da maior parte das outras 
substâncias químicas

Impacto na água potável, no ar 
ambiente, atmosfera

Ex
em
pl
os



Áreas de aplicação da 
toxicologia

1. Ambiental - estuda os efeitos nocivos causados
pelas substâncias químicas presentes no meio
ambiente



exploração de minas nas montanhas
Água usada para irrigação de arroz, 

consumo, pescaria

Doença de 
Itai-Itai: 1950

Cd nas águas 
do Rio Jinzu

Toyama

Depósito de cádmio nos ossos e rins 
Perda de massa óssea, osteomalácia
(“amolecimento dos ossos”) e falência renal
Muita dor nas articulações e na coluna

ü1968: processo contra a mineradora
ü1971: ganho de causa e apelação em 1972 recusada
ü184 vítimas reconhecidas desde 1967, destas 54 
foram reconhecidas entre 1980 a 2000



• Explosão de reator da ICMESA, subsidiária da Givaudan
que era subsidiária da Hoffmann-La Roche, causando a
formação e liberação de 2,3,7,8-tetraclorodibenzo-p-
dioxina (TCDD)

• Centenas de crianças hospitalizadas com

queimaduras na pele

• Vegetação nas proximidades morreu de

imediato pequenos animais (coelhos e

pássaros) apareceram mortos

SEVESO – região de Milão/Itália
(1976)



BRASIL

Rompimento barragem de Fundão 
Bento Rodrigues/Mariana/MG

SAMARCO



Brumadinho - 2019

242 mortos e 28 desaparecidos

- O que tem nesses rejeitos?
- Bombeiros e quem teve contato foram contaminados?
- Risco de contaminação da população e animais pela água do Rio 

Paraopeba?



Ø Avaliação de dados referentes a 179 mil RN 
Ø Gestantes expostas a taxas maiores de poluição do ar no 1o trimestre de 

gravidez tiveram bebês com menor peso do que outras grávidas não 
submetidas à mesma exposição

Ø Para cada ppm de CO de exposição das mães, houve redução de 23 
gramas no peso do RN
Ø Peso baixo pode aumentar o risco de mortalidade
Ø Maior risco nos prematuros

ESTUDOS EPIDEMIOLÓGICOS EM 
POPULAÇÕES ESPECÍFICAS



“Um padrão de qualidade do ar define 

legalmente um limite máximo para a 

concentração de um componente 

atmosférico, que garanta a proteção da 

saúde e o bem estar das pessoas”

Evitar a 
ingestão de 

água 
contaminada

CETESB



Áreas de aplicação da 
toxicologia

2. Ocupacional - estuda os efeitos
nocivos causados pelas substâncias
presentes no ambiente de trabalho.



FOLHA DE SÃO PAULO
01/05/2012

Estimativa do INCA

4% dos 518.510 
indivíduos 

diagnosticados com 
câncer em 2012 tem 

como causa o trabalho



(WBGT) Index, a heat exposure indicator [21]. We used a
Thermal Stress Meter, model-500 by Quest. The equipment was
placed near the worker and readings were made during one
workday, according to ACGIH recommendations [22].

Statistical analysis
Categorical variables are presented as absolute numbers and

percentages, whereas continuous variables are given as the
mean6standard deviation (SD) or as the median and the
interquartile range (IQR). Descriptive analysis were performed

for the study variables and the results obtained during the harvest
and non-harvest periods were compared by statistical tests for
repeated measurements (paired t-test, Wilcoxon rank-test or
McNemar’s test, as appropriate). Differences of PM2.5 and climate
variables measurements, between harvest and non-harvest periods,
were tested using Mann-Whitney U test.

When the p-value of the differences in measurements for both
periods evaluated was#0.10, linear regression analysis was carried
out using a generalized estimating equation (GEE) with robust
standard error estimators to evaluate the effects of harvesting
work. Adjustments were made for age, body mass index (BMI) and
smoking (nonsmoking as a reference), assuming equal correlation
of the measurements for each subject (exchangeable correlation).
Socioeconomic status was quite similar among the participants
and was not included in the analysis. The effects of HRV and
MSNA on blood pressure (BP) were evaluated controlling for
harvest, age, BMI and smoking (BP,HRV or MSNA+harves-
ting+age+smoking+BMI). The GEE function was obtained
from StatLib (http://lib.stat.cmu.edu/) and the analysis was
performed on S-PlusH 8.0 for Windows Statistics software,
Insightful Corp., Seattle, WA.

Results

Particulate matter, climate and heat exposure
Table 1 shows data for PM2,5 concentrations, temperature and

relative air humidity (RAH) at the sugarcane fields during the two
periods. The PM2.5 concentration was higher during the harvest
period. There was no significant difference in temperature, and
RAH was significantly higher during the non-harvest period.

Figure 1. Flow Chart - Evaluation sequence: five groups of six participants.
doi:10.1371/journal.pone.0046142.g001

Figure 2. Worker cutting burnt sugarcane.
doi:10.1371/journal.pone.0046142.g002
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Abstract

Background: Brazil is the world’s largest producer of sugarcane. Harvest is predominantly manual, exposing workers to
health risks: intense physical exertion, heat, pollutants from sugarcane burning.

Design: Panel study to evaluate the effects of burnt sugarcane harvesting on blood markers and on cardiovascular system.

Methods: Twenty-eight healthy male workers, living in the countryside of Brazil were submitted to blood markers, blood
pressure, heart rate variability, cardiopulmonary exercise testing, sympathetic nerve activity evaluation and forearm blood
flow measures (venous occlusion plethysmography) during burnt sugarcane harvesting and four months later while they
performed other activities in sugar cane culture.

Results: Mean participant age was 3166.3 years, and had worked for 9.868.4 years on sugarcane work. Work during the
harvest period was associated with higher serum levels of Creatine Kinase – 136.5 U/L (IQR: 108.5–216.0) vs. 104.5 U/L (IQR:
77.5–170.5), (p = 0.001); plasma Malondialdehyde–7.561.4 mM/dl vs. 6.961.0 mM/dl, (p = 0.058); Glutathione Peroxidase –
55.1611.8 Ug/Hb vs. 39.569.5 Ug/Hb, (p,0.001); Glutathione Transferase– 3.461.3 Ug/Hb vs. 3.061.3 Ug/Hb, (p = 0.001);
and 24-hour systolic blood pressure – 120.1610.3 mmHg vs. 117.0610.0 mmHg, (p = 0.034). In cardiopulmonary exercise
testing, rest-to-peak diastolic blood pressure increased by 11.12 mmHg and 5.13 mmHg in the harvest and non-harvest
period, respectively. A 10 miliseconds reduction in rMSSD and a 10 burst/min increase in sympathetic nerve activity were
associated to 2.2 and 1.8 mmHg rises in systolic arterial pressure, respectively.

Conclusion: Work in burnt sugarcane harvesting was associated with changes in blood markers and higher blood pressure,
which may be related to autonomic imbalance.
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Introduction

Brazil is the world’s largest producer of sugar and ethanol from
sugarcane, with 570 million tons in 2007/2008 harvest [1].
Although industrial harvesting processes utilize technological
methods, manual harvesting is still the predominant method of
harvesting sugarcane, and it employs nearly 500,000 workers
throughout the country. This is a seasonal activity. For seven
months per year, to receive an average monthly wage of US$
700.00 a sugar cane worker must cut approximately 10 tons of

sugarcane daily, in journeys of eight hour and twenty minutes, six
days a week, under high temperatures in the fields, due to the
climate and the heat from burning sugarcane, and receiving
inappropriate reposition of water and electrolytes. Moreover, they
are exposed to pollutants released during the cutting of burnt
sugarcane.

Exposure to air pollution is associated with increased cardio-
respiratory morbimortality, and most studies on the subject are
related to urban pollution (industrial/vehicular origin) [2,3,4,5].
The studies on outdoor air pollution caused by biomass burning

PLOS ONE | www.plosone.org 1 September 2012 | Volume 7 | Issue 9 | e46142

peroxidation days after the end of exposure, our data suggest a
subacute effect associated with systemic stress and inflammation
[54]. These effects could account for the ANS imbalance
evidenced by the relationship between reduced HRV and
increased MSNA and higher BP (Table8), as suggested in a recent
study [35].

Although the effects of pollution on the sodium balance in the
kidneys are unknown, a possible hydro-electrolyte imbalance
resulting from strenuous labor under thermal overload conditions
may be an additional factor acting on the renin-angiotensin system
and thus contributing to higher BP [55] possibly leading to
synergism between PM exposure and high temperatures, as
suggested in some studies [56,57]. Another possible explanation

could be a chronic rise in vasopressin levels resulting from the
rhythm of water intake after intense sweating – in other words,
thirst, which happens daily during work. This increase may be
associated with higher BP, as suggested in other studies [58].

The persistently inadequate response of DBP during exercise,
even during the non-harvest period, suggests the presence of
subacute and chronic changes in the cardiovascular system.

This investigation was delineated to evaluate the possible causes
associated to sudden deaths that are observed among sugar cane
workers. Besides strenuous outdoor work under unsatisfactory
feeding and hydration conditions, they are exposed to particulate
matter that could increase adverse effects. Different from other
study [59] that showed a small systemic proinflammatory response

Figure 4. Systolic (SBP) and diastolic (DBP) blood pressure variation during cardiopulmonary exercise testing in each period,
mean±SD, (n:24). AT: Anaerobic Threshold; RC: respiratory compensation; D= differences between peak and rest in mmHg.
doi:10.1371/journal.pone.0046142.g004

Table 7. Univariate analysis and the estimated effects of harvest using regression models for repeated measures on
cardiopulmonary exercise testing in 24 participants.

Variables Periods Paired t test Multipleanalysisa

Harvestb Non-harvestb p-value RC (95%CI)c p-value

Peak VO2 (ml/Kg/min) 40.466.9 36.566,3 0.005 2.86 (0.68; 5.05) 0.010

Peak O2 (ml/beat) 16.363.0 14.963.2 0.009 1.51 (0.64; 2.38) 0.001

SBPdrest(mmHg) 130.2613.9 124.5613.5 0.013 6,94 (3.02; 10.86) 0.001

SBPpeak(mmHg) 176.6629.9 157.6620.6 0.001 21.59 (11.58; 31.60) ,0.001

DBPerest(mmHg) 87.2612.7 85.3613.0 0.470 3.69 (21.12;8.50) 0.133

DBP peak (mmHg) 98.3617.1 90.4613.0 0.009 10.15 (4.98; 15.32) ,0.001

a: multiple analysis adjusted for age, body mass index and smoking;
b: mean6 standard deviation;
c: regression coefficient and 95% confidence interval;
d: systolic blood pressure;
e: diastolic blood pressure.
doi:10.1371/journal.pone.0046142.t007
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Abstract

Background: Brazil is the world’s largest producer of sugarcane. Harvest is predominantly manual, exposing workers to
health risks: intense physical exertion, heat, pollutants from sugarcane burning.

Design: Panel study to evaluate the effects of burnt sugarcane harvesting on blood markers and on cardiovascular system.

Methods: Twenty-eight healthy male workers, living in the countryside of Brazil were submitted to blood markers, blood
pressure, heart rate variability, cardiopulmonary exercise testing, sympathetic nerve activity evaluation and forearm blood
flow measures (venous occlusion plethysmography) during burnt sugarcane harvesting and four months later while they
performed other activities in sugar cane culture.

Results: Mean participant age was 3166.3 years, and had worked for 9.868.4 years on sugarcane work. Work during the
harvest period was associated with higher serum levels of Creatine Kinase – 136.5 U/L (IQR: 108.5–216.0) vs. 104.5 U/L (IQR:
77.5–170.5), (p = 0.001); plasma Malondialdehyde–7.561.4 mM/dl vs. 6.961.0 mM/dl, (p = 0.058); Glutathione Peroxidase –
55.1611.8 Ug/Hb vs. 39.569.5 Ug/Hb, (p,0.001); Glutathione Transferase– 3.461.3 Ug/Hb vs. 3.061.3 Ug/Hb, (p = 0.001);
and 24-hour systolic blood pressure – 120.1610.3 mmHg vs. 117.0610.0 mmHg, (p = 0.034). In cardiopulmonary exercise
testing, rest-to-peak diastolic blood pressure increased by 11.12 mmHg and 5.13 mmHg in the harvest and non-harvest
period, respectively. A 10 miliseconds reduction in rMSSD and a 10 burst/min increase in sympathetic nerve activity were
associated to 2.2 and 1.8 mmHg rises in systolic arterial pressure, respectively.

Conclusion: Work in burnt sugarcane harvesting was associated with changes in blood markers and higher blood pressure,
which may be related to autonomic imbalance.
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Introduction

Brazil is the world’s largest producer of sugar and ethanol from
sugarcane, with 570 million tons in 2007/2008 harvest [1].
Although industrial harvesting processes utilize technological
methods, manual harvesting is still the predominant method of
harvesting sugarcane, and it employs nearly 500,000 workers
throughout the country. This is a seasonal activity. For seven
months per year, to receive an average monthly wage of US$
700.00 a sugar cane worker must cut approximately 10 tons of

sugarcane daily, in journeys of eight hour and twenty minutes, six
days a week, under high temperatures in the fields, due to the
climate and the heat from burning sugarcane, and receiving
inappropriate reposition of water and electrolytes. Moreover, they
are exposed to pollutants released during the cutting of burnt
sugarcane.

Exposure to air pollution is associated with increased cardio-
respiratory morbimortality, and most studies on the subject are
related to urban pollution (industrial/vehicular origin) [2,3,4,5].
The studies on outdoor air pollution caused by biomass burning

PLOS ONE | www.plosone.org 1 September 2012 | Volume 7 | Issue 9 | e46142



QUEIMA DA CANA E ESTADO DE SP

Lei da Queima da Cana (Lei no. 11.241/2002)
- Estabelece a queima  controlada da palha da 
cana-de-açúcar, além da eliminação gradual da 
prática até a total eliminação em 2021 em área 
mecanizadas e em 2031 nas não mecanizadas

Protocolo Agroambiental do Setor Canavieiro 
Paulista

- Os produtores de cana-de-açúcar se comprometem a 
antecipar a eliminação total da prática da queima de 
2021 para 2014 e de 2031 para 2017 em áreas 
mecanizadas e não mecanizadas, respectivamente



Poucos limites de exposição ocupacional (500 PELs) 
levando-se em conta o número de compostos a que os 

trabalhadores são expostos

Estabelecidos como padrões pelas agência 
regulamentadoras ou como diretrizes por grupo de 

pesquisas

OBJETIVO: “que nenhum trabalhador sofra prejuízo de sua 
saúde ou de sua capacidade funcional com exposição regular 
durante a sua vida útil de trabalho” - Occupational Safety and

Health Administration (OSHA) - EUA



Áreas de aplicação da 
toxicologia

3. Alimentos -
estuda os 

efeitos nocivos 
causados pelas 

substâncias 
químicas 

presentes nos 
alimentos.

Evitar que haja 
resíduos em 

frutas e vegetais; 
migrantes de 
embalagens; 

aditivos



Analytical Methods

Migration of bisphenol A into canned tomatoes produced in Italy:
Dependence on temperature and storage conditions

Sonia Errico a,b, Mariangela Bianco a,c, Luigi Mita a,c, Marina Migliaccio a,b, Sergio Rossi d,
Carla Nicolucci a,b,e, Ciro Menale a,b,d, Marianna Portaccio b, Pasquale Gallo c, Damiano G. Mita a,c,d,⇑,
Nadia Diano a,c,d

a National Laboratory on Endocrine Disruptors, National Institute of Biostructures and Biosystems (INBB), Via P. Castellino, 111, 80131 Naples, Italy
b Department of Experimental Medicine, Second University of Naples, Via S.M. di Costantinopoli, 16, 80138 Naples, Italy
c Dipartimento di Chimica, Istituto Zooprofilattico Sperimentale del Mezzogiorno, Via della Salute 2, 80055 Portici (NA), Italy
d Institute of Genetic and Biophysics ‘‘ABT’’, Via P. Castellino, 111, 80131 Naples, Italy
e Department of Experimental Medicine, Università degli Studi di Messina, AOU Policlinico G. Martino, Viale Gazzi, 98122 Messina, Italy

a r t i c l e i n f o

Article history:
Received 7 November 2013
Received in revised form 11 March 2014
Accepted 15 March 2014
Available online 24 March 2014

Keywords:
Canned tomatoes
Bisphenol A
Migration
HPLC
Solid-phase extraction

a b s t r a c t

A method based on solid-phase extraction followed by liquid chromatography, coupled to UV–visible and
fluorescence spectrophotometry, has been developed for determination of bisphenol A (BPA) in canned
tomatoes. The limit of quantification (LOQ) of the procedure used is 0.03 lM (0.26 lg BPA/kg tomato).
For each of three different tomato based products (peeled, cherry and concentrated paste), 16 samples
belonging to six commercial brands, retailed in Italian markets, were tested for migration of BPA
epoxy-coating cans. All the tomato samples exhibited migration levels below 0.4 lg/kg, while samples
subjected to heating process and/or can’s damage by denting, exhibited a significant increase in the
migration levels. In any case, no sample contained BPA exceeding the European Union limit for migration,
set at 600 lg/kg of food. By comparing the results for each brand, no relevant difference in BPA concen-
tration was found depending on the kind of tomato products.

! 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Metallic cans for food packaging are made with a thin coating
film on the inner surface to avoid electrochemical corrosion and
contamination of the product by migration of metal ions. Com-
mon coating materials are organosols or epoxy resins (Sendon
Garcia & Paseiro Losada, 2004). Bisphenol A (BPA) is a key
building block of epoxy resins and polycarbonates. BPA epoxy
resins are mainly condensation products of bisphenol A with epi-
chlorhydin (Arpe, 1996). It is well documented that polymeriza-
tion of epoxy resins may not be fully complete and that a
significant amount of unreacted epoxy compounds can be recov-
ered from food packaged in containers lined with these plastics.
Brotons, Olea-Serrano, Villabos, Pedraza, and Olea (1995) firstly
reported that BPA migrates from can coating film during the food
canning process. Since their pioneer study, BPA has been detected
in canned food (Braunrath, Podlipna, Padlesak, & Cichna-Markl,

2005; Goodson, Robin, Summerfield, & Cooper, 2004; Munguia-
Lopez, Gerardo-Lugo, Peralta, Bolumen, & Soto-Valdez, 2005;
Thomson & Grounds, 2005), baby bottles, among other food mate-
rials and containers (Biles, McNeal, & Begley, 1997; Maragou,
Makri, Lampi, Thomaidis, & Koupparis, 2008). BPA migration
and leaching from metal cans and plastics towards packaged food
and drinks have been also recently confirmed (Ackerman et al.,
2010; Gallart-Ayala, Nunes, & Lucci, 2013; Guart, Bono-Blay,
Borrel, & Lacorte, 2011). BPA migration has been correlated to
the temperature, heating time, and chemical-physical characteris-
tics of the food in the container (Kang & Kondo, 2003). The
attention to BPA presence in food was due to the documented
association between wildlife and human exposure to this endo-
crine disruptor and some related pathological disorders, such as
cardiovascular diseases, obesity, endometriosis and cancer (Mita
et al., 2012; Newbold, Padilla-Banks, Jefferson, & Heindel, 2008;
O’Connor and Chapin, 2003; Signorile et al., 2010; Trasande, Atti-
na, & Blustein, 2012; vom Saal & Myers, 2008; Wang et al., 2012).
As a consequence, in January 2011, the European Union
adopted the Commission Directive 2011/8/EU, prohibiting BPA
employment in polycarbonate infant-feeding bottles (European
Commission., 2011).

http://dx.doi.org/10.1016/j.foodchem.2014.03.085
0308-8146/! 2014 Elsevier Ltd. All rights reserved.
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curve fitting are from 0.991 to 0.999), for each brand, the BPA lev-
els as function of temperature are still of the exponential type
y = A0 exp (kT⁄), where A0 and k have the same meaning previously
indicated. The measured values for all canned products are given in
Table 1. For each brand the A0 values (BPA levels at T = 25 !C) are
significantly higher than the corresponding ones found out in the
undamaged cans. In particular, in the peeled tomatoes, the A0 val-
ues are about 60 times those observed in undamaged cans, while
for the cherry tomatoes and concentrate tomato paste ‘‘only’’ 30
times. Anyway, the measured BPA levels did not exceed the limit
set by the EU Commission.

Moreover, for the peeled tomato and concentrated tomato
paste, the k values decrease with the increase of the values of A0.
By normalising the values of each curve in Fig. 2c to the respective
initial value (Fig. 2d), the same previous observations were con-
firmed: the BPA levels as a function of the temperature have oppo-
site trends in the two figures. Brand 1, having the lowest absolute
BPA content in function of temperature, now has the highest tem-
perature increase. For concentrated tomato paste the trend is the
same but for the cherry tomatoes, also in this case, the behaviour
is different.

By comparing the k values of each brand, it results that those
calculated for the dented cans are lower than those undamaged.
This confirms what previously observed: BPA migration is a diffu-
sion process and the migration rate decreases with increasing of
initial value A0. The lower k values calculated for dented cans,
have another important consequences. When, at each investi-
gated temperature, the ratio R(T⁄) = [BPA]dented/[BPA]undamaged are
calculated and reported as a function of the temperature T⁄, the
curves are well fitted (the correlation coefficients range from

0.991 to 0.999) by an equation of the type R(T⁄) = R0 exp (!kT⁄).
In Table 2, the R0 and k values are reported, where R0 is the ratio
R at T⁄ = 0 !C and k (!C!1) is the decrease rate of the ratio R with
the temperature. In Fig. 3a only the data relative to canned peeled
tomatoes are presented. Being the analytical expressions similar
and the parameters no more different (the variation of about
20% for the R0 values and of 25% for k values), it is possible to de-
sign (see Fig. 3b) the hypothetical curve, relative to can filled with
peeled tomatoes, based on the average values of R0 (62.71) and k
(0.094). The T⁄ corresponding to the ratio equal to 1 is 44 !C. This
means that at 69 !C, the amount of migrated BPA is equal for
undamaged and dented cans, having the average characteristics
of those examined. The effect of the temperature on BPA migra-
tion becomes so significant to render the effect of the initial dam-
age of cans negligible. The heating process has serious
consequences on BPA migration forasmuch as the temperature
of about 70 !C is easily reached following to prolonged exposure
to the sun.

The same considerations may be obtained for the other two to-
mato products, whose R0 values and k values are also reported in
Table 2. The calculated temperatures at which R = 1 have been
found to be 114 !C for cherry tomatoes (k = 0.040) and 66 !C for
concentrated tomato paste (k = 0.083).

3.4. Total BPA levels from epoxy-coated cans

Table 3 reports the BPA levels in the coating determined by
acidic aqueous simulant extraction from all the cans (undamaged
and dented) used in this research and the migration percentage
into tomatoes defined as:

Fig. 2. Absolute (a) and normalised (b) BPA concentrations as a function of temperature in peeled tomatoes in undamaged cans. Absolute (c) and normalised (d) BPA
concentrations as a function of temperature in peeled tomatoes in dented cans. Symbols: (d) brand 1, (h) brand 2, (!) brand 3, (4) brand 4, (j) brand 5, (s) brand 6.
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a b s t r a c t

The concentrations of eight trace elements: lead (Pb), cadmium (Cd), chromium (Cr), manganese (Mn),
cobalt (Co), arsenic (As), bismuth (Bi) and molybdenum (Mo), in chocolate, cocoa beans and products
were studied by ICPMS. The study examined chocolate samples from different brands and countries with
different concentrations of cocoa solids from each brand. The samples were digested and filtered to
remove lipids and indium was used as an internal standard to correct matrix effects. A linear correlation
was found between the level of several trace elements in chocolate and the cocoa solids content.
Significant levels of Bi and As were found in the cocoa bean shells but not in the cocoa bean and
chocolate. This may be attributed to environmental contamination. The presence of other elements was
attributed to the manufacturing processes of cocoa and chocolate products. Children, who are big
consumers of chocolates, may be at risk of exceeding the daily limit of lead; whereas one 10 g cube of
dark chocolate may contain as much as 20% of the daily lead oral limit. Moreover chocolate may not be
the only source of lead in their nutrition. For adults there is almost no risk of exceeding daily limits for
trace metals ingestion because their digestive absorption of metals is very poor.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

Chocolate is produced from cocoa beans – the fruit of the cocoa
tree (Theobroma cacao). Cocoa is grown principally in West Africa,
Central and South America and Asia. The eight largest cocoa-
producing countries at present are Côte d'Ivoire, Ghana, Indonesia,
Nigeria, Cameroon, Brazil, Ecuador and Malaysia. These countries
represent 90% of the world cocoa production [1].

There is a common phrase “Dark chocolate is healthy choco-
late” and it is today recognized as a contributor to health. Cocoa
and chocolate have several beneficial health effects [2] mainly
because of their high content of antioxidants (flavonoids, cate-
chins, epicatechin, procyanidins and polyphenols) that decrease
the number of free radicals [3] and help prevent infectious and
autoimmune diseases [4] and reduce the risk of heart disease [5].
The polyphenols in cocoa help control the nitric oxide level that is
critical for blood pressure regulation and blood flow [6], other
components (like catechins, phenyl ethylamine, tryptophan,
endorphins and antioxidants) are anticancer substances [7], ser-
ving as brain stimulators [8] and can lower cholesterol levels in

adults [9]. On the other hand, large quantities of any energy-rich
food, such as chocolate, may increase the risk of obesity. Studies of
elderly women showed that chocolate might enhance osteoporosis
[10] and in some individuals chocolate can cause heartburn [11].

One measure of chocolate quality is the content of cocoa solids
so that dark chocolate is considered the healthiest type of
chocolate and of the highest quality. The cocoa solids contents of
commercial dark chocolate bars can range from 47% (sweet dark)
to 70%, 75%, or even above 90% for extremely dark bars. It is known
that the cocoa may contain trace levels of heavy metals [12–17]
that have almost no detrimental effects on adults. On the other
hand children are the most vulnerable age group to any kind of
heavy metal contamination in food and chocolate is often the
favorite food items of children. For example, lead like other heavy
metals is removed from the body very slowly, so consumption of
food containing lead during a short period of time can cause
digestive problems like constipation, vomiting, weight loss,
abdominal pain, behavior change, language development delay,
anemia and lethargy [18,19]. When accumulated in the body lead
interferes with normal neurological functions causing irreversible
damage to the child's ability to learn, especially the ability to
retain new information and may even cause a decrease in
intelligence quotient [20]. In addition this could lead to hyper-
activity, headaches, hearing problems, slowed growth, memory
and behavior problems and in extreme cases damage to the brain
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and nervous system [18–20]. Adults can suffer from: reproductive
problems (in men and women), high blood pressure, nerve
disorders, memory and concentration problems, anemia, muscle
and joint pain [18,19]. A study indicates that approximately 11% of
the ingested lead will be absorbed by the digestive tract of adults
while absorption may be as high as 30–75% in children (2- to
6-year-old) [21].

In the present study we examined the levels of some essential
and toxic elements in different brands of chocolate containing a
broad range of cocoa solids. Inductively coupled plasma mass
spectrometry (ICP-MS), which has become the method of choice
for determination of trace levels of heavy metals, was used here.
After screening several elements, eight elements were selected for
this study: lead (Pb), cadmium (Cd), chromium (Cr), manganese
(Mn), cobalt (Co), arsenic (As), bismuth (Bi) and molybdenum
(Mo). Indium (115In) was used as an internal standard.

2. Experimental

2.1. Instrumentation

All analyses were carried out with a commercial ICP-MS
instrument (Elan-6000, Perkin-Elmer/Sciex, Canada) with a flow-
injection inlet system (FIAS-400, Perkin-Elmer, Germany) at the
Geological Survey for Israel (GSI) in Jerusalem [22].

The Crþ6 concentration was determined with an ion chroma-
tograph (Dionex, model DX-500, with a UV detector 540 nm)
equipped with a Dionex HPIC-AS7 separator column and a Dionex
NG1 guard column.

2.2. Sample collection and preparation

Cocoa bean and cocoa butter samples were received from the
importers of the chocolate brands in Israel. In addition, we
purchased chocolate bars from various brands and countries
(Europe, USA and Israel) with different concentrations of cocoa
solids from each brand. To create representative samples from the
cocoa beans we separated the shells from the beans and examined
each component separately.

Sample preparation and treatment were conducted in a “clean
room”. Triplicate samples, 100 mg each, were taken from each
chocolate brand. Each sample was digested by a 1:2 mixture of
30% H2O2 and concentrated HNO3 (super pure), respectively, that
was heated in a hot water bath. The samples were filtered to
remove undigested lipids and to obtain a clear solution. Each
sample was spiked with an internal standard of 115In (at 10 mg L"1).
The internal standard was added to correct the matrix effect that may
arise from the plasma changes that are due to the organic matrix.
One milliliter of each sample was diluted by a factor of ten with
distilled water (Millipore Milli-Q system with a resistivity of
418 MΩ) [23]. Blank samples were prepared by taking the nitric
acid and 30% hydrogen peroxide that were spiked with the internal
standard, filtered and diluted like the samples. Certified multi-
element standard solutions were used for calibration (ICP multi
element VI, standard solution, Merck, Germany).

The trace element concentrations (ng mL"1) in the blank
samples are summarized in Table 1. The blank measurement for
arsenic was below the limit of detection for that element that was
0.25 ng mL"1. The mean relative standard deviation (RSD) from
each triplicate lies in the range of 0.5–19%. The interday RSD,
measured over four different days, was below 10% for all elements,
except chromium that was 26%.

2.3. Isotopic measurements

The concentration of lead was determined by summation of the
four isotopes (204Pb, 206Pb, 207Pb and 208Pb) in the standard and
the samples. Chromium concentrations were determined by mea-
surement of the 53Cr isotope because of the large isobaric inter-
ference from (ArCþ) on the most abundant 52Cr isotope. There is
an isobaric interference also on 53Cr caused by 13C (that is 1.1%
from total carbon) but this interference is 8.8 times smaller than
the interference on 52Cr. The concentrations of the other elements
were derived from measurement of the following isotopes: 111Cd
because of interference of 112Cd from other isobaric ions, 55Mn,
59Co, 75As, 98Mo, 209Bi and 115In. The results were normalized
relative to the indium internal standard to correct instrumental
fluctuations in sensitivity and experimental error. In the case of
chocolate, the signal intensity is attenuated by a “matrix effect”
caused by the naturally occurring sugars and lipids in the choco-
late specimen. Correction for the matrix effect was made by
normalization to the multi element standard solution (Merck
multi element ICP-VI) that was also spiked with the internal
standard of 115In at 10 mg L"1.

3. Results and discussion

Lead and chromium concentrations in chocolate were found to
be correlative to the cocoa solids content in all brands as shown in
Table 2. Thus, the concentrations of Pb and Cr are higher in dark
chocolate (47–85% cocoa solids concentration) and lower in the
milk chocolate (27–30% cocoa solids concentration). Each result
represents the average and standard deviation of measurements of
three samples from the same batch. The RSD from each triplicate
lies in the range of 1–22%.

Table 1
Concentrations of the trace metals in different brands of chocolate normalized to
70% cocoa solids. (The blank unit is ng mL"1 and the As results in the blank are
below the LOD).

Blank
(ng mL"1)

Brand A
(ng g"1)

Brand B
(ng g"1)

Brand C
(ng g"1)

Brand D
(ng g"1)

Cr 3477 2431749 475729 14287208 1413781
Mn 10.370.4 202487508 1463871092 189247111 162557464
Co 5.370.2 524712 339730 451718 417714
As o0.25 23.174.9 1271.2 2875.7 2070.4
Mo 1.2470.08 15374.9 168723.2 30573.1 22773.5
Bi 5.770.03 o5.7 o5.7 o5.7 o5.7
Pb 5.370.3 86718 8874.8 230787 139713
Cd 3.170.3 6575.6 14176.5 131711 8475.2

Table 2
Measured lead and chromium concentrations in chocolate with different cocoa
solids percentage from different brands.

Cocoa
solids (%)

Pb concentration
(ng g"1)

Cr concentration
(ng g"1)

Brand E 27 62.972.8 410796
30 73.0711.5 430759
40 67.776.6 754755
47 82.771.5 566737

Brand D 53 103.176.4 1026785
73 145.2713.1 1473785

Brand B 70 87.974.8 475729
85 100.571.0 956731

Brand A 60 84.176.0 20107258
72 88.5718.8 2501750
85 86.0714.0 29137324
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interação de um agente tóxico em um 
organismo vivo



Letalidade: 1 a 4 mg

Exemplo de 
intoxicação

Morte em 2 horas após a ingestão
Não existe antídoto: cerca de 50% dos 

intoxicados morrem 

dormência dos lábios e 
língua, paralisia progressiva 

que afeta todos os 
movimentos musculares, 

incluindo o diafragma

Baiacú

FuguTetrodotoxina



INTENSIDADE
DA RESPOSTA

INTENSIDADE DA EXPOSIÇÃO

ESQUEMA DA CORRELAÇÃO 
EXPOSIÇÃO/ABSORÇÃO/ EFEITO 

NOCIVO
I

ADEQUADA
II

ACEITÁVEL
III

EXCESSIVA
IV

PERIGOSA V
LETAL

ALTERAÇÕES
BIOQUÍMICAS
REVERSÍVEIS

AUSÊNCIA DE
SINTOMAS
CLÍNICOS

LESÕES
BIOQUÍMICAS

SINTOMAS
CLÍNICOS
REVERSÍVEIS

LESÕES
BIOQUÍMICAS

SINTOMAS
CLÍNICOS
IRREVERSÍVEIS

HOMEOSTASIA INTOXICAÇÃO

MORTE

LEO

IBE

IBE- índice biológico de exposição
LEO – limite de exposição ocupacionalDesafio da toxicologia



Espectro do efeitos 
adversos

Reações alérgicas aos agentes químicos:
efeito tóxico produzido por um anticorpo formado
como consequência de uma pré-exposição
Atenção: a reação alérgica não apresenta uma
curva dose-resposta típica



Espectro do efeitos adversos
Reações idiossincráticas: reação anormal do
organismo, a um agente químico, determinada
geneticamente
- resposta é geralmente qualitativamente semelhante
em todos os indivíduos
- extrema suscetibilidade em doses baixas ou sem
sensibilidade em altas doses

Suscetibilidade anormal aos 
agentes metemoglobinizantes
(nitritos)  em indivíduos  com  

atividade diminuída da enzima 
NADH-citocromo b5 redutase
(gene autossômico recessivo)

oxidação da Hb do 
estado ferroso Fe2+

para férrico Fe3+

Indivíduos podem sofrer grave 
hipóxia tecidual após exposição 

às substâncias 
metemoglobinizantes



� Efeito tóxico imediato X retardado
◦ Imediato: efeito que se desenvolve rapidamente

após um única exposição – mais comum
◦ Retardado: ocorrem após o decurso de algum

tempo
� substâncias carcinogênicas (20 a 30 anos após o

início da exposição)
� neurotoxicidade observada após uma alta dose em

exposição única a alguns inseticidas
organofosforados. Sintomas começam de 8-10 dias
após a exposição e paralisia geralmente após 11-21
dias.

Espectro do efeitos adversos

Inibição de uma esterase neuronal 
inicia a degeneração de axônios 

longos no SNC e SNP



• Efeito tóxico reversível X irreversível:
• Se um toxicante produz uma lesão

patológica em um tecido, seu efeito depende
da capacidade de regeneração do tecido

Espectro do efeitos adversos

Grande capacidade de 
regeneração Neurônios não se regeneram

irreversíveis



Espectro do efeitos adversos

• Efeito tóxico local X sistêmico:
Efeito tóxico local: ocorre no sítio do primeiro contato entre o
organismo e o agente químico.

Efeito tóxico sistêmico: requer absorção e distribuição do
agente químico, para um sítio distante da sua via de
penetração, onde produzirá o efeito tóxico

- seletividade (órgão alvo): não causa toxicidade em todos os órgão

- Ingestão de substâncias cáusticas
- Inalação de substâncias irritantes

Atenção: o órgão  alvo, isto é, aquele onde  
se  produz o  efeito, não é frequentemente 
o que tem a maior concentração do agente 

químico.                          

Pb: > concentração nos 
ossos, mas o alvo é o 

sistema hematopoiético 
e o cérebro

Gás cloro: reage com o tecido pulmonar no local de contato, 
causando dano e edema ao tecido, podendo ser fatal, 

mesmo que muito pouco do agente químico seja absorvido



Espectro do efeitos 
adversos

E quando somos expostos a tudo isso de uma vez?



Espectro do efeitos 
adversos

Interação entre agentes químicos:

Efeito aditivo: A(2) + B(3) = AB(5)
Efeito sinérgico: A(2) + B(3) = AB(20)
Potenciação: A(0) + B(2) = AB(10)
Antagonismo: A(4) + B(6) = AB(8)

A(4) + B(-4) = AB(0)
A(4) + B(0) = AB(1)



Espectro do efeitos 
adversos

Interação  entre  agentes  químicos

Efeito aditivo: A(2) + B(3) = AB(5)
Exemplos:
n Ansiolítico e álcool: depressão do SNC

n Dois Inseticidas organofosforados: inibição
da acetilcolinesterase é geralmente aditiva



Espectro do efeitos 
adversos

Interação  entre  agentes  químicos
Efeito sinérgico: A(2) + B(3) = AB(20)
Exemplos:
n Exposição ao tabaco e radônio: aumento do
risco de câncer de pulmão

n Asbestos e fumo: aumento do risco de
câncer de pulmão

n Etanol e tetracloreto de carbono: maior
hepatotoxicidade



Espectro do efeitos 
adversos

Interação  entre  agentes  químicos

Potenciação: A(0) + B(2) = AB(10)

Exemplos:
n Anticoagulante Warfarin se liga a albumina
plasmática (2% ativa). Substâncias que competem
com ligação com a albumina aumentam warfarin
livre (4%) causando hemorragias fatais



Espectro do efeitos 
adversos

Interação  entre  agentes  químicos

Antagonismo:
Antagonismo fisiológico:
- Crise convulsiva é comum em intoxicações e pode ser
controlada com benzodiazepínicos (diazepam)

Antagonismo químico:
- Reação entre dois produtos formando um menos tóxico: ácido
2,3-mercaptosuccínico quela íons como As, Hg e Pb →
diminuição da toxicidade



Espectro do efeitos 
adversos

Interação  entre  agentes  químicos

Antagonismo farmacocinético:
- Alteração da absorção, distribuição, biotransformação
e excreção de forma a diminuir a concentração e/ou a
duração do efeito no sítio alvo

- absorção: carvão ativo para evitar absorção por via oral
- excreção: diurético osmótico ou alteração do pH da urina para
aumentar a excreção
- biotransformação: Indutor enzimático para acelerar a
biotransformação de warfarina



Antagonismo farmacodinâmico:
- duas substâncias químicas que se ligam no mesmo

receptor produzem efeito menor do que a somatória
de seus efeitos separados: A(4) + B(6) = AB(8)

- um agente químico antagoniza o efeito de um
segundo: A(0) + B(4) = AB(1)
- Naloxona para reverter depressão respiratória provocada

por morfina
- Atropina (antagonista de receptor colinérgico muscarínico)

em intoxicação por inseticidas organofosforados

Espectro do efeitos 
adversos

Interação  entre  agentes  químicos



Exercício

Três trabalhadores foram demitidos, após 25 anos de trabalho, devido à
crise econômica que vivemos e fizeram o exame demissional obrigatório
no mesmo local:

José trabalhava em uma indústria química e se expunha diariamente ao
isopropanol. Em seu exame demissional, não foi observada nenhuma
lesão hepática. Pedro trabalhou em um laboratório onde se expunha ao
isopropanol e ao tetracloreto de carbono. Foi constatado dano hepático
grave e irreversível. Bruno, que trabalhava no mesmo laboratório que
Pedro, mas se expunha exclusivamente ao tetracloreto de carbono, foi
diagnosticado com danos hepáticos reversíveis.

Como você explica os diferentes desfechos após exposição aos
solventes?



José: exposição somente ao isopropanol e nenhuma lesão hepática.
Isopropanol (0)

Pedro: exposição ao isopropanol e ao tetracloreto de carbono e dano
hepático grave e irreversível.
Isopropanol (0) + tetracloreto de carbono (3) = (7)

Bruno: exposição exclusivamente ao tetracloreto de carbono e danos
hepáticos reversíveis.
Tetracloreto de carbono (3)

Exercício

Interação: POTENCIAÇÃO DE EFEITOS



Fontes de informação 

http://www.toxicology.org/
– publicoutreach/k12resources/k-12educators.html
– publicoutreach/EducationOutreach/toxenrichmat.html
http://www.biorap.org/
http://depts.washington.edu/ceeh/Outreach/k12.html
http://www.eohsi.rutgers.edu/rc/toxrap/index.htm
http://swehsc.pharmacy.arizona.edu/
– coep/exercises.html#race
http://ei.cornell.edu/toxicology/
http://www.uoguelph.ca/cntc/educat/educat.shtml
http://www.toxicology.mc.vanderbilt.edu/lookalike
http://www.wisc.edu/cbe/K12/index.html

http://www.biorap.org/
http://depts.washington.edu/ceeh/Outreach/k12.html
http://www.eohsi.rutgers.edu/rc/toxrap/index.htm
http://ei.cornell.edu/toxicology/
http://www.uoguelph.ca/cntc/educat/educat.shtml
http://www.toxicology.mc.vanderbilt.edu/lookalike
http://www.wisc.edu/cbe/K12/index.html


Tutoria em toxicologia pela 
internet

� www.biology.arizona.edu/chh/problem_sets/toxicology/toxi
cology.html

� www.biology.arizona.edu/chh/problem_sets/lung_toxicolog
y/lung_toxicology.html

� http://envirn.umaryland.edu/Intro_to_EH/Toxicology_Basics
� http://www.atsdr.cdc.gov/es/training/pha_professional2/
� http://www.atsdr.cdc.gov/es/training/pha_professional2/intro/

outline.html
� http://www.atsdr.cdc.gov/es/rss.xml
� http://www2.cdc.gov/atsdrce/enduring.asp

http://www.biology.arizona.edu/chh/problem_sets/toxicology/toxicology.html
http://www.biology.arizona.edu/chh/problem_sets/lung_toxicology/lung_toxicology.html
http://envirn.umaryland.edu/Intro_to_EH/Toxicology_Basics
http://www.atsdr.cdc.gov/es/training/pha_professional2/
http://www.atsdr.cdc.gov/es/training/pha_professional2/intro/outline.html
http://www.atsdr.cdc.gov/es/rss.xml
http://www2.cdc.gov/atsdrce/enduring.asp






http://www.toxipedia.org/display/dose/A+History+of+Toxicology#


