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Abstract 
 
Organochlorines are a various group of synthetic chemicals that include polychlorinated 
biphenyls (PCBs), dibenzo- p- dioxiins and organochlorine pesticides. Human exposure to 
organochlorine substances may occur through inhalation of air, ingestion of food and water and 
skin absorption. Human exposure to organochlorines may occur not only during adulthood but 
also during prenatal and neonatal period. The developing fetus is exposed to organochlorines 
through placental transfer and the neonate through lactation.  Organochlorine compounds exert 
many toxic effects on human health, such as, hormone related conditions (endometrisios, 
infertility), cancer of male and female reproductive system, developmental toxicity, 
neurotoxicity and immunotoxicity. The majority of these effects may be due to the ability of 
organochlorines to alter the levels of certain hormones, enzymes, growth factors and 
neurotransmitters and to induce key genes (cytochrome P-450 1A1 gene) involved in metabolism 
of steroids and xenobiotics. However, there is not always possible to identify causal relationships 
between organochlorine exposure and deleterious health effects. Limitations in the ability to 
identify or to quantify causal relationships are occasionally misinterpreted as evidence of safety. 
Frequently, governments have to wait until sufficient scientific information of harm is 
established before they act to prevent harm. However, failure to take precautionary action may 
have severe social, economic and health costs. 
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Introduction 
 
Over the last 60 years, a great number of 
man- made chemicals have been 
manufactured and many of them have 
become environmental pollutants (1). Many 
of these chemicals are organochlorine 
substances, which are organic compounds 
that contain chlorine (2). Many 
organochlorine compounds share several 
properties, such as: a) stability against 
decomposition or degradation by normal 
physical or biochemical processes because of 
their strong carbon-chloride bond, b) very 
low solubility in water, c) high solubility in 
hydrocarbon-like environment (lipophilicity), 
such as the lipid and fatty tissue. The 
properties of organochlorines made them 
very desirable for industrial use. As a result 
a class of 15.000 organochlorine chemicals 
approximately has been manufactured and 
widely used in past decades as industrial 
products (plasticizers, solvents, lubricants, 
dielectric fluids) and pesticides. 
Organochlorine substances are formed 
naturally in the environment, but only at 
low levels (3). Approximately 2000 
compounds are known to be produced by 
living organisms.  Organochlorines are a 
various group of synthetic chemicals that 
include polychlorinated biphenyls (PCBs), 
dibenzo- p- dioxins/ polychlorinated 
dibenzofurans (PCDDs/ PCDFs or dioxins) and 
organochlorine pesticides, such as 
dichlorodiphenyl-trichloroethane (DDT), 
lindane, aldrin and dieldrin (4,5). The most 
abundant of these man- made 
organochlorine compounds are the PCBs and 
the pesticide DDT, which were used widely 
in United States from 1945 (6).   
The aim of this review was to present 
available information regarding the 
properties, mechanisms of actions and 
endocrine, genetic and carcinogenic effects 
of organochlorines on human health.    
 
ORGANOCHLORINE SUBSTANCES AND THEIR 
PROPERTIES  
 
Polychlorinated biphenyls (PCBs) are a group 
of 209 possible congeners with different 
numbers and positions of chlorine atoms on 
the aromatic rings (7). PCBs were first 

synthesized in the laboratory in 1881 and 
were started to be produced massively for 
commercial use in 1929. They have produced 
as technical mixtures (Aroclors, Phenoclors, 
Sovol, Clophens, etc) and have been used in 
industry as dielectric fluids in capacitors and 
transformers, plastisizers, flame retardants, 
lubricants and heat transfer fluids, and in 
the manufacture as paints and paper (4,7). 
PCBs are constituted as Persistent Organic 
Pollutants (POP), because of their chemical 
stability, their lipophilicity and consequently 
their ability to bioaccumulate in the 
environment (8). For this reason and for 
their potential harmful impact on humans 
and wildlife, their production and use was 
banned or severely restricted in United 
States, Canada and Western Europe since 
the late 1970s (9).   
 
Dioxins (dibenzo-p-dioxins and 
polychlorinated dibensofurans) are also 
organochlorine substances that are produced 
as by-products (not produced deliberately) 
of a myriad of processes, including  the 
incineration of garbage and hospital waste, 
the bleaching of pulp, the recycling of 
metals and the production of common 
solvents (2). Dioxin production seems 
inevitable whenever occurs combustion of 
organic matter in the presence of chlorine. 
Dioxins and furans are transported form 
place to place mainly in the atmosphere. 
Eventually they are deposited and 
bioaccumulate in plants and animals. The 
most toxic dioxin is the 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) which is 
assigned a value of Toxicity Equivalence 
Factor (TEQ) of 1.0.  
DDT is a pesticide that first was used during 
World War II for control of lice and 
mosquitoes to combat typhus and malaria 
respectively (10). The World Health 
Organization has estimated that malaria- 
reduction programs by the use of DDT, have 
saved the lives of more than 5 million 
people (2). DDT was widely overused, 
particularly in agriculture and forestry, and 
consequently its environmental 
concentration rose rapidly and it began to 
affect the reproductive system of birds. 
Production and use of DDT peaked in the 
United States during the early 1960s (10) 
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and was banned by the Environmental 
Protection Agency (U.S.) in 1972 (11). During 
1980s and 1990s many Third World countries 
banned the use of DDT in agriculture (10). 
The most prevelant breakdown product of 
DDT is the dichlorodiphenyldichloroethylene 
(DDE). DDE have similar properties with 
those of DDT.       
 
ROUTES OF EXPOSURE 
 
Human exposure to organochlorine 
substances may occur in many ways, 
including inhalation of air, ingestion of food 
and water and skin absorption (3). The 
major route of exposure to these substances 
is via food (and not drinking water) because 
of the bioaccumulation of organochlorines in 
fish and other animals that humans consume 
(12). It is estimated that more than 90% of 
PCBs and dioxins intake is through food (10). 
Because organochlorines are fat soluble, 
fish, meat and dairy products have the 
highest levels of them. Another route of 
exposure is through the long term and 
regular skin absorption of cosmetic products 
that contain organochlorines or other 
endocrine disrupters (13,14). The regular 
application of a variety of cosmetics with 
estrogenic activity to the underarm and 
upper breast area may lead to the 
continuous direct dermal exposure and 
consequently to the absorption and 
accumulation in underlying tissues (15).        
Given that organochlorine compounds are 
lipid soluble and degrade slowly is expected 
to be bioaccumulated in human body and to 
be found in human adipose tissue, breast 
milk and blood. In general, the levels of 
organochlorine substances are about the 
same at different human tissues (adipose 
tissue, breast milk, muscle, blood). 
However, measurements in adipose tissue 
reflect steady the concentration of lipophilic 
chemicals while measurements in whole 
blood, serum and plasma may be influenced 
by blood lipids, as such, may be biased (5). 
Lately, human hair is used as a biologic 
measure of exposure to organochlorines and 
other persistent organic pollutants (16). 
Measurements of body burdens of 
organochlorine substances and their 
metabolites are good indicators of exposure 

and help to make associations between 
exposures and health outcomes (5).   
Long term exposure to relatively small 
amount of organochlorines leads to the 
accumulation of these substances in human 
tissues. Therefore, levels of organochlorines 
in human tissues are positively associated 
with age (17) and with rate of consumption 
of polluted products (2). It has been 
observed that vegetarians (i.e. eat all 
vegetables, fruits and grain with no animal 
products) have much lower levels of 
organochlorines compared to individuals who 
consume animal- based products (2). 
Additionally, inhabitants of developed 
countries (North America and Western 
Europe) have lower levels of organochlorines 
than inhabitants of developing countries, 
probably reflecting differences in exposure 
(4).   
 
PRENATAL AND ANTENATAL EXPOSURE TO 
ORGANOCHLORINES 
 
Human exposure to organochlorine 
substances may occur not only during 
adulthood but also during prenatal and 
neonatal period. The developing fetus is 
exposed to organochlorine substances and 
other persistent organic pollutants through 
placental transfer (18). Placenta cannot 
prevent the entrance of organochlorines in 
the embryonic circulation. The in utero 
exposure to these substances (PCBs, DDT, 
DDE and dioxins) is determined by analyzing 
the blood of infants’ umbilical cord (2). 
However, a recent study suggests that 
placenta may restrict the transfer of 
organochlorines from maternal to fetal 
circulation (19). This study showed that 
organochlorines accumulate in the placenta 
and their concentration was greater in 
maternal blood than cord blood. Exposure to 
organochlorine compounds continues 
postnatally via lactation. Since 
organochlorines are lipophilic, they are 
excreted in breast milk. Therefore, human 
breast milk is the major source of exposure 
of newborn infants. The postnatal exposure 
of children is assessed by analyzing their 
mother’s breast milk and also by analyzing 
children’s blood at the age of four years (2). 
It is well established that organochlorines 
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are mobilized from fat stores only during 
periods of starvation or lactation (20). Many 
studies have shown that the levels of these 
substances decline significantly during the 
energetically expensive period of pregnancy 
and lactation (21,22). Lactation is the major 
route by which women excrete 
organochlorines (23). Thus, it could be 
concluded that infant has already a burden 
of organochlorine substances from the first 
months of its life (24).  Because the fetal 
and the neonatal period are important 
periods regarding the development and 
differentiation, the possibility of exposure 
to organochlorines during this time is 
particularly of concern.   
There is evidence that suggests that 
mammals are more susceptible to 
organochlorines and other persistent organic 
pollutants during fetal and neonatal period 
than adulthood (22). There are many reasons 
why fetus and neonate are more sensitive to 
exposure to organochlorines. Firstly, the 
fetus may be exposed to these substances 
during the very sensitive and crucial period 
of organogenesis and development. 
Secondly, because many of the normal 
detoxification mechanisms and the immune 
system of the fetus and of the infants are 
not fully developed, exposure to low doses 
of organochlorines may have adverse effects 
(25). Thirdly, fetuses and infants exposed to 
unusually high levels of organochlorines for 
their total body mass that cannot 
metabolize or excrete (20).   
 
HEALTH EFFECTS OF ORGANOCHLORINES  
 
There is a growing concern lately that 
organochlorine compounds exert many toxic 
effects on health of human and wildlife 
populations (26,27). The toxic effects 
observed in human include disorders in the 
female and male reproductive system and 
infertility, carcinogenicity, developmental 
toxicity, neurotoxicity and immunotoxicity 
(28,29,30). Dioxins and particularly TCDD is 
a known human carcinogen (31). The 
majority of these effects may be due to the 
ability of organochlorines to alter the levels 
of certain hormones, enzymes, growth 
factors and neurotransmitters.  
 

ENDOCRINE DISRUPTING EFFECT OF 
ORGANOCHLORINES 
 
Organochlorines can impact on human 
health by disturbing the balance of 
endocrine system and therefore are known 
as hormone disrupting chemicals or as 
endocrine disrupters (3). More general 
names of these substances are 
environmental hormones, synthetic 
hormonally active agents (HAAs) and 
xenoestrogens. The hypothesis that many 
environmental pollutants have hormonal 
action is not new. In recent years, attention 
has focused on the potential of some 
chemical to act as endocrine disrupters (4). 
According to the (U.S.) Environmental 
Protection Agency an endocrine disrupter is 
defined as “a chemical that interferes with 
the function of the endocrine system by 
mimicking a hormone, blocking the effects 
of a hormone, or by stimulating or inhibiting 
the production or transport of hormones” 
(31). Chemicals that act as endocrine 
disrupters alter the levels of hormones and 
particularly the levels of steroid hormones. 
Hormone disrupters may disturb the 
endocrine system by various ways. These 
chemicals bind to specific hormone 
receptors and thereby ‘mimic’ or block the 
attachment of endogenous hormone to its 
receptor (32,33). Endogenous hormones 
(estradiol) and organochlorine chemicals 
with endocrine disrupting action (estrogenic 
action) contain the characteristic four-ring 
steroid structure.  
However, most of these compounds bind to 
the receptor with only a small fraction of 
strength of endogenous hormones 
(estrogens). Therefore, many 
organochlorines and/ or their metabolites 
have shown weak estrogenic effects in vitro 
and in some in vivo experiments (35). It has 
been found that steroidal estrogens are far 
more potent than estrogen-like chemicals 
(such as DDT) (34,35).  It is estimated that 
approximately 10.000 fold higher doses of 
DDT than 17β estradiol are required to 
produce comparable effects in assays (33). 
However, it has been found that multiple 
estrogenic chemicals can act in combination 
and consequently produce an effect even 
when are present at low levels which on 
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their own would not induce an observable 
effect (35,36). Endocrine disrupters may 
also act indirectly. They may affect the 
pattern of synthesis and production of 
endogenous hormones, alter their structure 
and their metabolism via induction of 
enzymes, change the number of hormone 
receptors and effect on estrogen responsive 
genes (37).  PCB congeners, according to 
their different pattern of chlorination, have 
the ability to induce enzymes that are 
involved in the metabolism of different 
hormones (7).         
Many organochlorine compounds, such as 
DDT, PCBs and dioxins are considered as 
endocrine disrupters because they are 
weakly estrogenic or anti-estrogenic in 
experimental assays (32). Organochlorines 
have been shown to affect not only steroids 
hormones but also thyroid hormones. It has 
been revealed that dioxins and particular 
TCDD has anti-estrogenic properties. Dioxins 
exert their biological effect via binding not 
only to steroid receptors but also to a 
specific receptor, the aryl hydrocarbon (Ah) 
receptor (38). Some PCBs have estrogenic 
effects, while some others have structural 
similarities with dioxins, bind with Ah 
receptor and consequently have anti-
estrogenic effects (34). According to Wolff 
and Toniolo (39), PCBs congeners can be 
classified into three groups, on the basis of 
their structural and biological properties. 
Group I includes congeners that are 
potentially estrogenic (ortho-congeners). 
Group II includes congeners (mono-ortho or 
non-ortho) that have structural similarities 
with dioxins and are potentially anti-
estrogenic. Group III includes congeners that 
are phenobarbital-type.   
Up till now, more than 500 chemicals have 
found to be weakly estrogenic, including 
many common chemicals, such as pesticides 
and plastics (40,41). Some of these 
compounds are suspected to disrupt the 
endocrine system by mimicking estrogenic 
activities and thereby increase the risk of 
hormone dependent disorders such as 
endometriosis, early menarche and male and 
female infertility.   
 
ORGANOCHLORINES AND GENE INTERACTION 
 

Organochlorines and particularly PCBs are 
strong inducers of key genes involved in 
metabolism of steroids and xenobiotics, such 
as cytochrome P-450 1A1 (CYP1A1) gene 
(42). CYP1A1 is a gene that involves in 
metabolism of steroids and many potentially 
genotoxic chemicals (43). In humans, 
CYP1A1 is under the regulatory control of 
the aryl hydrocarbon (Ah) receptor, which is 
a transcription factor that regulates gene 
expression (44). CYP1A1 gene encodes 
cytochrome P-450 1A1 enzyme, which is a 
key enzyme in phase I of bioactivation of 
xenobiotics (45). CYP1A1 also encodes the 
aryl hydrocarbon hydrolase (AHH) (46). Aryl 
hydrocarbon hydrolase is an enzyme which is 
involved in the metabolism of steroid 
hormones, polycyclic aromatic hydrocarbons 
(PAHs) and other aromatic compounds. 
Cytochrome P-450 1A1 contributes to the 
activity of the aryl hydrocarbon hydrolase by 
catalyzing the first step in the metabolism. 
Cytochrome P-450 1A1 is also involved in 
estrogen metabolism, catalyzing the 
hydroxylation of 17β estradiol (44).  
 
As it was referred above, dioxins and some 
PCBs congeners (non-ortho congeners) bind 
to the Ah receptor. The proposed 
mechanism of reaction of organochlorines 
with DNA involves the cytochrome P4501A1 
(CYP1A1) gene (47). The binding of 
organochlorines with Ah receptors seems to 
trigger the expression of gene CYP1A1 which 
encodes the enzymes that are involved in 
the metabolism of organochlorines. 
Metabolism of organochlorines within 
adipose tissue can generate reactive oxygen 
intermediates that cause oxidative damage 
to DNA and consequently cause DNA 
mutation (48). These latter substances are 
known to be carcinogenic. Therefore, 
organochlorines have the ability to induce 
enzymes that are involved in the metabolism 
of several chemical carcinogens and 
hormones, such as estradiol (39).  
According to this mechanism, individuals 
with higher activity of CYP1A1 gene would 
be at greater risk of cancer (such as breast 
cancer) when exposed to higher levels of 
organochlorines (48). Four polymorphisms 
have been identified in CYP1A1 gene (48). 
Polymorphisms of CYP1A1 include M1 (T→C 
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substitution at nucleotide 3801), M2 (A→G 
substitution at nucleotide 2455 leading to an 
amino acid change of isoleucine to valine at 
codon 462), M3 (T→C substitution at 
nucleotide 3205) and M4 (C→A substitution 
at nucleotide 2453 leading to an amino acid 
change of threonine to asparagines at codon 
461) (48). Recent studies have managed to 
associate a specific polymorphism (M2) of 
the CYP1A1gene with higher interaction with 
PCBs and consequently with higher 
production of enzymes. Thus, high 
accumulation of PCBs in adipose tissues 
could induce the production of AHH, through 
interaction with CYP1A1 or the polymorphic 
CYP1A1 M2 allele, and high amounts of 
carcinogenic intermediates could be 
produced. 
 
 
CARCINOGENIC EFFECT OF 
ORGANOCHLORINES 
 
Historically, carcinogenesis has been 
characterized by three separate stages: 
initiation, promotion and progression (26). 
Initiation is the first stage of carcinogenesis 
and represents the occurrence of an 
irreversible change in a cell. This change is 
probably a genetic change or a mutation 
that results in a neoplastic cell and is caused 
by an initiating agent (e.g. chemical 
substance) that causes damage to DNA. 
Promotion is the second stage of 
carcinogenesis and is characterized by a 
clonic expansion of the initiated (mutated) 
cell to a benign tumor. The clonic expansion 
of initiated cells is not autonomous and is 
dependent on the repeated exposure to the 
promoter. Promoter may be an exogenous or 
an endogenous chemical substance, such as 
a hormone. Progression is the third stage of 
carcinogenesis and is characterized by the 
autonomous clonic expansion of mutated 
cells, even when the promoter is not 
present. Progression describes the 
irreversible transition from a benign to a 
malignant tumor. Chemicals that act as 
initiators and directly damage DNA are 
known as genotoxic. Chemicals that act as 
promoters are not able to produce mutations 
on their own but can increase the risk of 
cancer by increasing and stimulating the 

growth rate of mutated cells. Carcinogenic 
agents are often genotoxic, or able to 
damage DNA (26). Initiation involves 
genotoxicity, whereas promotion involves 
stimulation of cell proliferation.           
The International Agency for Research on 
Cancer (49) has categorized agents, 
mixtures and exposures to five categories: 
carcinogenic to humans (class 1), probably 
carcinogens to humans (class 2A), possibly 
carcinogenic to humans (class 2B), not 
classifiable as to carcinogenicity in humans 
(class 3), probably not carcinogenic to 
humans (class 4). IARC has already evaluated 
885 agents including several organochlorine 
compounds (49). The potential carcinogenic 
risk to humans of organochlorine compounds 
which may act as endocrine disrupters has 
been covered in great detail by IARC. The 
overall conclusions drawn were that TCDD is 
human carcinogen (class 1), PCBs are 
possibly carcinogenic to humans (class 2A) 
and DDT is probably carcinogenic to human 
(class 2B). The first class includes substances 
for which human studies (epidemiological 
or/and experimental studies) provide 
sufficient evidence of carcinogenicity in 
humans. The second class includes 
substances for which there is limited 
evidence about their carcinogenicity in 
human or/ and sufficient evidence of 
carcinogenicity in experimental animals. The 
Environmental Protection Agency (EPA) uses 
a very similar classification scheme to IARC 
scheme. EPA (50) classified both PCBs and 
DDT as probable human carcinogens 
(Category 2B).    
There is much evidence from 
epidemiological studies that suggests that 
PCBs are complete carcinogens that act as 
initiators (possibly through an oxidative 
stress mechanism) and as promoters 
(probably involving the Ah receptors) (51). 
Animal studies using high doses of PCBs 
suggest that PCBs are both tumorigenic and 
carcinogenic (51).   
The concern that environmental 
organochlorine pollutants may cause cancer 
in humans is widespread (52). Evidence for 
the potential carcinogenic effects of 
chemicals that act as endocrine disrupters 
comes from the ‘Diethylstilbestrol (DES) 
syndrome’. Fetal exposure to this drug 
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resulted in abnormalities of male and female 
reproductive tract and a large increase of 
vaginal adenocarcinoma in young women 
(53).  
A great increase in the incidence of cancer 
has been observed the last years, especially 
for hormonally related cancers, such as 
breast, endometrium, prostate and testis 
cancer (54). Hormones play a major role in 
the etiology of several human cancers, 
including cancer of the breast, 
endometrium, ovary, prostate, testis and 
thyroid (55). Some researchers have noted 
that endometrial cancer is a natural focus to 
study estrogenic activity-cancer related to 
organochlorines (56) and that estrogenic 
effects of certain organochlorines would be 
easier to be detected on the endometrium. 
Therefore, lately there is a growing concern 
about the association between 
organochlorines and the risk of endometrial 
cancer. However, the studies that have 
investigated the association between 
endometrial cancer and levels of 
organochlorines and other endocrine 
disrupters are few. In general, these studies 
suggested that there is no association 
between endometrial cancer and exposure 
to organochlorines (52,57).  
 
Conclusion 
 
In conclusion, the evidence to date 
concerning the health effects of 
organochlorines suggests that organochlorine 
compounds may exert toxic effects on 
human health through various mechanisms 
of action. Exposure to organochlorine 
chemicals has been associated with many 
deleterious effects on human health, such 
as, hormone related conditions 
(endometrisios, infertility), cancer of male 
and female reproductive system, 
immunotoxicity, neurotoxicity and 
spontaneous abortions. However, there is 
not always possible to identify causal 
relationships between organochlorine 
exposure and deleterious health effects. 
Limitations in the ability to identify or to 
quantify causal relationships are 
occasionally misinterpreted as evidence of 
safety. Therefore, when present activities 
entail potential, unknown adverse health 

effects, the need for more accurate 
evidence has often been used as a reason for 
inaction. Frequently, governments have to 
wait until sufficient scientific information of 
harm is established before they act to 
prevent harm. Failure to take precautionary 
action may have severe social, economic and 
health costs. The precautionary principle 
states that, in cases of serious or irreversible 
threats to the health of humans or 
ecosystems, acknowledged scientific 
uncertainty should not be used as a reason 
to postpone preventive measures. These 
preventive precautionary actions have the 
aim to reduce and if possible to remove 
exposures to potentially harmful substances, 
activities and other conditions. The 
precautionary principle requires that 
chemicals should not be discharged into the 
environment until they are proven to be 
harmless. This is the opposite to the usual 
process of risk assessment, which consider 
that chemicals are safe and harmless until 
proven the harmless and dangerous. 
Therefore, the implementation of 
precautionary principle avoids difficulties 
that may arise from limitations of assessing 
the toxic effects of chemicals on health.  
The precautionary actions that should be 
taken in case of organochlorine substances 
are :  

- Replacement of organochlorine 
substances with less dangerous 
alternative substances. 

- Re-evaluation of production 
processes, products and human 
activities.  

- Provision of information and 
education to the public in order to 
minimize the exposure to possibly 
harmful substances, such as 
organochlorines. 
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