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Endocrine disruption

• Endocrine disrupters (ED) or endocrine disrupting 
chemicals (EDC) are exogenous chemical agents 
that interfere with the pathways of natural 
hormones (estrogens, androgens):

–Synthesis

–Secretion

–Transport

–Binding

–Action

–Metabolism

–Elimination



Endocrine Disruptors Sources
Pesticides (herbicides, insecticides, …)

Plasticizers 

Natural plant metabolites

Pharmaceuticals (contraceptives, drugs,…)

Detergents

Chemicals from cooking & burning

Antibiotics

Metals



Known Classes of Endocrine Disruptors

Estrogens DES, o,p’-DDT, DEHP, bisphenol A

Anti-estrogens hexachloro-4-biphenylol, luteolin

Anti-androgens p,p’-DDE, vinclozolin

Progestogens norethindrone, norgestrel

Adrenal toxins o,p’-DDD, glycyrrhizic acid

Thyrotoxic agents PCBs, goitrin

Aryl hydrocarbons [often anti-estrogens] TCDD, PAH  

Pancreatic toxins azoxyglycosides, streptozotocin

Metals cadmium, nickel, aluminum

Retinoids vitamin A analogs



Some chemical contaminants of concern in 
products of animal origin

– residues of veterinary medicinal
products
– hormone and pesticide residues
– nitrates
– bacterial toxins
– mycotoxins
– phytotoxins

– algal toxins
– marine toxins
– heavy metals
– dioxins and dioxin-like compounds
– disinfectants
– polycyclic aromatic hydrocarbons
(PAHs) 
– processing contaminants such as 
acrylamide
– chemicals migrating from
packaging materials. 



Polychlorinated biphenyls (PCBs)

• A polychlorinated biphenyl is an organic chlorine compound with the 
formula C₁₂H10−ₓClₓ. It is a class of 209 different chemical compounds, 
called congener, with 1 to 10 chlorine atoms attached to the biphenyl.

• Most PCB variants are colorless, odorless crystals.

• Commercial mixtures are clear viscous liquids (more chlorinated mixtures 
are more viscous, for example Aroclor 1260 is a "viscous resin").

• Although physical and chemical properties vary widely between classes, 
PCBs have low water solubility and low vapor pressure.

• They are soluble in most organic solvents, petroleum and oils.



• PCBs are very stable compounds and are not easily reduced.

• However, under certain conditions, they can be destroyed by 
chemical, thermal and biochemical processes.

• These processes can occur consciously (eg, incineration), 
unintentionally or metabolically.

• Due to its high thermodynamic stability, all degradation mechanisms 
are difficult.

• Destruction of unwanted PCBs usually requires high heat or catalysis.

• Environmental and metabolic degradation generally proceeds rather 
slowly than most other compounds



• Polychlorinated biphenyls were once widely deployed as dielectric 
and coolant fluids in electrical apparatus, carbonless copy paper and 
in heat transfer fluids.

• PCBs have been shown to have estrogenic properties, but are weak 
compared to the natural hormone 17β-estradiol. It is believed that 
hydroxyl metabolites of PCBs may exhibit estrogenic effects by 
inhibiting estradiol metabolism, thereby indirectly inducing estrogenic 
activity by increasing the bioavailability of estradiol in target tissues.



polybrominated diphenyl ethers

• Flame retardants are used in many manufacturing processes, such as 
the manufacture of plastic products, textiles, construction materials, 
coatings and electrical appliances to prevent ignition and suppress 
fires. 

• Brominated flame retardants (PBFs), such as polybrominated diphenyl 
ethers (PBDEs), tetrabromobisphenol-A (TBBPA), 
hexabromocyclododecane (HBCD), and form. With the rapid increase 
in the use of BFR, the risk of exposure to humans and the 
environment is increased. Numerous research reports indicate that 
high levels of BFR are found not only in water, atmosphere, confined 
space, soil and sewage, but also in tissue, blood and milk in humans 
and wild animals.



polybrominated diphenyl ethers

• According to a study describing the relationship between congenital 
cryptorchidism and exposure to PBDEs in humans, a higher 
gonadotropin to ensure normal testosterone production by Leydig
cells, where the concentrations of PBDE species found in breast milk, 
such as BDE 47, 100 and 154, are positively correlated with increasing 
serum LH values. impulse is necessary and therefore a primary 
testicular dysfunction that is not immediately apparent.



Dioxins

• Dioxins are a group of planar tricyclic chemicals. The term dioxin (s) is 
generally used to refer to one or more polychlorinated dibenzo-p-
dioxins (PCDD) and / or polychlorinated dibenzofurans (PCDF). Both 
chemical groups contain many homologues that directly affect 
toxicity, varying in sequence and number of chlorine atoms. There are 
75 PCDD species and 135 PCDF species, 7 of which are identified as 
dioxins and 10 of them are toxic. The data show that chlorine-
containing species are most toxic at positions 2, 3, 7 and 8. In 
particular, brominated and mixed brominated / chlorinated species 
are also available and may have similar toxicity to chlorinated ones.



• When dioxins enter the animal body, they cause various toxic effects such 
as exhaustion syndrome, immunosuppression, tumor tendency, stimulation 
of various drug metabolism enzymes and endocrine disruption. Although 
many toxic effects of dioxins have been identified, endocrine degradation 
has a very important effect on reproduction in a wide variety of species, 
including human; decrease in sperm production, reproductive failure, 
reproductive disorder and decreased fertility. Such effects on reproduction 
resulting from contamination of dioxins have been shown to cause a 
decrease in the populations of cormorants, Phalacrocorax carbo and 
American mink Mustela vison. Thus, the negative effects of dioxins on 
reproduction (associated with fitness) may serve as a kind of selection 
pressure and may even destroy some local populations.



• Dioxins have been shown to be carcinogenic in animals and humans. 
Excessive risks have been observed in humans for all cancers without 
specific cancer predominance. In certain populations, excessive risk 
for reproductive cancers (breast female, endometrium, breast male, 
testis) has been observed, but in general the model has been found 
to be inconsistent. In animals, the most sensitive responses to dioxin 
exposure are endocrine, reproductive and developmental effects. 
Decrease in sperm count in rats and the formation of endometriosis 
in Rhesus monkeys occur at a concentration 10 times higher than 
today's human exposure. In humans, results regarding changes in the 
concentration of reproductive hormones are inconsistent



Bisphenol A

• BPA (C15H16O2), is one of the most common industrial chemicals 
produced worldwide. BPA was first introduced in 1891 by the Russian 
chemist A.P. It was synthesized by Dianin. The compound consists of 
two adjacent phenol groups and is synthesized by the condensation 
of acetone (A from here) with phenols. It is primarily used in the 
production of polycarbonate plastics and epoxy resins, but is also 
used in flame retardants, carbonless thermal paper and other plastics 
(eg, polyester resins, polysulfone resins and polyacrylate resins). 
World production capacity in the 1980s was more than 2.2 million 
metric tons in 2009 from 1 million metric tons



• Pregnancy 16-18. It was shown that anogenital distance and prostatic size were increased and 
epididymal weight was decreased in male mice exposed to BPA at 15 weeks of gestation. These 
changes persisted in adulthood, and there was also an increase in the number of buds in the 
prostatic glands of male fetuses. In adulthood, these animals have observed decreased sperm 
production and growth in their prostates. Exposure of fetal prostates to BPA in vitro caused 
prostate growth mediated by ERs (estrogen receptors) present in the stroma, and this effect was 
inhibited by antiestrogens. While it was shown that BPA increased expression of the androgen 
receptor in mice prostate stroma, fetal exposure of mice to BPA caused a change in the 
differentiation model of peritubular stroma in the same organ. A recent study has shown that the 
increase in the number and size of the dorsolateral prostate canals and the overall increase in 
prostate canal volume seen in male mouse fetuses are due to an increase in the proliferation of 
basal epithelial cells. Malformations in the urethra were also observed and its connection to the 
bladder was significantly narrowed. Taken together, these results suggest that prenatal BPA 
exposure causes a permanent change in the control of morphology, histo-architecture and cell 
proliferation in prostate and other androgen target tissues, making the affected person 
susceptible to adulthood.



phthalates

• The term phthalates or phthalate esters refers to a large group of 
compounds that share basic chemical similarities. However, each 
member of the group has unique physical and chemical properties, 
and studies to date have shown that they affect biological organisms 
in different ways. Although some of these toxicity differences 
between phthalates are well established in experimental animals, 
current data are not sufficient to allow for the explanation of the 
range of toxicological differences between phthalates.



• Phthalates have been used as additives in industrial products since the 
1930s and are universally recognized as environmental pollutants. The 
general population is exposed to phthalates with consumer products as 
well as dietary and medical treatments. Animal studies showing a 
relationship between some phthalates and testicular toxicity have aroused 
public and scientific interest in the potential adverse effects of 
environmental changes on male reproductive health. In particular, prenatal 
exposure to phthalates has been an important rationale for investigating 
the side effects of human exposure to the onset of intrauterine life. In 
developed countries an unprecedented decrease in fertility rates and 
antenatal origin semen quality has been reported during the last half of the 
20th century, and interest in the potential relationship between human 
and reproductive health, including phthalates, is increasing.



• Pesticides

• Fungicides



Example-PAH Smoking process

Total PAH concentrations

1B= 1,915.16 μg/kg 

4B= 423.39 μg/kg 

what is more, it was kept in the smokehouse for almost 
double the time than cheeses A.

Unsmoked cheese = 33.65 μg/kg.

• High concentrations of light PAH have been found, 
especially of naphthalene and its alkyl derivatives, 
whose effect on human health is not yet well 
established.



• The concentration of B(a)P strongly depends on the time and 
temperature of processing. 

• The optimal temperature is 25°C–30°C. 

• Time processing should not exceed 2 h. 

• Beech tree is a suitable kind of wood. 

• Cheese should be dried before smoking. 

• When the light brown colour is appearing, the process should be 
finished.

In most cases, the concentrations of B(a)P in smoked cheese 
obtained from home-made ovens are over acceptable limit.

Significantly higher amounts of PAHs (up to three to six times) 
were found in surface layers as compared to internal parts of 
cheese.

Example-PAH Smoking process





Example-PAH Smoking process
Salmon

• Salmon smoked by four different industrial cold-smoking processes (smoldering, 
thermostated plates, friction, and liquid smoke) were investigated for PAH occurrence.

• Direct exposure of meat or fish products to smoke results in higher PAH contents 
compared to indirect smoking methods. 

• Hot smoking resulted in higher PAH levels than cold smoking 

• Un-smoked salmon is usually of low contamination. 

• PAHs of low molecular weight are predominant but in low concentrations (from 0.06 to 
0.19 μg/kg). 



Example-PAH Smoking process
Salmon

• Smoking processes led to higher levels of PAHs of low molecular weight. 

• The concentrations of PAH from fluorene to fluoranthene varied between 1 
μg/kg and 5 μg/kg. 

• Smoldering gave the highest and liquid smoke the lowest levels of low 
molecular weight PAHs

• Only three PAHs were detected in a commercial smoked salmon: 
naphthalene, phenanthrene, and fluoranthene with concentrations from 
11 μg/kg to 27 μg/kg



• EPA selected 16 PAHs, which are
frequently found in environmental
monitoring samples, namely

• acenaphthene, 

• acenaphthylene, 

• anthracene, 

• fluoranthene, 

• fluorene, 

• naphthalene, 

• phenanthrene, 

• pyrene, 

• benz[a]anthracene, 

• benzo[b]fluoranthene, 

• benzo[k]fluoranthene, 

• benzo[ghi]perylene, 

• benzo[a]pyrene, 

• chrysene, 

• dibenz[a,h]anthracene, and

• indeno[1,2,3-cd]pyrene. 





Food Contact Materials-

Plasticizers

• Compounds used to improve flexibility, workability, and stretchability of 
polymeric films as a process aid, reducing melt flow. 

• Limp and tacky quality; found in “cling” films 

• Reduce shear during mixing steps in polymer production and improve 
impact resistance in the final plastic film. 

• Phthalic esters, such as di-2-ethylhexyl phthalate (DEHP) used in PVC 
formulations, comprising about 80% of plasticizer volume for PVC 
production. 

• Plasticizers for PE include 

• dipentyl phthalate (DPP), di-(2-ethylhexyl) adipate (DEHA), di-
octyladipate (DOA), di- ethyl phthalates (DEP), diisobutylphthalate, and 
di-n-butyl ph- thalate (DBP). 





Food Contact Materials-

Phthalates
• European countries and China have limited the use of phthalates in food contact materials of plastic origin

since 2008–2009.

• EFSA has set tolerable daily intakes (TDIs) for some important phthalates as 

10 μg/kg body weight (bw) for dibutyl phthalate (DBP)

50 μg/kg bw for DEHP 

500 μg/kg bw for BBP 

150 μg/kg bw for DIDP and DINP

• In addition, USEPA specified the reference doses (RfDs) μg/kg bw/day

• 20 μg/kg bw/day DEHP

• 200 μg/kg bw/day BBP

• 100 μg/kg bw/day DBP



• 72 fruit yoghurt (different series/brands): 8 
each (pineapple, strawberry, apple, raspberry, 
apricot, banana, forest fruits, peach, cherry)

• 16 plain yoghurt (8 homogenized, 8 creamed)

• Cream part were tested seperately.

• Overall: 96 samples

• + MIGRATION TESTS (according to 85/572/EEC)

Phthalates



• Of the samples, 

• 88.5% was contaminated with two or more phthalates. 

• 11% (2%, pineapple; 1%, apple; 4%, banana; 2%, peach; and 2%, 
cherry) was contaminated only with a single phthalate compound, 

• while no phthalate residues were present in 6% of the samples (1%, 
raspberry; 2%, apricot; and 3%, banana yogurt). 

Phthalates



Phthalates



• Highest concentrations of phthalates were detected in non-homogenized 
yogurts

• In the non-homogenized yogurts, cream crust contained a slightly higher 
frequency and amount of phthalates than the other parts = lipophilicity of the
phthalates/fat content

• Least contaminated samples were banana and apricot yogurts (P < 0.05), while 
four of the banana yogurts were contaminated only with a single phthalate.

• The highest concentrations of phthalates were found in cherry yogurt



• All yogurt containers tested were made of polystyrene. 

• In Turkish markets, this container type has been used as the most 
common yogurt container for spoonable yogurt. 

• The phthalate contamination in cherry yogurts may derive from the 
fruit or from the milk itself or from the medium/materials used 
during production. 



• Namely, DEP and DEHP were found in almost all of yogurt containers, 

DEP: 0.5 to 10.7 μg/L 

DEHP: 1.1 to 194.5 μg/L

• DEHP values in plain yogurt containers were 7.9–157.8 μg/L, where

the difference between the minimum and maximum values is almost 20-fold. 

This high variety of contamination could be attributed to their wide range of use 
in various products even initiating from planting shoes to garden irrigation hoses



• Average daily phthalate consumption (μg/kg body weight/ day) = 
Daily yogurt consumption (kg) × Detected phthalate concentration 
(μg/kg)/body weight (kg).

• adults (19–64 years old, average weight 74 kg) and

• children (6–8 years old, average weight 24 kg; 9–11 
years old, average weight 33.9 kg; 12–14 years old, 
average weight 47.9 kg; 14–18 years old, average 
weight 59.9).

Meanwhile In Our Lab
Assessment of Yogurt-Related Intake of Phthalates



• Added to a variety of polymer resins to slow the onset of oxidative 
degradation of plastics from exposure to UV light.

• Arylamines are common antioxidants used in plastic food packaging. 
Butylated hydroxytoluene (BHT), 2- and 3-t-butyl- 4-hydroxyanisole 
(BHA), tetrakismethylene-(3,5-di-t-butyl-4- hydroxyhydrocinnamate) 
methane (Irganox 1010), and bisphenolics such as Cyanox 2246 and 
425, and bisphenol A are the most common phenolics used as 
antioxidants 

Food Contact Materials-
Antioxidants



Heat stabilizers 

• Heat stabilizers are added to 
plastics to prevent thermal 
degradation of resins from 
exposure to elevated 
temperatures during thermal 
processing of foods. 

• PVC, PVDC, vinyl chloride 
copolymers (for example, vinyl 
chloride/vinyl acetate), and PVC 

Slip agents 

• Reduce friction of the surface of a polymer. 

• Provide lubrication to the film surface, slip 
agents also impart lower surface resistivity 
(antistatic properties), reduced melt viscosity, 
better mold release, and antisticking
properties 

• Common slip compounds are fatty acid 
amides (primary erucamide and oleamide), 
fatty acid esters, metallic stearates (for 
example, zinc stearate), and waxes. 

Food Contact Materials-



Consumer preferences

• Consumers with certain preferences may have an increased intake of
dioxins and PCBs. 

• Eels from contaminated rivers may contain relatively high levels of 
dioxins and dioxin-like PCBs

• Frequent consumption-eels-result in elevated exposure.

• Frequent consumption- smoked, barbecued products?



• The optimized and validated procedure was applied to 
75 meat product samples. 

• PCB28 was the most common PCB

• Among the samples analyzed, salami exhibited the 
highest concentration of total PCBs.

• European Commission specified a maximum residue 
limit (MRL) of 40 ng g−1 of fat for indicator PCB residues 
potentially occurring in meat and meat products.



• Higher concentrations at the head end than the tail, with a peak in the 
central section. 

• After cooking, levels of POPs decreased in salmon steak with an average 
loss of 26 ± 15% relative to the initial POP load in the raw steak. 

• The removal of the skin from the cooked salmon steak resulted in a 
further average loss of 9 ± 3%. 

• The loss of POPs did not differ significantly between cooking methods. 

• Losses of POPs were significantly and linearly correlated with the losses of 
lipid during cooking, suggesting removal of lipids is the critical factor for 
POPs reduction in cooked fish. 



Vertical barbecue

• in which dripping of fat onto the heat 
source is prevented, 

• levels of fluoranthene, regularly 
detected, were lower or equal to 1 
μg/kg. 

• Amounts of the other PAH were very 
low, under, or near the detection limit 
of the analytical method (0.1 μg/kg). 

Horizontal lava-rocks barbecue 

• benzo[a]pyrene and other polycyclic 
aromatic hydrocarbon levels were 
higher and varied (1–30 μg/kg) with 
the kind of food sample and 
particularly with the cooking time.

• 6 PAH including benzo[a]pyrene 

• meat and fish grilled on two geometrically 
different gas barbecues. 



Perfume-milk?

• Nitro musk compounds are degraded to a significant extent in the 
rumen can be supported with the only parenteral application of a 
phenolic nitro fasciolicide to become therapeutically effective.



Risk of chemical contaminants
• Risk assessment 

Hazard identification, 

Hazard characterisation (dose–response assessment), 

Exposure assessment

Risk characterisation. 

• Risk associated with dietary intake

• Acceptable daily intake (ADI) (e.g. of pesticides, veterinary medicinal drugs), 

• Tolerable daily intake (TDI) (e.g. of heavy metals, mycotoxins) and the 
tolerable weekly (WTI) or monthly (MTI) intake (e.g. of dioxins and dioxin-like 
compounds). 



Risk assessment for EDCs

• First step = compare the detected amounts of residues with the 
maximum residue level (MRL) authorised in foodstuffs. 

• If the residue level in the food exceeds the MRL, the theoretical 
maximum daily intakes and the ADI have to be taken into account in 
order to assess the risk to the consumer. The exposure is obtained 
using the basic equation: 



Risk management  for EDCs

• Determination of foods/food groups significantly 
contributing to the exposure

• Occurrence data of the contaminant in the various 
food/food groups

• Setting a maximum level following the ALARA principle (As 
Low As Reasonably Achievable - see before prevention 
versus regulation). 

• The degree of severity of the application of this principle 
depends on the relation exposure - tolerable intake



Determine/Apply HACCP for each production
unit…



The continued programme of chemical (EDC)
control



Avoid/prevent

– identification and registration of animals, operators and products 

– harmonised systems of traceability throughout the food chain 

– guidelines for each sector and procedure for all operators 

– rapid notification of incidents 

– scientific advice 

– risk analysis 

– regular Exchange of knowledge

– where necessary, an adequate use of the precautionary principles 
between regulatory authorities and consumers



Responsibility

• The competent 
authorities are 
responsible for 
translating the results of
scientific risk assessment 
into enforceable and 
controllable legislation,
aiming at optimal 
consumer protection. 



On the other hand…


