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A Perspective On the Potential Health Risks Of Dioxin in Human Food
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Abstract: It is well known that a wide variety of toxic chemicals are present in the soils, sediments, vegetation,
and water. Dioxins are a heterogeneous mixture of chlorinated dibenzo-p-dioxins and dibenzofuran (PCDD/F)
congeners. The main sources of PCDD/F and PCB are production of chloro-organics and emissions of industrial
and municipal incineration and pyrolysis processes. They have been the potential for redistribution and circula-
tion of these compounds into the environment. Transfer into human food occurs by food chain. Humans are
ultimately exposed to these compounds primarily through the diet, mainly by consumption of fish, mollusks and
dairy products. On the other hand, their health effects such as hyperpigmentation, impairment of immune res-
ponses, early infant deaths, hepatotoxicity, carcinogenic effects and, reproductive effects have been intensively
studied recently. As growth in toxic chemicals of food, monitoring the food supply will become more important.
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Gidalarda Bulunan Dioksinlerin Potansiyel Saghk Riskleri

Ozet: Bu derleme gidalarda kirletici olarak bulunan dioksinlerin insanlarda olusturdugu saglik risklerini ortaya
koymak tiizere yapilmistir. Toksik kimyasallarin toprak, sediment, bitki ve suda varlig1 ¢ok iyi bilinmektedir.
Dioksinler poliklorodibenzo-p-dioksin (PCDD/F) ve dibenzofuranlarin (PCB) tiirevleridir. Dioksinler, poliklorlu
aromatik bilesiklerle benzer yapi, kimyasal ve fiziksel 6zeliklere sahip bir grup kimyasaldir. Bunlar yanardag
patlamalar1 ve orman yangmlart gibi dogal olaylar sonucu veya kimyasallar, pestisitler, ¢elik ve boya iiretimi,
kagit beyazlatilmasi, eksoz gazlar1 ve atiklarin yakilmasi gibi insan kaynakli olaylar sonucu olugsmakta ve kimya-
sal islemlerin yan iiriinii olarak karsimza cikarlar. Ornegin klorlu atiklarm yakilmas ile dioksin aciga ¢ikmakta
ve havaya karigmaktadir.

PCDD/F ve PCB, klorlu organik maddelerin iiretimi, endiistriyel emisyonlar, kentsel atiklarin yakilmasi ve
pirozilin meydana getiren tiim islemlerde ortaya ¢ikmaktadir. Bu toksik kimyasallar ¢evreye dagilarak birikmek-
tedir. Ozellikle balik, deniz kabuklular1 ve siit iiriinleri gibi besin zincirine dahil olmak suretiyle bu gidalarla
beslenen insanlara gegmektedir. Bunlardan dioksinler, insanlarda hiperpigmentasyon, bagisiklik sisteminin bas-
kilanmasi, karaciger hasari, karsinojenik etkiler ve tireme bozukluklari meydana getirmesi ile erken bebek lim-
lerine neden oldugu son yillarda yapilan aragtirmalarla belirtilmistir. Gida kontrol analizlerinin yaninda besinler-
deki toksik kimyasallarin diizenli olarak incelenmesi olduk¢a 6nem kazanmaktadir.
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Introduction

Dioxins are a mixture of chlorinated di-
benzo-p-dioxins and dibenzofuran (PCDD/F)
congeners'. Their ubiquitous occurrence, high
chemical and metabolic persistence, and potent
toxicity of some of the congeners make them a
well recognized class of pollutants®.

Exposure of humans to dioxins occurs
mainly (>95%) through contamination of food".
The inhalatory route contributes only a negligi-
ble extent. Howewer, accidental contamination
of air in occupational setting and of animal feed
have led to occasional poisonings of human and
livestock, respectively. The present risk assess-
ment will briefly outline the major dioxin expo-
sures and its toxicity, and finally characterize the
health risk for humans associated with diatery
uptake of a single highly contaminated meal®. In
general, they are characterised by low solubility
in water and on the contrary high solubility in
organic solvents and lipids®.

Dioxin sources

The main sources of PCDD/F and PCB
are production of chloro-organics and emissions
of industrial and municipal incineration and py-
rolysis processes’. They are formed in most
combustion systems. These can include waste
incineration (such as MSW, sewage sludge,
medical waste, and hazardous wastes), burning
of various fuels, such as coal, wood, and petro-
leum products’*****. There is a potential for
redistribution and circulation of these com-
pounds into the environment®. Potential reser-
voirs include soils, sediments, vegetation, and
water. Transfer into human food occurs by food
chain®. Dioxin residues are present in water,
soils, sediments, etc., they can transfer from
waters/soils to aquatic organisms such as plank-
ton, algae, and fish and consequently to birds
and marine mammals. Humans are ultimately
exposed to these compounds primarily through
the diet, mainly by consumption of fish, mol-
lusks and dairy products™". Dioxins due to early
infant deaths and health risks for breast-fed
newborns may be lower than previously antic-
ipated”.

Human Health Risk by Toxicity of Dio-
xin

The high metabolic stability and lipid so-
lubility of dioxins leads to lifelong accumulation

in human®®. Dioxin is one of the most toxic
chemicals known. Even the most conservative of

toxicologists says, "Dioxin, has been called the
most toxic synthetic chemical known to man.
Dioxins, as they are commonly called, are
PCDDs and PCDFs are componds whith similar
chemical properties. Each compound comprises
two benzene rings interconnected by oxygen
atoms. In the case of PCDDs, the benzene rings
are joined by two oxygen atoms. Much of the
environmental behaviour of polychlorinated
biphenyls (PCBs) can be related to their physical
characteristics. The non-polar nature of PCBs
means that they are strongly hydrophobic and
thus strongly lipophilic. Dioxin toxicity in hu-
mans became almost exclusively known through
high occupational exposures or by chemical
catastrophes. The following changes were most
prominent after human intoxications”:the occur-
rence of chloracne, increases in -
glutamyltranspeptidase, increases in morning
plasma glucose-, triglyceride- and cholesterol
levels, further increases in luteinizing hormone
and follicle stimulating hormone, but a decrease
of testosterone levels, and finally a statistically
increased incidence of diabetes®’"'*'%1%%7,

The susceptibility of other species to the
toxic effects of TCDD is variable and depends
on adipose tissue to body mass ratio'"'”?!. In
addition, multiple effects on endocrine and
growth factor regulated processes have been
intensively studied last decade. On the other
hand, their health effects such as hyperpigmenta-
tion, impairment of immune responses, hepato-
toxicity™, reproductive effects have been inten-
sively studied recently. Their lipophilicity and
resistance to degradation leads to bioaccumula-
tion of these compounds in human tissues and
fluids. PCBs and selected OCPs are considered
as risk factors because of their estrogenic and
anti estrogenic properties and potential to act as
direct or indirect carcinogens®**'***  Both
estrogenic and antiestrogenic effects have been
attributed to various PCBs based upon standard
uterotropic animal models'®. Nesaretnam et al.*®
have demonstrated that the non-ortho
tetrachlorinated biphenyl BZ 77 can act as both
an agonist and antagonist of estrogen action, and
that this congener can enhance mammary
carcinogenesis in the rat*.

For that reason it seems to be very impor-
tant to monitor organochlorine pollutants in hu-
man population. US Environmental Protection
Agency”* describes dioxin as a serious public
health treat in the 1960s. The World Health Or-
ganisation™ classes 2,3,7,8-TCDD as a “known”
human carcinogen. The current PCDD/PCDF



dietary intake is below the tolerable daily intake
(TDI) for dioxins established by the WHO,
which for an adult of 70 kg body weight is in the
range 70-280 pg TEQ, being even under the
lower value of the range*'.

Dioxin contamination in human food

Bocio and Domingo” made research con-
cerning the presence of dioxins in fish, seafood,
oils, fats, cereals, and dairy products. Fish and
seafood (33.7%), oils and fats (15.3%), cereals
(14.4%), and dairy products (13.7%) were the
most important contributors to this intake.
Nizamlioglu®® found that feeds and fish meals
were contaminated with PCB in Turkey. PCB
levels in 121 feeds and 10 fish meals varied be-
tween 0.06-900 ppb and 447-2360 ppb respec-
tively. Dioxins distribution in food samples ob-
t212ined in different countries was shown in Table
1-

Tajimi et al.*® made research the distribu-
tion of PCDD/Fs and Co-PCBs in samples of
human breast milk collected in Japan. They have
found toxic equivalent (TEQ) level of PCDD/Fs
(the sum of PCDDs and PCDFs) was 14.9 pg
TEQ/g fat, of Co-PCBs 10.6 pg TEQ/g fat, and
the total sum of PCDD/Fs and Co-PCBs was
25.6 pg TEQ/g fat. The mean TEQ levels of
PCDD/Fs, Co-PCBs, and total PCDD/Fs and
Co-PCBs were higher in primiparae than in se-
cundiparae. According to this research, the le-
vels were higher in the subgroup of older moth-
ers. Erdogrul et al.,® were measured in 37 indi-
vidual human milk samples from Kahramanma-
ras region in Turkey. They were detected PCBs
in 8 out of 37 samples.

Cok ve Satiroglu* made research to de-
termine the levels of PCBs in the adipose tissue
of women living in Turkey. They have found
PCB IUPAC numbers 138, 153 and 180 were the
most abundant congeners, each accounting for >
20% of the totalPCB content of adipose tissue.

Conclusion

Chemical methods of analyses are sensi-
tive and spesific, but can be expensive and pro-
vide little information on actual or potential bio-
logical activity of the contaminants. A govern-
ment goal to efforts to improve the safety of
food is to develop an economical set of monitor-
ing and, inspection practices that will minimize
the exposure of consumers to hazardous chemi-
cals. Improved monitoring of food for dioxin
and another chemical contaminants is important
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for minimizing the potential for adverse human
health effects due to these contaminants.

Table 1. Dietary intake of PCDD/PCDFs and
main food groups contributing to
this intake: a summary of recent re-
ports (2001-2005).

Main food
groups contri- |PCDD/PCDF
Food groups buting intake
Country assegsseg to total (pg/day) Reference

PCDD/PCDF
dietary intake

Fish and fish Fish and fish

products, products,

Finland  |vegetables, flour, |82.3%; Kiviranta
meat and milk, 7.8%; meat |46 (I-TEQ) |etal. (19)
meat products,  |and meat
eggs, milk products, 7.2%

Fish and shellfish, |Fish and shell-
meat and fish, 37%; meat
meat products, and meat

Japan milk and dairy products includ- |81.9 (WHO- |Tsutsumi
products, vegeta- |ing TEQ) etal. (37)
bles and fruits, eggs, 11.6%;
pulses, oilsand ~ |vegetables and
fats cereals, 9.1%

Fish, meat and Meat and meat
) meat products, products, ?’2'1_

United eggs, vegetables 36.1%; dairy 123, males |Schecter
States | S 4 " |products, 28.7- |86, females et al. (33)
dairy products 30.5%; vegeta- |(WHO-TEQ)
bles, 21.3-

23.6%
' 30.7, males
Meat, fish and ) ' Hsu et al.
. ! . - [21.9, fe-

Taiwan seafoqd, milk :;h gg;) shell males (15)
and milk products (WHO-TEQ)
vegetables and cigh and shell

' fish, 33.7%; oils

Tarragona, and m_eat prod- and fats, 15.3%; Bocio and

Spain ucts, fish apd cereals, 59.6 (WHO- Domingo
zegfood, milk and 14.4%; dairy TEQ) @

airy
products and
product§ - pulses, cereals, 13.7%
eggs, oils and fats
Meat, eggs, fish Fish and sea-
. and s’eafooa food, 40%; milk |65.3 (WHO- [Focant et

Belgium eqas, milk ar’1d and milk prod-  [TEQ) al. (10)
milk broducts ucts, 30%; mea,

21%
Participants: 42
small children
(mean body

Germany |weight, 13.4kg). |— Wittsiepe
Food duplicates 209 (-TEQ) oy (43)
collected on 7
consecutive days
for each child
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