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Abstract In this study, organochlorine pesticides (OCPs)

and polychlorinated biphenyles (PCBs) levels were deter-

mined in 100 human milk samples from the city of

Antalya. The levels of seven major PCB congeners; 28, 52,

101, 118, 138, 153, 180 and nine OCPs, a-HCH, b-HCH,

c-HCH, HCB, heptachlor epoxide, p.p0-DDT, p,p0-DDE,

endosulfan-a and endosulfan-b were determined by gas

chromatography with ECD detection. The levels of ana-

lyzed compounds were as follows: RPCBs 27.46 ± 11.58,

RDDT 1,407 ± 123, and RBHC 160 ± 490 ng/g lipid

wt.basis. PCB 153 and p,p0-DDE were the dominant con-

taminants. The results have been discussed and compared

with similar studies from other regions of Turkey.
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Organochlorine pesticides (OCPs) and polychlorinated

biphenyles (PCBs) are considered as persistent organic

pollutants (POPs) and their production and usage is banned

in Turkey and many countries due to toxicity, persistence,

mobility and bioaccumulation in the environment in

accordance with The Stockholm Convention. OCPs and

PCBs are persistent in the environment, and their high

lipophilicity results in their bioconcentration into the biota

and biomagnification through the food chain (Bolt and

Degen 2002; Safe 1994). Consequently, these compounds

when released into the atmosphere can travel long dis-

tances before they are deposited onto water, soil and

vegetation, causing a widespread occurrence of such

compounds. In humans a wide variety of health effects

have been linked to high exposure to OCPs and PCBs,

including developmental defects, reproductive effects and

chloracne, hormonal dysfunctions, reduced mental perfor-

mance, endometriosis and cancer (Safe 1994; Guo et al.

2000). Especially during the last two decades, it has been

hypothesized that various human male reproductive disor-

ders, such as testicular germ cell cancer, cryptorchidism,

hypospadias and low sperm counts, have a common aeti-

ology and may be related to increased OCPs and PCBs

exposure in utero or in early human life (Sharpe 2003).

In Turkey, OCPs were used widely in large quantities in

agricultural activities between 1945 and 1985. The usage of

PCBs was restricted and banned after 1996 in Turkey. OCP

residues have been monitored in breast milk of the Turkish

population by conducting regional surveys investigating

the issue since 1976 (Cetinkaya et al. 1983; Karakaya et al.

1987; Kelle 1989; Üstünbaş et al. 1994; Çok et al. 1997,

2004, 2005; Erdoğrul et al. 2004). However, results

obtained from only 10 different provinces have been

available until today with both mother’s milk and adipose

tissue. On the other hand there are very few papers pro-

viding evidence of human exposure by reporting PCB

contamination levels in human milk from Turkey (Çok

et al. 2003; Çok and Şatıroğlu 2004; Erdoğrul et al. 2004).

Therefore, the values for Antalya province obtained in this

study will play a critical role in determining the general

contamination of OCPs and PCBs and are considered

important in terms of providing baseline data from a dif-

ferent source of OCP and PCB contamination in Turkey.
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Materials and Methods

Between September 2007 and April 2008, 100 human milk

samples were taken from the Akdeniz University, School

of Medicine, Department of Obstetrics and Gynecology,

from different nursing mothers living in the Antalya area

for at least 5 years. Milk samples (15–30 ml) were taken

from one of the breasts by manual expression at the end of

the feeding, and between the 5th and 40th day of post-

partum. They were kept frozen at -20�C until analysis.

The mean age was 28.5 ± 5.2. We followed the code of

ethics established by the Helsinki Declarations of 1964 and

revised in 2000. Each participant provided informed con-

sent after receiving a detailed explanation of the study and

potential consequences and signed an informed consent

form. The mothers were mixed food consumers, most of

them, except seventeen, were non-smokers, and 50 had

one, 42 two children and 8 were multiparous (more than 3).

Human breast milk samples were extracted according to

the method by Krauthacker et al. (1991). Gas chromato-

graphic (GC) analysis was performed using a Hewlett-

Packard Model 5890 Gas chromatograph equipped with a
63 Ni electron capture detector (ECD). Nine OCPs; HCB,

a-HCH, b-HCH, c-HCH, p.p0.DDE, p.p0.DDT, heptachlor

epoxide, endosulfan-a, endosulfan-b and seven PCB

congeners (PCB# 28,52,101,118,138,153 and 180) were

quantified. All samples were run in duplicate. The detec-

tion limit of all PCB congeners quantified in adipose tissue

is approximately 1 ng/g lipid. Standards of PCB congeners

were obtained from Accustandard, Inc., USA. Recoveries

from a fortified sample were in the range of 79–110% on

this method, including internal standard. Results were not

corrected for the percentage recovery.

The Mann–Whitney U-test was used to examine dif-

ferences in OCP and PCB concentrations between subjects

grouped by parity. Spearman’s rank correlation coefficient

was used to measure the strength of the association

between mother’s age and OCP and PCB concentrations.

Probability values less than 0.05 obtained using the Mann–

Whitney U-test were considered as statistically significant.

Results and Discussion

In this study OCPs and PCBs (PCB #28, 52,101,

118,138,152,180), which had not been analyzed in Antalya

residents, have been studied in human breast milk samples.

Antalya is the largest city and year round Holiday resort on

the Turkish Mediterranean coast. In addition to the

capacity of tourism activities, Antalya has the opportunity

of continuing agricultural production during four seasons,

especially greenhouse cultivation. The mean concentra-

tions, standard deviations and ranges of OCPs and PCB

congeners found in 100 breast milk samples obtained from

individuals who had been living during at least the 5 years

in Antalya are summarized in Table 1. In the present study,

the residues of b-HCH, p,p0-DDE and p,p0-DDT were

found to be the major contaminants in human milk samples

from Antalya and p,p0-DDE was dominating and found

practically in all milk samples.

Concentrations of OCPs and PCBs in human breast milk

vary with factors such as the age and number of children

of the mother (Harris et al. 2001). In this study, subjects

were grouped into two as giving 1 and 2 ? births. No

significant relationship between the number of childbirths

and the levels of analyzed OCPs and PCBs was found

(P [ 0.05). Similar results have been obtained in other

studies (Krauthacker 1991; Burgaz et al. 1994; Çok et al.

2004). In the present study we examined the relationship

between concentrations of OPCs and PCBs in human breast

milk and the age of mothers as well. For this purpose,

subjects were classified arbitrarily according to their age

into four groups: 19–25 (n: 25), 26–32 (n: 57), and 33–39

(n: 18) years. Nevertheless, in this study, PCB 28 levels

were significantly different between age 19–25 and 26–32

(P \ 0.05), and for PCB 101 levels significant differences

were determined between age groups 19–25 and 26–32

(P \ 0.05) and groups between 19–25 and 33–39 (P \
0.01). For all 3 age groups although there were differences

in HCB, a-HCH, b-HCH and especially p,p0-DDT

amounts, these were not found to be statistically signifi-

cant. When we consider DDE/DDT ratios, it is seen that the

limitation and legislation for DDT in Turkey has been

effective and the exposure to this compound tends to

decrease over time. But in this study, a DDE/DDT ratio of

4.15 was found, which is quite a bit lower than that

obtained in other regions in Turkey. For example, in the

latest studies that have been performed in Ankara (Çok

et al. 2004) and Afyon cities (Çok et al. 2005), this value

was calculated as 17.67 and 19.08 respectively. In the past

large amounts of DDT might have been used in this region,

because there is no statistical data about its usage in

Antalya. As a second reason, DDT may have been used

illegally in the Antalya region after its usage was restricted.

Besides, usage of some pesticides contamined with DDT,

such as dicofol, could be another infraction, because

according to Turgut et al.(Turgut et al. 2009) the DDT

content as an impurity in analyzed dicofol formulations

was as high as 14.3%.

With the use of OCPs declining since the 1970s, con-

centrations of OCPs and their metabolites in human tissue

have fallen greatly worldwide. The usage of analyzed

OCPs in this study was controlled in the late 1970s, but

effective restrictions were not imposed in Turkey until

the mid-1980s. Nevertheless, in the past these compounds

were used in large amounts in agriculture. Only usage of
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Endosulfan for agricultural purposes was banned in 2007

because of the awareness of its toxicological consequences.

The levels of analyzed OCPs have not been found differ-

ent than for OCPs analyzed in various regions (such as

Hexachlorobenzene (HCB), heptachlor epoxide, and

a-HCH) in Turkey and lower levels have been obtained

than some of those (Table 2). Table 2 shows the trend for

mean levels of the main OCP residues in human milk over

the 30-year period of experiments in Turkey.

In Turkey, PCBs were restricted for use in closed sys-

tems in 1993 and banned in 1996 in the Toxic Substances

Control Act. Within the same regulation, oil and solvent

wastes that contain PCBs in concentrations less than

50 ppm are recoverable. There are limited data about PCB

contaminants in humans in Turkey (Çok et al. 2003; Çok

and Satiroglu 2004; Erdoğrul et al. 2004). In the present

study, PCB 153 was a high contributor of the congener

occupying 43.6% of the total PCB content, and together

with PCB 180 of 24.3% and PCB 138 of 20.8% were the

most prevalent members in human milk samples, which

seem to be parallel to studies conducted in other studies

(Çok et al. 2003; Çok and Satiroglu 2004; Erdoğrul et al.

2004). Numerous studies worldwide have demonstrated

that human milk is contaminated with PCB and conse-

quently the breast-fed infant is additionally exposed during

lactation. PCB values in human milk of different countries

are shown in Table 3 after the year 2001 based on sampling

year. When results of studies on breast milk from various

countries are considered, determined PCB values as found

in this study are, respectively, lower than that of the some

industrialized countries.

The results of this study highlight the need for periodic

monitoring to determine organochlorine contamination in

human breast milk and assess their historical trend and the

effects of the ban imposed in recent years on populations

living in different areas of Turkey. The presence of PCB

and OCPs in human breast milk is of general concern

because of the potential health consequence of these

chemicals. Only few data are available regarding human

exposure to PCB in Turkey. Thus, this study is an impor-

tant contribution to the limited information available. In

Antalya area, OCPs and PCBs should be investigated in

environmental samples to generate descriptive data about

the occurrence of these compounds.

Table 1 OCP and PCB residues in human breast milk samples of Antalya residents (ng/g on a lipid wt.basis)

Mean (± SD) Primiparous women (n:50) Multiparous women (n:50)

Age 28.5 ± 5.2 26 (19–31) 31 (23–38)

Lipid (%) 4.09 4.8 (1.05–8.43) 3.3 (0.56–7.2)

(Mean ± SD) (Max–Min) (Mean ± SD) (Max–Min)

OCPs

a -HCH 1 ± 15 2 ± 14 (N.D-17) – –

b -HCH 150 ± 490 150 ± 570 (N.D-2,460) 150 ± 430 (N.D-2,210)

c -HCH 8 ± 23 10 ± 20 (N.D-100) 6 ± 30 (N.D-100)

H.E* 38 ± 54 30 ± 30 (N.D-120) 50 ± 60 (N.D-250)

HCB 39 ± 101 30 ± 60 (N.D-270) 50 ± 60 (N.D-250)

Endosulfan a 2 ± 15 2 ± 3 (N.D-8) 3 ± 2 (N.D-10)

Endosulfan b 38 ± 54 60 ± 30 (N.D-100) 20 ± 21 (N.D-40)

p-p0-DDE 1,062 ± 690 1,120 ± 840 (N.D-3,980) 990 ± 510 (N.D-2,790)

p-p0-DDT 256 ± 350 240 ± 330 (N.D-1,010) 280 ± 480 (N.D-2,520)
P

-DDTa 1,407 ± 123 1,450 ± 1,580 (N.D-7,850) 1,270 ± 720 (N.D-3,570)
P

-HCHb 160 ± 490 160 ± 550 (N.D-2.46) 150 ± 420 (N.D-2.21)

PCBs

PCB 28 1.15 ± 0.4 1.11 ± 0.41 (N.D-0.23) 1.25 ± 0.40 (N.D-2.26)

PCB 52 0.72 ± 0.38 0.68 ± 0.40 (N.D-2.01) 0.77 ± 0.34 (N.D-1.99)

PCB 101 0.56 ± 0.38 0.48 ± 0.27 (N.D-0,18) 0.65 ± 0.24 (N.D-1.46)

PCB 118 1.24 ± 0.71 1.20 ± 0.61 (N.D-2.78) 1.27 ± 0.77 (N.D-2.96)

PCB 138 5.71 ± 2.29 5.40 ± 2.33 (N.D-0,81) 6.03 ± 2.13 (N.D-10.5)

PCB 153 11.14 ± 5.50 10.77 ± 5.71 (N.D-27.34) 11.96 ± 5.09 (N.D-22.19)

PCB180 6.68 ± 3.15 6.52 ± 2.98 (N.D-15.76) 6.83 ± 3.20 (2.88-16.76)

RPCB 27.46 ± 11.58 26.16 ± 12.23 (4.14–55.94) 28.75 ± 10.86 (7.92–51.71)

N.D under the limit of detection, * Heptachlor epoxide, a P–DDT = 1.115xp.p0.DDE ? p.p0.DDT, b P-BHC = a-BHC ? b-BHC ? c-BHC
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Szyrwińska K, Lulek J (2007) Exposure to specific polychlorinated

biphenyls and some chlorinated pesticides via breast milk in

Poland. Chemosphere 66:1895–1903

Turgut C, Gokbulut C, Cutright TJ (2009) Contents and sources of

DDT impurities in dicofol formulations in Turkey. Environ Sci

Poll Res Int 16:214–217
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