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Summary

Background.  Since forty years, the diversion of water to cotton irrigation schemes resulted in a massive decline of the Aral Sea volume. By strong winds the contaminated sediment of the former seabed have been disseminated over a large area. This deterioration of the Eco-system created a hazardous situation for human health of approximately 3.5 million people. This pilot study was undertaken to assist the Karakalpak health workers to identify the degree of exposure to (heavy) metals, eight persistent organchlorine pesticides (OCPs) and seventeen dioxins during the vulnerable pre- and postnatal period and to provide guidelines for future research.

Methods. All subjects came from the geographic areas of Chimbai, Kanlikol and Nukus, all located within 200 km of the southern border of the Aral Sea. From 28 non-pregnant women blood was collected to analyze (heavy) metals. Blood was also obtained from 18 pregnant and 28 newborns (cordblood) to determine levels of (heavy) metals and eight OCPs [i.e. isomers of lindane ((-, (- and ( -hexachlorhexane), the fungicide hexachlorobenzene (HCB), dichlorodiphenyltrichloroethane (DDT) and its metabolites (op-DDT, pp-DDT, pp-DDE, and pp-TDE)]. In 41 human milk samples and one batch of formula apart from the selected OCPs, seventeen dioxins were analyzed. Information about possible sources of OCPs and dioxins was obtained from a pooled sample of butter and from 7 cottonseed oil samples. Mass selective detector coupled to a gas chromatograph equipped with a large volume injector was used to analyze the selected OCPs, whereas the dioxins were determined by gas chromatography with high-resolution mass spectrometry. 
Findings. The measured toxic and non-toxic (heavy) metals in cord and maternal blood were consistent with range of concentrations observed in European countries. Only 3 women (7%) had Pb levels greater than 100 ppb/L. However, the most predominant pollutants in maternal and cord blood were the OCP: notably HCB, α-HCH, and β -HCH, pp-DDE and the most toxic dioxin, 2,3,7,8 TCDD. A similar pattern could be observed in human milk: β -HCH and pp-DDE levels of more than 1000 ng/g fat were found in 68 and 43 % of the subjects, respectively. Levels of 2,3,7,8-TCDD were 6 times higher as those observed in W.Europe. In the batch of formula milk traces of pp-DDE could be detected. Contaminated animal fat, but not cottonseed oil, is the most likely source of OCPs and dioxins.

Interpretation. This pilot study indicates that current exposure pattern in Karakalpakstan during the pre- and postnatal period is dominated by the exposure of notably HCB, α-HCH, (- HCH, pp-DDE, pp-DDT and the most toxic dioxin 2,3,7,8 TCDD. Further epidemiological research is needed to elucidate the health implications of these pollutants on perinatal and maternal health, including lactation. But more importantly, an investigation should be initiated to identify the emission sources of POPs in Karakalpakstan and adjacent regions. 

Introduction 

The Aral Sea Area, which includes the Republic of Karakalpakstan (Uzbekistan), Kzylorda district (Kazakhstan) and Dashovuz district (Turkmenistan) is a natural area seriously polluted by human activities. For more than 30 years heavy application of insecticides, pesticides like dichlorodiphe-nyltrichloroethane  (DDT), aldrin, dieldrin and lindane, herbicides and defoliants created a hazardous situation for human health of approximately 3.5 million people. The irrigation of cottonfields from water of the two supplying rivers, Amu-Darya and the Syr Darya, contributed subsequently to a decline of the Aral Sea bed from 64,500 km2 to 30,000 km2. Over 3 million hectares of salty contaminated sediments of the desiccated former seabed became exposed (1, 2). By strong winds these sediments have been disseminated as a white powder all over the region, exposing the whole eco-system to the toxic components (3, 4). A combination of these factors contributed to the appearance of high levels of DDT and other persistent organic pollutants (POPs) in soil, air and water as well as in every biological level of the food chain, notably humans. Because of the northerly dominated winds Karakalpakstan (165,300 km2), with a population of 1,5 million people, is believed to be most affected. 

The impact of the exposure to these environmental pollutants on human health is only beginning to emerge. In parallel with the worsening ecological situation rates of diseases among the population seem to increase. In particular rates of anemia, kidney and liver diseases, respiratory infections, allergies, cancer, tuberculosis, are reported to increase (5) and far exceed those of the rest of the former USSR and present day Russia (6). In addition, increasing rates of birth defects, reproductive pathologies like miscarriages, complications during pregnancy, and decreasing lactation performances have been reported (7). By lack of information about current exposure levels a direct link between environment and health could not be established. Unfortunately, studies on levels of exposure of environmental pollutants in Karakalpakstan are scarce and revealed conflicting results. One study reported high levels of heavy metals in serum of pregnant women (8). Another report from neighboring Kazakhstan, situated in the North of the Aral Sea, showed in hospitalized schoolchildren remarkable higher blood levels of Polychlorinated biphenyl’s (PCBs), dichlorodiphenyltrichloro-ethane (DDT) and its metabolite dichlorophenyldichloroethylene (DDE), and beta-hexachlorocyclo-hexane ((-HCH, from lindane) than in Swedish children (9, 10). In contrast, an official document of the Worldbank (11) revealed no evidence of contamination from agricultural chemicals.

Against these uncertainties a pilot study was undertaken to assess the degree of exposure to the most important environmental contaminants during the vulnerable pre- and postnatal period and to provide guidelines to identify future (research) strategies, which could eventually lead to improved health conditions. Given their potential organotoxicity, in particular their neurotoxic effect during early development (12, 13, 14, 15), we focussed our attention on blood levels of heavy metals, eight persistent organochlorine pesticides (OCPs) in a group of non-occupationally exposed (pregnant) women and neonates (cordblood). In order to obtain a better insight into the main postnatal sources of exposure, the target OCP's and dioxins were measured in breast milk and a commonly used formula. The possible sources of general dietary exposure of these pollutants in Karakalpakstan were measured in a few samples of commonly consumed food products (fats/oils), namely butter and cottonseed oil. The latter is the predominantly used cooking oil in that region. Levels of exposure are compared with those reported of similar studies conducted in other countries. 

Material and Methods

Subjects and sample preparation

Blood could be collected from 18 pregnant in the 3rd trimester of pregnancy and from 28 newborns (cordblood) in addition blood was collected from 28 non-pregnant women from the same areas. The distribution scheme of the blood and milk samples in the Netherlands is shown in Figure 1.

Levels of Pb, Cd, Zn and Se in whole blood
Whole blood was collected to determine the levels of Lead (Pb) and Cadmium (Cd). Selenium (Se) is an antagonist to the action of Cd, whereas Zinc (Zn) is known to counteract the absorption and action of Pb and Cd. For these reasons both Zn and Se were included in this study. The ratio between the mother and her infant could be calculated in 15 pairs. 
OCPs in plasma of cordblood and pregnant maternal blood

From 8 of the 16 cord blood samples a sufficient volume (> 1 ml) was available to measure the OCPs individually. For the remaining 8 samples it was decided to prepare 4 pooled samples by mixing equal weight amounts of 2 individual samples. From 18 pregnant women blood was available. From 10 of them sufficient blood was available to measure the OCPs individually. For the remaining 8 samples 4 pooled samples were made of 2 individual samples each. All samples were collected in Nukus. The following selected OCPs were analyzed the isomers of lindane ((-, (- and ( -HCH), the fungicide hexachlorobenzene (HCB), and DDT and its derivates (op-DDT, pp-DDT, pp-DDE, and pp-TDE,). All samples were kept frozen until analysis.
OCPs, dioxins (PCDDs and PCDFs) in human milk, formula fat and cottonseed oil

In order to obtain information about the maternal body burden and the levels of postnatal exposure we analyzed the selected OCPs and seventeen dioxins [seven 2,3,7,8- substituted polychlorinated dibenzo-p-dioxins (PCDDs) and ten 2,3,7,8- substituted polychlorinated dibenzofurans (PCDFs)] in human milk and in one batch of a commonly used formula milk (Kichkintoy®, Tashkent, Uzbekistan). A total of 41 human milk samples were collected by manual expression. Twelve of the samples came from Chimbai, 16 from Kanlikol and 13 from Nukus. In all samples a sufficient volume was available to determine the selected OCPs individually. By lack of sufficient human milk the seventeen 2,3,7,8- substituted PCDDs and PCDFs were measured in 5 pooled human milk samples each composed of equal volumes of 8 individual samples (20 ml each). Information about possible OCP sources in the general diet was obtained from a pooled sample of butter (3 pieces) and from 7 cottonseed oil samples all bought from different vendors on the market place in Nukus. In addition, levels of the target PCDDs and PCDFs were determined in both a pooled butter sample and a pooled sample of cottonseed oil. The latter was composed of 4 samples. All samples were kept deep frozen until analysis.  

Analytical methods

Determinations of Pb, Cd, Se, Zn in whole blood

Pb and Cd were determined by electrothermal atomic absorption spectrometry as described previously (Fernandez 1982, Grandjean 1992). Zn was analyzed by inductively coupled plasma mass spectrometry (ICP/MS). Se was determined by atomic absorption spectrometry (hydride method). All results were read against a standard curve with standard reference material.

Chemical analysis of OCPs, dioxins (PCDDs and PCDFs) in blood of pregnant women and cord blood, human milk, formula fat, butter and cottonseed oil

For the determination of the OCPs a tailor-made procedure was developed based on extraction of the lipids with suitable organic solvent(s) followed by a purification of the fat extract using either gel permeation chromatography (human milk and blood plasma) or normal phase high performance liquid chromatography (oil and butter). For the final determination of the compounds of interest a mass selective detector coupled to a gas chromatograph equipped with a large volume injector was used. The limit of determination (LOD) ranged from 10 and 30 ng/g fat for human milk and formula, from 50 to 150 ng/l for blood plasma, and was approximately 10 ng/g fat for butter and oil. The within-lab reproducibility was tested during the course of the study by analyzing quality control samples of milk and cord plasma. For all OCPs relative standard deviations of 10% or below 10% were found.

The method for the analysis of the PCDDs and PCDFs in human milk and food samples such as butter and cotton seed oil have been described more extensively elsewhere (16, 17). In short, samples are extracted with organic solvents. Next, the raw extracts are cleaned using active carbon and alumina chromatography. The final analysis is accomplished using gas chromatography with high-resolution mass spectrometry. The seventeen PCDDs and PCDFs are positively identified and quantified using carbon 13 isotopically labeled analogues of the congeners to be analyzed. A mixture containing these labeled compounds is added to the sample prior to extraction. The LOD of the individual congeners ranged between 0.1 and 1 pg/g milk fat and between 0.01 and 0.1 pg/g oil (fat) for cottonseed oil and butter. The within-lab reproducibility is regularly tested using quality control samples of milk. For individual congeners CVs for long-term reproducibility of better than 20% have been found for congeners far above the LOD. Around the LOD higher CVs even exceeding 100% should be taken into account. If levels are expressed in TEQs, CVs of generally better than 10% have been found. (17). 

Statistical analysis

A standard statistical program was used (SPSS) to calculate the median, mean, SD and range of the heavy metals, OCPs and dioxins. Student T-test was used to compare groups of subjects. All tests were performed at the 5% significance level.

Results

Characteristics of the maternal study population are presented in Table 1. All women, both pregnant and non-pregnant, were anaemic as defined by a hemoglobin level < 110 g/L. One woman delivered a stillbirth with multiple congenital abnormalities. The anthropometric measurements of the neonates (n=28) revealed a mean ((SD) birth weight of 3380 ((100) g and a crown-heel length of 50.3 (( 0.5) cm. 

Heavy metals in whole blood 

We did not observe any difference in levels between pregnant  (n=17) and non-pregnant (n=28) women and between levels in the three locations. Neither could we detect any age-related influence on levels of the measured heavy metals. Therefore, median levels (range) of the whole group of women (n=45) are presented together with cord blood values (n = 28) as shown in Table 2. 

Three (7%) women had Pb levels greater than 100 ppb /L. Median mother/infant ratio could be calculated in a sub-sample of 15 mother/infant pairs for Zn, Cd, Pb, and Se. The median (range) ratios were 2.9 (1.0-3.9) for Zn, 4.6 (0.8-23) for Cd, 1.4 (0.8-3.1) for Pb, and 0.9 (0.7-1.2) for Se.

Organochlorine pesticides in plasma of pregnant women and cord blood

In maternal and cord blood concentrations of the target OCPs of the individual and pooled samples were similar. Therefore, the individual and the pooled samples were combined to calculate the median (range) concentrations (Table 3).  In maternal blood three OCPs, namely (-HCH, op-DDT and pp-TDE, were below the LOD in the majority of the samples (not shown). In one pooled sample (-HCH concentration was 670 ng/l, whereas op-DDT was detectable in 1 subject and in 1 pooled sample (not shown). Alpha-HCH was detectable in 3 of the individual blood samples and in all 4 pooled samples. However, HCB, β-HCH, pp-DDE and pp-DDT could be detected in every sample. 

In cord blood a similar pattern was detected as in maternal blood. Alpha-HCH could be measured in one individual sample and in 2 pooled samples. HCB levels of 3 individual samples were below the LOD. Beta-HCH and pp-DDE could be detected in every sample as well as pp-DDT (except one). Mother/infant ratio was calculated in a subgroup of 12 pairs for HCB, β-HCH, pp-DDE and pp-DDT. Median ratio (range) was 2.1 (1.4-7.6); 2.8(1.8-5.1); 3.0 (1.4-4.8) and 3.3 (0.5-6.1) respectively. This ratio was 2.2 (1.1-7.3) for α-HCH (n=6 pairs only). 

OCPs in human milk and formula

OCPs were analyzed in milk from 41 individual women and 8 pooled samples. From all individual samples 12 came from Chimbai, 16 from Kanlikol and 13 samples from Nukus. No differences were detected between levels of the various locations or between individual and pooled samples. Neither was any age-related influence on OCPs observed. Therefore, all human milk samples were combined to calculate the median (range) of the OCP concentrations (ng/g fat), assuming that non-detects equal to half of the LOD. Results are shown in Table 4 together with levels measured in a batch of formula milk.

In all human milk samples pp-TDE could not be detected, whereas op-DDT was measurable in only one individual sample (not shown). From the other measured OCPs, HCB was detectable in 38 out of 41 subjects (93%). Notably (-HCH, β-HCH and pp-DDE could be measured in relatively high quantities in every sample. β-HCH and  pp-DDE levels of more than 1000 ng/g fat  were found in 68 and 43 % of the subjects, respectively. Fourteen of 41 samples (34 %) contained measurable content of γ-HCH . In the batch of formula milk pp-DDE could be measured above the LOD.

OCPs, in butter and cottonseed oil 

In the 7 cottonseed-oil samples none of the eight OCPs could be detected (not shown). In the pooled sample of 3 pieces of butter, three out of eight OCPs could be measured above the LOD as shown in Table 5.

Dioxins (PCDDs and PCDFs) in human milk, cottonseed oil and butter 

Median levels (range) of the measured dioxins and furans in human milk, in cottonseed oil and in one pooled sample of butter are expressed in pg/g fat as shown in Table 6. To express the toxic potency of a mixture of the measured dioxins and furans the International Toxic Equivalency Factors (TEFs, Ref. 18) were used to calculate the concentration in pg-TEQ/g fat (Table 6). The analysis showed dioxin levels between 16 and 40 pg-TEQ/g fat. In human milk, nearly all congeners could be detected of which a few congeners, i.e. 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD appear to dominate the levels expressed in TEQ (i.e. 86% of the total TEQs). The major TEQ contribution came from 2,3,7,8-TCDD with an average of 75% (range 66 - 82 %). The chemical analysis of the pooled sample of cottonseed oil showed only a few hepta and octachlorinated congeners slightly above the LOD. The pooled sample of butters contained 0.44 pg-TEQ/g fat, of which 2,3,7,8-TCDD contributed 41% of the total TEQs. 

Discussion

This study was undertaken to assist the Karakalpak health workers to identify the degree of exposure to the measured contaminants during the pre- and postnatal period and to provide guidelines to identify future (research) strategy to combat the prevalent pollutants in that area. For that purpose we selected a relatively small group of mother/infant pairs admitted in the maternity clinics of Chimbay, Kanlikol and Nukus. These clinics admit the majority of all pregnant women before delivery within their respective geographic areas, and include mothers descended from both, rural and urban areas. The small size of the population selected may not allow extrapolating these findings to the general population. Nonetheless, the distribution of the three sampling sites over the area, and the similarities of the encountered levels over these sites, provide a good impression of the profile of exposure of the general population living South of the Aral Sea. The choice of the samples collected (blood from pregnant women, cord blood and breast milk) allows an assessment of the degree of environmental exposure during the pre- and postnatal period, which is recognized as the most vulnerable period during human life (12, 13, 14, 15). Due to the high volumes of blood required, dioxin levels can not be measured in plasma with present state-of-the-art methods. Human milk contains large quantities of fat, what makes technical concentration methods easier and the precision of measurement much higher than blood. Dioxin levels in breast milk are strongly related to levels in adipose tissue (12). Therefore, breast milk is generally considered to be an easy-to-obtain biotic medium for reliable measurement of human exposure to dioxins. The present study was not designed to determine whether the elevated body burden residues were due to the consumption of particular food produced or whether they were consumed near locations with a heavy emission of polluted soil or dust.

In the present study, all pregnant and non-pregnant women were anaemic Hb<110g/L), which agreed with previous observations (8). One stillbirth showed multiple congenital abnormalities. Due to the limited number of subjects, the anaemia could not be related to the measured exposure levels. The concentrations of the measured toxic and non-toxic heavy metals in cord blood and maternal blood were consistent with the range of concentrations observed in other countries (19). None of the children had Pb levels of >100 ppb/L, which is expected to be the critical level for neurotoxicity in early life (20). However, 3 women had Pb levels greater than 100 ppb/L. The source of these high Pb levels might be sought in the drinking water (7) although other sources, like emission from Pb-rich gasoline, can not be excluded.

The most predominant pollutants detected in Karakalpakstan are the OCP residues α-HCH, β-HCH and pp-DDE and the most toxic dioxin, notably 2,3,7,8 TCDD. The calculated mother/infant ratios for HCB, α and β-HCH, pp-DDE and pp-DDT corresponded with ratios found for PCBs in the Dutch PCB-dioxin study (13). Levels in maternal blood are 2 to 3 times higher than those in the corresponding infant at birth. If a correction is made for the lower total fat content in cord blood (13), concentrations of the predominant pollutants in maternal and cord blood are similar. This would imply that the fetus has been exposed to maternal concentrations during pregnancy. Also after birth the breast-fed neonate will be exposed to HCB, α-HCH, β-HCH and  pp-DDE. For β-HCH and  pp-DDE all samples, except one, exceeded what is considered to be a “safe” background level of 200 ng/g fat. Similar exposure levels have been reported in neighboring Kazakhstan (21, 22), as depicted in Table 7. 

In breast milk the dioxin levels, expressed in TEQs are 2.5 times higher than those reported in Ukraine (23) but within the range of concentrations reported for industrialized countries in Western Europe (24). One of the most toxic congeners, namely 2,3,7,8-TCDD, dominated the total burden of milk TEQs in Karakalpakstan. This congener pattern is substantially different when compared to observations in most industrialized territories, including Ukraine, but similar as in Kazakhstan (25). The measured TEQ concentrations of 2,3,7,8 TCDD in Karakalpakstan and Kazakhstan are the highest documented levels in the world accounting 66 to 82 % of the total TEQs. This is opposing to a contribution of only 10% in the Netherlands, where the same analytical methods were applied (26). The dominance of the 2,3,7,8-TCDD congener in human milk suggests an exposure pattern dominated by chlorinated products containing 2,3,7,8-TCDD as major contaminant. For products such as those prepared from 2,4,5-trichlorophenol (like 2,4,5-T), it is known that they contain 2,3,7,8-TCDD as primary contaminant. The environmental occurrence of other PCDDs and PCDFs could be related to the production and use of various products (like PCBs, HCB, and 2,4-dichlorobenzene) or to a variety of incineration processes (27).

The negligible OC concentrations in the few samples of cotton seed oil, which is the most commonly used cooking oil, and the relatively high levels of the prevalent OC residues in butter, may indicate that animal fat rather than vegetable oil is the major contributing dietary source of OCP-residues. The prevalent OCPs,  α-HCH and (- HCH, are probably unintended by-products of the industrial production process of lindane, whereas  pp-DDE is a metabolic degradation product of DDT. 
The analysis of a limited number of cottonseed oil samples showed PCDDs and PCDFs at low concentrations and with a congener pattern similar to that found in oils of vegetable origin in the Netherlands (17). In the present study, the few butter samples showed relatively high concentrations of 2,3,7,8-TCDD and a distinctive PCDD/PCDF congener pattern similar to that found in human milk. These findings may support the notion that contaminated animal fat rather than vegetable oil is the major dietary source contributing to the high maternal body burden of OCP and dioxins.

Concern about the effects of POPs exposure in adults has been focused on the potential carcinogenic and immunomodulatory effects of these compounds (28, 29). In this regard there is some evidence of a reduced T cell mediated immune system among Karakalpak women in their reproductive period (8). Recently, concern is also directed to their role to disrupt three hormonal systems: estrogens, androgens, and thyroid hormones during fetal development, when organs are especially sensitive to low concentrations of sex steroids and thyroid hormones. Slight changes of the endocrine balance during early development may cause irreversible changes before maturation of homeostatic systems and during periods of genetic imprinting (30). Moreover, a few OCPs are known to exert an adverse effect on lactation performances in animals. Examples of the latter are DDT and its metabolite DDE (31, 32, and 33). For DDE, two human studies showed shortened lactation with high levels of exposure (31,32). This effect has been explained by the estrogen-mimicking effect of DDE. Even very low dose contraceptive estrogens can interfere with milk production. In the present study a considerably higher maternal body burden was observed of the so-called “environmental estrogens” (like DDE and (- HCH) as in Western European countries. In Karakalpakstan a decline of both the initiation and duration of breast-feeding has been observed during the last 10 years (7). Although this situation has been attributed mainly to social and stress related factors, the possible role of environmental pollutants can not be refuted. Globally, a decline of breast feeding, because of the linked increase in infant morbidity and mortality (34, 35, 36), may contribute to serious public health problems.

In conclusion the results of this pilot study indicate that the current exposure pattern in Karakalpakstan during the pre- as well as the postnatal period is dominated by the exposure of notably HCB, α-HCH, (- HCH, pp-DDE,  pp-DDT and the most toxic dioxin 2,3,7,8 TCDD. Further epidemiological research is needed to elucidate the health implications of these environmental pollutants on perinatal and maternal health, including lactation. But more importantly, an investigation should be initiated to identify the emission sources of these environmental pollutants in Karakalpakstan and adjacent regions. After identification of sources, measures might by taken to reduce emissions and thus their exposure of the population, which may eventually lead to improved human health conditions. 
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Fig. 1 Distribution scheme of the laboratory investigations 


Pb, Cd, Se
Serum pesticide
Milk

 
Subjects
and Zn
Pesticides
Dioxins

Pregnant woman



(n=18)
17
10 + 4 pooled (4x2)
17  (+ 24*)
17 (+23*) 


5 pooled (5x8)
Mother-child pairs
15
12

Cord blood


(n=28)
28
8 + 4 pooled (4x2)

Non-pregnant


Woman

(n=28)
28


* Other samples.

Table 1. Characteristics of the study population of pregnant and non-pregnant women 

Characteristics
Pregnant women (n = 18)
non-pregnant women (n = 28)

Age (years)
26.2 ( 1.0
29.9( 1.1

Height (cm)
161.6 ( 11
160.9 ( 1.4

Weight (kg)
70.6 ( 4.8
60.4(1.9

Body mass index* (kg/m2;;  % < 20;  20 –25; 25-30; >30)
10;  68;  16;  7
26;  61;  13;   0

Formal education (% higher level) H
46.2
45.9

Smoking2 (% yes)
0
0

Duration of pregnancy (weeks, range)
38 – 41
-

Hemoglobin level (g/L)
75.2 ( 1.4
72.1( 2.0

Table 2. Median values (range) of Zinc (Zn), Cadmium (Cd), Selenium (Se) and Lead (Pb) in cord blood (n=28) and maternal blood  (n=45) in Karakalpakstan (Uzbekistan).

 
Zn ppm(
Cd ppb(
     Se ppm(
Pb ppb(

Maternal blood

Cord Blood
4.60 (3.1 - 6.0)

2.00  (1.3 - 6.0)
0.15 (0.05*- 3.50)

0.12 (0.12-0.27)
0.18 (0.10 - 6.10)

0.18  (0.10 - 0.27)
61.50 (20.0 – 499.0)

47.80 (23.1 – 83.6)

( ppm = parts per million = mg/L and ( ppb = parts per billion = (g/L.

*  Half of the limit of determination
Table 3. Median (range) of organochlorine pesticides in maternal blood [individual (n=8)  + pooled (4x2)] and cord blood [individual (n=8) + pooled (4x2)]. Concentrations (ng/ L) for HCB, (-HCH,  (-HCH, pp-DDE, and pp-DDT, assuming levels of non-detects equal half of the limit of determination. 

HCB
(-HCH
(-HCH
pp-DDE
pp-DDT
 
Maternal blood

(range)
167.00

(72 –9920)
78.50

(50 –1204)
5166

(3050 –28639)
4710.50

(1967 –16678)
266.50

(141 –971)
 
Cord blood

(range)
70,00

(25 –1300)
ND*
2060,00

(899 –6140)
1386,00

(658 –4636)
81,00

(25-252)
 
*ND:  All samples below the detection level, except in  one individual and 2 pooled samples

Table 4. Median (range) of organochlorine pesticides in human milk and formula milk (ng/ g fat), assuming that non-detects equal to half of the limit of determination (LOD). Human milk levels were calculated from a combination of all 41 individual and eight pooled samples.


FAT-P*
HCB
(-HCH
(-HCH
(-HCH
pp-DDE
pp-DDT

Human-milk
3.00

(0.7 –6.8)
28.00

(5†-109)
76.00

(11 –323)
8.00

(8† -162)
1145.00

(129–7264)
873.00

(312 –4035)
70.00

(15 † -297)

Formula-milk

ND


ND


ND


ND


46.0


ND



    * Fat-P = Fat percentage, † half of the LOD, ND= below the LOD.

Table 5. Organochlorine pesticides levels in one pooled sample of butter (ng/g fat

HCB
(-HCH
(-HCH
(-HCH
pp-DDE
op-DDT
pp-TDE
pp-DDT

Butter
ND
78.9
ND
75.0
68.0
ND
ND
ND


ND= below the limit of determination (10 ng/g fat).

Table 6. Median (range) of the 2,3,7,8-substituted PCDDs and PCDFs (pg/g fat) in human milk, 1 pooled sample of cottonseed oil, and 1 pooled sample of butter. Median (range) is also presented in pg-TEQ/g fat. 

Dioxins


TEF
Human breast milk

Median (range)
Cotton seed oil
Butter

Dioxins

2,3,7,8-TCDD
1
  16.10   (10.60 –31.20)
0.01
0.18

1,2,3,7,8-PeCDD
0.5
    4.84   (  3.10 –11.60)
<0.02(
0.10

1,2,3,4,7,8-HxCDD
0.1
    1.00   (  0.78 – 1.13)
0.01
0.05

1,2,3,6,7,8-HxCDD
0.1
    2.98   (  2.70 – 4.81)
0.03
0.10

1,2,3,7,8,9-HxCDD
0.1
    0.79   (  0.64 – 1.45)
0.02
0.03

1,2,3,4,6,7,8-HpCDD
0.01
    4.71   (  3.70 – 5.25)
0.28
0.19

OCDD
0.001
  20.70   (14.00 –21.20)
0.79
0.49

Furans

2,3,7,8-TCDF
0.1
    0.48   (  0.41 – 2.38)
<0.02(
0.02

1,2,3,7,8-PeCDF
0.05
    0.32   (  0.27 – 1.17)
<0.02(
0.01

2,3,4,7,8-PeCDF
0.5
    3.90   (  3.48 – 5.21)
<0.02(
0.30

1,2,3,4,7,8-HxCDF
0.1
    1.84   (  1.57 – 2,17)
0.01
0.15

1,2,3,6,7,8-HxCDF
0.1
    1.57   (  1.35 – 2.07)
0.01
0.12

1,2,3,7,8,9-HxCDF
0.1
    0.05   (  0.05 – 0.11)
<0.02(
<0.02

2,3,4,6,7,8-HxCDF
0.1
    0.92   (  0.83 – 1.21)
0.02
0.12

1,2,3,4,6,7,8-HpCDF
0.01
    1.26   (  1.08 – 1.84)
0.06
0.09

1,2,3,4,7,8,9-HpCDF
0.01
    0.06   (  0.05 – 0.10)
<0.02(
<0.02

OCDF
0.001
    0.18   (  0.13 – 0.24)
0.08
0.01



Total pg TEQ/ g fat (a)
21.5 (16.0-40.2)
0.03
0.44

Total pg TEQ/g fat (b)
21.5 (16-40.2)
0.05
0.45

( <0.02 = Below the limit of determination. TEF= toxic equivalent factor (18).  TEQ (a) = Calculated TEQ assuming non-detects equal to zero. TEQ (b) = Calculated TEQ assuming non-detects equal limit of determination (i.e. 0.02 pg/ g fat). 

Table 7. Comparison of the median (range) of the organchlorine-residue levels (ng/g fat) in breast milk between Karakalpakstan, Kazakhstan1 and the Netherlands2

HCB
(-HCH
(-HCH
pp-DDE
pp-DDT
 
Karakalpakstan

      (n=41)
Kazakhstan

     (n=101)
Netherlands

     (n=89)
28 (<10-109)

78 (6-440)

40 (10-130)
73 (11-323)

60 (15-670)

<10
1282 (129-7264)

1670 (430-8610)

50 (20-260)
926 (132-4035)

1500 (240-10540)

330 (130- 4340)
72 (<30-297)

230 (75-1030)

<30 (<30-160)
 
1Petreas 1996, 2Liem 1995.









