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Abstract

We evaluated concentrations of 15 PCB congeners in blood serum of 2,047 adults, 431 8-9-years 

old children and 1,134 mother-child pairs born in 2001-2003. These subjects were long-standing 

residents living up to 70 km (to the north) and up to 50 km (to the south) of the former Chemko 

Strážske PCB production facility in the Michalovce district of Slovakia. We plotted serum 

concentration against distance from the plant both with and without consideration of the direction 

of their homes from the site. The decrease in exposure with distance could be described by an 

exponential function which was dependent on direction and climatic parameters. By kriging we 

created maps depicting predicted isoconcentration contours for sex- and age-adjusted serum 

concentration of ΣPCBs for the same group of children, adults and mothers. The principle of our 

risk analysis was to relate serum concentration data, reflecting PCB body burden, using the critical 

concentrations established by the French Agency for Food, Environmental and Occupational 

Health & Safety (ANSES 2010) as thresholds below which the probability of effects on health is 

regarded as negligible. We conclude that 10 years ago around 200,000 residents were at risk in 

this densely populated area. Exposure has since decreased but the mechanism for this has not yet 

been studied.

Keywords

Polychlorinated biphenyls; PCBs; Contaminated site; POPs; human biomonitoring; risk 
assessment; geographic information system; GIS

Introduction

The production of persistent organic pollutants (POPs) has resulted in global contamination 

of the environment, wildlife and humans (US EPA 2009). Contamination of production sites 

and from related landfills has been documented for a range of POPs including 

hexachlorocyclohexane (HCH), polychlorinated biphenyls (PCB) and 

perfluorooctanesulfonic acid (PFOS) (Amirova and Weber 2015; Jit et al. 2011; Oliaei et al 

2013; Torres et al. 2013a; Torres et al 2013b; Vijgen et al. 2011; Weber et al. 2008; Weber 

and Varbelow 2013). The associated impacts on neighbouring populations have also been 

documented for some sites (Amirova and Weber 2014; Pavuk et al. 2014; Lam et al. 2013; 

Humblet et al. 2010; Oliaei et al. 2013; Burns et al. 2009). The wider spatial contamination 

around these sites has not previously been assessed in relation to human exposure.
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The production of PCBs has been established as a major source of environmental 

contamination in Slovakia (Kocan et al. 1994). The Chemko factory was a PCB production 

site located near the city of Strážske in the Michalovce district of eastern Slovakia. Between 

1959 and 1984 this facility produced around 21,482 t of PCB formulations with the trade 

names Delor, Delotherm and Hydelor (Kocan et al. 2001). The factory also generated an 

estimated 1,600 t of PCB wastes, mainly distillation residues containing highly chlorinated 

biphenyls and terphenyls, as well as polychlorinated dibenzofurans (PCDFs). A large 

proportion of this waste was released into the environment - mainly via an open effluent 

canal discharging into the Laborec river and the Zemplínska Šírava lake. Other waste was 

dumped in Chemko landfills while some distillation residues were mixed with heavy oil and 

used as fuel in the factory boiler (Kočan et al. 2008).

The scope and extent of environmental contamination and the associated impacts on health 

have been documented in a series of studies (Kočan et al. 1994; Kočan et al. 2001; Kočan et 

al. 2008; Jusko et al. 2014; Langer et al. 2014; Hertz-Picciotto et al. 2008; Ghosh et al. 

2013; Patayová et al. 2013; Trnovec et al. 2013; Verner et al. 2013; Jusko et al. 2012; Mitra 

et al. 2012; Trnovec et al. 2011; Horváthová et al. 2011; Dutta et al. 2012; Jusko et al. 2010; 

Park et al. 2010; Park et al. 2007; Park et al. 2009; Park et al. 2008a; Park et al. 2008b; 

Sonneborn et al. 2008a; Trnovec et al. 2008; Yu et al. 2007; Park et al. 2007; Linderholm et 

al. 2007).

In previous studies we examined demographic, behavioural, dietary, and occupational 

characteristics as predictors of serum PCB concentrations of local residents (Petrik et al. 

2006; Patayová et al. 2013; Sonneborn et al. 2008b). We did not, however, systematically 

analyze the relationship between the place of residence, PCB exposure of residents and the 

size of the area impacted by PCBs. The aim of this paper is to fill this knowledge gap.

Materials and methods

The source data, along with details of sampling and measurement, are included in the 

following research projects:

1. Evaluating human health risk from low-dose and long-term PCB exposure, 

PCBRISK, EU 5FP project, QLK4-2000-00488 PCBRISK, years 2001-2005. In 

brief, we examined 2,478 participants (2,047 adults, 50.7% females and 49.3% 

males, and 431 children between 8-9 years old) living in a PCB-polluted area 

(districts Svidník, Stropkov and Michalovce). Adults were recruited with the 

assistance of primary health care physicians by random selection from an 

alphabetical list of their patients. Children were recruited through local elementary 

schools. Blood samples of all participants were analyzed for PCBs and 

organochlorine pesticides. The inclusion criterion for adult subjects was long-term 

permanent residence in the study area. Subjects were not excluded from the study if 

suffering from mild chronic controlled illness (e.g. rheumatism, hypertension, 

diabetes, thyroid disorders, non-morbid obesity, allergy, etc.). Children's mothers 

should have permanently lived in the respective area for at least 5 years before the 

child's birth and children had to be delivered and be living in the study area.

Wimmerová et al. Page 3

Environ Sci Pollut Res Int. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Early Childhood Development and PCB exposure in Slovakia, US NIH project # 

R01-CA96525, years 2003-2006. The study subjects and study protocol has been 

described in detail (Hertz-Picciotto et al. 2003). Briefly, participants were recruited 

from two districts: Michalovce with high PCB contamination in the environment 

from a chemical manufacturing plant (n=812), and Stropkov/Svidnik located 66 km 

to the northwest, having lower environmental levels of PCBs (n=322). Mothers 

were enrolled at the time they came to the hospital for delivery. The protocol 

excluded (1) mothers with more than four previous births, (2) mothers less than 18 

years of age, (3) mothers who had resided fewer than 5 years in their district, and 

(4) mothers with a major illness during pregnancy. Maternal blood was collected at 

delivery for analysis of PCBs.

3. Using GIS for analysis of PCB contamination in East Slovakia, 2005/44-SZU-22, 

funded by Ministry of Health of the Slovak Republic, years 2005-2008.

Serum specimens were collected in projects 1 and 2 and concentrations of 15 PCB 

congeners (IUPAC No. 28, 52, 101, 123, 118, 114, 153, 105, 138, 167, 156, 157, 180, 170 

and 189) were determined as described elsewhere (Kocan et al. 2004; Conka et al. 2005). 

The sum of the 15 individual PCB congeners analyzed represents ΣPCBs. All analytical 

measurements were carried out at the National Reference Centre for Dioxins and Related 

Compounds (Department of Toxic Organic Pollutants, Slovak Medical University), which 

has been certified by the Slovak National Accreditation Service (ISO/IEC 17 025:2005, 

certification No. S-111) and regularly participates in interlaboratory studies and proficiency 

tests on dioxins and PCBs in food and feed.

For the values below limits of detection (LOD), we took the LOD value divided by the 

square root of 2 if PCB congeners had fewer than 20% of samples below the LOD; 

Otherwise we used LOD values divided by 2. All concentrations reported in this study are 

serum lipid adjusted. The study protocols were approved by Institutional Review Boards at 

the University of California, Davis, and the Slovak Medical University. All subjects gave 

informed consent to their participation in the studies. Data on the place of residence of 

participating subjects and on PCB exposures were collected by trained nurses and entered 

into a database management system using Microsoft Access. We used SPSS software, 

version16.0, (SPSS Inc., Chicago, Il., USA) and ArcGIS (Esri, 380 New York Street, 

Redlands, CA 92373-8100, USA) for processing the data. We entered the residential address 

of each participant, along with the latitude and longitude coordinates into the database. We 

have created isoconcentration maps using ArcGIS. We adjusted the concentrations for adults 

of the PCBRISK project for age and sex apart from in mothers of the NIH project and 

children of the PCBRISK project due to the relative homogeneity of the age distribution in 

those study samples. The respective zones between the neighboring isoconcentration lines 

were shaded brown with darker shades representing increasing serum ΣPCBs concentration. 

The optional output variance of prediction raster created contains the kriging variance at 

each output raster cell. Assuming the kriging errors are normally distributed, there is a 95.5 

percent probability that the actual z-value at the cell is the predicted raster value, plus or 

minus two times the square root of the value in the prediction raster.
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Results

Descriptive statistics on serum concentration of ΣPCBs in subjects of the PCBRISK project 

and the mothers of the US NIH project are described in Table 1, however the data reflect the 

situation more than 10 years ago. To relate the PCB population exposure to place of 

residence we used several complementary approaches:

1. Firstly we split the participants of each project described in section two above into 

quartiles with regard to ΣPCBs serum concentration. The concentration limits of 

quartiles together with the geometric means of the ΣPCBs serum concentration of 

subjects of projects are shown in Table 1. The spatial distribution of exposure of 

project subjects with regard to place of residence is shown in Fig. 1. The diameter 

of the pie chart is proportional to number of subjects evaluated and the scale is 

shown in the inset. The pie slices are proportional to the percentage of the subjects 

with ΣPCBs serum concentration within the limits of the respective quartile. It can 

be seen from Fig. 1A, for example, that in the city of Michalovce approximately 

400 adults were examined and, of these, more than one quarter but less than one 

half were in the fourth highest quartile, i.e. their ΣPCBs serum concentration was 

≥1,978 ng/g lipids.

2. Next we plotted the ΣPCBs serum concentrations as a function of distance from the 

source of pollution regardless of direction of the place of residence from pollution 

source and in direction of the points of the compass (Fig. 2). We described the 

decrease of ΣPCBs serum concentration by a monoexponential function and 

computed the concentration at Distance = 0. The differences between these values 

for individual project groups reflect mainly differing age (e.g. PCBRISK project 

older adults vs. NIH project younger mothers). The Distance 1/2 parameter in plots 

disregarding the direction of the residence from the pollution source, with values of 

25.51, 34.66 and 38.51 km for adults, mothers and children, respectively, is similar 

for the 3 project groups. However we observed differences in the Distance 1/2 

parameter when plotting the serum concentrations for the four points of the 

compass. Next we compared our distribution data with the limits suggested by the 

European Food Safety Authority (EFSA) and the French Agency for Food, 

Environmental and Occupational Health & Safety (ANSES 2010). EFSA suggests a 

value of approximately 1,000 ng total PCB/g of plasma lipids for the entire 

population (EFSA 2005). ANSES proposed a critical concentration of 700 ng total 

PCB/g of plasma lipids as a threshold for pregnant women; women of childbearing 

age; lactating women; and children under three years of age with a maximum limit 

of 1,800 ng total PCB/g of plasma lipids for the rest of the population (ANSES 

2010). We have marked with a horizontal red line the ANSES 700 ng total PCB/g 

limit in Fig. 2 which shows that 10 years ago the serum concentration of a 

significant portion of the adult and child populations exceeded the limit. It can also 

be seen that the highest levels are found in adults living to the south and east of the 

source of pollution, while the exposures to the north are lower. A smaller 

percentage of the mothers had PCB levels above the critical concentration of 700 

ng total PCB/g of plasma lipids compared to the “adult” group because mothers 
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were, on average, younger than other adults and thus accumulated less PCBs. In 

both south-north directions the decrease with distance was negligible, however 

exposures to the south were higher compared to the north. This corresponds with 

the average wind speeds and directions for the town of Michalovce (Fig. 3). It has 

to be taken into account for risk assessment that with mothers the blood was 

sampled at delivery and as a result of the easy transfer of PCBs across the placenta 

(Lancz et al. 2015) the maternal concentration is a biomarker of prenatal exposure. 

It follows that children of our cohort born mainly south to source of pollution have 

been at high prenatal exposure risk compared to other directions. The magnitude of 

the risk did not decrease substantially within 50 km of the factory.

3. We then obtained more detailed information on exposure to ΣPCBs in relation to 

place of residence and applied the following variables from the US NIH project to 

cluster analysis: ΣPCBs serum concentration in ng/g lipid, the distance between the 

place of residence and the source of pollution in km and the azimuth in degrees. 

We divided the mothers into three clusters using divisive hierarchical clustering 

and concentration limits of ΣPCB 347 and 890 ng/g lipids. Approximately half of 

the mothers (48.99%) had serum concentrations between 347 and 890 ng/g lipid 

whilst 33.76% had lower concentrations and 17.25% of mothers had higher levels 

(Fig. 4).

The mothers were divided according to the direction from the source and using contingency 

table chi-square test we compared the ΣPCBs serum concentration of mothers with their 

place of residence in relation to 8 principal directions. This analysis confirmed the strong 

relationship between concentration of serum ΣPCBs and the azimuth of the residence (p < 

0.001). We found that most mothers with the highest levels of ΣPCBs lived to southeast, 

south and east of the contamination source (Fig. 4) which is consistent with the previous 

analyses. More than 80% of mothers living in these directions had a level of ΣPCBs higher 

than 347 ng/g lipid.

4. Finally we compared maps created by kriging from non-transformed 

concentrations and log (base 10) transformed data. We found that log 

transformation did not improve the quality of the spatial distribution pattern and 

our isopleth (contour; isoconcentration) maps are therefore created from 

untransformed concentration data. We also compared maps created for the 

whole mapped area with those created either for the northern (districts Svidník 

and Stropkov) or southern area (district Michalovce) separately. The reason for 

this was that the original study design recruited subjects from two northern and 

one southern districts with no data from the two districts (Vranov n. Topl'ou and 

Humenné) in between. This division proved useful and we prepared separate 

maps for the southern and northern territories. We decided to combine the 

concentration space-distributed data from the 3 project groups into one group in 

order to increase the statistical power. We expressed all concentration data as z-

scores to avoid the imprecise adjustments (results not shown here).

Fig. 5 shows the predicted isoconcentration curves created from data on children and adults 

of the PCBRISK project, and mothers of the NIH project. We include three maps which 
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indicate a zone of high predicted concentrations to NW and W of city Michalovce. The map 

created from PCBRISK adult data indicates a huge concentration focus at the southern limit 

of the sampled territory, some 40 km from the Chemko Stražske PCB production site. The 

map created from the independent data of the mothers group reveals the same focus.

Discussion

Complex health and exposure studies of residents living in proximity to a contaminated site 

can help elucidate exposure pathways, health outcomes and related socioeconomic or 

behavioral risk factors. The relationship between residential distance from the source of 

pollution and the PCB level in residents living near contaminated areas has been studied by 

others - but with differing conclusions. Residence in west Anniston, Alabama, site of 

Monsanto PCB plant, and total years of residence, were positively associated with ΣPCBs 

blood level. Demographic variables and past consumption of locally produced foods were 

found to be the most important predictors of PCB concentrations in residents living in the 

vicinity of the Anniston facility. However, the distance of residence from the site was not an 

important PCB determinant in that specific group (Pavuk et al. 2014). In an earlier study no 

association was found between ΣPCB levels in cord serum and residential distance from the 

PCB waste disposal from local industry and maps of cord serum PCB levels do not indicate 

any likely wind-related spatial patterns (Choi et al. 2006). Similarly, in Japan the dioxin 

levels of mother's milk bore no apparent relationships with the distances between the 

mothers’ homes and the distance from waste incinerators (Tajimi et al. 2005). On Teesside 

in the UK it was reported that long-term residence near heavy and chemical industry did not 

have an effect on women's body burden of PCDD/Fs and PCBs. The authors (Pless-Mulloli 

et al. 2005) concluded that body burden of PCDD/F and PCBs was not a suitable biomarker 

for chronic, non-occupational exposure to industrial air pollution. In Russia, by contrast, 

boys who lived < 2 km from chemical plant formerly producing organochlorinated 

compounds, Khimprom in Chapaevsk, had higher organochlorine levels than boys who lived 

> 5 km away (Lam et al. 2013; Humblet et al. 2010; Burns et al. 2009). Potential 

meteorological conditions may explain some of these discrepant results, as well as disposal 

practices (e.g., on site, locally, or further away, and types of containers etc.), and duration 

between production and timing of sampling.

Contrary to much of those data, our study shows that serum concentrations of ΣPCB of 

subjects living around a PCB pollution source is decreasing and that this decrease can be 

approximated by an exponential function, and that the exposure is direction dependent. The 

size of the contaminated area in Slovakia and the number of exposed individuals are large 

compared with other sites. The range of PCB serum concentrations is also large (Hertz-

Picciotto et al. 2003; Petrik et al. 2006). These conditions increased the statistical power of 

our study and, for the first time made it possible to adequately describe the relationship 

between PCB exposure and the distance from the source. This relationship is essential for 

analysis of risk. The high value in south-north direction of the Distance 1/2 parameter 

indicates that the shape of the source of pollution is linear rather than a single point source. 

The proximity of the contaminated waste water canal and a factory landfill to the villages in 

which most subjects in the fourth quartile of ΣPCB serum concentration were living (Nacina 

Ves, Vol'a and Petrovce nad Laborcom) indicates that, besides contamination from the plant 
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itself, the canal and PCB stores are likely to be the main sources of pollution. This 

conclusion is corroborated by the wind rose data for the city Michalovce (Fig. 3). It can be 

seen that prevailing winds come from the N and NW direction. Less common, but still 

significant, are the S and SE winds. The main transportation medium is the river Laborec 

which flows in a SE direction.

Our data, categorized either as exposure percentiles (Fig. 1) or as a concentration-distance 

relationship (Fig. 2), is a useful starting point for risk analysis. We therefore made a rough 

estimate of risk using the criterion that the PCB body burden, measured as ΣPCB 

concentration in serum, reflects the danger to individuals from PCBs. This value can be 

compared with the ANSES and EFSA critical concentrations of 700 and 1800, or 1000 ng 

ΣPCB/g lipid, respectively. Inspection of Fig. 1, Fig. 3 and Table 1 shows that a number of 

individuals exceeding the ANSES or EFSA critical concentrations live in an area delineated 

at least approximately by an oval with a 70 km long axis and 30 km short axis around the 

source of pollution. It is estimated that approximately 200,000 people live in this densely 

populated area.

The application of GIS to epidemiology was reaching a seminal stage of development when 

the PCBRISK project was designed. The main objective of the project was to collect 

sufficient data to establish the dose-response relationships for various health outcomes. The 

volunteers were recruited mainly from regions where primary health care physicians were 

cooperative and where we assumed we would find high exposure levels. Consequently the 

spatial distribution of residential locations is uneven. The objective of the NIH funded 

project was to recruit as many as possible of the women who were delivering children at the 

Michalovce and Svidnik district hospitals over a certain period. The homes of these women 

were therefore more evenly distributed in these districts and were thus more suitable for 

spatial analysis. Kriging the data created very informative maps showing spatial distribution 

of human PCB exposure. The four approaches applied to spatial analysis of human 

exposures to PCB around the former production site proved to be complementary. The 

contour maps predict zones of higher PCB concentration and indicate targets for 

remediation. The other approaches reflect more properly the risk of individual subjects 

living in a certain district without taking into account direction to pollution source.

Our own analysis (Sonneborn et al. 2008b) and other data (Fisher 1999; Gunderson 1995; 

Hopf et al. 2009; Patterson et al. 2008) support the assumption that: 1) food is the main 

source of exposure to PCBs for the general population (Chovancová et al. 2005; Kočan et al. 

2008); and that 2) exposure occurs primarily by consumption of high-fat foods. Fish caught 

in the river Laborec represents an important exposure pathway (Langer et al. 2007) in spite 

of the total number of people consuming locally caught fish being very small. Cattle 

bioconcentrate PCBs and PCDD/PCDF from soil and grass into meat and milk 

(Hoogenboom et al. 2012 Weber et al. 2014) and were, and may still be, a major contributor 

to exposure of the population. Furthermore chickens also have a high accumulation potential 

for PCB and PCDD/PCDF from soil into eggs (CVUA Freiburg 2006; Hoogenboom et al. 

2006; Kijlstra et al. 2007) and are most likely another major exposure pathway for the 

population. The high relevance of exposure pathways from livestock and chicken via soil 

and vegetation and grazing cattle around a POPs production plant has recently been 
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reviewed for perfluorosulfonic acid (PFOS) (Brambilla et al. 2015) which is essentially also 

applicable to PCBs despite some minor differences in toxicokinetics. PCBs were also 

detected in the atmosphere around dumping sites (Hermanson and Hites 1989; Hermanson et 

al. 2003) and in tree bark near a former PCB manufacturing plant (Hermanson and Johnson 

2007), so inhalation of PCBs cannot be excluded as another exposure route.

In this paper the aim was to demonstrate a relationship between exposure and the distance 

from the source and to make a preliminary risk analysis. Our data reflect environmental 

contamination 10 years ago. Whilst there are no more recent measurements we do not 

assume significant decreases in exposure by natural attenuation as the sediments in the waste 

water canal, which is the main PCB reservoir, contains large quantities of PCBs (Kocan et 

al. 2001) and no remedial measures have yet been implemented. The same holds for PCB 

waste stores. This assumption is supported by observation of exposure to PCBs in 

adolescents living in this area (Wimmerova et al. 2011).

Current exposure and future outlook. The former Chemko site has generated some of the 

highest levels of contamination ever measured in the world with clear health risks. 

International agreements require destruction of stockpiles of chemicals such as PCBs and it 

is obvious that the area should be a priority for clean-up. Despite the promise of 

international help, and widespread recognition that the area is amongst the most polluted in 

Europe, progress in dealing with the pollution has stalled. Local residents continue to be 

exposed to the hazardous chemicals and to suffer significant health impacts (Greenpeace 

International 2010). Half-life of persistent chlorinated aromatic chemicals such as PCB or 

PCDD/F have been estimated between years and centuries (Nauman and Schaum, 1987; 

Sinkkonen and Paasivirta, 2000) depending on the degree of chlorination and the 

microbiological activity in the soil. If no remedial action is taken, PCBs in the soils and 

deposits will therefore continue to be a source of human exposure long into the future. There 

is thus an urgent need for a full assessment and risk management. The current status of PCB 

in soils and vegetation together with the current and future levels in both livestock and in 

wild animals used for food needs to be assessed. This is particularly important for the zones 

where elevated PCB levels in humans have been documented by this study. As a second 

stage appropriate food advisories and management of livestock in the region need to be 

developed. Whilst current exposure pathways include the uptake of the semi-volatile PCBs 

via atmospheric emissions a potentially major future risk arises from flooding (Weber et al. 

2012; Wölz et al 2008). The associated remobilisation of PCBs in sediments contaminating 

can contaminate flood plains and increase uptake via hens/eggs and grazing cattle (Lake et 

al 2014; Rose et al. 2013). The river Laborec has flooded with devastating effect in the past 

(particularly in 1902, 1907, 1913, 1926 and 1931). Better controls have since been 

introduced but global climatic change has increased floodings of European rivers in recent 

years and the Laborec is at increased risk in the future. Besides mobilising the highly PCB 

contaminated sediments future flooding of the river Laborec could release PCBs from the 

storage facilities around Strážske. The risks of future flooding in the face of climate change 

should be modelled and quantified.

Conclusions. This assessment of contamination by PCBs of residents living around a former 

major PCB production site in Slovakia, completed 10 years ago, has shown that humans can 
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be affected at distances of up to approximately 70 km from the original source. The extent of 

exposure was markedly dependent on direction from the source and on microclimatic 

characteristic of the region. Our risk analysis was based on comparison of the then current 

blood levels with critical concentrations established by ANSES and EFSA. The study shows 

that population exposure from former PCB production facilities is significant and should be 

further assessed. The major exposure pathways of the population is likely to be via the 

uptake of PCBs from fatty foods but further assessment is needed - particularly in relation to 

detailed exposure pathways from different livestock and food products (meat, milk and 

eggs) and possible inhalation uptake and related contemporary exposure. After having 

assessed the exposure pathways, food advisories and possible mitigation measures can be 

established to reduce and minimize the exposure of the affected population. The flooding 

risks with the associated risk of mobilization risk of the PCB and PCDF reservoirs in the 

region as a result of climate change should also be urgently assessed and the results used to 

inform remediation measures.

These assessments should be used to inform remediation measures with priority given to the 

protection of human health and the environment.
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Fig. 1. 
Spatial distribution of exposure of project subjects with regard to place of residence. The pie 

charts show the percentage of subjects categorized in a quartile of ΣPCBs serum 

concentration (Table 1) living in a place of residence. The diameter of the circle of the pie 

chart is proportional to number of subjects evaluated. A. PCBRISK adults. B. PCBRISK 

children. C. NIH project mothers. The scale is shown in the inset. The pie slices in the pie 

charts are proportional to the percentage of the subjects in the site (village or city) with 

ΣPCBs serum concentration within the limits of the respective quartile.
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Fig. 2. 
Relationship between lnΣPCBs serum concentration of PCBRISK adults, PCBRISK 

children and NIH project mothers and distance from the pollution source in km. The 

parameters of the lines of best fit (green) are shown in the adjacent table. The red horizontal 

line is the critical concentration suggested by ANSES (more see in text).

Wimmerová et al. Page 20

Environ Sci Pollut Res Int. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Prevailing winds in Michalovce, promille in interval ≥0 m/s.
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Fig. 4. 
Distribution of clusters of mothers with regard to concentration of ΣPCBs in relation to 8 

cardinal directions.
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Figure 5. 
Maps depicting predicted isoconcentration contours for serum concentration of ∑PCBs (ng/g 

serum lipids). Southern part of the investigated region. A. Children from PCBRISK project. 

B. Mothers from NIH project. C. Adults from PCBRISK project.
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Table 1

Data on serum concentration of ΣPCBs (ng/g serum lipids) in subjects of the projects evaluated.

Quartile of ΣPCBs serum concentration 1 2 3 4

PCBRISK adults N= 2047 Limits of quartiles 124-675 675-1065 1065-1978 1978-101411

Geometric mean ΣPCBs concentration 504.39 869.94 1436.7 3792.49

PCBRISK children N= 434 Limits of quartiles 66-226 226-377 377-639 639-6495

Geometric mean ΣPCBs concentration 154.06 287.05 470.9 1177.84

NIH project mothers N= 1087 Limits of quartiles 55-288 288-443 443-710 710-12096

Geometric mean ΣPCBs concentration 202.93 359.3 546.9 1200.3
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