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Abstract
Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) are unwanted by-products in a variety of indus-
trial and thermal processes. They have been present on Earth long before the human era, since they may be also formed as 
a result of forest fires or volcanic explosions. Polychlorinated biphenyls (PCBs) in turn, have been intentionally produced 
by humans. Poland was a minor producer of PCB mixtures (Chlorofen and Tarnol), which were a source of direct and 
indirect environmental diffusion with PCB and less with PCDDs/PCDFs. Industrial accidents with PCDDs/PCDFs were 
absent in Poland. Their stability and resistance to thermal breakdown made them very dangerous for environment and, in 
consequence, due to their environmental persistence, bioaccumulation and biomagnification in the terrestrial and aquatic 
food chains, to humans. Humans may become affected by PCDDs/PCDFs and PCBs through environmental (soil and water 
contamination, fish and food), occupational (incinerators; pulp, paper and metallurgy industry; copper production), or acci-
dental (Seveso accident) exposure. The aim of this review was to evaluate environmental hazard caused by PCDDs, PCDFs 
and dioxin-like-PCBs in the central region of Poland based on the accessible data on diffusion of those compounds in sedi-
ments and riverine, reservoir and storm water from our previous studies and discussed in the context of other achievements 
in Poland and elsewhere.
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INTRODUCTION

Recently, in Europe, more than 30 000 chemicals are pro-
duced and processed in the amount of more than 1 tone 
each year  [1]. In this situation, water ecosystems which 
are located in the lowest parts in the catchments are 

contaminated with bulk mass of various kinds of chemi-
cals, including persistent organic pollutants (POPs). Envi-
ronmental pollution with POPs including polychlorinated 
dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofu-
rans (PCDFs) and polychlorinated biphenyls (PCBs), has 
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and 209  PCB congeners for which the International  
Union of Pure and Applied Chemistry (IUPAC) nomen-
clature and numbering system was adopted [6]. A Group 
of Experts from the International Agency for Research 
on Cancer (IARC), on the basis of evidence of an AhR-
mediated mechanism of carcinogenicity in humans and 
experimental animals, classified PCDDs/PCDFs and dl-
polychlorinated biphenyls (dl-PCBs) as carcinogenic to 
humans and thus, they are included in Group  1. From 
meta-analyses of the available toxicological data and 
those derived based on  AhR mediated mechanism of 
action,  2,3,7,8-tetrachlorodibenzo-p-dioxin (TeCDD) is 
considered the most toxic individual among all PCDDs/
PCDFs and dl-PCBs. That is why their presence in envi-
ronment is of great concern.
Although dioxin studies have been conducted for over 
40  years, there is still little data on the pollution with 
those compounds in Poland, and the knowledge about 
environmental pollution with  PCDDs, PCDFs and 
dl-PCBs is insufficient when compared to many other 
countries. Nonetheless, until now, several research has 
focused on manufacture, use, inventory and disposal of 
PCBs in Poland  [7]; as well as on composition of PCB 
isomers and congeners in technical Chlorofen formula-
tion [8,9].
There are also not satisfactory, relevant legal regulations 
on this issue. Legal requirements stimulate actions towards 
reduction of the emissions of these compounds, which led 
to a  60% decrease of POPs emissions in  2000 compared 
to  1988  [10]. Poland, after signing the Stockholm Con-
vention, is obliged to report data on annual emissions of 
pollutants, including  POPs. Nevertheless, majority of 
the research has been carried out on food and fish sam-
ples [11–13]. The results obtained by Lizak et al. [14] using 
high resolution gas chromatography / high resolution mass 
spectrometry (HRGC/HRMS) showed that of 78 samples 
of examined foodstuffs, in 18 cases concentrations of toxic 
compounds exceeded acceptable limits  [15]. Moreover, 

become a very important toxicological problem during the 
last 30 years. Production of  PCBs has been banned for 
many years and waste containing those compounds was 
subjected to safe disposal largely before 2010, therefore, 
global emission of PCBs and also PCDDs/PCDFs has 
been largely reduced during the recent 2 decades. Never-
theless, because of past uses and diffusion as well as actual 
emissions from secondary sources, including some indus-
trial processes, and known physical, chemical and envi-
ronmental persistency and toxicity of those compounds, 
they still constitute risk to human health and other biota.
These lipophilic and persistent contaminants have been 
present in the environment for a  long time. They have 
been present on Earth a long time before the human era, 
since they may be also formed as a result of forest fires and 
fires in buildings, or volcanic explosions, which have been 
very important sources of these compounds [2]. They were 
even detected in soil samples from a Roman brickworks 
along the Lower Rhine near Dormagen, dating back to 
about 50 before Christ (B.C.)  [3]. Physical and chemical 
stability and resistance to thermal breakdown and high 
toxicity made them highly hazardous to humans and other 
living organisms due to bioaccumulation and biomagnifi-
cation in food chains.
Today, also accidental fires are a very important source 
of  PCDDs/PCDFs as they release to the land a range 
from 7.50 to 240 g of TEQ (the Total Toxic Equivalency)/
year [4]. Polychlorinated dibenzo-p-dioxins and polychlo-
rinated dibenzofurans and other compounds of similar 
nature are byproducts in various chlorinated chemi-
cal formulations, while  PCBs have been produced com-
mercially and have been used in a variety of applications 
since 1929  [5]. Additionally, they are produced uninten
tionally in thermal reactions.
Polychlorinated dibenzo-p-dioxins, polychlorinated 
dibenzofurans and polychlorinated biphenyls exist as com-
plex mixtures of different congeners. There are 210 con-
geners of PCDDs and PCDFs (75 and 135, respectively)  
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water ecosystem in Poland. In particular, the results of 
water, sediments and storm water samples collected 
from  2  kinds of water ecosystems, and widely described 
in publications, were examined. The analyzed materials  
were collected from the 2 following water ecosystems:
1.	 Urban  – there are  3 main global problems with water 

and water ecosystems, especially relating to urban areas: 
high density of development has a huge impact on the 
water and heat balance; ageing technical infrastructure 
designed for collection and treatment of sewage and 
drainage of storm water; impact of these changes shown 
above on ecological security and quality of life of a large 
number of people per 1 m2 [22]. Most of the measured 
sediments and water samples came from Sokołówka 
River, situated in central Poland, in the city of Łódź, the 
3rd biggest city in Poland. Thus, the presented data re-
flect the pollution level in water ecosystems located in 
the highly urbanized and industrialized catchment. Most 
of the length of Sokołówka River is within the territory 
of Łódź and it may be contaminated with organic com-
pounds, including  PCDDs/PCDFs and heavy metals 
coming with sewage and storm water [23]. The water and 
sediment samples were collected from the river as well 
as from 5 small reservoirs of approximately 0.5 to 1.5 ha 
surface located along its continuum [23]. 

2.	 Rural  – a strictly rural ecosystem was represented by 
small Barycz Reservoir situated in the middle reaches 
of Grabia, known to be one of the least polluted rivers 
in central Poland [24,25]. A similar catchment was also 
represented by Sulejowski Reservoir. Nevertheless, op-
posite to the Barycz Reservoir, it represents a large and 
shallow reservoir situated in the middle reaches of the 
Pilica River.

Levels of PCDDs/PCDFs and dl-PCBs  
in the urban and rural reservoir sediments
The PCDDs/PCDFs and dl-PCBs are characterized by the 
low volatility and low solubility in water. These properties 

breast milk monitoring programs have been carried out in 
various countries including Poland [16–18] in order to as-
sess the significance of human exposure to PCDDs/PCDFs 
and PCBs. The most important benefit of monitoring diox-
ins in breast milk is that the dose delivered to the infant can 
be estimated [19]. Knowledge concerning breast milk con-
tamination and thus, a proper assessment of the risks to the 
child will facilitate development of programs to improve the 
security of food for women and children and, consequen
tly, the health of the newborns.
Apart from human tissues, soil, water and sediments also 
pine needles are tested for the presence of PCDDs/PCDFs 
and PCBs, as they are cost effective and also easy collect-
able matrices, which are very helpful in long-term moni-
toring of the pollution with these compounds. Pine nee-
dles were collected in Poland, near Kraków and Katowice 
cities, in 2002 [20,21]. The results ranged from 2.7–50 ng/g 
wet weight  (w.w.), with dl-PCB concentrations rang-
ing from 0.21–1.54  pg  TEQ/g  w.w.  [20]. As the authors 
observed, concentrations of  PCBs in pine needles were 
higher when compared to the soil levels, therefore, they 
claimed that they are a good biomatrix for long-term mon-
itoring of an ambient air pollution.
Despite this, the data on the PCDDs/PCDFs and dl-PCB 
concentrations in the aquatic environment compart-
ments such as water, storm water, sediments, etc. are 
very scarce. Hence, this paper summarized accessible 
results from the studies on environmental matrices like 
sediments, rivers and reservoir and storm water in the 
urban and rural areas of central Poland. An attempt 
was also made to evaluate data on PCDDs/PCDFs and 
dl-PCBs available for some environmental matrices from 
several locations worldwide.

Location and description of the studied ecosystems
The data described in this paper were discussed using the 
results of own research conducted in the past few years 
and analysis of literature concerning contamination of 
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(also 76% of the total PCDDs/PCDFs) in the case of ur-
ban reservoir sediments (Figure 1) [24,25]. 
Moreover, in all the analyzed sediment samples the tetra- 
and penta-chlorodibenzo-p-dioxin (TeCDD and PeCDD) 
congeners were not detected, whereas the hexa- and hep-
ta-CDDs showed slight contribution to the total PCDDs/
PCDFs. In the case of the concentrations expressed as 
World Health Organization Total Toxic Equivalency 
(WHO-TEQ) (calculated on the basis of the toxic equiva-
lency factors (TEF) WHO 2005 values), the obtained val-
ues ranged from 2.32 to 7.98 pg TEQ/g d.w. for the rural 
reservoir and urban pond, respectively [24,25]. 
In comparison, results of  PCDDs and  PCDFs determi-
nations in the sediments of one of the largest water res-
ervoirs in central Poland – Sulejowski Reservoir, located 
in prevailing agricultural catchment, showed a much 

predispose them to associate with organic matter and de-
posit in the sediments. In the case of dam reservoirs, where-
in the flow velocity decreases and consequently the amount 
of suspended matter increases, the process of deposition 
and accumulation of PCDDs/PCDFs and dl-PCBs is accel-
erated [26]. Therefore, reservoir sediments are frequently 
used for monitoring the water ecosystems stress.
The obtained results presented by Urbaniak et  al.  [25] 
demonstrated that the  PCDDs/PCDFs concentrations 
ranged from 213 pg/g dry weight (d.w.) in the rural Barycz 
Reservoir, up to 536 pg/g d.w. in the Lower Pond located 
on the urban Sokołówka River. The authors also dem-
onstrated that, in all the analyzed sediment samples the 
octachlorodibenzo-p-dioxin (OCDD) congener domi-
nated and ranged from 162  pg/g  d.w. (76%  of the total 
PCDDs/PCDFs) in the case of rural, up to 410 pg/g d.w. 
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TeCDD – tetrachlorodibenzo-p-dioxin; PeCDD – pentachlorodibenzo-p-dioxin; HxCDD – heksachlorodibenzo-p-dioxin; HpCDD – heptachloro
dibenzo-p-dioxin; OCDD – octachlorodibenzo-p-dioxin; TeCDF – tetrachlorodibenzofuran; PeCDF – pentachlorodibenzofuran; HxCDF – heksa-
chlorodibenzofuran; HpCDF – heptachlorodibenzofuran; OCDF – octachlorodibenzofuran.

Fig. 1. Profile of a) polychlorinated dibenzo-p-dioxins/furans (PCDDs/PCDFs) and b) dioxin-like polychlorinated biphenyls (dl-PCB) 
in sediment samples from rural and urban areas [24,25]
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The significant predominance of PCDF congeners is also 
noted for municipal solid waste incineration [35]. No such 
predominance in Łódź area and Sulejowski Reservoir 
catchment is probably attributable to the fact that there is 
no industrial equipment, which could be a source of those 
compounds, in that area. Polychlorinated dibenzo-p-diox-
ins and dibenzofurans were also determined in sediments 
collected from Odra and Wisła rivers  [36]. The highest 
toxicity was observed along the profile at Kwidzyn, and 
this value was much lower than the toxicity observed in the 
highly contaminated rivers in Taiwan (up to 14 200 pg/g) 
or in Rhine river in Germany [31,37]. Hence, the authors 
concluded that the rivers in Poland are less contamina
ted with PCDDs/PCDFs as compared to the other rivers, 
even in Europe. Here, also OCDD congener is among  
the most significant values. 
Another research in sediments collected from Odra riv-
er was conducted by Kannan et  al.  [38]. Concentrations 
of PCBs in sediments ranged from 2.7 to 412 ng/g. In anoth-
er research, of Niemirycz et al. [39], 60% of concentrations 
of the sum of congeners PCDDs/PCDFs in bottom sedi-
ments of the Southern Baltic did not exceed the limit value 
(5 pg I-TEQ (International Toxic Equivalency)/g d.w. – the 
limit value concerned uncontaminated regions)  [40,41]. 
The levels of pollution of rivers and reservoir sediments 
in Poland are shown in Table  1, whereas the worldwide 
pollution is presented in Table 2.
In contrast, urban reservoir sediments collected from 
Sokołówka showed a much higher PCDDs/PCDFs values 
ranging from 282.2 to 11 351 pg/g. At the same time PCDDs/
PCDFs concentration in the sediments collected from 
Ethiopian reservoirs reached 4752  pg/g at maximum. 
In contrast, concentrations in terms of WHO-TEQ were 
higher in Ethiopian samples (range:  4–212  pg TEQ/g), 
whereas in the Polish samples the corresponding values 
ranged from 2 to 19 pg TEQ/g [27].
In the case of  PCBs levels in urban and rural reservoir 
sediments, the findings showed a significantly higher PCBs 

lower TEQ values ranging from 0.73 to 3.07 pg TEQ/g d.w. 
(with average value of 1.73 pg TEQ/kg d.w.) [27–29] and 
the total  PCDDs/PCDFs and dl-PCBs concentration 
ranging from 17.49 to 454.97 pg/g d.w. The results from 
the  Sulejowski Reservoir sediments analysis also dem
onstrated a  strong predominance of the sum of  PCDD 
congeners (85% of the total  PCDDs/PCDFs) with the 
elevated OCDD congener concentration  [27–29]. Simi-
lar results were reported in the studies of Waszak and 
Dąbrowska  [29] and Seike et  al.  [30]. The further study 
of Urbaniak et  al.  [26] concerning spatial distribution 
of PCDDs/PCDFs along the cascade of urban reservoirs, 
revealed a similar pattern with elevated OCDD con-
gener content ranging from  19.3% up to  93.2% of the 
total PCDDs/PCDFs.
The data described above clearly demonstrate simi-
lar  PCDDs/PCDFs profile for sediments collected from 
urban as well as from rural catchments, with the pre-
dominance of the OCDD in over 70% of all the PCDDs/
PCDFs congeners. The other dominant congeners 
were  1,2,3,4,6,7,8-heptachlorodibenzofuran (HpCDF) 
and 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin (HpCDD), 
which accounted for  7% and  6% of all the  PCDD 
and  PCDF congeners, respectively in urban area 
and 1,2,3,4,6,7,8-HpCDD and octachlorodibenzo-p-dioxin 
(OCDF) which accounted for 9% and 5% of all the PCDD 
and PCDF congeners in rural areas. This findings are in 
contrast with concentrations and ratios of PCDDs/PCDFs 
in very contaminated sediments from one of the most pol-
luted rivers in Taiwan [31]. This reverse can be related to 
the impact of road transport in the area of Taiwan and 
thus, an elevated content of PCDF congeners. 
The studies of Hagenmaier et al. [32], Geureke et al. [33], 
Ryan and Gullet  [34] have shown that the elevated pro-
portion of PCDFs is related to their emission from the die-
sel engines. The earlier study of Urbaniak et al. 2012 [23] 
also demonstrated an elevated concentrations of PCDDs/
PCDFs in river water samples collected near a busy street. 
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80% in rural reservoir sediments. Within the mono-or-
tho PCBs, as well as within the whole dl-PCBs congeners, 
the highest concentration had the 2,3’,4,4’,5-pentachlo-
robiphenyl (PCB-118) (327.3  pg/g and 119.2  pg/g which  

concentration in urban reservoirs (694.31  pg/g) com-
paring to those in rural areas (350.1  pg/g)  [24]. In both 
cases the most abundant congeners were the mono-
ortho  PCBs constituting up to  95% in urban, and  up to 

Table 1. Levels of PCDDs, PCDFs and dl-PCBs and WHO-TEQ concentrations determined in reservoir and river sediments  
in the region of central Poland

Measured compound Concentration Reference
Large reservoir (Włocławek and Sulejowski)

the sum of PCDDs/PCDFs and dl-PCBs 10.80–162.70 ng/kg d.w. 27
WHO-TEQ 1.13–4.13 ng TEQ/kg d.w.

Large reservoir (Sulejowski)
the sum of PCDDs/PCDFs 282.20–1012.00 ng/kg d.w. 29
WHO-TEQ 1.73–10.20 ng TEQ/kg d.w.

Small reservoir (Włocławek and Sulejowski)
the sum of PCDDs/PCDFs and dl-PCBs 11 351.00 ng/kg d.w. 27
WHO-TEQ 18.89 ng TEQ/kg d.w.

Small reservoirs on Sokołówka River (Łódź)
the sum of dl-PCBs 79.75–3741.00 ng/kg d.w. 57

Sokołówka Reservoir – urbanized catchment
the sum of dl-PCBs 694.30 ng/kg d.w. 24,25
WHO-TEQ 1.42 ng TEQ/kg d.w.
the sum of PCDDs/PCDFs 536.30 ng/kg d.w.
WHO-TEQ 7.98 ng TEQ/kg d.w.

Jeziorsko Reservoir – large urban/rural catchment
the sum of dl-PCBs 121.40 ng/kg d.w.
WHO-TEQ 0.27 ng TEQ/kg d.w.

Barycz Reservoir – rural catchment
the sum of dl-PCBs 350.00 ng/kg d.w.
WHO-TEQ 0.40 ng TEQ/kg d.w.
the sum of PCDDs/PCDFs 213.70 ng/kg d.w.
WHO-TEQ 2.32 ng TEQ/kg d.w.

Small reservoirs on Sokołówka River (Łódź) – highly urbanized region
the sum of PCDDs/PCDFs and dl-PCBs 22.98–254.60 ng/kg d.w. 42
WHO-TEQ 0.80–4.94 ng TEQ/kg d.w.

Odra River
the sum of PCBs 3.70–10.80 ng/kg d.w. 58

WHO-TEQ – World Health Organization Total Toxic Equivalency; d.w. – dry weight.
Other abbreviations as in Figure 1.
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Table 2. Levels of PCDDs, PCDFs and dl-PCBs and WHO-TEQ concentrations determined in reservoir and river sediments 
in different locations of the world

Country Measured compounds Concentration Reference
Ethiopia

large reservoir (Lake Avassa and Koka 
Reservoir)

the sum of PCDDs/PCDFs 63.17–270.39 ng/kg d.w. 59
PCDDs/PCDFs WHO-TEQ 4.04–23.78 ng TEQ/kg d.w.

small reservoir (textile factory pond) the sum of PCDDs/PCDFs 
and dl-PCBs

4 752.00 ng/kg d.w. 57

WHO-TEQ 211.95 ng TEQ/kg d.w.
South Africa

Vaal River – industrialized area the sum of PCDDs/PCDFs 
and dl-PCBs

120.00–4 900.00 ng/kg d.w. 60

WHO-TEQ 0.12–16.00 ng TEQ/kg d.w.
South Korea

Lake Shihwa – in industrialized region the sum of PCDDs/PCDFs 
and dl-PCBs

0.04–100.00 ng/g d.w. 61

WHO-TEQ 0.10–1 600.00 ng TEQ/kg d.w.
China

Liaohe River – one of the most polluted 
river in China

the sum of PCDDs/PCDFs 13.74–453.62 ng/kg d.w. 62
WHO-TEQ 0.24–27.49 ng TEQ/kg d.w.

United Kingdom
Marsworth Reservoir – small reservoir, 
in rural area

the sum of PCDDs/PCDFs 2000.00 ng/kg d.w. 63
I-TEQ 92.00 ng TEQ/kg d.w.

Switzerland
small and shallow lake east from Zurich the sum of PCDDs/PCDFs 300.00 ng/kg d.w. 5

WHO-TEQ 5.00 ng TEQ/kg d.w.
Italy

Lake Maggiore – the 2nd largest Italian  
lake

the sum of WHO-TEQ 
PCDDs/PCDFs

0.13–32.00 ng TEQ/kg d.w. 64

Japan
Matsuyama River the sum of PCDDs/PCDFs 0.95–4.30 ng/kg d.w. 30

Taiwan
Er-Jen rver – one of the most polluted 
rivers in Taiwan

the sum of WHO-TEQ 
PCDDs/PCDFs

14.00–14 200.00 ng TEQ/kg d.w. 31

USA
water from the Houston Ship Channel – 
industrialized region

the sum of PCBs 4.18–4 601.00 ng/g d.w. 65

sediments from Kentucky Lake the sum of PCBs 580.00–1 300.00 ng/kg d.w. 66

Abbreviations as in Figure 1 and Table 1.
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the lowest reported in literature [29], are of high impor-
tance due to the river’s recreational function as well as its 
role as an emergency source of drinking water for the city 
of Łódź.
To summarize, concentrations of  PCDDs/PCDFs and 
dl-PCBs were higher in the case of sediments collected from 
the urban catchments; thus, it seems reasonable to suppose 
that there is a significant contribution of the sources con-
nected with urban areas such as industry, road transport, 
parking, etc. (Figure 2). The study of Urbaniak et al. [26] 
focused on the spatial distribution of PCDDs/PCDFs and 
dl-PCBs along the cascade of urban reservoirs, as the main 
sources of  PCDDs/PCDFs and dl-PCBs in the studied 
reservoirs depicting atmospheric deposition and further 
scouring of deposited PCDDs/PCDFs during rains (storm 
water), industrial and domestic effluents, spills and others. 
Concentration of  PCDDs/PCDFs and dl-PCBs in ru-
ral areas in turn, were mainly determined by the diffuse 
sources of pollution related mostly to agricultural and ur-
ban runoff  [44]. A  similar situation was observed by Liu 
et  al.  (2008) in the Xijiang River  [45]. The results of the 
sediment samples from central Poland indicate necessity to 
continue monitoring of the  PCDDs/PCDFs and dl-PCBs 
concentrations in that area, and particularly in Łódź. At 
the same time, it is essential to note that contamination of 
sediments may lead to pollution of other compartments of 
aquatic ecosystem such as benthic organisms and fish [26]. 

constituted 47.14% and 34.05% of the dl-PCBs in urban 
and rural reservoir sediments, respectively). In the case 
of WHO-TEQ concentration, the higher values were also 
noted in urban (1.42 pg TEQ/g) than in the rural reservoir 
sediments (0.40 pg TEQ/g) [24].
The further study of Urbaniak et  al.  [26], performed 
in the  5 urban cascade reservoirs located along the 
Sokołówka River continuum, showed diversified dl-PCBs 
concentrations ranging from 40.9  pg/g up to 1000  pg/g 
with high contribution of  PCB-118 (up to  74% of the 
total dl-PCBs). Moreover, the obtained results demon-
strated a spatial distribution of dl-PCB along the cascade 
of urban reservoirs with a decreasing concentration in 
the 1st 3 reservoirs (from 243 pg/g in the 1st reservoir to 
40.9 pg/g in the 3rd reservoir) and a large increase in the 
4th reservoir (1000 pg/g). The last reservoir also showed 
an elevated concentration of dl-PCBs – 758 pg/g. In addi-
tion, the study of Urbaniak et al. [26] confirmed the high 
contribution of mono-ortho PCBs (generated mainly by 
elevated concentration of  PCB-118), in the urban res-
ervoirs  [24], which contributed up to  95% of the total 
dl-PCBs [26].
In the case of rural Sulejowski Reservoir, the average 
dl-PCBs values were much lower with a significant varia-
tion between different sampling points located along the 
reservoir  [29]. Similarly to the results described above 
from the urban reservoirs, the highest concentrations and 
thus, percentage content was noticed for  PCB-118  con
gener [42]. The further study of Urbaniak et al. [43] per-
formed in order to assess the role of Sulejowski Reservoir 
in the transport of micropllutants along the river con-
tinuum, showed several times lower dl-PCBs concentra-
tions, ranging from 6.54 pg/g up to 9.21 pg/g with higher 
proportion of mono-ortho PCBs and the WHO-TEQ con-
centration between 0.25–0.42 pg TEQ/g. Here, it should 
be underlined, that Sulejowski Reservoir is an eutrophic 
reservoir constructed in the middle reach of Pilica River 
and these results, despite the fact that they are still among 
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The results of reservoir water analysis, despite its much 
higher  PCDDs/PCDFs concentration in relation to the 
river water, also showed seasonal changes with slightly 
lower values noted in winter (12.04–1327  pg/l) than in 
the summer time (26.75–1352 pg/l). The results were ob-
tained in the case of WHO-TEQ level, with concentra-
tion of 60.37 pg TEQ/l and 73.46 pg TEQ/l observed in 
the winter and summer samples, respectively  [23]. The 
higher total and  WHO-TEQ  PCDDs/PCDFs in urban 
reservoir water samples than those taken from the ur-
ban river [23] may be connected with specific character of 
urban reservoirs as their water quality is determined not 
only by a  range of processes occurring in the relatively 
large catchment area but also to the considerable build-
up of pollutants due to their high water retention and 
accumulation rates [49]. 
Seasonal changes, in turn, are mostly related to chang-
es in the water flow occurring due to melting snow 
or intensive rains, e.g.,  Cailleaud et  al.  [50] reported 
that a higher  PCBs concentration was observed dur-
ing winter high flow season as well as during summer 
storm events, whereas the lowest concentration was 
observed in low flow periods. The results obtained in 
the case of Sokołówka River and its reservoirs, with 
a lower sum of PCDDs/PCDFs and TEQ in winter low 
flow, are consistent with the findings presented above 
and with the results of other researchers [51,52]. Simi-
lar results were obtained in the case of rural reservoir. 
The results of the inflow and outflow water from Sule-
jowski Reservoir collected during high and low water 
flows, demonstrated a relatively high pollution level 
ranging from 87.5 pg/l to 111 pg/l during the high wa-
ter level, and from 38.7  pg/l to 51.1  pg/l during the 
serene water level. At the same time, the  WHO-TEQ 
concentrations ranged from 1.80  pg TEQ/l to 5.90  pg 
TEQ/l during high flows and from 2.10  pg TEQ/l 
to  3.40  pg TEQ/l during the serene flow period  [44]. 
This finding confirmed the role of hydrological and  

As consuming fish offers a significant advantage to human 
health, it is essential to ensure that water ecosystems includ-
ing sediments do not threaten the organisms living there. 
Ling et al. [31] have reported that concentration of PCDDs/
PCDFs in fish from Er-Jen River was very high due to con-
tamination of sediment collected from that river. There 
seems to be a  noticeable connection between sediment 
pollution and concentration of PCCDs/PCDFs in fish and, 
consequently, between human intake of PCDDs/PCDFs. 

Levels of PCDDs, PCDFs and dl-PCBs  
in the river and reservoirs and storm water
There are no criteria for the maximum allowable con-
centration of PCDDs/PCDFs in water in Poland, but the 
US  EPA set this value for  2,3,7,8-tetraCDD in drinking 
water to be 0.0013  pg/l  [46]. The environmental qual-
ity standard in Japan equals 1.0  pg TEQ/l  [47], and 
30  pg/l is the US EPA Maximum Contaminant Level 
for 2,3,7,8-TCDD [48].
According to Urbaniak et al.  [23], rapid development of 
urban areas leads to changes in stream hydrology and 
geomorphology, which leads to accelerated fluxes of mat-
ter, nutrients and organic pollutants from atmospheric 
deposition, urban runoff, industry, sewage treatment 
plants and combined sanitary overflows. In such a situa-
tion, urban rivers are frequently used as receivers of a va-
riety of substances. Therefore, the analysis of  PCDDs/
PCDFs and dl-PCBs in the urban river, urban reservoirs 
and storm water collected in the river catchment is of high 
importance in monitoring of PCDDs/PCDFs and dl-PCBs  
dynamics and their sources in the urban areas.
The available literature data concerning pollution of ur-
ban rivers, confirmed the presence of PCDDs/PCDFs in 
the water of Sokołówka River and its reservoirs. In the 
case of the riverine water, the obtained data demonstrat-
ed a very low concentration of  PCDDs/PCDFs with the 
highest concentration of 12.53  pg/l  [23] and  WHO-TEQ 
of 0.88 pg TEQ/l at maximum. 
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the one and only congener detected in water samples and 
thus, the sum of PCDDs/PCDFs was equal to the OCDD 
concentration [23,54]. These results are in agreement with 
the previously described results of sediments pollution 
with  PCDDs/PCDFs  [24,26,28]. A correlation between 
storm water and sediments was also found as the predomi-
nance of OCDD and 2,3,4,6,7,8-hexachlorodibenzofuran 
(HxCDF) and  PCB-118 was observed in both matri-
ces [54]. The similar pattern of PCDDs/PCDFs in the wa-
ter from Sokołówka River, reservoirs and storm water may 
be related to the fact that the river is known to be a storm 
water receiver, as about 50 storm water outlets are located 
along its length [23,54]. 

meteorological conditions in the creation of the final 
PCDDs/PCDFs concentration.
Considering the pollution of reservoir water, the results 
obtained by Chen et  al.  [53] on the basis of water sam-
ples from the Three Gorge Dam demonstrated a signifi-
cantly lower  WHO-TEQ concentration (range:  0.0008–
0.32439  pg/l) than the values noted in the case of the 
urban (Sokołówka) and rural (Sulejowski) reservoirs [23] 
described above, as well as other literature data  [30]. 
Nevertheless, it should be emphasized that in contrast to 
the small, urban Sokołówka reservoirs, the Three Gorge 
Dam is one of the biggest dam reservoir in the world and 
plays an important role as a water supply for the Chinese. 
Thus, maintaining a low level of water contamination is an 
extremely important issue for public health.
In the case of storm water, the obtained data showed 
the land-use induced variability in the concentration 
of PCDDs/PCDFs. The storm water samples taken from 
the area of the Sokołówka River catchments, demon-
strated that the highest contamination level was noted 
in the samples collected from residential catchment 
(222.33 pg/l), whereas in residential/industrial and apart-
mental catchments it amounted to 211.53 and 170.78 pg/l, 
respectively. However, the  WHO-TEQ concentration 
was the highest in the samples from catchment of mixed 
residential/industrial impact – 27.52 pg TEQ/l [54]. The 
authors depicted that the land use character, types of 
buildings as well as the presence of industrial plants 
are very important factors responsible for composition 
of storm water including Persistent Organic Pollutants 
like PCDDs/PCDFs and dl-PCBs.
Despite diversified concentrations of  PCDDs/PCDFs 
and dl-PCBs in Sokołówka River, its reservoirs and storm 
water collected from its catchment, the congeners pat-
tern were similar  [23,54] (Figure  3 and  4). OCDD was 
the dominant congener in the water from the urban 
Sokołówka River as well as in urban storm water [23,54]. 
Also, in the case of urban small reservoirs, the OCDD was 

water from the river
storm water

0

5

10

15

20

25

30
2,

3,
7,

8-
Te

CD
D

1,
2,

3,
7,

8-
Pe

CD
D

1,
2,

3,
4,

7,
8-

Hx
CD

D

1,
2,

3,
6,

7,
8-

Hx
CD

D

1,
2,

3,
7,

8,
9-

Hx
CD

D

1,
2,

3,
4,

6,
7,

8-
Hp

CD
D

O
CD

D

2,
3,

7,
8-

Te
CD

F

1,
2,

3,
7,

8-
Pe

CD
F

2,
3,

4,
7,

8-
Pe

CD
F

1,
2,

3,
4,

7,
8-

Hx
CD

F

1,
2,

3,
6,

7,
8-

Hx
CD

F

1,
2,

3,
7,

8,
9-

Hx
CD

F

2,
3,

4,
6,

7,
8-

Hx
CD

F

1,
2,

3,
4,

6,
7,

8-
Hp

CD
F

1,
2,

3,
4,

7,
8,

9-
Hp

CD
F

O
CD

F

Congener

W
at

er
 (%

)

Abbreviations as in Figure 1.

Fig. 3. Polychlorinated dibenzo-p-dioxins/furans 
(PCDDs/PCDFs) congener profile in the samples of river 
and storm water

0

10

20

30

40

50

60

PC
B-

81

PC
B-

77

PC
B -

12
3

PC
B -

11
8

PC
B -

11
4

PC
B -

10
5

PC
B -

12
6

PC
B -

16
7

PC
B -

15
6

PC
B -

15
7

PC
B -

16
9

PC
B -

18
9

Congener

St
or

m
w

at
er

(%
)

Fig. 4. Dioxin-like polichlorinated biphenyls (dl-PCBs) 
congener profile in the samples of storm water



R E V I E W  P A P E R         M. ZIELIŃSKI ET AL.

IJOMEH 2014;27(6)912

The sum of PCDDs/PCDFs and WHO-TEQ factor
It is very important to keep in mind that the content 
of individual congeners in environmental materials can 
be confusing when we consider only the weight of con-
geners. The content of OCDD and PCB-118 is usually 
predominant for most of the environmental samples, 
nevertheless those  2 congeners are not significant in 
terms of the risk they pose to human health. Therefore, 
based on the allowable literature data presenting the 
congeners profiles in different environmental matrices, 
the real risk posed by PCDDs/PCDFs and dl-PCBs is 
expressed as WHO-TEQ coefficient.
Figure  5 shows that OCDD is the predominant con-
gener in sediment as well as water samples. The con-
tent of this congener in the samples is over 71% of all 
congeners, while the content of  1,2,3,7,8-pentachloro-
dibenzo-p-dioxin (PeCDD) and  2,3,4,7,8-pentachloro-
dibenzofuran (PeCDF) is  0.6% and  2%, respectively. 
However, those  2  congeners are most significant in 
TEQ value because of their high toxicity and high toxic 

These storm water outlets collect organic and mineral 
particulate matter as well as associated compounds from 
a relatively large drainage area, including: roofs, streets, 
communication nodes, car parks, etc. Moreover, as it has 
been demonstrated in the study of Urbaniak et al. [23], the 
predominance of OCDD congener may be related to the 
illegal discharges of the untreated sewage to Sokołówka 
River through the storm water outlets located along it [23].
The results from the presented studies focusing on the 
urban and rural areas in central Poland showed that con-
centrations of  PCDDs/PCDFs and dl-PCBs exhibit con-
siderable variation in the noted values. There is a  very 
alarming tendency of river and reservoir sediments to 
cumulate PCDDs/PCDFs and dl-PCBs coming from dif-
ferent sources and storm water being one of the major 
sources, especially in urban setting, in rivers situated in 
high-urbanized cities [23]. 
Levels of PCDDs, PCDFs and dl-PCBs and WHO-TEQ 
concentrations determined in reservoir, river, and storm 
water in Poland and worldwide are shown in Table 3.

Table 3. Levels of PCDDs, PCDFs and dl-PCBs and WHO-TEQ concentrations determined in reservoir, river, and storm water 
in Poland and worldwide

Country Measured compounds Concentration Reference
Poland

reservoirs on Sokołówka river 
(Łódz) – urbanized area

the sum of PCDDs/PCDFs 
WHO-TEQ

12.04–1327.90 pg/l
0.004–60.37 pg WHO-TEQ/l

23

storm water in Łódź, in central 
Poland – urbanized area

the sum of PCDDs/PCDFs  
and PCBs WHO-TEQ

170.78–222.33 pg/l
27.52 pg WHO-TEQ/l

54

USA
water from the Houston Ship 
Channel – industrialized region

the sum of PCBs 0.49–12.49 ng/l 65

Japan
river water from Matsuyama the sum of PCDDs/PCDFs n.d.–1 500.00 pg/l 30

China
the largest reservoir in China – 
plays a significant role in water 
supply

the sum of PCDDs/PCDFs
WHO-TEQ

2.10–101.90 pg/l
0.0008–0.3240 pg WHO-TEQ/l

53

n.d. – not detected. Other abbreviations as in Figure 1 and Table 1.
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The literature data showed predominance of PCB-118 
(57% of all congeners, TEF = 0.00003), while the most 
essential for the health risk assessment is 3,3’,4,4’,5-pen-
tachlorobiphenyl (PCB-126) (TEF of 0.5). The conclu-
sion is that WHO-TEQ value is more important than 
the content of individual or total  PCDDs/PCDFs and 
dl-PCBs congeners, as it is a reliable measure of health 
hazard.

CONCLUSIONS

Data on the low pollution with  PCDDs/PCDFs and 
dl-PCBs of pine needles and agricultural soil  [20,21] in 
Poland are in accordance with the results of mothers’ milk 

equivalency factors (TEF) (1 and 0.5, respectively) [55]. 
Table  4 shows WHO TEF values. A similar situation 
was demonstrated in the case of dl-PCBs congeners. 

Table 4. WHO 2005 toxic equivalency factors (TEF) values

Congener WHO-TEF
PCDDs

2,3,7,8-TeCDD 1.0000
1,2,3,7,8-PeCDD 1.0000
1,2,3,4,7,8-HxCDD 0.1000
1,2,3,6,7,8-HxCDD 0.1000
1,2,3,7,8,9-HxCDD 0.1000
1,2,3,4,6,7,8-HpCDD 0.0100
OCDD 0.0003

PCDFs
2,3,7,8-TeCDF 0.1000
1,2,3,7,8-PeCDF 0.0300
2,3,4,7,8-PeCDF 0.3000
1,2,3,4,7,8-HxCDF 0.1000
1,2,3,6,7,8-HxCDF 0.1000
1,2,3,7,8,9-HxCDF 0.1000
2,3,4,6,7,8-HxCDF 0.1000
1,2,3,4,6,7,8-HpCDF 0.0100
1,2,3,4,7,8,9-HpCDF 0.0100
OCDF 0.0003

Non-ortho-PCBs
3,3’,4,4’-TCB (PCB-77) 0.0001
3,4,4’,5-TCB (PCB-81) 0.0003
3,3’,4,4’,5-PeCB (PCB-126) 0.1000
3,3’,4,4’,5,5’-HxCB (PCB-169) 0.0300

Mono-ortho-PCBs
2,3,3’,4,4’-PeCB (105) 0.00003
2,3,4,4’,5-PeCB (114) 0.00003
2,3’,4,4’,5-PeCB (118) 0.00003
2’,3,4,4’,5-PeCB (123) 0.00003
2,3,3’,4,4’,5-HxCB (156) 0.00003
2,3,3’,4,4’,5’-HxCB (157) 0.00003
2,3’,4,4’,5,5’-HxCB (167) 0.00003
2,3,3’,4,4’,5,5’-HpCB (189) 0.00003

TCB – tetrachlorobiphenyl; PeCB – pentachlorobiphenyl;  
HxCB – heksachlorobiphenyl; HpCB – heptachlorobiphenyl.
Other abbreviations as in Figure 1 and Table 1.
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Fig. 5. Profile of a) dioxin-like polichlorinated biphenyls 
(dl-PCBs) and b) polychlorinated dibenzo-p-dioxins/furans 
(PCDDs/PCDFs) congeners in terms of % of dry weight  
and % of World Health Organization Total Toxic Equivalency 
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study [16] and with our own data on their diffusion in sedi-
ments and surface water in the central region of the coun-
try, which were discussed in this article. These results do 
not support at all the impression of Poland as a significant 
source of PCDDs/PCDFs and dl-PCBs emissions to the at-
mosphere as found in a recent model by Shatalov et al. [56].
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matrices including floodplain soil, water, suspended mat-
ter, sediments and biota, as well as recognition of the fate 
of PCDDs/PCDFs and dl-PCBs (transformation/degrada-
tion/sedimentation, etc.) allows for: 
1.	 Assessment of  their transport along the river contin-

uum and in consequence, quantification of their load-
ings in individual rivers in order to assess the impact 
of the tributaries on the quality of main rivers and 
coastal zones.

2.	 Identification of the impact of point and diffuse sources 
of pollution on the river quality. This in turn, will ena-
ble to undertake clean-up operations in the river catch-
ments to diminish negative influence of the given pol-
lution source on the river ecosystem and achieve good 
quality status of water as it is recommend by the Water 
Framework Directive (2000/60/EU).
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