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Introduction 

Water is the primary medium responsible for the transport of matter, nutrients and pollutants 
including  Persistent Organic Pollutants (POPs) such as polychlorinated dibenzo-para-dioxins 
(PCDDs), polychlorinated dibenzofurans (PCDF) and polychlorinated biphenyls (PCBs) and heavy 
metals. 

Due to their persistence in the environment, their ability to accumulate in soils and sediments, 
aquatic and terrestrial trophic chains and high toxicity, these compounds are long-term threat to the 
environment and humans. It is believed that in a global environment, these compounds maintain a 
relatively constant level for decades, mainly due to the constant movement from soil and the diffusion 
from some products and areas, such as urban areas. They can also be deposited on plants surface 
and consumed by animals and humans, resulted in their bioaccumulation in tissues and 
biomagnification in the food chain (Kocan, 2004). 

 
Although the majority of PCDDs, PCDFs and PCBs and heavy metals present in the 

environment at low concentrations, it is chronic exposure, the ability to bioaccumulate in the tissues 
and toxicity, they are a particular threat to living organisms, including humans. 

The consequence of exposure to the toxic effects are changes that often manifest themselves in 
subsequent generations of exposed organisms including adverse effect on fertility, feminization of 
males, masculinization of females, and consequently impact on the process of reproduction and 
population size. Furthermore, these compounds exhibit carcinogenic, hepatotoxic, immunotoxic and 
neurotoxic activity (Makles et al., 2001). 
 
 
Materials and methods 

A.1 . Sampling and preliminary preparation of samples for chromatographic 

analysis  

Sediment samples for analysis of PCDDs, PCDFs and dl-PCBs were collected in 2012 with 
positions located along the sedimentation-biofiltration system in Asela (Fig. 1). 

The samples were placed in a dark glass vessels, washed successively with deionized water, 
acetone and hexane. 
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Fig. 1. Sampling points from Asella sedimentation-biofiltration system (ASBS). 

 
 

A. 2.  Freeze-drying and homogenization 

Sediment samples were frozen for 8 hours. at -40 ° C and lyophilized for 72 hours. at -40 ° C and a 
pressure of 10-1 mba, using Edwards lyophilizer (Eppendorf, Germany). After this step the sample 
was homogenized. 
 

A.3.  Extraction 
Sediment in an amount of 2 g was placed in the cell and extracted with toluene in a high pressure 
extractor Dionex ASE 200. Extraction was carried out in three cycles, collecting the extract into three 
separate vials. 
To check the efficiency of extraction and recovery standards were added before extraction isotope 
labeled compounds 13C: 

- EDF-8999 with 7 PCDDs and 10 PCDFs; 
- EC-5372 with 12 dl-PCBs. 
 
A.4. Clean-up 

The obtained extracts were purified using the multilayer silica gel column filled with neutral, 
acidic and alkaline conditions. The filled column before entering the extract was conditioned with 150 
ml of n-hexane, using a purification system - Supelco. The extracts were loaded on the column and 
eluted with 200 ml of n-hexane. 
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A.5. Concentration 

The obtained eluate was concentrated, using a vacuum rotary evaporator to approximately 5 
mL. Then, in order to evaporate the sample to a precise volume of about 100 ml, heating block 
(Thermoblock) was used. 

 
A.6. Chromatographic separation by GC/HRMS 

Measurement of 7 PCDD, 10 PCDF congeners and 12 congeners of dl-PCBs (recommended for 
study by the WHO and the U.S. EPA as toxic compounds) in water were carried out by using gas 
chromatography and mass spectrometry (GC/HRMS).  

 
 
B.1. Analysis of PCBs in water samples from the sedimentation-biofiltration system in Assella 
by using ELISA 
 
  Rapid PCB test is a screening immunosorbent assay (ELISA) based on PCBs diagnosis by 
using specific antibodies. 
  These tests are used for the quantitative and sensitive detection of PCBs in water, soil and 
sediments. When PCB is present in the sample, PCB binding proteins present on the plate compete 
for binding sites of the antibody in solution. After washing, the HRP tracer enzyme is added. After the 
washing step and the addition of the substrate solution, a color appears. The intensity of blue color is 
inversely proportional to the concentration of PCBs contained in the sample. Color forming reaction is 
stopped after 20 min, and the color is measured using an ELISA reader. ELISA methodology are 
consistent with U.S. EPA SW-846 Method 4020. 

 
C.1. Analysis of heavy metals in sediment samples collected about from sedimentation-
biofiltration system in Assella 
 

Sediment samples were analyzed by atomic absorption spectrometry (AAS) in Chemical and 
Agricultural Station in Lodz. 

 
 
Results 
 

1. The results of chromatographic analysis of PCDD / PCDF and dl-PCBs 
 
The results of chromatographic analysis of PCDD / PCDF and dl-PCBs are depicted in Table 1. 
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Tabela 1. 
The results 
of analyzes 
of 29 toxic 
congeners 
of PCDD, 
PCDF and 
dl-PCBs in 
sediments 
collected 
sedimentati
on-
biofiltration 
system in 
Assella.

Congener Inlet 
16.06.2012 

Sed. Cham. 
16.06.2012 

Wetland 
16.06.2012 

Lake 
16.06.2012 

Inlet 
09.07.2012 

Sed. Cham. 
09.07. 2012 

Wetland 
09.07.2012 Lake 09.07.2012 

2,3,7,8-TeCDD < 0.02 < 0.05 < 0.04 < 0.02 < 0.24 < 0.6 < 0.42 < 0.58 

1,2,3,7,8-PeCDD < 0.01 < 0.06 < 0.06 < 0.02 < 0.24 < 0.62 < 0.5 < 0.58 

1,2,3,4,7,8-HxCDD < 0.03 < 0.09 < 0.08 < 0.03 < 0.43 < 0.94 < 0.61 < 0.97 

1,2,3,6,7,8-HxCDD 0.04 < 0.04 < 0.04 0.05 < 0.17 0.53 < 0.38 < 0.43 

1,2,3,7,8,9-HxCDD 0.13 < 0.08 < 0.07 0.05 < 0.25 < 0.66 < 0.47 < 0.62 

1,2,3,4,6,7,8-HpCDD 0.18 < 0.07 < 0.07 0.16 < 0.32 < 0.78 < 0.53 1.2 

OCDD 0.32 0.6 0.54 1.06 2.7 4.6 3.8 4.8 

2,3,7,8-TeCDF < 0.02 < 0.08 < 0.07 < 0.09 < 0.33 < 0.84 < 0.59 < 0.86 

1,2,3,7,8-PeCDF 0.02 < 0.11 < 0.1 < 0.58 < 0.34 < 0.95 < 0.65 < 0.92 

2,3,4,7,8-PeCDF < 0.03 < 0.14 < 0.13 < 0.19 < 0.47 < 1.3 < 0.89 < 1.3 

1,2,3,4,7,8-HxCDF < 0.04 < 0.21 < 0.19 < 0.09 < 0.64 < 1.7 < 1.2 < 1.6 

1,2,3,6,7,8-HxCDF < 0.03 < 0.14 < 0.13 < 0.06 < 0.4 < 1.2 < 0.77 < 1.0 

1,2,3,7,8,9-HxCDF 0.13 < 0.2 < 0.18 0.09 < 0.67 < 1.8 < 1.4 < 1.9 

2,3,4,6,7,8-HxCDF < 0.03 < 0.18 < 0.16 < 0.07 < 0.5 < 1.3 < 0.98 < 1.4 

1,2,3,4,6,7,8-HpCDF 0.07 < 0.23 < 0.21 < 0.08 < 0.86 < 2.7 < 1.7 < 9.0 

1,2,3,4,7,8,9-HpCDF < 0.08 < 0.32 < 0.29 < 0.18 < 0.77 < 1.9 < 1.6 < 2.0 

OCDF 0.02 < 0.34 < 0.31 < 0.07 < 0.91 < 2.1 < 1.9 < 3.0 

PCB  77 <0.12 0.4 0.4 0.4 <0.5 <1.1 <0.8 <1.1 

PCB126 <0.1 <0.14 <0.13 <0.13 <0.4 <1.1 <0.8 <1 

PCB169 0.09 <0.18 <0.17 <0.17 <0.3 <0.9 <0.6 <0.9 

PCB  81 <0.23 <0.24 <0.21 <0.21 <0.9 <2.1 <1.4 <2.1 

PCB105 0.34 0.29 0.25 <0.16 0.8 1.7 <0.9 <2.2 

PCB114 <0.34 <0.34 <0.21 <0.16 <0.5 <1.4 <1 <2.7 

PCB118 0.8 0.95 0.77 0.53 1.4 2.7 1.9 4.3 

PCB123 <0.39 <0.41 <0.24 <0.18 <0.5 <1.7 <1.1 <3.1 

PCB156 0.21 <0.22 <0.13 <0.1 <0.3 <0.9 <0.7 <1.6 

PCB157 <0.33 <0.32 <0.22 <0.15 <0.4 <1.3 <0.9 <2.3 

PCB167 <0.29 <0.33 <0.2 <0.15 <0.4 <1.3 <0.8 <1.9 

PCB189 <0.37 <0.42 <0.29 <0.17 <0.2 <0.9 <0.6 <1.4 
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1. Results of PCB analysis by using ELISA

Results of PCB analysis by using ELISA are depicted in Table 2.
 

Tabela 2. Results of PCB analysis in water samples collected from
in Asella before and after removal of sediments from the sedimentation chamber.
 

25.06.2012 – before sediment dredging

26.06.2012 – after sediment dredging

 
 
 

2. The results of the analysis of heavy metals
Wyniki analiz metali ciężkich przedstawione s
 

Tabela 3. Results of heavy metals
biofiltration system in Asella. 

Lp. date 
A

Inlet 15.11.11. 25.

Sed. Cham. 15.11.11. 25.

Wetland 15.11.11. 38.

Lake 15.11.11. 30.

Inlet 16.06.12. 31.

Sed. Cham. 16.06.12. 26.

Wetland 16.06.12. 19.

Lake 16.06.12. 25.

Inlet 09.07.12. 29.

Sed. Cham. 09.07.12. 27.

Wetland 09.07.12. 25.

Lake 09.07.12. 24.

 
A- Average; Sd – standard deviation
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Results of PCB analysis by using ELISA  
Results of PCB analysis by using ELISA are depicted in Table 2..  

Results of PCB analysis in water samples collected from sediementation
before and after removal of sediments from the sedimentation chamber. 

before sediment dredging 

Sampling point 
Concentration of 

Inlet 

Sed. Cham. 

Wetland 

Lake 

after sediment dredging 

Inlet 

Sed. Cham. 

Wetland 

Inlet to lake 

Lake 

The results of the analysis of heavy metals 
ężkich przedstawione są w tabeli 3. 

heavy metals analysis in sediemnts samples collected from

Pb Cd Cr 
A Sd A Sd A Sd 

.7 6.4 <0.2 - 45.4 13.2

.3 6.3 <0.2 - 43.1 12.5

.8 9.7 <0.24 0.07 90.1 26.1

.1 7.5 <0.2 - 50.4 14.6

.9 8 <0.2 - 73.9 21.4

.2 6.6 <0.2 - 47.9 13.9

.3 4.8 <0.2 - 89.6 26 

.9 6.5 <0.2 - 42.2 12.2

.8 7.4  
<0.2 

- 50.4 14.6

.8 7 <0.2 - 46.8 13.6

.4 6.4 <0.2 - 44.8 13 

.9 6.2 <0.2 - 44.5 12.9

standard deviation; < below detection limit 
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Concentration of  EQ 
PCB [ng/L] 

1.093 
0.801 
0.910 
6.857 
0.949 
0.790 
1.004 
1.718 
3.065 

samples collected from sediementation-

Hg 
 A Sd 

2 0.0276 0.0072 

5 0.0314 0.0082 

1 0.0184 0.0048 

6 0.0239 0.0062 

4 0.0198 0.0051 

9 0.0256 0.0066 

 0.0274 0.0071 

2 0.0305 0.0079 

6 0.0236 0.0061 

6 0.0306 0.008 

 0.031 0.0081 

9 0.0399 0.0104 
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The results of Pb analysis are depicted in Fig. 2.   
 

 
Fig. 2. Changes in Pb concentrations in sediments [mg/kg]. 

 
 
 
The results of Cr analysis are depicted in Fig. 3.   
 

 
Fig.3. Changes in Cr concentrations in sediments [mg/kg]. 

 
 

 
 
 
 
 
The results of Hg analysis are depicted in Fig. 4.   
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Fig. 4. Changes in Hg concentrations in sediments [mg/kg]. 
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