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ABSTRACT

The impact of a strongly anthropogenic urban-industrial catchment on the pollution status of
bottom sediments of a potamic ecosystem is presented, including the spatial and temporal distribu-
tion of selected persistent organic pollutants (polycyclic aromatic hydrocarbons (PAHs), polychlo-
rinated biphenyls (PCBs)). The study compares the pollution of bottom sediments of the Bytomka
River at low and high water levels. The Bytomka River is characterized by a high proportion of
industrial and municipal wastewater in the total water balance (80%-90%). At low water levels, the
concentration ranged from 2.88 to 74.67 mg/kg d.w. (the sum of PAHs) and from below the method
quantitation limit (MQL) to 26.13 ug/kg d.w. (the sum of PCBs), at high water levels from 3.90 to
116.53 mg/kg d.w. (the sum of PAHs) and from below MQL to 15.95 pg/kg d.w. (the sum of PCBs). It
was found that the pollution of sediments with PAHs and PCBs is seasonally variable and depends
on the water flow rate. High water levels are related to rainwater runoff from tarmacked surfaces
and these periods are used to discharge increasing amounts of wastewater, which are sources of
PAHs and PCBs. The analysis of characteristic ratios shows that air deposition associated with low
emissions may also be one of the likely sources of PAHs in the river studied. According to the
ecotoxicological indicators threshold effect concentration and probable effect concentration, con-
centrations of PAHs in the bottom sediments of the Bytomka River may have an adverse effect on
plant and animal organisms living in these habitats. No impact of PCBs was found.

Keywords: Polycyclic aromatic hydrocarbons (PAHs); Polychlorinated biphenyls (PCBs); Bottom
sediment; Water level; Water flow rate; Diagnostic ratios; Ecological risk

1. Introduction

The concentration of urban agglomerations and indus-
trial centers creates strong anthropopressure on the natural
environment, in particular in relation to the surface, lime-
stone, and potamic water ecosystems [1]. Watercourses in
industrialized and densely populated areas are used, for
better or worse, to collect discharges of treated municipal
and industrial wastewater or rainwater [2].

* Corresponding author.

Among the most troublesome pollutants that are harm-
ful to aquatic ecosystems are persistent organic pollutants,
such as polycyclic aromatic hydrocarbons (PAHs) and
polychlorinated biphenyls (PCBs). These compounds are
especially dangerous because of their persistence in the
environment. The main feature of this group is resistance
to degradation, both under physical, chemical, and biologi-
cal conditions. At the same time, these pollutants can accu-
mulate in organisms and be toxic to them. These pollutants
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enter into aquatic ecosystems mainly through industrial
or municipal wastewater, rainwater, and snowmelt flow-
ing down from nearby areas and in the form of deposition
from the air [3,4]. PCBs and PAHs are characterized by
low vapor pressure and solubility in water, and bind with
organic particles suspended in water. Suspended and sed-
imented particulate-bound forms and aqueous phases are
the most bioavailable fractions of PCBs and PAHs metabo-
lized by organisms [5,6].

PCBs in the water environment originate solely from
human activity [7]. Before their production and usage was
banned in many countries in the 1970s, mixtures of differ-
ent PCBs were used as insulating materials in capacitors
and transformers, as hydraulic fluids for power transmis-
sion (mining, aviation), vacuum pump fluids, lubricants
in gas turbines, cutting fluid lubricants, flame retardants,
adhesives, additives for thermosetting plastics and copy-
ing papers, pesticides and preservatives, and impregnating
additives to pesticides, paints and varnishes, and plasticizers
for plastics [5,8,9].

In turn, PAHs can be generated from natural processes
such as naturally exposed bitumen [10], as well as forest and
prairie fires [11], but they are mostly emitted from anthro-
pogenic sources [5,12-14]. Anthropogenic PAHs can be
divided into the pyrogenic and petrogenic origin. Pyrogenic
PAHs arise from the incomplete combustion of fossil fuels
and biomass, petrogenic PAHs are associated with petro-
leum and slow maturation of organic matter [5,15]. Each of
these processes creates a characteristic chemical pattern that
makes it possible to identify the origin of PAHs [5]. The ratio
between selected PAHs can be used to interpret the char-
acteristics of specific PAH isomers based on their stability
and the temperature at which the analyte was created [16].

The Bytomka River was selected for research as an exam-
ple of a short watercourse with a large slope, canalized along
its entire length. The catchment area is highly urbanized.
The Bytomka River flows through three large cities: Bytom,
Ruda Slaska, and Zabrze with a population of 168,000; 138,000;
and 174,000, respectively [17]. These cities continuously
discharge treated wastewater and rainwater into the river
at an average rate of 1,111 and 4,600 m®/d, respectively [18].

The paper describes the spatial variability of selected
persistent organic pollutants (PAHs, PCBs) in the bottom
sediments of the Bytomka River flowing through a highly
urbanized and industrialized area. The differences in con-
tamination of bottom sediments of a short-length and large-
slope river ecosystem with PAHs and PCBs were measured
at different water levels (low and high flow rate). Possible
sources of contamination were determined. Then, the impact
of these pollutants on bottom sediments is characterized
based on ecotoxicological criteria.

2. Materials and methods
2.1. Research object

The length of the Bytomka River is about 20 km, and
the catchment area about 150 km? The river is part of the
Klodnica River basin, located in the Odra River catchment
area (southern Poland). The Bytomka River originates in
Bytom (50°20'37.5"N, 18°53'46.7"E), at an altitude of 273.05 m

as.l. It flows into the Klodnica River at an altitude of
219.15 m a.s.l. (50°17'25.6"N, 18°42'44.3"E) [19,20].

The river has a very poor tributary network. It is fed
mainly by mine waters, rainwater, and sewage discharges
from industrial plants and wastewater treatment plants,
amounting to an estimated 80%-90% of the average river
flow. Throughout its course, the Bytomka River flows
through a highly urbanized area and is canalized over its
entire length. The catchment area is heavily transformed
and deformed as a result of mining activities in this area.
The catchment area consists of: strongly anthropogenic
areas — 49%, agricultural land — 28%, forest and semi-natural
areas — 22%, and water areas about 1% [20].

During low flow rates, suspended solids deposit as
bottom sediments. During high flow rates, sediments are
suspended and transported down the river. To determine
the possible effect of water flow rate on the degree of pol-
lution, samples of bottom sediments were collected during
low water level (July) and high water level (September).

The bottom sediment samples were collected from the
surface layer of the sediment (to a depth of 5 cm) with an
Ekman-Birge sampler at eight sampling points along the
entire length of the river (Fig. 1). Samples were taken twice
at different water levels. Sediment samples were stored in
a refrigerator at 4°C until the analysis. Geographical loca-
tions and depth of the sampling sites are shown in the
table (Table 1).

2.2. Research methodology

Bottom sediments for PAH and PCB analysis were air-
dried, ground, and passed through a sieve. PAHs were
determined according to the previously presented meth-
odology [21]. Three grams of dry sediment were extracted
in an ultrasound bath with dichloromethane. The obtained
extract was decanted and concentrated in a vacuum
evaporator to the volume of 1 mL. The sample cleaning was
conducted on glass chromatographic columns that con-
tained aluminum oxide, silica gel, and anhydrous sodium
sulfate. The extract was transferred onto a layer that had
been previously washed. PAHs were leached out with
dichloromethane. The eluate was concentrated and filtered
through a syringe filter made of polytetrafluoroethylene
(PTFE). The following compounds were determined: naph-
thalene (NP), acenaphthylene (ACY), acenaphthene (ACE),
fluorene (FL), phenanthrene (PHE), anthracene (ANT), flu-
oranthene (FLA), pyrene (PYR), benzo[a]anthracene (BaA),
chrysene (CHR), benzo[b]fluoranthene (BbF), benzo[k]flu-
oranthene (BkF), benzo[a]pyrene (BaP), indeno[1,2,3-c,d]
pyrene (IcdP), dibenzo[ah]anthracene (DahA), benzo[g,h,i]
perylene (BghiP) with the gas chromatography-mass
spectrometry method (GC-MS QP-2010 Plus Shimadzu,
Japan). The ZB-5MS column (30 m x 0.25 mm x 0.25 pm)
and electron ionization were used.

For PCB analysis, 1 g of dry sediment was extracted
twice using ultrasound with acetone:hexane (1:1, v/v)
mixture. The obtained extract was concentrated in a vac-
uum evaporator to the volume of 5 mL and 0.5 g of acti-
vated copper (to remove sulfur) was added and shaken for
6 h. The sample was purified on a florisil/Na,SO, column.
The column was conditioned with 5 mL hexane, and the
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Fig. 1. Location of the study area and sampling sites in the Bytomka River, Poland.

Table 1
Geographical locations of the sampling sites

Sampling Latitude Longitude River
point kilometres
S1 50°20°37.5"N 18°53'46.7"E 0.0

S2 50°20"31.7"N 18°54'54.1"E 1.0

S3 50°20°07.1"N 18°55'11.9"E 3.0

S4 50°19'15.3"N 18°49'58.1"E 10.0

S5 50°18'41.7"N 18°47'54.8"E 13.0

S6 50°18'34.1"N 18°45'59.4"E 15.0

S7 50°18'30.0"N 18°44'27.0"E 17.0

S8 50°17'25.6"N 18°42'44.3"E 20.0

sample was eluted with 50 mL hexane. The sample was
concentrated to 1 mL and analyzed for selected PCB con-
geners: 28, 52, 101, 138, 153, 180, and 209. The qualitative
and quantitative analysis of the samples was performed by
the gas chromatography-electron capture detector method
(GC-ECD GC-2010 Shimadzu, Japan). The ZB-5MS column
(30 m x 0.25 mm x 0.25 um) was used for the analysis.

2.3. Quality assurance and quality control system

Based on the information contained in the work [22],
the quality assurance and quality control (QA/QC) system
was developed. For PAHs, analysis solutions were pre-
pared in dichloromethane (Chempur, Poland). The stock
standard solution was obtained by tenfold dilution, the
certified PAHs standard (Sigma-Aldrich, United States), in
dichloromethane. The stock deuterated standard solution
was obtained by diluting the standard deuterated solution
(200 pg/mL concentration) 10 times in dichloromethane.

Working calibration solutions were prepared by diluting
the stock solutions with dichloromethane. The calibra-
tion was done at five concentration levels. The calibration
curve for bottom sediment samples ranged from 0.030 to
3.000 pg/ml.

In the case of PCBs, analysis solutions were prepared
in hexane (Chempur Company). The PCB mix standard
solution 7 (PCB No 28, 52, 101, 138, 153, 180, and 209) from
Sigma-Aldrich (United States) was used as a certified stan-
dard. The stock standard solution with a concentration of
1 pg/mL was obtained by 10-fold dilution of the certified
solution. Two calibration curves were prepared: 0.01-0.5 pg/
mL and 0.001-0.01 pg/mL. Working calibration solutions
for the curve 0.01-0.5 pug/mL were prepared by diluting the
stock solutions with hexane. The calibration was done at
five concentration levels. Working calibration solutions for
the curve 0.001-0.01 ug/mL were prepared by diluting the
standard with a concentration of 0.01 pg/mL. The calibration
was also carried out at five concentration levels.

A standard solution derived from another series than
the calibration standard was used to check the calibra-
tion. The quality control of the research was based on the
analysis of blind samples and recovery with the working
standard, parallel for each series of samples.

The limits of detection (LOD) were determined with
the S/N = 3 method using consecutive dilution series.
The limits of quantification (LOQ) were defined as three
times the LOD. The method quantitation limit (MQL) was
determined at 0.01 mg/kg for PAHs and 1.0 pug/kg for PCBs.

3. Results and discussion

3.1. Water flow rate

In July, the water level and the flow rate were low.
The flow rate increased from 0.38 m’/s at the highest
position in the river profile (S1) to 2.66 m®/s at the final
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position (S8). In September, the water level and the flow
rate were high. The flow rate ranged from 0.83 m?/s at the
S1 site to 4.66 m*/s at the S8 site. At the high water level, the
amount of water carried in the stream bed was about two
times higher than in the low state.

3.2. PAHs in bottom sediment samples

In bottom sediment samples, the sum of 16 PAHs ranged
from 2.88 mg/kg d.w. (d.w. — dry weight) to 74.67 mg/kg d.w.
in July and from 3.90 to 116.53 mg/kg d.w. in September
(Fig. 2). For concentrations below the limit of quantification,
the analyte concentration of 0 was used for the calculation.
The dominant compounds from the studied PAH group
include PHE, FLA, and PYR.

The lowest concentrations of all tested compounds in
the low water level were recorded at the S2 sampling point.
Whereas the highest concentrations were found at S3 (ACY
-0.50 mg/kg d.w.), S4 (NP - 3.38 mg/kg d.w., ACE — 1.74 mg/
kg d.w., FL - 1.61 mg/kg d.w., PHE - 13.20 mg/kg d.w., ANT
- 5.04 mg/kg d.w., FLA - 13.25 mg/kg d.w., PYR - 10.36 mg/
kg d.w., BaA - 7.10 mg/kg d.w., CHR - 3.28 mg/kg d.w.,
BghiP - 2.76 mg/kg d.w.), and S5 (BbF - 3.61 mg/kg d.w.,
BKF —2.40 mg/kg d.w., BaP —4.42 mg/kg d.w., IcdP —2.15 mg/
kg d.w., DahA - 0.59 mg/kg d.w.) (Table 2).

When the water level was high, the lowest concentra-
tions of selected PAHs were also recorded at the 52 sam-
pling point. In turn, the highest concentrations were found
at S5 (NP - 5.92 mg/kg d.w., ACY - 0.51 mg/kg d.w., ACE
- 3.19 mg/kg d.w., FL — 5.18 mg/kg d.w., PHE - 32.86 mg/
kg d.w., ANT - 6.05 mg/kg d.w., FLA - 14.47 mg/kg d.w., PYR
- 14.69 mg/kg d.w., BaA - 8.87 mg/kg d.w., CHR - 4.03 mg/
kg d.w., BbF - 4.70 mg/kg d.w., BKF - 3.06 mg/kg d.w.,
BaP - 6.04 mg/kg d.w., IcdP — 2.44 mg/kg d.w.), and S6
(DahA - 0.80 mg/kg d.w., BghiP - 3.86 mg/kg d.w.) (Table 2).

The observed increase in concentrations of tested ana-
lytes at S4 (10.0 km of the river course) and S5 (13.0 km of
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the river course) may be due to the fact that the coal waste
dump Hatda Ruda in Zabrze, Poland is located in the vicin-
ity of these sampling points [23]. Mining waste landfills
from coal mining are often thermally active facilities, char-
acterized by high interior and surface temperatures with
gaps locally appearing on the surface. Gases are released
from these crevices, which may include PAH compounds
[24]. Mainly 2 and 3 ring PAHs enter the air, which is
related to the volatility of PAHs [21]. Surface runoff from
the Hatda Ruda dump could contribute to the introduction
of many of these pollutants into the river, eventually accu-
mulating in the bottom sediments of the Bytomka River.
In September, during the high water level, the maximum
values of concentrations of each analyte tested were higher
compared to values obtained in July (low water level). This
is especially evident in the case of PHE whose highest con-
centration was 2.5 times higher in September compared
to July. During high water levels, surface runoff enters the
river. This runoff, especially from impermeable surfaces
(tarmacked surfaces), is one of the sources of bottom sed-
iment pollution with PAH compounds. In addition, peri-
ods of high water levels are used to discharge an increased
amount of wastewater, which increases the contamination of
the watercourse with organic compounds, including PAHs.

Fig. 3 shows the composition pattern of PAHs in the
Bytomka River sediments. The distribution is comparable
along the entire course of the river, regardless of the water
level. In July, 4-ring PAHs dominated along the entire course
of the Bytomka River (percentage range 45.51%-55.90%).
While in September, 3-ring (percentage range 21.39%-—
46.70%) and 4-ring (percentage range 34.02%-51.23%) PAHs
dominated. The percentage of naphthalene was low and
at a comparable level (0.37%—4.53% in July, 0.96%-5.08%
in September), which is related to its properties (water
solubility 31.7 mg/dm?, logK_  3.30 [25]). The percentage
of PAHs with a higher molecular weight was similar and
amounted to 14.12%—22.03% in July and 11.43%-18.46% in

S4 S5 S6 S7 S8
74.67 65.90 31.19 19.71 15.80
69.98 116.53 92.23 52.95 62.00
72.33 91.22 61.71 36.33 38.90

Fig. 2. Sum of PAHs in sediment bottom samples (unit: (mg/kg d.w.)).
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Table 2
PAHs concentration in bottom sediments (mg/kg d.w.)
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Date of Compound Sampling point Minimum Maximum Average
sampling S1 S2 S3 sS4 S5 S6 S7 S8
NP 020 001 056 338 277 098 045 043 001 3.38 1.10
ACY <001 <001 050 044 038 020 011 010 <0.01 0.50 0.22
ACE 006 002 045 174 134 050 031 020 0.2 1.74 0.58
FL 006 002 041 161 128 040 030 022 0.2 1.61 0.54
PHE 1.00 042 588 1320 1007 3.85 255 212 042 13.20 489
ANT 021 010 229 504 379 117 081 076 0.10 5.04 1.77
FLA 092 050 11.07 1325 11.68 560 341 220  0.50 1325 6.08
July - low water PYR 088 047 944 1036 920 486 3.08 276 047 10.36 5.13
level BaA 056 027 602 710 636 348 205 1.65 027 7.10 3.44
CHR 036 016 265 328 317 174 112 087  0.16 3.28 1.67
BbF 040 020 261 340 361 179 119 1.00 0.0 3.61 1.78
BKF 025 016 223 235 240 124 08 071 016 2.40 1.27
BaP 039 024 346 424 442 236 146 113 024 442 221
IedP 022 012 161 198 215 114 075 045 0.12 2.15 1.05
DahA 007 003 048 055 059 032 023 018 0.03 0.59 0.31
BghiP 036 016 255 276 270 155 1.08 1.02 0.16 2.76 1.52
YPAHs 593 288 5220 7467 6590 3119 1971 1580 2.88 74.67 33.54
NP 037 007 046 193 592 259 112 071  0.07 5.92 1.65
ACY 001 <001 <001 015 051 035 025 035 <0.01 0.51 0.20
ACE 019 003 011 094 319 130 054 028 0.3 3.19 0.82
FL 055 029 046 217 518 298 125 101 029 5.18 1.74
PHE 656 107 414 2730 3286 2670 1219 1669 1.07 32.86 15.94
ANT 091 008 037 212 605 354 184 208  0.08 6.05 2.12
FLA 693 051 216 9.04 1447 12.87 845 1079 0.51 14.47 8.15
PYR 618 051 186 814 1469 1148 731 854 051 14.69 7.34
September - 5 A 441 024 115 430 887 739 471 544 024 8.87 456
high waterlevel - ~yp 214 015 068 232 403 369 239 254 015 4.03 2.24
BbF 238 023 085 276 470 454 303 3.09 023 4.70 2.70
BKF 149 014 053 166 306 275 185 196 0.4 3.06 1.68
BaP 277 024 092 312 604 519 367 3.69 024 6.04 321
IedP 1.09 013 047 136 244 221 158 169  0.13 2.44 1.37
DahA 044 004 014 046 077 080 044 057 004 0.80 0.46
BghiP 197 018 075 220 374 386 232 258 0.8 3.86 2.20
SPAHs 3837 390 1505 69.98 11653 92.23 5295 62.00 3.90 116.53 56.38

September for 5-ring PAHs, and 6.34%-9.74% in July and
5.09%-8.07% in September for 6-ring.

During low flow rates, suspended solids deposit as bot-
tom sediments, while during high flow rates, sediments
are suspended and transported down the river. The distri-
bution of PAHs indicates that during intensive rain, mostly
3-rings PAHs were discharged into the river and ultimately
to the bottom sediments. These PAHs are the least harmful
and undergo degradation most easily.

3.3. PCBs in bottom sediment samples

In the case of PCBs, the sum of the seven congeners
ranged from a concentration below the limit of quantification

to 26.13 ug/kg d.w. in July and to 15.95 pg/kg d.w. in
September (Fig. 4). As in the case of PAH, at concentrations
below the limit of quantification, the value 0 was used for
calculations.

No congener number 52 was found in any of the bot-
tom sediment samples collected in July (low water level).
An increase in concentrations of most of the tested PCB
congeners was found at the 54 sampling point (congeners:
101-10.57 pg/kg d.w., 153-3.87 ug/kg d.w., 138-2.13 ug/
kg d.w., 180-5.55 pg/kg d.w., 209-4.01 ug/kg d.w.), and
55 (congeners: 101-3.75 ug/kg d.w., 153-3.30 ug/kg d.w.,
138-5.83 ug/kg d.w., 180-6.52 pg/kg d.w.) (Table 3).

In September (high water level), the trend of concen-
tration changes along the river course was different. An
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Fig. 3. Composition pattern of PAHs in bottom sediments of the Bytomka River.
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Table 3
PCBs concentration in bottom sediments (ug/kg d.w.)

Date of Compound Sampling point Minimum Maximum Average

sampling s1 S2 S3 S4 S5 S6 S7 S8
PCB 28 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 3.36 <1.00 <1.00 3.36 0.42
PCB 52 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 -
PCB 101 <1.00 <1.00 <1.00 1057 375 <1.00 <1.00 1.07 <1.00 45.47 7.61

July —low PCB 118 150 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <I1.00 1.50 0.19

water lovel PCB 153 <1.00 <1.00 <1.00 3.87 330 118 <1.00 <1.00 <1.00 3.87 1.04
PCB 138 371 <1.00 <1.00 213 58 200 <1.00 146 <1.00 5.83 1.89
PCB 180 <1.00 <1.00 <1.00 555 652 <1.00 <1.00 141 <1.00 6.52 1.69
PCB 209 <1.00 <1.00 <1.00 4.01 <1.00 <1.00 <1.00 <1.00 <1.00 4.01 0.50
3 PCB 521 <1.00 <1.00 2613 1940 3.8 336 394 <1.00 26.13 7.65
PCB 28 <1.00 205 <1.00 <1.00 <1.00 124 <1.00 <1.00 <1.00 2.05 0.41
PCB 52 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 -
PCB 101 <1.00 <1.00 <1.00 124 <1.00 3.05 <1.00 211 <1.00 3.05 0.80
PCB 118 <1.00 <1.00 <1.00 210 <100 246 205 176 <1.00 2.46 1.05

September - PCB153 <100 111 <100 185 <1.00 209 100 1.00 <100 2.09 0.88

highwaterlevel popias (00 <100 <100 33 <100 394 187 191 <1.00 3.94 1.38
PCB 180 148 168 <1.00 274 <1.00 317 135 155 <1.00 3.17 1.50
PCB 209 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 -
¥ PCB 148 484 <1.00 1123 <1.00 1595 627 833 <1.00 15.95 6.01

increase in value was recorded at the 52 sampling point
(congeners: 28-2.05 ug/kg d.w., 153-1.11 ug/kg d.w., 180-
1.68 ug/kg d.w.), S4 (congeners: 101-1.24 ug/kg d.w., 118-
2.10 pg/kg d.w., 153-1.85 ug/kg d.w., 138-3.30 ug/kg d.w.,
180-2.74 pg/kg d.w.), and S6 (congeners: 28-1.24 ug/kg d.w.,
101-3.05 pg/kg d.w., 118-2.46 uglkg d.w., 153-2.09 pg/
kg d.w., 138-3.94 ug/kg d.w., 180-3.17 ug/kg d.w.). At the
53 and S5 sampling points, none of the analyzed congeners
was recorded.

The distribution of PCB homologs varied throughout
the course of the river. Local maxima of PCB concentrations,
both during low and high water level, were located in the
center of cities. The distribution of homologs were gener-
ally centered at the penta-, hexa-, and hepta- chlorinated
congeners. Only in one sample the presence of decachloro-
biphenyl was reported (54 July — 15.35%). PCBs are a group
of compounds characterized by low electrical conductivity,
high thermal conductivity, high flash point, low vapor pres-
sure, low solubility in water, and high solubility in lipids.
These properties have contributed to their usefulness in
technological processes and large-scale production in the
last century [26]. The presence of multiple industry in the
Bytomka River catchment area most likely had an impact
on the distribution of homologues in the studied ecosystem.

3.4. Ecotoxicological analysis of the tested bottom sediments

The assessment of quality of bottom sediments of the
Bytomka River was carried out on the basis of ecotoxico-
logical criteria: threshold effect concentration (TEC) and
probable effect concentration (PEC). TEC determines the
concentration of compounds below which no toxic effects

on organisms are observed; PEC determines concentrations
above which toxic effects on organisms are often observed.
While the concentrations at levels between the TEC and
PEC values will cause sporadic adverse effects. Bottom sed-
iments are considered to be toxic to aquatic organisms even
only one chemical compound is found to exceed the PEC
threshold content [27-29]. Table 4 summarize the classifica-
tion of bottom sediments sampling along the entire length of
the Bytomka River during low and high water level.

The results obtained indicate that bottom sediments
collected from the Bytomka River may have toxic effects on
aquatic organisms of the studied ecosystem. At most sites,
PAH concentrations exceeded PEC values (X PAHs in July:
53 -52.20 mg/kg d.w., S4 — 74.67 mg/kg d.w., S5 — 65.90 mg/
kg d.w., S6 — 31.19 mg/kg d.w., & PAHs in September: S1
~ 38.37 mg/kg d.w., S4 — 69.98 mg/kg d.w., S5 — 116.53 mg/
kg d.w., 56 — 92.23 mg/kg d.w., S7 — 52.95 mg/kg d.w., S8 —
62.00 mg/kg d.w.). At the sampling points 54, S5, and S6,
in both months the values exceeded concentration above
which toxic effects on organisms are often observed, except
for FL at the S6 station. In September, at high water levels,
PAH concentrations were above the PEC value in a larger
number of sampling points. Concentrations higher than
PEC were recorded at S1 (except NP), 57 and S8 (for all ana-
lyzed PAHs). This indicates surface runoff and the likely
discharges of wastewater during high water levels as one
of the sources of pollution of bottom sediments with PAH
compounds.

In the case of PCBs, a sum of concentrations of selected
congeners at subsequent sampling points did not exceed
the TEC value, so there is no toxic effect on organisms
in the studied ecosystem.
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Date Compound Unit Literature Sampling points, bottom sediment classification according to
values* ecotoxicological criteria
TEC PEC S1  S2  S3 S4 S5 S6 7 S8

NP (mg/kgdw,) 0176 0561 020" 0.01° 056" 338 277 098 045 043"
FL (mg/kgdw.) 0077 0536 006" 0020 041" 1.61° 128 040" 030" 022"
PHE (mg/kgdw) 0204 1170 1.00° 042° 588  13.20° 10.07° 3.85 255 212
ANT (mg/kgd.w.) 0057 0845 021° 010" 229 504 379 117 081" 076
FLA (mg/kgd.w.) 0423 2230 092° 050" 11.07° 1325 11.68° 5.60° 3.41° 2.20’

July — low water ) )

leval PYR (mg/kgd.w) 0195 1520 088" 047" 9.44° 1036° 9.20°  4.86° 3.08° 2.76°
BaA (mg/kgd.w) 0108 1.050 056" 027" 6.02° 7.10° 6.36° 3.48  2.05 1.65
CHR (mg/kgdw.) 0166 1290 036" 016" 2.65° 328 317 174 112" 087
BaP (mg/kgdw.) 0150 1450 039" 024" 3.46° 4.24° 442 236 146 113"
Y PAHs  (mg/kgdw) 1610 22800 593" 288" 5220° 74.67° 6590 3119 19.71’ 15.80"
¥, PCB (ng/kgd.w) 5980 67600 521° <1.00° <1.00° 26.13° 19.40° 3.18 336" 3.947
NP (mg/kgdw) 0176 0561 037° 007" 046" 1.93 592 259 112 0.71°
FL (mg/kgdw.) 0077 0536 055 029" 046 217 518 298 125 1.0I°
PHE (mg/kgdw) 0204 1170 6565 1.07° 4147  27.30° 32.86° 26.70° 12.19° 16.69°
ANT (mg/kgd.w) 0057 0845 091° 008 0370 212  6.05 354 1.84° 2.08°
FLA (mg/kgd.w.) 0423 2230 693  051' 216" 9.04° 1447 12.87° 845 10.79°

September — PYR (mg/kgdw.) 0195 1520 618  051° 1.86° 8.14°  14.69° 1148 7.31° 854

high water level -\ (mg/kgdw) 0108 1.050 441° 024" 115  430° 887 739 471° 544
CHR (mg/kgd.w) 0166 1290 214 015 0.68" 232 403  3.69° 239 254
BaP (mg/kgdw.) 0150 1450 277 024" 092' 312 604 519 3.67 3.69
Y PAHs  (mg/kgdw) 1610 22800 3837 390" 1505 69.98° 116.53° 92.23 52.95° 62.00°
Y. PCB (ug/kgd.w) 5980 67600 148 484" <1.00* 1123 <1.00° 1595 627° 8.33

*[28,29]; “substance concentration < TEC (non-contaminated sediment, no toxic effect); "TEC < substance concentration < PEC (sed-
iment contamination may cause sporadic adverse effects); “substance concentration > PEC (contaminated sediment, concentration of the

compound may cause a toxic effect).

3.5. Source apportionment of PAHs

Characteristic ratios can provide information about the
anthropogenic sources of PAHs [30,31]. This is based on
the assumption that the ratio of selected PAHs is charac-
teristic for a given emission source [12,14]. Fig. 5 presents
average values of selected indicators for bottom sediment
samples obtained in the authors’ research. The analy-
sis of diagnostic ratios shows that their values are similar
to the values of indicators determining air quality for low
emissions (combustion of solid fuels, i.e., coal and wood).
Considering that the Bytomka River catchment is under
strong anthropopressure and the area is highly urban-
ized, this type of deposition from the air may be one of the
likely sources of PAHs in the watercourse studied.

4. Conclusion

The problem of discharging wastewater and surface
runoffs into short watercourses is relevant to regions with
highly developed industry and high population den-
sity all over the world. The conducted research provided
comparative material for the problem of contamination
of bottom sediments of short-length and large-slope river
ecosystems with organic substances, in the conditions of

industrialized and urbanized catchments. The specificity
of short watercourses with a small but strongly anthro-
pogenized catchment is the strong dynamics of changes
in water levels. Attention was paid to the role of low and
high water levels (flow rate) in the aspect of the pollution
loads. Contamination of bottom sediments of the Bytomka
River with persistent organic compounds (PAHs and PCBs)
was variable and changed depending on the water flow
rate. In the conditions of an anthropogenized catchment, in
heavily industrialized areas, high water levels in the water-
course are related to the rainwater runoff from tarmacked
surfaces, which are sources of PAHs and PCBs. Moreover,
periods of high water levels in short streams, with a large
drop, are used for discharges of increased amounts of
wastewater, which prevents their dilution, worsens the
self-purification processes, and causes the displacement of
bottom sediments. It is indicated that the use of high water
levels for discharges of wastewater is a harmful practice
from the point of view of contamination of the watercourse
with organic compounds, including PAHs and PCBs. The
analysis of characteristic ratios shows that air deposition
associated with low emissions may also be one of the likely
sources of PAHs in the studied river.

The quality of bottom sediments was assessed on
the basis of PEC and TEC ecotoxicological indicators.
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Fig. 5. Graphic interpretation of the PAH sources based on the selected diagnostic ratios.

The concentration of PAHs in sediments of the Bytomka
River may cause toxic effects on aquatic organisms of the
studied ecosystem. Moreover, at high water levels, PAH
concentrations were above the PEC value in a larger num-
ber of sampling points. In the case of PCBs, the concentra-
tions did not exceed the value of the TEC index, therefore,
it can be assumed that the toxic effect of these substances on
aquatic organisms should not occur.
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