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1. Introduction 
All the steps defined in the Decision Support (DSS) Manual prepared in WP4 of the 
SOCOPSE project were worked for Klodnica catchment as the WP5 case study. The case 
study covered the following steps: 

·  DSS Step 0 System definition 
·  DSS Step1 Problem definition 
·  DSS Step 2 Inventory of sources 
·  DSS Step 3 Definition of baseline scenario 
·  DSS Step 4 Inventory of possible measures 
·  DSS Step 5 Assessment of the effect of the measures 
·  DSS Step 6 Selection of the best solutions 

The case study is focused on three priority substances mercury and its compounds, cadmium 
and its compounds and polycyclic aromatic hydrocarbons. The substances are selected 
because of their relevance for the industrial (heavy industry, mining) and urban development 
profile. 

The case study covers literature studies, analysis of legal documents, and materials prepared 
during other projects, dedicated analyses, simplified modelling and very limited sampling and 
chemical analyses. 

According to WP4 guidelines the following issues are especially relevant in the case study: 
- identification of drivers of change, 
- creation of scenarios of emission levels and environmental change, 
- definition of time scale for simulation and future PS concentrations simulations with 

uncertainty assessment of the results, 
- -cost-benefits and co-benefits analysis, 
- -policies and the institutional questions. 
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2. DSS step 0 System definition  
According to physical - geographical classification in Poland - Klodnica catchment is located 
in upland area of Katowice (central part of macro region Silesian Upland) and Raciborska 
Valley (south-eastern part of macro region Silesian Lowland). From an administrative point 
of view the Klodnica catchment is located in Silesia and Opole voivodships. The length of the 
Klodnica river is 84 km and the basin area is 1125.8 km2. The river-head is located in south 
part of Katowice City on the land Murckowski Forest on 305 meters over sea level. The 
mouth of the river is located in Kedzierzyn - Kozle, on 164 meters over sea level. Below is 
presented Klodnica catchment within the Baltic sea basin (Figure 1). 

 
Figure 1. Klodnica catchment in Baltic Sea basin 

- Management 

Klodnica catchment is a part of Odra river basin for which the water management plans 
according to Water Framework Directive (WDR) requirements are prepared. Draft of the 
international Odra river basin management plan and Water Master Plan for Poland is under 
consultation process, starting from the December 2008. 

Klodnica river catchment is in its industrialized part defined as heavily modified water body. 
Heavily modified water bodies’ (HMWB) (a water body resulted from physical alterations by 
human activity, which substantially change its hydrogeomorphological character). Klodnica 
catchment is classified under the code GO 0602. The classification of the subcatchments is 
presented below (Table 1). 

Table 1  River basin management units in Klodnica catchment Odra river basin 

Code 
Management units in the 
Klodnica catchment  

Status Description 

GO 0201 
Klodnica river down to 
Kozlowka including  
Kozlowka 

HMWB 
In most part highly industrialised and urbanized (north part) 
and agricultural and forest area (south) 

GO 0202 
Drama river with 
tributaries  

NWB 
Agricultural and forest area with sparse development and rural 
areas 

GO0203 Toszecki brook NWB 
Agricultural and forest area with sparse development, small 
towns and rural areas 

GO 0204 Klodnica river from HMWB Most of the area agricultural and forest, the Klodnica is highly 
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Kozlowka down to river 
mouth 

changed – interlinked with the Gliwice canal. At the mouth of 
the Klodnica industrialised and urban area is settled   

HMWB – highly modified water bodies 
NWB – natural water body 

For the catchment the required assessment and planning parameters are determined. These are 
presented in the Table 2. 

Table 2  The basic parameters from the proposed in 2008 Odra river water management plan opened for 
public consultation – Klodnica catchment 

Name 

Identifica
tion  

ID_SJCW
1 

Number 
of JCWP 
of rivers2 

Number 
of 

JCWP 
with no 
impact 

Costs of 
activities  

A* 
[thousand 

PLN] 

Costs of 
activities 

B** 
[thousand 

PLN] 

Number 
of  

JCWP 
with 

impact 

Costs of 
suppleme

nting 
actions 

*** 
[thousand 

PLN] 

JCWP 
with 

DEROGA
TIONS 

Drama GO0202 4 4 100.00 9 144.46 0 501.17 - 
Klodnica 
from 
Kozlowka 
including 
Kozlowka 

GO0201 14 0 140 588.6 52 840.77 14 19 477.49 14 

K
odnica 
from 
Koz
ówka 
down to 
the mouth  

GO0204 12 0 0.00 12 685.48 12 15 910.97 12 

Toszecki 
stream GO0203 2 2 0.00 2 302.88 0 196.11 - 

*Costs of activities A investments in the environmental protection infrastructure 
** Costs of activities in the sewerage systems 
*** Supplementing actions concern management, spatial planning, agricultural and forestry activities 

Klodnica river catchment is managed by the Regional Water Management Board in Gliwice. 
Quality monitoring is provided by the Chief Environmental Inspectorate. The quantity aspects 
are monitored by the State Meteorological and Water Management Institute. Klodnica 
catchment is part of the River Basin Management Plan prepared for Odra river. Odra river 
basin covers three countries: Poland, Czech Republic and Germany. Internationally 
recognized water basin management plan is required. Stakeholders for the Klodnica 
catchment are members of the Steering Committee of Regional Water Management. These are 
as follows: 

• Silesian provincial governor. 
• Offices of all communities placed on Klodnica Basin (11 counties). 
• Public bodies responsible for national monitoring and the control of the environment 

(Regional Inspectorate of the Environmental Protection in Katowice, Institute of 
Meteorology and Water Management and Centre of Examinations and the Control of 
the Environment). 

• Gliwice canal administration. 
• Municipal units of public utilities. 
• Industrial plants. 
• Research institutes and research - developmental individuals. 
• Ecological organizations. 

                                                 
1 Integrated water body unit 
2 Basic water body unit 
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• Agricultural sector. 

The monitoring system is in the period 2007-2009 under following changes: 
·  Data for the years up to 2004 are of certain quality for Hg and Cd; 
·  The analytical techniques have been improved in 2004-2007; 
·  In 2008 there have been establishment of protocols for priority substances monitoring 

in the Polish State Environmental Monitoring System; 
·  Up to 2007, five monitoring points were operated in the area of Katowice 

agglomeration; 
·  From 2007 in the monitoring network of surface waters in the Klodnica river 

catchment measurements of Hg are stopped except for one point; 
·  Up to 2007 measurements of Cd are performed 4 times a year in all monitoring points. 

- Impacts 

Klodnica catchment is an example of highly industrialized and urbanized area with various 
impacts (Figure 2). 
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Figure 2. Land use of Klodnica catchment 
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The population in the Klodnica catchment is around 1 million inhabitants. The repartition of 
the population among the largest cities is shown in table Table 3. 

Table 3  Population and main activities 

City 
Number of 
inhabitants Main activities 

Katowice 
Southern part 
(79 000) 

Mining, small and medium enterprises  

Ruda Slaska 147 000 Metallurgy sector, chemical industry, mining, municipal services 
Zabrze 183 000 Coking plants, metallurgy, machinery, mining 
Gliwice 200 361 Metallurgy, construction, machinery, weaponry, chemical industry 
Bytom 187 243 Metallurgy steel and nonferrous metals, mining, machinery and equipment 
Gliwice county 115 000 Agriculture, forestry, machinery 
Kedzierzyn 
Kozle 

67 200 
Coking Plant in Zdzieszowice - direct discharge to the Odra river, 
chemical industry 

Total 975 804  

Except for the service sector the dominant activities in the catchment are agriculture including 
forestry and industry dominated by mining. 

When it comes to the industrial sector (which also constitutes the main source of pollution in 
the region) Klodnica catchment is an example of highly industrialised region. The industrial 
sector is dominated by coal mining where the total production in 2007 was 79 668 million 
tons of hard coal. The other sub-sectors in the region are energy production, metallurgy, metal 
production, mechanical sector, chemical industry. 

With regard to agriculture 40% of the catchment area is cultivated where the agricultural land 
is 5 370 ha and the arable land is 4 078 ha. Forestry land is 2 884 ha. Based on these lands 
the: 

·  Total harvest in Silesia region (in 2007) was 7 589 00 tons; 
·  Cereals with mixtures total harvest (Silesia region, 2007) was 6 729 89 tons; 
·  Wheat total harvest (Silesia region, 2007) was 2 256 89 tons; 
·  For forestry, raw wood production in Silesia region (in 2007) was 2 334 763 m3. 

As concerns the use of fertilizers (Nitrogen, Phosphorous Potassium) this amounted to 50 997 
tons. The sources of water in the catchment are two: surface and ground water. In addition to 
household consumption these waters are used both by the industry and the agricultural sector. 
Table 4 shows details related to the quantities of water consumed in the different cities in the 
catchment. As shown, households are the main consumer of water followed by the industry 
sector. Water consumption in agriculture and forestry is marginal. 

Table 4  Water use in the counties of the Klodnica catchment in 2007 (1000 m3year) 

Water supply Water demand Administra-
tive unit 
(county) Total  Municipal Households Industry 

Agriculture and 
forestry 

Bytom 10 583.10 7 957.10 5 766.50 2 626 0 

Gliwice county 8 828.50 4 045.50 3 189.30 4 445 338 
Gliwice  11 042.80 9 569.80 6 900.20 1 473 0 
Zabrze  10 255.40 8 548.40 5 797.90 1 707 0 
Katowice 27 979.20 18 950.20 11 961.40 9 029 0 

Ruda Slaska 14 849.40 7 178.40 4 612.00 7 671 0 

Source: GUS, 20093 

                                                 
3 (GUS) Glowny Urzad Statystyczny (Central Statistical Office), Baza danych regionalnych (Regional Data 
Bank): http://www.stat.gov.pl/bdr_n/app/strona.indeks 
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For the groundwater demand it was around 978 million m3 in 2006 (GUS, 2009). In order to 
maintain the water supply network being for instance 469 km in Katowice and 194 km in 
Bytom the investments have been in the range of 37.1 and 22.2 million PLN (around 5 mln 
Euro), respectively. 

- Waste water discharges and treatment plants 
Table 5 shows the amount of treated and non treated water in the Klodnica catchment in 2007. 
As shown the share of treated water varies between the counties being high for instance in 
Zabrze and low in Katowice according to the state of infrastructure development. For the 
discharge of non treated water the contributions from the industry sector and the municipal 
systems are almost in the same range. 

Table 5  Treated and non treated water – industrial and municipal 2007 (1000 m3 year) 
Treated Non treated 

Method Method 
Town Total Total 1000 m3 

year (%) Mecha
-nical 

Chemi-
cal 

Biologi-
cal 

Biogens 
removal 

dam3 year 
(%) 

Direct 
discha- 

rge from 
industry 

Munici-
pal 

systems 

Katowice 34589 23957 (62.2) 10516 108 1732 11601 10632 
(30.7) 5872 4760 

Gliwice 13247 9751 (73.6) 1474 64 910 7303 3496 (26.3) 3259 237 
Ruda 
Slaska 14210 10154 (71.5) 6064 - 1832 2258 4056 (28.5) 2426 1630 

Zabrze 16513 15873 (96.1)  8772 - 388 6713 640 (3.9) 262 378 

Bytom 28606 25267 (88.3) 9345 8718 255 6949 3339 (11.7) 3339 - 

Source: GUS 20094, dam3 = 1000 m3 

Table 6 shows the number of waste water treatment plants and their distribution among the 
different administrative units in the region. 

Table 6  Number of municipal  Wastewater treatment Plants in the selected counties in 2007 

Administrative unit ����
Mechanical 
treatment����

Biological treatment����
Enhanced biogenic 
substances removal ����

Bytom� 0� 3� 2�
Gliwice county� 1� 11� 1�

Gliwice� 0� 3� 1�
Zabrze� 1� 3� 3�

Chorzow� 0� 1� 0�
Katowice� 2� 3� 3�

Ruda Slaska� 0� 4� 2�
Source: GUS 20095 

The locations for the discharge points of wastewater: industrial and municipal are presented in 
the figure below (Figure 3). 

                                                 
4  op cit 
5  op cit 
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Figure 3. Wastewater treatment facilities in the urbanised areas of Klodnica catchment (IETU archives) 

- Land contamination and wastes 

Klodnica catchment is characterized with a relatively large area of potentially contaminated 
sites which include the place where the industrial activities were ceased and the site where the 
heavy industries still operates (Figure 4). The industrial sites are accompanied with industrial 
and municipal landfills (Figure 5). 

 
Figure 4. Industrial sites in Klodnica catchment 
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Figure 5. Waste landfills in the urbanised area of Klodnica catchment (IETU archives) 

- Water quality 

Cadmium concentrations has been very much higher than the reference EU 
proposed AA EQS until 2002. These concentration have declined almost to the EQS 

level in 2004. However, the concentrations are showing some increase in 2005 ( 
Figure 6). 
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Figure 6. Cadmium concentrations in Klodnica catchment6 

Based on the figures discussed above the implied effect of the emissions in the Klodnica 
River is the high concentration of Hg. These Hg concentrations are much higher than the 
EQS. They are equal to 1� /l until 2004 compared to the EQS which is 0.05 � g/l. A decline in 
these concentrations is registered in 2005 (Figure 7). 

                                                 
6 Silesian Voivodships Environmental State Inspectorate data 
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Figure 7. Mercury concentrations in Klodnica catchment7 

The quality parameter expressed as the sum of six PAH in the period of 2004-2007 fluctuates 
on the level comparable to the required national standards – around 0.06 � g/l (Figure 8). 
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Figure 8. PAH concentrations in Klodnica catchment8 

 
 

                                                 
7 op cit 
8 The PAH measured parameter: sum of six substances: (benzo(b)fluoranthene; benzo(a)pirene; dibenzo(a,h)anthracene; 
benzo(g,h,i)perylene; indeno(1,2,3-cd)pirene). From 2006 (with exception of one point Bytomka 2,5 km) the PAH are not 
monitored in Klodnica catchment 
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3. DSS Step1 Problem definition 
In implementing the WFD, environmental managers are required to assess the status of 
natural water bodies in terms of achieving the “good ecological status and Highly Modified 
Water Bodies (HMWB) in terms of achieving “Good Ecological Potential” (GEP). In both 
cases a good chemical status should be achieved. A water body shows a GEP when there are 
slight changes in the values of the relevant biological quality elements as compared to the 
values found at maximum ecological potential (MEP). The MEP is considered as the 
reference conditions for HMWB, and is intended to describe the best approximation to 
a natural aquatic ecosystem that could be achieved given the hydro morphological 
characteristics that cannot be changed without significant adverse effects on the specified use 
or the wider environment. Accordingly, the MEP biological conditions should reflect, as far 
as possible, the biological conditions associated with the closest comparable natural water 
body type at reference conditions, given the hydro morphological and associated physic-
chemical conditions. 

The most important in the Klodnica catchment are the heavily modified water bodies. 
A highly modified water body has a good ecological potential when there are slight changes 
in the values of the relevant biological quality elements as compared to the values found at 
maximum ecological potential. Maximum ecological potential is considered as the reference 
conditions for HMWB, and is intended to be the best approximation to a natural aquatic 
ecosystem that could be achieved given the hydro morphological characteristics that cannot 
be changed without significant adverse effects on the specified use or the wider environment. 
Accordingly, the maximum ecological potential should reflect, as far as possible, the 
biological conditions associated with the closest comparable natural water body type at 
reference conditions. It is defined as follows: Concentrations remain within the range 
normally associated with the undisturbed conditions found in the surface water body type 
most closely comparable to the artificial or heavily modified body concerned (background 
levels). The chemical and physic-chemical quality elements supporting the biological 
elements should be achieved. It includes also specific priority pollutants as being discharged 
(specified in Annex II of the Directive 2008/105/EC of European Parliament and Council on 
environmental quality standards in the field of water policy10. 

Actually the chemical status of Klodnica river for the selected priority pollutants cannot be 
assessed in a reliable way on the base only of existing data. The problem of pollution with 
priority pollutants can be defined as potentially relevant. At the same time there are not data 
on the ecological status of all surface waters in the catchment, especially of the highly 
modified water bodies11. 

The Environmental Quality Standards EQS are established in Poland for the selected 
pollutants in general. They differs slightly to the EQS defined by the EU Commission 
proposal. No specific EQS were established for Klodnica catchment so far. For two most 
                                                 
9 CIS, 2003 Identification and designation of heavily modified and artificial water bodies. Water Framework 
Directive Common Implementation Strategy Working Group, Guidance Document No. 4, Produced by Working 
Group 2.2 – HMWB, European Communities, 118p. 
10 list of priority substances first established by Decision No 2455/2001/EC of the European Parliament and of 
the Council of 20 November 2001 establishing the list of priority substances in the field of water policy and 
amending Directive 2000/60/EC, replaced by Annex II to the Directive 2008/105/EC of European Parliament 
and Council on environmental quality standards in the field of water policy, amending and subsequently 
repealing Council Directives 82/176/EEC, 83/513/EEC, 84/156/EEC, 84/419/EEC, 86/280/EEC and amending 
Directive 2000/60/EC”, OJ L348, p.84-97, 24.12.2008 
11 Within the State Monitoring system samples of water organisms were taken in 2007 but they were not 
analysed so far. 
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polluted sub-catchments derogations concerning chemical quality and biological potential are 
proposed in the Water Basin Management Plan for Poland. The EQS defined in the proposed 
new Directive12 are taken as the reference (Table 7), for assessment of the water chemical 
quality in the case study area (the maximum and annual average standard) in the scope of 
priority pollutants. 

Table 7  AA EQS as reference values for chemical status assessment in the Klodnica catchment case study 

Compounds 
EU Directive 

mg/l 
Polish standard13 

mg/l 
Mercury 0.05 0.07 

Cadmium 0.15(class 4) 
0.25 (class 5) £0.45 – 1.5 

Anthracene 0.1 0.4 
Benzo(a)pirene 0.05 0.1 
Benzo(b)fluoranthene +benzo(k)fluoranthene 0.03 0.03 
Benzo(g,h,i)perylene + indeno(1,2,3-
cd)pirene 0.002 0.002 

The priority pollutants selected on the base of existing data in the Directive that are 
potentially relevant in the Klodnica river catchment are the following: 

- Cadmium and its compounds, 
- Mercury and its compounds, 
- Polycyclic Aromatic Hydrocarbons, and anthracene. 

Because of data insufficiency – limited scope and extent of substance monitoring - 
importance of other priority pollutants cannot be excluded at this moment. The review of 
available data on chemical water quality in Klodnica catchment is presented below (Table 8). 

Table 8  Sources of information on water quality in Klodnica catchment 

                                                 
12 Directive of the European Parliament and of the Council on environmental quality standards in the field of 
water policy and amending Directive 2000/60/EC 
13 Rozporz� dzenie Ministra Srodowiska z dnia 20 sierpnia 2008 r w sprawie sposobu klasyfikacji stanu 
jednolitych cz�� ci wód powierzchniowych (Dz. U. Nr 162, poz. 1008) [Regulation of Minister of the 
Environment, 20 August 2008, on ways of classifying condition of uniform parts of surface waters] 

Hg Cd PAH Source of 
information Status Data quality Status Data quality Status Data quality 
Archival data: 
State Monitoring 
System14 Years 
200-2005 

Indication: 
above EQS  

limited 
reliability of 
analytical 
methods 

Indication: 
EQS level 
uncertain 

Limited 
reliability of 
analytical 
methods 

Not possible 
to determine  

Analytical 
methods used 
of limited 
reliability 

Program State 
Monitoring for 
the period 2007-
200915 

Indication: 
above EQS 

Reliable but 
with high 
detection limit 
and number of 
samples and 
points 

Indication:  
AA EQS 
level 
uncertain 

Reliable 
analytical 
method but 
with high 
detection 
limited number 
of samples and 
points 

Not possible 
to determine 
due to data 
structure 

Analytical 
methods used 
of limited 
reliability 

B(ghi)P&I(1,
2-cd)P 
Benzo(a)pyre
ne 
Anthracene 

Field 
measurement 
performed by 
IETU 

Indication: 
above EQS 

Sampling and 
analytical 
methods 
reliable but 
limited number 
of 
measurements 

Indication:  
AA EQS 
limited 
number of 
yearly 
measureme
nts 

Sampling 
methods  and 
analytical 
methods 
reliable Benzo(k)fluo

ranthene 

Sampling 
methods and 
analytical 
methods 
reliable 
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The information on chemical water quality from national monitoring system in the Klodnica 
catchment indicates there is a problem with meeting the AA EQS for mercury. It is not 
sufficient, according to current monitoring practice to verify water quality for cadmium and 
PAH. Furthermore, the analytical methods used in the State Monitoring System before 2004 
do not allow for short trend analysis in terms of comparability between the data produced in 
the past and after full implementation of the Water Framework Directive in Poland. 
Nevertheless, the monitoring data give good overview of decline in concentration of Hg and 
Cd in the past 30 years time. To assure the reliability of Klodnica river water quality 
assessment16 field measurements were performed by IETU (Figure 9). 

 
Figure 9. IETU screening of water quality - measurement points 

The results of the screening carried out by IETU for selected sampling points are presented 
below (Figure 10). These points were chosen as representative for the urbanized part of the 
catchment and for those are provided by the Meteorological Institute flow rates. 

                                                                                                                                                         
14 Pa� stwowy Monitoring � rodowiska PM� (State Monitoring of the Environment) 
15 Program PM�  dla woj. � l� skiego na lata 2007-2009, Katowice 2006r. (Programme PM�  for Silesian 
voivodships for period 2007-2009). 
16 Around 30 samples of Klodnica river and its tributaries were taken from selected points, four times (January, 
April, September and December) in the year 2008 and analysed for mercury, cadmium and PAH. 
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Figure 10. Measured concentrations of Hg, Cd, sum benzo(g,h,i)perylene + indeno(1,2,3-cd)pyrene 17 

The results of the IETU analysis confirm that, in most of the catchment area there is essential 
elevation of mercury concentration. Based on the seasonal changes in concentration, available 
information is not sufficient to state whether the concentrations are definitely above the AA 
EQS or not. For cadmium the concentrations in water above AA EQS are limited to some 
areas in the urbanized parts of the catchment. For PAH high concentrations above AA EQS 
can be expected only for two substances: benzo(g,h,i)perylene + indeno(1,2,3-cd)pyrene in 
the urbanized sub-catchments. The assessment of chemical for sub-catchments of Klodnica 
river catchment is presented in Table 9. 
 
 
 
 
 
 
 
 
Table 9  Exceeding AA EQSs or changing concentrations per location 

                                                 
17 Sampling and measurements performed by IETU 
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Locations  
Klodnica down to Kozlowka 
inlcuding Kozlowka18  

Drama with 
tributaries  

Toszecki 
stream 

Klodnica from Kozlowka 
down to the river mouth19 

Hg 

- 100-500 % higher than AA 
EQS, 

- long 30 years downward past 
trend observed (1970 – 
2005), 

- short term 10 years, 
- downward trend uncertain in 

the future – stabilization 
possible, 

- seasonal variations of Hg 
concentrations in river are 
observed. 

- No data - 
high water 
quality 
expected. 

- No data - 
high water 
quality 
expected. 

- 200- 500 % higher than 
AA EQS, 

- long downward trend – 
uncertain, 

- short term trend (2005- 
2015) – uncertain, 

- seasonal variations 
observed. 

Cd 

- 0-20% higher than AA EQS, 
-  long downward trend 

observed, 
- short term trend uncertain – 

possible stabilization or rise 
of concentrations, 

- seasonal variations observed. 

- No data - 
high water 
quality 
expected. 

- No data - 
high water 
quality 
expected. 

- 0-20% higher than AA 
EQS, 

- long downward trend 
uncertain, 

- short term trend 
uncertain, 

- seasonal variations 
occurs. 

S
ub

st
an

ce
s 

PAH 

- 100% higher than AA EQS – 
only for B(ghi)P&I(1,2-cd)P, 
no permanent long trend 
determined, 

- seasonal variations can be 
observed. 

- No data - 
high water 
quality 
expected. 

- No data - 
high water 
quality 
expected. 

- 100% higher than AA 
EQS only for 
B(g,h,i)P&I(1,2,3-cd)P*, 

- no trend established, 
- seasonal variations 

occurs. 
* - B(g,h,i)P&I(1,2,3-cd)P – sum of benzo(g,h,i)perylene + indeno(1,2,3-cd)pyrene 

According to the results of assessment there is no need for further analysis of the two 
subcatchments: Drama with tributaries and Toszecki brook. These sub-catchments are not 
further assessed in the procedure in the case study. 

                                                 
18 In the Klodnica sub-catchment the problem with alleviated Hg, Cd and PAH levels concern the following 
basic units as defined in the hydrological classification of catchments in Poland (11649, 11655, 11634, 11632, 
11655 116159, 116529, 11654 116582 located in the north part. The following basic units in the south of the 
subcatchment can be excluded 116332, 11629, 1162299, 11616 116149 as relevant in the assessment 
19 the following units of the subcatchment should be included  11659 11669 117169 116999 as relevant in the 
assessment 
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4. DSS Step 2 Inventory of sources 
On the basis of Material Flow Analysis (MFA) for mercury, cadmium and PAH (in Klodnica 
river) catchment various emission sources were selected as relevant and taken into account, 
including: 

- Municipal wastewater and use of products in general consumption, 
- Industrial wastewater (mining as predominant), direct industrial discharges, indirect 

industrial discharges, use of products in the industry, 
- Diffuse pollution sources, sediments, waste deposits, urban run off from industrial and 

urbanized areas, air emissions/deposition, contaminated land and groundwater system, 
sediments, agriculture and natural sources. 

For preparing MFA on catchment scale accessible information for source categories was used 
including detailed data received from stakeholders, statistical data, and reference examples 
from literature, environmental monitoring data, as well as modelling, simplified model 
calculations and expert judgment. For industrial and municipal point sources, information 
obtained from water discharge permits, Integrated Pollution Protection and Control (IPPC) 
permits for industrial and municipal installations and inventory results were used20. 
Additional information on the discharges was provided during a series of meetings with 
relevant stakeholders. It should be noted that data provided by regional administration is not 
sufficient to evaluate the impact of the changes in particular sources of the Klodnica river 
system. Other data provided by the industrial and municipal facilities management is also not 
sufficient, due to low detection limits and range of analysis performed. Review of the 
accessible data is presented in Table 10. 

Table 10  Data sources on pollutants emission 
Data source Data quality 

Regulatory system: 
Industry emission declarations 
Silesian Voivodships data base on 
IPPC plants and discharge permits 

Information is not sufficient due to data structure of the official 
registers and permits or limitations in legal requirements concerning 
discharge quality reporting. 

Industrial and municipal inventory 
IETU 

Insufficient information: lack of data from facilities management– 
measurements for the substances are not carried out or measurements 
methods not sufficient or reliable - low detection limits The scope of 
inventory is limited - SME are excluded. 

Discharge water: sampling and 
chemical analysis performed by IETU Data reliable but limited in scope and spatial extension  

Stakeholder information Reliable – for metal industry, energy sector and municipal sector  

In conclusion, the results of emissions inventory were not sufficient to exclude or determine 
definitely the source categories and assess their importance. Assessment of wastewater 
treatment plants (WWTP) impact and industrial point sources is the most reliable in this case. 
To determine the relevance of particular source categories the total load of the contaminants 
and its split among the source categories in the catchment was assessed. The assessment was 
based on iterative process with calculations of the emission data and expert judgment applied 
successfully. Next, the results were used to verify the impacts of cadmium, mercury and PAH 
on the river system. In the analysis of contaminant loads a background level of the 
contaminants in surface water and groundwater used for consumption was included. 

To prove some of the assumptions, a limited number of field measurements of discharge 
waters was performed for selected source categories. They covered wastewater treatment 
plants, categorized according to their efficiency, and hard coal mining facilities. For diffuse 

                                                 
20 IETU performed own study 
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sources, data on the potential emissions were gathered and analysed using various approaches 
and methods: 

·  Database of potentially contaminated sites in the Upper Silesia agglomeration area of Klodnica 
catchment (type of industry, area of the site); 

·  Analysis of database (IETU archives)of waste landfills in the Upper Silesia agglomeration area of 
Klodnica catchment (type of the industrial waste, area), along with discharge parameters derived 
from literature; 

·  Potential raw sewage discharge from monitored take-offs (IETU archives); 
·  Assumptions on illegal municipality discharges of sewers (based on demographic and 

environmental statistics); 
·  Results of performed air deposition modelling (PAH, Cd, Hg) in the area of Klodnica catchment 

using air emission inventories for the region and evaluation of its impact on water system; 
·  Expert analysis of geochemical background of surface waters from Geochemical Atlas for Upper 

Silesia and IETU field measurements with comparisons  of reference cases; 
·  Analysis of groundwater concentrations from the State monitoring and local monitoring networks 

and data on groundwater quality and consumable water quality; 
·  Expert judgment of river sediment and soil concentration based on the Geochemical Atlas for 

Upper Silesia and IETU statutory work and comparisons  of reference cases. 

The achieved tentative assessment of pollutant emission load is presented below (Figure 11). 
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Cadmium load in K
odnica catchment - source category split 
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Figure 11. Estimated substance Mass Balance of Hg, Cd and sum benzo(g,h,i)perylene + indeno(1,2,3-

cd)pyrene in Klodnica catchment with sectoral split 

To achieve high reliability of assessment, measurement of discharge quality for representative 
facilities is recommended unless reporting regime on priority substances is strengthened in 
the catchment along with improved monitoring scheme. All assessments performed within the 
SOCOPSE project allowed for revision of the hypothesis on the relative importance of the 
identified emission sources. It is presented in Table 11. 

Table 11  Emission sources impact on the Klodnica catchment – sub-catchment: Klodnica down to 
Kozlowka including Kozlowka 

Substance Hg Klodnica down to Kozlowka including Kozlowka 
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Impact Confidence 
Municipal 
wastewater 

High (around 30% of the total load) Highly certain - based on permit data and 
screening) 

Mining High (around 15% of the total load)  possible – based on limited screening)  
confirmation required 

Energy Very low (<5%) Certain - based on permit data – some uncertainty 
is connected with analytical methods 

Metallurgical/chemic
al sector 

low (5%) Certain - based on permit data – some uncertainty 
is connected with analytical methods  (permitting) 

Air deposition Moderate (15%),  Uncertain - expert judgment, simplified 
parametrical models (permitting) MFA data  

Waste landfills Moderate (15%)  Uncertain - expert judgment, simplified 
parametrical model 

Soil, ground and 
natural sources 

Moderate (10%) Highly uncertain – MFA data 

Sediments Low (5%) Highly uncertain – MFA data 

S
ou

rc
e 

Water upstream (net 
inflow) - - 

Klodnica down to Kozlowka including Kozlowka 
Substance Cd 

Impact Confidence 
Municipal 
wastewater Low (around 5%) Certain -based on permit data and screening) 

Mining Moderate (10%) Limited certainty - based on limited screening 
confirmation required 

Energy  Low (5%)  Certain - based on permit data 
Metallurgical/chemic
al sector Low (<5%) Certain - based on permit data 

Air deposition high (30%)  Uncertain - expert judgment, simplified 
parametrical model, MFA data 

Waste landfills High (25%) Uncertain data - expert judgment, simplified 
parametrical  model, case analysis  

Soil, ground and 
natural sources Moderate (15%) Uncertain – qualitative spatial data analysis, expert 

judgment, MFA data  

S
ou

rc
e 

Sediments Low (5%) Uncertain - expert judgment 

Klodnica down to Kozlowka including Kozlowka Benzo(g,h,I)perylene + 
indeno(1,2,3-cd)pyrene Impact Confidence 

Municipal 
wastewater 

High around 30% Limited certainty - based on screening values and 
literature references 

Mining Moderate (10%) Limited certainty - based on screening values and 
literature references 

Energy  Low (<5%)  Limited certainty - based on screening and 
literature 

Metallurgical/chemic
al sector Low (<5%) Limited certainty - based on screening and 

literature references 

Air deposition Moderate (10%)  Uncertain - expert judgment  simplified 
parametrical model, MFA data 

Waste landfills Moderate (20%) Uncertain -expert judgment simple parametrical 
model 

Soil, ground and 
natural sources Low (5%) Uncertain - expert judgment, linear model, MFA 

data 

S
ou

rc
e 

Sediments Low (5%) Uncertain - expert judgment 

In the second sub-catchment selected as relevant in the study: from Kozlowka down to the 
river mouth, the load and concentrations in water of the pollutants depends highly on the 
quality of water upstream. Along the river and the interlinked Gliwice canal a simplified 
model of sediment and water interaction can be applied to assess more reliably relation 
between those sub-catchments. 
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5. DSS Step 3 Definition of baseline scenario 
Driving forces of socio-economical development, environmental policy impacts and natural 
environmental changes are identified as very important in the Klodnica river case study. 
Scenarios for changes in source categories can be currently determined on the base of analysis 
of already implemented or proposed investment projects, plans and programs, expert 
judgment, and simplified impact models. 

- Driving forces and policy impacts 

The impact of socio-economical driving factors and policy factors are evaluated in short, 
medium and long terms. Review of the industrial and infrastructure policies shows that a lot 
of changes to be expected in the timeframe of  2007-201521. The most important are impacts 
of policies being already implemented in the catchment, including infrastructure investments. 
Slower changes in the future perspective of 20-30 years can be expected for diffuse pollution 
due to variety of indirect management actions and policies implemented in the area and 
natural attenuation processes in the environment. 

The baseline scenario, defined on the basis of the analyses performed, covers the time frame 
of 2007 –2015. For this period in most of the plans and programs there are set up concrete 
goals, actions and projects. These are being under implementation schemes or are planned to 
be executed. The changes in water quality, due to expected changes in the emissions cannot 
be actually assessed in a precise way. The level of confidence is low. The impact of policy 
measures on the emissions of contaminants in the selected sub-catchment is presented in 
Table 12. 

Table 12  Policies and environmental management actions having impact  on water quality in baseline 
scenario for Klodnica catchment  

Klodnica do Kozlowki wraz z Kozlowk�  
Policy driver Potential impact 

on the river system 
Confidence/relevance 

IPPC Directive and relevant 
requirements 

High (10 years) 
High (existing legal requirements, execution plans 
and actions) 

WFD: national regional county 
level projects, plans and programs 
(WWTP), regional and county and 
municipal level plans 

High (10 years) 
High (existing legal requirements, execution plans 
and actions) 

Waste management policy, 
directives, 
Waste management plans for all 
municipalities 

High (10 years) 
Moderate (existing legal requirements, plans and 
actions under consideration, and planning processes 

Soil Framework Directive (SFD) 
and soil relevant actions 
Remediation and revitalization 
programs of municipalities 

Moderate (30 years) 

Low (implementation uncertain, lack of executions 
plans for contaminated soil), the remediation 
actions are focused on hot spots – limited to 
economically attractive post-industrial sites) 

Mining Waste Directive (MWD) 
Mining companies environmental 
Programs 

Moderate (20 years) 
Moderate (implementation rules uncertain, no 
implementation programs established) 

Mercury phase out in general 
consumption  

Moderate (20 years)  
Moderate (existing regulations – time lag in 
achieving the results) – expected shift of the 
problem to waste management 

Industrial use of substances Moderate (20 years) High (legal requirements and investment plans) 

Commercial use of substances Moderate (20 years) 
Moderate (existing legal requirements, time lag in 
achieving the results) – expected shift to waste 
management 

                                                 
21 The timeframe of ten years starting at the beginning of the SOCOPSE project was taken into account. It should 
be noted The situation undergone changes during the three years. 
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Infrastructure development High (10 years)  High (existing legal requirements and investment 
plans) 

Water quality in the Klodnica sub-catchment: from Kozlowka to Klodnica mouth, depends 
highly on the impact of river water coming from upstream (industrialised part). The tributaries 
of Klodnica in this sub-catchment are relatively clean in terms of the analysed substances – 
forestry and agriculture are the dominant activities there. Impact in the scale of the whole 
Klodnica river system is potentially low – less than 5% of the contaminant load. 

The review of socio-economical factors shows that they have and can have in future an 
essential impact on the Klodnica river catchment. Impact of socio-economical driving forces 
in the region is presented in Table 13. 

Table 13  Changes in socio-economic driving forces of in the Klodnica catchment area 
Socio-economic 
driving factor 

Klodnica down to Kozlowka including 
Kozlowka 

Confidence 

Urban population 
changes  

Low – population stabilization, age structure 
changes 

Analysis of statistical data, expert 
judgment 

Land use changes 
High – spatial changes, changes of urban areas 
impact pattern less industrial, higher 
transportation, changes in water regimes 

Analysis of statistical data and 
trends, expert judgment 

Canal development  Moderate - Sediments resuspension Expert judgment 
Built up areas 
development 

High - changes in the buffering features of the 
environment 

Analysis of statistical data, expert 
judgment, development profile 

Mining industry 
development 

High - deeper deposits are exploited with 
consecutive higher contamination occurrence in  
dewatering discharges. Less intensive mining 
operation in the north part. More intensive 
development in the area near Gliwice, south of 
the Klodnica river 

Analysis of plans and programs 
of the sector, economical 
forecasts, expert judgment 

Industrial development 
Stable, further restructurisation of the heavy 
industries toward more efficient, less polluting 
industries 

General economical trends, 
expert judgment 

Recreational 
development 

Low -seasonal impact in selected recreational 
areas 

General economical trends, 
expert judgment 

Natural attenuation and 
impact 

Positive effect of  biodiversity development 
Expert judgment, Environmental 
Protection Program 

For the sub-catchment: Klodnica from Kozlowka down to the mouth there is not expected 
high impact arising from socio-economic development. At the mouth of the river only the 
activities concerning Gliwice canal redevelopment, and industry and urban areas development 
can be important additional source of pollution in the sub-catchment. 

- Inventory of the planned measures 

In the baseline scenario development the basic measures for source categories are identified. 
In the inventory all options were included and actions already undertaken or planned, and 
being already implemented in the catchment area by the stakeholders of Klodnica river 
management. These are presented in Table 14. The efficiencies of these actions are relatively 
high for the point sources. 
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Table 14  Basic measures included in baseline management scenario for the sub-catchment: Klodnica to 
Kozlowka including Kozlowk�  

Efficiency on source category scale 
unabated impacts as a basis,  

in brackets baseline scenario reduction  Source category Possible measures 

Hg Cd PAH 

Municipal wastewater 
Three stage sewage  treatment 

process 
70% (35%) 70% (50%) 70% (60%) 

Mining wastewater Surface sedimentation ponds 30% (0%) 30% (10%) 30% (5%) 
Energy wastewater BAT processes closed systems 90% (0%) 90% (5%) 90% (0%) 
Metallurgical/chemical 
sector wastewater BAT processes closed systems 90% (10%) 90% (5%) 90% (0%) 

Air deposition  -
industry 

BAT processes, Industrial air 
control measures 

90% (10%) 90% (10%) 90% (0%) 

Air deposition low 
emissions housing, 
municipal 

Funding schemes for heating 
systems modernization,  

50% (10%) 30% (10%) 30% (10%) 

Mobile sources 
emission from mobile sources 

policies 
Nor relevant Not relevant 50% (10%) 

Waste landfills - old 
Closing and recultivation of old 

landfills,  
treatment of effluents  

50% (20%) 50% (35%) 80% (40%) 

Waste landfills - new 
new techniques for newly built 
landfills (capping and leachate 

treatment)  
70% (5%) 70% (60%) 80% (0%) 

Soil remediation (limited 
action),  

10% (5%) 10% (5%) 10% (5%) 

Redevelopment of industrial 
sites – soil treatment 

10% (5%) 10% (5%) 10% (5%) 
Soil, ground and 
natural sources 

Highly contaminated sites 
remediation 10% (5%) 10% (5%) 10% (5%) 

S
ou

rc
e 

Sediments None - - - 

In the second sub-catchment: from Kozlowka down to the river mouth, the measures concern 
municipal sewage treatment in the towns and villages and industrial wastewater control 
measures in the industrial area of Kedzierzyn - Kozle. These, has totally low impact on the 
total water quality in Klodnica. The quality is determined mostly by the water up flow from 
the industrialized part of Katowice agglomeration. 

It should be noted that revision of existing plans for the industry and municipal systems 
(process and end of pipe techniques, wastewater collecting systems) with regard to their 
efficiency of priority pollutants emission reduction allows for providing considerably reliable 
scenarios for the various sources categories. 

The split of source categories according to the control level of mercury emission sources 
(municipal, industrial) is presented in Figure 12. The high control measures include: newly 
built wastewater treatment plants, high environmental quality industrial processes. Low 
control municipal cover the untreated wastewater, drainage system in industrial areas; low 
control sources include industrial waste landfills, and small and medium enterprises. Low 
control is also relevant for natural and anthropogenic diffuse sources. 
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Figure 12. Level of control of mercury contamination in Klodnica catchment (kg/year load) 

The most reliable are assessments for point sources. The example of improvement rate for 
mercury emission reduction from municipal WWTP is presented below (Figure 13). For the 
year 2007 the high efficiency treatment of municipal wastewater was responsible for mercury 
yearly load around 1.7 kg, moderate efficiency for around 2.6 kg, low efficiency treatment for 
3.7 kg. The uncontrolled discharges or discharges without treatment were responsible for 
input of 5.6 kg. Diffuse sources including drainage of urbanized areas, uncontrolled municipal 
waste were responsible for around 5.2 kg. 
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Figure 13. Effect of WWTP investments on mercury load in the Klodnica catchment (kg Hg/year load) 

- Assessment of the effects of the actual policy measures 

Improvement of Klodnica catchment, in terms of ecological and chemical quality resulting 
from policies, implementation plans and driving forces impacts is uncertain for the period of 
concern. Currently, there is no possibility to model the response of the water system other 
than to model the emission reduction and contaminant loads, because of insufficient 
characterisation of the river system. Only simple models and expert judgment can be used to 
assess future environmental situation. To some extent it can be assumed that due to the river 
characteristics the relationship between emissions and river quality is linear. More detailed 
characterization of sediments in the Gliwice canal and Dzierzno reservoir should be 
performed to determine the impact of all policy measures on future ecological situation of the 
river. Further monitoring and improvement knowledge is essential. The results based on 
expert judgment, simplified modelling of simplified assessment scheme for baseline scenario, 
is presented in Table 15. 
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Table 15  Baseline management scenario – trend analysis 
Possible areas of exceedance 2015  

Klodnica down to Kozlowka with 
Kozlowka 
 

Confidence/Method  Klodnica from Kozlowka 
down to the mouth 
 

Method 

Hg 100-200 % of AA EQS  (area 80%) 
100-200 %of AA EQS  (area 
100%)  

Cd 
Part (area 20- 50%) 0-50% of AA 
EQS 

Part (area 10 %) 0-50% of AA 
EQS 

S
ub

st
an

ce
  

B(g,h,i)P&I(1,2,3-
cd)P  

Part (area 20- 50%) 0-50% of AA 
EQS 

Low - Expert judgment, trend 
analysis simple flow model , policy 
impact , comparisons, river 
characterization, mass balance 
analysis  Part (area 10- 50%) 0-50% of 

AA EQS 

Moderate - Expert judgment, 
simple flow model, 
 mass balance analysis  

Possible areas of exceedance 2021 
 

Klodnica down to Kozlowka with Kozlowka Klodnica from Kozlowka down to the mouth 

Hg 50-150 %of AA EQS (area 60%) 
50-150 % of AA EQS  ( area 
100%)  

Cd 0-20% of AA EQS Part (area 20%) 
Possible substantial decline in 
the concentrations 0% of AA 
EQS 

S
ub

st
an

ce
  

B(g,h,i)P&I(1,2,3-
cd)P 

0-50% of AA EQS Part (area 20 - 
50%) 

Low - Expert judgment, general 
trend of policy impacts, river 
characterization, mass balance 
analysis 

Part (area 10- 50%) 0-50% of 
AA EQS 

Low - Expert judgment, trend 
policy impact, mass balance 
analysis 

Possible areas of exceedance 2027 
 

Klodnica down to Kozlowka with Kozlowka Klodnica from Kozlowka down to the mouth 

Hg 
Long term 0-50 %of AA EQS (area 
40%) 

Long term 0-50 %of AA EQS 
(area 100%) 

Cd 0% of AA EQS 0% of AA EQS 

S
ub

st
an

ce
 

B(g,h,i)P&I(1,2,3-
cd)P 0% of AA EQS 

Low - Expert judgment, impact and 
mass balance analysis 

0% of AA EQS 

Very low - Expert judgment mass 
balance analysis 
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- Baseline scenario cost-benefit evaluation 

Basic measures with co-beneficiary effect for priority pollutants including mercury, cadmium 
and PAH are included in the baseline scenario. This scenario is driven through various 
environmental policies and requirements. This scenario requires huge investments and 
resources to be spent or being spent (including credits, amortisation of the infrastructure and 
operational costs) in the timeframe 2007 - 2015. These costs are much higher than the costs 
which are planned officially in the Odra river basin water management plan. They concern at 
the same time a limited scope of actions in comparison to the achieved results, focusing 
mostly on the municipal wastewater. 

Expenses are covered from municipal sources, industrial own sources, EU structural funds, 
national funding schemes and municipalities and industrial own sources are the main sources 
of financing the investments. The baseline scenario evaluation is presented in Table 16. Co-
benefits for priority pollutants are very high. 

Table 16  Basic measures to be applied as the results of already existing plans and requirements in the 
subcatchment K
odnica to Kozlowka including Kozlowka 

Basic Costs mln Euro 
Co-benefits PP 
on catchment 
scale Substance Hg Possible measures 

Total 
management 

costs 

Planned 
investments**  Ratio 

Three stage treatment 35 

Municipal wastewater Sewage drainage  
system development in 

industry and municipalities 

400*** 
15 

High 

Mining Surface sedimentation ponds 10* - High 

Energy 
BAT processes closed 

systems 
No data * - High 

Metallurgical/chemical 
sector 

BAT processes closed 
systems 

No data * - Moderate 

Air deposition -
industry 

Industrial air control 
measures 

No data * - High 

Air deposition diffuse 
Local programs for 

elimination of old heating 
systems 

80***  
(16/year) - Moderate 

Air deposition mobile 
sources National/European policy No data - Moderate/high 

Municipal waste 
landfills 

Recultivation of old 
landfills, new techniques for 

newly built  landfills 
50 - High 

Industrial  waste 
landfills 

Recultivation of old 
landfills, new techniques for 

newly built  landfills 
100 - High 

Public and private 
remediation/redevelopment 

of industrial sites – soil 
treatment 

- High 
Soil, ground and 
natural sources 

Soil remediation (limited 
action) 

50 

2 (agriculture, 
forestry 

- 

Environmental 
management 

Spatial planning, 
reforestation  No data 5 - 

S
ou

rc
e 

Sediments None 0 - - 
* only general information on air and water yearly costs in the industry and municipal sector exists – around 100 mil. Euro 
(GUS 2009) 
** Water Basin Management Plan for Poland 2009 version for public consultation 
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*** five years time programs 80 mln spent already based on program evaluation 
**** declared by the municipalities costs of the whole municipal plans also include costs covered in the last five years. 

In the second sub-catchment the benefits concerning priority pollutants in the baseline 
scenario are also very high for the actions undertaken in the first catchment. 
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6. DSS Step 4 Inventory of possible additional measures 
The need for additional measures cannot be evaluated at this moment without improvement in 
the knowledge of the river system and better emission assessment, especially for the diffuse 
sources. Only speculation is possible on what kind of measures, are relevant for further 
reduction of the emissions. It should be stressed that, there is high probability that the water 
status goals will be achieved in the period 2016 - 2021 in the baseline scenario. It should be 
also underlined that there still exist in some of the source categories a cost-efficient potential 
for improvement. Potential additional measures cover improvement of existing measures and 
implementation of new measures. Important sources to be covered in the future are: 

- Mining industry; 
- Diffuse pollution: 

o Contaminated land, 
o Air deposition, 
o Wastes. 

For all the identified potential sources of cadmium, mercury and PAH within Klodnica 
catchment possible additional reduction measures can be identified and analysed as to their 
feasibility and effectiveness (based on inventory developed in WP3). For that purpose: 

- the WP3 substance reports were used, 
- the results of the discharge measurements evaluated, 
- the scale of implementation of measures in particular source categories determined  

It should be pointed out that for Hg, Cd and benzo(g,h,i)perylene + indeno(1,2,3-cd)pyrene 
similar technologies and approaches are effective in reduction of the emissions to the water 
environment. 

Additional measures for the sub-catchment: Klodnica from source to Kozlowka including 
Kozlowka are presented in Table 17. 

Table 17  Additional measures in the subcatchment: Klodnica down to Kozlowka including Kozlowka 
Efficiency on source category scale  
(compared to unabated impacts; 

in brackets relative reduction of additional 
measures in comparison with the baseline scenario) 

 Possible measures 

Hg Cd B(g,h,i)P+I(1,2,3-
cd)P* 

1. WWTP 

Additional contaminant 
specific final stages 

(precipitation, 
ultrafiltration) 

90% (20%) 90% (20%) 90% (20%) 

Sedimentation/filtration 
underground unit 

70% (40%) 70% (40%) 70% (40%) 

surface sedimentation 
ponds – on ground units 50% (20%) 70% (40%) 70% (40%) 

Desalinisation (reverse 
osmosis, ultra filtration) 

90% (60%) 90% (60%) 90% (60%) 
2. Mining 

Close down, mining sector 
restructurisation 

80% (40%)  80% (40%)  80% (40%)  

Improved capping 80% 80% 80% 3. Industrial 
waste landfills Leachate treatment 90% 90% 90% 
4. Municipal 
waste landfills 

Improved capping 
Leachate treatment  

80% 80% 90% 

S
ou

rc
e 

5. Contaminated 
land 

Post-industrial sites 
recultivation 

70% 90% 80% 
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Soil remediation including 
phitoremediation 

70% 80% 40% 

fuel improvement in 
mobile sources 

Not relevant Nor relevant 90% (60%) 
6. Air deposition 

Households 90% (60%) 90% (60%)  
7. Sediments Dredging 70% 70% 70% 

* - B(g,h,i)P+I(1,2,3-cd)P – sum of benzo(g,h,i)perylene + indeno(1,2,3-cd)pyrene 

In the Klodnica sub-catchment from Kozlowka down to the mouth dredging is potentially 
mainly in the Gliwice canal as a part of the renovation action in the water way. The 
renovation is still discussed as a possible action in the catchment. Implementation of 
additional measures will be relevant after 2015 when most of the planned investments and 
actions will be realized and the goals fulfilled. These additional scenario timeframe is 
between 2016 and 2021. 
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7. DSS step 5 Assessment of the effect of the additional measures 
Assessment of the future ecological and chemical status in the catchment resulting from 
potential implementation of additional measures was based mainly on expert judgment with 
use of contaminant load characteristics, contaminant concentrations, seasonal variations in the 
concentration of pollutants in water. Similar cases from literature were also analysed and 
compared. Simple fate and transport calculations were also applied to assess the future 
situation. 

Better understanding of the system can be achieved through trend analysis of a few years data 
produced in the modified water body, according to WFD Directive, state monitoring system. 
This information will be available before the next round of water management planning in 
2010. Better description of the catchment physical and chemical characteristics would allow 
for more precise modelling. At this point it is not recommended to apply advanced modelling 
for the catchment. The assessment of the additional management scenario is presented in 
Table 18. 
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Table 18 Additional  management  scenario – trend analysis 

Possible areas of exceedance 2015 
Assessment Confidence/Method Assessment Confidence/Method 

 

Klodnica down to Kozlowka with Kozlowka Klodnica from Kozloóka down to the mouth 

Hg 100-200 % of AA EQS (area 80%) 50-150 % of AA EQS  (area 100%)  

Cd 
Part (area 20- 50%) 0-50% of AA 
EQS 

Part (area 10 %) 0-50% of AA 
EQS 

S
ub

st
an

ce
  

I&B 22 
Part (area 20- 50%) 0-50% of AA 
EQS 

Low - Expert judgment, emission 
trend, policy impact, case comparisons, 
contaminant load mass balance 
calculations Part (area 10- 50%) 0-50% of AA 

EQS 

Low - Expert judgment, trend policy 
impact, contaminant load balance 
calculations 

Possible areas of exceedance 2021  
Klodnica down to Kozlowka with Kozlowka Klodnica from Kozlowka down to the mouth 

Hg 0-100 % of AA EQS (area 30%)  0-50 %of AA EQS (area 100%)  

Cd 0% of AA EQS Part (area 20%)  
Possible substantial  decline in the 
concentrations 0% of AA EQS 

S
ub

st
an

ce
  

I&B 
0-50% of AA EQS Part (area 20- 
50%) 

Low - Expert judgment, general trend 
of policy impacts, contaminant load 
mass balance calculations Part (area 10- 50%) 0-50% of AA 

EQS 

Low - Expert judgment, trend policy 
impact 

Possible areas of exceedance 2027  

Klodnica down to Kozlowka with Kozlowka Klodnica from Kozlowka down to the mouth 
Hg Long term 0 %of AA EQS Long term 0 % of AA EQS 

Cd 0% of AA EQS 0% of AA EQS 

S
ub

st
an

ce
 

I&B 0% of AA EQS 

Low - Expert judgment, trend policy 
impact, contaminant load mass balance 
calculations 0% of AA EQS 

Low - Expert judgment, trend policy 
impact 

                                                 
22 Sum of benzo(g,h,i)perylene and indeno(1,2,3-cd)pyrene 
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8. DSS Step 6 Selection of the best solutions 
For the Klodnica catchment there remains the question whether additional measures will be 
needed in the future, in case the EQS parameters will not be achieved for the selected sub-
catchments. Further improvement will require additional investments in the measures 
identified in previous step. The cost effectiveness of the additional measures is presented in 
Table 19. 

Table 19  Additional measures to be applied as the results of already existing plans and requirements in 
the subcatchment Klodnica from Kozlowka including Kozlowka 

Costs 
Costs/effects ratio for source 

category scale   Possible measures 
mil. Euro Hg Cd PAH 

1.WWTP 
Additional treatment 
techniques (precipitation) 

50* 
 moderate Low Moderate 

Sedimentation/filtration 
underground unit 

10** 
 

Moderate Moderate Low 

On ground units 10** Moderate Moderate Low 
Desalinisation (reverse 
osmosis, ultra filtration 

30-100** Moderate Moderate Low 
2 Mining 

Close down restructurisation 
High social 

costs 
Low Low Low 

3. Industrial 
waste landfills 

Capping and leachate 
treatment  50*** Low Moderate Low 

4. Municipal 
waste landfills 

Capping and leachate 
treatment  

50*** Low Moderate Low 

Industrial sites recultivation 100-400** Low Moderate Low 5. Contaminated 
land Phitoremediation 50- 200** Low Low Low 

6. Air deposition 

Technological 
improvement/fuel change 
for individual heating 
systems 

10**** Moderate Low Moderate 

S
ou

rc
e 

7. Sediments Dredging No data Low Low Low 
* expert assessment 
** - estimation based on literature studies and pilot projects 
***-Silesia Voivodships Program for revitalization of post-industrial and degraded land 
****- expert assessment including data concerning local programs for individual heating environmental 
improvements implemented for the counties located in Klodnica catchment 
 

- Cost and benefit analysis 

Based on the fact that socio-economic factors are viewed in highly industrialized area as 
important in the management of the river system simplified cost-benefit analysis was 
performed during a meeting with stakeholders at the end of 2008. It was aimed at assessing 
the conditions for taking actions aimed at further improvement of the water quality in the 
catchment. 

- The benefits 

In order to assess the costs and benefits pertaining to the priority substances and their 
management in the Klodnica catchment a multicriteria analysis (MCA) was intended. 
Different stakeholders were invited to participate in the MCA procedure. These stakeholders 
were representatives from:  

• Regional Water Management Board Gliwice; 
• Silesian provincial governor; 
• Offices of all communities placed on Klodnica Basin (11 counties); 
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• Public bodies responsible for national monitoring and the control of the environment 
(Regional Inspectorate of the Environmental Protection in Katowice, Institute of 
Meteorology and Water Management and Centre of Examinations and the Control of 
the Environment); 

• Municipal units of public utilities; 
• Mining industry representative; 
• Research institutes and research - developmental individuals; 
• Ecological organizations. 

Based on the MCA approach where participation of stakeholders obliges a bottom up 
approach, the starting point of the MCA procedure was a brain storming to assess and classify 
in order of importance the priority substances with high impacts in the Klodnica catchment. 
The objective of the bottom-up approach was purposely organized in a way that 
accommodates the direct involvement and participation of the stakeholders. 

Prior to the brain storming a presentation of the PS and their potential human and 
environmental impacts was done to introduce the stakeholders into the subject and to discuss 
and identify the goals related to water pollution in the catchment. However, although the brain 
storming was designed to discuss the PS, and although the “moderators” made several 
attempts to focus the discussions on the PS, the discussions were rather general. The 
interpretation of this general attitude may be explained in different ways; the amount of the 
PS is large and most of them as well as their impacts are not known by the stakeholders. 
Another interpretation is that for stakeholders, the question of water pollution is not related to 
the PS per se but rather to the water quality in general. 

The selected goals in order of importance were:23 

1. Good status of water, 
2. River remediation and restoration of its functions, 
3. Minimizing loads of discharges pollutants from individual cities, 
4. Minimizing risks for disturbance of sanitation networks, 
5. River living with us, 
6. Inventory of all the discharges/ good management, 
7. Storm water management. 

Instead of selecting criteria and indicators to the selected goals which where rather general, 
the most accurate procedure to assess the benefits related especially to good status of water 
was a contingent valuation method. Another reason for applying this method was to use the 
stakeholders' presence and participation. This method, which is a mixture of methodological 
approaches, is in line with the method used by Kontogianni et al. (2001). 

To start with a hypothetical market was built where the good status of water was transacted. 
In standard contingent valuation surveys, the purpose of the study is presented to the 
respondents before the questions are asked. The presentation is about the environmental 
problems in focus, the abatement cost for mitigation and the policy instruments to be used. 
Since the idea from the beginning was a MCA, information on costs was not available at that 
time. Therefore, a cost equivalent to 10 was used as numéraire and the stakeholders were 
asked to elicit their willingness to pay relative to that numéraire. The valuation question asked 
to the respondents was very simple: 

If the abatement cost is 10, what do you estimate the benefits for good water status in the 
Klodnica catchment would be in 2015?  

                                                 
23 This procedure can be compared to a pilot study to identify a public good to be transacted. 
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This is a different way to ask the respondents to elicit their willingness to pay to reach good 
water status in the Klodnica catchment by 2015. The 2015 is related to the WFD that requires 
a “good status” for all waters by 2015. The relative cost could be used in the study in two 
different ways: 

-  If costs of good status of water are not available, the elicited benefits are relative 
benefits giving insights on both the magnitude and the differences relative to abatement 
costs. 

-  If costs are available, the estimated relative benefits could be multiplied by these 
numbers to get absolute values of the benefits. 

Table 20 shows the estimated results where the average relative benefit is equal to 5.45 i.e. if 
costs, for instance are equal to 100€ in average the benefits would be equal to 545 €. 

Table 20  Estimated relative benefits 

Elicited benefits by the different stakeholders Relative benefit 

100 10 

50 5 
15 1.5 
50 5 
50 5 
30 3 
100 10 
40 4 
50 5 
60 6 
545 54.5 

The development of new safe substitutes for priority substances may potentially create new 
business opportunities, particularly for the chemical industry. 

- The costs 

When it comes to costs the literature include some examples that are related to the WFD: 

-  To achieve the objective of "good chemical and ecological status" in water bodies in 
Germany as stipulated by the European Water Framework Directive (WFD) in 
particular, a package of measures geared to improving the water bodies' 
hydromorphology would cost around  100 € to 500 € per capita.24 

-  In Flanders, a 100 € per inhabitant per year is needed annually to achieve the standards 
in the Nete basin and this for the pollutants COD, N and P.25 

Other costs are related to different measures to mitigate water pollution: 

-  Production of one litre of desalinated water requires 2.8 kJ of energy. Despite the high 
current cost ($1 to $8 per m3) some estimates are available that indicate the cost could 
be reduced to $0.55 per m3 without the consideration of serious pollution being caused 
by desalination processes (Simonovic, 2002). 

Estimates of the cost of mercury pollution, is a key to establishing tighter emission standards 
both for coal burning plants and mining. The current U.S. administration has found it so easy 

                                                 
24 http://www.ncbi.nlm.nih.gov/pubmed/15137151 
25 http://www.emis.vito.be/EMIS/Media/ECM_Abstract_Scaldit.pdf 
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to weaken the U.S. mercury emission standards if it was widely known that this would impose 
a cost on the U.S. population of between 2 and 4 billion dollars annually.26 

Since the German case is both about good status of water and it is related to the WFD its costs 
can be used and adapted to give insights on the magnitude of the costs and benefits in the 
Klodnica catchment. Hence, the total costs for the coming 7 years until 2015 would be 82.2 
millions € based on a cost by inhabitant equivalent to 10 € where the total population is 10 
million.27 Accordingly, the relative benefit based on the stakeholders' willingness to pay to 
reach a good status of water would be in the range of 448 millions € which is 5.45 times 
higher to the costs. 

- The institutional issue 

Poland has placed high priority on dealing with problems of water quality and supply. It has 
channelled significant financial resources into water pollution abatement (0.5 per cent of GDP 
in 1992) and into the mobilization of water resources (0.7 per cent of GDP in 1992) were 

economic instruments (fees and fines) generate the major part of the funds for pollution 
abatement 28. However, in spite of this progress, the overall quality of surface and coastal 
waters remains poor, due to significant water pollution at the beginning of the transition 
period, as well as financial constraints and lead times for the completion of waste water 
treatment plants in municipalities and industry29. 

During the brain storming and especially while discussion the policy instruments to deal with 
water pollution, the institutional issue was raised by several stakeholders as being one of the 
main obstacles to efficient water management in the catchment. The institutions were 
criticized for not being efficient enough. In Poland in general and Klodnica catchment in 
particular, the institutions being both owner of the coal mines and the regulator of these were 
criticized for non adequate and objective levels of regulations. Furthermore, there is existence 
of many water agencies characterized by overlapping mandates. Therefore a reform of the 
institutional functions would be a necessary input to supply objective policy instruments. 

- Strategic approach 

The main question in the Klodnica catchment concerning the priority pollutants is whether the 
baseline scenario will be sufficient for achieving good chemical and biological status in the 
timeframe of 2007 – 2017 and if not, whether additional measures will be needed in the 
context of priority pollutants. Not achieving good chemical status in the timeframe required 
by the WFD might require an establishment of Transitional areas of exceedance in the 
catchment. 

Below is presented approach to management process based on the two scenarios defined in 
the case study. That is the baseline scenario and the additional measures scenario. The 
approach can be integrated within the management scheme defined in WFD. In Figure 14 
hypothesis on the best case scenario is presented. The concurrent cycles of River Basin 
Management Plans are presented with factor influencing the system and the potential results. 
In this scenario the existing or planned/required measures are sufficient to achieve in long 
term the goals of WFD. 

                                                 
26 http://www.siwi.org/documents/Resources/Water_Front/WF-4-2005.pdf 
27 4% interest rate is used to deal with inflation during the period. 
28 http://www.oecd.org/dataoecd/8/36/2451105.pdf 
29 http://www.oecd.org/dataoecd/8/36/2451105.pdf 



 37 

 

2015 2021 2027  - 2040 2007 

Emission  
reduction  50%  
point  sources  

Hg load down  
to 30 kg/  year 

Hg 
concentrations  
reach the  AA - 
EQS  in 30%  of  
the catchment  

Emission  
reduction  30%  

( remains  
deffuse  

sources  ) 

Hg load down  
to 20 kg/  year 

Hg  
concentrations  
reach the  AA - 
EQS  in  70%  of  
the catchment  

Investments in   
municipal  
wastewater  
Product oriented  
actions  

Investments in  municipal  
wastewater  
Product oriented actions  
Decline in mining sector  
Improvement in heating  
systems and air protection  
Investments in  land  use  
managementand  soil  
quality improvement  

Decline in mining sector  
Improvement in heating  
systems and air  
protection  
Investments in  land  
useand soil  improvement  
Investments in  municipal  
wastewater  ( new  
generation of techniques  

River basin management  plan 

If needed establishing  
transitional Area of exceedance  

Full recovery  

No  additional costs  No  additional costs  
No  additional costs  

Analysis,   
 
survey  

  ,   and monitoring  
Monitoring and  
control  

 
Figure 14. Priority substances management scenario – mercury example 

The assessed effectiveness in reducing the emissions of Hg, Cd and PAHs in the scenarios is 
presented Figure 15. 
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Figure 15. Scenarios for Klodnica subcatchment Klodnica down to Kozlowka including Kozlowka 

(catchment scale)30 

 

                                                 
30 The calculations are based on the respective reduction ratios for source categories and the data or estimations 
concerning emissions sources.  
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9. Conclusions 
For Klodnica case study the prepared decision support system in management of waters for 
priority substances was applicable and help in preparing a strategic approach for priority 
pollutants reduction in the catchment. The main problem was poised by the lack of data, its 
insufficiency or insufficient quality. Strong interaction with stakeholders helped in better 
understanding of the existing and future problems and to define the main challenges for the 
catchment. For problem and solution identification the Material Flow Analysis tool and the 
technological reports were used. It was not possible to use modelling of the catchment status 
resulting from the decisions to be taken due to insufficient characterization of the catchment. 

Nevertheless, the achieved results pose a well grounded basis for managing the priority 
substances in the catchment. Furthermore, the DSS application well fits into the process of 
water management in Poland as required by the Water Framework Directive. The detailed 
conclusions of the DSS steps are presented below. 

Step 0: System definition 

According to Water Framework Directive requirements Klodnica case study is an example of 
highly modified water bodies located in urbanized and industrialised region. The catchment is 
a part of Odra River basin for which the water management plans are prepared. Draft plan is 
now under a consultation process. Accordingly for the catchment there are established goals 
to be fulfilled in the period between 2009 – 2015. 

Step 1: Problem definition 

Problem definition for the Klodnica case study was hampered by the quality of accessible 
information concerning water chemical status. Although there exist monitoring data, but do 
not meet quality specifications on the detection limit, scope of analyses. The problem of 
pollution with priority pollutants can be defined only as potentially relevant. At the same time 
there are not data available on the ecological status of all surface waters and especially of the 
highly modified water bodies31. To overcome the problem screening of the water quality 
might be performed. The results gives certainty in the assessment of the water quality. 

Step 2: Inventory of sources 

It is relatively easy to identify point sources of discharge through referring to the information 
from regional administration. It is much difficult to make the evaluation on the emission 
because of the data quality: detection limit, way of reporting. 

For preparing material flow analysis on catchment scale accessible information for source 
categories was used including SOCOPSE MFA tables, detailed data received from 
stakeholders, statistical data, and reference examples from literature, environmental 
monitoring data, as well as modelling, simplified model calculations and expert judgment. For 
industrial and municipal point sources, information obtained from water discharge permits, 
IPPC permits for industrial and municipal installations and inventory results were used. 

To achieve high reliability of sources impact assessment, measurement of discharge quality 
for representative facilities is recommended unless reporting regime on priority substances is 
strengthened in the catchment along with improved monitoring scheme. All assessments 
performed allowed for revision of the hypothesis on the relative importance of the identified 
emission sources. 

                                                 
31 Within the State Monitoring system samples of water organisms were taken in 2007 but they were not 
analysed so far. 
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Step 3: Definition of baseline scenario 

Driving forces of socio-economic development, environmental policy impacts and natural 
environmental changes are identified as very important in the Klodnica river case study. 
Baseline scenario for changes in source categories can be currently determined on the base of 
analysis of already implemented or proposed investment projects, plans and programs. Expert 
judgment, reference cases and simplified impact models can be used to assess the change of 
discharge loads from the sources. 

The baseline scenario can be well documented and assessed as to the changes in the impact 
for point sources. Those can be listed and parameterised according to their wastewater 
discharges. It is more difficult to make assessment of the changes in diffuse pollution sources. 
For those more comprehensive characteristics of the sources are required. 

The baseline scenario is consistent partially with the Water Management Plan prepared for 
Odra river basin. 

The possibility to assess the changes in the water quality in the catchment is very limited. 
Expert judgement and reference cases can be used to overcome the problem and to achieve an 
approximation of the future situation in the catchment. 

The main question in the Klodnica catchment concerning the priority pollutants is whether the 
baseline scenario will be sufficient for achieving good chemical and biological status in the 
timeframe of 2007 – 2017 and if not, whether additional measures will be needed in the 
context of priority pollutants. 

It should be noted that the priority substances reduction is a co-benefit of indirect actions 
concerning other environmental issues. 

Step 4: Definition of additional measures scenario 

The need for additional measures cannot be evaluated at this moment without improvement in 
the knowledge of the river system and better emission assessment, especially for the diffuse 
sources. Only speculation is possible on what kind of measures, are possible for further 
reduction of the emissions. 

It should be stressed that due to the uncertainty of assessment carried out in previous steps, it 
cannot be excluded that the water status goals will be achieved in the period 2017 - 2027 in 
the baseline scenario. Monitoring and Revaluation of the situation is needed to verify the need 
for additional measures during the first round of water management plan realization. 

At the same time it should be noted that there is still potential for improvement 
(technological, organizational) in many of the sources. For identification and evaluation of the 
potential the SOCOPSE substance reports were used. 

Step 5 :Assessment of the effects of the measures 

Evaluation of the effects of the measures is not possible in reliable way. It can be based only 
on the potential to reduction of emissions from point and diffuse sources where the latter are 
the most elusive in assessment. 

Step 6: Selection of the best solutions 

In the period of 2009 - 2015 the baseline scenario will be realized with appropriate costs 
allocation. It is probable that the goals of achieving good chemical status for the selected 
priority substances will be achieved. In this period improvements in the monitoring system 
are also expected. It means that evaluation of the effectiveness of the actions for priority 
substances should be performed before drafting the next water management plan for the 
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catchment. If the results will not be satisfactory the additional measures scenario should be 
revised appropriately. The institutional issue is the most important management aspect in 
Klodnica case. It concerns the decision making process, the level of decision, the division of 
competences and responsibilities between local, regional and national administration. 

Recommendations for DSS improvement 

-  Definition of the quality of information on each level of assessment sufficient for 
decision making or the how to handle uncertainty, acceptance of expert judgment, 
available data evaluation, 

o data quality, detection limit of measurements (emissions, surface water), 
monitoring requirements, modelling of the river quality. 

-  Explanation how to handle the situation with dynamic processes in the catchment, 
policy impacts, socio-economic and environmental changes (distinction between 
baseline scenario – additional measures) – steps 3-6. 

-  Development of the issue of management system as essential factor of achieving 
improvement in the catchment – competences and responsibilities, decision making 
processes – steps 3 –6. 

-  Verification of stakeholders involvement and socio-economic tools application -step 6. 
-  Development of detailed recommendation on the description structure. 
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