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Abstract 

The study presents the effects of precipitation on the amount and quality of raw sewage entering a sewage 
treatment plant in Wodzisław Śląski. It covers a six-year period between January 2010 and December 2015. The 
research period was divided into seven classes of precipitation intensity. The classes were characterized for their 
basic descriptive statistics of the raw sewage entering the investigated sewage treatment plant (STP). Data ob-
tained from the collected material and derived from an analysis indicated a considerable influence of precipita-
tion on the amount of sewage entering the investigated facility. Mean amount of sewage entering the STP was by 
10.5% (884.9 m3∙d–1) greater in B class and by 69.6% (6,153.9 m3∙d–1) greater in G class than during dry weather. 

Individual classes of precipitation intensity were compared for their mean values of raw sewage contamina-
tion. Precipitation intensity was found to significantly affect concentrations of the investigated parameters of raw 
sewage contamination.  

Basic parameters of sewage contamination (BOD5, CODCr, total suspended solids) were determined and 
their basic descriptive statistics, such as median, mean, minimum and maximum value, standard deviation and 
coefficient of variation were calculated.  
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INTRODUCTION 

Human settlements generate sewage that is dis-
charged via sewerage system into a collective sewage 
treatment plant (STP). Currently, the most popular 
approach is a construction of separate sewage system 
with domestic sewage and precipitation water dis-
charged separately. The sewerage network is well 
developed all around Poland but precipitation drain-
age system is present mainly in large cities. Sanitary 
sewage system is often penetrated by accidental and 

infiltration water [KACZOR 2012]. This is unfavorable 
from a sewage-treatment plant perspective, as this 
water negatively affects wastewater treatment. The 
supply of accidental and infiltration water generates 
also additional pumping-related costs. Infiltration wa-
ter may enter a leaky sewerage system in areas with 
high level of groundwater, while accidental water is 
precipitation water that penetrates into the sewerage 
system. It is important to limit the amount of acci-
dental water as much as possible. Proper dimension-
ing of the sewerage network depends primarily on 
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correct determination of water demand [BERGEL, 
PAWEŁEK 2005; CHOTKOWSKI, LIS 2006]. Overload 
or underload of a sewage treatment plant may ad-
versely affect wastewater treatment processes, and 
thus deteriorate the quality of treated discharged into 
a receiver. Increased amount of sewage entering 
a treatment plant may be also due to other factors, 
such as mechanical damage or leaks in the sewerage 
pipes that carry on infiltration waters [KACZOR 2009; 
KACZOR, PRZEBINDA 2009]. In extreme cases, the 
water entering the sewerage system from outside the 
pipes may cause even fivefold increase in average 
daily sewage admission [KACZOR, PAWEŁEK 1999]. 
The aim of the research was to analyse the collected 
material and determine how the precipitation water 
shapes the amount of raw sewage entering the sewage 
treatment plant Wodzisław Śląski. The study was 
conducted in the years 2010–2015. The analysis was 
based on daily supply of raw sewage and included 
basic descriptive statistics of sewage supply. It also 
determined the effects of precipitation on the amount 
of sewage supplied to the investigated facility. Final-
ly, mean values of the indicators of raw sewage con-
tamination for the assumed classes of precipitation 
intensity were provided. 

DESCRIPTION OF THE STUDY OBJECT 

The investigated sewage-treatment plant is locat-
ed in Wodzisław Śląski, Wodzisław district, Silesian 
province (Fig. 1). 

Technological system of the devices included in 
the sewage treatment plant in Wodzisław Śląski is 
shown in Figure 2. 

According to a report of the National Programme 
for Municipal Waste Water Treatment [MŚ 2003] the 
actual number of inhabitants in Wodzisław Śląski 
urban agglomeration is 59,325; of which 56,125 
(94.6%) are connected to a sewerage system. There 
are 285 on-site sewage treatment facilities in the ag-
glomeration that treat domestic sewage for 1,140 in-
habitants. The sewerage network is 313.4 km long, of 
which 300.2 km (95.8%) account for a sanitary sew-
age system, and the remaining 13.2 km constitute 
a combined sewage system. The urban agglomeration 
generates 3,614.9 thousand m3 of municipal sewage 
per year. The design capacity of the investigated sew-
age treatment plant is 15,000 m3∙d–1. Total population 
equivalent is 93,649; of which 11,906 is industry-
related population equivalent. This is complemented 
by the number of inhabitants served by the sewerage 
system The sewerage system includes the town of 
Wodzisław Śląski and municipalities such as: Marklo-
wice, Radlin and partly the Gorzyce municipality. The 
STP is supplied with municipal sewage that is a mix-
ture of domestic and household sewage, rainwater, 
and industrial sewage. In addition, it is a collecting 
point for the sewage delivered by vacuum trucks from 
non-sewered areas. According to the Water Quality 
Impact Assessment of 2008, the share of accidental 
water is 20%. Hydraulic loads for specific conditions 
are presented in Table 1. 

 

 

 

Fig. 1. The facility location in Poland (a), Silesian province (b), Wodzisław district (c); source: own elaboration 

  

Fig. 2. Simplified flow chart for the sewage treatment plant in Wodzisław Śląski; source: own elaboration 
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Table 1. Maximum permissible amount of sewage entering 
the sewage treatment plant  

Parameter Symbol Unit Value 
Mean daily sewage supply for dry 
weather 

Qdśr m3∙d–1 15,000 

Maximum hourly sewage supply for 
dry weather 

Qhmax m3∙h–1 1,438 

Maximum sewage supply to a pump 
house for rainy weather 

Qdpomp m3∙h–1 3,169 

Maximum sewage supply to mechan-
ical devices for rainy weather 

Qdmech m3∙h–1 2,641 

Maximum sewage supply to biologi-
cal devices for rainy weather 

Qdbiol m3∙h–1 2,042 

Source: own elaboration based on PWiK [2008]. 

MATERIALS AND METHODS 

The study period covered the years 2010–2015. 
The days of the study period were divided into seven 
classes depending on precipitation intensity:  
– group A – no precipitation (N = 1,216 number of 

samples),  
– group B – precipitation below 5 mm∙d–1 (N = 581), 
– group C – precipitation between 5 mm∙d–1 and 10 

mm∙d–1 (N = 110),  
– group D – precipitation between 10 mm∙d–1 and 15 

mm∙d–1 (N = 32), 
– group E – precipitation between 15 mm∙d–1 and 20 

mm∙d–1 (N = 11), 
– group F – precipitation between 20 mm∙d–1 and 25 

mm∙d–1 (N = 8), 
– group G – precipitation exceeding 25 mm∙d–1 (N = 

19). 
Rainwater enters the separate sewer system main-

ly as a result of illegal connections of roof gutters to 
the sewer wells (accidental water). Thus, a small pre-
cipitation may generate outflow from the roof slopes 
to the sewerage systems by illegal connections. Inter-
views conducted directly in the field indicated that 
this is a common practice among the sewerage system 
users. The outflow coefficient for the roof slopes is 
close to 1.0 so days with no precipitation were adopt-
ed as group “A”. Then, the groups of precipitation 
intensity were divided by every 5 mm. Such division 
was made because the distribution of days with pre-
cipitation was uneven. Days with no precipitation 
formed the largest group (group “A” accounted for 
61% of cases) and events with precipitation intensity 
above 25 mm∙d–1 accounted for only 19 cases, which 
gives a share of 1%. This solution proved to be effec-
tive in another study [CHMIELOWSKI et al. 2016a, b]. 
These classes were used to determine the relationship 
between sewage supply to the STP in Wodzisław 
Śląski and precipitation intensity. Basic descriptive 
statistics were determined for each class. An attempt 
was made to compute the values of basic indicators of 
raw sewage contamination for each class of precipita-
tion intensity. Precipitation data collected in Racibórz 
(rainfall station nearest to the investigated facility) 
were used to find out mean daily precipitation for in- 
 

dividual months in the years 2010–2015. The mean 
annual sum of precipitation in the multi-year period 
according to the documents elaborated for Gmina 
Racibórz for Racibórz is 695 mm [Gmina… 2005; 
Urząd… 2006]. According to the division proposed 
by KACZOROWSKA [1962] concerning the annual sum 
of precipitation in the considered period of the multi-
annual period, only the year 2010 was extremely wet 
(sum of precipitation, 814 mm) while the remaining 
years were average or dry. 

The study focused on the variability in sewage 
supply to the STP in Wodzisław Śląski. Basic descrip-
tive statistics computed for this parameter were as 
follows: mean value (Qdśr), median (Mo), minimum 
value (Qdmin), maximum value (Qdmax), standard de-
viation (), coefficient of variation (Vzm), range (Ro). 
Daily mean sewage supply values were compared for 
individual years, months and week days of 2010–
2015 research period. Moreover, mean values of basic 
indicators of raw sewage contamination (BOD5, 
CODCr, total suspended solids) were determined de-
pending on the intensity of precipitation. The values 
of sewage contamination indicators were determined 
once per week. The sewage samples for the analyses 
were taken according to the standards: PN-74/C-
04620-11:1974 and PN-EN ISO 5667-1:2007. On the 
other hand, physicochemical analyses of sewage con-
tamination indicators were conducted in an accredited 
laboratory based on the following standards: total 
suspended solids – the measurements were conducted 
according to the standard PN-EN 872:2007, BOD5 – 
according to the standard PN-EN 1899-1:2002, 
CODCr – PN-ISO 6060:2006. Each day of the re-
search period was assigned a precipitation intensity 
group. The following numbers of physicochemical 
analyses were assigned to the rainfall intensity 
groups: A – 133, B – 63, C – 11, D – 5, E – 3.  

RESULTS AND DISCUSSION 

Table 2 contains basic descriptive statistics of 
sewage supply to the treatment plant in Wodzisław 
Śląski. Its analysis indicated high variability in sew-
age supply over the entire research period. Mean sew-
age supply for the multi-year period 2010–2015 was 
9,392.61 m3∙d–1 and accounted for 62.6% of the de-
sign supply (Qśrd = 15,000 m3∙d–1). Therefore, the STP 
may operate at much higher hydraulic load than the 
present one and consequently the existing sewerage 
system may be expanded and new users may be con-
nected. Hydraulic underload is a common issue re-
ported by many authors [BUGAJSKI 2009; BUGAJSKI, 
ŚLIZOWSKI 2006; MŁYŃSKI et al. 2016]. 

The greatest mean daily supply was recorded for 
2013 (10,050.1 m3∙d–1) and the smallest for 2011 
(8,970.02 m3∙d–1). Maximum daily sewage supply was 
observed in 2010. The reason for such high values 
was intense rainfalls that between May and August  
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Table 2. Basic descriptive statistics for sewage supply to the STP in Wodzisław Śląski 

Parameter Parameter value in individual years 
name symbol unit 2010 2011 2012 2013 2014 2015 2010–2015

Max. daily supply  Qdmax m3∙d–1 45,455.10 19,411.00 19,172.40 29,173.00 16,164.40 17,209.50 45,455.10 
Mean daily supply  Qdśr m3∙d–1 9,972.20 8,970.02 9,121.67 10,050.13 9,291.42 9,079.29 9,392.61 
Min. daily supply Qdmin m3∙d–1 5,029.10 5,371.20 6,151.90 6,076.90 6,489.90 5,528.10 5,029.10 
Standard deviation s m3∙d–1 3,887.76 1,786.45 2,034.46 2,277.95 1,582.30 1,449.42 2,269.48 
Coefficient of variation Vs – 0.39 0.20 0.22 0.23 0.17 0.16 0.24 
Median Mo m3∙d–1 9,027.00 8,521.40 8,635.45 9,489.40 8,980.10 8,785.65 8,917.00 
Range R m3∙d–1 40,426.00 14,039.80 13,020.50 23,096.10 9,674.50 11,681.40 40,426.00 
Max. peaking factor Ndmax – 4.56 2.16 2.10 2.90 1.74 1.90 4.84 
Min. peaking factor Ndmin – 0.50 0.60 0.67 0.60 0.70 0.61 0.54 
Number of samples N items 271.00 365.00 360.00 364.00 364.00 344.00 2,068.00 

Source: own elaboration. 

2010 caused a number of consecutive floods. Excep-
tionally low values of sewage supply (5,029.1 m3∙d–1) 
were observed in the years 2010–2015 during dry 
weather. High variability of sewage supply to the in-
vestigated facility was manifested by high value of 
range that for the study period was R = 40,426.0  
m3∙d–1. Moreover, sewage supply was analysed for its 
peaking factor. Maximum peaking factor for the ana-
lysed years was 4.84, and it was high as compared 
with other reports [CHMIELOWSKI et al. 2016a; MIER-
NIK, MŁYŃSKI 2014a, b]. This might be affected by 

the values from 2010, when the greatest sewage sup-
ply was observed.  

Table 3 presents basic descriptive statistics of 
sewage supply in the sewage treatment plant in Wo-
dzisław Śląski depending on the class of precipitation 
intensity. The collected data demonstrate that in-
creased precipitation intensity was associated with 
higher mean amount of sewage entering the facility. 
Graphic interpretation of mean sewage supply to the 
treatment plant in Wodzisław Śląski for different clas-
ses of precipitation intensity is presented in Figure 3. 

Table 3. Basic descriptive statistics for sewage supply in the sewage treatment plant in Wodzisław Śląski depending on the 
class of precipitation intensity  

Parameter Sewage supply for individual classes of precipitation intensity 
name symbol unit group A group B group C group D group E group F group G 

Mean daily supply Qdśr m3∙d–1 8,840.0 9,724.9 11,344.9 11,777.1 13,898.0 14,845.9 14,993.9 
Max. daily supply Qdmax m3∙d–1 18,857.9 20,009.6 22,966.1 19,020.6 29,173.0 27,747.4 45,455.1 
Min. daily supply Qdmin m3∙d–1 5,029.1 5,528.1 6,136.4 5,371.2 8,981.6 11,040.5 8,053.9 
Standard deviation s m3∙d–1 1,503.8 2,096.9 3,072.4 2,708.3 5,993.0 5,409.1 7,907.7 
Coefficient of variation Vs – 0.17 0.22 0.27 0.23 0.43 0.36 0.53 
Median Mo m3∙d–1 8,619.4 9,283.1 10,644.2 11,782.8 11,110.1 13,478.7 14,248.6 
Range R m3∙d–1 13,828.8 14,481.5 16,829.7 13,649.4 20,191.4 16,706.9 37,401.2 
Max. peaking factor Ndmax – 2.13 2.06 2.02 1.62 2.10 1.87 3.03 
Min. peaking factor Ndmin – 0.57 0.57 0.54 0.46 0.65 0.74 0.54 
Number of samples N items 1,216 581 110 32 11 8 19 

Explanations: A–G as in the text (p. 87). 

Source: own elaboration.  

 

Fig. 3. Mean sewage supply to the sewage treatment plant in Wodzisław Śląski for different classes of precipitation intensity; 
A–G as in the text (p. 87) source: own study 
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Classification criteria for individual classes are 
presented in the methodology chapter. Figure 3 clear-
ly shows growing values of mean sewage supply with 
increasing rainfall intensity. Mean sewage supply for 
group A (dry weather) was 8,840 m3∙d–1, while for the 
last group G with precipitation intensity exceeding 25 
m3∙d–1 it was as high as 14,993 m3∙d–1. Therefore, the 
amount of sewage entering the investigated facility 
rose by 7,275 m3∙d–1, that is by 69.6% as compared 
with the supply during dry weather. The number of 
days without precipitation was 1,216 for the entire 
study period, which accounted for 56.6% of the inves-
tigated multi-year period. Even for the smallest pre-
cipitation below 5 m3∙d–1 mean daily sewage supply 
was by 884 m3∙d–1 (10%) greater than during the rain-
less days. For the other classes, a considerable in-
crease in sewage supply was observed along with 
growing precipitation intensity. This demonstrated 
high sensitivity of the sewerage network to precipita-
tion. It might be to some extent due to the 13 km sec-
tion of the combined sewage system. However, it only 
accounts for 5% of total length of the sewerage net-
work. Huge majority of the sewerage system in Wo-
dzisław Śląski is a distribution network that should 
collect domestic sewage. Such a high supply of pre-
cipitation water may indicate illegal connections of 
roof gutters on the premises belonging to the agglom-
eration. According to KACZOR et al. [2013], acci-
dental water is infiltrated through leaks in the sewer-
age system or holes in the manholes or is illegally 
discharged from roof gutter outlets and yard gullies 
connected to the sanitary sewerage system. The inha-
bitants should be educated on the management of pre-
cipitation water on their premises, which should im-
prove rainfall water retention on the place of its fall-
ing and limit the illegal practice of connecting roof 
gutters to the sanitary sewage system [CHMIELOWSKI 
et al. 2016]. Bearing in mind that growing volume of 
sewage increases operating costs borne by the sewage 
treatment plant, the inhabitants should consider alter-
native ways of retaining the precipitation water on their  
 

premises for future use. The amount of sewage enter-
ing the sewage treatment plant might be also affected 
by infiltration water but confirming its influence would 
require an hourly analysis of sewage supply. Based on 
this information, the amount of sewage entering the 
sewage treatment plant at night may be determined, 
which would help define the percentage value of infil-
tration water entering the sewerage system. 

On the basis of the data presented in Figure 4, 
slightly higher inflows (by 10%) can be observed in 
the first half of the year – for the months from January 
to June – as compared to the second half of the year. 
The highest sewage supply of 10,507 m3∙d–1 was rec-
orded in May. In the second half of the year, the 
amount of sewage supplied to the STP gradually de-
creased and the lowest mean supply was noticed in 
August. Relatively low amount of raw sewage was 
supplied in the autumn and winter months (Septem-
ber–December). This is reflected in precipitation 
height presented in Figure 7. The highest mean daily 
precipitation of 3.24 mm∙d–1 was recorded in May and 
the lowest of 0.52 mm∙d–1 in February. Similarly as in 
previous situations, the variability in sewage supply to 
the STP in Wodzisław Śląski was due to precipitation.  

Figure 5 shows mean daily precipitation for the 
Racibórz station in individual months. 

The data on supply allowed us to conclude that 
sewage supply to the STP in Wodzisław Śląski fol-
lowed normal distribution, as evidenced by low val-
ues of a probability test that did not exceed 0.05. May 
was identified as the month with the highest value of 
mean precipitation (3.3 mm∙d–1). Since May, a sys-
tematic reduction in mean value of precipitation was 
noticed in consecutive months of the year.  Similar 
reduction was observed regarding sewage supply to 
the investigated facility (Fig. 4).  

Based on the data presented in Figure 6, varying 
values of precipitation in the studied period can be 
noted. The number of days without precipitation in 
the analysed period accounted for 61.0%. In contrast, 
the precipitation above 25 mm∙d–1 represented only 
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Fig. 4. Mean sewage supply to the sewage treatment plant in Wodzisław Śląski for individual months; source: own study 
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Fig. 5. Mean daily precipitation for the Racibórz station in individual months; source: own study 
 

 

Fig. 6. Summary of daily precipitation for the precipitation station in Racibórz in 2010–2015; source: own study 

 

Fig. 7. Daily sewage supply to the STP in Wodzisław Śląski in the multi-year period 2010–2015; source: own study 

1.0% of all measured values. The division into groups 
of precipitation intensity (groups A to G), presented in 
the research methodology, allowed to capture the up-
ward trend for the mean values of sewage inflow to 
the treatment plant in Wodzisław Ślaśki. With ex-
treme precipitation values, high values of sewage in-

flow to the treatment plant were observed. For exam-
ple, the precipitation on 02.09.2014 was 58.2 mm∙d–1 
and sewage inflow to the treatment plant in that day 
was 15,557.7 m3∙d–1. As compared to the mean value 
of sewage inflow for the days without precipitation 
(8,840.0 m3∙d–1 for group A) this flow was higher by 
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176%. A similar situation occurred during the period 
of increased rainfall in 2010, in the period from May 
to June.  

Figure 7 presents daily sewage supply to the STP 
in Wodzisław Śląski in the multi-year period 2010–
2015. 

Apart from daily supply, mean supply for the en-
tire multi-year period, mean design supply and maxi-
mum design supply were determined. Data presented 
in Figure 7 indicated considerable variability in sew-
age supply to the sewage treatment plant in Wodzi-
sław Śląski. This might be due to the presence of pre-
cipitation water that illegally entered the sanitary 

sewage system, as evidenced particularly for the peri-
od between May and August 2010 characterized by 
extremely intense precipitation. Daily sewage supply 
in this period exceeded maximum design supply of 
the facility. 

In addition to determining the effect of precipita-
tion on the amount of sewage supplied to the facility, 
an attempt was made at calculating mean values of 
basic indicators of sewage contamination depending 
on the class of precipitation intensity. Figure 8 pre-
sents mean values of basic indicators of raw sewage 
contamination (BOD5, CODCr, total suspended solids) 
for individual classes of precipitation intensity. 

 

 

Fig. 8. Mean values of basic indicators of raw sewage contamination (BOD5, CODCr, total suspended solids)  
for individual classes of precipitation intensity; source: own study 

Mean BOD5 values in the sewage entering the 
sewage treatment plant were the highest (278 mg 
O2∙dm–3) during dry weather, and the lowest during 
rainfalls of high intensity (in classes F and G). The 
difference in mean BOD5 of raw sewage for dry 
weather and intense rainfalls was 108 mg O2∙dm–3, 
which constituted a reduction of this indicator by 
61.1%. Similar situation was observed for mean 
CODCr values in the sewage supplied to the sewage 
treatment plant. Mean value of this indicator was con-
siderably reduced from 644 mg O2∙dm–3 for dry 
weather to 418 mg O2∙dm–3 for the most intense pre-
cipitation. Analogous trend was observed for total 
suspended solids, the concentration of which in raw 
sewage was by 198 mg∙dm–3 higher during dry weath-
er than during the most intense precipitation. 

SUMMARY AND CONCLUSIONS 

Summing up, abnormal situations that threaten 
natural environment will happen until people gain 
sufficient environmental awareness. Discharging 
rainwater from roofs and paved areas of residential 
properties to the sanitary sewage system should not 
take place and inhabitants should be educated in this 
field from the very beginning. According to PAPUZIŃ-
SKI [2006], environmental awareness is a part of pub-
lic awareness related to information and beliefs about 

the natural environment and to the perception of rela-
tionships between the state and type of the natural 
environment and the conditions and quality of human 
life, especially with reference to ecological threats. 
Therefore, proper education that would shape ecolog-
ical awareness of new generations should be intro-
duced as early as possible (in primary and junior high 
schools). 

The study yielded the following conclusions. 
1. There is a noticeable increase in the amount of 

incoming sewage as the rainfall intensity increases. 
Taking into consideration that the examined facility in 
Wodzisław Śląski receives only sewage from the sep-
arate sewer system (95.8%), it can be suggested that 
the collective sewer system receives predominantly 
precipitation water due to illegal roof gutter connec-
tions. 

2. The sewerage system operator should carry out 
random checks in the area of the agglomeration sew-
erage system in Wodzisław Śląski, aiming at checking 
where the roof gutters have their discharge sites. In 
the case of detection of illegal connections, they 
should be removed and the property owners should be 
made aware of their harmful effects. Lower values of 
sewage inflow to the treatment plant will result in 
lower operating expenditure on sewage treatment. The 
problems associated with accidental waters are indi-
cated by BUGAJSKI [2009] and KACZOR [2009]. 
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3. In order to precisely determine whether infiltra-
tion or accidental water enters the sewerage system, 
additional analyses of sewage inflow during the night 
should be carried out. High values of sewage inflow 
at night may indicate the infiltration of groundwater 
into the sewerage system. 

4. Obeying legal regulations is very important but 
such undesirable situations that threaten natural envi-
ronment will happen until people gain sufficient envi-
ronmental awareness.  

5. Introducing various forms of retention of pre-
cipitation water on a household premises and then 
using it for various purposes may limit the amount of 
precipitation water entering the separate sewage sys-
tem. 

6. The inhabitants should be educated on proper 
management of precipitation water so that it is re-
tained mainly at the place of its falling. This will re-
duce the consumption of tap water, allow for more 
uniform supply of sewage to the sewage treatment 
plant and reduce the dilution of sewage entering the 
treatment facilities. 

7. Lower concentrations of raw sewage contami-
nation indicators were observed in the group with the 
highest precipitation intensity. Similar correlations 
were obtained by KACZOR [2012]. However, the Au-
thors had only few sewage samples in this group at 
their disposal and it is recommended that detailed 
analyses should be carried out with greater number of 
sewage samples collected in the days with extreme 
precipitation.  
 

 

Dofinansowano ze środków  
Wojewódzkiego Funduszu  

Ochrony Środowiska  
i Gospodarki Wodnej w Lublinie
Cofinanced by Voivodeship Fund 

for Environmental Protection  
and Water Management in Lublin

 

REFERENCES 

BERGEL T., PAWEŁEK J. 2005. Struktura zużycia wody 
w gospodarstwach wiejskich. W: Ochrona środowiska, 
walory przyrodnicze i rozwój turystyki w dolinie Sanu 
[Structure of water consumption in rural households. In: 
Environmental protection, natural values and tourism 
development in the San valley]. Materiały z II Konfe-
rencji Naukowo-Technicznej „Błękitny San” p. 165–
173.  

BUGAJSKI P. 2009. Zmienność ilości dopływających ście-
ków do oczyszczalni w Tęgoborzy [Variability of the 
mount of the sewage flowing into the treatment plant in 
Tęgoborza]. Infrastruktura i Ekologia Terenów Wiej-
skich. Nr 9 p. 23–32. 

BUGAJSKI P., ŚLIZOWSKI R. 2006. Ocena działania oczysz-
czalni ścieków typu SBR w Sterkowcu-Zajazie [As-
sessment of the working of sewage treatment plant type 
SBR in Sterkowiec-Zajazie]. Infrastruktura i Ekologia 
Terenów Wiejskich. Nr 2 (2) p. 77–86. 

CHMIELOWSKI K., BUGAJSKI P., KACZOR G. 2016a. Compar-
ative analysis of the quality of sewage discharged from 
selected agglomeration sewerage systems. Journal of 
Water and Land Development. No. 30 p. 35–42. DOI 
10.1515/jwld-2016-0019. 

CHMIELOWSKI K., BUGAJSKI P., WĄSIK E., CUPAK A. 2016b. 
Analiza zmienności dopływu ścieków do oczyszczalni 
dla aglomeracji Dębica [Analysis of sewage inflow va-
riability to a sewage treatment plant for the agglomera-
tion of Dębica]. Infrastruktura i Ekologia Terenów 
Wiejskich. Nr 2 (2) p. 589–603. DOI 10.14597/ infrae-
co. 2016.2.2.042.  

CHOTKOWSKI W., LIS G. 2006. Krótkoterminowe progno-
zowanie dopływu ścieków do oczyszczalni na podsta-
wie ilości zużywanej wody. [Short-term prognosis of 
sewage flow to be treated based on the amount of con-
sumed water]. Gaz, Woda i Technika Sanitarna. Nr 5 
p. 13–18. 

Gmina Racibórz 2005. Plan gospodarki odpadami dla Gmi-
ny Racibórz na lata 2005–2015 [Waste management 
plan for the Racibórz municipality for the years 2005–
2015]. Racibórz pp. 6. 

KACZOR G. 2009. Otwory we włazach studzienek kanaliza-
cyjnych jako jedna z przyczyn przedostawania się wód 
przypadkowych do sieci rozdzielczej [Holes in the se-
wage canals’ hatches as one of the cause for the acci-
dental water infiltration to the separate sewer system]. 
Infrastruktura i Ekologia Terenów Wiejskich. Nr 9 
p. 155–163. 

KACZOR G. 2012. Oddziaływanie wód przypadkowych na 
stężenie związków biogennych w ściekach surowych 
i oczyszczonych podczas pogody mokrej [The effect of 
infiltration water on the concentration of biogenic com-
pounds in raw and tread sewage during wet weather]. 
Infrastruktura i Ekologia Terenów Wiejskich. Nr 3 
p. 179–191. 

KACZOR G., BUGAJSKI P., BERGEL T. 2013. Zastosowanie 
metody trójkąta do obliczania objętości wód infiltracyj-
nych i przypadkowych w kanalizacji sanitarnej [Appli-
cation of the triangle method for the calculation of the 
infiltration and inflow volume in a sanitary sewer sys-
tem]. Infrastruktura i Ekologia Terenów Wiejskich. Nr 3 
p. 263–274. 

KACZOR G., PAWEŁEK J. 1999. Dobowe ilości ścieków 
w osiedlach wiejskich w aspekcie ich oczyszczania [Da-
ily amount of sewage discharged from rural settlements 
and treatment solutions]. Zeszyty Naukowe Akademii 
Rolniczej im. H. Kołłątaja w Krakowie. Nr 350 p. 103–
113. 

KACZOR G., PRZEBINDA A. 2009. Analiza uszkodzeń kana-
łów sanitarnych po krótkim okresie eksploatacji [An 
analysis of sanitary sewer damage after a short period of 
operation]. Inżynier Budownictwa. Vol. 11 (67) p. 56–
59. 

KACZOROWSKA Z. 1962. Opady w Polsce w przekroju wie-
loletnim [Precipitation in Poland in the multi-year sec-
tion]. Prace Geograficzne. Nr 33 ss. 107.  

MIERNIK W., MŁYŃSKI D. 2014a. Analiza pracy oczyszczal-
ni ścieków w Krzeszowicach po modernizacji [Analysis 
of sewage treatment plant in Krzeszowice after moder-
nization]. Episteme. Vol. 29 p. 303–310.  

MIERNIK W., MŁYŃSKI D. 2014b. Wpływ modernizacji 
oczyszczalni dla miasta Wadowice na jakość oczysz-
czonych ścieków. W: Antropogeniczne czynniki wpły-
wu na środowisko przyrodnicze na przykładzie połu-
dniowo-wschodniej Polski, wschodniej Słowacji i za-
chodniej Ukrainy [The effects of modernization of 



Effects of precipitation on the amount and quality of raw sewage entering a sewage treatment plant in Wodzisław Śląski 93 

 © PAN in Warsaw, 2017; © ITP in Falenty, 2017; Journal of Water and Land Development. No. 34 (VII–IX) 

a wastewater treatment plant in Wadowice on the quali-
ty of treated sewage. In: Anthropogenic factors affecting 
the environment based on the example of south-eastern 
Poland, eastern Slovakia and western Ukraine]. Ed. 
J. Rak. Brzozów. Muzeum Regionalne im. Adama Fast-
nachta w Brzozowie p. 109–129. 

MŁYŃSKI D., CHMIELOWSKI K., Młyńska A. 2016. Analysis 
of hydraulic load of a wastewater treatment plant in 
Jasło. Journal of Water and Land Development. No. 28 
p. 61–67. DOI 10.1515/jwld-2016-0006. 

MŚ 2003. Krajowy program oczyszczania ścieków komu-
nalnych [National programme for municipal waste treat-
ment]. Warszawa. Ministerstwo Środowiska. 

PAPUZIŃSKI A. 2006. Świadomość ekologiczna w świetle 
teorii i praktyk [Ecological awareness in the light of 
theory and practice]. Problemy Ekorozwoju. Vol. 1. No 
1 s. 33–40. 

PN-74/C-04620-11:1974. Woda i ścieki – Pobieranie pró-
bek – Pobieranie próbek ścieków z otwartych kanałów 
ściekowych do analizy fizycznej i chemicznej oraz bak-
teriologicznej [Water and sewage – Sampling – Collec-
tion of sewage samples from open sewers for physical, 
chemical and bacteriological analysis]. 

PN-EN ISO 5667-1:2007. Jakość wody – Pobieranie próbek 
– Wytyczne dotyczące technik pobierania próbek [Wa-
ter quality – Sampling – Guidelines for sampling tech-
niques]. 

PN-EN 872:2007. Jakość wody – oznaczanie zawiesin, me-
toda z zastosowaniem filtracji przez sączki z włókna 
szklanego [Water quality – determination of suspended 
solids by filtration through glass-fibre filters]. 

PN-ISO 6060:2006. Jakość wody – oznaczanie chemiczne-
go zapotrzebowania tlenu [Water quality – determina-
tion of the chemical oxygen demand]. 

PWiK 2008. Operat wodno-prawny na odprowadzanie ście-
ków komunalnych z oczyszczalni ścieków Karkoszka II 
[Water quality impact assessment for the discharge of 
municipal sewage from the Karkoszka II treatment 
plant]. Wodzisław Śląski. Przedsiębiorstwo Wodocią-
gów i Kanalizacji Spółka z o.o. pp. 45. 

Urząd Miasta Racibórz. 2006. Strategia rozwoju miasta 
Racibórz na lata 2006–2015 [Racibórz town deve-
lopment strategy for the years 2006–2015]. Racibórz 
pp. 142. 

 

Krzysztof CHMIELOWSKI, Piotr BUGAJSKI, Grzegorz KACZOR 

Analiza wpływu opadów atmosferycznych na ilość i jakość ścieków surowych dopływających do 
oczyszczalni w Wodzisławiu Śląskim 

STRESZCZENIE 

W pracy przedstawiono analizę wpływu opadów atmosferycznych na ilość i jakość ścieków surowych do-
pływających do oczyszczalni w Wodzisławiu Śląskim. Badania przeprowadzono w okresie od stycznia 2010 r. 
do grudnia 2015 r. (6 lat). Dokonano podziału okresu badawczego na 7 grup intensywności natężenia opadu at-
mosferycznego. Dla analizowanych grup określono podstawowe statystyki opisowe wartości dopływu ścieków 
surowych do oczyszczalni. Na podstawie zebranego materiału i przeprowadzonej analizy stwierdzono istotny 
wpływ opadu atmosferycznego na ilość ścieków dopływających do badanego obiektu. Średni przyrost ilości do-
pływających ścieków w stosunku do dopływu ścieków w okresie bezdeszczowym wyniósł od 10,5% (884,9 
m3∙d–1) dla grupy „B” do 69,6% (6 153,9 m3∙d–1) dla grupy „G”. 

Dokonano porównania średnich wartości wskaźników zanieczyszczenia ścieków surowych w poszczegól-
nych grupach intensywności opadu atmosferycznego. Stwierdzono istotny wpływ natężenia opadu atmosferycz-
nego na stężenia badanych wskaźników zanieczyszczenia ścieków surowych.  

Określono podstawowe wskaźniki zanieczyszczenia ścieków (BZT5, ChZTCr, zawiesina ogólna). Określono 
podstawowe statystyki opisowe wartości badanych wskaźników: mediana, wartość średnia, minimalna, maksy-
malna, odchylenie standardowe, współczynnik zmienności. 
 
Słowa kluczowe: jakość ścieków, opad atmosferyczny, ścieki bytowe, wody przypadkowe  

 
 


