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Abstract

The present paper contains the results of water quality tests carried out 1n the central part of the
Leba River in the vears 1999-2001. Those tests consisted in defining physical and chemical content
of water quality rating in the hyvdrographic profile of the rniver near the town of Lebork. From the
obtained results it comes out that the concentration of nitrogen and phosphorus compounds and
BODs values was growing in the course of the Leba River tlow through the town of Lebork. This
town brings into the Leba River on average 2.92 million m* of sewage during a year. out of which
11 falls to one mhabitant duning a vear: BOD;s - 3.2 kgO,, 0.36 kg of phosphorus; 4.10 kg of nitro-
gen. The Leba River constitutes, moreover, a significant source of pollution of the Baltic Sea wa-
ters because every vear it brings into it 1783 tons of mitrogen and 154 tons of phosphorus.
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INTRODUCTION

In Poland there are three regions that have the least devastated natural environment.
These are the north-castern part of Poland. the Bieszczady Mountains (south-castern
of Poland) and Central Pomerania (north part of Poland). It results from a low degree
of industrialization and low density of population (57 inhabitants per square kilome-
ter). The most polluted ecosvstems in Central Pomerania are shallow rivers and lakes
through which those rivers flow and bring a big load of wastes. In connection with it
those lakes are characterized by a fast rate of shallowing and overgrowing, and show
a high tendency to degradation under the influence of anthropogenic factors.

The most important rivers dewatering the area of Central Pomerania are the
Brda River. the Wieprza River, the Slupia River, the Lupawa River and the Leba
River. Those rivers are not long but relatively rich in water due to a high amount of
atmospheric rainfall in that region. The swelling of rivers takes place through point
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and region sources,

Qut of few publications dealing with chemical character of water in the rivers
of Central Pomerania, there should be quoted the works by (Dziabas-Krysa 1995
Friedrich, Wilamski 1985, Korzeniewski er al. 1961, Pastuszak 1985, Telezvnsk:
1983, Trojanowskl 1990 and Wilmowski 1970). On the other hand. the Leba River,
undoubtedly an important water-course in Pomerania, has not seen any more thor-
ough studies in this respect.

An essential role in river pollution is played by town communal and living
sewage, industrial sewage and areas pollution from the ficlds beeing under cultiva-
tion. Accumulated pollutants flow along with river water in to the Baltic Sca, which
thus becomes a receiver of those wastes.

The aim of the present study 1s to:
- define the state of water pollution of the L.eba River:
- show influence of a town agglomeration on the state of river pollution;
- estimate the load of pollutants brought by the Leba River into the Baltic Sea.

STUDY AREA, MATERIAL AND METHODS

The Lebork land 1s situated within the Slowinski and Kaszubski Seashore. compris-
ing the middle part of the southern littoral strip of the Baltic. From the geological
point of view, the River Leba basin 1s part of the Baltic syncline. The River Leba has
got a well-developed hvdrographic network, characterized by a great variety of hy-
drographic elements. The area of the river basin comes to 1801.2 km", the river
length — 117 km (Zubrycka 1991). In comparison with the remaining rivers of Po-
merania, the river features a significant average drop amounting to 2.3%o in the upper
part.

An important hydrographic element that influences the outlet of waters in the
Leba River basin is Lake Lebsko. The main lefi-bank tributaries of the Leba River
are the Okalica River flowing into the Leba at the locality of Lebork on 35.4 km of
the river course, (the Okalica River basin is a woodland and agricultural basin) and
the Pogorzelica flowing into the Leba River on 45.2 km of the river course (Fig. 1).
The right-bank tributary is the Struga Kisewska River that flows into the Leba also at
Lebork, at 52.7 km. There 15 a drainage ditch flowing into the same river that drains
off fish-culture wastes from the ponds of Fish-Culture Centre and the Chelst River
that passes through the coastal Lake Sarbsko and flows into the Leba on 0.9 km of
the river course.

f.eba River system joins three ecosystems: river, lake and sea. Those ecosys-
tems being characteristic and distinct and having specific properties, influence one
another. In the Leba basin there are 37 point sources of pollution. In the middle part
of the Leba River the main source of pollution are communal sewage, living and do-
mestic sewage and industrial sewage drained out from Lebork. A rapid development
of Legbork took place after 1845 and was connected with an intensive extension of the
lown.
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Fig. 1. The plan of Lebork town and location of sampling stations

Then. there came into being a number of industrial plants that have existed until now.
Developed production technology of many plants contributes to the existence of
sewage products. A significant share of them (about 70%) is disposed to the town
sewage treatment plant in Lebork, the remaining wastes are dumped directly into the
Leba River flowing through that town.

The present work contains the results of water quality tests carned out in the
central course of the Leba River in the vears 1999-2001. Those tests consisted 1n de-
fiming physical and chemical content of water quahity rating in the hvdrographic pro-
file of the nver Water samples were taken at ten posts situated along the L.eba River
course through the town of Lebork as well as two tributaries having their mouth on
the terntory of the town and. to a large extent. influencing the quality of the water
Those posts were located 1n such a way that 1t gave a possibility of assessing the state
of niver punity with indication of the main sources of pollution

St.no. 1 - on 37.8 km of the nver course: it characterizes the waters of the
central part of the Leba River. bevond the town of Lebork:

St.no. 2 - on 56.3 km of the river course: 1t characterizes the waters of the
River Leba flowmng mto Lebork at the level of King Chrobry's
Park:

St.no. 3 - on 55.5 km of the river course. beyond the complex of pools:

St.no 4 - on 3.3 km of the River Okalica course: it characterizes the waters of

the lower part of the River Okalica above the town of Le¢bork and
Form Frites Poland S Company:

St.no. 5 - on 0.1 km of the River Okalica course: it characterizes the waters of
the estuary part of the River Okalica flowing into the Leba River n
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the town of Lebork;

St. no. 6 —~ on 53.7 km of the river course; it characterizes the estuary part of
the River Mlynowka flowing into the Leba. beyond the mill of the
Crops Processing Plant;

St.no. 7~ on 53.0 km of the niver course beyond the estuary canal of the town
sewage system in B, Glowacki Street;

St no. 8~  on 52.1 km of the river course beyond the not sewered “The Paris
Commune”™ Housing Estate:

St.no. 9—  on 1.2 km of the River Struga Kisewska course; it characterizes cs-
tuary waters of that river Mlowing into the Lcba. above the town
sewage plant.

St.no. 10—~ on 43.6 km of the river course; it characterizes the waters of the

lower part of the River Leba, bevond Legbork.

For testing purposes the water was taken with Ruttner’s sampler once a season
in the vears 1999-2001. The analysis of water samples was carried out according to
the methodology of Standard Methods (Standard methods 1992). The content of
oxvgen in the water under analysis was determined with the use of Winkler's method
and the water reaction — with the use of pH-meter. Phosphate phosphorus was deter-
mined by means of colorimetry with ammonium molybdate and ascorbic acid. The
concentration of nitrite mtrogen was determined by means of colorimetric method
with sulfanilic acid and naphthylamine, nitrate mitrogen — with the use of colorimetric
method with phenyldisulfonic acid and ammonia nitrogen — by means of colorimetric
method of direct nesslerization. In order to determine total nitrogen and total phos-
phorus the sample was mineralized with potassium persulfate. Organic nitrogen and
phosphorus were determined from the difference between total and morganic forms.
Calcium and magnesium were determined with the use of complexometric titration
with sodium versenate.

RESULTS AND DISCUSSION

The changes of mean values of pH of the River Leba along its course did not show
distinct differences (Fig. 2.). at the same time the average pH value remained on the
level 7.5. Water reaction changed within the range (7.2 - 7.8) and was included
within the 1% class purity. At the same time, there can be noticed an increased value
of pH in the water after crossing the town borders. Probably, that is caused by the
processes of metabolism included in those waters and giving them an alkaline char-
acter.

The average content of oxygen dissolved in the water under analysis was
significant at all research stations. it was included in the range of the 1" class of pu-
rity (after Kudelska, Cydzik 1983) and amounted to 10.9 mg O, dm™”. The highest
mean value of dissolved owgen was noted at the st. 6 and 7. which came to 11.7 mg
0;dm™ and 11.9 mg O- dm™. and a significantly lower at the st. 10 — 10.2 mg O
dm™. It results from the fact that at the posts 6 and 7 the waters of the river have

a fast flow and come across numerous gorges, which causes their high oxygenation.
1iilce ol walludian hath
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those onginated in Lebork as well as coming with the Struga Kisewska River, using
a big amount of oxygen 1n oxidation processes.
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Fig. 2. Changes of waters reaction on the L.eba River course

Along the course of the Leba River an average annual value of BOD< was 3.7 mg O,
dm”. On the greater length of the river its value was within the 1% class of purity
(that 1s up to 4 mg Os dm™). In its muddle course the River £eba flowing through the
Lebork agglomeration collects effluent waters from the surrounding fields under cul-
tivation. which enriches its waters with nutrients that cause eutrophication. As 1t can
be seen from figures 3 and 4. due to the continuous inflow of wastes the level of that
mndicator tn the water of the River £.¢cba steadily increases from 2.7 mg O- dm ~ at the
st. 1 above the town of Lebork to 3.6 mg O, dm™ at the st 3 after receiving the wa-
ters from the fields under cultivation. The increase of BOD:x indicator value has also
been observed between the stations 4 and 5 situated on the Okalica River — from 3 6
to 4.2 mg O- dm™. which is caused by run-off of communal wastes from the residen-
tial districts of private housing. The waters of the Okalica River also collect sewage
from a veast factory in Maszewo. a distillery in £cbuma and the waters flowing from
the fields. The waters of the Okalica River from the locality of Osowo and beyond it
did not comply with the 3™ class of purity norms due to bacteriological contamina-
tion (Zubrycka 1991) After recerving by the Leba the waters from the tributary of
the Okalica River there can be observed an insignificant decrease of BOD;s value to
3.8 mg O> dm ™ until the reception of another tnbutary of the Struga Kisewska. That
river brings into the Leba fish-culture wastes from fish-culture centers in Pogor-
szcwo, thus canching its watcrs with organic material. The results of the tests
showed that the waters at that station 9 arc characterized by a high value of BOD;
amounting to 4 0 mg O- dm™
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Fig. 3. The values of the BODs in the £.eba River water in depending on the station

Ospring Dsummer Mautumn O winter

S ) 1 :
s i T
£ [l
2 _I_ l‘l" . ; o I
i | ¥
:"l B | !
L f 'QJJ%" i
o i OEEY s

1 2 ] 4 3 6 7 8 9 10
Station

Fig. 4. Seasonal changes of the BODs in depending on the Leba River station
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The average concentration of phosphate phosphorus (P-PO.) mm water on an
examincd segment of the Leba River did not exceed admissible value for the 17 class
of purity and ranged from 0.118 to 0.171 mgP dm™ (Fig. 5.). The highest value of
that component has been noted at the st 8 (0.171 mg P dm ) reflecting the state of
purity of the Leba bevond the not sewered “The Paris Commune™ Housing Estate
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Fig 5. The contents of the phosphorus compounds in the L.eba River water
in depending on the station

The average content of total phosphorus (P-T) in the period under examination
ranged 0.147-0 263 mg P dm . The concentration of phosphorus compounds i the
Leba River was intermediate between the concentration of that component in the
Stupia River (.24 mg P dm ™~ on average (Dziabas-Krysa 1995) and the Lupawa
River (0.15 mg P dm ") (Korzemewski 1992) )

The level of ammonia mtrogen (N-NH.) ranged from 0.089 mg N-NH. dm™ at
the posts 1 and 2 to 0.147 mg N-NH, dm ™ at the st. 8. The average concentration of
that component in the period under analysis amounted to 0. 106 mg N-NH; dm ~

The average annual content of ammonia nitrogen at all research stations was
0.106 mg N-NH. dm ~ and was much lower than the admissible value for water of the
1™ class punity (that 1s. 1.0 mg N-NH; dm™). An increase of ammonia mtrogen along
the niver course 1s caused bv pollution of the river with pollution rnich in mitrogen
compounds

Also. the content of nitrates (N-NO;) was included in the 1% class of punity
(that 1s up to 1.5 mg N-NQO; dm ) and averaged 1.294 mg N-NO; dm "’ (Fig 6.)
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Fig. 6. The contents of different forms of nitrogen in the Leba River water
in depending on the station

One should note a relatively big content of that compound in comparison with other
rivers of Western Pomerania (the Reda River — 0.94 mg N-NO; dm™, the Pasleka
River — 0,74 mg N-NO; dm™, the Stupia River — 1.10 mg N-NO; dm", the Wieprza
River — 1.10 mg N-NO; dm™), which bears evidence of a significant share of region
run-offs in chemical swell of that river (Niemirycz, Bierawska 1998).

The increase of nitrates concentration is influenced. among others, by wastes
and run-offs of ground waters from drainage areas (Fig. 6). They wash out from the
ficlds under cultivation nitrate ions, which are components of the fertilizers n use.

The average content of nitrite nitrogen in the period under analysis did not ex-
ceed the admissible value for the 1 class of purity (that is, 0.02 mg N-NO; dm™) and
ranged from 0.006 mg N-NO, dm™ to 0.018 mg N-NO, dm™.

The content of mineral nitrogen, which consists of ammonia nilrogu.,n nitrate
nitrogen and nitrite nitrogen. in the Leba River ranged from 1.21 mg N dm™ to 1.68
mg N dm™ with the av erage value of 1.40 mg N dm™. Ammonia nitrogen constituted
about 7.6% of inorganic nitrogen. Probably, due to intensive run-offs from the drain-
age areas and their concentration during the processes taking place in winter, the
concentration of those components was the highest in spring (NH.-N — 0.14; NO;-N
—~1.84 mg N dm™). A big consumption of mineral nitrogen in water during the vege-
tation period 1n the section under analysis caused an extensive decrease of ammonia
nitrogen content (0.12 mg N dm™) and nitrate nitrogen content (1.33 mg N dm™),

Inorganic nitrogen constituted 57.6% of total nitrogen (N-T). The main com-
ponent — organic nitrogen determined that the biggest concentration of total mtrogen
(2.60 mg N dm™) was observed in summer, during the period of intensified vegeta-
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tion. Stmlarly. as i the case of overall phosphorus. also overall mtrogen showed the
lowest level (2.46 mg N dm™) on the turn of summer and autumn.

The content of all forms of total mtrogen did not exceed the accessible value
for the 1% class of water purity (that 1s. 5 mg N dm™) and amounted to 2 4 mg N dm™
on average. while for the water m the Slupia River it was on a comparable level of
2.6 mg N dm~ (Dz1abas-Krvsa 1995): slightly higher values of overall nitrogen were
observed in the Lupawa River. on average 2.9 mg N dm ™ (Korzemewski 1992).

Statistical correlation analvsis showed a verv strong relationship between total
mitrogen and total phosphorus content in the water of the river's under analyvsis
(r=0.802 with n = 120 and significance level 0.03).

The Leba burdened with such a significant load undergoes partial self-
cleaning but only to some small extent because 1t recerves water pollution from the
surrounding fields. It brings that load into Lebsko Lake through which 1t flows and
then to the waters of the Baltic Sea. In table 1 there are presented load values of par-
ticular indicators brought into those water ecosystems in 1999 (Trojanowski 1999)

On the basis of the tests carried out in that peniod there has been estimated the
amount of mtrogen and phosphorus brought info Lake £ebsko. [t comes out from the
data that generallv over 2500 tons of nitrogen and over 200 tons of phosphorus get
mto the lake during one vear. of which 67% of mitrogen and phosphorus 1s the share
of the Leba River only. From the lake the L.eba carries about 1800 tons of nitrogen
and about 160 tons of phosphorus to the Baltic. Thus. mn the lake there remain over
830 tons of mtrogen and 30 tons of phosphorus (Niemirycz. Bierawska 1998)

From the obtained results it comes out that the concentration of nitrogen and
phosphorus compounds and BODs values was growing in the course of the Lcba
flow through the town of Lebork A load of wastes flowing into the nver signifi-
cantly contributed to the increase of trophicity of that river. It was mainly caused by
the wastes flowing into the river from the town. Undoubtedly. a considerable share in
such big amounts of morganic compounds of mtrogen and phosphorus in the f.eba
have the waters flowing from the surrounding areas. used mamly 1n agriculture
However, thanks to great abilities of the river to self~clcan the concentration of those
indicators outside the town was gradually gomg down.

One of vital sources of wastes delivered to the Leba River 1s the town of Le-
bork. In order to determune the level of Lebork’s influence on the state of the Leba
purity. values of particular components existing above the st. 2 and bevond that town
(st. 10) have been compared. On the basis of the carried out measurements 1t has
been proved that after the Leba's flow through the town of Lebork all its waste com-
ponents increase their value. This town brings into the Leba River on average 2.92
million m” of sewage during a vear. out of which it falls to one inhabitant during a
vear: BODs — 3.2 kg O,: 0.36 kg of phosphorus: 4.10 kg of nitrogen (Table 2). Those
values make 1t possible to compare the intensity of pollution wath other towns. For
example. 1 nhabitant of Stupsk brings during a vear 2.7 kg of O, as BODs: 0.17 kg
of phosphorus and 2.5 kg of nitrogen (Dziabas-Krvsa 1993).

From those comparisons it comes out that the Lebork town negatively mflu-
cnces the state of nver purity and it 1s the main source of pollution m its middle
course. First of all. it introduces big amounts of nitrogen and phosphorus compounds
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The load of wastes carried by the Leba after flowing through Lebork significantly
increases. That growth 1s respectively: 47% of BODs. 11% N-T, 34% P-PO,. 21%
P-T.

CONCLUSIONS

- The area of Lebork town is the main source polluting the River Leba in the mid-
dle part of Leba River course. From the town there flow into the river sewage and
surface run-offs containing big amounts of nitrogen and phosphorus compounds
and organic matter (in the vear: 123 t N, 14 t P and BOD;s — 114 t oxygen de-
mand). Although Lebork town belongs to smaller town agglomerations in the
country (it has 35.900 inhabitants). nevertheless its influence threatens to shake
the ecological balance of the river.

- From the comparison of chosen indicator loads in the two rivers (the Stupia and
the Leba) after flowing through the Stupsk and the Lebork agglomerations it
comes out that Lgbork pours much more waste loads than Slupsk converted per
one inhabitant,

- An additional source of pollution with nitrate and phosphorus compounds is the
waters flowing into the river from particular fields being under cultivation.

- Moreover the Leba River constitutes. a significant source of pollution of the Bal-
tic waters because every vear it brings into it 1783 tons of nitrogen and 154 tons
of phosphorus.

REFERENCES

Dziabas-Krysa. A. 1993 Zmiany zanieczyszczen wskaznikow rzeki Shupi. (tvpescript
n Department of Chemistry. PAP) Stupsk.

Friedrich. N.,Wilamski. J. 1983. Variations in the chemical composition of surface
Waters transported to the Baltic Sea with the Rega River in the years 1964-
1975. Oceanologia, 20. 69-84.

Korzeniewski, K.. Malej. J.. Sliwinska. M.. Wolnikowska, I 1961. Sanitarno-
higieniczna charakterystyvka rzeki Pars¢ty. Gaz, Woda i Techn. Sanit.. 8. 302-
305.

Korzeniewski, K. 1992. Zlewnia przymorskiej rzeki Lupawy i jej jeziora. Wyd. Na-
uk. WSP Stupsk.

Kudelska, D.. Cydzik. D., Soszka, H. System ocenv jakosci jezior. IMGW, Warsza-
wa 1983,

Niemirycz, E., Bierawska, E. 1998. Odplyw zanieczyszczen do morza. Warunki sro-
dowiskowe polskigj strefv pld. Baltyku w 1997, IMiGW, Gdynia. 211- 240.

Pastuszak. B. 1985. Roczny splyw ladunkow substancji organicznvch i biogenicz-
nych do Baltvku w roku 1983. Studia i Mat. Oceanolog. 48, 165-199.

Standard methods for the examination of water and wastewater including bottom
sediments and sludes. American Public Health Association. New York. 1992.

Telezynski, E. 1985. Ocena splywu ladunku zanieczyszczen z polskiej czesci zlewi-
ska Morza Baltvckiego. Stud. Mat. Oceanolog., 48. 33-42.



The influence of Lgbork town on the pollutants 111

Trojanowski. J. 1990. The effect of trout culture on water quality of Lupawa River.
Pol Arch. Hyvdrobiol . 37.3,383-393

Trojanowski. J. 1999. Chemical characteristics of water m Lebsko Lake. (typescript
mn Department of Chemistry. PAP). Shupsk.

Wilmowski. I. 1970. Erozja chemiczna zlewni Stupt. Mat. Bad . IMGW. Warszawa.

Zubryvcka. K. 1991. Stan czystoser wod plynacych zlewn rzeki Leby na podstawie
badan przeprowadzonych w 1990 roku. (typescript WOBIKS, t.1X). Shupsk.

WPLYW AGLOMERACJI LEBORK NA LADUNEK ZANIECZYSZCZEN
WNOSZONYCH PRZEZ RZEKE LEBE DO MORZA BALTYCKIEGO

Streszczenie

Przedstawiona praca zawiera wyvniki badan jakosci wody rzeki Leby w jej srodkowey
czescl wykonane w latach 1999-2001. Badamia te polegalyv na okresleniu zawartosci
fizyczno-chemicznych wskaznikow jakosci wody wzdluz biegu rzeki w okolicach
Leborka. Z uzyskanych rezultatow wymka. ze koncentracja zwiazkow azotowych
1 fosforowych oraz wartosci1 BZTs rosly w muarg przeplywu rzeki Leby przez Lebork
Miasto to odprowadza do rzeki febv srednio 2.92 min m™ scickow w ciagu roku.
w tvm na jednego mieszkanca na rok przyvpada BZTs - 3.2 kgO-: (.36 kg fosforu.
4.10 kg azotu. Rzeka Leba stanow: ponadto 1stotne zrodlo zanieczyszczen wod Bal-
tvku. poniewaz wprowadza do niego rocznie poprzez jezioro Lebsko 1785 t - azotu.
154 t - fosforu oraz tadunek latwo rozkladalnych zameczyszczen organicznych. do
ktorvch mineralizac)i niezbednych jest 1401 t O,



