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Abstract A study of the Osumi River possesses great

importance because of its strategic geographical position,
and for the fact that high quality water can affect aquatic
flora and fauna. Determinant factors that influence quality
river water quality include climatic conditions, such as
temperature variation, amount of rainfall and erosion of the
soil. This investigation represents the seasonal variation of
different physical, chemical and bacteriological parameters,
consequently to estimate the pollution status of Osumi River
depending on weather conditions during the dry and rainy
season. This study was carried out for a period of two years
from January 2012 to December 2013. Five sampling
stations were established during this investigation. The
collected samples were divided into two groups. Each group
depended on the weather conditions during the study period:
October 2012- February 2013, during cool-cold weather (the
wet season); March 2012- September 2013, during warm-hot
weather (the dry season).The maximum pH value 9.04 was
observed as a result of the discharge of tannery wastewaters
into river water of this area. COD (Chemical Oxygen
Demand) values ranged from 7.97 to 51.63 mg/L O2 during
the dry season and from 13.4 to 171.37 mg/L O2 during the
wet season. Chloride levels ranged from 17.74 to
258.27mg/L during the dry season and from 21.27 to 685.83
mg/L during the wet season. TSS values exceeded many
times the limit of the EU Directive- 50mg/L for the quality of
fresh waters for aquatic life. Seasonal values of physical,
chemical and bacteriological parameters of Osumi River
varied according to sampling sites depending on the quantity
and activity of the source of pollution into the river water.
Variation according to season did not adhered to any specific
trends.
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1. Introduction
Water resources such as rivers, lakes and springs are of a
great importance for the sustenance of all life. Water
chemistry is responsible for many of the characteristics
associated with the quality of rivers. Monitoring water

resources will quantify water quality and identify
impairments, in order to not only preserve natural areas, but
to improve the quality of life as well, (Bellingham, 2009). An
interdependent relationship exists between rivers and
atmosphere. Variation of climate conditions can cause
seasonal variation among all parameters of water systems;
thereby inducing seasonal variation of water quality. A
comprehensive study of the Osumi River is very important
for several reasons, first of which being its strategic
geographical position. The Osumi River passes through the
city of Berat by dividing it into two parts. Quality
performance of aquatic systems plays an important role in
the city ecosystem. A quality aesthetic appearance of river
water, not turbid, without bad smells, no eutrophication,
positively affects urban development and tourism of the city
of Berat, which is known for its numerous antique and
museum attractions. 2) Another major reason to study the
Osumi River is that a good water quality supports aquatic
flora and fauna. The diversity of organisms that may survive
in any body of water is limited to the fluctuating conditions
prevailing within it, Alagoa et al. (2012). This is subject to
the varying levels of the physical and chemical parameters of
the river water such as temperature, pH, Chemical Oxygen
Demand (COD), total suspended solids, total dissolved
solids, ammonium, nitrate, phosphate, chloride and
bacteriological parameters such as coliform bacteria,
Escherichia Coli and Streptococcus Faecalis. Different
industrial effluents such as agricultural run-off and urban
wastes end up as sewage in the river. Determining factors
that influence river water quality include climate conditions,
such as temperature variation, amount of rainfall and soil
erosion, which appears to be a critical and prevalent
phenomenon within Albanian aquatic systems. This
investigation illustrates the seasonal variation of different
physical, chemical and bacteriological parameters. These
various parameters help to estimate the pollution status of the
Osumi River depending on weather conditions during the dry
and rainy seasons. In this area the summer temperature
average is about 32℃, humidity is low. Usually it is a mild
winter, averaging about 7℃. 95% of the annual precipitation
falls in winter. This is the first study of its kind for the Osumi
River. One of the objectives of this study was also to
complete data sets related to the river from the author´s
previous study.
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Figure 1. Map of the sampling water stations

2. Materials and Methods
This study was carried out for a period of two years from
January 2012- December 2013 during 4 seasons (summer dry season, winter – rainy season, spring and autumn - mild
seasons). Water samples were collected 3-4 times per month
(from 9-11am), with grab sampling in 1000mL polyethylene
bottles. Five sampling stations were established during the
investigation. Station 1 was the Vodica stream, located 5 km
away from Berat. The stream was the confluence point with
tannery effluents that were discharged in an irregular way
into the Vodica brook; Station 2 was the confluence point
with the tannery wastewaters that were regularly discharged
into Osumi River; Station 3 was almost 150m away from
Station 2; Station 4 was roughly 500-600m from Station 3, it
was located within an area, where private activities had an
effect on it, such as a nearby car-wash. Station 5 was located
at the Gorica Bridge, a very populated urban area, where
urban waste and sewage are known to be discharged. The
collected samples were divided into two groups, depending
on the weather conditions during the study period: October
2012- February 2013, during cool-cold weather (the wet
season); March 2012- September 2013, during warm-hot
weather (the dry season).
The obtained data were subjected to descriptive statistical
analysis using Excel and the Statistical Package for Social
Sciences (SPSS), to determine the minimum, maximum,
median, mean, standard deviation, coefficient of variation,
and threshold. Each sample was analyzed for physical,
chemical and bacteriological parameters by standard

methods. pH was determined by a “Selecta” pH-meter. Total
alkalinity was determined with the standard method. COD
was analyzed with the permanganate index. Ammonia ions
were determined by use of the Nesslerization method.
Chlorides were analyzed with the method of Argentometria.
Nitrate ions and phosphates were determined with Test Kits
/2, 6 dimethylphenol and ammonium molybdate,
respectively. TSS and TDS were determined with filtration
and the gravimetric method.

3. Results
Average values of physical, chemical and bacteriological
parameters are presented in Table 1; A statistical summary of
parameters, such as pH and Total Alkalinity are presented in
Table 2; Seasonal statistics of NH4+, NO3-, PO43- values are
presented in Table 3; Statistics of Cl-, COD, and SO4-2
values are presented in Table 4; Seasonal statistics of TSS;
TDS and Fe values are presented in Table 5.

Figure 2. Seasonal variation of average NH4+values 2012-2013
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Table 1. Physical, chemical and microbiological parameters of the Osumi River during dry – wet season 2012- 2013

Table 2. Summary of basic statistics of pH and Total Alkalinity during dry –wet season 2012-2013

Table 3. Summary of basic statistics of NH4+, NO3- and PO43- values during dry-wet season 2012-2013
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Figure 3. Seasonal variation of average E. Coli (MPN) values 2012-2013

Figure 4. Seasonal variation of average pH values 2012-2013
Table 4. Summary of basic statistics of Cl-, COD, and SO4-2 values during dry-wet season 2012- 2013

Figure 5. Seasonal variation of average TSS values 2012-2013
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Table 5. Summary of basic statistics of TSS; TDS and Fe during dry –wet season 2012-2013

Figure 6. Seasonal variation of average TDS values 2012-2013

Figure 7. Seasonal variation of average COD (IMn) values 2012-2013

The surface water temperature ranged from 16℃ to 30℃
during the dry season and from 9.3 to 25℃ during the wet
season. The temperature of the water reflected changes
corresponding to sampling seasons and was influenced by
the intensity of solar radiation, (Tukura, 2012). The pH of the
aquatic systems is an important indicator of water quality
and the extent of pollution. Unpolluted rivers normally show
near neutral or slightly alkaline pH, (Tukura, 2012). The
maximum pH value of 9.04 was observed at St.2 as a result
of the tannery wastewaters discharged into the river in this
area. The pH values in other stations during dry and wet
seasons are shown in Fig.4, which were within norms of the
EU Directive “Quality of fresh waters supporting fish life”,
(Miho et al., 2005). Nitrates are normally the common form
of combined inorganic & organic nitrogen in lakes and
streams, (Pawale, 2012). The maximum value of nitrate

(23.14 mg/L) was found during the rainy season at St.2 as a
result of industrial wastewaters. Conversely, the minimum
value (0.68mg/L) was found during the dry season at St.3. In
five stations, nitrate values during the dry and wet seasons
were within permissible limits set by the USEPA, (Ugwu,
2012). Phosphate values ranged from 0.068 to 2.104 mg/L
during the dry season and from 0.036 to 2.57mg/L during the
wet season. The highest concentrations of phosphates during
both seasons were found at St. 2, - 2.104 to 2.57 mg/L. This
may be due to the high amount of phosphates in the tannery
wastewaters carried that were discharged into this area of the
river. At St.3 the phosphate values were within the limit of
0.04 mg/L set by the EU Directive (Miho et al., 2005).
During the dry and wet season, other stations had phosphates
values that were above the prescribed limit. This was
probably due to different industrial activities and the
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discharge of agricultural runoff into the river at these
locations. In the present study ammonia ions ranged from
0.1to 2.26 mg/L during the dry season and from 0.104 to 6.64
mg/L during the wet season. The higher concentrations of
ammonia ions (2.26-6.64 mg/L) were observed at St.2 during
both seasons. This was likely caused by tannery wastewaters
with high organic loads being discharged into the river. In
other stations the manmade sources of ammonia included
fertilizer runoff and sewage releases- their values were
within the limits set forth by the EU Directive for fisheries
and aquatic life, (Miho et al., 2005). COD (Chemical
Oxygen Demand) values ranged from 7.97 to 51.63 mg/L O2
during the dry season and from 13.4 to 171.37 mg/L O2
during the wet season. The higher quantity of COD was
observed at St.2 from 51.63 mg/L O2 during the dry season to
171.37 mg/L O2 during the wet season as a result of the
discharge of industrial effluents. At St.3 COD values ranged
from 7.97-13.4 mg/L O2 for both seasons. They were within
norms of NIVA, (Miho et al., 2005). On the other hand, COD
values in other stations were above the prescribed limit.
Chloride levels ranged from 17.74 to 258.27mg/L during the
dry season and from 21.27 to 685.83 mg/L during the wet
season. Higher concentrations of chloride were observed at
St.2 from 258.27 to 685.83 mg/L. The existence of high
amounts of chloride here was due to the discharge of tannery
effluents into the river. For this same reason chloride levels
at St.1, ranged from 48.14 during the wet season to 250.83
mg/L during the dry season. This may be as a result of the
irregular discharge of tannery wastes in this area. An excess
of chloride beyond desirable limits in river water is
considered as index of water pollution, (Kumar, 2012). The
concentration of chloride at four stations was within the
prescribed limit of the USEPA–250mg/L, (Ugwu, 2012),
with the exception of the St.2. Water sulfate varied from 9.49
to 112.48mg/L during the dry season and from 7.28 to
303.71mg/L in the rainy season. The maximum sulfate
values were recorded at St.2 from 112.48 in the dry season to
303.71mg/L in the wet season. An increase in water sulfate
levels may be attributed to the influx of tannery wastewaters
with high amount of sulfates in this area of the Osumi River.
In other stations, the sulfates may exist because of fertilizers
and urban runoff and were within the limit set by the USEPA,
250mg/L, (Ugwu, 2012). TSS (Total Suspended Solids)
ranged from 590.54 to 2546.56 mg/L during the dry season
and from 165.9 to 1594.17 mg/L during the wet season. The
higher concentrations of TSS were observed at St.2 from
1019.57 to 2546.56 mg/L during both seasons. However,
TSS values in other stations exceeded many times the limit
of EU Directive –50 mg/L, for the quality of fresh waters for
fish life, (Miho et al., 2005). The sources of TSS can include
erosion, industrial discharges, microorganisms, and
eutrophication, (Bellingham, 2012). Erosion of soil remains
a great problem for all rivers in Albania. TDS (Total
Dissolved Solids) indicates the total amount of inorganic
chemicals which becomes higher with the increasing
pollution, (Kumar, 2012). In this study, TDS values ranged

from 160.98 to 902.9 mg/L during the dry season and from
99.63 to 1643.3 mg/L during the wet season. The higher TDS
values were observed at St.2 from 902.9 to 1643.3 mg/L for
both seasons. This is the result of high amounts of chemicals
which were dissolved in tannery wastewaters discharged
directly into the river. TDS concentrations were above the
limit set by the USEPA–500mg/L, at St .1 and St.2 as a result
of the discharge of industrial wastes. In other stations,
however, TDS values were within the norm of the limits set
by the USEPA, (Ugwu, 2012). Iron ions ranged from 0.0035
to 0.113 mg/L during the dry season and from 0.003 to 0.12
mg/L in the rainy season. The highest concentration of iron
was found at St.2 from 0.051-0.208 mg/L for both of the
seasons as a result of the industrial wastes with iron in their
content, as well as at St.5 from 0.113-0.12 mg/L as a result of
the influx of sewage and urban runoff that were discharged
into the river water. The iron values were above the limit set
by NIVA, 0.05mg/L, (Miho et al., 2005) at St.2 and St.5.
However, other stations had iron values that were within the
prescribed limit. Bacteriological parameters such as E.Coli
and St.Faecalis showed evidence of sewage and industrial
effluent contamination, (Kanu et al., 2011). For E.Coli, they
ranged from 836.4 to 1449.54 and St.Faecalis from 378.94 to
789during the dry season. E.Coli ranged from 939.16 to 1483
and St.Faecalis from 479.08 to 815.68 during the wet season.
Higher values of E.Coli and St.Faecalis were at St.2, from
836.4-1449.54 for E.Coli and from 939.16-1483.4 for
St.Faecalis, but and in the other stations their values were
above the limit of NIVA, (Miho et al., 2005). Chromium
and H2S values were found in the river water at St. 1 and St.2
where the tannery wastewaters were discharged into the river.
Chromium (VI) ranged from 0.039 to 0.099 mg/L during the
dry season and from 0.0040.105 mg/L in the rainy season.
H2S ranged from 50.21 to 146.8 mg/L during the dry season
and from10.39 to 203.51mg/L during the rainy season
depending on the source of pollution.

4. Conclusions
Seasonal values of physical, chemical and bacteriological
parameters of the Osumi River varied according to sampling
sites depending on the quantity and activity of the source of
pollution released into the river. Variation according to
season did not induce any specific trends. All seasonal
parameters at St.2 were above the limits set by USEPA,
(Ugwu, 2012) and EU Directive for fresh waters, (Miho et al.,
2005). This is most likely due to the stronger environmental
impact of tannery wastewaters that were discharged without
any treatment into the river water. In four sampling sites,
seasonal parameters such as pH, Total Alkalinity, ammonia
ions, chloride, sulfate, iron ions, nitrate, phosphate and TDS
were within the norms set by the above prescribed limits,
during both the dry and wet seasons, with exception of the
higher values of COD and TSS during both seasons.
Seasonal values of the bacteriological parameters such as
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E.Coli and St. Faecalis were above the limit of NIVA, (Miho
et al., 2005) in all stations during the dry and rainy seasons.
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