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Abstract

Niliifer stream in Bursa, Turkey, is important for being a huge resource for irrigation and also the
wastewater discharge point of many treatment plants. There are lots of factories dealing with textile and
food industries and also municipal waste treatment facilities that directly discharge their wastewaters
into the stream and may lead to pollution. In this research, we aimed to determine the seasonal variation
of some trace element and heavy metal concentrations of Niliifer stream and the treatment plants. Water
samples were taken from the treatment plants and from the stream that the treatment plants discharged
to at four different periods during August 2013 to May 2014. Discharges from the treatment plants
affected the quality of the stream negatively (p<0.01) and varied depending on the sampling periods and
also depending on the processed products at the factories and also their discharges from the treatment
plants. Although the Zn, Al, Ni, Pb, and Co concentrations of the water samples were found to be under
the limits of the World Health Organization (WHO), the Food and Agriculture Organization of the
United Nations (FAO) and Treated Water (TW), concentrations of especially Fe, Cu, Mn, Cd and Cr

were found to be over the limitations of TW.
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Introduction

Water is a key element for the existence of living
organisms and these organisms provide the surface
water and groundwater resources to sustain their vital
activities [1]. But since two hundred years ago, our
natural resources have been polluted as a result of

*e-mail: heelik@uludag.edu.tr

rapid population growth, industrial development and
unconscious agricultural activities [1-2]. For this reason,
the use of irrigational or industrial purposes of the water
is restricted [1]. Waters including high toxic quantities
of ingredients used for household activities, irrigation or
industrial purposes without any treatment bring some
health and environmental problems [3-7]. Therefore, it is
important to take precautions due to the foreign material
type and their high concentrations in the water [8-9].
It was thought that nature could cope with these
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polluters that formed in the early days. But it did not
work out this way, and these polluters have begun to
negatively impact nature and all living beings [10]. For
this reason, studies have been started by researchers to
understand and prevent the causes of these pollutants [1,
6, 7, 11-12].

Bursa is one of the biggest and most important
cities of Turkey in terms of agriculture and industry.
A considerable increase in the population of Bursa
Province has occurred in recent years due to migration,
resulting in an increase of residential areas against
fertile agricultural lands, and this has also resulted in
the increase of various wastes [2, 12]. Niliifer Stream,
with its several tributaries, reaches to an extent of
approximately 168 km and is an important water
resource of Bursa, which supplies water to irrigation of
agricultural sites and for drinking [2-12]. The stream
basin covers 1540 km?, and over 53.8% of the basin is
used for agricultural purposes [2, 12-13]. The stream is
not only significant for irrigating the agricultural lands
but also is important as being the discharge point for
many industries [2, 14]. In recent years, it has been
contaminated by the industrial and domestic wastewater
discharges. Especially in summer season water levels in
tributaries decrease due to evaporation and due to the
use of the water for agricultural irrigation purposes, and
in addition, the increases in sewerage flow lead to the
deterioration of water quality and the deterioration of
human health [13, 15-16].

In this research we aimed to determine some trace
element and heavy metal contents of the stream and water
samples of the treatment plants in a year’s time. Analysis
results were compared with international organizations’
standards. The World Health Organization (WHO) [17]
was used for evaluating the waters for drinking and
human consumption. The results were evaluated for

irrigation purposes with the standards of the Food and
Agriculture Organization of the United Nations (FAO)
[18], which includes the same values of Turkish National
Water Pollution Control Regulation and Quality Criteria
for Irrigation Water. The results were also evaluated
with the standards of Treated Water (TW) [19] in order
to clarify the treatment plant performances treating
wastewaters for irrigation and human consumption.

Materials and Methods

Niliifer Stream, which flows within the boundaries
of Bursa city in northwestern Turkey (40°11’N and
29°04’E) and some wastewater treatment plants that
discharge to this stream comprise the main materials of
our research.

We collected the samples from the stream and from
the wastewater treatment plants in order to determine
the trace element and heavy metal concentrations of the
stream in four periods (P1: summer - August 2013; P2:
autumn - November 2013; P3: winter - February 2014;
and P4: spring - May 2014). Sampling points of the
waters and their abbreviations used in the research are
shown in Fig. 1 and Table 1.

Water samples were collected in 1000 mL
polyethylene bottles from the mid-point of the stream
at 15-20 cm depth. Sampling bottles were previously
washed with the sampling water then filled with the
water to the upper point. Water samples were filtered
through Whatman filter paper and acidified to pH 2
with nitric acid (HNO,) (ultrapure, Merck) in order to
minimize precipitation and adsorption on the walls of
the containers [20]. All of the analyses were completed
within two days based on the standard methods [21].
For determining the trace elements and heavy metal

Fig. 1. Sampling points.
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Table 1. Sampling points and abbreviations.

No Sampling Point éil;zr;
Wastewater treatment plants
1 Siitas Dairy Inc. Water Treatment Plant S
) Penguen Food Industry Inc. Treatment P
Plant
3 S.S. Yesil Environmental Treatment Plant Y
4 Buski East Wastewater Treatment Plant BE
5 Buski West Wastewater Treatment Plant BW
Tributaries of the Niliifer Stream
6 Cayonii village C
7 Ayvali stream 1% point Al
8 Ayvali stream 2" point A2
9 Hasanaga stream H
10 Misi stream M
11 Deligay stream 1* point D1
12 Deligay stream 2™ point D2

concentrations, 8 mL aliquots were taken from the water
samples and were digested, adding 4 mL of HNO, in a
microwave oven Berghof MWS 2 (Germany) [22]. Iron
(Fe), copper (Cu), manganese (Mn), zinc (Zn), aluminum
(Al), lead (Pb), nickel (Ni), chromium (Cr), cobalt (Co),
and cadmium (Cd) concentrations of the digested
samples were determined by inductively coupled
plasma-optical emission spectrometry  (ICP-OES)

(Perkin Elmer Optima 2100DV, USA) [7, 21-22]. Data
taken from the analysis were subjected to analysis of
variance (ANOVA) and the mean values were compared
using least significant difference (LSD) multiple range
test with the computer program MINITAB 17.1.0.0
(Minitab INC., State College, Pennsylvania, USA).

Results and Discussion

Seasonal variations of the trace element and heavy
metal concentrations of the water samples taken from
the tributaries of the stream are shown in Table 2.

Trace eclement and heavy metal concentrations
of the waters taken from the tributaries of the stream
differ, depending on the sampling periods (p<0.01).
Among the trace elements and heavy metals, Zn, Pb,
Co and Al concentrations of the waters were found to
be under the limits of WHO, FAO and TW throughout
all periods. However, concentrations of Fe, Mn, and
Cd according to WHO safe limits; Mn concentrations
according to FAO and Fe, Cu, Mn, Ni, and Cr values
of the waters according to TW limitations were found
to be high at one or more of the sampling periods
(Table 2). The variations between the trace elements and
heavy metal concentrations of the samples were thought
to be related to natural causes, such as temperature, pH,
redox reactions, water flow, microorganism activity,
climate, type and amount of precipitation [1, 23].
Variations may also be from anthropogenic reasons or
the processed products at the factories and also their
discharges from treatment plants [1, 23]. The water
quality problems experienced by the stream were also
attributed to the direct discharges of domestic and

Table 2. Seasonal variations of the trace element and heavy metal concentrations of the waters taken from the tributaries of Niliifer

Stream.
Periods
WHO" | FAO™ | TW™ Parameters 1t ond 3 4 LSD
(p<0.01)
(Summer) (Autumn) (Winter) (Spring)

0.3 5.0 0.33 Fe (mg L") 0.73 C 0.48 D 1.42 A 0.76 B 0.008
2.0 0.2 0.03 Cu(mgL") 0.04 B 0.04 C 0.05 A 0.03 D 0.001
3.0 2.0 0.12 Zn (mg L) 0.04 D 0.04 C 0.05 B 0.09 A 0.0001
0.5 0.2 0.05 Mn (mg L) 1.00 B 0.86 D 1.08 A 0.97 C 0.014
- 5.0 - Al (mg L") 0.82 BC 2.42 A 0.89 B 0.89 C 0.084
- 0.2 0.06 Ni (mg L") 0.02 D 0.02 C 0.07 A 0.04 B 0.001
10 2000 190 Pb(ug L) 2.57 A 1.86 D 2.17 C 2.29 B 0.078
50 100 20 Cr(pugL?") 15.22 C 2648 | A | 2640 | A | 2532 B 0.244
- 50 50 Co (ugL™h) 3.24 B 5.29 A 2.99 D 3.19 C 0.041
3 10 - cd (ug L") 495 | B | 550 | A |48 | Cc | 460 | D | 0.079

Notes. The differences between values by different capital letters are significant (p<0.01).
"Max: permissible limit for drinking purpose/human consumption (17)
* Recommended maximum concentration for irrigation/crop production (18)

“*Average quality characteristics of Treated Wastewaters (TW) used for irrigation (19)
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industrial wastewaters [16, 23-24]. High pH values
affect not only biodiversity in the water but also the
solubility and accumulation of some elements in soils
that are irrigated with these waters [23].

Water samples taken at summer period had
the highest concentration of Pb (2.57 pg L) among
all the other sampling periods; however, the value
was found to be under the limitations of WHO, FAO
and TW. In the autumn period concentrations of Al
(242 mg L") Cr (26.48 pg L), Co (5.29 pg L") and Cd
(5.50 pg L) were found to be highest of all the other
sampling periods. Their amounts were found to be below
the limitations, except for Cd and Cr. Cd amount was
over the limit of WHO and Cr was over the limit of TW.
In the winter period the amounts of Cr (26.40 pg L),
Fe (1.42 mg L"), Cu (0.05 mg L"), Mn (1.08 mg L") and
Ni (0.07 mg L") were found to be higher when compared
to other periods. Among these elements, Fe, Zn and
Mn are used as fertilizer in agricultural areas, and Cu
is used as Bordeaux mixture (a fungicidal mixture).
High concentrations of these elements in winter were
thought to have occurred because of leaching from soil
via precipitation. Similar to our findings, the highest
Cd, Pb, Ni, Cu, Zn, Mn, and Fe results were reported
in winter from the research of Abdel Satar et al. [1].
The findings of Khan et al. [25] also support our
findings, especially the iron levels that were found
to be higher in winter than in summer. Mn amount
was high according to the limits of WHO, FAO and
TW. Although Fe, Cu, Ni and Cr amounts were over
the limitations of TW, Fe was also found to be high
accordingto the limits of WHO, but below the limits of
FAO. Zn (0.09 mg L) amount rose to the maximum in
the spring; but the amount was found to be under the
limits. Patel et al. [23] reported the declining trend of

Mn due to the indiscriminate discharge from smelting
industries and urban and temple wastes. Parallel
to our research results, Saha et al. [6] reported higher
Cu and Zn results in the Dhaka Export Processing
Zone and attributed this to the cumulative impact of
numerous industries and also extensive use of fertilizers,
and Cu-Zn based pesticides in the agricultural lands [6,
11, 23].

Waters taken from the Niliifer tributaries have
interchangeable trace element and heavy metal contents.
The values obtained from the analysis results varied
according to the sources and sampling periods (p<0.01)
(Table 3). Mn concentrations of the waters taken from the
tributaries of the stream were found to be over the limits
of WHO, FAO and TW. In contrast, Pb concentration
of the water samples was found to be under the limits
of WHO, FAO and TW. Neither of the samples taken
from the tributaries have higher Al, nor does Co amount
to more than the indicated limits. Most of the water
samples’ Cu, Zn, Ni and Cr concentrations were also
found to be below the limits; however, Cu contents of
the waters taken from Deligay 1 (D1) and Deligay 2
(D2); Zn content of the water taken from Ayvali 1 (Al);
Ni content of the water taken from Ayvali 2 (A2) and
Cr amounts taken from Cayonii (C), D2, Al and A2
were found to be over the limits of TW. Although Al,
Fe and Cd concentrations of the samples were found
to be under the limits of FAO, Cd amounts according
to WHO and Fe amounts according to WHO and TW
were found to be over the limits. Although being under
the limits of FAO makes the waters of Niliifer Stream
usable for irrigation, being over the limits of WHO
and TW restricts it for drinking. Water pollution was
common when the streams, canals and lakes passed
through cities or populated areas and were contaminated

Table 4. Seasonal variations of the trace element and heavy metal concentrations of the waters taken from treatment plants.

Periods L
WHO" FAO™ T™W™ Parameters 1 ond 3rd 4 (p<(§.]31 )
(Summer) (Autumn) (Winter) (Spring)
0.3 5.0 0.33 Fe(mgL") | 0.39 0.37 D 1.69 A 0.78 B 0.013
2.0 0.2 0.03 Cu(mgL?") | 0.032 C 0022 | D 0.071 A 0.050 | B 0.001
3.0 2.0 0.12 Zn(mgL") | 0.04 C 0.04 D 0.06 A 0.05 B 0.0001
0.5 0.2 0.05 Mn (mg L") | 0.55 A 0.48 B 0.45 C 0.47 B 0.013
- 5.0 - Al(mgL") | 0.87 B 0.95 A 0.64 C 0.95 A 0.01
- 0.2 0.06 Ni(mgL") | 0.02 C 0.02 C 0.07 A 0.05 B 0.007
10 2000 190 Pb(ug L) 2.40 B 2.00 C 1.80 D 3.60 A 0.130
50 100 20 Cr(ugL") | 16.49 C 19.29 B 16.16 | D 2389 | A 0.243
- 50 50 Co(ugL?") | 2.06 C 3.10 B 3.20 B 3.94 A 0.209
3 10 - Cd(ugL?') | 4.48 B 5.14 A 441 B 3.98 C 0.088

Notes. The differences between values by different capital letters are significant (p<0.01).
"Max: permissible limit for drinking purpose/human consumption (17)
" Recommended maximum concentration for irrigation/crop production (18)

Hk

Average quality characteristics of Treated Wastewaters (TW) used for irrigation (19)
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by substances harmful to living things. Pollution makes
streams, channels and lake waters discontent in terms
of appearance, smell and swimming. People who drink
dirty water and who have been exposed to dirty water
for a long time may get sick, develop cancer, or have
birth defects [3-6, 24, 26-30].

With respect to the mean results of the water
samples taken periodically from the tributaries of
the stream, higher amounts of Fe, Mn, Cr and Cd
were determined at the water samples taken from C
sampling point. Sampling point Misi (M) was found to
be the least contaminated sampling point of the stream
where there is no wastewater and industrial discharge.
However, Mn and Cd amounts were not only the
elements which pollute Misi but they also were detected
over the limits at all of the other sampling points. This
situation was found to be related to the mining, dam and
road construction activities and also was found to be
related to the fertilizers used in agricultural activities.
Sénmez et al. (31) reported that the use of phosphoric
acid increases the Cd, Pb, Ni and As concentrations
in the soil. Iron (Fe) is the third mostly found element,
which was over the limits according to WHO and TW
at all of the sampling points except sampling point M.
High Fe, Cu, Mn, and Cd amounts were determined
at D1, D2 and Hasanaga (H) sampling points. These
points are very close to the agricultural lands and the
high amounts of the elements were found to be related
to the fertilizer and pesticide usage at the agricultural
activities. High consumption of pesticides containing
high amounts of Cu increase their concentrations in
the soil, plants and also in the water [31-32]. Al and A2
sampling points also suffer from high amounts of Fe,
Mn and Cd. In contrast to the other sampling points,
Zn amount of Al and Ni amount of A2 were found
to be over the limits. High amounts of these elements
were found to be related to agricultural and industrial
activities. Al, Pb and Co concentrations of the water
samples taken from the tributaries of the stream were
determined to be below the limits. They were also
found to be below the limits at the samples taken from
the treatment plants. Anthropogenic emission of the
heavy metals in both organic and inorganic forms have
been reported as the sources of various industrial spots
such as old and present mining sites, foundries and
smelting wastes, combustion by-products and traffic
[23]. Through rivers and streams, metals are transported
as dissolved in water or as suspended particles and
stored in river beds or underground waters. Karaca and
Tasdemir [14] also reported pollution in Niliifer Stream
due to the illegally discharged industrial wastewater,
municipal sewage discharges, solid waste disposals in
stream beds, drainage water, erosion and atmospheric
pollutants. Contamination of surface and groundwater
resources with heavy metals leads to soil pollution,
causes accumulation in plants grown on it and affects
negatively all living things, including animals and
humans that are fed with these plants [2, 8, 23]. Plant
nutrients that are poorly soluble in the soil lead to

deficiencies in the plant, and in contrast high soluble
may lead accumulation and pollution in the soil [12,
23]. Aydmnalp et al. [33] also reported heavy metal
accumulation in the surface horizons of agricultural
soils irrigated by the Niliifer over a long-term period.

Seasonal variations of the trace element and heavy
metal concentrations of the water samples taken from
the wastewater treatment plants are shown in Table 4.
Among the trace elements and heavy metals, Zn, Pb,
Co and Al concentrations of the waters taken from
treatment plants were found to be under the limits of
WHO, FAO and TW throughout all periods. However,
according to WHO safe limits, concentrations of Fe,
Mn, and Cd according to FAO Mn concentrations and
according to treated water limitations, Fe, Cu, Mn, and
Cr values of the waters were found to be high in one or
more of the sampling periods (Table 4).

Trace eclement and heavy metal concentrations
of the waters taken from the treatment plants also
differ depending on the sampling periods (p<0.01).
Concentrations were found to be higher at tributaries
when compared to the amounts in treatment plants.
Water samples taken in the summer period had the
highest Mn (0.55 mg L") among all the sampling
periods, and the concentration was found to be over the
limits of WHO, FAO and TW. In the autumn period, Cd
(5.14 pg L") and Al (0.95 mg L) amounts were found
to be the highest. Although the amounts were under the
limits of FAO, Cd was found to be over the limits of
WHO. In the winter period, values of Fe (1.69 mg L),
Cu (0.071 mg L"), Zn (0.06 mg L") and Ni (0.07 mg L)
were found to be the highest. Although the amounts
of Zn were below the limits of WHO, FAO and TW,
Fe was found to be high according to the limits of
WHO and TW. In accordance with the limits of TW,
Cu was also found to be over the limits. In the spring
period, besides the Al concentration (0.95 mg L), Pb
(3.60 pg L), Cr (23.89 pug L) and Co (3.94 pug L) also
reached the highest levels. Pb and Co concentrations of
the waters were found to be under the limits of WHO,
FAO and TW. Cr was also below the limits of WHO and
FAO, but its amount was found to be over the limits of
TW. Seasonal differences between the concentrations of
the elements were found to be related with the processed
products at the factories and also their discharge from
treatment plants. The textile industry uses paint and
some chemicals, including heavy metals, the food
industry uses salt and also various chemicals and they
reproduce different products at different time periods.
These products release different wastes and change the
waters’ composition. Waters taken from the treatment
plants also have interchangeable trace element and heavy
metal contents. The values obtained from the analysis
results differ according to the sources from which the
samples were taken, and also change according to the
sampling periods (p<0.01) (Table 5). Zn, Al, Ni, Pb,
and Co concentrations of the water samples taken from
the treatment plants were found to be under the limits
of WHO, FAO and TW. In contrast, Mn amounts of
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the waters were higher than the indicated limits. Cu
concentrations of the waters taken from the treatment
plants except Buski West (BW) were found to be high
according to the limits of TW (>0.03 mg L'). Although
Fe concentrations of the waters taken from the treatment
plants were found to be under the limits of FAO, their
amounts were found to be over the limits of WHO and
TW. Cd concentrations of the water samples taken from
the treatment plants were low according to the limits
of FAO, however they were high when compared to the
limits of WHO. Although Cr amounts of the samples
were below the limits, water sample taken from Yesil
(Y) had high Cr concentrations according to the TW
limits.

The mean results of the water samples taken
periodically from the treatment plants showed higher
amounts of Fe, and Cd at whole of the water samples. Cu
and Mn amounts of the waters were also high except for
the sampling point Buski West (BW) for Cu and except
for the sampling point Penguen (P) for Mn. Among to
the treatment plants, Siitas (S) has lots of contaminants
of higher Fe, Cu, Zn, Mn, Al, Ni, Pb and Cd amounts.
Yesil (Y) was also observed as an important treatment
plant because of its discharges containing high amounts
of Fe, Cu, Mn, Cr, and Cd. Buski East (BE) is an
important treatment plant of municipal wastes and was
the least contaminating among the other treatment
plants. Some heavy metals have been reported as bio
important elements to humans, like Fe and Zn. However,
others have been reported as toxic [3, 6, 8, 24, 26, 34].
Zn, Al, Ni, Pb, and Co concentrations of the water
samples taken from the treatment plants were found
to be under the limits of WHO, FAO and TW. Related
to the discharged concentrations to the stream Zn, Al,
Pb, and Co, concentrations of the tributaries were also
under the limits of WHO, FAO and TW throughout all
seasons. However, concentrations of especially Mn, Fe,
Cu, Cd and Cr were high at treatment plants and also
high in the water samples taken from the tributaries.
Sampling point M is the place where there is no
wastewater and industrial discharge at Niliifer Stream
and was indicated as the least-polluted sampling point.
These results taken from our research also confirm that
the treatment plants induced contamination. Parallel
to the findings of our results, Aydinalp et al. [33] also
reported the pollution in Niliifer Stream as a result of
industrial wastewater and sewage effluents. Ustiin [16]
investigated the change of heavy metals according to
time intervals in Niliifer Stream and determined that
the water quality of the stream worsened within a year.
Especially dense wastewater discharge formed a dirty
flow and was classified as “highly contaminated water”
in terms of Cr and Pb levels at the exit point of Niliifer
Stream according to the National Surface Water Quality
Classification [16].

Heavy metal accumulation was recorded at sampling
points, which varied considerably during periods and
locations. The change in heavy metal concentration has
been attributed to the use of different raw materials and

the variation in production level, as noted in previous
studies [7, 23].

Discharge of domestic and industrial wastewater to
the stream without treatment may cause deterioration
in water quality over time and the use of water for
many years in agricultural activities leads to problems
as a result of pollution of the agricultural areas due
to the heavy metals in the water [14, 23]. The high
Cu concentration in the water has been reported as a
pollution index from the wastes in the channels or water
bodies [23-24]. Although copper is not a cumulative
systemic poison, overdose usually affects not only soil
but also water, and copper in high amounts (>1.0 mg) is
harmful and causes central nervous system impairment,
hair pigmentation failure, Fe metabolism, gastric and
intestinal distress, kidney damage and anemia [8, 24].
It has been reported that consumption of long-term
drinking water containing iron at high concentrations
can lead to liver diseases, gastro intestinal bleeding,
vomiting and diarrhea [26-27]. It has also been reported
that toxic metals, in particular various pollutants
containing Cu and Zn, are found everywhere in rivers,
in reservoirs, and are disadvantageous for aquatic
organisms [23-24]. The accumulation of these elements
in soils and in crops may be dangerous to humans and
animals. For this reason, it is necessary to constantly
monitor the toxic element concentrations in the soil and
plants or to treat the sewage water before it is used for
irrigation [28, 35-37].

Conclusions

Results of this work reveal that the quality of
Niliifer Stream has fallen because of pollution due
to industrial and unconscious agricultural activities.
For this reason, attention should be paid to housechold
consumption, and irrigation and industrial uses. In
addition, it is important to recheck and develop the
treatment processes of the treatment plants because of
their high contaminant element concentration according
to the treated water limitations. In addition, industrial
and urban wastewater treatment plants discharging
criteria must be rearranged and should be closely
monitored by the local authorities.
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