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ABSTRACT 

Lake Uluabat, having an international significance and subject to the Ramsar Convention, is fed by the basin of Musta-
fakemalpaşa Stream which runs through fertile lands utilized for livestock breeding and agriculture. In this study, total 
amount of nitrogen (TN) and phosphorus (TP) loads of non-point pollutants (agriculture, livestock breeding, vegetation, 
surface runoff and small settlements) was calculated. It was found out that most intensive pollution load stemmed from 
livestock breeding which causes dispersion of 13653.57 tons·year−1 of TN and 3224.45 tons·year−1 of TP into the Lake 
Uluabat. Additionally, seasonal changes in concentration of TN and TP were observed during the period of 2008-2009 
in Lake Uluabat. It was concluded that the rise of agricultural activities in summer months was the reason underlying 
the increase in pollution during the months in question. 
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1. Introduction 

As an increasingly common global problem with sub-
stantial ecological and socioeconomic consequences; eu- 
trophication can be described as the natural and artifi-
cially-induced increase of inorganic nutrients entering 
aquatic environment, degradation of water quality as a 
result of excessive accumulation of microscopic plants 
and algae, reduction of the natural lifetime of the water 
source and the resulting restriction of water use [1,2]. 
Nitrogen and phosphorus, which are restrictive nutrients, 
play a great role in terms of inducing algae growth and 
biological production in the aquatic ecosystem. Therefore, 
dispersion of high amounts of nitrogen and phosphorus 
into water sources give rise to the odds of eutrophication 
taking place and creates an impact on water quality [3].  

Throughout the recent years, anthropogenic nitrogen 
and phosphorus loads, which pollute water as a result of 
the global increase of population and industrialization, 
have increased [2]. Nitrogen and phosphorus enter the 
aquatic ecosystem through point and non-point sources. 
If pollution enters a given environment through control-
lable and quantifiable point discharge, such sources are 
classified as point sources. And if pollution enters the 
environment in a non-point manner, then the polluting 
source is classified as a non-point source [4]. When  

compared to non-point sources, point sources are 1) more 
easily controllable, 2) quantifiable and definable and 3) 
overall more toxic [5]. In the case of non-point sources, 1) 
it is more difficult to locate pollutants within the source, 
2) pollutants are spread over a large area and surface only 
occasionally, 3) dispersion of pollutants into the water is 
attributed to the geological/geomorphologic structure of 
the catchment basin as well as meteorological circum- 
stances and 4) the pollutants in question may cause long- 
term chronic effects on human health [5]. As it is more 
difficult to control non-point sources than point sources, 
they are of higher significance in terms of pollution [6-8]. 
Pollution caused by non-point sources results from agri- 
cultural activities (irrigation, drainage, surface runoff, 
erosion, use of pesticides and fertilizers); surface runoff 
that takes place in cities; the construction industry; min- 
ing activities and forestry applications; pesticides and 
fertilizers used in parks, meadows and golf pitches; Sali- 
nization of roads; atmospheric sedimentation; livestock 
breeding activities; and hydrological modification work 
(examples being dams, water channels, excessive pump- 
ing of underground water and siltation) [2,5,9].  

In this research, nitrogen and phosphorus loads enter- 
ing into the Lake Uluabat through the non-point sources 
(agriculture, livestock breeding, small settlements and 
the basin’s vegetation) were calculated. These sources are 
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present in the basin of Mustafakemalpaşa (MKP) Stream 
—the source that feeds the lake and which is situated on 
the intersection of Orhaneli Stream that has its source 
located in the town of Çavdarhisar, Kütahya, and Emet 
Stream that has its source in the district of Gediz. The 
impact of the pollution load that enters into the lake was 
also evaluated and precautions to be taken were suggest- 
ed.  

2. Experimental 

2.1. Field of Research, Sampling and Analysis 

Lake Uluabat is located in Marmara Region in the 
northwest of Turkey between the coordinates of 40˚10′ 
north and 28˚35′ east. It has a length of 24 km in the east- 
west direction, making up a significant portion of the 
Susurluk Basin, and 12 km in the north-south direction. It 
has a height of 9 meters from sea level and average depth 
of 3 m. The depth decreases to 1.53 m. in arid months 
and increases to 4.04 m. during periods of precipitation. 
The surface area of the lake was calculated to be 161 km2 
when maintaining maximum water level and 138 km2 at 
minimum level [10,11]. 

Lake Uluabat is subject to the RAMSAR Convention 
or the “Convention on Wetlands of International Impor-
tance Particularly as Habitats for Water Birds”, which 
was concluded in Ramsar, Iran, in 1971, and a member of 
the Living Lakes network that is run by the GNF (Global 
Nature Fund). There are numerous settlements, plants, 
workplaces, agricultural fields and mines within the 
catchment basin of Lake Uluabat, which is located in 
Marmara Region—a focus of population and industry. 
This situation depreciates the lake’s water quality and 
impacts its trophic level [12,13]. Apart from this, heavy 
metal pollution has been detected in the lake’s water and 
sediments in recent researches [14-16], the primary rea- 
son of which is thought to be the point discharge result- 
ing from untreated industrial waste water. 

The MKP Stream is the most important stream that 
feeds Lake Uluabat. The flow rate and water quality of 
this stream varies with climatic conditions. An observa-
tion of the monthly changes in the flow rates of MKP 
Stream between 2008 and 2009 reveals that the highest 
and lowest levels were measured as 159 m3·s−1 and 5.74 
m3·s−1 in the months of March and August respectively 
[15,17]. The drainage area of Mustafakemalpaşa Stream 
covers 10,756 km2 and is formed as a result of the inter- 
section of Emet Stream, which lies to the south of the 
lake, and Orhaneli Stream, which is to the southeast, in 
the vicinity of Village Çamandar. Within the catchment 
basin of Mustafakemalpaşa Stream, the districts of Mu- 
stafakemalpaşa, Orhaneli, Keles, Büyükorhan and Har-
mancık in Bursa; Tavşanlı, Emet, Hisarcık, Domaniç and 
Çavdarhisar in Kütahya; and Dursunbey in Balıkesir are 

located. The site location map of Lake Uluabat basin is 
illustrated in Figure 1(a). 

The water samples derived from Lake Uluabat in order 
to find out its water quality were taken on monthly basis 
for a period of one year between May 2008 and May 
2009 at 8 measurement stations on the lake which were 
chosen by taking into consideration of distance to pol- 
lutant sources, variable depth levels and hydrodynamic 
characteristics [15,17]. Lake Uluabat and sampling sta- 
tions are illustrated in Figure 1(b). The TN (Total Nitro- 
gen) level was measured using the water vapor distilla- 
tion method [18] and the TP (Total Phosphorus) level 
was found out using the ascorbic acid method [19]. 

2.2. Calculation of Pollution Loads 

Transport coefficients derived from the available litera- 
 

 

Figure 1. The site location map of Lake Uluabat basin and 
sampling stations. 
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ture data were used to calculate the TN and TP pollution 
loads stemming from non-point pollutants (vegetation, 
agriculture, livestock breeding and small settlements). 
Pollution loads attributed to vegetation cover and agricul- 
ture were calculated by multiplying the transport coeffi-
cients used in previous studies conducted in Marmara re- 
gion [20] by the land utilization area of the catchment 
basin of MKP Stream. The land utilization area on the 
catchment basin of MKP Stream was visualized using sa- 
tellite views of Landsat-5 as part of the Research on Se- 
diment Accumulation in the Lake Uluabat-MKP Stream 
System, which is a sub-project of the Project for Man- 
agement of Wetlands. Land classifications are based on 
the classification of land maps with a scale of 1/100,000 
which was drafted by the Directorate General of Rural 
Services [21]. TN and TP loads stemming from vegeta- 
tion and agriculture were given by the Equation (1) be- 
low: 

(Vegetation and agriculture) 
TN and TP loads = Land utilization area * Transport (1) 
coefficients 
The TN and TP loads resulting from small settlements 

within the catchment basin of MKP Stream with a popu-
lation below 2000 were calculated by multiplying daily 
pollution load unit coefficients per person [20,22] by 
population values [23]. The TN and TP loads stemming 
from small settlements were given by the Equation (2) 
below: 

(Small settlements) 
TN and TP loads = Population * Transport     (2) 

coefficients 
Total nitrogen and phosphorus pollution loads result-

ing from livestock breeding were calculated by multi-
plying annual pollution load coefficients per animal [24] 
by the number of animals in the region [25]. The TN and 
TP loads stemming from small livestock breeding were 
given by the Equation (3) below: 

(Livestock breeding) 
TN and TP loads = Number of animals * Pollution (3) 

load coefficient per animal  
The transport coefficients used to calculate total nitro- 

gen and phosphorus loads resulting from vegetation co- 
ver, agriculture and small settlements are given on Table 
1 and the coefficients used to calculate the total nitrogen 
and phosphorus loads resulting from livestock breeding 
are given on Table 2. Mean values of coefficients used 
for cattle bred to obtain milk and meat were taken in or- 
der to determine a pollution coefficient each for nitrogen 
and phosphorus. These values were used in the calcula- 
tions. All of the coefficients suitable for Turkey were 
used. 

3. Results and Discussion 

The land utilization map of the basin of MKP Stream  

includes 9 classifications, namely bare land, dry agricul- 
ture, weak vegetation cover, irrigated agriculture, water- 
humid land, heaths, forest-fields, mixed forests and 
broadleaf forest. The land utilization map of basin of 
MKP Stream is given on Figure 2 and the areas as well 
as their percentages to the total area are found on Table 3. 
Overall, the land utilization map indicated that a large 
portion of the basin is utilized for agricultural purposes. 
The majority of the natural vegetation present in the ba- 
sin lies within the scope of meadows and the rest com- 
prises forests. There is no settlement of considerable size 
 
Table 1. Transport coefficients used to calculate total Nitro- 
gen and phosphorus loads resulting from vegetation cover, 
agriculture and small settlements. 

Land type TN TP 

Agricultural land 10 kg·ha−1·year−1 0.30 kg·ha−1·year−1

Forest 2 kg·ha−1·year−1 0.05 kg·ha−1·year−1

Meadow 5 kg·ha−1·year−1 0.10 kg·ha−1·year−1

Surface run-off 3 kg·ha−1·year−1 0.5 kg·ha−1·year−1

Small settlements 10 g·cap−1·day−1 2 g·cap−1·day−1 

 
Table 2. Transport coefficients used to calculate total nitro- 
gen and phosphorus loads resulting from livestock breed- 
ing.  

Animal types 
TN  

(kg·animal−1·year−1) 
TP 

(kg·animal−1·year−1)

Poultry 0.5 0.2 

Cattle (cow breeding for milk) 38 25 

Cattle (cow breeding for meat) 53 13 

Ovine (Sheep) 11 2 

 
Table 3. Land utilization classifications for the basin of Mu- 
stafakemalpaşa stream (Anonymous 2002). 

Land utilization Area (km2) Percentage (%) 

Bare land 1044.41 9.7 

Dry agricultural land 1458.42 13.55 

Weak vegetation cover 1277.89 11.87 

Irrigated agricultural land 1136.13 10.55 

Water-humid land 891.34 8.28 

Heaths 1273.36 11.83 

Forest-fields 1.090.8 10.13 

Mixed forest 1413.61 13.13 

Broadleaf forest 1178.73 10.95 

Total 10764.69 100 
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Figure 2. Land utilization areas in the basin of Mustafakemalpaşa stream (Anonymous 2002). 
 

Assessment of pollution loads resulting from livestock 
breeding shows that 9019.31 tons of TN and 3037.63 
tons of TP are transported to MKP Stream annually. It 
was found out that the highest TN and TP loads stem 
from cattle and the lowest loads stem from poultry. The 
numbers of cattle, poultry and ovine bred in settlements 
located within the basin of MKP Stream [25] are given in 
Table 5 and the TN and TP loads resulting from livestock 
breeding are given in Table 6. 

within the basin. 
When calculating pollution loads, forests (fields, 

heaths, mixed) and broad leaf forests were considered as 
forest areas, dry/irrigated agricultural fields were consid- 
ered as agricultural land, weak vegetation cover was con- 
sidered as meadows and bare land was considered as 
surface runoff site. The TN and TP loads calculated for 
vegetation cover and agricultural activities are given on 
Table 4. 

Waste disposed of by farms engaged in livestock pro-
duction and leakages from stored agricultural products 
such as silage lead to water pollution. Reasons such as 
failure to store manure in an appropriate storage house, 
not burying dead animals in pits with upon pouring lime 
on the body, lack of properly arranged slaughterhouses or 
feedstuff storage spaces at the relevant enterprises under- 
lie environmental pollution as well [26].  

Assessment of pollution loads resulting from vegeta- 
tion cover and agriculture shows that 4538.11 tons of TN 
and 167.60 tons of TP are transported to MKP Stream an- 
nually. It was found out that the highest TN and TP loads 
stem from agriculture and the lowest TN and TP loads 
are attributable to surface runoff and meadows respec- 
tively. 

 
Table 4. TN and TP loads calculated for vegetation cover 
and agricultural activities. 

Land types TN (tons·year−1 ) TP (tons·year−1 ) 

Forest 991.30 24.78 

Agriculture 2594.55 77.83 

Meadow 638.94 12.77 

Surface runoff 313.32 52.22 

Total 4538.11 167.60 

Piles of manure accumulating in livestock breeding 
enterprises, which nowadays tend to be concentrated 
around settlement centers, have become factors threaten- 
ing environmental health due to lack of sufficient agricul- 
tural land to use apply them on, improper storage condi- 
tions, the stench and leakages caused and pests and mi- 
croorganisms like flies, bugs etc. which reproduce in 
them [26,27]. Therefore, manure storage spaces capable 
of properly storing the manure output of every enterprise 
for specific intervals should be planned [27]. Manure 
storage houses should be positioned so as to minimize  
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Table 5. Numbers of cattle, poultry and ovine bred in set- 
tlements located within the basin of Mustafakemalpaşa 
Stream. 

Settlements Cattle (number) Ovine (number) Poultry (number)

Mustafakemalpaşa 31,247 49,238 122,200 

Orhaneli 5400 20,000 7000 

Keles 6094 32,811 22,290 

Büyükorhan 7482 22,560 2400 

Domaniç 5211 12,350 8500 

Harmancık 1750 3687 7810 

Dursunbey 25,850 81,445 4200 

Tavşanlı 25,210 34,916 470,670 

Hisarcık 4134 5148 6673 

Emet 11,105 16,539 18,965 

Toplam 123,483 278,694 670,708 

 
Table 6. TN and TP loads resulting from livestock breeding. 

Animal types TN (tons·year−1 ) TP (tons·year−1) 

Poultry 335.21 134.08 

Cattle 5618.47 2346.17 

Ovine 3065.63 557.38 

Total 9019.31 3037.63 

 
potential pollution of lakes and similar water sources, 
rivers and underground water. Manure storage houses 
should be situated at least 30 meters away from water 
wells and similar structures inside and in the vicinity of 
the enterprise in question and at least 15 meters from 
milking units. When determining locations for manure 
storage houses, allowing facilitated operation of loading 
and unloading equipment throughout the years should be 
taken into account [27]. 

Attention needs to be paid in order to prevent seepage 
of liquid waste to be disposed of into residences within 
the enterprise or surface and underground waters, drain- 
ing and collecting them in underground tanks [28]. When 
planning construction of manure storage houses, it 
should be noted that the ground has to be leak-proof and 
allow removal before causing a polluting impact in case 
leakage happens [27]. Divisional channels should be 
built within the projected site of manure storage houses, 
so as to prevent clean surface water from dispersing into 
them [26]. 

Thanks to proper storage and management of waste 
water generated at livestock breeding enterprises, it can 
be used as irrigation water for meadows and plants util- 

ized as feed or to meet the need for plant nutrients. The 
most important point to be noted during the course of 
application is to use waste water in agricultural produc- 
tion in amounts which is sufficient to meet needs of irri- 
gated plants and will not cause environmental pollution 
at the same time. Actually, prior to use waste water in 
agricultural production as irrigation water and to meet 
the need for plant nutrients, it should be analyzed and a 
proper application amount must be set [29]. While such 
an effort might encumber the enterprise with additional 
costs, use of waste water during irrigation seasons in a 
planned and proper manner will decrease the irrigation 
water and fertilizer costs of the enterprise and make up 
for this additional initial cost [30].  

In addition to countless pathogens and microorganisms, 
waste water discharged into the lake from settlements 
contains elements which support intensive growth of 
algae and cause indications of pollution in water, such as 
excessive amounts of organic matter, nitrogen, phospho- 
rus, silicium and potassium. Furthermore, excessive 
amounts of salt, soap and detergents are also dispersed 
into the lake’s water in the same way [31,32]. TN and TP 
loads caused by small settlements located within the ba- 
sin of Lake Uluabat with a population count below 2000 
have been measured to be 96.151 tons·year−1 and 19.22 
tons·year−1 respectively. The highest and lowest TN loads, 
6.61 tons·year−1 and 0.56 tons·year−1, were found to be 
resulting from Günlüce and Gölkıyı respectively. Similar 
to the TN loads, the highest and lowest loads of TP were 
also found to be stemming from Günlüce (1.32 tons·year−1) 
and Gölkıyı (0.11 tons·year−1) respectively. 

Natural treatment systems (constructed wetlands) play 
an important role in management of waste water and 
control of water population in small settlements in many 
nations around the world [33]. Natural treatment systems 
have started to be used widely in our nation as well. 
There are natural treatment facilities in place in some 
villages located in the provinces of Konya, Samsun, To- 
kat and Bursa [34,35]. They have actually been used for 
more than 6 years in the villages of Eskikaraağaç and 
Yenikaraağaç in particular, which are situated in the vi- 
cinity of Lake Uluabat. Establishing this system in other 
villages without the required infrastructures and keeping 
track of their purification efficiency rates are bound to 
make substantial contributions in terms of preventing 
pollution of surface waters. When calculating the load 
values for individual settlements, the villages of Eski- 
karaağaç and Yenikaraağaç were not taken into account 
due to their having natural treatment systems in place. 
The TN and TP loads of settlements located within the 
basin of MKP Stream and around Lake Uluabat with a 
population below 2000 are given in Table 7. 

Considering the entirety of nonpoint sources of pollu- 
tion, it was found out that the highest pollution loads  
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Table 7. TN and TP loads of settlements located within the basin of MKP stream and around Lake Uluabat with a population 
below 2000. 

Settlements Gölyazı Fadıllı Akçapınar Doruk Uluabat Kumkadı Karaoğlan Gölkıyı Hasanlar Günlüce 

Population (2010) 1538 422 196 168 657 826 1021 156 944 1812 

TN (tons·year−1) 5.614 1.540 0.715 0.613 2.398 3.015 3.727 0.569 3.446 6.614 

TP (tons·year−1) 1.123 0.308 0.143 0.123 0.480 0.603 0.745 0.114 0.689 1.323 

Settlements Karbasan Şeyhler Dereköy Yeşilçay Kayaköy Göynükbelen Kınık Örencik Aliköy Eğrigöz 

Population (2010) 1030 790 1017 701 599 1775 1456 885 557 573 

TN (tons·year−1) 3.760 2.884 3.712 2.559 2.186 6.479 5.314 3.230 2.033 2.091 

TP (tons·year−1) 0.752 0.577 0.742 0.512 0.437 1.296 1.063 0.646 0.407 0.418 

Settlements Çerte Aydıncık Kestel Yunuslar Cebrail Yenice Hacıbekir Yeşildere Yemişli  

Population (2010) 613 716 1054 1.061 776 859 1044 1474 1623  

TN (tons·year−1) 2.237 2.613 3.847 3.873 2.832 3.135 3.811 5.380 5.924  

TP (tons·year−1) 0.447 0.523 0.769 0.775 0.566 0.627 0.762 1.076 1.185  

 
stem from livestock breeding, while the lowest pollution 
loads for TN and TP stemmed respectively from small 
settlements and meadows, with a total of 13653.57 
tons·year−1 of TN and 3224.45 tons·year−1 of TP dispers- 
ing from nonpoint sources of pollution into Lake Uluabat. 
Changes in TN and TP loads of the basin of Lake Ulua- 
bat are indicated in Figure 3 with a breakdown of the 
respective sources of pollution. 

accordance with climatic conditions, land form, soil 
structure, land cover and socioeconomic composition 
[36,37]. In the Master Plan of Agriculture for Bursa, the 
province is taken into consideration in 4 agro-ecological 
areas [36]. The 1st sub-region comprises the districts of 
Osmangazi, Yıldırım, Yenişehir, İnegöl, Kestel and 
Gürsu; the 2nd comprises Nilüfer, Karacabey and Musta- 
fakemalpaşa; the 3rd comprises Mudanya, Orhangazi, 
Gemlik and İznik; and the 4th comprises Keles, Orhaneli, 
Büyükorhan and Harmancık. The basin of Lake Uluabat 
covers the districts which lie within the scope of sub- 
regions number 2 and 4. 

Agricultural and livestock breeding activities within 
the basin of Lake Uluabat were assessed in accordance 
with the agro-ecological zoning of the province of Bursa. 
Agro-ecological zoning means categorization of areas 
into sub-categories together with others with similar en-
vironmental features, potential yield and convenience for 
utilization. These agro-ecological areas are laid out in 

Considering the agricultural and livestock breeding ac- 
tivities carried out in the sub-regions of Bursa, there are 
257 agricultural pesticide dealers in total operating in the 
province. In 2003, the total amount of pesticides used all 
around the province was 884 tons. As of 2001, the re- 
gions which received the most intensive pesticide support 
in Bursa were the 3rd, 1st and 2nd sub-regions respectively. 
In 2004, the total amount of fertilizers used in the prov- 
ince of Bursa was approximately 107,000 tons, which 
corresponds to 1.05% of the total consumption in Turkey 
(10 million and 152 thousand tons). According to the re- 
cords kept by the provincial directorate of agriculture, the 
highest amount of fertilizers was used in the 2nd sub- 
region. The agricultural production of the 2nd sub-region 
focuses mainly on vegetables and fruits cultivated for ex- 
porting purposes [36].  

 

 

Overall, 2.9% of all cattle in Turkey, 1% of sheep, 1% 
of goats and 0.7% of poultry are found in the province of 
Bursa. The highest number of poultry is maintained in 
the 1st and 2nd sub-regions. Broiler chickens are bred in 
the Mustafakemalpaşa district of the 2nd sub-region. Es- 
pecially in the 1st and 2nd sub-regions of Bursa, livestock 

Figure 3. Changes in TN and TP loads in accordance with 
sources of pollution. 
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breeding is concentrated primarily around dairy farming 
[36]. As can be understood, the portion of the basin of 
Lake Uluabat which lies within the borders of Bursa is 
one of the regions where agricultural and livestock 
breeding activities are most intensive. 

Ground rents in Bursa are quite high due to the rapid 
development of tourism, industry and urbanization. Ag-
ricultural land is changing hands for non-agricultural use 
in the 1st and 2nd sub-regions, where industrialization is 
immense [36]. According to data of 1995, a considerable 
portion of the agricultural land has indeed been used for 
non-agricultural purposes due to mistakes made in the 
past [38,39]. Appropriate sites can be selected by paying 
attention to the balance of conservation and utilization, 
while environmental problems can be prevented in ad- 
vance even before they occur by making strategic deci- 
sions on land utilization. Therefore, Environmental Plans 
with scales of 1/25,000, 1/50,000 and 1/100,000 should 
be drafted to outline land utilization decisions and poli- 
cies for agricultural, tourism, residential, industrial and 
transportation etc. purposes, attributing specific roles to 
every specific region in accordance with their respective 
potentials [39].  

Natural and synthetic fertilizers applied to enhance 
fertility of soil and agricultural pesticides cause pollution 
of water sources [39]. The amounts of pesticide used, 
timing and methods of application are quite important in 
terms of giving rise to the problem of pesticide pollution. 
The primary precautions to be taken in order to prevent 
pesticide-induced pollution include use of pesticide only 
when it is strictly necessary, applying them on time and 
in required amounts as outlined in instructions of use, 
practicing integrated methods of prevention like using 
them only on the specific targeted area and avoiding irri- 
gation following application of pesticides [40,41]. It is of 
essence to be careful when using these pesticides, which 
might leave behind residues and pollute the environment 
and keep track of their consequences [39]. 

Another type of pollution resulting from agricultural 
activities occurs due to use of chemical fertilizers con-
taining nitrogen and phosphate. The amount of fertilizer 
to be applied on soil should be restricted as instructed in 
the Regulation on Good Agricultural Practices [42]. Fur-
thermore, soil erosion can be prevented to a significant 
extent by using natural plant nutrients [43,44].  

The geological structure, vegetation cover and dimen- 
sions of the drainage basin as well as the human activi- 
ties present directly impact water quality [45,46]. It is 
important to determine the characteristics of the basin in 
order to evaluate water quality in lakes. This is why the 
seasonal changes in the TN and TP parameters in Lake 
Uluabat were examined following analysis of the load of 
non-point pollutants within the basin-nitrogen and phos- 
phorus. Concentrations were analyzed by taking into 
consideration the mean value of 8 stations established on 

the lake. The highest TN concentrations were observed in 
summer (19.87 mg·L−1) and the lowest in winter (4.84 
mg·L−1). The values measured in autumn and spring were 
7.06 mg·L−1 and 4.98 mg·L−1 respectively. Whereas the 
increased temperature and evaporation increase concen- 
tration rates in summer, there is a declining tendency in 
winter because of the precipitation and resulting surface 
runoff within the basin [47,48]. The maximum TP con- 
centration values were measured in summer (0.275 
mg·L−1) and minimum in spring (0.088 mg·L−1). This can 
be attributed to the increase in algae population because 
of increased photosynthesis and consumption of phos- 
phorus [49,50]. The TP concentrations were measured to 
be 0.089 mg·L−1 and 0.262 mg·L−1 in winter and autumn 
respectively. The seasonal variations in TN and TP con- 
centrations in Lake Uluabat are shown in Figure 4.  

As plant growth is faster in spring and summer months, 
the use of fertilizers and pesticides increases in those 
months and decreases in winter and autumn months. It is 
difficult to make a precise definition of the growth sea- 
son. In the simplest sense, growth season is described as 
the period between the time when the minimum tem- 
perature required for plant growth and development is 
attained and the time the development in question is fi- 
nalized [51]. Another reason why the TN and TP concen- 
trations in Lake Uluabat are high in summer months is 
thought to be due to the increased use of fertilizers and 
pesticides in those months. To ensure high yield and qua- 
lity in agricultural produces, fertilizers containing nitro-
gen and phosphorus are used. Fertilizers are used during 
the growth season of plants [52]. 

4. Conclusion 

In this study, the non-point pollutants of the basin of 
Lake Uluabat were examined and it was found out that 
while the highest TN and TP loads stemmed from live- 
stock breeding in the basin’s area that lies within the 

 

 

Figure 4. Seasonal variations in TN and TP concentrations 
in Lake Uluabat. 
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borders of the Bursa province. It was also found out that 
the increase in pollution observed in the lake in summer 
months was induced by agricultural activities. 
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