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The aim of this study was to investigate the effects of domestic 
waste on aquatic bacterial distribution in the Meric River located 
in the city centre of Edirne (Turkey). For this purpose, total mes-
ophilic aerobic bacteria, total coliform, faecal coliform, and Es-
chericia coli bacteria were examined in the river. Also, some phys-
icochemical features (water temperature, dissolved oxygen, pH, 
conductivity, total hardness, magnesium, calcium, orthophos-
phate, nitrite nitrogen and nitrate nitrogen) were measured at 
the same time with bacterial sampling. The Spearman correlation 
index was used to evaluate the correlation between the bacterial 
distribution and environmental features. According to the results 
of the index, it was found that bacterial distribution related with 
some environmental variables, but overloading of wastewaters 
from settlements lead to bacterial contamination. Furthermore, 
bacterial and physicochemical datasets were grouped using some 
multivariate analysis techniques (cluster analysis, principle com-
ponents, and correspondence analysis). The  results grouped 
the sampling localities by their bacterial, including physicochem-
ical, features.
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INTRODUCTION

People take water from the  hydrological circle, 
use it and then return it back to the  circle after 
changing its physicochemical and bacteriological 
features. Rapid growth of population of the  re-
cent years, industrial developments, and agricul-
tural activities lead to water pollution in aquatic 
ecosystems. The  increasing demand for clean 
water resources requires monitoring of fresh wa-
ter. Awareness of current biological and phys-

icochemical properties of water resources is very 
important for ensuring their sustainable use. In 
recent years, coliform bacteria have been used as 
indicator microorganisms to determine the qua-
lity of surface waters. Their distribution can also 
change depending on such environmental para-
meters as temperature and pH (Lindstrom et al., 
2005). Also, E. coli bacteria is known as a pollution 
indicator species in aquatic environments (Ke-
nar, Altindis, 2001). Although inland waters have 
some microorganisms naturally, other microor-
ganisms from soil, air, and settlements can also 
enter aquatic environments. Thus the inclusion of 
bacteria of a water resource can increase.
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The Meric River has its origin in Bulgaria, 
enters Turkey in the  city of Edirne, and flows 
into the  Aegean Sea from Saros Bay. The  river 
forms the  border between Greece and Turkey. 
Before becoming the  border, the  Meric River 
flows through the  centre of Edirne. This study 
investigated the effects of domestic waste waters 
from Edirne on bacterial distribution, including 
the Meric River. Also, some multivariate analysis 
techniques were used to evaluate datasets of en-
vironmental and bacteriological findings.

MATERIALS AND METHODS

The sampling area
The city centre of Edirne is located in the Euro-
pean part of Turkey (Turkish Thrace). The Meric 
River (the Maritsa River in Bulgarian; the Evros 
River in Greek) enters the  city from Bulgaria 
and passes through the city centre. The river is 
the border between Greece and Turkey, then it 
flows into the Aegean Sea after making a class A 
wetland in both Turkey and Greece. Five differ-
ent stations on the Meric River located on Edirne 
city centre were chosen for this study. Sampling 
was done at monthly intervals during the period 
from December 2012 to May 2013. Station 1 was 
located at the spot where the river enters the city 
centre. Station 2 was based in a locality partly af-
fected by people. Station 3 was positioned near 
the  area where the  wastewaters of Edirne are 

discharged into the river. Station 4 was located 
in a sparsely populated area, and station 5 was 
placed relatively far from the  city centre com-
pared to other stations (Fig. 1).

Sampling was made to obtain the  number 
of total mesophilic aerobic bacteria (TMAB), 
total coliform bacteria (TCB), faecal coliform 
bacteria (FCB), and E.  coli bacteria by using 
the membrane filtration method. For this aim, 
dilutions between 10–2 and 10–6 were used for 
bacterial incubation (Halkman, 2005). The R2A 
agar was used for total mesophilic aerobic bac-
teria (at 37 ± 0.1°C, 24 hours), Endo-NKS (Sar-
torius) agar was used for total coliform bacteria 
(at 37 ± 0.1°C, 24 hours), and mFC-NKS (Sar-
torius) nutrient pad systems were used for fae-
cal coliform bacteria (at 44.5 ± 0.1°C, 24 hours). 
E. coli bacteria were identified biochemically by 
using the IMVIC test.

Furthermore, some environmental variables 
(water temperature, dissolved oxygen, pH, con-
ductivity, total hardness, calcium, magnesium, 
salinity, chloride, o-PO4, NO2-N, NO3-N) were 
measured during bacterial sampling. While 
some parameters (water temperature, dissolved 
oxygen, pH, and conductivity) were measured 
during field studies, the others were measured 
in a laboratory through the application of clas-
sical chemical methods (Egemen, Sunlu, 1999).

Spearman correlation index was applied to 
determine the correlation between the bacteria 

Fig. 1. Locations of the sampling stations
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and environmental features (Krebs, 1999). Also, 
some multivariate statistical techniques (cluster 
analysis, correspondence analysis, and principal 
component analysis) in Microsoft Office Ex-
cel 2003 and SPSS 9.0 for Windows were used to 
evaluate the datasets. Cluster analysis was used 
to evaluate similarities between the  sampling 
stations and the results were supported by prin-
ciple component analysis. Thus, the datasets of 
environmental parameters and bacteriological 
findings were grouped.

RESULTS AND DISCUSSION

Total mesophilic aerobic bacteria can occur 
both in aquatic environments and in land area. 
Total coliform bacteria, including faecal coli-

forms, are common in aquatic ecosystems but 
the numbers should be limited.

It was determined in this study that the num-
bers of bacteria ranged between 8.6 × 104 and 
1.2  ×  107  cfu/100  mL for TMAB, between 
6.0  ×  103 and 4.8  ×  106  cfu/100  mL for TCB, 
and between 3.3 × 102 and 3.9 × 105 cfu/100 mL 
for FCB (Fig. 2). The results found were at an 
expected level of bacteria in aquatic environ-
ments, because TCB includes FCB, and TMAB 
includes both of them.

According to the  bacterial findings at 
the  sampling stations, including TMAB, TCB, 
and FCB, station 3 was found to have the high-
est bacterial numbers (Fig.  3). The  findings 
were supported by cluster analyses (Fig.  4). 
Also, the  results were grouped by principle 

Fig. 2. Bacteria numbers at monthly intervals

Fig. 3. Distribution of faecal coliform bacteria at the sampling stations
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component analysis and correspondence analy-
sis (Figs. 5, 6).

E. coli bacteria was found in all sampling sta-
tions, which indicates bacterial contamination 
from settlements. It is known that this bacte-
ria lives in the digestive system of humans and 
warm-blooded animals. Therefore, the findings 
of E. coli bacteria in the study confirms bacte-
rial contamination of the river.

Furthermore, it was observed that the num-
bers of TCB and FCB in some sampling sta-
tions decrease due to low oxygen values. In this 
study, it was observed that the  water tempera-
ture ranged between 4.5°C and 22°C, pH values 
ranged between 7.4 and 8.4, conductivity ranged 
between 172  µS/cm and 798  µS/cm, dissolved 

oxygen ranged between 1.9 and 11 mg/L, total 
hardness ranged between 9.8°Fr and 29°Fr, phos-
phate values ranged between 0.05 and 0.8 mg/L, 
and nitrate nitrogen values ranged between 2.5 
and 90 mg/L (Table 1, 2). No nitrite nitrogen was 
found at the sampling stations.

Physicochemical features like temperature, 
pH, conductivity, dissolved oxygen, nutrients, 
and light can affect bacterial distribution in water 
resources. Temperature is a very important fea-
ture which affected the distribution and growth of 
bacteria in water ecosystems (Arda, 2000). Also, 
temperature affects a  lot of physicochemical re-
actions in water. Metabolic activities in microor-
ganisms are related with pH values (Koru, Cirik, 
2003). Keeton et al. (2003) reported that bacteria 

Fig. 4. Results of clus-
ter analysis for bacterial 
distribution including 
the  environmental fea-
tures at the  sampling 
stations
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Fig. 5. Results of corre-
spondence analysis for 
bacterial distribution and 
environmental features at 
the sampling stations

Fig. 6. Results of principle 
component analysis for bac-
terial distribution at the sam-
pling stations
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Table  1 .  The average values of physicochemical properties at the sampling stations

STATIONS → Parameters Station 1 Station 2 Station 3 Station 4 Station 5 Average
*WT (°C) 11 11 11 11 11 11

*EC (µS/cm) 249 405 315 523 475 393
pH 7.9 8.0 7.8 8.0 8.1 7.9

*DO (mg/L) 5.5 5.7 5.2 5.4 5.6 5.48
*TH (°Fr) 18 20 16 25 22 20.2
Ca (mg/L) 54.6 58.31 54.5 53.17 56.25 55.36
Mg (mg/L) 13.23 16.75 13.81 24.05 19.11 17.39

o-PO4 (mg/L) 0.526 0.344 0.447 0.231 0.265 0.362
NO3-N (mg/L) 20.72 31.78 8.86 42.06 40.46 28.76

* (WT – water temperature; EC – conductivity; DO – dissolved oxygen; TH – total hardness)

Table  2 .  The average values of physicochemical parameters at monthly intervals

Months → Parameters December January February March April May
* WT (°C) 5.3 5.3 6.8 7.1 18.1 22.2

* EC (µS/cm) 395 288 365 290 471 591
pH 7.8 8.5 8.2 7.7 7.6 7.9

* DO (mg/L) 6.5 9.2 4.8 2.3 2.1 8.4
* TH (°Fr) 20 29 18 15 20 18
Ca (mg/L) 60.1 74.9 52.8 50.5 55.3 49.9
Mg (mg/L) 11.1 25.4 15.1 10.8 16.9 16.3

o-PO4 (mg/L) 0.09 0.23 0.47 0.69 0.34 0.33
NO3-N (mg/L) 73.1 7.17 17.9 33.8 16.8 23.6

* (WT – water temperature; EC – conductivity; DO – dissolved oxygen; TH – total hardness)

have maximum growth at pH values in the range 
of 6.5 to 7.5. Dissolved oxygen and conductivity 
are very important parameters in determining 
biological distribution in the water.

According to Spearman correlation index, 
this study found that bacterial distribution had 
a  positive correlation with conductivity, but it 
had a  negative correlation with total hardness. 
Also, it was determined that the numbers of TCB 
at station 1 were correlated with magnesium 
(r = +0.88, p < 0.05) and phosphate (r = –0.82, 
p < 0.05); the numbers of TCB at station 3 were 
correlated with conductivity (r = +0.94, p < 0.05) 
and pH (r = –0.82, p < 0.05); the numbers of TCB 
at station 4 were correlated with pH (r = +0.81, 
p < 0.05), dissolved oxygen (r = +0.88, p < 0.05); 
the numbers of TMAB at station 5 were corre-
lated with pH and dissolved oxygen (r = +0.82, 
p < 0.05). No statistical significance was found 

between the  other measured parameters and 
numbers of bacteria (p > 0.05).

Although it was reported in previous stud-
ies that seasonal changes in temperature had 
correlations with the  distribution of bacte-
rial counts in aquatic environments (Swiatecki, 
1997; Altinoluk-Mimiroglu, Camur-Elipek, 
2017), the  relation between bacterial counts 
and temperature was not found statistically 
meaningful. This situation can be explained by 
allochthonous bacteria in the river. When low 
temperature values were measured in the river, 
the  number of bacteria could increase due to 
waste waters from the city.

Similar to the findings of our study, the con-
ductivity and phosphate have positive corre-
lations with heterotrophic bacteria counts in 
a  previous study by Altinoluk-Mimiroglu and 
Camur-Elipek (2017). 
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According to the  results of multivariate 
analysis, it was found that stations 2 and 5 were 
the most similar to each other (with the simi-
larity rate of 94% for cluster analysis) and sta-
tions 1 and 3 were the most different (the simi-
larity rate of 10%) with regard to the  existing 
bacteria (Fig.  1). Although it was found that 
stations 1 and 3 had the highest similarity rate 
according to the  environmental parameters, 
these stations differed the most regarding bac-
terial distribution. Such a situation can be ex-
plained by external bacteria loaded to the river.

Bacteriological findings in this study em-
phasize that polluted material that enters to 
the  River has to be controlled. particular, an-
thropogenic activities related to aquatic eco-
systems affect the bacteria and these activities 
do not permit to autochthonic effects of en-
vironmental factors. In this study it was also 
observed that bacteria at station 3 consisted of 
wastewater system that enters the river without 
control (Fig.  4). Consequently, an increase in 
FCB leads a  limited water usage, it should be 
emergency prevents for the  River. Erosional 
material from the  flooded river can transport 
bacteria and nutrients into the river. Therefore, 
to provide sustainable usage of the  River, un-
controlled discharges and overloaded can be 
prevented immediately.
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BUITINIŲ ATLIEKŲ POVEIKIS VANDENS 
BAKTERIJŲ PASISKIRSTYMUI MERICOS 
UPĖJE (EDIRNĖ, TURKIJA)

Santrauka
Gyventojų skaičiaus didėjimas, pramoniniai poky-
čiai ir žemės ūkio veikla sukelia taršą vandens eko-
sistemose. Augant gero vandens paklausai, būtina 
stebėti gėlo vandens telkinius. Siekiant užtikrinti 
jų tvarų naudojimą, labai svarbu žinoti esamas bio-
logines ir fizines-chemines vandens išteklių savy-
bes. Šio tyrimo metu buvo tiriamas buitinių atliekų 
poveikis vandens bakterijų pasiskirstymui Mericos 
upėje, esančioje Edirnės miesto centre (Turkija): 
buvo paimti bakteriniai mėginiai, matuojamos fizi-
nės-cheminės vandens savybės. Spearmano korelia-
cijos indeksu buvo vertinamas santykis tarp bakteri-
jų pasiskirstymo ir aplinkos savybių. Nustatyta, kad 
bakterijų pasiskirstymas yra susijęs su kai kuriais 
aplinkos kintamaisiais, tačiau gyvenviečių nuotekos 
sukelia bakterinę taršą. Bakteriniai ir fiziniai-che-
miniai duomenys buvo sugrupuoti naudojant kai 
kurias daugialypės analizės metodikas (klasterių 
analizę, pagrindinių komponentų ir atitikties ana-
lizę). Gauti rezultatai padėjo suskirstyti mėginių 
ėmimo vietas pagal bakterines ir fizines-chemines 
savybes.

Raktažodžiai: buitinės atliekos, aplinkos ypaty-
bės, vandens kokybė


