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Water pollution

ASSESSMENT OF WATER QUALITY OF EAST PART OF THE
ERGENE BASIN, TURKEY

0. ARKOC

School of Technical Sciencés, Kivklareli University, 39 100 Kirklareli, Turkey
E-mail: orhan.arkoc@kirkiareli.edu.tr

Abstract. Although Turkey, particuiarly the Thrace region, seems to be rich in soil and water resources
in comparison to its location, population growth, pollution caused by industrialisation and possible
global warming threaten the high potential cultivated lands and important water resources. Very rapid
industrialisation process has been occurring in recent years in Thrace, especially in the east part, as in
other regions of Turkey. This development creates many environmental problems. The region is close
to the EU countries which are the most important importers of Turkey and besides it is very near to
[stanbul that comprises approximately 1/7 of Turkish population. Nearness of the region accelerates
development of chemicals and fertilisers used in agricultural and industrial production which have
caused quick pollution of groundwater resources together with housing and industrial wastewaters.
In this study 17 groundwater and 2 surface water sampling points in the Cerkezkoy—Corlu region
of Thrace were chosen. Water samples were collected during a 12-month period. All samples were
analysed for Cu, Fe, Zn, Mn, Cr, Cd, Pb, Ca**, Mg¥, K*, HCO,, SO,, Cl, and NO, ions. Analyses
show that Cu, Cr and Pb contents in some samples exceed TSE, WHO and EPA standards.

Keywords: the Ergene basin, water quality, poliution.

AIMS AND BACKGROUND

Although Turkey, particularly the Thrace region, secems to be rich in soil and water
resources in comparison to its location, population growth, pollution caused by
industrialisation and possible global warming threaten the high potential cultivated
lands and important water resources’.

Very rapid industrialisation process has been occurring in recent years in
Thrace, especially in the east part, as in other regions of Turkey. This develop-
ment creates many environmental problems. Procurement of raw material, water,
energy and qualified labour, which are required by the industry, is easier than in
the other regions. The region is close to the EU countries which are the most 1m-
portant importers of Turkey and besides it is very near to Istanbul that comprises
approximately 1/7 of the Turkish population. Nearness of the region accelerates
development of industry?. Rapid growing industry in the region brings with itself
some environmental problems. In the region, there are 992 industrial operations
with different sizes, particularly within textile and food sector. The economy of the
region has been dependent on industrial and service sectors instead of agriculture.
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Chﬁnncahsamdférﬁhsersusedinagrknﬂﬁnnlandindusnialproducthlhavecaused
quick pollution of ground water resources together with housing and industrial
waﬁemmhx&I%ﬂexmnpk;40000daofﬁceandsunﬂowerandoﬁmrphnmxwhmh
are irrigated from the Ergene river, one of the most important rivers in the region,
are facing with crop losses up to 50% due to water pollution®.

Crop losses caused by pollution are estimated according to the studies in
the region in 1996 and 1997: and are proportioned to total yield which will be
obtained under normal conditions, so yield losses of agricultural producers have
bemﬁdemxnnnedas4396hldce.BT%dnsunﬂo“wrand3096h1wheaﬁ.

Intensive agriculture took place in the study area and more than 500 deep
wells for irrigation result in declination of the water levels’.

W@Rﬁiswxyvﬁalﬁnnaﬂﬂeandcanbealﬁnﬁﬁ%re&nuce&nnenandoﬂmr
living beings. Water quality is influenced by natural and anthropogenic eftects
including local climate, geology, ete., and construction of dams and embankments,
irrigation practices®. Understanding the sources, their interaction, and effects of
‘WMﬁpomnmnsme%mﬂﬂl@rumﬁdhwgmﬂﬁmﬁ§(hwofmemoﬁﬁgmﬁamt
contaminants in the waters are heavy metals such as copper, zinc, lead and chro-
mium?® 2. Copper is known as not being a cumulative systemic poison, however,
large doses (>100 mg) of copper are harmful to humans and might cause central
nervous system disorder and adverse effects on Fe-metabolism that results in liver
damage. Excess copper may also be deposited in the eyes, brain, skin, pancreas
and myocardium®. Lead is a cumulative poison to humans and its major effects
are impairment of hemoglobin and porphyrins synthesis. Zinc causes muscular
wedqm&wsandpmnjnﬂabﬂﬁyandnmmewf(ﬂncnﬂunrwhmhisdﬁchmgedﬁnnl
steel and pulp mills, erosion of natural deposits, causes allergic dermatitis. The use
of fertilisers and pesticides in agricultural operations leaching from septic tanks,
sewage, erosion of natural deposits can cause nitrate pollution. Infants below the
age of six months who drink water containing nitrate in excess of the MCL could
become seriously ill and, if untreated, might die. Symptoms include shortness of
breath and blue-baby syndrome}®.

In the last century, the impest of changing land use patterns has caused stress
on all types of water bodies including those under the ground. Surface water qual-
hynumﬁoﬂngisvaydnmoﬂmﬁto&qmoﬂtmﬂﬂHMleaﬁyﬁmn“.thrunRy
pertaining to shallow coastal aquifers has recently been studied worldwide for
different purposes.
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Mediterrancen Sea

Fig. 1. Location map of the study area

The Thrace region is important for agriculture and industry of Turkey (Fig. 1).
The water systems and qualities must be determined and monitored. Accordmg
to these objectives:

e the origin of the aquifer waters and their relations with contamination sources
in the aquifer are discussed;

e preliminary investigations for water pollution level in the study area are
being carried out.

STUDY AREA

Study area is situated in the north-west of Turkey, which is named as the Thrace
region. While northern part of the study area is mountainous, the other part is a
plain covered with hills with low slopes. Drainage area of the eastern parts of the
Ergene and Corlu rivers constitutes the study area. Organised industrial zones of g
Corlu and Cerkezkoy and European Free Zone (EFZ) are also located in the study ;
arca. Beside these, sunflower and wheat production is the main livelihood for the
inhabitants.

GEOLOGY AND HYDROGEOLOGY

The general geology of the study area is presented in Fig. 2. Geological structures
around the area consist of three main rock groups. Metagranites, schistic gneissic
granites which outcrop at the north of the area, constitute the basement rocks of
the study area. These are overlain unconformably by tertiary aged sedimentary
rocks, marine limestone, gravel stones, sand stones, clay stones, and silt stones.

These rocks outcrop in a large area. Quaternary basaltic volcanic rocks overlie

1646




unconformably the sedimentary rocks. Alluvium constitutes the youngest unit and
covers a large extension in the study area (Fig. 2).

EXPLANATIONS

Uppa
Mrecene

Middte-Uppe EVENE Continata
Qbgocsn EH=U gedinente

Fig. 2. Geological map of the study area

The study area consists of two different physiographical units, which are: flood
plain soils (young and old river terraces), and delta soils. Study area is mainly flat
and slightly sloped. 30% of the land in the study area are used as arable field. Top
soil texture varies from heavy to very heavy soil. Soil colour ranges from brown
to dark brown and shows high plasticity, water absorption and swelling proper-
ties. Main agricultural production in the study area is sunflower, wheat, and corn.
Stockbreeding is also being observed!”.

There are three organ.sed industrial zones (OIZ) in the region. While pro-
duction in the Cerkezkoy )IZ is mainly for electronic and textile products, the
production in the EFZ is fr textile, and it is for leader in the Corlu 0OlZ.

Terrestrial climate dominates in the study area. Annual precipitation average
1s about 509 mm; the maximum is 180.3 mm, the minimum is 72.2 mm. Monthly
temperature average is 12.1°C. Annual potential evaporation is 791.3 mm accord-
ing to the Penmann budget’.

The most important fresh water resources are the Ergene river and the Creek
Corlu in the region. Both of these streams emerge from the Yildiz mountains.
Total drainage area is about 1000 km? till to the flow observation station near the
village Inanli. The other water resources in the region are wells. There are more
than 500 wells in the region which are used for irrigation and drinking. The depth
of these wells ranges from 100 to 150 m. There are no lakes or other natural water
resources in the region.
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15% of the study area are flat, whereas 75% of the area have an undulated
topography. The soil depth ranges between 2-3 m. This area consists of the sedi-
ments of the river Ergene and the Creek Corlu.

EXPERIMENTAL

Sampling. The survey was conducted from May 2003 to April 2004 in two surface
sampling points and 17 groundwater sampling points (Fig. 3). All water samples
were collected every month during the study. Coordinates of the sampling points
were determined by global positioning system (GPS).

EXPLANATIONS
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Fig. 3. Location map of the sample collection wells

Groundwater samples were collected from wells and rivers of Ergene and
Corlu. All the collected water samples were stored in a cooler on ice in the field
and brought to laboratory. Samples can not be analysed in the field or at the lab.
They were immediately transferred to a refrigerator and stored at 4°C. The samples
were preserved according to specific test requirements and immediately analysed
for Cu, Fe, Zn, Mn, Cr, Cd, Pb, Ca?*, Mg, K*, HCO,", A bL o g and NO, ions
according to Ref. 18 (Table 1). All water samples were filtered through Whatman
filter papers before analyses. The pH of the water samples for heavy metal analysis

was adjusted to pH 2 by concentrated nitric acid. Concentrations of Cu, Fe, Zn,

Mn, Cr, Cd and Pb were determined by inductively coupled plasma-atomic emis-

sion spectroscopy (ICP-AE). Calibration was made according to standards and
calibration curve was established. |
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Table 1. Average value of major elements in water resources
Water Sample HCO,- CI-  SO> NO,yN Ca* Mg Na* K+ SAR®
type number (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/ll) (mg/l) (mg/l)
Ground- GKO1 423 80.5 223 88 1223 278 672 0.6 7.76
water GK02 402 122 164 05 475 7.6 5.8 0.9 1.1
GKO03 696 204 442 1.9 74.6 155 324 09 433
GK04 440 89 25 32 66.0 88 192 48 3.14
GKO05 378 190 83 44 654 126 8.9 1.0 1.43
GKO6 375 173 6.2 1.9 3501 64 100 05 1.87
GK07 638 40.8 963 1103 1344 153 463 15 §5.36
GKO08 529 376 153 4.0 1315 192 422 1.1 4.87
GKO09 491 244 108 14 758 158 226 0.0 3.34
GK10 696 28.8 44.2 1.9 746 155 324 09 4.83
GK11 635 410 96.0 1103 1342 113 453 12 5.31
GK12 373 17.0 6.1 2.0 48.0 6.1 9+ 2 LTH
GK13 489 244 107 1.6 755 159 228 0.6 3.37
GK14 520 374 152 3.5 1314 182 412 1.0 4.76
GKI15 445 1.8 2.2 3.0 6638 92 194 4.6 Sl
GK16 404 11.8.. 16.2 1.2 472 7.0 50 1.2 0.96
GK17 375 190 8.0 40 650 124 g2 09 124
Surface  GNOI - 1984 395 * 780 20.7 1598.5 36.7 227.55
water GNO2 * 14176 425 * 580 18.2 12785 10.9 207.13

* Average sodium absorption rates.

The pH and electrical conductivity (EC) of the samples were measured at
sampling site using WTW-multi parameter instrument.

RESULTS AND DISCUSSION
QUALITY OF CHEMICAL DATA

In order to ascertain the quality of the chemical data before manipulation, ionic
balance error is being checked, which is explained as follows™*:
¥ cations — X anions

reaction error = e - x 100
Z (cations — anions)

where X cations is the sum of concentrations of cations (meq I') and £ anions — the
sum of concentrations of anions (meq 1').

If the reaction error of chemical data set is greater than 10%, the quality of the
analysis is questionable. In this study, reaction errors are given in Fig. 4. All the
reaction errors are within the 10% range. Therefore, the quality of the chemical
data is acceptable according to ionic balance criteria.
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Fig. 4. lonic balance reaction error

ANIONS AND CATIONS

Average values of major anions and cations measured during the 12-month pe-
riod are presented in Table 2. The results were plotted on the Schoeller and Piper
diagrams (Figs S and 6). According to the Piper diagram, all the samples except
surface waters are rich in Na and HCO,. The Schoeller diagram (Fig. 5) shows
that samples 1, 7, 8, 11 and 14 are rich in Ca, Mg, Na and HCO,, and samples 5
and 12 are rich in Ca, Mg and HCO,

1000 Legend
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Fig. 5. Chemical analysis of water of the study area plotted on the Schoeller diagram
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Table 1. Average value of major elements in water resources
Water Sample HCO,~ CI- SO NO,N Ca* Mg* Na’ Kt SAR’
type number (mg/l) (mg/l) (mg/) (mg/l) (mg/l) (mg/!) (mg/l) (mg/l)
Ground- GKO1 423 80.5 22.3 8.8 1223 278 672 06 776
water GKO02 402 122 164 0.5 475 7.6 58 09 1.11
GKO03 696 294 442 1.9 746 155 324 0.9 4383
GK04 440 gy 25 32 66.0 88 192 48 314
GKO5 378 190 83 44 654 126 89 1.0 143
GKO06 375 173 6.2 1.9 50.1 6.4 10.0 0.5 1.87
GKO07 638 40.8 963 1103 1344 153 463 1.5 3.36
GKO08 529 3746 153 40 1315 192 422 1.1 4.87
GKO09 491 244 10.8 1.4 758 158 226 0.6 3.34
GK10 696 28.8 44.2 1.9 746 155 324 09 4.83
GKI11 635 41.0 96.0 1103 1342 113 453 1.2 5.31
GK12 373 128 H.1 2.0 48.0 6.1 92 02 177
GK13 489 244  10.7 1.6 755 159 228 06 3.37
GK14 520 37.4 152 35 1314 182 412 1.0 4.76
GK15 445 79 22 3.0 668 9.2 194 4.6 3.15
GK16 404 11.8  16.2 12 472 7.0 50 1.2 0.96
GK17 375 19.0 &0 40 650 124 g2 09 1.22
Surface  GNOI . 1984 395 * 780 20.7 1598.5 36.7 227.55
water GNO2 *  1417.6 425 * 580 182 12785 109 207.13

*Average sodium absorption rates.

The pH and electrical conductivity (EC) of the samples were measured at
sampling site using WTW-multi parameter instrument.

RESULTS AND DISCUSSION
QUALITY OF CHEMICAL DATA

In order to ascertain the quality of the chemical data before manipulation, ionic
balance error is being checked, which is explained as follows':
2 cations — X anions

reaction error = — , x 100
% (cations — anions)

where ¥ cations is the sum of concentrations of cations (meq ') and ¥ anions — the
sum of concentrations of anions (meq I!).

If the reaction error of chemical data set is greater than 10%, the quality of the
analysis is questionable. In this study, reaction errors are given in Fig. 4. All the
reaction errors are within the 10% range. Therefore, the quality of the chemical
data is acceptable according to ionic balance criteria.
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Fig. 6. Chemical analysis of water of the study area plotted on the Piper diagram

Table 2. Average value of minor element in water resources

Water Sample Cu Fe Zn Mn Cr Cd Pb

type number (mg/l)  (mg/l) (mg/)  (mg/l)  (mg/l) (mg/1) (mg/1)
Ground- GKO01 0 0.040083 0.00125 0 0 0.002583 0.305917
water  GK02 0 0.2605 0 0.027667 0.022417 0.003833 0.086167
GKO03 0 0.118667 0 0.02075 0.09425 0.015583 0.163083
GK04 0 0.068333 0 0.0095 0 0 0
GKO05 0 0.1312727 0 0 0 0 0
GKO06 0 0 0 0.011167 0.156417 0.01225 0.26475
GKO07 0 0.182833 0.69875 0.00325 0.137 0.01425 0.14675
GKO08 0 0.031333 0.037083 0 0 0 0.436083
GKO09 0 0.137333 0 0 0 0 0
GK10 0 0.129455 0 0.022667 0.09425 0.015583 0.163083
GKI1 0.0 0.281333 0.69875 0.00325 0.137 0.01425 0.14675
GKI12 00 o, 0 0.012182 0.156417 0.01225 0.26475
GKI13 0 0137333 0 0 0 0 0
GK14 0 0.031333 0.037083 0 0 0 0.436083
GKI15 0 0.068333 0 0.0095 0 0 0
GK16 0 0.2605 0 0.027667 0.022417 0.003833 0.086167
GK17 0 0.146667 0 0 0 0 0
Surface  GNO1 134 1.86 0.242 0 0 0.211
water  GNO2 1.52 227 0.271 0 0.248 0.222

Groundwater can be rich with an
tion of rocks. The cation exchange or

y ion depending on the chemical composi-
der in the Schoeller diagram, which is Ca>

Mg> Na + K, represents waters from litology of dolomites, marns, sandstones
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and clays. The aquifer in the study area is composed of sedimentary rocks of the
Ergene basin. The lithology changes within rocks, change of ions can particularly
affect the properties of groundwater?'. Clayey parts of the aquifer absorb Cl 1ons
and reduce the concentration in the groundwater. High Ca ion concentration results
from the limestone which is among the clastic forming the alluvium aquifer located
in the north of the region. The high Cl concentration in the surface waters shows
that these waters are polluted externally. Especially, this is caused by the fact that
the factories in the region direct their waste waters to the Creek Corlu. The high
nitrate concentration in the 7th and 11th wells again shows that these wells were
polluted. According to the EPA standards, nitrate concentration value should be
10 mg/l in potable water, and according to TS 266 and WHO, it should not be
over 50 mg/l. High nitrate values may cause fatal ilinesses especially for babies'.
The reason of the pollution in the region is thought to result from the agricultural
activity and the use of fertilisers.

The pH values in the wells range from 6.8 to 7.1 and those in the surface
waters — from 7 to 7.1. The electrical conductivity (EC) is a valuable indicator
of mineral dissolved in water. The EC values range from 1051 to 381 p<Q. The
recommended value of EC for potable water is 2500 p€2 (Ref. 22).
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Fig. 7. The Wilcox diagram for irrigation classification of the water

According to the Wilcox diagram, waters of wells 2,4, 5,6,9,12,13, 14, 15
and 16 are classified as ‘excellent to good’, samples of wells 1, 3,7, 8, 10 and 11
are classified as ‘good to permissible’. Surface waters with very high Na values
are not suitable for irrigation.

Average sodium absorption ratios (SAR) are between 0.96 and 5.36 (Table 1)
in the area. SAR values of surface waters are higher than those of groundwater.

1652




The hardness of water can naturally range from zero to hundreds of milligrams
per liters (or parts per million). Waters with a total hardness of 100 to 500 mg/l are
in the limits®. In this study, water samples are between 144.98 to 419.86 mg/l.

TRACE ELEMENTS AND HEAVY METALS

Cu, Fe, Zn, Mn, Cr, Cd, and Pb analysis of water samples are done and compared
with standard values for potable water suggested by US EPA (Ref. 14), WHO(1970)
and TSE (Ref. 23) (Table 2) Cu values of surface waters exceed US EPA and WHO
limits ranging from 1.34 to 1.52 mg/l, Fe values of wells 2,3,3,7,9,10, 11, 13,
16 and 17 exceed WHO limits. While wells 2, 11 and 16 also exceed TSE limits,
surface samples GNO1, GNO2 exceed all US EPA, WHO, TSE standard values.

Total cromium values of wells 6,7,11 and 12 also eéxceed US EPA, WHO,TSE
limit values, while wells 3, 10 and 16 exceed only WHO and TSE limits. Cd valyes
of wells 3, 6, 7, 10, 11 and 12 and surface water sample No GNO2 exceed all the
limits of the standards mentioned, ranging from 0.12 to 0.015 mg/l.

Pb values of wells 1, 3, 6, 7. 8, 10, 11, 12 and 16 and surface waters GNO1
and GNO2 are above the limits. Especially, wells 8 and 14 had an average value
of 0.43 mg/l which is 28 times greater than those permitted by EPA for potable
water. Possible reasons for Pb and Cr contamination are the textile industry and
untreated wastewaters of fibre dying directed to the Creek Corlu. Effiluent discharge
from textile and dyestuff industries to nej ghbourhood water bodies and wastewater
treatment systems cause significant health concerns.

CONCLUSIONS

Waters sampled from aquifers of east part of the Ergene basin generally showed
different properties.

¢ According to the Schoeller diagram, surface waters were rich in Na* and Cl,
and this situation seems to reveal that these waters are contaminated from outside
agents. One of the possible reasons for this contamination is that wastewaters of
textile factories are directed to the Creek Corly.

* The high nitrate concentration in the 7th and I1th wells shows that those
wells were contaminated. According to the EPA standards, nitrate concentration
value should be 10 mg/1 in potable water, and according to TS 266 and WHO, it
should not be over 50 mg/I. High nitrate values may cause fatal illnesses especially
for babies (EPA). The reason of the pollution in the region is thought to result from
the agricultural activity and the misuse of fertilisers.

e Cu values ranging from 1.34 to 1.52 mg/1 of surface waters exceed US EPA
and WHO limits, Fe values of wells 2,3,5,7,9,10, 11, 13, 16 and 17 exceed
WHO limits, while wells 2, 11 and 16 also exceed TSE limits, surface samples
GNO1, GNO2 exceed all US EPA, WHO,TSE standard values.
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e Total chromium values of wells 6, 7, 11 and 12 also exceed US EPA, WHO,
TSE limit values, while wells 3,10 and 16 exceed only WHO and TSE limits, Cd
values of wells 3, 6, 7, 10, 11 and 12 and surface water sample No GN02 exceed
all the limits of the standards mentioned, ranging from 0.12 to 0.015 mg/1.

¢ Pb values of wells 1, 3,6, 7, 8, 10, 11, 12 and 16 and surface waters GNO1
and GNO2 are above the limits. Especially wells 14 and 8 had an average value
of 0.43 mg/l which is 28 times greater than those permitted by EPA for potable
water. Possible reasons for Pb and Cr contamination are untreated wastewaters of
fibre dying industry directed to the Corlu river.

¢ Up to now, we have not had important environmental problems in the study
area, but some of the water analyses show some heavy metals such as Cr, Pb, Cd,
Cu and Fe. Also according to the Wilcox diagram surface waters are not suitable
for irrigation due to high Na concentrations. This may negatively affect the quality
of the agricultural products which are irrigated with those waters. Moreover, the
use of those waters for drinking may cause several different health problems for
the people in the region. Therefore, more cautions must be taken into consideration
for agriculture and habitats in the study area.
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