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Abstract

Inthis study, an approach was developed for natural background concentration determination of metals and
metalloids (Ag, Al, As, B, Co, Cr, Cu, Fe, Sb, Sn, V, Zn, T1, Cd, Ni, Pb and Hg) listed in By-law on Surface
Water Quality (OG: 30.11.2012/28483) as priority substances or specific pollutants. Gediz River Basin was
selected as a pilot area and seasonal monitoring studies were conducted in the selected surface waters during
2015-2016. For determination of NBC, it is necessary to distinguish whether the presence of metals detected
in the receiving environment is natural or anthropogenic. In this context, anthropogenic sources were
monitored and evaluated according to the pollution contribution of each pressure, natural sources of
investigated metals were considered according to mining activities and geothermal source distribution. A
methodology was developed and applied by indicating the relative contribution of pollutant resources and
whether critic value was exceeded or not. Pollution contribution was calculated representing the relative
effect of anthropogenic sources. This approach was found suitable for determining NBC and could be
helpful for decision makers by establishing critical factors (e.g. which facility should be established where;
which plant can discharge its pollutant in which amount; what kind of precautions should be taken in
agricultural activities; as well as how to reduce the pesticides used) while comparing the effect of pollution
sources.

Keywords: Metals, surface waters, water quality, natural background concentration,
environmental guality standards

Oz

Bu ¢aligmada, Yerusti Su Kalitesi Yonetmeligi'nde (RG: 30.11.2012/28483) ver alan oncelikli maddeler
ve Pb ve Hg i¢in dogal arka plankonsantrasyonlarinin belirlenmesine yonelik bir yaklasgim geligtinilmigtir.
Bu amagla Gediz Nehir Havzasi pilot havza olarak se¢ilmis ve belirlenen yizey sular1 2015-2016 villan
arasinda mevsimsel olarak izlenmigtir. Dogal arka plan konsantrasyonlarinin belirlenmesi igin, alici
ortamda tespit edilen metallerin varliginin, dogal kaynakh mi yoksa antropojenik kaynakli m1 oldugunu
ayirt etmek gerekmektedir. Bu kapsamda, antropojenik kaynaklar i¢in olasi her baskinin kirlilik katkist



1zleme ¢alismalan yapilarak incelenmis; dogal kaynaklar i¢gin madencilik faaliyetleri ve jeotermal
kaynaklarin dagilimi degerlendirilmigtir. Antropojenik kaynaklarin kirletici etkisinin tespit edilmesi ve
buna bagli olarak Dogal arka plan konsantrasyonlarimin belirlenmesi igin kirlilik katk: yuzdesinin
hesaplandigi bir metodoloji ortaya konmustur. Geligtirilen bu yaklagimla, yuzey sularinda dogal arka plan
konsantrasyonlart belirlenebilmekte ve kirlilik kaynaklarinin alici ortam tuzerindeki etkisi ayurt
edilebilmektedir. Buna bagl olarak, gelistirilen yaklagimin, karar vericilerin kritik kararlan (hangi tesisin
nerede kurulmasi gerektidi, hangi tesisin ne oranda kirletici desarj edebileced, tarimsal dretimde ne gibi
onlemlerin alinmasi gerektigi, kullanilan zirai miicadele ilaglarimin ne oranda azaltilmasinin uygun olacagi
gibi) almasina yardimer olacag dugtintlmektedir.

Anahtar kelimeler: Meialler, yiizey sulari, su kalitesi, dogal arka plan konsantrasyonu, cevre
kalite standardi

Introduction

Natural background concentration (NBC) is defined as the concentration of a
chemical substance originating from natural and geological processes (EC, 2011). It is
identified by the presence of chemical substances in the receiving water body as a result
of natural processes joining the water either through point and diffuse sources.
Determination of NBC of a pollutant in the water body has great importance while
determining the Environmental Quality Standard (EQS) for that specific pollutant in order
to define ‘good ecological and chemical status” and to improve the water quality. NBC of
pollutants in the water bodies varies according to typology, geology, geography of the
watershed and to physical, chemical and biological features of the groundwater.

In the European Water Framework Directive (WFD; 2000/60/EC) (EC, 2000), the
environmental objective is to achieve good surface water status in all Member States. For
this purpose, environmental quality standards have been issued, either by the European
Commission for priority substances, or by the Member States for river basin specific
pollutants. In case of non-compliance with the standard, Member States are allowed to
take account of NBCs or bioavailability. Thus, determination of NBC for relevant
substances (e.g. trace metals) is required. WFD allows a correction for NBC only for
metals though some organic contaminants also have a natural origin. WFD does not
necessitate the derivation of NBC; therefore, each country can derive their own NBC.

In Turkey, Turkish By-law on Surface Water Quality (OG:30.11.2012/28483)
covers metal and metalloid parameters of Ag, Al, As, B, Co, Cr, Cu, Fe, Sb, Sn, V, Zn,
Ti, Cd, Ni, Pb and Hg either as priority substances listed in Table 5 or specific pollutants
listed in Table 4 of Annex 5 for determination of NBC.

Several methods have been proposed to derive NBC of trace metals for surface
waters such as 1) the clean streams approach (based on measurements in relatively
undisturbed aquatic systems); i1) the sediment approach (based on the composition of
sediments and equilibrium partitioning); i11) the spring of surface water (based on natural
background level based on groundwater background concentrations); iv) monitoring data
approach, and v) stable summer levels as ambient background concentration (Oste et al.,
2011). For instance, NBC for Dutch surface waters are derived according to the clean
streams approach for As, Ba, Be, Cd, Cr, Co, Cu, Pb, Hg, methyl-Hg, Mo, Ni, Se, Ti, Sn,
V. and Zn and published in the Dutch 4" National Water Plan (1998). In UK, monitoring
data approach was applied for derivation of ambient NBCs of metals (Peters et al., 2010).



In this study, 40 monitoring stations on surface waters were seasonally (4 periods)
monitored during 2015-2016. Simultaneously, municipal discharges (29 points) and
industrial discharges (54 points) sources were also monitored to determine the effect of
point sources on the ambient water quality. For determination of NBC, a novel approach
was developed since the inadaptability of existing data to present NBC determination
methods used by other countries. Before developing a new approach, the suitability of
present methods was investigated. Among the referred methods, “clean streams
approach” and “monitoring data approach™ seemed more appropriate for NBC
determination. However it was recognized that these methodologies were not suitable
when considering the available data. Clean streams approach, developed and described
by Zuurdeeg et al. (1992) and used in the Netherlands, is based on the principle of water
quality of the upstream waters in relatively unpolluted regions. However in this study,
only one point among the receiving body monitoring points could be characterized as an
upstream point although it was not a representative point for the entire basin. In
monitoring data approach, based on a document of the Environment Agency and used in
the UK, there should ideally be a minimum of 5 continuous monitoring data on at least
50 stations for derivation of NBC (Peters et al., 2010). But in this study, obtained
monitoring data was not sufficient to apply the aforementioned methods. Therefore,
instead of using pre-referred approaches, a new methodology was developed to calculate
NBC values by taking into account the natural and anthropogenic sources affecting the
surface water bodies. Relatively unpolluted monitoring points were selected and the
pressures affecting the water quality at these points were investigated. Pollution caused
by each pressure on the corresponding receiving water was evaluated by using its
contribution ratio regarding pollution load. If the receiving body was identified as highly
polluted due to a point source, the monitoring point at this receiving body was not taken
into consideration for the assessment of NBC, and the rest of the monitoring stations were
evaluated by considering their proximity to the existing geologic formation and mining
sites.

Although several studies have been proposed for the determination of metal
contamination in surface waters, sediments and biota samples in Gediz River Basin
(Bizsel et al., 2017; Suzer et al., 2015; Aydin and Kucuksezgin, 2012; Kucuksezgin et al.,
2008), these studies were subjecting the presence of metals and investigating the source
metal pollution. However for NBC determination, there is still a lack of studies for both
Gediz River Basin and Turkey. This study aims to develop a methodology for determining
NBC for metals in surface waters. In that sense, it might be considered as a pioneer study
for presenting an approach for NBC determination in Turkey. A method was set
considering both natural and anthropogenic effects on water quality. For natural effects,
mining areas and geothermal wells were taken into consideration while municipal and
industrial wastewater discharges and solid waste dumping sites were evaluated for
assessing the anthropogenic effect.



Method
Study Area

Gediz River Basin covers the region between Northern Aegean, Susurluk and
Kucuk Menderes River Basins, located in the western part of Turkey discharging its
waters via Gediz and its branches to Aegean Sea that is an elongated bay of Mediterranean
Sea. The basin area is 1,703,394 ha and it covers 2.17% of Turkey. Gediz River has a
length of 275 km, and its vearly average water potential is calculated as 2,270 hm? or 126
mm. Four sub-basing are determined by considering hydrologic and topographic
conditions of the basin (MoFWA, 2015). The sub-basins are listed from upstream to
downstream as 1) Upper Gediz, 11) Alasehir Stream, 111) Gordes-Gurduk Stream and 1v)
Lower Gediz. The map demonstrating the sub-basins is provided in Figure 1.

Gediz River Basin has a great importance due to intensive industrial and agricultural
activities. Textile, food, leather, food processing, construction materials, dairy, meat and
poultry processing and manufacturing of agricultural vehicles are the predominant
industries in the basin (MoFWA, 2017). Especially the sub-basins of Lower Gediz and
Nif Stream are the main industrialized regions. In terms of agricultural activities, 50% of
the basin area 1s used for the cultivation of different agricultural products mainly includes
grape, cherry, olive, tomato, walnut and cotton (MoFWA, 2017, MoFAL, 2016).

Sub-basins of Gediz River Basin (Political)

Gordes-Gurddk

River Subbasin
u
|

\

300N

5% 1 of

38°300N

e s @
Turmiliu 5K
B Tl

WO0N

27°00E 2800°E 2 0TE

o
N
Legend ]
Provinee and District Center Populution Alageri Toer Dusbiak S b
I 20w W & Girdes Glatla NMiver Sebbash
. o 10 20 40 80 80
® -loooe 7, waperUanz semasn — A,
[ oerstawmsees Prepared by TUBITAK WRG ECPI GIS Offoa (May 2017
Diats Saurse: Minstry of Fotesiry and Water Afairs, TUBITAK MRC

# 1000 100,000 Liwer Geds i

Figure 1. Sub-basins of Gediz River Basin.



Monitoring Program

Within the scope of this study, 40 stations in the mainstream and tributaries of Gediz
River were seasonally monitored during the periods of 01-18 November 2015 (autumn),
01-17 February 2016 (winter), 02-17 May 2016 (spring) and 01-19 August 2016
(summer). Surface water monitoring programs were determined by taking into
consideration 1) the previous points of a discharges such as industrial facilities, urban
discharges and urban wastewater treatment plants’ (WWTPs), i1) if there was a new
branch combining with main stream, both a point on this new branch and another point
after their combination were chosen, 1ii) if there was a dam, points on branches both
entering and leaving the dam were chosen, 1v) if there was a possibility for reaching
relatively clean conditions, points such as origins of streams were selected. Monitoring
stations are presented in Figure 2. Metal parameters of Ag, Al, As, B, Co, Cr, Cu, Fe, Sb,
Sn, V, 7n, Ti, Cd, Ni, Pb and Hg, which are among the priority substances in Table Sand
point specific pollutants in Table 4 of Annex 5 in By-law on Surface Water Quality
(0G:30.11.2012/28483), are studied for determining NBC.

Gediz Basin Receiving Body Monitoring Stations Map
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Figure 2. Surface water monitoring stations in Gediz River Basin.



Table 1
Instrumental Analyses Used in the Present Study

. ... Quantification
Detection Limit

Parameter CAS No Analysis Instrument Limit (LOQ)
{LOD) (ng/L)

(ng/L)

Hg 7439-97-6 TS 2537 EN 1483:1999-4 AAS Cold Steam 0.04 0.13
NEXION 300XX model ICP-MS,

Pb 7439-92-1 EPA 6020 A ICP-MS 0.022 0.066
S1VN3092001

. NEXION 300XX model ICP-MS,

Ni 7440-02-0 EPA 6020 A ICP-MS 0.021 0.073
81VN3092001
NEXION 300X model ICP-MS ,

Cd 7440-43-9 EPA 6020 A ICP-MS 0.019 0.059
81VN3092001
NEXION 300XX model ICP-MS,

Al 7429-90-5 EPA 6020 A ICP-MS 0.197 0.512
S1VN3092001
NEXION 300XX model ICP-MS,

Sb 7440-36-0 EPA 6020 A ICP-MS 0.042 0.12
81VN3092001
NEXION 300XX model ICP-MS,

As 7440-38-2 EPA 6020 A ICP-MS 0.067 0.209
S1VN3092001
NEXION 300XX model ICP-MS,

Cu 7440-50-8 EPA 6020 A ICP-MS 0.091 0.263
S1VN3092001
NEXION 300XX model ICP-MS,

B 7440-42-8 ISO 11885 ICP-CES 0.025 0.067
81VN3092002
NEXION 300X model ICP-MS ,

Zn 7440-66-6 EPA 6020 A ICP-MS 0.142 0.667
S1VN3092001
NEXION 300XX model ICP-MS,

Fe 7439-89-6 EPA 6020 A ICP-MS 0.839 2172
S1VN3092001
NEXION 300XX model ICP-MS,

Ag 7440-22-4 EPA 6020 A ICP-MS 0.007 0.021
81VN3092001
NEXION 300XX model ICP-MS,

Sn 7440-31-5 EPA 6020 A ICP-MS 3 10
S1VN3092001
NEXION 300XX model ICP-MS,

Co 7440-48-4 EPA 6020 A ICP-MS 0.008 0.026
S1VN3092001
NEXION 300XX model ICP-MS,

Cr 7440-47-3  EPA 6020 A ICP-MS 0.065 0.2
1VN3092001

ISC 11885 ICP-OES/SM
. . PERKIN ELMER 8300 ICP-
Ti 7440-32-6  4500-Si02-:2005 F 23 7.67
. . OES/Scalar autoanalyzer
Colorimetric Method

NEXION 300XX model ICP-MS,
A% 7440-62-2 EPA 6020 A ICP-M3 0.008 0.021
§1VN3092001

Assessment of NBC

EQS values are limit values for protection of environment and human health from
substances reached to the ambient by man-made activities. EQS are determined according
to the ecotoxicology data of the related chemicals. While determining the EQS values for
substances such as trace metals, defining of NBC that is the concentration originates from
natural and geological processes is significant.

While determining the effect of anthropogenic pressure on the receiving water
body, pollution contribution was calculated according to the equations (Equation 1 and



2) given below. If the calculated increase is higher than 2%, it is accepted that the related
receiving body is under anthropogenic pressure (EC, 2008; EC, 2010).

PC

x100 = Y%increase

Faguation 1
where;
PC = Process Contribution
EQS = Environmental Quality Standards
CoC| x
[CoClyx0y _ e
[Qriver & Qeﬁ]
Fquation 2

where;

CoC = Metal concentration in wastewater
Q.r =Wastewater flow rate
Qriver= River flow rate

For the pressures with at least 2% pollution contribution, geological formations
around the region were investigated. If there appears a geological formation around the
water resource that has the potential of metal concentration, the monitoring station was
included in NBC calculation; if not, the pressure was considered to be anthropogenic and
the associated monitoring station was excluded. For each metal, NBC was calculated by
taking the mean value of the seasonal monitoring data. NBCs were calculated for 17 metal
parameters.

Following the derivation of the NBCs the final EQSs of the metals in Gediz River
Basin were also determined by using the approach specified below.

o [f NBC is lower than EQS, Environmental Objective (EO) 1s equal to EQS.

NBC<EQS — EO-EQS

3)
o [f NBC is equal to or higher than EQS, EO is equal to the sum of EQS and
NBC.
NBC= EQS — EO=EQS+NBC
)



The aquatic environment can be affected by chemical pollution both in the short
and long term, which is defined by acute and chronic effects, respectively. For providing
protection against long-term exposure, EQS expressed as an annual average (AA-EQS)
value, on the other hand, for providing protection against short-term exposure, maximum
allowable concentrations (MAC-EQS) is used (EC,2011).

Considering the distribution of anthropogenic pressures, stations located in the
Lower Gediz Sub-basin (downstream of Gediz River that reaches to Aegean Sea) and Nif
Stream Sub-basin were eliminated because of under pressure of municipal and industrial
discharges and being far away for determining the naturally presence of metals. For this
reason 27 stations out of 40 stations were investigated for NBC assessment. For these 27
stations, the pressures were identified and their contribution to metal pollution in the
surrounding receiving bodies was calculated.

Results & Discussion

Mean values of the seasonal monitoring data are presented in Table 2. Most of the
metal concentrations were found to be higher than their AA-EQS with the exception of
Ag, As, Ba, Be, Sb and Sn. The colored fields in the table were represented the exceeded
AA-EQS values. Furthermore, it was found that the metal concentrations were higher in
the downstream (Lower Gediz Sub-basin) compared to the upstream (Upper Gediz Sub-
basin). Depending on higher values mostly being the result of anthropogenic pressures,
stations taken place in in the Lower Gediz and Nif Stream Sub-basins were not evaluated
for NBC determination.

In order to determine NBC values, it is significant to identify the presence of metals
as a result of natural processes. Among the stations, there is only TMDI.-01 station
located in the source of the basin that is far away from anthropogenic pressures.
According to the ecological monitoring results obtained by the project of Sensitive Arecas
and Determination of Water Quality Objectives, TMDL-01 station was defined as suitable
for being a reference point for Gediz Basin (MoFWA, 2015). However, the typology of
the water body in which TMDI-01 is located does not represent the entire basin.
Therefore, the result of determining the NBC value on a single station is not found
appropriate. Afterwards for aiming to evaluate the characteristic of entire basin, the
monitoring results of 40 stations were considered for NBC by screening extreme values.
However, at this stage it was a question mark that the effect of anthropogenic pressures
could not be eliminated. At the final point, it was decided not to take stations on Lower
Gediz Lower Sub-basin (downstream of Gediz River that reaches to Aegean Sea and Nif
Stream), where anthropogenic pressures were intense, and the remaining 27 stations were
examined for NBC determination.



Table 2

Monitoring Data of Metals in Surface Waters (Anmul Values)

Sub-basin Monitoring Metals (ug/L)
Station Ag Al As B Cd Co Cr Cu Fe Ni Pb Sb Sn v Zn Hg Ti
AA-EQS Values (pg/l) 1.5 22 53 707 0.08 0.3 1.6 1.6 36 4 1.2 7.8 13 1.6 5.9 0.07 26
TMDL_01 0.05 110 13 55 0.10 0.51 9 17 276 12 1.63 0.70 <10 0.44 40 <013 <767
TMDL_02 016 342 9 211 0.09 1.33 11 13 809 27 1.83 145 <10 1.54 27 <013 <767
TMDL_03 0.14 576 42 562 0.11 1.57 9 18 1169 28 3 1.39 <10 2.3 41 <013 13
Uit Gz TMDL_04 032 61 63 508 1.26 38 145 71 76888 249 27 3 <10 114 187 2.8 2132
TMDL_05 012 406 70 225 0.13 027 1.1 14 496 23 2 1.07 <10 1.5 30 0.17 <7.67
TMDL_06 022 1.5 57 1223 0.15 1.31 44 13 2035 a2 2.6 1,3 6 26 0.14 141
TMDL_07 012 103 16 341 0.16 024 13 13 239 557 L5 1.2 <10 4.5 58 0.19 <7.67
TMDL 08 0.15 189 28 443 0.09 032 1.03 14 331 4.5 1.2 1.1 <10 2.6 29 0.18 < 7.67
TMDI,_09"
TMDL_10 0.29 14 82 1642 0.66 16 64 54 23180 54 19 6 <10 49 188 0.73 597
T™MDL_11"
TMDL_37 0.10 11 21 167 0.16 1.4 3 17 2025 6 25 2.7 <10 4.7 49 030 186
Alaschir Stream  TMDL_40 0.16 380 36 10652 0.08 1.8 1.7 13 1372 39 1.6 12 3 38 049 18
TMDL_12 0.16 1.2 37 4537 0.09 25 5 15 3217 6 22 14 <10 6 161 0.17 76
TMDL_13 0.14 5 80 1932 029 4 58 22 6667 14 8 45 <10 14 89 <013 356
TMDL_14 0.08 11 48 1213 0.2 13 5 12 1975 6 3 14 <10 5 35 <013 26
TMDL 15 0.05 323 38 384 1.62 0.54 2 16 794 4 3 0.72 <10 2 60 0.30 < 7.67
TMDL_21 0.08 1.3 27 63 0.65 24 11 16 1807 26 3 018 6 185 0.31 31
TMDL_22 1 032 27 27 141 1.13 30 137 71 33268 260 19 048 61 105 031 T2
TMDL_22 2 0.14 21 10 580 034 4.1 14 33 2488 25 9 1.08 <10 12 165 041 80
TMDL_23 012 74 5 186 0.10 0.5 4 12 194 4 2 0.28 1.23 34 0.23 <7.67
Gdrdes-Giirdilk  TMDI,_24 018 9 24 255 0.17 7 27 28 8193 38 9 1.02 <10 20 104 0.50 736
Stream TMDL_25 0.08 320 21 197 0.13 1.1 4 17 618 8 2 1.27 <10 6 35 0.32 < 7,67
TMDL_31 017 1.7 15 57 021 13 5 le 2239 6 3 0.50 <10 8 48 037 251
TMDL_32 0.22 7 23 109 1.85 5 23 28 9022 28 8 0.66 23 54 046 354
TMDL_33 019 8 33 168 0.23 6 25 29 9381 33 8 092 <10 23 65 0.76 1260
TMDL 34 0.13 215 35 327 0.1 0.23 1.07 17 304 5 2.6 1.22 <10 3 43 040 < 7.67
TMDL_16 0.07 518 35 584 0.36 1 3.9 15 1068 6 3 0.77 <10 3 66 027 <7.67
TMDL_17 0.05 252 9 67 027 0.3 12 10 330 2 2 0.24 <10 2 70 0.07 <7.67
Nif Stream TMDL_18 1.07 1172 11 993 0.85 2.5 1046 380 2004 2969 97 1.98 <10 5 1416 0.25 <7.67
(Lower Gediz ~ TMDL 1% 097 7505 10 691 3.5 19 50 56 3103 79 44 1.86 15 7 4145 047 44
Sub-Basin) TMDL_39 043 2366 7 469 0.2 9 7 56 1034 228 17 2.7 <10 4 15725 041 <7.67
TMDL_36 013 405 7 228 0.13 1.7 24 24 631 59 4 0.89 <10 2 175 0.38 <7.67
TMDL 20 017 44965 104 272 0.32 16 80 46 50571 81 26 1.78 <10 65 402 0.38 889
TMDL_26 0.07 1303 47 1070 022 1.5 6 13 2280 8 3 1.58 <10 6 40 032 68
TMDL_27 011 2889 46 794 021 36 12 20 5107 21 6 1.34 <10 10 81 0.39 54,25
Lower Gediz  TMDL_28 0.08 633 4 376 0.81 0.8 11 712 2220 21 6 0.77 <10 3 154 0.75 <7.67
Sub-Basin TMDL_29 0.08 2870 45 785 0.7 3.6 21 27 6486 31 6 142 <10 9 87 0.50 69
TMDL_38 0.07 2653 45 679 024 37 26 25 4208 36 12 1.20 <10 10 101 033 67
TMDL 30 0.05 892 40 708 0.94 1.6 8 14 1470 20 3 136 <10 7 174 0.50 12

Note. These stations were observed as dry during monitoring. As a consequence, no data is available.
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For comparing the obtaned results (dunng 2015-2016), the momtonng studies conducted
by the State Hydraulic Worlks (DEDD whi ch were more representing for long term (during 2000-
2015) were analyzed (DSI 2016). However, 1t was determined that all metals listed in By-law
onn Surface Water Quality (OG: 30.11.2012/28483) were not being monttored. Besides the
monttored parameters were not frequent for giving anidea. In addition to DS, the Ministry of
Environment and Urbhanization also had montonng studies for surface waters but these
oh servations were less comprehensive and less detailed when comp ared wath the current study.
Mewertheless similar results were obtaned for the common parameters mont tored.

The locations of the point source pressures are shown in Fioure 3. The mining areas
(tnines in operation, mines not currently in operation, and mine potential) and geothemmal wells
are presented in Figure 4 to provide ins ght about geological formation of the basin,

Figure 3 Point source pressures in Gediz River Basin,
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Figure ¢ Mining areas and geothermal wells in Gediz Fiver Basin,
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The pressures affecting the water quality on each station were assessed considering their
pollution contribution. Discussion on the NBC value was made for each metal in following
sections.

Ag

It was observed that AA-EQS value of 1.5 pg/T. for Ag was not exceeded in any stations.
Relatively high Ag concentrations were obtained only in the stations of TMDIL-18, TMDIL-19
and TMDL-39 located around Nif Stream. None of the pressures detected in the basin exceeded
a pollution contribution of 2% in the receiving water bodies. Accordingly, NBC value
calculated for Ag was found as lower than the EQS value.

Al

Al concentrations have been observed as higher than the AA-EQS value of 2.2 ug/L for
all the stations. The obtained values have ranged from 74 pg/L (TMDL-23) to 61147 ug/LL
(TMDIL-04). There are kaolin deposits in the Upper Gediz Sub-Basin (around TMDIL-01,
TMDL-02, TMDIL-03), kaolin potentials around the upstream of Alasehir Stream Sub-Basin
and kaolin operations around the stations of TMDIL-09, TMDI.-10 and TMDIL-37. In addition,
zeolite and feldspar operations are present around TMDL-06 in the vicinity of Demirci and near
the TMDL-31 station located in Gordes-Gurduk Stream Sub-Basin. Apart from these regions,
receiving water bodies affected by anthropogenic pressures by at least 2% were excluded from
NBC evaluation. On the other hand, in rainy period, relatively high Al concentrations were
observed at some stations, which are associated with existing geological formations.

As

As was detected over 50 pg/L in the stations located around Demirci (TMDL-03, 70
ng/1), Koprubasi (TMDIL-06, 57 pg/1.), Kula (TMDL-04, 63 ng/1.), Ahmeth (TMDI.-13, 80
ug/l), Alasehir (TMDL-10, 82 nug/T.) and Nif Stream mouth (TMDL-20, 104 ng/I.). Similar
results were obtained also in groundwater monitoring studies conducted by the State Hydraulic
Works (DSI). In groundwater monitoring, it was observed that As value increased depending
on the geological structures in various regions of the basin. As concentrations were observed
over 100 pug/L in groundwater around Demirci, near Gure, around Borlu and Salihli, in the east
of Manisa provincial center and in Menemen and its surroundings (DSI 2016). As
concentration measured in groundwater during dry period was identified as higher compared to
the concentration in rainy periods. The high arsenic concentration in the study has been largely
associated with the geological structure.

B

Boron concentrations detected in the stations of TMDL-40 (10652 ng/1.), TMDIL-10
(1642 ng/T), TMDL-12 (4532 ng/l)), TMDL-13 (1932 pg/l.) and TMDL-14 (1213 ng/T)
located in Alasehir Stream Sub-basin were relatively higher compared to other stations. It has
been observed that geothermal wells were located in this region. Therefore, it is possible to state
that the B detected is of natural origin.
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Co

The concentrations of Co measured in the majority of the receiving water stations were
found to be higher than 0.3 ug/L, which is the AA-EQS value. The higher concentrations were
observed at TMDL-04 (38 ng/L), TMDL-10 (16 pg/L), and TMDL-22-1 (30 ug/L). When the
concentration values were converted to load unit, it has been observed that higher Co loads
were introduced around Akhisar and Manisa-Center. Co is not found as a mineral naturally
occurring in the basin. In receiving water bodies where Co was determined to be relatively high,
the pressures at least with a 2% pollution contribution were identified. The contamination in
these waters was assumed to be of anthropogenic origin and the stations were not taken into
consideration for NBC evaluation.

Cr

AA-EQS value of Cr parameter, which is equal to 1.6 pg/L, was mostly exceeded in the
monitoring stations. The higher values were obtained in TMDL-04 with a value of 145 pg/L
and in TMDI.-22-1 with 137 ng/L.. There are no chromium deposits in the basin. It was observed
that there were pressures with at least 2% contribution in the receiving bodies in which Cr
concentrations were determined as relatively higher. It was accepted that the pollution in
aforementioned receiving bodies was of anthropogenic origin, thus these receiving bodies were
not taken into consideration for NBC evaluation.

Cu

Cu concentration measured in majority of the stations was found higher than 1.6 ng/T.,
which is AA-EQS value. Higher values were observed in the stations of TMDL-04 (71 ug/L),
TMDL-10 (34 ng/L)y and TMDL-22-1 (71 ug/L). There are Cu-Pb-Zn potentials in the upstream
of Upper Gediz (TMDL-02 and TMDL-03) and Alasehir Stream Sub-Basins. The relatively
higher values detected in the related stations were of natural origin and they were included in
NBC evaluation. The rest of the monitoring results for Cu were assumed to be a result of
anthropogenic effects.

Fe

Fe concentrations measured in nearly all of the stations were found as significantly higher
than AA-EQS value of 36 ng/l.. The values changed between 200 and 76888 ug/I.. The higher
values were observed in TMDL-04 (76888 pg/l.), TMDIL-10 (23180 pg/T1.), TMDI.-22-1
(33268 nug/L). There are kaolin and feldspar operations around Alasehir Stream; Fe potential in
the inlet of Gordes Dam (TMDL-31), feldspar operation in the upstream of Demirci Stream; Fe
potential near Gediz (TMDL-02). It was accepted that relatively high Fe concentrations
determined in these regions are of natural origin. In rainy periods, Fe concentrations were
increased indicating the effect of geological formation.

Sb

It was observed that Sb value only exceeded AA-EQS value of 7.8 pg/LL in TMDL-40
station. Sb values, which was determined as relatively high in TMDI .-40 station was accepted
to be of anthropogenic origin, and thus not taken into consideration in NBC calculation. On the
other hand, there was antimony potential in the upstream of Alasehir Stream Sub-Basin and
antimony operation in the upstream of Upper Gediz Sub-Basin. Therefore, it was accepted that
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Sb values were determined as relatively high in TMDL-10, TMDI-13 and TMDI.-37 stations
of natural origin and these stations were included in NBC evaluation.

Sn

Sn concentrations did not exceed AA-EQS value (13 pg/l.) in the basin apart from
TMDL-19 station (15 pg/I.) located around Nif Stream. There are no tin deposits in the basin.
It was determined that there were pressures with at least 2% pollution contribution in the
receiving bodies, where Sn concentrations were determined to be relatively higher (TMDL-09,
TMDL-37). Thus, they were accepted to be of anthropogenic origin and not assessed for NBC
determination.

v

V concentration measured in nearly all of the stations was found higher than 1.6 pg/L,
which is AA-EQS value. There are no vanadium deposits in the basin. It was identified that
there were pressures with at least 2% contribution in the receiving bodies, in which V
concentrations were determined to be relatively higher. Thus, it was accepted that the pollution
in the aforementioned stations is of anthropogenic origin and were not taken into consideration
for NBC evaluation.

n

Zn concentration measured in all of the stations was obtained higher than 5.9 pg/1., which
is AA-EQS value. The higher concentrations were observed in TMDIL-04 (187 pg/1.), TMDI-
10 (188 ug/L), TMDL-12 (161 pg/L) and TMDL-21 (185 pg/L) stations. There has been Cu-
Pb-Zn potential in the upstream of Alaschir Stream. Hence, it was accepted that TMDL-10 and
TMDL-12 stations bearing relatively high Zn concentrations were under the influence of natural
origins. The rest of the stations were assumed to be under the influence of anthropogenic
sources and were not taken into consideration for NBC calculation.

Ti

Ti concentration was found higher than AA-EQS value of 26 ug/L in most of the stations.
The higher values were detected in TMDL-04 with 2132 pg/T. and in TMDIL-33 with 1260
ug/l.. There is titanium potential near Ahmetli-Salihli and Gordes. The other stations were
accepted to be under the influence of anthropogenic sources and were not taken into
consideration for NBC calculation.

Cd

Cd concentrations were determined over 0.08 png/T. which is AA-EQS value in all stations.
The higher values were observed in Turgutlu (TMDL-15, 1.62 pg/1.), Kula (TMDI.-04, 1.26
ug/L) and Akhisar (TMDL-22-1, 1.13 pg/L). There are no cadmium deposits in the basin.
Within the stations, it was observed that there were pressures causing pollution contribution of
at least 2%, those stations were accepted to be under anthropogenic pressure and not used in
NBC calculation.
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Ni

Ni concentration was found higher than 4.5 pg/L which is AA-EQS value in most of the
stations. The higher values were detected in TMDL-04 with 249 ng/L and in TMDL-22-1 with
260 pg/L. There are nickel operations between Turgutlu and Golmarmara (around TMDL-13
and TMDI.-14) and near Gordes (head of TMDI-31). Additionally, according to the
groundwater monitoring studies performed by the State Hydraulic Works, Ni was determined
in the upstream of Gediz Basin that referred to be naturally present. The rest of the receiving
bodies (other than those mentioned above) were subjected to the pollution contribution and
stations under pollution contribution of at least 2%, were accepted to be of anthropogenic origin
and were not taken into consideration for NBC calculation.

Pb

Pb concentration monitored in the all receiving body stations exceeded 1.2 ug/L which is
AA-EQS value. TMDL-04 (27 png/L), TMDL-10 (20 pg/L) and TMDL-22-1 (19 pg/L) stations
were observed as the most polluted sites with Pb. There are Cu-Pb-Zn potential and operation
around the upstream of Alasehir Stream and Gediz. Except the related stations (TMDI.-9,
TMDL-10, TMDL-37, TMDI.-40 and TMDIL.-2) located in these regions, stations which were
affected by pressures with at least 2% pollution contribution were accepted to be under the
influence of anthropogenic pressures.

Hg

Although there is no AA-EQS value for Hg designated with the legislation, MAC-EQS
value for Hg is provided as 0.07 ug/L. According to the monitoring results, Hg concentration
(excluding Nif Stream and Lower Gediz Sub-Basins) measured in the stations ranged between
0.065 png/L and 2.82 pg/L in TMDL-01 and TMDL-04, respectively. The stations, which the
higher Hg values are measured, are TMDL-04 (2.82 pg/1.), TMDIL-33 (0.76 pg/1.) and TMDI.-
10 (0.73 ng/L). There is mercury operation and potential in the upstream of Gediz River and an
old mercury establishment in the upstream of Alasehir Stream. Apart from the stations located
in these regions, stations affected by the pressures with at least 2% pollution contribution were
assumed to be under the influence of anthropogenic sources.

According to the obtained results, both anthropogenic pressures and geological formation
have an effect on metal concentrations. Until now there are limited studies subjecting the source
of metals where coming from anthropogenic activities or geological formation for Gediz Basin.
The study done by Kindler and Sevim (1990) has importance for providing information about
the previous source distribution of the metals in the basin. Kindler and Sevim (1990)
investigated natural and anthropogenic effects of metals in sediments during the months of July-
October 1988, for the Basins of Gediz, Menderes, Sakarya, Kizilirmak, Yesilirmak, Seyhan and
Cevhan. The study was undertaken with subjecting the metals of Cd. Co, Cr, Cu, Fe, Mn, Ni,
Pb, and Zn. For Gediz Basin 19 samples were collected at 10-20 km intervals during 320 km
of Gediz River. In order to classify local anthropogenic heavy metal pollution, “index of
geoaccumulation (Igeo)” was used for trace metals in sediments and their classification.
Geoaccumulation index calculation was dependent on the measured concentration of the
element in the fraction < 2 pm in the sediment. The classes were ranged between 0-6, that 6
means “very strong anthropogenic effect” while 0 means “practically none anthropogenic
effect”. According to the Igeo classification Cd, Cr, Cu, Pb and Zn was classified as 0, 2, 3, 2
and 2 respectively. In other words presence of Cr, Pb and Zn were correlated with “moderate
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effect”, while the presence of Cu was correlated with “moderate to strong effect” of
anthropogenic pressures. The obtained values by Kindler and Sevim (1990) were 0.236 ug/1.,
232 ng/L, 110 pg/L, 35 ug/L and 147 ug/L for Cd, Cr, Cu, Pb and Zn, respectively. When the
highest values of our results were compared with the previous study, it is seen that the degrees
of the numbers are similar within the exception of Cd (Table 2). For Cd almost 6 times higher
values were obtained in our study that could be the reason of anthropogenic sources that raised
after 1990’s.

Another study done by Kucuksezgin et al. (2008) investigated the distribution of Hg, Pb,
Cu, Zn, Mn, Ni and Fe in the sediment, water and particulate matter and their possible sources
of derivation. In this context, metals measured in surficial sediment, water and particulate
matter of the Gediz River collected from 5 different points in August, October 1998, February,
June 1999. According to the results, the highest values were obtained at Muradiye
(corresponding to station of TMDL-29 in our study) in summer periods as a result of industrial
and agricultural activities. Relatively high concentrations of Ni and Mn values measured
through the origin of the basin was correlated with to geochemical composition of the
sediments. In our study, similarly TMDIL-29 was one of the stations that metal values were
observed highly.

For comparing different methods for NBC determination, there is a study done by Oste
et al. (2011) evaluating the approaches of 1) clean streams, i1) erosion model, 1ii) sediment
approach, iv) stable summer levels, v) monitoring data and vi) origin of surface water. Some
criteria were used for comparison of these methods such as 1) well defining natural dissolved
background concentrations, 1) data necessity, iii) uncertainty, 1v) elements and v) regional
differentiation. Accordingto the obtained results, all methods were evaluated as uncertain since
one or more assumptions used in methods and resulted with serious limitation in deriving NBC.
Among these criteria, natural dissolved background concentrations has the most significance as
being the WFD focusing on. For this criteria, acceptable results were obtained for the
approaches of clean stream, the sediment and the origin of surface water. The monitoring data
method based on actual measurements, had the maximum score on criteria of daily data, number
of elements that NBC defined and regional differentiation and this method was regarded as an
acceptable fall-back alternative. The approaches of erosion model and the stable summer levels
were rejected. The method of stable summer levels was found as lack of producing real NBC
and also further development was required. The erosion model concentrated on natural
concentrations especially on metals associated with the rock composition of the catchment area.
The values obtained needed to be convert to dissolved concentrations. This conversion was not
found so reliable (Oste et al., 2011).

According to the evaluation presented above, recommended NBC and Final EQS values

of the metals in the inland waters are presented in Table 3. The grey colored field in the table
represented the results that EQS values equivalented to EO values.
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Table 3
NBC Values and Final EQS Values Recommended for Inland Waters of Gediz River Basin

EQS Value- Inland Waters Final EQS

AA-EQS MAC- EQS
pe/L (ug/L) (ug/L) NBC AA-EQS (nug/L) MAC-EQS (ug/L)
Ag 1.3+NBC 1.5+ NBC 0.12 1.50 1.50
Al 2.2+ NBC 27+ NBC 2162.41 2165 2189
As 53+ NBC 53+ NBC 33.22 53 53
B 707+ NBC 1472+ NBC 108498 1792 1792
Co 0.3+ NBC 2.6+ NBC 1.66 2.0 2.6
Cr 1.6+ NBC 142+ NBC 12.62 14 142
Cu 1.6+ NBC 3.1+ NBC 19.52 21 23
Fe 36+ NBC 101+ NBC 379580 3832 3897
Sb 7.8+ NBC 103+ NBC 1.68 7.8 103
Sn 13+ NBC 13+ NBC <10 13 i3
vV 1.6+ NBC 97+ NBC 929 11 97
Zn 5.9+ NBC 231+ NBC 73.54 79 231
T1 26+ NBC 42+ NBC 220.22 246 262
Cd 0.25+ NBC 1.3+ NBC 0.45 0.70 1.50
Ni 4.00+ NBC 34 + NBC 2933 33 34
Pb 1.20+ NBC 14 + NBC 4.11 53 14
Hg 0.07+ NBC 0.45 0.52

Conclusion

This study aims to develop an approach for determination of NBC for metals in surface
waters. Within this scope, 17 metals indicated in the By-law on Surface Water Quality were
subjected to NBC evaluation by taking into account the effect of anthropogenic and natural
sources. The pollution impact on receiving water bodies was revealed by using the seasonal
monitoring data for 40 stations during 2015-2016. Both point source pressures and geologic
formation were examined to understand the origin of pollution. For anthropogenic sources,
monitoring was performed on industrial and urban wastewater discharges both with and without
treatment plants simultaneously with the receiving body monitoring and pollution contribution
of each point source on surface water was calculated. For natural sources, mining activities and
geothermal source distribution were investigated.

According to the monitoring results in surface waters, nearly all metals were detected at
concentrations higher than their AA-EQS within the exception of Ag, Sb and Sn. Among 17
parameters, Ag, Al, Fe, As, B and Sb were observed in surface waters as the result of natural
sources. The rest of the parameters were subjected to the question of which source has an effect
on their existence.

The approach for determining anthropogenic effect was a suitable way to distinguish the
relative effects of the pressures on receiving bodies. . This method could be beneficial to
identify and compare the effect of sources, and thus help to establish critical factors for decision
makers such as deciding a location of a new facility, the amount of pollution discharge of the
plants and precautions for agricultural activities, especially when long-term monitoring data is
not available.

By the suggested methodology, it was possible to determine NBC values for metals in
surface waters. The presented method may be suitable for making general inferences with less
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data, but future work is recommended that includes long-term observation. Monitoring data is
required not only in receiving water body; but also, in sediment while calculating NBC. On the
other hand, in future, NBC values could be determined on water body basis by taking into
consideration the typology of water bodies.
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Extended Turkish Abstract
{Genisletilmis Tiirkc¢e Ozet)

Yiizey Sularindaki Metaller i¢in Dogal Arka Plan Konsantrasyonlarinin Belirlenmesi, Gediz Havzasi
Ornegi

Arka plan konsantrasyonu, bir kimyasal maddenin dogal ve jeolojik proseslerden kaynaklanan miktan
olarak tammlanmaktadir (EC, 2011). Diger bir ifadeyle, bir ahci ortamin, insan faaliyetleri sonucu noktasal ve
yayill kaynakli kirleticilerin etkisi altinda kalmadan, kimyasal maddenin dogal prosesler sonucu ortamda
bulunmasidir. Alict su ortamlarinda ekolojik ve kimyasal iyi durum statsiintin saglanabilmesi ve su kalitesinin
wyilestirilebilmesi 1¢in esas olusturan Cevre Kalite Standardi (CKS) belirlenirken su ortamindaki kirleticilere ait
Dogal Arka Plan (DAP) konsantrasyonlar1 biiytik onem tasimaktadir. Kirleticilerin su ortamlarindaki DAP
konsantrasyonlari, bolgenin tipolojisi, jeolojisi, cografyasi ve topraginin ve yeralt1 suyunun fiziksel, kimyasal ve
biyolojik ozelliklerine gore farkhlik gdstermektedir.

AB Su Cerceve Direktifindeki temel ama¢ tim Uye devletlerde iyi yiizey suyu statiistint elde etmektir
(WFD, 2000/60/EC). Buamaca yonelik olarak, “éncelikli maddeler” igin Komisyontarafindan, “belirli kirleticiler”
igin Oye dlkelerin kendileri tarafindan su kalitesi standartlan olusturulmustur. Uye devletler standartlara
uyulamadigi durumlarda, DAP konsantrasvonlarini dikkate alabilmektedirler. Su Cergeve Direktifi, bazi organik
kirleticilerin  dogal bir mengeine sahip olmasmma kargin, valmzca metaller ve yan-metaller i¢in DAP
konsantrasyonu belirlenmesine izin vermektedir. Her tlke, DAP konsantrasyonu belirleyip belirlemevecegine
kendi karar vermektedir.

Yuzey sularndaki metaller icin DAP konsantrasyonlarimin belirlenmesinde AB ilkelerinde farkh
yontemler uygulandigi gérilmektedir. Bu yontemlerde, 1) temiz sulardaki metal igerigi, ii) sedimentteki metal
1gerigy, 1i1) yeralti suyundaki arka plan konsantrasyonlar, iv) uzun dénem izlenen ylzey sularindaki metal igerigi
ve v) yaz doneminde (degisken olmayan) yiizey sularindaki metal igerigi dikkate alinmaktadir {(Oste, et al., 2011).

Bu ¢alisma kapsammda Yertstii Su Kalitesi Ydnetmeligi'nde (RG: 30.11.2012/28483) yer alan metaller
(Ag, Al, As, B, Co, Cr, Cu, Fe, Sh, Sn, V, Zn, T1, Cd, N1, Pb ve Hg) i¢in DAP konsantrasyonlarinin belirlenmesi
hedeflenmistir. Buamagla Gediz Havzasi pilot havza olarak secilmistir. Havzada belirlenen viizey sulari icin 2015-
2016 willart arasinda, 4 dénem boyunca, 40 adet alici ortam istasyonu ile 29 adet kentsel atiksu ve 54 adet
endistriyel atiksu desarj noktasinda izleme yapilmistir. Zuurdeeg ve dig. (1992) tarafindan agiklanan ve
Hollanda’da uygulanan “temiz sular” vaklasiminda, DAP degeri olarak, akisin baglangic noktasina dogru nispeten
kirlenmemis bdlgedeki (memba) su kalitesi referans alinmaktadir. Calismada 1zleme yapilan noktalardan yalmzca
birisinin bu tanma uydugu, bu noktamn da ttim havzayr karakterize etmedifi sonucuna varilmistir. Ingiltere’de
kullanilan “uzun dénem izlenen yizey sulan” yaklasiminda, prensip olarak enaz 5 veri seti ile en az 50 istasyonun
1zlenmesi kabul edilmektedir (Peters ve dig., 2010)..Caligmadaki izleme verilerinin bu anlamda yetersiz kaldig
goralmustir. Bu sebeple, dogal ve antropojenik kaynaklar dikkate alinarak, DAP konsantrasyonun belirlendigi
yeni bir yaklasim gelistirilmesine gidilmistir. Eldeki veriler 151g1inda, “temiz sular” ile “uzun dénem izlenen ylzey
sular” yaklagimlar da dikkate alinarak DAP degerinin belirlendigi yontemlen takip etmek uygun bulunmustur.
Caligmada izleme noktalarimin nispeten az kirlenmis olanlan ele alinmigve bu alic1 ortamlara etki eden baskilar
incelenmistir. Bu kapsamda, izleme ¢alismalan dikkate alinarak antropojenik kaynaklar igin olasi her baskinin
kirlilik katkisi incelenmis; ve dogal kaynaklar ig¢in madencilik faalivetleri ile jeotermal kaynaklarin dagilimi
degerlendirilmistir.

Tirkiye’de DAP konsantrasyonlarinin belirlenmesi ile ilgili hentiz bir ¢alisma vapilmadigy, meveut
¢alismalann daha ¢ok yizey sularinda, sedimentte ve biyotada metallerin 1zlenmesi Gzerine oldugu gérilmektedir
(Bizsel ve dig., 2017; Suzer ve dig., 2015; Aydin ve Kucuksezgin, 2012; Kucuksezgin ve dig., 2008). Yiizey
sularinda metaller igin DAP konsantrasvonunun belirlenmesini konu alan bu ¢aligma, Tirkiye igin énct bir
¢aligmadir.

DAP konsantrasyonun belirlenmesinin ilk adimini, alic1 ortamda tespit edilen yitksek metal igeriginin dogal
kaynalkli m1 yoksa antropojenik kaynakli m1 oldugunu belirlemek clugturmustur. Kirlilhigin antropojenik kaynakl
olup olmadigini tespit etmek icin alic1 ortamdaki izleme galigmalari ile e zamanli olarak, olasi noktasal kirletici
kaynaklar (kentsel ve endistrivel atiksular desarjlari) izlenmistir. Her bir baskinin, alici ortam tizerinde kirlilige
en az %2 oranda katkis1 olanlan belirlenmis ve ardindan 1lgili alici ortamlardaki jeolojik etkisi incelenmigtir. Eger
jeolojik durum sdz konusu ise DAP hesabina, incelenen alict ortam dahil edilmis, degilse baskinin antropojenik
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oldugu kabul edilip alici ortam dahil edilmemistir. Bu tespit sonrasinda antropojenik baskinin vogun oldugu Asagi
Gediz Alt Havzasi (Gediz Nehri mansab ve Nif Cay1) Gzenindeki istasyonlar dikkate alinmayarak kalan 27
istasyonun verilerinin incelenmesine karar verilmistir. Noktasal baskilarin alici ortam uzerindeki kirletici
katkisinin belirlenmesinde kullanilan formuller agagida ver almaktadir.

PK:S’ x%100 = % 4y

PK = Proses Katlas
CKS = Cevre Kalite Standardi

[Coc]deg xQde;

=FPK
0,0+ Q1)

CoCaes = Atiksudaki metal konsantrasyonu
Ques =Atiksu debisi
Ques— Nehir debisi

DAP degerlerinin belirlenmesinin ardindan, Gediz Hav zasi'ndaki metallerin nihai Cevresel Kalite Standards
(CKS) degerlerinin belirlenmesi igin asagidaki vaklagim uygulanmistir.

¢  DAP konsantrasyonu, CKS’den digtkse Cevresel Hedef (CH), CKS’ye esittir.
DAP<CKS — CH=CKS,

¢ DAP, CKS’den yiksek veya esitse CH, CKS ile DAP nin toplamina esittir.
DAP=CKS — CH=CK5+DAP

Alct ortam istasyvonlarindaki izleme sonuglari incelendiginde, Ag, Sb ve Sn diginda neredeyse tim
metallerin villik ortalama degerlerinin CKS degerlerinin tizerinde oldugu tespit edilmistir. DAP konsantrasyonu
bulunmasi hedeflenen 17 metalden, Ag, Al, Fe, As, B ve Sb’nin yuzey sularinda dogal kaynakli olarak bulundugu
gortlmusttr. Kalan diger metallerin ise dogal kaynakli veya antropojenik kaynakli olarak viizey sularinda bulunma
durumu, onerilen vaklagima gore incelenmistir.  Bu galismayla onerilen DAP konsantrasyonlart belirlenmesi
yaklagiminin, izleme ¢alismalaninda ve yalmzca Gediz Havzasi ozelinde degil, tim havzalarda kolaylikla
uygulanabilecegi sonucuna varilmigtir. Ayrica bu yaklasimla, kirliligin kaynaginin tespit edilmesi veya kirlilik
katkisinin belirlenmesi konularimin yani sira, karar vericilerin hangi tesisin nerede kurulmasi gerektigi, hangi
tesisin ne oranda kirletici desary edebileced, tarimsal tretimde ne gibi dnlemlerin alinmasi gerektigi, kullanilan
zirai mtcadele ilaglarinin ne oranda azaltilmasimun uygun olacagi gibi kritik kararlan almasinda yardime olacagi
dustintlmektedir.

Belirlenen yontemde nispeten az veri ile genel gikarimlar yapmak mumkindar. Ancak DAP degerinmin
belirlenmesi igin vurutilecek veni ¢alismalarda uzun dénem ve yalmzea su ortaminda degil, aymi zamanda
sedimentte de izleme yapilmasi, ayrica DAP degerlerimin havza geneli i¢in tek deger olarak degil, tipolojiler
dikkate alinarak su kitleleri bazinda da belirlenmesi énerilmektedir.
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