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ABSTRACT

The concentrations of six heavy metals (Cr, Pb, Ko, Zn and Ni) were measured in water and sedinoént
Saricay Stream in Turkey. The decreasing trendatfis were observed in water as Mn>Zn>Cr>Cu>Ni>Phch
in sediment as Mn>Zn>Ni>Cu>Cr>Pb. The level of died metals not exceeded the safe limits of tgxicit
reference value for fresh water, indicated that evafrom this stream is safe for organism. The amwsent of
pollution load index (PLI) values of metals in sadnt at all sites were ranged from 0.18 to 0.2lirdpwinter and
1.43-1.80 during summer it is supporting that tedisent of the studied stream was not contaminatedinter
but contaminated on summer. Furthermore, Igeo \&fise Mn (3.99) and Zn (3.18) during summer indisat
heavily contaminated status. Enrichment ratio (E&yes for Cr, Pb, Cu, Zn and Ni at all station wéndicated no
enrichment of these metals b&R values for Mn showed minor enrichment in alltistes. The higher
geoaccumulation factor (Igeo), pollution load ind@RLI) and contamination factor (CF) values on suenm
indicated that Mn and Zn are the major contributéosthe sediment pollutiorCalculated values indices Saricay
stream can be classified as unpolluted to modeyatelluted stream environment.
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INTRODUCTION

Metals are the main group of inorganic contaminaat&l spread over a considerable large area. Metal
contaminations of land resources continue to bédtes of numerous environmental studies and atarareat deal

of attention worldwide. In our century of advanceghnologies and technical progress soil contanonaby
various pollutants is one of the most significamtzisonmental problems and irrespective of the origfi the metals

in the soil, excessive levels of many metals cawultén soil quality degradation, crop yield redant and poor
quality of agricultural products, posing signifitdrazards to human, animal and ecosystem health [1]

River sediments play a key role as pollutants dmey treflect the history of the river pollutiq@]. A number of
studies on the metal distributions in river sediteeand on speciation of metals have been perfofBi&{l

The Saricay stream basin is located at the northpas of the Mgla City in borders of Milas town.Saricay
Stream can be polluted by different types of indaktagricultural and domestically wastewatersttialarly, the
Stream transfers domestic waters of Milas town atiér sources of metal pollution, such as fromwashing
stations, pesticides from agricultural areas thhotajn-wash to Gulluk Bay7]. Saricay stream had been a water
source of agricultural activities for years of Mil§8]. To know the accumulation level of the metalsvater and
sediment is very important in order to evaluatafaitoxicity on living organisms. The purpose of turrent study
was; investigation of sediment and water contarmonatf the Saricay highway by chromium (Cr), leRtb), copper
(Cu), manganese (Mn), zinc (Zn) and nickel (Ni)wanalation of metals depending on different distanitem the
highway. The degree of contamination in the sedim@nillustrated with the assistance of three paters which
Enrichment Ratio (ER), Pollution Load Index (PLRdaGeo-accumulation Indeiggo).
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EXPERIMENTAL SECTION

Description of the study area

Saricay stream is about 50 km in length. The bigsatigned in a northwest-southeast direction. ydapart of the
basin plain is made of alluvium, which is the piad aquifer in the catchments area, and consittease,
interlayered clay, silt, sand, and gravel. Karstgities are observed in marbles in the area [9¢ Fampling points
were selected (Figure 1) in the research area. pBagrplots were marked in Saricay stream approtéiyaat 10
km meters distance from the highway. The firstistaf{station 1) was chosen upstream in front ofdaen. This
station where there is agricultural activity is begThe second station (station 2) was locatetiénarea where far
from 10 km to the Centrum. The third station (3)svedosen in Centrum area. The fourth station ¢stat) was
chosen after the industrial companies which produgmal nutrition, olive oil and concrete plantheTfifth station
(station 5) was chosen nearest location to the sea.

SARICAY

AEGEAN SEA

Fig 1: Sampling station of Saricay Stream

Sample collection and preparation

The water and sediment samples were collected freendifferent stations in winter (December, Jaryuand
February) and summer (June, July and August) it28amples were taken from every distance in &csed sites
and analyzed independently. Water samples wereatetl at the surface in 40 mL acid-washed polyettgyl
sample bottles, taking care not to incorporatemedt into the samples and during the sampling, @6ftentrated
nitric acid was added to the water samples. Wederptes were taken from the surface of the streammietal
analyses. At each point, composite sediment sampére collected using standard protocol [10]. Cosiig
samples of mass approximately more than 250 g ea@hected at sampling points.

Sample digestion and metal analyses

The sediments were dried at 105°C for 24 h. Theddsediments were passed through a 60 mesh stagtiesen to
remove larger particles. Ultrapure (Direct-Q 8UVrfany) water was used for solution preparation. Th#on
vessel were cleaned, soaked in %5 HN® more than 1 day than rinsed with ultrapureewaind dried. For metal
analysis, 0.5 g of sediment sample and 20 mL vw&teple was treated with 7 mL 70 % HN&zid and 3 mL 30%
H.0,in a closed Teflon vessel and was digested micrevadigestion system (Berghof speedway MW$%-3

The operating conditions for sediments are givehdhle 1. Water samples were filtered and analglresttly. The
advantage of microwave digestion against the daksnethod are the shorter time, less consumpticaciol and
keeping volatile compounds in the solution [11].eTdligested solution was then filtered by usingeFilpapers
(Sartorius-Stedim, particle retention=2-3um) andrest in 25 mL polypropylene tubes. Lastly of digms
procedure, the vessels were cleaned by ultrapureraad dried with air.
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Table 1: Operating condition to digestion the sedimnt with MWS-3*

Stage 1 2 3 4 5
Temperature®C] | 175 | 100| 100 10Q 10
Pressure [bar] 30| 0 0 0 0
Time [min] 10 10 10 10 10
Slope [min] 1 1 1 1 1
Power [%] 80 0 0 0 0

To avoid possible contamination, all equipmentsdusere acid-soaked with 10% HCI for at least 24nd then
double rinsed with ultrapure distilled water. Startisolutions were prepared from stock solutiongr@d, multi
element standard). Standard reference NationaldReseCouncil Canada SPS-SW1 (for water) and WQBL (f
sediment) - National Water Research Institute vegr@lyzed for metals. All samples were analyzedethiraes for
Cr, Pb, Cu, Zn, Mn and Ni by AAS (Atomic Absorpti@pectrometry — GBC Scientific Equipment-AvantaheT
calibration curves with R2 > 0.999 were acceptedcincentration calculationThe data are presented,ig/g dry
weight basisReplicate analysis of these reference materialsvsti@ood accuracy, with recovery rates for metals
between 90-97 % for water and sediments.

Contamination factor (CF) and pollution load index(PLI)
Pollution load index (PLI), for a particular siteas been evaluated following the method proposet@idmilson et
al. [12]. The PLI is defined as tim¢h root of the multiplications of the contaminatifactor of metals (CF).

Metal concentration in sediment

Contamination fact CF) =
ontamination factor (CF) Background value of the metal

PLI is expressed as: PLI = (CKCR X CR X ........... X CFn)l’n

Where, n is the number of metals (seven in theemtestudy) and CF is the contamination factor. fdt® of the
measured concentration to natural abundance ofem ghetal had been proposed as the index contaomrfactor
(CF) being classified into four grades for moniwgrithe pollution of one single metal over a peddime [13-14]:
low degree (CF < 1), moderate degreeQE < 3), considerable degree<(F < 6), and very high degree (&5).
Thus the CF values can monitor the enrichment efgimen metal in sediments over a period of time.

Geo-accumulation index [geo)
The geoaccumulation index (Igeo), introduced by Ibtu]15] for determining the extent of metal accuation in
sediments, has been used by various workers inghalies [16-18].

Cn
1.5Bn

lgeo = Log2| ]

Where G is the measured concentration of metéh the sediment and Bn is the geochemical backgtaalue of
elementn in the background sample. The factor 1.5 is inioedl to minimize the possible variations in the
background values which may be attributed to lidrog effects. Geoaccumulation indebggo) values were
interpreted as:lgec<O—practically uncontaminated;<ljec<l uncontaminated to moderately contaminated;
1<lgea<2 moderately contaminateds&ec<3 moderately to heavily contaminategil §ea<4 heavily contaminated;
4<lgec<5 heavily to extremely contaminated; andl§€o— extremely contaminated [19-21].

Enrichment ratio (ER)
Enrichment ratio analysis, a method proposed byeSiand Helz [22] to assess trace element concemtyds
considered as an effective tool to evaluate thenihade of contaminants in the environment [23].

To identify anomalous metal concentration, geockafmormalization of the heavy metals data to aseorative
element, such as Al, Fe, and Si was employed. Skwaaithors have successfully used aluminum and toon
normalize heavy metals contaminants [24-25, 18].

In this study, aluminum was used as a conservateer to differentiate natural from anthropogesomponents.
The ER for each element was calculated to evalaitieropogenic influences on heavy metals in sedisnesing
the following formula:

(Cx/Al)sample

Enrichment Ratio (ER) = (Cx/ADbackground
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Where, Cx stands for concentration of metal ‘x’.eTtackground value is that of the world surfacek ragerage
[25] given in Table 4.

Samples having enrichment factor >1.5 was conditlieidicative of human influence and (arbitrarily) BR of 1.5—
3, 3-5, 5-10 and >10 is considered the evidenceirndr, moderate, severe, and very severe modificd#5].

Data analyses
Paired relationships for water and sediment wevealked using Spearman’s rho correlation tests. & kestistical
calculations were performed with SPSS 20.0 for Wimsl while Origin 8.0 was used to draw.

RESULTS AND DISCUSSION

Metal concentration in water

The result of heavy metal concentrations in wati#rshe Saricay stream are shown in Table 2. Theagee
concentration of metals in water followed a dedrepsrder of Mn> Zn> Cr> Cu> Ni> Pb. The mean carication
of Mn in water was observed 92.79 and 155.8 pghHinduwvinter and summer season respectively whiginédri in
station 5 than other stations. Accumulation of 28.1 pg/L) and Ni (1.2 pg/L) in water also were ridumuch
higher in station 5 on summer but interestingly tiighest value of Pb was observed on winter inicstal.
Considering the toxicity reference values (TRV)gweed by USEPA [27] all the metals not exceededirthie for
safe water, concluded that water from this stremsafe for organisms

Table 2: Metal concentration (ug/L) in water sampleof Sarigay stream of the present study and permid concentration in water (pug/L)

Sites Cr Pb Cu zn Mn Ni
W S W S W S W S W S W S
s1 1,48+ | 1,60+ | 0,55+ | 0,32+ | 1,01+ | 0,73+ | 8,40+ | 17,02+ | 69,79+ | 94,59+ | 0,31+ | 0,82+
0,29 | 025 | 0,01 | 0,24 | 0,09 | 0,10 2,40 2,24 5,86 13,27 0,14 | 0,27
S92 1,37+ | 1,71+ | 0,46+ | 0,40+ | 0,95+ | 0,75+ | 10,51+ | 18,12+ | 75,76+ | 103,55+ | 0,32+ | 0,82+
0,24 | 021 | 0,01 | 0,08 | 0,05 | 0,16 2,08 2,61 3,98 18,53 0,02 | 0,15
s3 1,27+ | 1,92+ | 0,33+ | 0,47+ | 0,91+ | 1,40+ | 13,82+ | 20,35+ | 86,72+ | 125,40+ | 0,48+ | 0,87+
0,23 | 043 | 0,01 | 0,03 | 0,05 | 0,06 4,75 4,07 9,15 18,43 0,19 | 0,04
sa 1,29+ | 1,98+ | 0,33+ | 0,42+ | 0,85+ | 1,11+ | 15,26+ | 23,25+ | 89,48+ | 141,38+ | 0,55+ | 1,02+
0,08 | 025 | 0,02 | 0,08 | 0,03 | 0,11 5,19 3,40 11,76 26,67 0,24 | 0,11
S5 1,30+ | 1,96+ | 0,34+ | 0,36+ | 0,80+ | 0,83+ | 20,86+ | 28,15+ | 92,79+ | 155,83+ | 0,66+ | 1,24+
0,11 | 0,31 | 0,03 | 0,16 | 0,06 | 0,18 5,90 4,40 19,02 46,18 0,51 | 0,12
Avarage+ SD 1,34+ | 1,83+ | 0,40+ | 0,39+ | 0,90+ | 0,96+ | 13,77+ | 21,38+ | 82,91+ | 124,16+ | 0,46+ | 0,95+
- 0,19 | 0,30 | 0,09 | 0,40 | 0,09 | 0,29 5,76 5,06 13,10 32,96 0,23 | 0,21
TRV 11 2,5 9 118 - 52

Total metals in sediment

Metal concentrations of sediments in stations amochparison of metals in sediment (ng/g) with difféarether
studies in Aegean part of Turkey are presentedainlel 3 and 4. A wide range of metal accumulatiosadiment
was observed among sampling sites. The averagesiotvation of metals in sediment were in the dedngasrder
of Mn>Zn>Ni>Cu>Cr>Pb. Metal accumulation in watedasediment almost in the same order. Just Cr amgehe
different place in ranking of metals. Conspicuously metals in sediment were found highly on sums@ason. In
highly polluted station for Mn and Zn were Stati®non the other hand, domestically and agricultaddivities are
the primary culprit. High values for Cr, Pb, Cu addconcentrations were observed in station 1. dfacsuch as,
geomorphological setup, pH, salinity, hardness ilggve played a crucial role in high accumulatidnthese

metals in station 1. It should be noted that statiavhere there is agricultural and urban actigtigegun.

Table 3: Metal concentration (ug/g) in sediment oSaricay stream

Cr Pb Cu Zn Mn Ni

W S \W S \W S w S W S \W S
Ss1 12,88+ | 20,87+ | 8,47+ | 11,57+ | 43,19+ | 60,82+ | 541,01+ | 510,00+ | 3161,63+| 4237,17+| 50,18+ | 70,23+
4,88 7,77 4,55 4,40 22,43 4,51 88,62 73,33 908,15 306,90 7,98 15,42
S92 11,71+ | 18,26 | 6,67+ | 11,23+ | 35,50+ | 54,55+ | 528,20+ | 526,94+ | 3162,74+ | 4203,36+ | 45,70+ | 67,52+
3,34 +5,52 2,37 0,67 12,81 10,79 63,97 68,64 718,56 458,20 4,78 13,82
S3 10,63+ | 16,19+ | 6,19+ | 10,18+ | 27,32+ | 47,66 +| 509,98+ | 626,19+ | 3180,93+ | 4265,47+| 44,86+ | 65,39+
1,43 3,76 0,20 2,53 6,79 14,57 59,28 57,05 664,88 551,58 11,95 11,78
sS4 10,12+ | 17,74+ | 4,46+ | 9,68+1 | 26,13+ | 37,99+ | 541,13+ | 670,24+ | 3462,37+ | 4323,56+ | 36,48+ | 61,72+
1,65 4,83 1,44 ,23 5,05 3,27 7,58 55,60 502,73 411,41 2,69 16,36
S5 10,72+ | 15,71+ | 3,71+ | 8,581 | 24,91+ | 32,84+ | 606,95+ | 701,89+ | 3597,37+ | 4517,26% | 45,52+ | 59,25+

2,42 1,02 0,46 ,88 3,20 4,61 32,90 43,71 528,55 395,43 14,32 1,61
Averag | 11,21+ | 17,75+ | 5,90+ | 10,25+ | 31,41+ | 46,77+ | 545,45+ | 607,05+ | 3313,00+ | 4309,36+ | 44,55+ | 64,82+
e+SD 2,60 4,69 2,67 2,39 12,60 12,96 59,36 94,21 605,26 382,97 9,18 11,67
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Result of our study clearly show that; generallyj &hd Zn accumulation in sediment relatively higtien other
workspace while Cr, Ni, Pb ( excepting winter forta®oy), Cu (excepting winter for Geyik Dam, Ortgkéand
Saricay stream) accumulation was lower than athelies (Table 4).

Table 4: Comparison of metlas in sediment (ug/g) Wi different other studies in Aegean part of Turkey

Location Season Station Cr Pb Cu Zn Mn Ni
Present study Winter General 11,21 5,90 31,41 545,45 3313,00 44,55
Summer 17,75 10,32 46,77 607,05 4309,36 64,82
Gediz River Average | General 200 128 140 160 510 106
Buyuk Menderes River Average | General 165 54 137 120 388 315
Geyik Dam Winter General 92 31.30 11 32 174 320
Summer 239 28 120 104 190 104
Ortakdy® Winter General 15 0.70 7 39 150 390
Summer 240 28 110 102 230 102
" Winter 45 15.20 18 18 320 180
Sanicay Strea) Summer]| ®enera! 1308 29 128 304 2613 304
Gediz River Average.| Nif Stream 53 14.50 72.10 94.90 - 47
Istanbul Bridge 218.90 5.50 53.70 60.70 - 44.2(
Karacay 134.5 18 96.50 357.30 - 69.40
Muradiye Bridgel 891.01 8.48 91.21 279.69 - 68.14
Menemen 647.50 11.97 89.82) 155.46 - 52.59
Kiicik Menderes Rivet | Average| General 5.04-69.25.00-8.00| 6.90-58.35 16.20-227.4Q 152.1-439.2 13.39-68.25
Sarigay Strearh Average | General 38.24 32.56 47.12 123.6 265.98 0132.
World surface rock average 71 16 32 127 720 49

a: Akcay [4], b: Tuna [5], ¢ : Oner and Celik [28: Basaran [29], e: @lui [8]

Correlation matrix

Spearman’s rank correlation analysis was appliete$o the relationship among the metals analyzedsaowed
table 5 and 6. The correlation matrix for waterwg@d that Cr and Zn were highly correlated with Mrd aNi
showing a strong positive association (Cr-Mn= 0,5€8Ni= =0.530, Zn-Mn= 0.838, Zn-Ni= 0.867; p<0100
Only Pb was negatively correlated with all metatsept Cu but correlation was not significantly imgamt (table
5).

The high correlation obtained between Cr, Ni, Pba@d Cr in sediments of Saricay Stream suggesi& common
pollution source of these metals. Zn is only mesalsw negative correlation with other metals (exdép).

Table 5: Spearman’s rank correlation matrices of mel concentration in water

Cr Pb Cu Zn Mn Ni
Cr (n=30) | 1,000
Pb 0,332 | 1,000
Cu 0,210 | 0,455| 1,000
Zn 0,329 | -0,313] -0,128  1,00(
Mn 0573 | -0,162| 0,018 0,838 | 1,000
Ni 0,530° | -0,056| -0,073| 0,867 | 0,800° | 1,000

Table 6: Spearman’s rank correlation matrices of metal conaetration in sediment

Cr Pb Cu Zn Mn Ni
Cr | 1,000
Pb | 0,747 | 1,000
Cu | 0,737 | 0,847° | 1,000
Zn | -0,005| -0,029| -0,224 1,000
Mn | 0,276 | 0,240 0,194 0,676*F 1,000
Ni [ 0578 | 0534 | 0,422 | 0,333 | 0,679*| 1,000

Assessment of metal pollution in sediment of sarigastream

The CF for all metals were the descending ordédmwfZn>Cu>Ni>Pb>Cr. The mean CF values of Mn, Zn, By
Pb and Cr were 4.6, 4.3, 1, 0.9, 0.4 and 0.2 dwinger and 6.0, 4.8, 1.5, 1.3, 0.6, 0.3 during swan(Fig. 2). The
value of contamination factor (CF) on winter for, ®b and Ni metals showed low degree of contandnaiCF <
1), whereas Mn and Zn showed considerably degre@K8 6). CF values on summer similar with wintet bin
showed very high degree (€6) on summer.

The assessment of pollution load index (PLI) valaésnetals in sediment are showed in Figure 3 whighe

ranged from 0.18 to 0.21 during winter and 1.4381d8ring summer, it is supporting that the sedimznthe
studied stream was not contaminated on winter ttacninated on summer (The PLI value > 1 is palutdereas
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< 1 indicates no pollution). However, the higherl Rhlues on summer indicated that Mn and Zn arentiagor
contributors to the sediment pollution. Higher Rhlues on summer were calculated in sampling fites S 1 to S
5, which increasing the PLI values from river sidehe sea side. The highest PLI values were obddn/sampling
sites 5 of nearest location to the sea where deliecf domestic, industrial and agricultural wastenes from other
stations. However, higher values of PLI in siteso® summer should get more attention especiallyhia t
management of landscaping for agricultural and stril development in this site.

7
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Fig 2: Contamination factor (CF) of metals in sedirent of Saricay Stream
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Fig 3: Pollution load index (PLI) value in sedimentof Sarigay Stream

The geoaccumulation factdigeo) values of the studied metals were presentddgume 4. Overall, thégeo for all
metals were the descending order of Mn>Zn>Cu>NiXBb>Among the sites, the meanlg€o values for Cr, Pb,
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Cu and Ni were 0.1, 0.24, 0.65, 0.6 during winted 4.6, 0.42, 0.97, 0.88 during summer respectiiraljcating
unpolluted status of the sediment wherbgen values for Mn (3.06-3.99 for winter and summaspectively) and
Zn (3.18) during summer indicates heavily contart@dastatus. On the other hahgko value for Zn (2.86) on
winter indicates moderately to heavily contaminatesediment. Mn and Zn are known as essential eiesrier
aguatic organism; however, it is unknown whethghraccumulation of these metals in Saricay streay exert
lethal effects to aquatic organism in the nearriutu

4,0 /=W
- S
3,54
3,0
2,54
2,0
1,5+

1,0+

0,5+

0,0
Cr Pb Cu Zn Mn Ni

Fig 4: Geoaccumulation index (geo) value of metals in sediment of Saricay Stream
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Fig 5: Enrichment ratio (ER) values for heavy metas in sediments of sampling sites, Saricay stream

Enrichment factor (ER) is a normalization techniquidely used to categorize the metal fractions thassociated
with sediments [18]. Figure 5 showed the mean HRegof the metals studied. The mean ER values,dPk; Cu,
Zn, Mn and Ni were 0.04, 0.10, 0.25, 0.91, 1.06 ari8 respectively. ER values for Cr, Pb, Cu, Zd Bin at all
station were <1 indicated no enrichment of thes&al®dR values for Mn showed minor enrichment in altistzs.
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The reason of higher ER values of Mn and Zn th&wermetalcan explain Saricay stream affected by the intense
fertilizers and pesticides used for agriculturahaty.

CONCLUSION

1.Result of our study clearly show that; generdity, and Zn accumulation in sediment relatively lgthan other
workspace while Cr, Ni, Pb and Cu accumulation wewer than other studies. Furthermore, higher
geoaccumulation factorlgeo), pollution load index (PLI) and contaminatifactor (CF) values on summer
indicated that Mn and Zn are the major contributorthe sediment pollution.

2. Mn and Zn showed higher ER values when comparddemther metalsThis indicated that agricultural inputs
were probably the major contributor for the enrigmnof metals in sediments of the studied stream.

3. Correlation analyses showed that there wasse ¢llationshifCr, Ni, Pb, Cu and Cr in sediments. Alternatively,
negative correlations were noted among Zn and otfedals in sediment. The correlation matrix for evathowed
that Cr and Zn were highly correlated with Mn and $iowing a strong positive association. These Iresu
demonstrated that Mn, Zn and Ni common sourceey tiere able to interact to cause common pollution.

4. Metal concentrations assessment in the presetly svere comparable to other regions of the Aegesih and
based on the calculated indices it can be cladsdfieunpolluted to moderately polluted stream emvirent.
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