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ABSTRACT

Today, one of the most important environmental problems around the world, especially
in aquatic ecosystems, is heavy metals pollution. since sediments are the main source
of heavy metals, in this study, Gamasiab River sediments were evaluated for heavy
metal contamination of chromium, copper, nickel, zinc, iron and manganese. After
layering, the results were interpolated by two methods of kriging and Inverse Distance.
Moller Index, Ecological risk Index and numerical parameters were used to assess the
range of sediment pollution. Results of Moller index in spring showed no pollution.
Also, in summer it represented no pollution for all metals except Ni. Results of RI
categorized level of Heavy metal concentration in low contamination. Using RI plans,
zoning plans and Hot Spot analysis indicated that the concentration of heavy metals in
the east of Gamasiab river in spring is higher than summer and it is shown that spots
with high concentration in summer are located in the west of Gamasiab river.
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Extended Abstract
Introduction

Today, one of the most important environmental problems, especially aqueous ecosystems, is caused by heavy metals.
Although some of these metals serve as nutrients, their high concentration in the food chain can cause environmental
toxicity and jeopardize aqueous ecosystems and creatures as a whole (Shanbehzadeh et al. 2014). Sediments are
inseparable parts of aqueous ecosystems (Madadi et al. 2021), which mainly serve as the final reservoirs of accumulated
toxic metals in coastal environments (Mohammed Yari et al. 2016). The accuracy and quality of a study of rivers are
due to the very low concentration of heavy metals in water. Therefore, the high concentration of elements in sediments
can be used to increase the accuracy and quality of the results (Haghshenas et al. 2017). This study examined the
sediments of the Gamasiab River for contamination with such heavy metals as chromium, copper, nickel, zinc, iron,
and manganese.

Data and Method

To investigate the level of the sedimentary contamination of the Gamasiab River, 15 stations in the studied area were
selected, and from each station, 3 sample sediments were taken during two high-precipitation (spring) and low-
precipitation (summer) seasons. After the result analyses, the beds were interpolated using two Kriging and Inverse
Distance Weighting (IDW) methods. Then, the validity of the two methods was examined by calculating the RMSE
and MAE. Also, Muller’s geochemical index, ecological risk, and statistical analyses were used to measure the
contamination of heavy metals in the Gamasiab River sediments. Meanwhile, a zoning map and a Hot Spot analysis
were provided to identify points with higher concentrations.

Results and Discussion

To examine the validity of the two methods of Kriging and Inverse Distance Weighting, RMSE, and MAE values were
computed, with the Inverse Distance Weighting method outperforming the Kriging method. The results of Muller’s
geochemical index computation in spring indicated that the contamination of the sediments of the Gamasiab River with
such elements as Chrome, copper, nickel, zinc, iron, and magnesium fell under the zero-contamination degree and in
the non-contamination category; meanwhile, the sediments fell under the zero-contamination degree or the non-
contamination category, except for the nickel metal-induced contamination. In all stations except for Station 14, the
Nickel-metal fell under the 1-degree contamination in the non-to-medium-contamination category. The results of the
ecological risk index suggested that this value varied from 4.7 to 8.16 in springs and 6.16 to 18.2 in summers. In total,
the value of this index was found to be 6.26 in springs and 14.9 in summers, indicating that the Gamasiab River fell
under the low-ecological risk category in terms of heavy metal concentration. Also, the zoning map of the ecological
risk index suggested that in springs, all regions, except for the areas around Stations 3 and 4, held high contamination.
Thus, contamination in the eastern part can be attributed to high precipitation and the surface washing of agricultural
land, while contamination in the western parts can be due to the high accumulation of urban, industrial, and agricultural
centers. In summers, more contamination is seen in the western parts due to stagnant flows and the accumulated
industrial, residential, and urban land use. The results of the zoning map and Hot Spot analyses in springs indicated that
in springs, points with high chromium and nickel concentration were in the eastern part of the river sediments, while
points with high manganese concentrations were in the western part of the river. In summers, concerning all elements
except for chromium, points with higher concentration and warning thresholds were in the western part of the river
sediments.

Conclusion

The findings revealed that the indices provided an acceptable evaluation of the possible contamination of sediments
with heavy metals. According to the results, the sediments of the eastern regions in springs and those of the western
regions in summers had inappropriate qualitative status compared to other points of the river. Higher concentrations of
copper and nickel in summers, compared to their values in the earth’s crust, indicated the effects of human activities
and the accumulation of heavy metals. In sum, the findings showed that the conditions in the region, including the
entrance of urban, rural, and industrial wastewater, agricultural land drains, and the establishment of a cement factory
and a slaughterhouse, in addition to natural conditions in the region, could cause sedimentary contamination. Thus,
special measures need to be taken to manage contaminating sources that enter this river and to control and prevent the
contamination load, especially in summers.



References

Aghdar.H., amohammadyari, F., Basiri, R., (2016), Evaluation Groundwater quality parameters using GIS and Geostatistics (Case
Study: Mehran Plain and Dehloran 1lam).69(3):566-597, In Persian.

Ahmad, W., Alharthy, R. D., Zubair, M., Ahmed, M., Hameed, A., & Rafique, S. (2021). Toxic and heavy metals contamination
assessment in soil and water to evaluate human health risk. Scientific reports, 11(1), 1-12.

Ahmadali, Kh., S. Nickmehr., and A. Liaghat. (2008). Evaluation of kriging and cokriging methods for the estimation of deep soil
acidity and salinity (case study: plains of Bokan), Iranian Journal of Water Research 2: pp: 55-64.

Akpan, I. O, Thompson, E. A, (2013), Assessment of heavy metal contamination of sediments along the cross-river channel in
Cross River state (Nigeria), IOSR Journal of Environmental Science, Toxicology And Food Technology (IOSR-JESTFT),
Volume 2, Issue 5, PP 20-28.

Al-Yamini, MN., Sher.H., EI-Sheikh, MA., Eid, EM, (2011) Bioaccumulation of nutrient and heavy metal by Calotropis Procera
and Citrullus colocynthis and their potential use as contamination indicator, Academic Journals, Volume 6, Issue 4, PP 966-
976.

Ansarinia, F., Sadeghinia, M., Ghanei, M., Iranmanesh, Yaghoob, (2021), Assessment of Heavy metal pollution in Gandoman
wetland sediments, Journal of Wetland ecobiology, 13(1)35-50, In Persian.

Azhdari, Z., Hoseini, Z., (2015), Spatial variations of groundwater quality parameters using geostatistics (Case study: Segsi Plain,
Isfahan), Journal of Environmental Science and Technology, 20(3):63-80. In Persian.

Balakrishnan, A., Ramu, A., Murugesan, A. (2013). Spatial distribution of heavy metal concentration in groundwater in and around
palk strait sea shore area using GIS techniques, International Journal of Innovative Research in Science, Engineering and
Technology. 2(12): 7650-7656.

Bayati, F., Modaberi, S., Lak, R., Saeidi, M., (2012), Environmental assessment of potentially toxic metals in sediments of the
northwestern bed of the Persian Gulf (Bushehr province), 31th conference of Geosciences Conference, Geological Survey of
Iran, p.10.In Persian.

Chandrasekaran, A., Mukesh, M.V., Anantharaman, P., Tamilselvi, M., Muthukumarasamy, R., Manivel, T., Rajmohan, R. (2013).
Trace Metal Concentration in Sediments of Tamirabarani River in relationships with physico chemical characteristics -a study
using GIS application, International Journal of Innovative Technology and Exploring Engineering. 3(2): 9-15.

Choopani, S., Rezaei P, (2020), Evaluation of consumption and distribution of heavy metals in the sediments of Karun River in
range of the fifth bridge to Farsit using geochemical data and statistical analysis. Bi-Quarterly Journal of Applied
Sedimentology. In Persian.

Dinpazhooh, Y., (2016), Analysis of chemical water quality trends in rivers of East Azerbaijan province. Scientific Journal of
Geography and Planning, 20 (55), 105-124. In Persian.

Ghasemi, S., Zareei, Gh,. Ecological risk assessment of heavy metals in coastal sediments of Bandar Abbas, Environmental Science
Studies.6 (3):3878-89. In Persian.

Ghezelbash, M., Naseri, F., Karimi, H., Rashedi, E., (2016), - Comparison of KRIGING and IDW interpolation methods to evaluate
groundwater quality parameters in relation to agricultural use using GIS (Case study: central and southern areas of Kalaleh city,
Golestan province), 5th National Conference on Agriculture and Sustainable Natural Resources. In Persian.

Hakanson, L. (1980), Ecological risk index for aquatic pollution control, a sedimentological approach, Water Research, 14, 975-
1001.

Hamzehnezhad, R., Khodaverdiloo, H., (2021), Quantitative Assessment of Heavy Metal Contamination in Soil, Applied Soil
Research 52-37: (2) 8. In Persian.

Jabbari, 1., (2013), effect of land use in water quality of Alvand River in Kermanshah, Journal of Geography and planning.17 (44)
73-93. In Persian.

Jamshidi Zanjani, A., Saeedi, M., (2013). Evaluation of pollution and qualitative zoning of surface sediments of Anzali wetland
based on the results of heavy metal pollution measurement indicators, Journal of Environmental Science, 170-117: (4) 39. In
Persian.

Jie Fu, Changpo Zhao, Yupeng Luo, Chunsheng Liu, George Z. Kyzas, Yin Luo, DongyeZhao, Shuging An, Hailiang Zhu. (2014),
Heavy metals in surface sediments of the Jialu River, China: Their relations to environmental factors, Journal of Hazardous
Materials, Volume 270, Pages 102-109.


http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894/270/supp/C

Kosej N, Jafarian, H.; Rahmani, A., (2020) .Evaluation of heavy metal pollution and investigation of the source of environmental
pollution of sediments in Qeshm, Bandar Khumir and Bandar Raft areas of Hormozgan province in the Persian Gulf, Fisheries
Science and Technology, (2): 10.151-163, In Persian.

Liu, K., Li, C., Tang, S., Shang, G., Yu, F., & Li, Y. (2020), Heavy metal concentration, potential ecological risk assessment and
enzyme activity in soils affected by a lead-zinc tailing spill in Guangxi, China, Chemosphere, 251, 126415

Madrid, F., M., Biasioli, F., Ajmone-Marsan. (2008), Availability and Bioaccessibility of Metals in Fine Particles of Some Urban
Soils, Archives of Environmental Contamination and Toxicology. 55, 21-32.

Makram, am., Negahban, S., (2020). Ecological risk assessment of heavy elements in roadside sediments in GIS environment. ,
Geography and environmental hazards. 9(1):17-43. In Persian.

Mirmousavi, H., Mirian, M., (2011). Application of Geostatistical Methods in Spatial Distribution Studies of Precipitation (Case
Study: Kerman Province), Scientific Journal of Geography and Planning, 16 (38), 153-178. In Persian.

Muller, G. (1979), Index of geoaccumulation in sediments of the Rhine River, Geological Journal 2, 109-118,

Nadiri, A., Shakur, S., Asghari Moghadam, A., Vediati, M., (2016). Evaluation of various interpolation methods to estimate nitrate
pollution in groundwater resources (Case study: Bilordi plain, East Azerbaijan province), hydrogeomorphology, 1 (1) 71-92. In
Persian.

Nowruz Fard, P., Mortazavi.S., Asad, S., Hassanzadeh, N., (2018). Evaluation of Qeshm Island coastal sediment contamination
with Cu, Pb, Zn, Cd, Ni, Cr elements using sediment quality indices. Journal of Health and Environment, 11(3) :433-448. In
Persian.

Price, E.B., N. Kabengi, and S.T. Goldstein (2019), Effects of heavy-metal contaminants (Cd, Pb, Zn) on benthic foraminiferal
assemblages grown from propagules, Sapelo Island, Georgia (USA). Marine Micropaleontology, 147: p. 1-11.

Rahmani, M., Azari, T., Molaaghajanzadeh, S., (2021), Effects of Heavy Metal Contamination Caused by Residual Leachate on
Forest Soil in Babol Anjilsi Region, Iran.Journal of Geographical Research 42-31: (1) 35. In Persian.

Saiful Islam, M.d M.d Kawser Ahmed, M Kamrullslam, M.d Habibullah -Al- Mamun, M Kamrullslam, (2015), Heavy metal
pollution in surface water and sediment: A preliminary assessment of an urban river in a developing country, Ecological
Indicators, 48: 282-291.

Saleh, M., Rezaei, M., Shakeri, A., Jahandari, A., (2016). Evaluation of Heavy Metal Contamination in Surface Sediments of
Gamasiab Nahavand River, Environmental Geology Quarterly (39):11, 71-84. In Persian.

Selvam, S., Venkatramanan, S., Singaraja, C. (2015), A GIS-based assessment of water quality pollution indices for heavy metal
contamination in Tuticorin Corporation, Tamilnadu, India, Arabian Journal of Geosciences. 8(12): 10611-10623.

Sharma, N., Sodhi, K. K., Kumar, M., & Singh, D. K. (2021). Heavy metal pollution: Insights into chromium eco-toxicity and
recent advancement in its remediation. Environmental Nanotechnology, Monitoring & Management, 15, 100388.

Sobhan Ardakani, S., Jamshidi, K., Niazi, A., (2015). Evaluation of concentrations of iron, lead, cadmium and copper in sediment
using Miiller geochemical index (Case study: Migan wetland) 6(20):67-78. In Persian.

ThanhVu, Ch. Lin, Ch. Shern, Ch. Yeh, G. Giang Le, V. Tran, H. (2017). apportionment of heavy metals in sediments and water
of a contaminated river in Taiwan. Ecological Indicators. Volume 82, Pages 32-42

Venkatramanan, S.T. Ramkumar, S. Vasudevan, (2014), Heavy metal distribution in surface sediments of the Tirumalairajan river
estuary and the surrounding coastal area, east coast of India, Arabian Journal of Geosciences, Volume 7, Issue 1, pp 123-130.

Webster, R. Oliver, M.A., (2000), Geostatistics for environmental scientists, Wiley press, p. 271

Yonghang Xu, Qingin Sun, Liang Yi, Xijie Yin, Aijun Wang, Yunhai Li, JianChen, (2014), The source of natural and anthropogenic
heavy metals in the sediments of the Minjiang River Estuary (SE China): Implications for historical pollution) ,Science of The
Total Environment, Volume 493, Pages 729-736.

Yousefi, M., Agah, H., Taghavi, L., (2020). Investigation of the concentration of heavy metals in the sediments of Chabahar region
between Pazm and Ramin, Darya-e-Fonun Scientific Quarterly.19(7). In Persian.


http://www.sciencedirect.com/science/journal/1470160X
http://www.sciencedirect.com/science/journal/1470160X
http://www.sciencedirect.com/science/journal/1470160X/48/supp/C
https://link.springer.com/journal/12517
https://link.springer.com/journal/12517/7/1/page/1
http://www.sciencedirect.com/science/journal/00489697
http://www.sciencedirect.com/science/journal/00489697
http://www.sciencedirect.com/science/journal/00489697/493/supp/C

VBT 5les AT 0Ly YV 0590

S0l g Ldlya oole 4 545

(g3 Vo

GIS ;o 2Ly9sd by 3l eolaiwl b

f‘_,’liu'w‘_gum w.:.(bl).gl ar,_sg.oé}’).o J.oa a*'x/"gs.o)..\.lgj Lo)..J.c “‘Sébj oL 3] OW‘)‘?‘ o po

! o0liswl B 3Lols guis )§ CC BY NC ¥ U g 35U (o yiwd & ygu0 & dllito o

i BIS 15 thingys Lbe, 3l ool b olawlels alsng, ligus, 1o oefiw Sl Sogl 4bs,l  DOI: 10.22034/GP.2023.14307

M=V AT) YV syl g Ll i oole

oluS

Sl 51 26 Sogll ol GlapiawsST 1o (ogaty Cuwyj e Sz SSCLs (et 31 (S 039,4!
adlas cpl 5o il oo mKaw O (60,58 sl ol e Sligw, aSepl @ az g bl 80w
b3 0550 5850 g g5y (S et S S 38 4y (Sogll i | lewllS ails-0g, Slige,
Ll o pogae (G55 ahalold 5 Sz S (295 99 b elslor 00 @l wganay ) 285 13
@lodgsy pasls sl ol Glad 1) (weSas (S39 (Sbalald by 650 (el @bl &5 wisd 2bygy
ool Sligny 5 cyeSins 3l _Sogll Capmdy izt sl s bl slopall] 5 (Ko3elsST S e e
A5 5 lelolS ailog) Sliges Hlar Jab )0 45 35 (T Kk e pleordisss (aS LS aralre gl wi
25 0S5 518 s lls plas ay (Sogll a5l bl Jad jo g oogll 12 4kl o jobie plas 4y (Sool]
Sl L ) Ll wlioy, a5 ol olis CSuislsS] Sy atls gl wils 8 eogl] pud abids
AP oty 4iE (o p S (o0 1R 05 (SOisST Sy a0 adlllas 090 oS D30
VL Sagll b blis s b 4 o5 amose oLt gl blis U 5 sanaigy didi 5 SyelsST S

lodd 55 pele (028 iFu 3 Ll b )3 5 ailS0g, Slgw) (Brb i

Lo jlgunls

(2L09y3 (Pl dilsog,
Hgo o bonigll (Ll
Ol 5L8 SO 5l g8 | Sy

YFouls4/TY oud cdly o
VPool Y /oF ouis asb .y

VEY/oY [+ coudh o

0l L6 yle & ghono oo i
ildoromi@gmail.com :asbb |,

u'f' ‘).i)Jvo nﬁ)La oKisls ‘Q\..,{)'Ja.oms dx.ujoé.st.n saSisle [rusvweys .]a,.?uoj; ‘gw.i)'lawé)lfe.\

.Qlﬂl ‘ﬁ)l.a oKiils vy s 9 sx.uja é.gl.‘uo PRV NP 5 (i 05;_)[‘;...;‘ At

Ol Do SIS s Laoms 5 el arlio 00SEIS s § Lasms 09,8 skl ¥

Ol dle oty wasly pole oaSiils (oK 5ub 0,8 Lol ¥


https://dx.doi.org/10.22034/gp.2023.14307
http://childmentalhealth.ir/page/133/Open-Access-Policy
mailto:ildoromi@gmail.com
http://dx.doi.org/10.29252/jcmh.7.4.19

Olyo g 53Tz (ylond! ol 3 o

e S llolS AilS0g Sligasy 50 i W13 (Fogll b))

FURVANEPUPRIPCINERE SUovh | PRV S I [Tt P A PV PSS I PG g0
5 gy lodd 5 etie ailsag, acil> s a5 wites ubio bag] Las
09,5 Kin ‘Q,:J ‘Wﬁﬂ) O ol3ls cdale 55 (VW) o) Ken
ub}w) ) (Molf 9 UJL.S S T u_i#’hw)] “«59) sJS.»..\ ‘Mobls
Syse (Sab b g5 g Sogll ool eolaiul bl jlels ddlaie
390 dilate Slgw, H0 S, | cdale olo o\Lis s aisls j13 )y
WIS eps,S slacdale 54 paie cpl ailiw] o 5l i LY B Y/ adllas
3t e V=F g 0-) O -VID o e bolSiis! adST j0 ppeolS
iS4y 08gad zezn adlate Dliga; ;o Madlirn slas luibinl ,o abw] o>
5 58l Cewl 48,5 &g Ao ol 40 A (goumie Sllllae 4 axgi L
AYAY )en 5 (gaminz AT K 5 Slo IV (), SKen
O g glam, AYAY ISan g 015 050V VAR [ Ke o Sbs>
XV (\\c' . ‘59)‘) 9 (50*"[3 ‘\Vivu‘)l&@ 9 @150)‘ L)l"’b‘”" «\f..
2T 53 S e 43S i SIS S (e oy 2 Al
el gl oolanl b ClawlalS ailsog, coxdaw Sligas, jo 1550 g

a3l el Jyol 5 GIS Ll

o9

anlllan & 550 4ilaio

sLiileS il o olnl latliog, S 5l o olemlels il g,
2] 4 g aliag b B oo b 45 00y 45,5 Lol 5 ovas 5Lt
2 Nsles (B stz (Sal gladsizr | ailhog; (nl 05 o0 oailss ol
ot PllelS 0,5 o iz o CllalS Gl Slplaes il 8
O rgd e yolas polme slaadg> Koo (aw slapl > 28k )
QbR )3 g d9dse 3)ly olisle)S Glial 3,5 50 aizs 4 sblawl
Ol g oliilesS 5l jgue 5l 395 Cnl 050500 g B 09, 4 oliile S
5 lo) 298 o0 3)ls pelasllysn YU 4y Culesys 9 05, (o0 45,5 05, &
(Y5 o) San

L;)/Jﬂ‘u‘}“‘ Llii 4 L;JL!JZAA wihio Coedgo 1) YK

2. Geostatistic

dodlo

Sl ) ol O e Sy b polaedr 2y 059l
ol axmiliz ((AYAQ w0ghy (29) Cawl 0055l 8925 4 Conyjlas
S s e D318 1 U laailag, 5 ol ) alezsl (T (slaptinssS]
515 ) Sl 00 o5 o sl )5 (502 SarmoCns Jno
ailony ozl Ll mlie @b 5l pKow Sl OV F v ) Kon
gl 5 SBT 085 poans 5 (55,5liS sloagS (S 5 (sped haio
Sly wser Nop g S Gl (e Slly, wibe b
Sharma et al. ¢« Yonghanh et al 2014 ) wsi o o lapinwsS]
Sasre ¥ Slge plgea SIlE cpl I (S ey 4z ST (2021
Sl g o el Ailg5 o (202 0z yo by T ol cale Ll sl oo
il sl 4 |y gl Slogzrge 5 o laptapsSTs 050 amecen
OMSio 4y azgh b anldS Jlo siz 50 . (WWAY o Se 5 9,8 (555,99
3 e Sl adlas Cajlase g ludl Codls o oals Sl
Liu et ) cosl oas o 00iiS )55 alins Sy 4y cilises clobaseo
(! Glbe Slgw, Sogl carsy s 4,005 @l 2020
@bt @ 4z b cupae glo)Sal, Jlosl 5 (Sogll mlie g8 ololis
@ leoa ¥l 59,5 lhe RalS jghiteay 4SOy slaol)
SileSh slaghs; boamlie o it Cuesl 2l slalae
¢y Slaw, .(Jie et al., 2014 Al-Yamini et al 2011) col ls 55 5
(Madrid et al. 2008) wg, o jloss 4 (o] GlopimawssST 5l S5
ol o sl )3 (o DIl gzt ol (35 Aried el aS
Ggny 5lUT 5 eolainl b .(VYA0 o)) Sa 3 (5,bowmxe) ol oo jlod &
Syg) Caws 4 5 VL cBo L, ol lalase (Sodl ol lgi e
Sl cdale cde @ laailEog, adlae cuiS 4 s (Price et al, 2019)
Jolis Y ke 4y azgi b ol by e s ST 4o (i ks oS
Sy oalitil CodS 5 cds il jshiieds lag] 5l plgsce gm0
Sl St il chle o jsliie 4 (YA S 5 0 ,50)
oS ol 2lag; G eelin S (Ko glailesg, Sliges, 5T i,
Ol 5l liiss @l SlapmsSt (Sl )l it jolatens
5 ol S Sodl consy b5yl sl OYAY (g)lz) 5,5 oolanul
S9r% S oo paigad wogll Ghlie (i g (S S5l &y Slige,
L e OMSe 5 S5 oy Juo 4 Ll ((Akpan et al 2013) ol
e o 3blie 5 03yl Gblio (eni (sly oadis pslaez sloaisei b
" elone; slaide, ' oldlax Sledlbl sl ooliial ( Sl
Sldlae aiwy ol ;o (WA (LSKen 5 Ggwgerme Iowl Csllas
CLlE (YY) oSan 5 gl canl s plonil lilioes Lasgs alises
Pl ogz 5 o 55y (S pa)S sz« Sikul) (S I3l
3y50 Siazen ailbg; 5l ead (5] mex Of ladigel 5 Slse,
s Jlisl 5 (Sogll asls Julosga s wisls 5 Jelowisay
Sz g ail>0s, 50 5w Ol Lice as ols (lis O jo Jaxecens

1. Geographic Information System

\F“‘)Le 4/\“0)\.«..:3c“Va;;JL&ﬁ;MUx;@\ﬁ‘\iJﬁd



\F'Y)\.e J\Vo)uL*Vo)}:‘dﬂ)MUﬂ}L}‘k44“}.:1.5

VBT 5ls AT 0Ly YV 0590

S0l g Ldlya oole 4 445

Slrly sl g ook, @lisee slaJas 5l slacgome 2biysys slagss,
a5 (OVAF () SKen 5 (600) 0,5 o0 G polasl polie coo i
Sl 00l o)Ll g ol o oa a8 )T S sla g, a4 dsld]
SLoge by,

JESVE T 7))

S ploosls lp &5l glatdydn 2biogye gy S S Uby,
;M Q‘i)"ef w‘ WL.A le) G‘OM uu):.: ‘sho}xa J.Ss) Lg‘)“)
daools Lg‘).s ()‘Ju)5 J);b..q u..\i’LAA) 6[4.4..4 » aS ol u.‘:‘)"; 6]4}
S b gy ol - OV LSS 5 p,8e) e e plosl 1) (obiyg)0
bl o 1) pate SO polie 5 wS 0 by (e uib)lg
bla o e plea polie 5l ot oS 5 Ojg0 4y ool (510 pdiges
sla g, plxil sl (Balakrishnan et al 2013) o,.5 o ,bs o calisee
g adl ansls glas Jloy &35 b oolaiwl 0,90 slaosls ‘)Lc"w)‘
OS2 g (Slgpud) Al il g0l podd (e 5o i)y 9 (Sl
ROARK:

" reSae (Ji9 (2balold g,

bla olile slaghy, o idsere 5l (S wsSae b abols i,

AS.‘{ B FLRGW 4.,..4)5 U"‘ 6L""‘° » Q‘ uul.w‘ S Cowl uliﬂ B OAJ‘)J
Sy blis 5 005 LSy Bl Ll el S S e obiles wlans
ui;ib_élhf&}lMBQﬂjmﬂji}qﬁwﬁobij
(Ahmadi et al.,2008) s4 o xaS el )l 3l auly
95 ()3 (bakold § a5 by cero (b))
Seap b o Slaye (ke sl lls (gl colie Seds S
Goae lade Jilas Yl > o] slas jsiome (pSiles 5 Bl yio 4
Jlade g0 ol 4> o . (Chandrasekaran et al 2013) sl aisls |1,
o,bel g8 dlome b b Ol el i gy s wil 5SS
5 dnlie aBlbs Slaye jpime :Silo 5 Fllisl lhe (Sl
M Ay egSae (S (phalolh g K S By 93 Some (b))
Webster and Oliver, ) wed oo iy, 5 sloakl) &jgo o a5
polie 0il 5SS saal Cws a slasl 1 o] jo 4S5 &g, (2000
oz Jow g oo 5 SGo3 w0 4y 28lg polie g Jow lawgy ouds dls
(Selvam et al 2015).5,ls (5,268

MAE= 237l 2(x) —

Z(x)l Y. ysfc.cvkfgty, ysfc. ckagtiz;lzo |z(x) — Z(x)l

RMSE= \[% YN[ z(xi) — 2(xi)]? ™)

4. Mean Absolute Error
5. Root Mean Square Error

R alt))
oolazl SPSS17 ¢ Arc GIS10.2 slo)l38le 5 51 iwgs cnl ploxil cage
olizile S ylil wlidlsm o ll 51 228l o ledl 51 ooliceal b sl o
Jad plore ar sl Jad (lial cnl po Sl ams 9 (L liee (o) s
o WS (Bre b o8 Jad plye @ gl Jad s (L 2
o5 9 Ghkn Fad 99 )0 Slewlels Aoy 5o e SIS () olate
56T 51 Jol> ol (30,91 Cows 43 g b 93 50 (61 piges 51 o 81
FRe g 2l 59y (S e 13 opSis DI Ll g (slaools

ol Cewd @ olRilejl o

l¥le s b 50 g ad (g3luoslel GIS Jl38l 5 4 09,9 (6l @l s
oo 1 @l sl Fam S5 5 S S by e slois,
L0950 Ubs) e PR Gy e 10855 )18 )2 8590 0al
andi o Sluje jgdome (Sl g Slabidl 3llae (2 Sle anslio b
Foo pleordgs (aFLh ()2 b 0Ll 10 005 w5 polie ganasg
'l bls BT S L blss oy gesgll polie gonaiy, aii SaS L g
30,5 paselie

Laiges 5T 9 (5,10 paiges

2 G ol sy oSS e 19 e S oy polateny
Y oyl o 5l s ol olfig] V0 sl wllelS ailssg, Sliges,
aslgl el am aS b ol Gl glaieSa ladiges 100,58 Cuiils p digel
ol 1y il 4 ool mbio g e ka5l (20 lo Sogll copndg
o s Saslanr pogase (Sidly glodansS ) badige (ul ains
a0 ¥ sles o5 Jiine ol islol s ools )3 7 (alS )0 (5 13508
Jsbiieds aigas (g 5luoole] Cgz i (6,leS b abesT plosil b 515 il
4 olF ile 4z 30 Ve (los 50 (91 50 Cgm; (sladiges pan Joe plx]
Bgai o 3 mF Y g K SlS b s eols 8 cels YF G
So ke sl S e VY jlade 5 0l als ) pan slaadlg) jo 0l S
09,5 Lol T 4 VoF s b ldTMerck 7V« SIS 5y sl 5 $07.
Sy p oS il az o Feoogles jo cel S Dow 4 pan sladly
@ o5 il ax 0 VFe B Les alyT o 51 o 5 a0 sols )8
o )lods poily bl G255l aly) o glsimes 2l Lialsdl cele ¥ o
b ol i (e YO poes ay 058500 Cl L Qa9 0l 00l 500 S5
aiga gilwoolel 5l (LA sllas @d) 5 @ 2y, <55l Gliebl
w)S Sl o wald diged lyiedr digel Sy e Slles Sl cug e 0
VA Jose ol iz olfi s Lausgs baaigod jo &5l clale s 0
& =503l Laadgus 5925 Metronm s, L., Computrace 797
G oll gladiges jo LA 0,90 8 cldale als e ol jo 08
e 45 00 5 1S diges (gl ool Caws as polie 5l g o (g S0 sluil
el Cawd 4 a3 AV B A sl o5k

1. Hot Spot
2. Kriging
3. Inverse Distance Weighted



Olyo g 53Tz (ylond! ol 3 o

e S llolS AilS0g Sligasy 50 i W13 (Fogll b))

RI=XL, Er *)
Er= Tr*Cf )
Cf=Cs/Cn M)

Er .ol i) Jlade g aiges ;o o 38 clale w55 4 Cn g Cs
Sz Jomiliy [y RI 5 polie 1 Sy o (SuilysT Sy sl
ARV P IR JRCUN RS JEr QLR SN
Pb Cu @ljls gl o] polie a5 ool Ly 125 Coroms oy & j90 4 TT
o gandid cusl oal Hlo V5 ¥V B B s 5 4 g culi ZN 4 Cr

sl 00 00l HLad V Jgaz 50 So3elsST Sy, ol o0 Al

RI aalmo clie o jalsS] Sy sutipatiilo:) ot
S5IsST Sy S
oS (SIS S,
bgte (So39)5ST S,
aba>do 59350 (SjelsST S,
ol sl (So5edsST s
(Hakanson, 1980) :pw

Rl lsis

RlI<\o-
Vo-< RI<y- .
v.-.<Rl<g-.
RI>#..

Ao 2boligl) ol
oty azle leolaiwl b Slbgw, Sogll Gobalxe jglaieas
s 00lial Y Jgor 5 3 alayl, 5l Jge

Igeo=logz[(cn/(1.5 x Bn))] Q)
sabayly ol o
(Slguy 50 (Sogll Dot (a3ll) olerdss gozs ja3li =Ige0
e g 95 PY 5l 7S 5had b Slgay 5o ai¥T esle cilale =Cn
£ kS 2 oS koo
aS Sloj o polic adgl clale b i Sows ,0 o0Vl eole clale =Bn
PSS 2 o35 e e Sl @3 S92y (S]]

Jolse 15t s & Sligms, adgl clale s jolateds 35 VIO ooy
(Muller, 1979) ol ooy Jloel o)

Aoo (leonind) mazed asli Gulol  Slgw, St S (cdidil Y fod>

1g€0 jolie  Sogllazy o Cands

<. . ooyl e

\-- \ Lisgie Sogll b ooyl 2 5l

Y-) \ Lsgie Sl

Y-y ¥ sl Sogl1 b bagie SoglT 5]

£y ¥ sl (Sl

o-¥ O 03gll oty B ol (Sogll

>0 4 00yl ey
(Muller, 1979) :zs

2. Cold spot

able o Sl (somadgs sasmsglis ;LT ol :Hot spot ;JG1
oy (§3lcs par sl o)l ganadss il 4 adlige (o)lo paiged
Lo o852 (VYAF (g 5 (5,03) Wlon Lo 4 lasaiasgs Jow g
el w1y T K0 a4 A 95 o (goAD g LSS kel Yo
Llas ' glo blas iy g0 a1 dibaie )5 0 G cogas Lol 5l oozl L
Els alaii S oged SIS s Bgyre S sloyS T 4 45".:)”
Yo o3, o)lee o0 Jawgs YU 3,0 opiils 1 egdle Wb gkl lobixe
90 cnl 0gb o Lo Z-SCOTE 4 p-value Lawgi ol oyl caisl oo abols!
aps o plid 1y Jlae Byl g o Bolar Jleis! (lie i 5 4y
Hlis oo awle Z 5Ll oo oo 4 (Saiful Islam et al. 2015)
39l ol leas candlior olij g oS polie cols GlaxS 4 wes e
510 518 Sl Silor o0 a5 o5)lse Coz ez o ad)le o 4 Cids
Wl oo 9 el ail aslo YU polie glas)le (3108 o oSS
Gl ails g)lal Hlassl Jloline gls &S G ol (Ko sleiar (g
0ol ol i Jloline glel Sl g ogi (85 Els aST as le S 4SSy
polde gl asyls JI3 ol Kluen j0 a5 Lo)lse vt g Jid55 b
5 adle S e aem (Venkatramanan et al 2014) acsb YU
aS Gl 0gb oo duslin as le IS oz b oo jobay (Ll Luen
S YT 3590 (oo gz sl 5l 0)latin e g 0l b (e g
Wl Bolay a0 o1 1) olgis a5 aib (glojlasl 4 M g ol
Cawd &y dbal) 51 G cages Lol cal wlys s & Z 5Litel 4o

Zjn=1 WiiXj — X Zjn=1 Wi;

G =
2
o (2w = (S w)'] ®
n—1
DN
Xx==""
n )

®)

Nojglasle pu Sl s Wije] adle (33,1 Xj abasly ol jo a5

il o G o)l b plp Z-SCOTE l5ae Craizman Canl 5)lse JS slows

oS k8 Sogll Lixiw gla pLis

S59551 st 3l L

PPN T K ST R S B P
G il algay Slhgy (Sogdl y s byl cax (V9AY)
Oygo 4 2l lalame Sl 0 SojelsST as b3l a5 eslil
«(Hakanson, 1980) s e osls oylis 55

1. Hot spot

\F“‘)Lﬁ 4/\“0)\.«..:3c‘Va;;JLéﬁ)MUﬁ}@|j§a-jSd



\F'Y)\.e J\Vo)uﬂ\’o)}:“sﬂ)«uﬂ}l}‘k4{‘}:‘.}

VBT 5ls AT 0Ly YV 0590

S0l g Ldlya oole 4 445

Al o (PPM) VAAIYD oo b Y oKl )3 o1 (5 5 (PPM) 09
Ol ot 5 (PPM) YAV jlace L F oSl o (g5, calé o 58
ol yo oyal clale oy S ol oo (PPM) FOINVE s0e LY oK) jo
oae LY ol o ol Jlade o iies o (PPM) VE-A/VF soe L VT
Jake bV oSyl o 5iKie Cale oy zaS il e (PPM) VATY /B0
YIVOY s e b Y oSyl jo o7 i o i 5 (PPM) VASIY
3k s (PPM)

Sy ol 39,5 50055 (5ylel 5031 L osls 3l loyi (rgly cnly
ool ol 552 lg b 5l o yuiite (Shusgy (o) 22 s5latods G 05 plvl
$lp allas Oy50 4 pls ol 5 (Ahmadali et al., 2008) s )5
GIS Jli8la 5 a2 9555 sly @ls o oo IDW 5 Sz S slo s
Sz S alygyd it slahg, l¥le 5 baamme 50 9w (g 5lwoslal
5 o e 18,5 18w 350 odw] e 4 bl gl IDW
s RMSE awslio b (2bigyo o9y (e Olpsa IDW g, Sl
ol oy b bl 50 0055 e polis gunasy ass MAE
Gy AAB S L SlsST Sy (a3 g Jee olends
0,5 Laseie HOt SPOt 5 JUT SaSL blis oy 5o0gl] « yolic
#IDW g Sz S 2bosys slaghy, <85 b)) 3l Jel> mls
25 8Bl s 50 8 e 5 LI el o 5 &1 () Jgor
@ S [ IDW (9, 6550 LS Glial ST b o 53 (Se
Ol 5 LI5E) wsls lis of (&S sla el (2l o Sz S

baisly

eslelS 535, iy b Sligas S S5k 2815 5] ols gl
RO PR d.ﬂ)‘ ¥ 9 Y Jj‘» 3 ULMMJL‘ 9 )Léf. J..A.é)d u.\.i)LA Oygo &

o Jad jo Slewlol5 dil50g) gy oK OIS dilxs I ol gl :F Ju>

b e e Dl Sl i S

ppm) > st (Ppm) ppm) (ppm) =
a- \AvAsd AR Oel-% O/AA Cr
WY VIEY FIAY AR YIfY Cu
b \Atied £V Ve NY f-/f0 Ni
0 O/A YEIYO OFIVY YO/AY Zn

Y- V-7 VOFNIY ANARZIN \YYF. Fe
AD- ANZATN VFAINY \VEIA VY7 Mn

[QARTA
hosm slessy, <o byl b
S S s
MAE RMSE MAE RMSE

e

IDW Sz S IDW Sz S IDW Sz S IDW Sz S
-0 -y Y -0 Y “IAS A Y cr
-1 NI s <Y LY VYO Y <IAF Cu
-0 /57 R 5 Y2 VYD “I-A VI Ni
Y-8 a1 .10 s a3 LY, --f SIYE Zn
“Y ¥4 -y ¥ Sy $IEY “I-AS ) Fe
A Vias -0 \IvE Yo \IvS - IFY SNY Mn

s ) o @Sl o Sl e el s
Jgaz) s oolaiwl SPSS17 |158ls 5 laie 10 (ygus s (5, 4 (Ssod
(P<[+0) (V o8

Sl S8 0 adlllas 050 K DL o g (Koot clpd F gtz

Mn Fe Zn Ni Cu cr o el
! Cr
\ CIYYET Cu
\ NV NI a Ni
) FOFYTT e VENT SIVEY Zn
) SJOVNEE AR NSAARNERYIL 2 4 o Fe
\ AL < [OOY s Y Y NSy R Mn

30 Sligusy 30 S Sl3ls clale Kl ool oo 4 s 4 4z
I ols 518 65 omb il 5o Jod xSl b dnnlio b (01 5 b
Shecaals Ll e o lailisl Sogll i 5l ailsog, awgie jebas lg5 o
o)lods ol jo 05,8 Clale (a8l b yo oSl jo 0 8k
LY o)l oSl jo o o ytiin 5 (PPM) A/0Y (2 Sileo jlaie L 4
Voliun] ;o e cbile oy ieS abb o (PPM) FYNVY (. Silio lade
(PPM) MAA Jlaie b # oKl jo o1 oo yiien 5 (PPM) ONF jlaie b
5 (PPmM) FAVA Jlade L O oSiusl jo JSo cbale oy 2eS ail
cdale oy e .ol e (PPM) YEIAY jlaie b VO oS! jo o1 oy s
L0 olRasl ;5 o cnyies 5 (PPM) YAV Jlaie L VF oKl )5 59,
Jlade LVE oSl o ool cdale oy a8 0l o (PPM) FY/00 sae
VEABIAY ol jladie L F oSl o oy Jlade o yiies g (PPM) VE- /15
WA Jlade LVE oBiw] jo 5iKie clale o 1S aib o (PPM)
(PPM) YEONY plp Jlade b VY oK) o o lode o yiies o (PPM)

bl s

olewl Jad 1o leololS 4505, gy nKiw OIS dils I Jol> il :F foi>

Jot Sl eSile Syl oSike Al S ol
(pPpm) o it (ppm) PPM)  (ppm)
q. oIvE \Y/FE YYIAF YI00 Cr
W\IY ONY 14/ YY/ay A7AN Cu
- VV/YA \FAIVY VAE/YS A% Ni
a8 o/ OAIAY YY/YA - Zn
FHV- . VYA/-Q VY. /Y YYVV/A VOVAIA Fe
AD- Ya/f9 \SYIA YEEIY VEV/OA Mn

Sliges; 55 i Ol3k plos Clale (1o Sloe ol s ) s 4 a5 b
so3ima 15 Job (Silin b alio 5 IS 318 s b o5 Jd 0
19 SheaslalS wilog, o S l3ls clale 5 Siloo ol 15 s il
cbale o a8 oS ol o Kol Ll Juad 45 (5o paiges olSias] 10
3501 i s (PPM) /4 Y uSilo Jlaio L A oylas oSl 45 pg,S
CAe p ieS ail e (PPM) ¥ON S eSilin oo LV o, Lods olSits|
LY ool o ol oo piin o (PPM) £IOY jlaie LV olfins] ;o s
e LV ol jo IS5 cldale o a8 sl e (PPM) YA loie



Olyo g 53Tz (ylond! ol 3 o

e S llolS AilS0g Sligasy 50 i W13 (Fogll b))

(eSS S so oy 3l L) NDW 59, b lgy Joa 0 olalolS” 535, Sligesy 4o anlllao )0 (oo OIHE oy 57 (sutivtigy 1 S

e 31 53,5 o e ot e bl 4 s W 5 STl
YL 508 o a4y ailag) (Bpd Asu 50 S g 9SS o YL
VL il e (b 59 olie 0ol 20 sty 5 (53,5155 ol
Oboas )5 0929 JJo @ (g5 o0 325 1) (0208 250 5o 335 518 (1092
2895 9 PN oSS i H lalal (o cedls adhie (Seo3 50
Eoz ol iS w9y Jodo a4yl b jo (10 B g0 sleelSinl s>
i 315 45 S e 1 e i o5 g 5 siSne i
Aot po S Ll @lis 5l (6 i Jlaiot b s 9 S5 09,5 9 595
2 ek glin )l Bane 5 a8 i cnl 51 0l 0 Vaiol 5 055 oo
AUl pl ol 5380 (6l il S deii s asdllas 0590 00 guse

(¥ IS as >l ey (54, HOt spot
solic oW il b gblie ol olis i (sly HOE spot 5T ;|
Yo IS5 5 pa,S ale b bl (F JSi8) 50T ol gl gabs b eolizl
Oy 55 58 (VL cdale b bla 5 ailbog) Sligay (Byd iy 5o
g8 on Sl (Y JS8) ganarge @l coma 1.0l )13 albsg, (008

bl Jad j0 anllbs 9)50 oK S o Gty (Fieiad il Yy

Mn Fe Zn Ni Cu Cr e 2l
\ Cr
\ -/-£4 Cu
\ <IYEA AN Ni
\ < IYYAE® SNY. —e YV Zn
\ A% NAT SRV L o o o —+IYEA Fe
\ SJOFYEE L JOOVEE . /FagEE L yYYE AR Mn

/o) s 5 g olias® oo/ 8 peans 15 (5 loline *F

Wlog, Sliges 55 alllas 550 S s m o5 (e ¥ IS0
Ao oo slid 1) )l Jad jo Ol

6539, 53 adlllas 9,90 dilate (3,0 o (S5 jeba ¥ IS5 4 4z g3 b
G5 5 (21 g e 159, (IS oS DL I gt polie leaslalS
P 3l (S o o ol |y ool g 538 518 Tty e dilaie 56
crge 993 a5 9,8 o )Ll ey Jad o ol Vb o0 @l e baide

\f"‘)Lﬁ J\Ya)u“‘va;}}L&ﬁ;MUx}@‘ﬁ‘\iJﬁd



\f'\')\.ﬁ J\ro)uL\‘Vo)}:“_;};)‘uuﬂ}l:é‘kqfu

VBT 5ls AT 0Ly YV 0590

S0l g Ldlya oole 4 445

slg Juas yo HOt Spot 3T gl :¥ sl

&3, Hot spot ;U1 adl ool o 5580 lp ailad 5 dei o
(F USE) o L laay

ooliiul jolie W cdale b sblis ol lis s 6l HOt spot 3G
albia] j5 g SV sloadale b bl 0 Jss) ;U1 cpl bs @b s
2 839, Slge) (2,8 G5 )0 p5,5 5 jzra yolie poled gl laia
g oe Sl (¥ JSE) (sodig gl Covo W ool a8 5 )15 Gl bl
A5l Sliges; ganail jolaieds Joo olierdess (APl vl gl
alog, Slgwy a5 05 o] Kl (2l 2)50 polis & (ol s
o b s 3590 Slopaie 4 (Fogll S5l gy Juab o SLlels
30 a0y, Slgaw, Criomen A3l 15 ogl] e il jo a0 ;;"5”
Slasd 0 oo Sogllas o b IS5 58 a4 Sogll a5l leasls Juab
(V J39) 3,5 oo 53 basie Sogll 5 asgll 18

wlsog, ) anlllas 390 dilain )8 A5 ;o S joba ¥ SS a azgi L
(st 590 (S D318 plad ez el b (o 057 Jeab 50 SlolelS
IS 5 ol pg,S 31 og Vb ates o Lis |y (6 5V clalé pg S 2
SikiS Bblie (YL 55 03 o 4y asdllas 990 ailate oLl 25w 50
9 @msS) bl Ol Jab o gblie cpl 5l 36 glaol
5 o8l 555 (IS e 8 (gl og YU Bk 5LOF o Kes
S S b g (G bl ged Wl RAS 352y Jdo 4 )
@5 0 pS o0 Dgo wlog) g0 Lo alss bl cpl o il
shls Gblie ool plisls Jad jo allog) o5 0> 5 omb (20 Js
S5 p35 5 53, 55 518 45 i g on W il oo (5t (S]]
Voiol 5 55 (o0 o poo 3L sl wlie 1 (6 s Jloi L (e
aalllas 390 0390500 ;3 grnsls golie l Bias 5 510 lin a5l 8l 518



ol 5 gobTuz luosdl il o1 50 e Lol Ail509 ) Sliguy 50 (efiw S8 (SoglT 25!

(T3S 25 ke o SIl5 L) IDW (g, b bl a5 lealals” ailg, Sligesy o alllan 350 o S 37 stivaign oF S5

oleasli Jas ;o HOt SpOt L b/ L 0 S

\?"‘)Lﬁ J\Y’a)u‘\‘Va);u‘_;}uul;ﬂ}\:éb,;q-‘\wid



\F'Y)\.e J\Vo)uﬂ\’o)}:“sﬂ)«uﬂ}l}‘k4{‘}:‘.}

VBT 5ls AT 0Ly YV 0590

S0l g Ldlya oole 4 445

5 65 SileSl S, ik 5 aallan 3,50 oSt Sl il
55 (s

s S o b o sl S, bl sipaigy 42
£ 5T sloolSinl Gl ol s aiie ol s b 55 s
o5 il e 41, i i 3 ool ol s bl 5
Cuond po (Sogll ()b 3l 5 andls (55,4LaS (gloree) (orbans (5ot
2 Seils (65,98 g 4 (Fae SThe Vb ged Jdo 4 ) (0%
S B 50 IS g 09,5 B 3 Vb aalllas 3590 (S SIS (o
ol 53 Gl 5 65,5LaS Bblie Y 55505 s 4y il
e O e B 8 pog Y wiliee e Jad o bl
009 Zudls ddlaie  SGo3 0 lepw als IS 05y o 4 gl oo
3 o B 9o laollis] o> )3 59, 5 5K oSS e S (slabais
i S sSon bl o lS S gy s a1 e St
wlog, jo adlae 5y5e adlate ()8 iS5 Bkl adlie
4 an Oy oo Sl pled e il Jad 5o oleulels
o le dale @l (Y JS8) aes oo i |y (5L cale ey S
robie & (Sogll w5l Sliges; s abl jslaied Jge olordsl
ke Jead 5o Slwlels ailsog, g, a5 09 o] Silo (25,0 99
b dinl o i (Sogll azyo b s 990 sloyate 4 (Sogll
sl 5 pleals fad jo ailbog, Slhige) Grigren )15 13 05yl
bsgte Sogll b oogll e jlail jo oSy (Sogll azyo b USG5 50 o,
S 13

8§l edolf Ak, Zhgry (pmARL g e LS S dpdica palia ¥ pia-

ki e o b 4 Tl a5
Jé-’ s

Sat e azyn aghre o B, cad b azyy ik pu¥le i
5 Sl Il 8o Sl Fll
et b ol ke

sl 2 - “X-d angll 3 - Biasl Cr

asgll 5 - BT aagll 3 - -8 Cu

G oyl 8 \ -¥Ta asgll s . —=I¥¥E Ni

bna ST

sl 2 - -Vrvy angll 3 . -VYYY In

agll 3 - -4 angll 3 - -iyPAY Fe

gl i - -YIve angll 3 - ETAR) Mn,

(69 (S5 e 109)5) e Sl Sl o)y ol addllas
i el 00 310y OlewlelS 450y, Slgw, j0 (55w g oyl
Hyo leordsss 5 SuiglsST Sy sl adli b g, (Sogll Cupndg
0P 93 @l bl 2 Slhgw; (&S Ganaigy (nl »ogdle 0B (L))
B o ailog, Gl sla sy jo wlpls clale x50 0gon 5 ool 3

el 5l ookl b GlwlelS ailssg, Slige, i gonany & UKo
o3 e 0l 1) ey hab 5o Jlse (ol (ali 5 S3slsST S,

Sy glojazlis ) oolicw] b GlawlolS G505, Slgu, (45 (sdivdigy # J5S
oo s 50 Jpo (oleaisis o K 5sleST

oL 3l oslial b LS iy, Slgm, (b sanang V IS
olas 1y bl Jad )0 Jge pleardssy (ald 5 SuslsSl S,

.Méso

Sy sl il 1 ool b loalols” 6535, Sloges, inS cisigy Y
Olwli fad j0 Jso oleaisi} 5 S 5eleST

il dae lelorme; loig; b (e S5 (2051, (501 anlllas ol o
Sl s (a8 b S oeds oy Olorea IDW colesys o5 00
Oh9y e Olgear ) IDW 55 (VFA0) hlSes 5 (358 s S
Sl e 4 ols las SseleS] S, als mls wis,S Ol
eite olieals fad 5 VAIY B SNVE o Loy Jad s ANE B EIY 5l asls
Obwas Jad 1o 9 FIVE Jloy Jad o aslis cpl jlade ggome ;0 abl so
S5l bl ailssg, (V) o)led Jgoz Geb 45wl caws 4 VF/A



Olyo g 53Tz (ylond! ol 3 o

e S llolS AilS0g Sligasy 50 i W13 (Fogll b))

(ool yolie cdale Sbs 1. (VYY) e o5k LS (gariion ¢ Jups S5, oyl
D90 anlllan) Joo nleortighy (el Slooliial b oga) 10 e 5 poeedlS v
5 (Y ) PY-YA(lime YL

Sl ol Ll (OF89) ISl (6 il dlae 5 SLE wipumo ol e o
bie il (e aolihad cislys Claslels a0y, (rlans Sligusy 50 (S
VPR VIAF

Sligmsy 53 (K S (So5lsST Semy (151 (VFe ) Loyl (o)l ¢ plo (ol
5 (0 YAYA-AR g Lasoms ple Slalllas < olee yis s ol

6L:° 09, awolio (VYD) Ciouae 6“\":1)‘&‘:’ alo Lsa_u; ‘UJ))S ng.ali o u..;L.J)S
2 ey 2y ol GmS sleyially ol ez IDW g KRIGING s,
SFZ 9 655y 0893 15990 dalllas) GIS S8 4y (65,5La8 5,05 L LLs)|
stk lie 5 (65,5lS (sl (laled ety (GlidS il DS (i o
laob
Pt

LS'Ll))‘ (\Fe) PEnnys) L5J3 ‘»15”..\...: @b) sl S ul.\).a.o 5,.@\4’ 6“55
5 Golin Sl lne gy s Fo5l Lite oy 5 i Sl S
VOV-VPY (Ml (5928 5 pole ooyl els 5o (500 il Y0 5 e oy

N (Y):

Sy 30 (S polie (So5dsST S (Sb5,1-OTA) amn (LSS s 0 0 S0
A (V) \Y-FY ka ulJ.IoL‘?La ) L.sl)a_;» GIS. oo I ool ail>

Slalllas 5o Lol reej slamig; 2,8 0T e sl o smmdmdins 1(G3ge oo
sy a9 Ll (ele 4005 (Lo il i69)90 dalllae) ()L (S 2395
NOY-VYA (YA)NF

Elgl Sbs)l OYAF) e Sy ol pade g ol @ihono  HeSh Ldlillae (605

aallla) (hoipy o @lie o Sl (Sogll east Caz e 0300 slobs,
OV AY-VD 4555098508559 ud (B8, (3l )3T (bl (50 ,5k Culss 150,50

RELT IS RGO R &0 KNRUR PR [ ENWER TR VSRR W FUR JP 05~ SO ISR IS PYPY

ol sleslaal b Cu, Pb, Zn, Cd, Nl, Cr yole @ 8 0y 5> L5L'>LM’ Sliga,y
AN (0 FIP-FFA s Laome 5 Casdls 4 325 gy ConS sl

adilate Sligasy ;0 i Sl CE oy VYA wa) 6585 o 05T coime gy
V) 5558 Ly gnle il smm, 3, ol ol

oolaiwl sl arli oS cunl pl 51 S gl ol )| GIS sloacss
S D308 8y sy Fofl il Capnss | o8 BB ol e
O g ke ad o (B0 (Pl Slgey @l Al aies o Il
calol 5 bl slacalas 156 e diwg 5o T jlade b anglis
Gpg @bl 4z gl b Cales,s S oo Ol 1y ead S8 S DIl
9 ULQ.W d..:l>)ls )‘)A:\..w‘ ‘6))3“ Gab‘ g.:" o) ‘G:M 9 6’[.4\.55’9)
2 Sl sl o dihaie g (oSl b Ll i LS o o5 laS
SO b gl 5l 6 S sl g Wy, ul S5 jslateds g oads Slges,
e Copde pgad ;3 Glohg Slages (bl Jad yo egasa

Sg a8 )5 a3 8 wilbog, ol 4 (69,9 oaisY]

&b

LSL""T"‘ <5°"5 leas‘_;')‘” ‘SIlS.A G s (VYA2) pailadligs s s (S dyz; 6,03
pole aalidad o loaol (535 Cuid 15050 aslllas) jlol e 5l ool b o) s
Yo (V) PY-Ae G Lanmo (53515555 5

SR g.;l u;LS LgL(h)...abLy é_vL’))l .(\\‘ﬁ())lé) Sy caolold d)L«M £ > )..\5\
a s @] les g olae b 69,50 adllae) Slelipe;  GIS i eoliul b
FA): OPF-0Y (rds S jlae

Ll OF o) sin (iiailpl wlgzaase (2B taumme L Solo ¢ bhaas LS gLl
Sikgh ode dme oS OYE Slgw, o K Ol3ls Gfa,li P SO
AY O Y000 . YB 5599m05]

e Cay 2Ll OV ) desme o adly ST ¢ Gg s poe aily 3 Sl
Uy Jlimsl 0399t0) o)l gl )8 Jlod iy Sloges; o oomw 09illy IS
0 9388 (Game SBLAST 5 pulbitine) plojlo s pole (lows S (reaSh 5 (o

AR

i olisle,S aigl ailsag, O coaS o Lol 6,5 (28 (VYAY) 20l sl
AFVY PNV 55, asliye 5 Lilam ol

S gonany 5 Soall bl YA Defpcme Goprw el lxi) gasdes
e Sl FaglT i slaatls b elol 3 I3l OB by Sliges,
XA NOY-IV e ol L aloe

S5 5 5 Fol e ) AN Lo, cuf plons (sl han slsz
lools sl oolatwl b o B U w03l 5o 09,8 aildog, Slgu, jo X
OIS (ool gy dslibabys (gl gla el g loordsl

S e K Sl3ls  Sogll 6:)5 bl OF ) i ghojglas wad) ol 050
A):YV-0YSE 60,5 Sladbos

bl sy, Ol olerd CoiS Wy, Jolos (VTA0) osin gl (o
ATVEN 0 OOV sy 4ol g Ll sale 4,80 5,50 ml 3

Sl Sogll il iy (VF ) o)l 00l5llBD ¢ oyall 6,31 toome lom,
5551 sls asls jleslioul b Ri Sy wiley s j 2306 eSi
Sl asbfad (bl o Jeonil ailain 165 )50 aslllan) alonliss gosnd 5 (S

XO (V) TV-FY Ll an

(]

\f"‘)Lﬁ J\Ya)u“‘va;}}L&ﬁ;MUx}@‘ﬁ‘\iJﬁd


https://civilica.com/papers/l-6660/
https://civilica.com/papers/l-6660/

\F'Y)\.e J\Vo)uL*Vo)}:‘dﬂ)MUﬂ}L}‘k44“}.:1.5

VBT 5ls AT 0Ly YV 0590

S0l g Ldlya oole 4 445

Ahmad, W., Alharthy, R. D., Zubair, M., Ahmed, M., Hameed, A., & Rafique,
S. (2021). Toxic and heavy metals contamination assessment in soil
and water to evaluate human health risk. Scientific reports, 11(1), 1-
12.

Ahmadali, Kh., S. Nickmehr., and A. Liaghat. (2008). Evaluation of kriging
and cokriging methods for the estimation of deep soil acidity and salinity
(case study: plains of Bokan), Iranian Journal of Water Research 2: pp:
55-64.

Akpan, I. O, Thompson, E. A, (2013), Assessment of heavy metal
contamination of sediments along the cross-river channel in Cross
River state (Nigeria), IOSR Journal of Environmental Science,
Toxicology and Food Technology (IOSR-JESTFT), Volume 2, Issue 5,
PP 20-28.

Al-Yamini, MN., Sher.H., EI-Sheikh, MA., Eid, EM, (2011) Bioaccumulation
of nutrient and heavy metal by Calotropis Procera and Citrullus
colocynthis and their potential use as contamination indicator, Academic
Journals, Volume 6, Issue 4, PP 966-976.

Balakrishnan, A., Ramu, A., Murugesan, A. (2013). Spatial distribution of
heavy metal concentration in groundwater in and around palk strait
sea shore area using GIS techniques, International Journal of
Innovative Research in Science, Engineering and Technology. 2(12):
7650-7656.

Chandrasekaran, A., Mukesh, M.V., Anantharaman, P., Tamilselvi, M.,
Muthukumarasamy, R., Manivel, T., Rajmohan, R. (2013). Trace Metal
Concentration in Sediments of Tamirabarani River in relationships with
physico chemical characteristics -a study using GIS application,
International Journal of Innovative Technology and Exploring
Engineering. 3(2): 9-15.

Hakanson, L. (1980), Ecological risk index for aquatic pollution control, a
sedimentological approach, Water Research, 14, 975-1001.

Jie Fu, Changpo Zhao, Yupeng Luo, Chunsheng Liu, George Z. Kyzas, Yin
Luo, DongyeZhao, Shuging An, Hailiang Zhu. (2014), Heavy metals in
surface sediments of the Jialu River, China: Their relations to
environmental factors, Journal of Hazardous Materials, Volume 270,
Pages 102-109.

Liu, K., Li, C., Tang, S., Shang, G., Yu, F., & Li, Y. (2020), Heavy metal
concentration, potential ecological risk assessment and enzyme activity
in soils affected by a lead-zinc tailing spill in Guangxi, China,
Chemosphere, 251, 126415

Madrid, F., M., Biasioli, F., Ajmone-Marsan. (2008), Availability and
Bioaccessibility of Metals in Fine Particles of Some Urban Soils,
Archives of Environmental Contamination and Toxicology. 55, 21-32.

Muller, G. (1979), Index of geoaccumulation in sediments of the Rhine River,
Geological Journal 2, 109-118,

Price, E.B., N. Kabengi, and S.T. Goldstein (2019), Effects of heavy-metal
contaminants (Cd, Pb, Zn) on benthic foraminiferal assemblages grown
from propagules, Sapelo Island, Georgia (USA). Marine
Micropaleontology, 147: p. 1-11.

Saiful Islam, M.d M.d Kawser Ahmed, M Kamrullslam, M.d Habibullah -Al-
Mamun, M Kamrullslam, (2015), Heavy metal pollution in surface water
and sediment: A preliminary assessment of an urban river in a developing
country, Ecological Indicators, 48: 282-291.

Selvam, S., Venkatramanan, S., Singaraja, C. (2015), A GIS-based assessment
of water quality pollution indices for heavy metal contamination in
Tuticorin  Corporation, Tamilnadu, India, Arabian Journal of
Geosciences. 8(12): 10611-10623.

Sharma, N., Sodhi, K. K., Kumar, M., & Singh, D. K. (2021). Heavy metal
pollution: Insights into chromium eco-toxicity and recent
advancement in its remediation. Environmental Nanotechnology,
Monitoring & Management, 15, 100388.

ThanhVu, Ch. Lin, Ch. Shern, Ch. Yeh, G. Giang Le, V. Tran, H. (2017).
apportionment of heavy metals in sediments and water of a
contaminated river in Taiwan. Ecological Indicators. Volume 82, Pages
32-42

Venkatramanan, S.T. Ramkumar, S.Vasudevan, (2014), Heavy metal
distribution in surface sediments of the Tirumalairajan river estuary and
the surrounding coastal area, east coast of India, Arabian Journal of
Geosciences, Volume 7, Issue 1, pp 123-130.

Webster, R. Oliver, M.A., (2000), Geostatistics for environmental scientists,
Wiley press, p. 271

Yonghang Xu, Qingin Sun, Liang Yi, Xijie Yin, Aijun Wang, Yunhai Li,
JianChen, (2014), The source of natural and anthropogenic heavy metals
in the sediments of the Minjiang River Estuary (SE China): Implications
for historical pollution) ,Science of The Total Environment, Volume 493,
Pages 729-736.


http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894/270/supp/C
http://www.sciencedirect.com/science/journal/1470160X
http://www.sciencedirect.com/science/journal/1470160X/48/supp/C
https://link.springer.com/journal/12517
https://link.springer.com/journal/12517
https://link.springer.com/journal/12517/7/1/page/1
http://www.sciencedirect.com/science/journal/00489697
http://www.sciencedirect.com/science/journal/00489697/493/supp/C

