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Geological map of Aleshtar
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Dulfour and Ballentione, ) <ol e wellasl ol il Slas HISL ¢ ol 31 oods 5 oo

&b o 1 YL 35 g (Ylo 5 gl ool o e Sodlw Sl HI olas ol 5 .(1986

5H| )‘..\.Q.A ‘QYLMf));quLaoP 03; 50;@6‘).: ‘s““‘?‘ LJ‘"’ijL)“"L"’)'“MLS‘)" .O)‘Q 05.‘>5

b by ol pe s 4eSme culply 5 Col SO 3l eS8 aslllas 990 yolic slos HQ

S92y JLS )5 9 Jlws > sloog S slp (b 5 (g el Sl e | aalllas 3550 polic

Sl

i (63,5l S sladisas 10 meeslS 5 S5 ¢ps,S S| yolie plilb s ue s L5 -V-F Jsos

Pb Zn Cd As Cu Cr Ni

HQ ing

(Child) 0.067377 0.003599 0.004106 0.60044 0.011844 0.663656 0.075398
HQ ing

(Adults) 0.007219 0.000386 0.00044 0.064333 0.010152 0.071106 0.008078
HQ derm

(Child) 0.001257703 5.03839E-05 0.001149548 0.001681 0.000110546  0.001858238 0.000211
HQ derm

(Adults) 0.000192024 7.6925E-06 0.004805 0.000256688 1.6878E-05 0.000284 3.22328E-05
?‘C?]illr(‘jk)] 1.88259E-06 1.00556E-07 1.14713E-05 1.6777E-05 3.30942E-07  0.006953752  2.10672E-06
(HASJR?) 1.06161E-06 5.67046E-08 6.4688E-06 9.46071E-06 1.86621E-07  0.003921289 1.188E-06
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5 OVl > sln Stwgy led e G5k jlepg)S paie )13 3929 & e B2yl 5 VLS 5
0 IS paie 28l st @il e Slas sl (Yl B9 (LS5 sl @l e b
ol b b (Yles,> sl cwn oled G5k 5l g VLS50 Gl &l e G20
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ek Glaa S led raxe
oYlea 2 VLS Yl s VLS Yl LS
0.00027 2.89E-05  7.6E-08 4.29E-08 1.85E-06 2.82E-07 As
0.002986 0.00032  8.4E-07 4.74E-07 2.04E-05 3.12E-06 Cr
0.002262 0.000242 6.36E-07 3.59E-07 1.55E-05 2.36E-06 Ni
6.16E-06  6.6E-07 173E-09 9.77E-10 4.21E-08  7.33E-08 cd

osls g bl Julos g 4y x5 —4-F
3555 golie Uy 5 ololids cbly o laplasl asdlos sl (srigs oo ol yolic oS Lol
rolis ol Glgizms alaz 5l (goaxio Julge oy g0 S5 4 (55950 ol SIS 0gilly yolie
Jelse b 5 ol slacilad Lags Sogll oS LS sloonslp wlly olge 5 oS o
ot ey LI sy sl (Li et al. 2008) S oo JpS |y polie s Slgle gl
Galye Jols opitaniz )bl sledig, 5l bl s999 Lace oS JpuS Jalge g yolic Gl

s oolitul Lol adlge Julo g (sladgs LT ( Sicon

s’.. ’ 2 ,ﬁl "—‘—ﬂ—f

olondigiy s, b e 0gill jolic Lide 8,b,0 (gawie Sledlbl Wl oo yolic fro Stumed
Chen et al. 1999; Manta et al. 2002; Bhuiyan et al. 2010; Lu and Bai, 2010; ) aas 1,/ Ll
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el 00 4] S loans - S

3,5 oSl b ool olobine 5 Cute (Shor ((Sher ulpd ple 4 Ay Ly
s 50 lsartil g qeroolS oy b ol g o /0 ) liell s 50 CILS 5 e w59y (S
ey SIS gy oo oSS Sl 5 3K G Geizmen 00 257y 100 (Lol
line 5 Sude (Shucod 09800 odaline +/0) Glpebl mhaw )5 ()bl 5 Cote (Ko
el @ azg b ool adllas 0550 yolic 5,05 50 laaaST i Silis i85 ool b ol
@ oY e oy ) Saed pl Bl o S sladiges jo cslen SIS ga> XRD ;JGT
2l a8 il S5 o sanST slasle (o Ddo wiilg oo polie I pisu a5 Zl SO

il oo anseis B XRD U1

s S (R LS a5 s Cote (Siaran SIS prieegll L aslllas 3550 polis olos
L Sk Slom, Jile jo il 85k ) (o 05dll jolie 5505 )0 (S )0 S92 g0
Aods g ol okl XRD Ul ol 4 4295 b sl () 59, » polie (b i
9 IS queols polie wolil sl jo aiiis ddlate LS 0 05290 oy GBS yiotes
S R Do 4 wllgiee meslS 5 ps,S polie GISeldS g oS LSl o 5 ey S

od 4 ol G5 el endl IS CEC 4 a>45 L .(Ma and Hooda, 2011) asl ails jgax>

ML)L;O ).a..: Ls:o.w 091]@ ).@L.c u_?;]a.w

Lito oazms lis o/ 0 g /) licabl gl 55 50,5080 b s 058l polic Cute oo
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SE sladiges jo polie clale 5 olosd (S5 (oloz (1 o (Sowod culpo -A-F oo

As Cr Ni Pb Zn Cd Cu Co Mn Ag Sc Sb Fe Al oM pH CaCoO3
As 1
Cr 521+ 1
Ni 479 767" 1
Pb 480 .068 .390 1
Zn 783" 618" 845" 523 1
Cd 532 469 456 214 627" 1
Cu 780" .324 622" 677" 839" 291 1
Co 747" 685" .888” 501 .984" 585" 811" 1
Mn 794" .370 671" 628" .889" 445 913" 865" 1
Ag -.060 .104 -.012 .086 -.064 -.042 148 -094 114 1
Sc 687" 6707 936" .508" .969” 530" 792" 983" 838"  -.082 1
Sb 279 503 574 .354 519 255 555" 570° 491 .340 552" 1
Fe 7457 646" 906" 517 .984" 577 .8207 992" 877"  -.088 .994” 551" 1
Al 619" 704" 954" A76 947" 501" 758" 961" 792"  -.046 993" 549" 975" 1
oM .046 225 .205 -.101 .248 .108 101 201 .108 072 192 124 167 228 1
pH -.225 -.480° -.457 .043 -.346 -.405 -.147 -373  -110  -.001 -.399 -128  -.376 -.441 -.045 1
CaCO3  -.688" -567 7517 -552° -817" -.430 -734"  -865"  -847° 123 -826°  -516° -851"  -783" -.039 294 1

* Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).
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(PCA) Lol adgo Jodxi -V -4-F

S oS Dl ol ol 5 b @b pled 6l aeie )bl g, S Lol adlie Julos

3l adllas pl o (Bhuiyan et al. 2010; Cai et al. 2019; Hani and Pazira, 2011) ol
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(Gotelli and Ellison, 2004) s .5 - ,1,8 colaiwl 5,50 Jule ol s
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51 1.17889E-05 1E-05 | 3.57239E-07 | 0.008127182 2.58998E-06 0.008151921
6 | 1.10744E-05 1.68E-05 3.6617E-07 | 0.006787537 2.08985E-06 0.006817858
7 | 1.07172E-05 | 8.69E-06 | 3.48308E-07 | 0.006921501 2.28633E-06 0.006943546
8 1.10744E-05 1.57E-05 3.6617E-07 | 0.006117714 1.85764E-06 0.006146731
9| 1.14316E-05| 9.65E-06 | 3.21515E-07 | 0.006474953 2.17916E-06 0.006498531
10 | 1.32178E-05 2.83E-05 | 4.10825E-07 | 0.006564263 2.14343E-06 0.006608376
11 | 1.14316E-05 1.01E-05 | 3.57239E-07 | 0.006430298 2.00054E-06 0.006454209
12 1.10744E-05 7.62E-06 | 3.39377E-07 | 0.007323395 2.07198E-06 0.007344502
13 | 1.07172E-05 6.31E-06 | 3.12584E-07 | 0.008216492 2.10771E-06 0.008235941
14 | 1.14316E-05 5.24E-06 | 2.50067E-07 | 0.006296334 1.62544E-06 0.00631488
15| 1.17889E-05| 8.93E-06 | 3.12584E-07 | 0.007189431 2.10771E-06 0.007212571
16 | 1.10744E-05 6.67E-06 | 3.30446E-07 | 0.006876847 2.00054E-06 0.00689692
17 | 1.14316E-05 | 8.45E-06 2.7686E-07 | 0.006698227 1.89337E-06 0.006720284
18 | 1.00027E-05| 4.76E-06 | 2.58998E-07 | 0.006028405 1.66116E-06 0.006045091
ADDinh Adults

HI

Pb Cd As Cu Cr Ni
1 1.2087E-06 | 6.24E-06 | 1.30271E-05 | 2.16559E-07 | 0.004356 | 1.44037E-06 | 0.004379
2 1.2087E-06 | 9.07E-06 | 6.45313E-05 | 1.96414E-07 | 0.004835 | 1.45044E-06 | 0.004911
3| 8.63359E-07 | 6.24E-06 | 4.56621E-06 | 1.56124E-07 | 0.003374 | 1.1382E-06 | 0.003387
4| 9.78474E-07 | 5.64E-06 | 5.10341E-06 | 1.91378E-07 | 0.003853 | 1.21878E-06 | 0.003866
5| 1.15115E-06 | 6.65E-06 | 5.64061E-06 2.0145E-07 | 0.004583 | 1.46052E-06 | 0.004598
6 | 1.09359E-06 | 6.24E-06 | 9.46817E-06 | 2.06487E-07 | 0.003828 | 1.17849E-06 | 0.003846
7 | 1.09359E-06 | 6.04E-06 | 4.90196E-06 | 1.96414E-07 | 0.003903 | 1.28928E-06 | 0.003917
8 | 1.55405E-06 | 6.24E-06 | 8.86382E-06 | 2.06487E-07 | 0.00345 | 1.04754E-06 | 0.003468
9| 1.38137E-06 | 6.45E-06 | 5.43916E-06 | 1.81305E-07 | 0.003651 | 1.22885E-06 | 0.003666
10 | 1.09359E-06 | 7.45E-06 | 1.59817E-05 | 2.31668E-07 | 0.003702 | 1.2087E-06 | 0.003728
11 | 1.32382E-06 | 6.45E-06 | 5.70776E-06 2.0145E-07 | 0.003626 | 1.12812E-06 | 0.003641
12 | 1.03603E-06 | 6.24E-06 | 4.29761E-06 | 1.91378E-07 | 0.00413 | 1.16841E-06 | 0.004143
13 | 9.20916E-07 | 6.04E-06 | 3.55896E-06 | 1.76269E-07 | 0.004633 | 1.18856E-06 | 0.004645
14 | 6.90687E-07 | 6.45E-06 | 2.95461E-06 | 1.41015E-07 | 0.003551 9.166E-07 | 0.003562
15 | 8.63359E-07 | 6.65E-06 | 5.03626E-06 | 1.76269E-07 | 0.004054 | 1.18856E-06 | 0.004068
16 | 9.20916E-07 | 6.24E-06 | 3.76041E-06 | 1.86342E-07 | 0.003878 | 1.12812E-06 | 0.00389
17 | 8.63359E-07 | 6.45E-06 | 4.76766E-06 | 1.56124E-07 | 0.003777 | 1.06769E-06 | 0.00379
18 | 8.63359E-07 | 5.64E-06 | 2.68601E-06 | 1.46052E-07 | 0.003399 | 9.36745E-07 | 0.00341




ADD derm child

HQ HI
Pb Zn As Cu Cr Ni
1| 0.001432 | 5.91E-05 | 0.002315008 | 0.00012828 | 0.002064414 0.000255963 | 0.006255
2 | 0.001432 | 6.21E-05 | 0.011467641 | 0.00011635 | 0.002291142 0.000257753 | 0.015627
3| 0.001023 | 4.59E-05 | 0.000811446 | 9.2481E-05 | 0.001599026 0.000202265 | 0.003774
4| 0.001159 | 5.07E-05 | 0.00090691 | 0.00011336 | 0.001825753 0.000216584 | 0.004273
5| 0.001364 | 5.67E-05 | 0.001002374 | 0.00011933 | 0.002171811 0.000259543 | 0.004974
6 | 0.001296 | 5.19E-05 | 0.001682557 | 0.00012231 | 0.00181382 0.000209425 | 0.005176
7 | 0.001296 | 5.19E-05 | 0.000871111 | 0.00011635 | 0.001849619 0.000229114 | 0.004414
8 | 0.001841 | 4.95E-05 | 0.00157516 | 0.00012231 | 0.001634825 0.000186155 | 0.005409
9| 0.001637 | 4.83E-05 | 0.000966575 | 0.0001074 | 0.001730289 0.000218374 | 0.004707
10 | 0.001296 | 5.97E-05 | 0.002840061 | 0.00013723 | 0.001754155 0.000214795 | 0.006301
11| 0.001568 | 5.31E-05 | 0.001014307 | 0.00011933 | 0.001718356 0.000200475 | 0.004674
12 | 0.001227 | 4.71E-05 | 0.000763714 | 0.00011336 | 0.001957017 0.000207635 | 0.004316
13 | 0.001091 | 5.01E-05 | 0.000632451 | 0.00010441 | 0.002195677 0.000211215 | 0.004285
14 | 0.000818 | 4.24E-05 | 0.000525053 | 8.3531E-05 | 0.001682557 0.000162886 | 0.003315
15| 0.001023 | 4.89E-05 | 0.000894977 | 0.00010441 | 0.001921218 0.000211215 | 0.004204
16 | 0.001091 | 4.71E-05 | 0.00066825 | 0.00011038 | 0.001837686 0.000200475 | 0.003955
17 | 0.001023 | 4.36E-05 | 0.000847245 | 9.2481E-05 | 0.001789954 0.000189735 | 0.003986
18 | 0.001023 | 3.88E-05 | 0.000477321 | 8.6514E-05 | 0.001610959 0.000166466 | 0.003403
ADD derm Adults
HQ HI
Pb Zn As Cu Cr Ni

1| 0.000219 9.02E-06 | 0.000353 1.96E-05 0.000315 3.91E-05 0.000955

2 | 0.000219 9.47E-06 | 0.001751 1.78E-05 0.00035 3.94E-05 0.002386

3 | 0.000156 7.01E-06 | 0.000124 1.41E-05 0.000244 3.09E-05 0.000576

4 | 0.000177 7.74E-06 | 0.000138 1.73E-05 0.000279 3.31E-05 0.000652

5 | 0.000208 8.65E-06 | 0.000153 1.82E-05 0.000332 3.96E-05 0.000759

6 | 0.000198 7.93E-06 | 0.000257 1.87E-05 0.000277 3.2E-05 0.00079

7 | 0.000198 7.93E-06 | 0.000133 1.78E-05 0.000282 3.5E-05 0.000674

8 | 0.000281 7.56E-06 0.00024 1.87E-05 0.00025 2.84E-05 0.000826

9 | 0.00025 7.38E-06 | 0.000148 1.64E-05 0.000264 3.33E-05 0.000719

10 | 0.000198 9.11E-06 | 0.000434 2.1E-05 0.000268 3.28E-05 0.000962

11 | 0.000239 8.11E-06 | 0.000155 1.82E-05 0.000262 3.06E-05 0.000714

12 | 0.000187 7.2E-06 | 0.000117 1.73E-05 0.000299 3.17E-05 0.000659

13 | 0.000167 7.65E-06 | 9.66E-05 1.59E-05 0.000335 3.22E-05 0.000654

14 | 0.000125 6.47E-06 | 8.02E-05 1.28E-05 0.000257 2.49E-05 0.000506

15 | 0.000156 7.47E-06 | 0.000137 1.59E-05 0.000293 3.22E-05 0.000642

16 | 0.000167 7.2E-06 | 0.000102 1.69E-05 0.000281 3.06E-05 0.000604

17 | 0.000156 6.65E-06 | 0.000129 1.41E-05 0.000273 2.9E-05 0.000609

18 | 0.000156 5.92E-06 | 7.29E-05 1.32E-05 0.000246 2.54E-05 0.00052

AKAY%




Abstract

The purpose of this study is to investigate the total concentration of the potentially toxic
elements in the agricultural soils of Aleshtar plain, Lorestan province, and to assess the
health risk imposed by toxic elements. For this purpose, 18 top-soil samples (up to 20
cm depth) were collected from the agricultural fields. The physico-chemical properties
(including pH, organic matter, calcium carbonate and texture) and the total
concentration of major and trace elements in the samples were measured using standard
methods. The pH of the samples varies between 6.9 and 7.5% (average value of 6%).
The amount of organic matter varies in the range of 2.7-9.3% (average value of 6%).
The calcium carbonate amount of the studied soils is in the range of 5 to 39% (average
value 6%). According to the results of the XRD analysis, illite, chlorite and clinochlore
are the most important clay minerals in the soil samples. Based on the total
concentration values, the average concentrations of Cd, Ni, Pb, As, Zn, Cu, Co, Cr, Ag,
Sc and Sb in the studied soils are 0.3, 117.9, 18.4, 9.6, 84.4, 37.0, 19.7, 155.7, 0.4, 4.1
and 13.5 mg/kg, respectively. The calculation of the geochemical indices (enrichment
factor, geomagnetic factor, single factor pollution index, Nemerow integrated pollution
index, combined pollution index, pollution load index, potential ecological risk index)
indicates that the studied soils are significantly contaminated with Sb and As. Health
risk assessment indicates that the hazard quotient for As via ingestion pathway for
children is higher than 1; therefore, there are adverse non-carcinogenic health effects of
arsenic for this age group. The results show that there is a carcinogenic risk imposed by
arsenic via ingestion pathway for both adult and children age groups. Cr is carcinogenic
for children via dermal contact and ingestion; whereas it is carcinogenic for adults
through ingestion. The intake of Ni via ingestion by adults and via dermal contact by
children can be associated with carcinogenic risk. The results indicated that Cd is
carcinogenic for children through the ingestion route. The obtained results in this study
show that the agricultural activity has considerably increased the concentration of
potentially toxic elements in the Aleshtar agricultural soils. Regarding the probable
negative effects of metal accumulation on public health status, the management of
agricultural practice in the study area is of crucial importance.

Keywords: Toxic elements, Risk, Agricultural Soil, Pollution, Alashtar plain
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