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Table 1. Maximum value of total heavy metals in soil according to JRC Ispra standard

maximum value of heavy metals (mg kg™?)

Element

6<pH<7* 5<pH<6 6<pH<7 7<pH

Cd 1-3 0.5 1 15
Cr - 50 75 100
Cu 50-140 40 50 100
Hg 1-15 0.2 0.5 1

Ni 30-75 30 50 70
Pb 50-300 50 70 100
Zn 150-300 100 150 200

ol oz a5 aBlge 10 ol (Sl 055 4 g e ; Jaummo 5l cbila> 5,50 50 VAAR JUW EEC / YYAIAS Joadlygiws 10 (solaiing 0,8 gt onl #

g (o0 oslainl (65,5liS jo

#: This column is Council Directive 86/278/EEC of 12 June 1986 on the protection of the environment, and in particular of the soil, when

sewage sludge is used in agriculture.

(Afyuni, 2013) (Mg kgl) S 5 jolic JS polio jlxo a> -¥ Jguo
Table 2. Maximum acceptable concentration of heavy metals in soil (mg kg?) (Afyuni, 2013)

Heavy metal

Iran's environmental

Groundwater protection

protection

Cd 3.9 20
Pb 300 300
Cu 63 1500
Zn 200 3000
As 17 100
Cr (+6) 0.4 100
Cr (+3) 0.4 3000
Co 20 1000
Hg 12 10
Ni 50 600

aS S Tlgeo ozl ool 1L 36 ai.; cdalé 4
0,5 &l (Muller, 1969) Joo lowgs

2. Geo-accumlation Index

Y(lgeo) Cablil oy 2L
olils 4 S (Sogll eess sl Jolaie g, S
S 0 oK Glyls cdale o ,5] Cav s a0 S

1. Joint Research Centre Institute for Environment and
Sustainability Soil and waste Unit (JRC)
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(et al., 2007

_ Ci m
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AP b leerd 685 <O Ll (el dgeo )l 0 a5
Cri g S o (X 38 cdale G« Sogll wa s
Bbos ((V Jg92) Jed L gie clile) anej cile
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Table 3. Mean value of Shale in heavy metals (mg kg) (Turekian & Wedepohl, 1961)

Heavy metal

Mean value of Shale

Cd
Pb
Cu
Zn
As
Co
Cr
Fe
Ni

20
45
95
13
19
90
47000
50

(Muller, 1969) (Igeo) cuilil oymoy (sl whwl 3 S cadans -F Jgux
Table 4. Soil quality according to Geoaccumulation Index (lgeo) values (Muller, 1969)

Class Values of lgeo Soil quality

0 1<0 unpolluted

1 0-1 unpolluted to moderately polluted

2 1-2 moderately polluted

3 2-3 moderately to highly polluted

4 3-4 highly polluted

5 4-5 highly to extremely high polluted

6 5-6 extremely high polluted

(CC_,i)Sample ‘(EF) 6)“;;*‘ )9-:5|é

EF = a )

iy
(C' )Reference Sample
e
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Ol 98l e il jS B e 4z ja
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aS el oo J s dblaie S o a0 40
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2. immobile element
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1. Enrichment factor
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Table 5. Categories of Enrichment Factor (EF) (Kowalska et al., 2018)

EF Value

Enrichment of soil

<2 deficiency to minimal enrichment
moderate enrichment

2-5
5-20
20-40
> 40

significant enrichment

very high enrichment

extremely high enrichment

'P1) Sogll Lozl
30 S 8 L oo VT Jlade 1Sl Con ] yo &S ™)

Pl =
0 3 Jolas Loaiges slaws a5 cul 4zl s cloaiges ’

C;
Cri

Cie 5 digad ;0 o) Oy90 ymaie dale Ci o] o oS
Db oo aiey lale

JB azb o 0 oole Jlaie Cpi g ailoads ¢l oy alais
30 e e e ke lgie 4 g ce | ol S
Uil gasdad g o wlaxl o Gles
Sosll ,exS1 Jlade ST i olils  SaY] . PR .

et 7015 ke ST B Sk 05 G |, SB (Sogll e 9 w095 (nnb

U5z 45 ool Y oy b Lawgie Sogll wisl S 5 o Cn )
=

(Cr) Sogil ygu51

ae3 oo Hlid 1y gan WS 5

(Kowalska et al., 2018) (Pl) sl a5l wlw! p SS9l M -5 Jgu
Table 6. Contamination classes of Single Pollution Index (PI) (Kowalska et al., 2018)

Class Value of Pl Soil pollution
1 Pl <1 absent

2 1<PI< 2 low

3 2<PI< 3 moderate

4 3<PIk5 strong

5 Pl >5 very strong

(Kowalska et al., 2018) (Cr) Fogl j5:51 bl 1 SogIT WS -V Jgu>
Table 7. Contamination Factor (C) interpretation (Kowalska et al., 2018)

Class Value of Cs Soil pollution

1 <1 low contamination

2 1-3 moderate contamination
3 3-6 considerable contamination
4 >6 very high contamination

Sy A Jgazr Jol Ja—w slael Glg5 o0 750 s> &
Lol s Wapel sloazl s sln Jsoz ol polie o8
Jbe Gl gyl 51 lgs o 5l & a0 y0 a5 0ib o

5,5 solatul deg,l axl o (5l

2. Contamination factor

Y

a5 amo o ol a il Syl (Sogll g5l S
ks a5 o El sois 5t (Sl
Sosll a8 el e onl 4 5 )] S5l 58 ol
033 yok; (gl Bae cnl Jsb )0 (92 cmsl by
k;ejﬂdﬂowiawo)?éliﬁgw)dﬁuslﬁbsslj

1. Single Pollution Index
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Table 8. Pre-industrial reference level and toxicity response by Hakanson (1980) (ug g™)

Elements Hg

Cd As Cu Pb Cr Zn Ni

Pre-industrial reference level 0.2

5 10 15 50 70 90 175 5

toxicity response 40 30 10 5 5 2 2 5

S ab o 2ol w e ol sy, slp Al o
Spoier plp Froonar Sujdens a3k
R s 0923 Jgoz cpl j0 .l (59, (s B las
ol o 3 Jas oo 508 polie j0 > g 0dg paic
Loo oo, b S o Ol g, B0k a0 yuiio oyl
Jooz el bgy e 38 Coas ol &y aSly S s
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Table 9. Eological risk factor (E/') interpretation (Kowalska et al., 2018)

Class El Soil pollution

1 <40E} low eological risk

2 40< E£<80 moderate eological risk

3 80< EL<160 considerable eological risk
4 160< E£<320 high eological risk

5 >320E!: very high eological risk

o aS Canl plols Koo gla msli 4 cas i
Sy3e 85 S8 e & Fog S, (a3
Ol ei oo e i ddlaie (0 0,5 oo )38 dxlllas
Slos w4y pyakal) leslai I b el b

:(Kowalska et al., 2018)
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Table 10- Nemerow Pollution Index (Plye

merow) SOil pollution classes (Kowalska et al., 2018)

Class Value of P INemerow Quality of soil

1 <07 Clean

2 0.7-1 Warning limit

3 1-2 Slight pollution

4 23 Moderate
pollution

5 >3 Heavy pollution

3. Nemerow Pollution Index

1. Eological risk factor
2. sum of pollution index

\a)
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PLI = "/PI, X PI, X PI; X ... PI,, S)
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Table 11. Contamination categories of Pollution Load Index (PLI) (Kowalska et al., 2018)

Class PLI Quality of soil

1 <1 denote perfection

2 1 only baseline levels of pollution
3 >1 deterioration of soil quality

n )

1 2

Plvector = ;Z Pl
i=1

Lo Pl g anlllas 890 (i 38 slawsin o] jo a8
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Table 12. Interpretation of Background Enrichment Factor (PIN) (Kowalska et al., 2018)

Class PIN Contaminants
1 0-7 Clean

2 7-95.1 Trace

3 95.1-518.1 Lightly

4 518.1-2548.5 Contaminant
5 > 2548.8 Highly

3. Vector Modulus of Pollution Index
4. Background enrichment factor

1. Pollution Load Index
2. Average of pollution index
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Table 13. Tolerable levels of heavy metals in soil (Kloke, 1979)

Heavy metals As Cd Cu Hg Ni Pb Zn

tolerable levels 20 3 100 2 100 100 300
D9 o0 dnmlime 15 Joo 3 Lwlwl  CSI asls .ol T(CSI) (Sogll caal Laslis
. SB o i olils calé 550 yo 1) Sl CSI
Ci G, ‘ . s ;

= i L VY oy awgs b ordgl slp el cplasS ‘
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Table 14. ERM and ERL values given by Long et al. (1995)

Element ERM ERL
As 70 8.2
Cd 9.6 1.2
Cr 370 81
Cu 270 34
Pb 218 46.7
Hg 0.71 0.15
Ni 51.6 20.9
Ag 3.7 1.0
Zn 410 150

ERM-effects range median; ERL-effects range low

Pejman et al., 2015 1, 5en g (ylogs (bl 0 s &l 3ld oo dumwlxo (459 10 Jouz
Table 15. Weight of each heavy metal according to Pejman et al. (2015)

Element Computed weight

Cu 0.075

Zn 0.075

Cr 0.134

Ni 0.215

Pb 0.251

Cd 0.25
4. effects range low 1. Multi-element contamination
5. range median effects 2. tolerable levels

3. Contamination Security Index
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Table 16. Classification of Contamination Security Index (CSI) (Kowalska et al., 2018)

Class CSl Contamination severity

1 <05 uncontaminated

2 0.5-1 very low severity

3 1-15 low severity

4 1.5-2 low to moderate severity

5 2-2.5 moderate severity

6 2.5-3 moderate to high severity

7 3-4 high severity

8 4-5 very high severity

9 >5 ultra-high severity
?ZIE;—"M 0% "(MERMQ) casomws Jloii! a5 Lis

MERMQ =
Gl ERM polis oS ol3ls cdale G o] yo oS
(Long et al., 1995) ||Ken 5 SOV la gy oo
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oob—! » MERMQ .(Pejman et al., 2015) s .5
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Table 17. The Probability of Toxicity Index interpretation (MERMQ) (Kowalska et al., 2018)

. Probability of
MERMQ value Risk level toxicity (%)
<0.1 low 9
0.1-0.5 medium 21
0.5-1.5 high 49
>15 very high 76

n o)
Caeg =ZP1
i=1
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Table 18. Degree of Contamination (Cgeg) interpretation (Kowalska et al., 2018)

Cdeg Contaminants

<8 low degree of contamination
8-16 moderate degree of contamination
16-32 considerable degree of contamination
> 32 very high degree of contamination

Sleslaiw! b as” w4l (Hakanson, 1980) sl

n
RI = ZE;’
i=1
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3. Potential ecological risk
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1. The probability of toxicity
2. Degree of contamination
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Table 19. Grades of Potential Ecological Risk (RI) (Kowalska et al., 2018)

RI

Potential Ecological Risk

<90
90-180
180-360
360-720
>720

low
moderate
strong
very strong
highly-strong

Sl clale G g S Olpls slaxin ] jo a8
TEXF) 3255158 (om0 3 59551
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Table 20. Classification of Modified Degrees of Contamination (mCd) (Kowalska et al., 2018)

mCd

Degree of contamination

<15
1.5-2
2-4
4-8
8-16
16-32
>32

very low
low
moderate
high
very high
extremely high
ultra-high

Jslaz Gobol 2 (S35l Sl DS sl 550 25l
ALY Jolom 405l g92 ) V=) Lidn j0 0als al )]
‘SOI.AJ iloas a8 2 SYolro 5o aS WAl ul.?bu‘
BRICU CRPVETRRVL AN S ST WY IV S SO ¥ Y1
009l e S ol i o 5l fume Jlade SO 5l e
Ol Jlade (aol8l b osge Lisu ,o o Jol Sidu) cul
a) Wl oo Liuldl S Sogll o a3l o
Sogll Grali8l adly o) S i yo Sgyo sl Si
ol Gidu cpl jo |y pasle ol Jlade ol L S
Py LiBe) D9 oo ailony s3gd] Lol & S (]

2. Exposure factor

S (Fogl s ausloro sl ol (o9, =¥
e slagasl b (a0l ¢l (omly Ol
sty polis a5 () JSK5) sges slpiitiny So4l
—lio g s 51 gglaie aisls plaS o aS (alie
o Ve B jao o M glojed 4| Wl glie
S ] glaisS 45 b pe iy ol o gled
oy05 oS Bai b Sogl eogae g9, alais a5
("lsgie (Sogll eagame £5,-5 9) o bl 5 o
Mol (Sogll esgucme £9,5 5 amgie (Ll YIO 0y
b Sogll osgame g5, alaii a5 VIO o 5hk 50
g ol anlol Ve b g ol ans oy "ol L3 G

MW JCR QLo.a: 0yl Q%.‘ "..\,»...Ld';" ‘5&‘5?091—‘ 6‘ﬁ

1. Modified degree of contamination

Y



S o S s Sl a5 b))

12
B) EF
“= 10 f _O---6---90 12 ¢
S < A) lgo
= O -7 L v G o S
8= 8 e y = 2.5477In(x) + 0.4206 5.9 10 SO
@ = L’ 10 R2 = 0.9865 g s I
8 E 6 I // ........... Pps E 8 63_55
<8 |9 e g E /T y=2sx
EE4 |, 5 @ T & 61 S 10 Re=1 @
o O 1 . c @
‘& © (_:) ® o 8 4| / o
5 E 2 ce 2= // 5 R
Ea | 0 10 20 30 40 [T L 2 e
= L , , , , =7 2 0w
0 K
© S5 ! 012345
0 40 60 80 T O 4 cgd . . .
value of index 4 ; 0 .. 6
value ofma%x
12 ¢ 12 -
D) G C) PI
5 10 f 0B--0--0 5 10t ©-0--0
£S5 4 £8
S = L - S 2 L
o 2 15, ,°° 2 & 15,5
LE 6 SE 6 / .
= s g | Y=16071x+03571 o LS S10 y=25x-25 o
c c I L’ R2=0.9918 . cE 4| , RE=1_ .-
cg 4 . e S g .
S = ao.”” 5 O g = 2 o 5 ed
23 2t 2 e 23 2 .
S /’ = O
© 0@ ) 0 11 92 3,4 © 4 © 0 G—ef— 5 Y 3 4
0 2 4 6 8 0 2 4 6 8
value of index value of index
12 ¢ )
E) E/
s 10 B mmo D
2 5
§ %8 15
» EG y = 3.6067In(x) - 10.805
8 E Rz=1
=2 8 o] L o
S Sa o N
S o /
B © ; 5 K J
S =5 Q P
TS !
E® | 0
T 0 s : . L—5——180—166~ 240 320
0 100 200 300 400 500

value of index

Igeo, Geo-accumlation Index; EF, Enrichment ) s  Sogll o yiin gloasli 250 pod (oas dw &ilg ) S
(factor; PI, Single Pollution Index; Cs, Contamination factor; E/, Eological risk factor

Figure 1. Three-segment scoring functions of single soil pollution indices (Igeo, Geo-accumlation Index;
EF, Enrichment factor; PI, Single Pollution Index; Cs, Contamination factor; E,', Eological risk factor)
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Convert the value of given index (x-axis) to a dimension-less score ranging from 0 to 10 (y axis) which indicates the
degree of soil contamination. The inner figures indicate the increase in soil contamination degree with increasing the

value of given index in segment two.
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Quantitative Assessment of Soil Heavy Metals Pollution
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Abstract

Heavy metal (HM) contamination and accumulation in soil and water is a serious problem throghout
the world due to the toxicity, abundant sources, non-biodegradable nature, and accumulative
behavior of HMs in environment. A comprehensive understanding of the HM pollution in soil is
essential in order to make informed decisions on the approaches to reduce contamination, minimize
human exposure, and protect populations from the risk. Pollution indices widely considered as useful
tools for evaluation of the degree of contamination. In this paper, geo-accumlation Index (lgeo),
enrichment factor (EF); single pollution index (PI), contamination factor (Cs), eological risk factor
(E+), sum of pollution index (Plsum), Nemerow pollution index (Plnemerow), pollution load index (PLI),
vector modulus of pollution index (Plvector), background enrichment factor (PIN), multi-element
contamination (MEC), contamination security index (CSI), the probability of toxicity (MERMQ),
degree of contamination (Cqgeg), modified degree of contamination (mcg), potential ecological risk
(RI), exposure factor (ExF) were suggested to address the degree of HM pollution in soil. Finally, a
method was proposed for non-dimensionalisation of the above-mentioned indices as well as for
calculation of an integrated soil contamination index derived from the sum of the weighted-average
scores of all individual indicators. Using these indicators is useful in quantitative evaluation and
digital mapping of soil pollution for management purposes.

Keywords: Heavy metal, Pollution Indices, Soil pollution

Hamzenejad taghlidabad R. and Khodaverdiloo H. 2020. Quantitative assessment of soil heavy metals
pollution. Applied Soil Research, 8(2): 37-52.

1. Ph.D Graduated, Department of Soil Science, Faculty of Agriculture, Urmia University
2. Associate Professor, Department of Soil Science, Faculty of Agriculture, Urmia University
* Corresponding Author Email: h.Khodaverdiloo@Urmia.ac.ir

oY



