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Table 1. Location, some general characteristics and classification of the investigated soils

Latitude Longitude Elevation
Profiles Slope  Soil classification
Deg, Min, Sec  Deg, Min, Sec (m)
1 Landfill leachate  36° 57'21.2"  46° 13'40.8" 1350 Ba  Typic Calcixerepts
2 Control 36°5722.8"  46° 13'39.4" 1351 Ba  Typic Calcixerepts
3 Landfill leachate ~ 36° 57'18.4"  46° 13'32.7" 1358 Bb  Typic Calcixerepts
4 Control 36°5720.4"  46° 13" 35.7" 1354 Bb  Typic Calcixerepts
5 Landfill leachate 36° 57'14.4"  46° 13'23.0" 1363 Bb  Typic Calcixerepts
6 Control 36°57'16.4"  46° 13'25.0" 1360 Bb  Typic Calcixerepts
7 Landfill leachate  36°57'14.4"  46° 13'31.6" 1355 Bb  Typic Calcixerepts
8 Control 36°57'45.6"  46° 13'37.6" 1353 Bb  Typic Calcixerepts
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Figure 1. Gographical location of Profiles and waste landfil of Miandoab region
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Table 2. The comparing of some chemical characteristics of soils affected by waste leachate and control soils

Waste leachate Control
Parameters Range Nean Range Nean Changes (%)
pH 6.08-7.74  7.46 7.48-792 7.73 -3.49
EC (Ds.m?) 3.24-8.17 3.50 1.09-6.99 1.87 87.01**
Profile1 CEC (cmolckg?l) 14.63-27.4 21.49 14.58-29.5 18.84 16.5
OM (g kg?) 13-22.3 18.7 11.9-21.6 16.2 15.43
CCE (g kg?) 55-105 85.2 70-105 83.7 2
pH 7.02-7.65 7.45 7.54-775 7.66 -2.74
EC (Dsm?) 3.15-6.92  3.79 1.30-5.17 1.87  102.30***
Profile2 CEC (cmolckg?) 15.34-349 24 13.15-36.1 20.11 19.3
OM (g kg®) 1.09-33.8 218 22.3-29.4 175 24.71
CCE (g kg™?) 70-200 110 45-180 102 8
pH 7.14-7.45 7.32 7.31-763 75 -2.31
EC (Dsm?) 5.32-10.08 5.98 1.55-9.05 28 113.69***
Profile 3 CEC (cmolckg?) 14.27-27.5 18.43 12.17-20.7 15.67 17.59
OM (g kg™) 15.4-26.3 19 10.6-18.8  15.7 20.93
CCE (g kg™?) 130-180 162 110-145 153 6.2
pH 7.1-772 750 7.59-7.89 7.77 -3.34
EC (Dsm?) 2.08-6.95 3.40 1.08-6.24 2.85 19.41
Profile 4 CEC (cmolckg?) 16.99-31.1 24.6 14.2-39.5 20.63 19.2
OM (g kg™) 16.8-33.8 22.7 15.4-23.2 185 22.26
CCE (g kg™?) 105-120 110 75-174 103 6.8

*(P<0.05), ** (P<0.01), *** (P<0.001)
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Table 3. Effect of waste leachate on elements contamination factor (Cf)

Site

Metals 1 > 3 1

Cd 3.37(H-P) 3.47 (H-P) 3.35(H-P) 2.89(M-P)
Zn 3.71 (H-P) 3.92 (H-P) 3.83 (H-P) 3.84 (H-P)
Pb 1.29(M-P)  2.005 (M-P) 1.73(M-P) 1.99(M-P)
Ni 1.88(M-P) 1.89(M-P)  1.99 (M-P) 1.83(M-P)
Cu 1.31(M-P) 1.230 (M-P) 1.235(M-P) 1.23(M-P)
Mn 1.021 (M-P) 1.044(M-P) 1.18 (M-P) 1.25(M-P)

(M-P): Moderately polluted — (H-P): Heavily polluted
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Figure 2. Modified degree of contamination in various soils sites
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Figure 3. Modified pollution index in various soil sites

aals 53 o SS9, 9 peeedlS polie ol RSl
M il o5 0 YAE B YY) 5 YIFY b Y/AQ
a0 hwge il ¥ # AP oLy Sodl
ST el o itz (slacyle o atly i Sogll
oS oaimo i aS e ez U ogo axals o ol

VY

oSk w5t aualin ¥ Joar 8 o5 jsboclen
)..i.n 9 e sJS.._v I ] )mL& 6‘)" ;39” )5,»513
BVA LY B VY aels 4o cod iy calises sbacale ;o
NS oaims (L 45 5e VYO LY o VY L V/YY LY

o bwgie wilbe O #EY  Laugie Sl



YA J,..:L: <Y o)Lq.i: Y oal>

S g0, Sliiss

(6 i glasilony I ddlate Cpl )> oad (48
ol Lo Yol a5 wiboo Sbiwjlow 5 Sxio
ol Lo L] (Fogll 5 s ool (s polic
walllas 5,90 polic o y0 (Jlo olaeay ol Lolc
a8 Gl 2 1y el st et 5 s,
35 Vsome yolic opl s wlasls Sogll slaasls
(X Slge dagrbl i bloy SY oS5
45 andls 0929 () ez 9 () AL 5 atd
nals co i 5 addllas o ype adlate slaailony 4
(Rimmer et al, 2006) S g you, il ol jo
(Ma et al, 2018) ), San 5 Lo g ,LeedSl LulS g5 o
1 bl ales S jolie Lol Lae ‘WO 0
G Sl Sl 5 (Sl slge elS

koo )5

Gl ool 1o iz ed ail oo bawgie Sodl
P>P>P>Pr Jlsi o Lasls ol coeS aslllas oyl
5 CanS 5l 56 Wler oo Vel Sl i ol 45 5oy
dihis bSL Glize gl o ald Cuis
(MPI) asily i Sogll asls ol g, ik
bl 53 b Lawsia (Sooll IS a5 550 (sl o
oS S5 ojled ol y0 a5 i pl 4 S
Sl G Gl oS o5 aw 55 MPI
@S o 53 ams oo i |y jasls ol gl assie
Sl &5 39w | S a3t il lacole ple o
Sogdl axye ssles il ol (Sogdl LS
4Bl yess (SS9l als ke (i Bl s
(2B iz 45 A odslive 90 o Lot ol yo 5
Jlasle plo a4 cons ol opl a8 vas o lis
slodll; IS sbay cal oy 65k Sooll

(P oS 32 p 5 o) S (1o juolic @555 g il ol pr Al wlpds 51-F Jgur
Table 4. Effect of waste leachate on amount, concentration and distribution of soils heavy metals (mg kg™)

Waste leachate

Control

Metals Range Mean Range Mean Changes (%)
Cu 33-65 58.3 35-51 44.2 31.9*
Zn 235-302 162.9 36-49 43.8 271.92%**
. Cd 45-7.1 54 1.2-2.1 1.6 237.5%**
Profile 1
Mn 231-849 782.3 350-844 767.5 1.93
Pb 55-72 63.2 51-64 48.9 29.24*
Ni 48-67 57.5 25-34 30.5 88.5**
Cu 44-66 55.5 37-54 45.1 23.1*
Zn 203-305 161.9 34-48 41.3 292%**
. Cd 4.3-6.5 5.2 1.2-18 15 246.6%**
Profile 2
Mn 491-856 836.5 276-826 800.7 4.47
Pb 70-85 77.8 52-65 38.8 100.5***
Ni 55-66 59.1 26-33 31.2 89.4**
Cu 44-67 55.7 34-53 45.1 23.5*
Zn 237-310 166.1 37-49 43.3 283.6%**
Profile 3 Cd 4.5-75 5.7 1.4-2.2 1.7 235.3***
Mn 173-789 725.0 208-738 609.9 18.88
Pb 70-92 80.4 49-68 46.4 73.3**
Ni 49-73 61.3 24-35 30.8 QQ***
Cu 43-64 55.6 36-56 45.2 24.6*
Zn 240-305 264 38-46 42.6 289***
Profile 4 Cd 4.6-6.7 5.2 15-2.1 1.8 188.8***
Mn 440-942 844.5 328-718 671 25.85*
Pb 54-76 66.1 47-61 33.6 96.7***
Ni 50-68 56.4 27-36 30.7 83.7

*P<0.05: **P<0.01: ***P<0.0001
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Figure 4. The enrichment value of subsurface soil by surface soil
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Effects of Landfill Leachate on the Heavy Metals Pollution in the
Calcareous Soils of Miandoab Region
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Abstract

Nowadays, the heavy metal pollution caused by the landfill leachate becomes very serious because
of their potential to impact on human health through the food chain. In this study, the effect of
landfill leachate on the accumulation and selected indices of soil pollution to heavy metals (Zn, Cu,
Cd, Pb, Ni, Mn) including contamination factor (CF), modified degree of contamination (mCd),
and modified pollution index (MPI) were investigated in four different soil sites. Results indicated
that soils were significantly enriched by the metals in the sequence of Zn> Cd> Ni> Cd> Cu> Mn.
However, only the Cd contents exceeded the standard levels based on national and international
references. Considering CF, Cd and Zn showed a high pollution class (3< CF< 6) in the majority of
soil sites and other metals (Cu, Pb, Ni, and Mn) categorized as moderate pollution (1< CF< 3).
Except site 1, the values of MPI were found to be moderate contamination (3<MPI <5) in the
examined soils and its highest value observed in site 2. The mean mCd content, appeared the
moderate pollution class (2< mCd< 4), were in order of P2> P3 > P4> P1 in different soil site under
the influence of leachate probably due to the quantity and quality of the leachate. Overall, the
finding of the study can provide a valuable benchmark for the design of appropriate strategies and
management of those agroecosystems by both local and national managers.

Keyword: Human health, Soil properties, Soail site, Pollution index.
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