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Evaluation of Potential Ecological Risk and Comprehensive Pollution Index
of Heavy Metals around some Industrial units at Ardabil Plain
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Abstract

Increasing the concentration of heavy metals in soil has adverse effects on ecosystem and causes serious
damage to humans. Quantifying pollution can be helpful for soil management. In this study, the pollution
of heavy metals has been studied and quantified in agricultural lands around some industrial units at
Ardabil plain. For this, we selected 9 industrial units and prepared 46 soil samples (0 to 30 cm). Clay,
sand and silt percentages, soil organic carbon content, pH and EC were measured. The heavy metals
were extracted by digestion using HNO3 and HCI and the concentration of Pb, Zn, Cu and Cd were
measured by AAS. Pollution index (Pi), comprehensive pollution index (Pj), ecological risk (Er) and
potential ecological risk (RI) were calculated. The average concentration of heavy metals varied from
0.724 mgkg-1 of Cd to 120.58 mg/kg-1 of Cu. All regions had Pi greater than 2 and showed mild
pollution except region 4 which had slight pollution. The pollution index of Cd had the highest value
among all heavy metals. Pj had the lowest (1.268) and highest (3.636) mean values in regions 2 and 5,
respectively. Region 2 had slight pollution class, regions 1, 6 and 7 had a mild class and regions 3, 4, 5,
8 and 9 had a moderate class. The ecological risk of Pb, Zn and Cu was lower than 3.0 in all regions and
ErCd was between 120 and 240 for regions 3, 5, 8 and 9 increasing a serious pollution class and greater
than 240 indicating a severe pollution class for other areas. All regions were in the serious pollution
class according to the RI index. There is a significant difference between the concentration of Pb (sig.
5%) and Zn and Cu (sig.1%) in all regions. It shows differences between regions cannot be related to
parent material and human activities have resulted in an increase in metal concentration.
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Table 1. Location of industrial units and soil sample positions
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unit* 1 2 3 4 5 6 7 8 9
Qo <5} >

D Q = (5] (5] () [«5) — [¢B)

5% E5F 852 858 85, €58 €58 o€ €5 »

c < o c [ = c - o < c S &5 < <

P ST Qo 8 TCT= ©T L cT T T8 T g 8T'S S 54 «©TE=

pos|t|0n _Cm_C'__CE_C%_CGJ_CH—_C-Q_O:_C3

LSE O3F V3gp L3 O SE WS g WSE OoF @© 30O

< O 08 Cc oo £ O > £ O cCO0F5 CO0Og &S ® e £ 0o
|—§<|—;2|—§ F&5 F & FsghkFsokF =F35

IS 0l55 15 -V 55l alisgs il IS —F v motazme-0 « LSl s Al IS —F (leww a5 ¥ (b ool T &l 5-Y (bl T Al 15 -V s

Y

seb o LLES -0 9 ) Sate Sl A (oS S

P C ) PRy IRCA IS 15



o ety (SoslS1 S5 )

6);o)Lm S u..i._,,u Q‘)‘J_é cdale ‘_g).sfo)’\..\jl S
V¥ cawd) HCIL g HNOs 5l solewl L S> sladiges
cLalé (Chen & Ma, 2001) wos ois (b lsST Lo,
glend Jow oodl iz oKiws b ol o )lac ;o (Cd)

b g S oll FY - -

(sximo ol Blibl 5l ool algs o slddiges
Bislojl & plro— 5 (Su5d slaayjou plxl sl
5 S e VSt SCis g Sl e g Jiiie
9 O sy 0,3 dw do 0 Jull Sl aiad eols
Olie «(Gee & Bauder, 1980) ,iog 0w o9, 4 Cdo s
5 oile o «(Nelson & Sommers, 1996) 1> JT osls
S S oyl—ae 0 (EC) S S oSl csloe ol

RERPI S RY

1 Kilometers
12

o 2 a4 8

48°15°0"E 48°20'0"E 48°25°0"E 48°30°0"E
Legend

© Somiem amly

a T ad gl

(Wilouds 0318 Z 30 | Joua jo brololy) (il (Sixivo gbuslg g (lallan ddlaie Comdgo —) S
Figure 1. Position of the study area and selected industrial units (Numbers are explained in table 1).
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Table 3. Criteria of pollution index (Pi), and
comprehensive pollution index (Pj) (Yan et al., 2022)

Pollution Pi Values Pollution P
level ] level Values
Clean Pj<0.7 Clean Pi<1

Slight . Slight .
Pollution 0.7<Pj=l Pollution 1<Pi<2
Mild . Mild .
Pollution 1<Pj=2 Pollution 2<Pis3
Moderate . Moderate .
Pollution 2<P)=3 Pollution 3<Piss
Severe . Severe .
Pollution PI>3 Pollution P15
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Table 2. Continental reference values of studied

heavy metals (Taylor, 1964)
Cd Cu Zn pb Concentration (mgkg™)
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Table 4. Criteria of Ecological risk (Er) and Potential Ecological risk index (RI) (Yan et al., 2022)

Pollution level RI Pollution Er
degree

low 110<RI Low 30<Er

Moderate 220 <RI< 110 Mild 60<Er< 30

Serious 440<RI< 220  Moderate 120<Er<60

Severe 440>Rl Serious 240<Er<120
Severe 240=Er

¥ - Potential Ecological Hazard Index

Yo

' - Comprehensive Pollution Index
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Table 5. Descriptive statistics of the characteristics of the studied soils

Parameter Clay% Silt% Sand% OM% pH EC (dS m?)
Maximum 70.20 44.00 82.91 5.34 9.43 5.40
Minimum 9.44 4.37 14.50 0.08 7.45 0.10
Mean 25.83 24.785 49.384 1.759  8.122 0.882
St.D 16.499 10.636 18.528 1.291 0.424 1.013
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Table 6. Descriptive statistics of soils at 9 studied regions

Parameter  Clay% Silt% Sand% OM% pH EC (dS m)
Mean 16.435 28.510 55.056 1.454 7.860 0.599
Region 1 Minimum 9.74 4.37 46.92  0.08 7.45 0.10
Maximum 22.57 36.23 75.49 210 8.15 1.68
Mean 39.472 18.218 42310 1.787 8.342 0.937
Region 2 Minimum 14.71 10.02 19.78 0.49 8.04 0.18
Maximum 70.20 25.06 62.62 3.62 8.74 2.20
Mean 18.913 23.177 57911 1.052 8.375 0.755
Region 3 Minimum 12.60 4.49 46.52 0.18 7.85 0.23
Maximum 23.67 38.56 82.91 1.70 9.43 2.22
Mean 47.365 23.344  29.291 2.700 8.299 1.024
Region 4 Minimum 33.66 15.96 1450 0.93 7.78 0.32
Maximum 69.54 33.18 4390 5.34 8.82 3.00
Mean 15.342 37.728  46.930 1.557 7.900 1671
Region 5 Minimum 14.98 32.76 41.02 0.37 7.55 1.41
Maximum 15.93 44.00 51.31 3.55 8.23 1.97
Mean 17.352 28.679 53.969 1.030 7.777 0.100
Region 6 Minimum 15.21 27.20 52.62 0.25 751 0.10
Maximum 19.82 31.28 55.78 1.60 7.92 0.10
Mean 19.381 6.117 74502 2.047 8.080 0.322
Region 7 Minimum 14.89 4.37 69.64 1.77 7.95 0.25
Maximum 25.91 9.53 80.74 2.24 8.17 0.36
Mean 24.290 25.360 50.349 1.533 8.149 1.189
Region 8 Minimum 9.44 7.28 15.18 0.25 7.68 0.15
Maximum 49.74 42.40 82.67 2.98 9.32 5.40
Mean 16.021 32.009 51970 3.115 7.990 0.969
Region 9 Minimum 12.47 25.76 43.06 1.60 7.94 0.10
Maximum 20.48 36.47 59.12 4.63 8.06 2.43
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Table 7. Descriptive statistics of the heavy metals

Element Mean Min Max St.D
mgKg!

Pb 13.90 33.00 25.72 4.84

Zn 39.10 94.20 63.23 12.40

Cu 87.00 144.80 120.58 14.91

Cd 0.30 1.20 0.724 0.18
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Table 8. Descriptive statistics of the heavy metals at 9 regions.

Industrial unit Parameter Pb Zn Cu Cd
mgKg*

Mean 26.029 60.443 130.471 0.600
Region 1 Minimum 13.90 39.10 117.10 0.50
Maximum 31.10 67.30 138.60 0.80
Mean 20.525 48.075 134.775 0.550
Region 2 Minimum 15.50 39.70 124.40 0.30
Maximum 32.00 67.00 143.60 1.00
Mean 29.867 62.700 120.650 0.833
Region 3 Minimum 25.00 53.80 95.60 0.60
Maximum 33.00 66.70 141.00 1.20
Mean 27.462 54.462 105.762 0.750
Region 4 Minimum 24.00 51.20 87.00 0.60
Maximum 30.00 57.30 132.10 1.00
Mean 27.433 60.967 127.633 0.833
Region 5 Minimum 21.00 56.20 116.80 0.60
Maximum 32.00 69.40 144.80 1.00
Mean 19.333 63.667 130.467 0.667
Region 6 Minimum 17.00 54.90 124.80 0.50
Maximum 22.00 68.30 136.90 0.80
Mean 22.000 66.933 120.333 0.633
Region 7 Minimum 19.00 56.90 110.50 0.60
Maximum 24.00 86.50 129.50 0.70
Mean 26.233 79.600 114.578 0.789
Region 8 Minimum 20.00 59.40 92.10 0.60
Maximum 30.50 94.20 131.30 1.00
Mean 25.833 63.400 119.333 0.800
Region 9 Minimum 24.50 61.00 117.40 0.70
Maximum 27.00 65.30 123.10 1.00
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Table 9. Descriptive statistics of Pollution index (Pi) and Comprehensive pollution index (Pj)

Pollution index Mean Minimum Maximun St.d
piPb 2.058 1.112 2.640 0.387
PiZn 0.90 0.559 1.346 0.177
PiCu 2.192 1.582 2.633 0.271
PiCd 3.620 1.447 6.000 0.902
Pj 2.999 1.447 4.631 0.638
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Table 10. The mean values of pollution index (Pi) and Comprehensive pollution index (Pj) At 9 Regions

Region 1 2 3 4 5 6 7 8 9

piPb 2.244 1.280 2.463 2.160 2.400 1.520 1.840 2.032 2.080
piZn 0.914 0.587 0.927 0.777 0.799 0978 0.806 1.180 0.891
piCu 2.412 2.365 2.316 1.840 2.224 2.464 2.189 2.100 2.178
piCd 3.000 2.250 4.000 4.000 4.500 2.500 3.000 3.833 4.000
Pj 2.610 1.268 3.315 3.232 3.636 2.894 2.253 3.159 3.260
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Figure 2. Different classes of pollution index and Comprehensive pollution index separated by 9 industrial
units (a: Pi Pb, b: Pi Zn, c: Pi Cu, d: Pi Cd and e: PJ in repetitions of each unit)
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Table 11. Descriptive statistics of Ecological risk index (Er) and Potential Ecological risk Index (RI)

Ecological risk ~ Mean Minimum Maximum  St.D
ErPb 4.98 2.69 6.40 0.94
ErzZn 0.996 0.62 1.48 0.195
ErCu 25.12 18.13 30.17 3.11
ErCd 258.54 107.14 428.57 64.41
RI 289.64 136.69 454,18  63.847
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Table 12. The mean values of Ecological risk Index (Er) and Potential Ecological risk Index (RI) at

9 regions
Region 1 2 3 4 5 6 7 8 9
ErPb 5.078 5.577 4.167 4.796 5.556 5.103 5.730 4.666 5.480
ErzZn 1.098 1.266 1.109 0.956 0.848 0.840 1.034 0.851 1.001
ErCu 24.396 22.458 25.906 25.247 22.201 20.632 26.056 27.403 27.172
ErCd 303.57 258.929 232.143 294.643 226.190 321.429 273.810 210.317 232.143
RI 334.152 288.229 263.325 325.645 254795 348.004 306.630 243.238 265.796
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Figure 3. Different classes of Ecological Risk index and Potential Ecological Risk index separated by 9
industrial units (a: Er Pb, b: Er Zn, c: Er Cu, d: Er Cd and e: RI in repetitions of each region)
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Table 13. ANOVA for metal concentration, Pi, Pj, Er and RI indices at 9 regions

Sources  Mean Square values

of df  Concentration Pi Pj Er RI

variation Pb Zn Cu Cd Pb  Zn Cu Cd Pb zZn Cu Cd
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