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Assessment of the Level of Heavy Metal
Pollution in Soil Collected from Elementary
School Grounds in Seoul
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Kwang-tae Ha, Hye-ryeong Jung, Jung-seop Yun and Seok-won Eom

Abstract

This survey was conducted to determine the current status of heavy metals
including Co, Cr, Cu, Fe, Mn, Ni, Pb, V and Zn in the soil of elementary school
grounds in Seoul, Korea. Soils were collected from 97 different locations on elementary
school grounds and analyzed for heavy metals by ICP-OES. Contamination with heavy
metals was then assessed based on the enrichment factor(EF), pollution index(PI), and
integrated pollution index(IPI). The results indicated that, when compared with the
Korean soil precaution level and EPA screening level, elementary school grounds in
Seoul were rarely contaminated. The EF, PI and IPI of the heavy metals were in the
following order: Pb>Mn>Zn>(Co, Ni, V, Cr, Cu). The relatively high EF and PI for
Pb and Mn indicated that there is the possibility of pollution with these metals.

Key words : soil, heavy metals, EF(enrichment factor), PI(pollution index),
IPI(integrated pollution index)
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Table 1. Heavy metal contents in the analyzed soil sample (mg/kg)
Co Cr Cu Fe Mn Ni Pb Vv 7Zn

Mean 6.95 15.4 4.83 17,611 636 10.1 33.8 19.5 52.3
Maxium 17.17 56.3 29.5 33,688 1,182 63.0 85.6 60.0 123
Minimum 2.90 5.89 N.D 10,987 213 3.00 16.0 5.93 24.1
Median 6.11 12.2 2.58 16,612 600 6.94 31.0 18.5 48.2
RSD(%) 47.0 67.7 137 28.6 30.8 87.3 37.2 48.6 37.4
Skewness 1.29 2.14 2.37 1.03 0.51 3.09 2.09 1.34 1.43
Geometric mean” 17.3 92 28 39,200 775 47 17 97 67
Guideline 23 210” 150”7 55,000° 1,8007 100”2007 390" 3007

Y Values recommended(4).
? Korean soil precaution level(5).
9 EPA soil screening level(6).
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Table 2. CRM observed value and recovery

(n="7) Co Cr Cu Fe Mn Ni Pb \Y% Zn
Mean (mg/kg) 8.51 37.5 22.5 22,094 680 174 26.9 443 166
RSD(%) 3.13 3.06 2.93 1.70 4.25 0.940 2.42 3.61 3.01

CRM" certified

6.77+0.477 27.2+2.33 18.8+0.616 21,900+1,080 633+21.8 14.4+1.09 25.6+1.33 32.0+3.33 140+5.01

value(mg/kg)

Recovery(%) 126 138 119 101 107 121 105 138 119

U CRM 026-050, RTC.

A kgt AAE F Fed AUEFHAX(RSD)7F - el S3Fis s o] st 44 5537}

98.60.% 7h4 oA et} o AHEETHT~11). EFE Fa+= A2 (3-1)3
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v} G 7o) zpolzb QAIwE A FEHAAF(RSD) K Tol 205 (10), ¥ AFdlME 2 7190l o)

= 1.70~4.25, 35F(recovery) S 101~138 % HE A4sd2 dHA Ja, AdFAYGedA A

2 J5sict Ao g Wt Ax7E A2(RSD = 28.6) Fes

AT WiAEEE R, L. Rudnicke] A8
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EF), 24944 (pollution index:PI), Hi2A
A4 (integrated pollution index ; IPDZE A&
SHATHT~11).
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325 (EF) = 248 AR v /ZHI RELY A2 55
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Table 3. Five contamination categories of EF

EF Contamination category

<2 States deficiency to minimal enrichment
2~5 Moderate enrichment
5~20 Significant enrichment
20 ~ 40 Very high enrichment

>40 Extremely high enrichment

- 157 -



SEUTE 940z b2 Ay es gEsiA b AE | e A AR, Age a7
A Favk 9lth(9, 10). W4, s ASsy, 2 34 078 A 5

7} B9k Alge] EFE 78 A3l F 49 2o oA wAEn w3 A A1 {73558 E
o g5 gl 55 P& Aol gtk Pbhel o] Z7FZ Phe EFS As, Bi, Cd, Ge. Heg,

i
Sb, Se. Sn. Ti 59 x5S A9Y oG

SH AL SITH9, 12). Pb

N
Y
i
rlo
e
=S|
il
=
Auf

EFe 99 4718 94 5

WAL, Mn¥ Zn2 742 1.91, 1.77< Weie  dAglel= s &
HoOE 925 2 gl 18 9 XA 28 9] 52 A A94 8943 A7 Bl
e Pb>M Al AEE  glen, el A9 oY

= R ATt w5EA gken Pbuto] ofx LA (ol8k PI) ok Ht

[e]

Cr. Cu %o e of ol ololet w4 & & gl Aoz Az,
o) 9_ ]

A% ANHe 89 oldte] ¥EHULES AN B A2 W) 9 AR OE g

Sk 9tk Pb o]Ede] wirlzk=dlA &3] ¥ PIE Tobs A (3-2)9 210, 11). EE,
F e oddelm, Mgk gl At Az, IPle 24 9459 Plo ddoR Fojdnt pIgt

Table 4. EF of heavy metals in the elementary school grounds in Seoul

Heavy metal
Statistical values Co Cr Cu Mn Ni Pb Vv 7Zn
Mean 0.86 0.36 0.36 1.91 0.47 4.71 0.43 1.77
Maximum 1.35 1.02 2.24 3.94 3.91 12.40 0.84 4.13
Minimum 0.51 0.12 0.00 0.77 0.12 1.86 0.18 0.85
14 -
12 - %
10
8 -
EF
6 4
4 4 X X X
; X I “
0 T T T T T T T
Co Cr Cu Mn Ni Pb Vv Zn

* Min Outlier X Max Outlier

Fig. 2. Box-plot of enrichment factor(EF).
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Fig. 3. Box-plot of pollution index(PI) and integrated pollution index(IPI).
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Table 5. Three contamination categories of PI A Qe Ao veyt IPI= 977K A9 F

and IPI 5 Al 1o] |lom 1 AR 1.4F ¥
oFol -8t utsl == oo
PI, IPI Contamination category ol -2 e whek A5 YEhA et
<1 Low
3. £ 534 I 54,
1~2 Midium
HeAe 258y SEAo] Bk F FIL B
2 High

¥ EAS AFA Y dvolE 9} FOREGS(Forum
of the European Geological Surveys)?] dlo]¥
3 19 A7 Hags WA EER ste] PIS wuE E& u#eidur. AT AHY 9%, A=

IPIZ AR & A= £ 6, 28 3o Yehidlt. o %5 7 949 F=9 o] 784 39
a9 3% #o] PI& Pb>Mn>Zn>Co, Ni, V, o 1 d3E= ¥ 79 2
Cr, Cu 22 Yetygtt Pl EF9 28 +4 4 FOREGSE A4 (1994)3te] FH9ish
& uehlov], PIE Pbol B 1,992 F2 Fo  fyuSe £Fe 2, A9 eAE 2
AY BAT SGAFRE B 529 09N o]7] 3 FHEL NATo|A AwA BAo
Table 6. PI and IPI of heavy metals in the elementary school grounds soils in Seoul
Heavy metal
Statistical values Co Cr Cu Mn Ni Pb Vv 7n IPI
Mean 0.40 0.17 0.17 0.82 0.22 1.99 0.20 0.78 0.59
Maximum 0.99 0.61 1.05 1.53 1.34 5.04 0.62 1.84 1.40
Minimum 0.17 0.06 N.D 0.28 0.06 0.94 0.06 0.36 0.29
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Table 7. Correlation matrix of heavy metals

X(axis) Y(axis) Co Cr Cu Fe Mn Ni Pb \ 7n

X(axis) 1
Y (axis) 0.25 1

Co -0.02 -0.29 1

Cr -0.09 -0.26 1

Cu -0.21 -0.17 0.57 1

Fe 0.06 -0.197 0.43 1

Mn -0.43 -0.15 0.25 -0.01 0.03 0.38 1

Ni -0.06 | -0.39 | 0.53 0.52 | 0.39 | -0.07 1

Pb -0.45 | -0.21 | 0.18 | 022 | 048 | 0.16 | 047 | 0.15 1

\% 0.15 | -0.22 0.44 0.11 | 0.48 | 0.03 1

7n -0.19 | -0.20 0.53 0.43 | 031 | 050 | 0.48 1
o]FojH}. o] T clgHel JgS @ WS Ao = YrEH AWAF Fe 5 Adgtak 7)elst
2 dEE HE(B0~200cm)e ARE st Flolgt ddEE s e BT A4
Row, # 83 7}, 3 JehQieh. ok 1#E EF, P17} Pbet Mn
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Ni& Cr3t £ AAdS Jgua, o= EFE 73 o] 59| 55 ode] 4 Az, A
FOREGSQ NE BA Aulel fAketa, o 11 F SR, ASTE 23 528 FH o]9H

43t EF, PI7F @& 7 Kol 214 dheko] 719 Aqe AEZ o] RS W 29 4, 1
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of gk Ao 1 QAY I FAIE Aow A Ao w2dda B $ de LB
Kagsia= 2| Qskd o7 SEluebs FE9 HAF FaiA|

n Pbat Mn3 22o] Q1912491 o] o= Ao YA Fe] FETFS wS 5 U T



Table 8. Median concentrations of heavy metals in subsoil samples by FOREGS(14)

Median

Elements Extraction Correlation
(mg/kg)
Co Aqua regia(ICP-MS) 8.00 Strong correlations(>0.6) with Ni, Cr, V, Sc, Fe, Cu, Ti
Total (ICP-MS) 8.97 and Mn
Cr Aqua regia(ICP-MS) 24.0 Very strong correlation(0.89) with Ni
Total(ICP-MS) 620 Good correlations(>0.4) with Fe, Sc, V and U
Aqua regia(ICP-MS) 13.0
Cu Strong correlations(>0.6) with Fe, V, Sc and Co
Total (ICP-MS) 13.9
Fe Aqua regia(ICP-MS) 21100 Very strong correlations with V, Sc and Ti
Total (XRF) 99200 Strong correlations(>0.6) with Co, Al, Ga, In, Mn and Cu
Aqua regia(ICP-MS) 337
Mn Strong correlations(>0.6) with Fe and Co
Total (ICP-MS) 465
Ni Aqua regia(ICP-MS) 18.0 Very strong correlation(0.89) with Cr
Total(ICP-MS) 918 Strong correlation(>0.6) with Co
Aqua regia(ICP-MS) 10.0
Pb Strong correlation(0.64) with Zn
Total (ICP-MS) 33.0
v Aqua regia(ICP-MS) 62.8 Very strong correlations with Fe(0.91) and Sc(0.91)
Total (ICP-MS) 17.2 Strong correlations(>0.6) with Co, Cu, Ti, Al, Ga, In ane Eu
Aqua regia(ICP-MS) 44.0
7Zn Strong correlations(>0.6) with Pb and In
Total (ICP-MS) 47.0
5 4 6
m North o West
4 South s East
4
3
- EF s
2
2
1Y : L
0 ,,ﬂrln o N
T L T T T -_
Co € Cu Mn N Pb V zZn Co C C Mn N Pb V Zn

Fig. 4. EF of north and south.

Fig. 5. EF of east and west.
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