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Assessment of Heavy Metals Contamination
in Children’s Playground Soil in Seoul
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2k A& =Alo gl ofdo] el Fo|e] o) QPR AR BRI $fal] EoF $54:(Cd, Cu, As, Pb,
Zn, Ni, Hg, Cr%) @A@Y ZARBIGTE AR A3 s A&A] T/ AR FellA] 2817145 A4t
£ AFoNA S5 AA Bt 55 Cd 0.21 mg/kg, Cu 5,97 mg/kg, As 2,40 mg/kg, Pb 7.55 mg/kg,
7n 34,08 mg/kg, Ni 4,22 mg/kg, Hg 0,02 mg/kgSitt, Cr¥*2 BH=E, 0|5 23 ol= 555 15 12
F EedSa7lE 1 A9 7ERth W2 207 Yyt ok EYeA5H(SPO)S Hako & 7t
P& 7ol T AT E Aol A 15559 100 v]wkel Ao 2 veht AXMSH B AlEl S Bt} o)
A9k Zhgro 2 B71E - 570 AR oAl A4 100 oo 4k Ureh i SiT), wheba] ks EeFehd
< 915k ool ol o] TE|FAlRl AAA| ] A|&AQ Ejel ilo] adgh AoR Helr),

FR0{: 0fZl0] ZO0IH, 22l Ui, E5%, ELFHT, EYRESE

Abstract: The pollution status of heavy metals in the soils of children’s playground was investigated
for a sustainable soil environment in urban parks of Seoul. As sampling sites, 281 locations were
selected from a 7 districts in the Seoul city. The overall mean concentrations of the heavy metals (Cd
0.21 mg/kg, Cu 5.97 mg/kg, As 2.40 mg/kg, Pb 7.55 mg/kg, Zn 34.08 mg/kg, Ni 4.22 mg/kg, Hg
0.02 mg/kg and Cré not detected.) in the soils of the palygrounds were lower than the worrisome
level in criteria for area 1 in Korea soil environment conservation act. In addition, when the soil
pollution grade (SPC) was evaluated as an average value, it was found to be less than 100, the first
grade, at all points in the seven autonomous districts, indicating that the soil was in good soil condition.
However, when evaluated as the maximum value, some of the five districts showed values of 100 or
more. Therefore, it was found that continuous management and interest of the local government,
which is the management body of children’s playgrounds, is necessary for a safe soil environment.

Keywords: children’s playground, sand flooring, heavy metals, SPS (soil pollution score), SPC (soil
pollution class)
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ofufEQ} 7+e gt ZEltkx] U oflo] Holg
A4 A3FAQ) o] FAE AT A AL B
ES o 3} 9t} &, ojo] HolE ofz

=ol39] FHE AlFsh= 1keltHOh
and Kim 2014). AA 7N} A o] vigra 19604
) o] gt} FAA ML gL A=
eI Ao olulE S9] okA Wulo] o]F o]
a1, ofof] wgh F=AA W ofglo] mo]gito] Frtst
AL, ofgolE 93t Al A o] Fo XA

— 5
HcH(Yoon et al, 2006), o]&gt ojglo] o]E= o
Fi 248 o), FA A Lo weto s A
el oflolE B E UFY Eol7|+E
QAlEt] EQFS A1 08 vhA|aL 11 &5 9o A
Eote A7 HAsHA =, olo wet EG U @
HEdol AFA oz ofglo]EofA =EE L Ut
(Jeong et al, 2009). ool A1t 1.5 viLt =

< AAHARES 7HAAL Qo] SE 4 SEel F2
Rhd Aol o1& 8l 552 si=stAL A<

and Weon 2015), AA|= ofdo]E2 ofdo] =olH,

20084 $HE - Aol W2 ofItE solE Hef
OF T Wiy A AL A} mef viEA 76.7%, L
aierA 23,3%% UEstth, sl solH e ef vie
A 61,8%, 5 vA] 34,6%, 71EF 4.0%2 ZALE
CHKMOE 2008), Heff vt =ole= A
¥} oprtE gl ARt AR o] EAE AL wFFe] T
& A EFA 9] 7t w4 YoAY
(Lee et al, 2006), WH-EA] 0] FHlof A T2
oF Hla7t, AR Bl A FHA ol A UE
HrHJeong et al. 2009). &, =olAldd g4 1+

o SEEolu nlAHA7 Yokl o= A-gste] 5
=< 990 A3k 7|ZthJeong et al. 2017; Lee
et al. 2001; An et al, 2013). T3k Kim et al. (2007)
off ot Heff w7t A7|H oz o] R[] o
e IAp7} mA gk o] IR} Aol Fa
FE7F A Ve o] gt el a4 Tl
2 100 um ©]s}e] M= FH-E2 A= ofdo]
59 olv F7IE ol AT o B &
AE zeeths A A7t Qi

w2 e e] 78S 2 Fas o el AlE
I AR 7F golgh AL B A= thAskAL Gl
A Holil §l=d|(Jeong and Lee 2007; Jeong
and Park 2012; Seo et al, 2012), o|&8F 115 vjct
Aol #HEpolol 5 7Hsste] AYAkgt aF Euk(F)o]
o] xZgxE|of 9lou(Kim et al, 2010), Eto]ojol=
S 502 AR B415%~20%)7] Erelol
3L, o] Ffoll= Efolo] Al 449 o= vt
HFEERS]= 4 (Polycyclic Aromatic Hydrocarbons,
PAHs)7} o] Z3tE]o] 9l& 4= YtH(Wik and Dave
2009). s1¢] AFAt oA LT veA 2= AR
w= EfolofoljA] o}, M 7R, A7, E 5 15%
SEEY WA, oeblgEealeAa(PAHs) 5 39%
o] Y R713FHE (VOCs) o] Q1= ¢l (Kim et
al, 2013), Kim et al,(2010)2] 1A= =o]E o]
A= o] Qle A HE A E o2 thehdgrst
Sl (PAHS) R AEE 2AFHES 1 6071 A2 5
S9N Al Zofl Al oF 3F F57 oo theharEEale
2 (PAHs)7} AE€H e, 1271(20%) A=A 1L

> 2

T

85T s 2dehs e ST a
(PAHs)7} A&E itk 27k ok, A&A Y of
go] =olg 14329 Ak EY 9 WA HES 4
3 thehyarEEralg=4(PAHs) 52 S5 9130
o= G sEZo] A2E FolE o) Eokut WA
A HEE oS eslea(PAHs) B+t =7t

18,01 ng/g o2 meff =ol8 9 4,18 ng/g Kk 4, 34l
7V 2o AnE Jeblth(Tarafdar et al, 2020).
" ZolH e e AR ofdolrt £4 2=
ol Aol gt 54 ofste] oyt 7 Aash=
oA ¢l THEH(Kim et al, 2017) oj&o] A L Al
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o= 20201 7155 AlEAl o HolE e 1,2577H, &
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Table 1. Sampling site and frequency count

Site | Number of playground | Frequency count of analysis
A-GU 37 1~4
B-GU 34 1~5
C-GU 20 1~3
D-GU 109 1~5
E-GU 15 1~5
F-GU 30 1~3
G-GU 36 1~2
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2. AE ZF B 2 BMAE ZH|

Ao A3 W2 EY AT 7|E(NIER
2018)2) Alw A F ol whet ®ef Foleut |11
HE BTS2 R ofa 73 490919 5 m
~10 m A2l = H AFA F 570 AR ellA] A
Fsto] =3 & 4] BAARR it o] % B
QO AFZAAH7|Z(NIER 2018)2] BA48 A|& 24
el whet 67k 152 AlQe 7HEE, e, HA,

o, ofdd, YA, 522 7] A A A

BN RS ETfogalA HE(Vat) $lo] 93t F+
p]]g 3].04 XI}\]-_T’J—/HO] 121] Okl Xl—/\oﬂ/ﬁ E*Lo] ZF
A HA g2 F0 5, A SO ket H
w4 3 F 2 mm| FEA|(107]4)E A A
& T AEE 0,15 mmo] F2A|(100H4)Z Al A5

Table 2. Standard Test Method for Soil Pollution

Standard Test Method for Soil Pollution (NIER 2018)

Sample preparation method C%* natural soil

As, Cd, Cu, Pb, Ni, Zn, Hg: 100 mesh (0.15 mm) sieving — (total contents analysis)

Pretreatment method

As, Cd, Cu, Pb, Ni, Zn: aqua regia digestion (HNO; : HCI = 1:3)
Cr®": (NaOH + Na,CO,) + MgCl, + 0.1M phosphate buffer solution extraction

Extraction Time and Temp.

As, Cd, Cu, Pb, Zn, Ni: 2hr, heating
Cr®": 1hr, 90°C~95°C heating
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Table 3. Criteria of heavy metals for the soil playground in soil environment conservation act of Korea (Unit: mg/kg)

Pollutant Cd Cu As Pb Zn Ni Hg Cr**
Worrisome 4 150 25 200 300 100 4 5
Countermeasure 12 450 75 600 900 300 10 15

o AfES AT & £48 AlRE 5t
AL, FHAF7IZMNA AL Sl e ETE S
% WS wet 105T ol A 4417 A zsko] Az At
Az 3o B A5 ot Ry AXFTHFOR
B F3lh, Table 20 EFA RO 24| @ &
ol thskod e et

EFL AT EAIE7I=(NIER 2018)] wheba] M4
23t 3 yloB e v,y ofel, YA Bae
13l ICP-OES (model 8300, Perkin—Elmer Inc.)
£ o]8slo] I =8 Ak} oe g7t aEe
QA /7FAA g (H 7R B o2 24
3tglom, £497]7]%= UV-Vis (model Lambda 365,
Perkin—Elmer Inc,)0]1l, 2 (Hg)2 +2247]
(model DMA—80, Milestone s.r,1)2 243}t

EJod® HrtE 8 EdehE A (KMOE
2023)0l w2 EF 7| 1 A9 7S A8
skt g=d 7|&A]= Table 33 At B8
HARA Bk A $H71ES AR A7-A
Aboluf & AE o S Ae & Se7t e
FLHY 7Ee WokH, 1 A& SR =5
2 e ol Wt ME el iE AEo s BRsha,
fojglolzol Al Qe Al2x A220] whe} of
go] FolAlA A (Aol X Z-olnt 283t
th7t olof sigdtet, E3F 27 B2 (KMOE 2021)
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27]% 149 7] o|stE #e|ste s Holqlth, &
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Table 4. Soil pollution class (SPC) based on the soil pollution

score (SPS)
Total soil pollution score Soil pollution class
>300 4
300> 200 3
200-100 2
<100 1

7Vsl7] Yot EQF L AR A2 54 (Park 1996)
o] EoFo o Zd—’,\—(Sm Pollution Score; SPS)
E} 2z} 671aE

_v G
SPS = ;TV, x 100
Cd, Cu, As, Pb, Zn, Ni, Hg
Cl _11— ZoL0| HAE
V1 2t Fa42) Boped] So7lE

E9FQ 9E=(Soil Pollution Class ; SPC)(Park
1996)-2 Table 49} 7o] EoFQ g4 oJato] 47)
o] 5HoE 5l AR B AR 300
A olAfold 454, 300~200801H 35+, 200~
1008019 25, 1004 vlgto|H 15Ho 2 B33}
At THE7HE Sl B AR (KMOE 2023)
of kg EFLELETIE L A9 7S 7HAAL A

Fsteint

BB EFOES ATFOIE 1
of Aol Bl ofstol Eopo] L GE AORA
RSl AN B sfehg R S
s, EFe @ elsIES Avte] Aot B
24189 480 AP 2 o7} U GG
712 A0 Whel 71EE Bl S
wope] AFOR Nt} Brlelsict
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TolA ofdo] mole Befjo] Fu& Het 5
%= Table 50 WeRd vhef 2Fo] 7F=4-0,21+0.13
mg/kg, 72| 5.97+6.56 mg/kg, H|4& 2,40+1.58
mg/kg, F 7.55+5.09 mg/kg, o} 34.08+22.5
mg/kg, U7 4.22+3.95 mg/kg, $2 0.02+0.03
mg/kg, 671952 EHEE AT ofd A+
(Lee et al, 2006)] &JaHH A]&A] W o]do] 50
B B e 2AF 23 7k=w 0.101 mg/kg, -2
4.470 mg/kg, ¥4 0.10 mg/kg, 3 5.35 mg/kg,
20,0051 mg/kg, 67} 0.017 mg/kgl &2 &
TE AT, Ju et al, (2016) A&Al FAA G W o
&o] HolHoA Fa% Bt =7 7H=F 0.050
mg/kg, 18] 0,229 mg/kg, ‘g 0,315 mg/kg, 67+
& 0.071 mg/kg2 & 2AFSIGIH, & the A+ 23

(An et al, 2013)°f &3} =4 ool &=olg =
9 54 == 7I=H 0.04 mg/kg, 72 1.75
mg/kg, H]4: 0,75 mg/kg, ‘& 3.42 mg/kg &2 %
A AT}, o] ® & A9 Auprt o] A Ay}
S0 oA Bl w2 TR 2RI T o
e sas 24 U ANEE Al 24 e B9
WAL Apo], 4He] FFe}F 5=, 85 W] ©E At
o|Z et 7 e AT o 7] 2
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S HFHAIF 7= (NIER 2018)9 75
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Table 5. Average concentration of heavy metals in children playground (Unit: mg/kg)

Classification Criteria" Avg £SD Max. Min.
Cd 4 0.21£0.13 0.69 0.003
Cu 150 5.97+6.56 62.28 0.015
As 25 2.40 £ 1.58 11.58 0.001
Pb 200 7.55£5.09 56.60 0.670
Zn 300 34.08£22.5 84.24 2.560
Ni 100 422+395 42.72 0.125
Hg 4 0.02+0.03 0.23 0.001
Cr** 5 N.D.? N.D.?

D Criteria for soil from soil environment conservation act of Korea

? Not Detected, The quantification limit of Cr®" was 0.5 mg/kg in the soil contamination process test standard, and values below the

quantification limit were set as non-detection.
* Avg.: average, Max.: maximum, Min.: minimum
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Figure 1. The charge of heavy metal concentration within a year
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Table 6. Comparison of heavy metals concentrations in 6 locations for 5 years (Unit: mg/kg)

Pollutant Criteria" Avg£SD Max. Min.
Cd 4 0.28 +£0.05 0.28 0.28
Cu 150 7.73+9.20 46.95 0.77
As 25 243+1.39 5.68 0.30
Pb 200 7.49+2.92 13.68 2.90
Zn 300 3692+ 15.5 74.50 14.19
Ni 100 5.34+5.54 29.21 0.32

Y Criteria for playground soil from soil environment conservation act of Korea

? Not Detected

~74.50 mg/kg, UL 0,32 mg/kg~29.21 mg/kg
Aol o] At k& UEliitt, BMojdlo] 3 EolE=
F2]7} 13]~33] RAA| R T} 43] 2AF A 22,59 mg/
kg, 53] A Al 46,95 mg/kgO & F7kstaL, ol
< 26,56 mg/kg~T74.50 mg/kg?| gk At
29 Fr= 57 3018 EO] }03_% 100 mg/kg
o|ate] Fo| A Wslsh= W
Fo g7l 1 A9 7129l 7I=F 4 mg/kg,
2] 150 mg/kg, ¥4 25 mg/kg, W 200 mg/kg, ©F
& 300 mg/kg, Y2 100 mg/kg?l 7|2 He} o}F
B2 PR RA S0l ©717He] Blao] ARt &Y
%7k 3A F7VHA] GFkaL, 71| olatRE & ]
B3 9SS U 4 Qi

2. EAQHX|HO| o5t EUF B

Eope @ B 93 BFY R BFOGES
o} B0 PSTS S3 B, WEe A
A AN EAER Lehd 671288 A1)
AR, T, v, o, ok, u

Table 7. The SPS and SPC of children playground by the
areas

SPS SPC (Avg,)
Avg. Max. Min Classification
A-GU 35.0 147.8 4.7 1
B-GU 38.1 139.1 53 1
C-GU 344 154.1 8.2 1
D-GU 39.7 208.7 3.8 1
1
1
1

Site

E-GU 43.0 128.5 89
F-GU 272 732 6.3
G-GU 322 98.6 6.3
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