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The concentrations of heavy metals such as cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), zinc (Zn),
nickel (Ni), and arsenic (As) in sand samples collected from selected children’s playground and their
correlation with environmental parameters, such as concentration of particulate matter in the atmosphere
(PMy9), apartment age (> 5 years), clay and organic matter contents in sand samples, were analyzed. The
average heavy metal concentration in samples was 0.040 mg kg'1 for Cd, 0.200 mg kg'1 for Cr, 1.75 mg kg'1 for
Cu, 15.1 mg kg'1 for Ni, 3.42 mg kg'1 for Pb, 66.7 mg kg'1 for Zn and 0.750 mg kg'l for As, all of which were
below the environmental regulatory level established by Korea Ministry of Environment. However, in the
consideration of direct and oral exposure by children to playground sand, the risk of the concentration range in
the samples might be greatly enhanced. Heavy metal concentration in samples collected from high PM;, (> 70
ug m'3) area was slightly greater than in samples from low PM;o (<70 ug m's), indicating the contribution of
particulate matter in air phase to heavy metal concentration in playground sand samples. The concentrations of
both Cd and Pb were the highest in apartments older than 21 years (0.050 mg kg ™' and 5.28 mg kg™ for Cd and
Pb respectively) and showed positive correlation with apartment age (p<0.01 and p<0.001 for Cd and Pb,
respectively). Clay content in playground sands ranged 3.8 ~11.2% and was positively correlated with heavy
metal concentration. Organic matter content was negligible (mostly < 0.1%) and showed poor correlation with
heavy metal concentration. In conclusion, concentration of heavy metals in playground sand was found to be
predominantly influenced by the apartment age and clay content in sand samples and supplemented by dust
deposition of particulate matter (PM;) from atmosphere.
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- The heavy metal concentrations in sand samples collected from selected children’s playground were below the
environmental regulatory level established by Korea Ministry of Environment.

- The concentration of heavy metals in playground sand was predominantly influenced by the apartment age and clay
content.
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Table 1. Human’s average ingestion amount (MOE, 2003)

Component Ingestion amount (mg day'])
Adult about 40

Child (>5 age) about 40

Child (1-5 age) 200

Geophagia Child 20,000
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Fig. 1. Points of soil sampling location across Seoul
Metropolitan area.

by

Z&0] = A=Al 2370 299 mIAHA] (PMy) 2 H%=
SAATe} molg B F a5 AAE Bt
Aot AEAl 1471 A9 FEE LA%E ST oA 2
FE7b =2 A 44t (B, B8, 5 s
e A 45t (2, AR, A, vRE)E AAsH
o 51 o|EH oFE offlo] molHE o R 7 g
2 570 A1 Z 407] XA Hi7] S mlAlHR|Lke] A
HHAE 7RGt EolElY] ARE 5 A4S 0-20 em]
RS ARE AFst] T FANEEEY JI=E
(Cd), =& (Cr), & (Pb), H|& (As), ] (Cw), YA (Ni),
ol (Zn)g EA5HT E3F 2o = 27 A (S ¥
9, E 39| =olg R dEa vlsgt 39 =089 A
FE AFHS] FEE A4S SRt AlRAFAES Fig. 1
At

AR A3 Al7]= 20079 1095 E 12971A] oF 37110
AX AL T A7)0l Zheeke s s Bt
33,9 mm®} H]SSHA| YERsIT 3 9 F F< Aekols o]
FAAI7|SFY] S FE Wol AR 2GR E Bl
Fatell= X diEAa7|¢ko] Eeh 7]2o0] Wobx|HA]
H|E B8kt o] Al7l= A<rego] AA Uehd EYA R
O] AF ol FFe FA wskem AlmAFH £ Fsl

-

M=aHF R =N EAE Y oldelEol 7
@o| o]8sk= wolI7+Y mImEER v Fe $Y 1
Ao shal, = 48919] 5-10 m A2]of Q= A A
2 F 57 Aol AT 0-20 emzlo| = AFste] &9t &
=3 ESAR e ARSI AHTE EGA=RAA A
Zolup w22t 59| o] S AAR &, HUdT FAR

o

A FIL AARZAIC] FA] Al FE0] FE= FaolA

Az FANRE 2 mmo] FEA (10 mesh)2 A 2
& o] ZkEg (O, 28 (@), & @b, vl (a), Tl
(Cw BAE AR s}Eom, 015 mme EEA (100
mesh) 2 A A& T G Uz (N, ob (Zn)}& HAE 4]
22 A8 Al AL 8 ARS 27 F5% (oF 200
g4 Fsto] Ao ofa] FUsiA Eatste] B4 A7
RSt

o
>

A=e| HMA2| 7i=w, |, e, 259 A =AY
Hof| what 2AH BA4-8- A& 10 g2 A'Es] Fste] B
LAFAHAF7Z (MOE, 2008)0] we} 01N gato = =&
gk olE FAIT YA, ofde] A AlRe] A
of wat ZAIRE A& 3 g2 AL3] FHoto] EF AT HA
A7 (MOE, 2008) 2] whge] whet gt} A4S 311
o] Hl&R Yo 7t whgsto] ofufelg HAEGIr) v
= AR uel 2AIg £48 AR 10 g2 FU3]
st EFLAFTAHAIR7IE (MOE, 2008)e] wha} IN F4k

0 FEF ool B

DB

Ed 24 (Pipet method) A= AIRE 2 mm9]
FEA (10 mesh)oll Al 5 & 570 ES 10 g2 30% HOp
2 H718S AA 5 739 (Klute, 1986)2 ARE-5Io] EQF
G2 2715 A5k,

3L 24 9o wo= |3 AIP8Y JEw
(Cd), =& (Cr), & (Pb), H|A (As), 72 (Cu), YA (Ni),
o} (Zn)2 ICP-OES (Varian Vista PRO, USA) 0.2 B
sttt

SMxiE SAME AR sess B 2Ry
8319131, ANOVA testE AASHo] o4 o e
3191, T—test?} Chi—square testE S}t ESH A
gloE 9] TZ+= Sigmaplot 7.0Z 277 o]-§5o]
A5t (Norusis, 1995).

o]

o

o

o

o~

Results and Discussion

OILE =0|E 22 & 5345 Q8 A A
A ol E zZolg B FHE FEE Table 29 UE
Wole) &2 HisEs 7l=5 (Cd) 0.040 mg kg ', 2
£ (Cr) 0.200 mg kg ', 2] (Cu) 1.75 mg kg ', LA (D)
15.1 mg kg, & (Pb) 3.42 mg kg, o} (Zn) 66.7 mg
kg, H|Z (As) 0.750 mg kg O.& UERTE ol2jdt 423
= 20079 % SHFTF IR ASAY ojdo] FolE EYF
% 2% = 7I=F (Cd) 0.147 mg kg, & (Cr)



196 Environment Parameters Affecting Heavy Metal Concentration in Sand Collected from Children Playground in Seoul Metropolitan Area

Table 2. Concentration of heavy metals on children’s playground sand samples in Seoul metropolitan area.

Site” Cd Cr Cu Ni Pb Zn As
e (1.5) 4) (50) (40) (100) (300) ©)
mg kg"1

Sy 0.021 0.074 1.18 7.5 0.71 53.4 0.382

Sz 0.036 0.154 1.26 9.6 2.09 64.9 0.387

Dobong-gu S; 0.030 0.122 0.79 2.67 1.73 435 0.316

S4 0.030 0.175 1.16 5.0 7.08 56.9 0.374

Ss 0.044 0.214 1.56 12.5 5.65 68.9 0.486

T 0.032 0.148 1.19 7.5 3.45 57.5 0.389

Se 0.032 0.142 1.41 8.1 4.65 42.1 1.120

S; 0.073 0.089 1.70 7.7 3.48 104.0 1.410

Jung-gu Ss 0.041 0.243 2.95 19.5 6.23 128.0 0.509

So 0.010 0.353 1.47 20.8 7.81 72.2 0.506

Sio 0.106 0.407 4.84 12.7 11.40 165.0 0.736

T 0.070 0.247 2.47 11.2 6.71 102.0 0.856

Sy 0.037 0.275 2.20 16.2 2.04 60.1 1.280

Si2 0.020 0.118 1.31 10.9 1.45 55.0 0.504

Eunpyeong-gu Si3 0.041 0.320 1.48 14.1 3.05 46.3 0.544

Sia 0.039 0.296 2.40 13.2 2.65 59.8 0.373

Sis 0.027 0.099 1.08 17.8 1.78 45.1 0.371

T 0.033 0.222 1.69 14.4 2.19 533 0.614

Si6 0.029 0.215 1.26 18.0 2.37 74.0 0.343

Nt 0.027 0.315 2.67 14.4 3.40 130.0 0.498

Seongdong-gu Sis 0.025 0.153 091 132 2.43 47.5 0.303

Sio 0.041 0.187 8.27 19.4 6.47 209.0 0.583

N 0.029 0.484 1.97 16.8 2.17 57.1 0.679

T 0.030 0.271 3.02 16.4 3.37 103.0 0.481

Sy 0.017 0.096 1.24 7.0 291 52.1 0.225

Sz 0.019 0.080 1.06 17.6 2.57 83.3 0.284

Seocho-gu Sa 0.039 0.562 2.35 14.4 2.80 75.2 0.571

Sas 0.043 0.106 1.62 13.9 4.06 74.6 0.456

Sos 0.047 0.112 1.64 13.8 4.12 104.0 0.298

T, 0.033 0.191 1.58 13.3 3.29 77.8 0.367

S26 0.014 0.073 0.62 8.2 1.09 40.2 0.330

Sy 0.018 0.164 0.758 7.5 2.03 6.5 0.699

Mapo-gu Sas 0.014 0.158 0.81 12.5 1.17 63.8 0.682

Sa9 0.034 0.151 1.30 6.3 2.35 69.9 0.290

S3o 0.017 0.096 0.99 9.0 1.32 64.2 0.712

T 0.019 0.128 0.90 8.7 1.59 48.9 0.543

S 0.064 0.542 2.77 25.1 3.74 111.0 0.878

S 0.033 0.187 1.55 14.1 5.00 72.6 0.761

Gangnam-gu S 0.034 0.222 1.87 13.8 4.61 73.5 0.678

Sas 0.015 0.133 0.58 8.1 1.32 324 0.389

Sss 0.024 0.090 0.79 20.5 3.82 95.7 0.329

T 0.034 0.235 1.52 16.3 3.70 77.0 0.607

S36 0.027 0.153 0.87 8.6 2.35 76.5 1.040

SS 0.033 0.202 1.87 7.0 4.49 64.4 0.793

Dongdeamun-gu Sss 0.032 0.129 3.75 16.0 2.52 57.4 0.385

Ss9 0.019 0.144 1.43 15.0 1.61 46.5 0.431

Sao 0.032 0.122 2.28 13.1 2.33 65.6 0.395

T 0.029 0.150 2.04 11.9 2.66 62.1 0.601
Sa 0.023 0.521 3.17 28.3 1.40 122 4.53

Contrast Sa 0.062 0.464 3.74 12.7 3.35 85.7 0.798
T 0.045 0.493 3.46 20.5 2.38 103 2.66

"Soil sample site, a total of 40 sites-five in each of 8 eight districts-and two areas in the control group

*s0il contamination warning standards of heavy metals
%a total average of five sites in each of districts
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Table 3. Amangement of heavy metal concentrations on playground sand samples based on the PM10 concentration level in air
samples reported for sampling locations.

PM,o Concentration Site Cd Cr Cu Ni Pb Zn As
mg kg

Eunpyeonggu 0.033 0.222 1.69 14.4 2.20 53.2 0.780
Seochogu 0.033 0.191 1.58 13.3 3.29 77.9 0.400

<70 pug m’ Gangnamgu 0.033 0.235 1.51 16.3 3.70 77.1 0.607
Mapogu 0.019 0.128 0.90 8.7 1.59 48.9 0.542
Average 0.030 0.194 1.42 13.2 2.70 64.3 0.582
Seongdonggu 0.030 0.271 3.02 16.4 3.37 105.0 0.500
Dobonggu 0.032 0.148 1.19 7.5 345 57.6 0.389

>70 pg m” Junggu 0.078 0.247 2.47 22.3 8.04 102.0 0.967
Dongdeamungu 0.047 0.171 2.04 12.0 2.66 62.1 0.608
Average 0.047 0.209 2.18 14.5 4.38 81.7 0.616
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Table 4. Statistic analysis between average heavy metal concentrations in playground sand samples and their sampling locations.

Metal Area N' Mean® Stdev F-value' p-value’ Scheffe’
————————————————— mg kg~ ----mmmmemeeeee-
Dobonggu 5 0.030 0.007 16.5%%* <0.001 B
Junggu 5 0.080 0.031 A
Eunpyeonggu 5 0.030 0.008 B
Seongdonggu 5 0.030 0.006 B
Cd Seochogu 5 0.030 0.013 B
Mapogu 5 0.020 0.009 B
Gangnamgu 5 0.030 0.016 B
Dongdeamungu 5 0.030 0.004 B
Total 40 0.040 0.020
Dobonggu 5 0.150 0.042 347 0.002 AB
Junggu 5 0.270 0.127 AB
Eunpyeonggu 5 0.210 0.097 AB
Seongdonggu 5 0.310 0.131 A
Cr Seochogu 5 0.210 0.203 AB
Mapogu 5 0.130 0.042 B
Gangnamgu 5 0.220 0.159 AB
Dongdeamungu 5 0.140 0.025 AB
Total 40 0.200 0.126
Dobonggu 5 1.18 0.267 6.30%** <0.001 BC
Junggu 5 2.59 1.46 AB
Eunpyeonggu 5 1.71 0.551 ABC
Seongdonggu 5 3.26 2.70 A
Cu Seochogu 5 1.93 0.768 ABC
Mapogu 5 0.850 0.280 C
Gangnamgu 5 1.23 0.256 BC
Dongdeamungu 5 1.94 0.938 ABC
Total 40 1.75 1.26
Dobonggu 5 7.33 372 11.1%%* <0.001 C
Junggu 5 14.6 5.67 A
Eunpyeonggu 5 13.7 3.97 AB
Seongdonggu 5 16.4 221 A
Ni Seochogu 5 13.0 3.63 ABC
Mapogu 5 7.83 1.65 C
Gangnamgu 5 8.07 3.61 BC
Dongdeamungu 5 11.9 3.42 ABC
Total 5 15.1 4.82
Dobonggu 5 3.57 242 10.3%** <0.001 B
Junggu 5 7.22 2.98 A
Eunpyeonggu 5 2.14 0.574 B
Seongdonggu 5 3.40 1.59 B
Pb Seochogu 5 3.28 0.669 B
Mapogu 5 1.73 0.562 B
Gangnamgu 5 3.52 2.48 B
Dongdeamungu 5 2.52 0.739 B
Total 40 3.42 2.34
Dobonggu 5 0.390 0.059 5.1 <0.001 B
Junggu 5 0.820 0.355 AB
Eunpyeonggu 5 0.620 0.366 B
Seongdonggu 5 0.530 0.134 B
As Seochogu 5 0.400 0.137 B
Mapogu 5 2.420 3.04 A
Gangnamgu 5 0.400 0.059 B
Dongdeamungu 5 0.630 0.307 B
Total 40 0.750 1.19
Dobonggu 5 57.6 9.75 B
Junggu 5 105 459 A
Eunpyeonggu 5 41.1 225 B
Seongdonggu 5 110 61.8 A
Zn Seochogu 5 75.5 16.9 10.1%** <0.001 AB
Mapogu 5 36.4 29.0 B
Gangnamgu 5 59.1 9.29 B
Dongdeamungu 5 65.2 9.76 AB
Total 40 66.7 37.1

"The number of soil sample site
i[Average of heavy metal concentration
SStandard deviation of heavy metal concentration

Comparison of average to the dispersion analysis
! Significance test
! Post Hoc Multiple Comparisons, Statistical method to addition in several group

#% p<0.01, ***p<0.001
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Fig. 2. Linear regression between air quality and concentration of heavy metals (Cd, Cr, Cu, and Ni) in playground sand samples.
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Table 5. Statistic analysis between average heavy metal concentrations in playground sand samples and the apartment’s age.

Metal Apartment’s age (year) N Mean” Stdev.’ Min’ Max’ F-value’ p-value” Scheffe”

------------------------ mg kg'I e

<10 7 0.024 0.01 0.01 0.04 4.59%* 0.01 B

cd 10-15 12 0.033 0.02 0.01 0.07 AB

16-20 9 0.026 0.01 0.02 0.04 B

=21 12 0.050 0.03 0.02 0.11 B

<10 7 0.17 0.09 0.07 0.32 0.44 0.72 -
cr 10-15 12 0.19 0.12 0.09 0.48
16-20 9 0.18 0.15 0.07 0.56
=21 12 0.23 0.14 0.09 0.54

<10 7 1.32 0.81 0.62 2.67 0.97 041 -
Cu 10-15 12 2.09 2.13 0.58 8.27
16-20 9 1.38 0.38 1.06 2.35
=21 12 2.30 1.04 0.79 4.84

<10 7 9.76 451 2.70 16.1 291 0.05 -
Ni 10-15 12 13.1 391 7.74 19.4
16-20 9 11.0 5.17 4.98 18.0
=21 12 15.6 491 6.98 25.1

<10 7 2.01 0.74 1.09 3.40 6.81%%* 0.00 B

b 10-15 12 2.53 1.43 1.17 6.47 AB

16-20 9 3.05 1.85 0.71 7.08 B

=21 12 5.28 2.39 2.33 11.4 A

<10 7 65.4 30.9 40.2 130 1.62 0.20 -
7n 10-15 12 71.0 46.8 324 209
16-20 9 61.5 144 42.1 83.3
=21 12 914 31.1 64.4 165

<10 7 0.56 0.35 0.30 1.28 0.50 0.68 -
As 10-15 12 0.57 0.30 0.30 1.41
16-20 9 0.45 0.27 0.22 1.12
=21 12 0.58 0.18 0.33 0.88

**p<0.01 ***p<0.001
"The number of soil sample site.
iAverage of heavy metal concentration.
SStandard deviation of heavy metal concentration.
'"Minimum concentration of heavy metal.
f Maximum concentration of heavy metal.
'Comparison of average to the dispersion analysis.
'isigniﬁcance test.
Tpost Hoc Multiple Comparisons, Statistical method to addition in several group.

0.12 12
cd s Pb T

y=00012x+00132 @ v =0.1639x + 0.4981
0.09 R? =0.254 9 R®=0.3832

Heavy metal concentration in sand sample (mg kg‘])

0 10 20 30 40
30
Ni
081 y=0.0034x +0.1392 y= (;%zagxl ;;.8407
R? = 0.0489 - ) S :
0.6 ® . % -
L4 .
0.4 . [ ]
[ ) é 10
0.2
° i F L) °
0.0 T T T 0
0 10 20 30 40 0 10 20 30 40

Year

Fig. 3. Linear regression between apartment’s construction years and concentration of heavy metals (Cd, Pb, Cr, and Ni) in
playground sand samples.
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Fig. 4. Linear regression between apartment's construction years and concentration of heavy metals (Cu, Zn, and As) in playground

sand samples.

Table 6. Statistic analysis between average heavy metal concentrations in playground sand samples and the content (%) of clay size

particles.
Metal  Clay content (%) N' Mean' Stdev.’ Min' Max’ t-test’ p-valueﬂ(both)
mg kg
<6.0 12 0.03 0.03 0.01 0.11
d =6.0 30 0.06 0.18 0.01 0.10 0807 0425
< 6.0 12 0.14 0.05 0.08 0.56
-0.678 0.502
Cr =6.0 30 1.32 5.96 0.07 0.54 7
<6.0 12 1.77 2.08 0.58 8.27
Cu =6.0 30 2.07 1.31 0.62 3.75 0569 0573
. < 6.0 12 11.40 4.54 2.70 19.40
Ni =6.0 30 14.90 10.7 4.98 25.10 -1.100 0278
<6.0 12 2.53 2.06 1.32 11.40
Po =6.0 30 3.83 3.47 0.71 7.81 1210 0-234
< 6.0 12 68.90 45.10 32.40 209.00
Z -0.623 0.53
n =6.0 30 76.70 32.90 40.20 128.00 !
<6.0 12 0.44 0.14 0.28 0.76
Al -1.510 0.139
) >60 30 0.80 0.81 0.22 1.41
"The number of soil sample site.
1EAverage of heavy metal concentration.
%Standard deviation of heavy metal concentration.
ﬂMinimum concentration of heavy metal.
¥ Maximum concentration of heavy metal.
! Statistical method to decide for two-sample’s average gap.
g significance test.
Bt RS 6,00 ol AL 132 mg kg 2 AolB AT e A48 AAsto] LA URAY 54 o)A} B
wolo} BAROR fojgk Aol QIAUTh, T gl ofmlE ofdlo] BolEE o ojy wi F Fas
HEFFo] 6.07014) AANME Bel F FE% FE7F (Cd, Cr, Cu, Po, Zn, Ni, Ag) QGRS 2ABHL 10 9%
EUT ol AEATO] 2 BHA o] dHor A = VA= SRRt BAE A EI A o &
7] ] ol wi FF4S o gol EAW 4 Uyl oS Umny] 9] SPSSERIYOR A Hefstel ot

2o g2 ALz =t} (Table 6).

Conclusion
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