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Background: Children who use playground facilities are exposed to potential risks due to the high Accepted April 9, 2024

concentration of heavy metals contained in the finishing materials of facilities in children's playgrounds.

Objectives: The purpose of this study was to investigate the concentration of heavy metals in the finishing

materials of outdoor children's playgrounds where harmful heavy metals exist in Gwangju and to conduct .
Highlights:

human risk assessment for children and adults by age to find the risks and limitations.
- The highest risk for children compared

Methods: The bottom and top layers of double-painted paint were peeled off and collected together from the i v s s 11560 S o

finishing materials of children's play facilities such as slides, swings, and seesaws in 147 children's parks in
males of preschool age.

Gwangju. Heavy metals were analyzed using ICP-OES, etc., and human risk assessment was performed using s sl s el A Frdldl

the concentrations of heavy metals. .
that oral exposure was predominant

Results: Based on 1.0E-04, which requires legal regulation, CTE was found to pose a carcinogenic risk for in the risk of heavy metals within

preschool children and no carcinogenic risk for the rest of the age groups. However, RME showed that both finishing materials of children's play

men and women of all ages had a carcinogenic risk. For reference, when the carcinogenic risk was based on facilities

1.0E-06, CTE was found to pose a carcinogenic risk from infants to elementary school students, and RME oy Y - —

was found to have a carcinogenic risk in all age groups. It was judged that there is a non-carcinogenic risk if to be very high in the carcinogenic

the non-carcinogenic risk exceeds 1 based on the hazard index (HI) 1. In CTE, there was no non-carcinogenic risk and non-carcinogenic risk of oral

risk, and RME for preschooler males (1.49E+00) and females (1.56E+00) were found to have non-carcinogenic

and dermal exposure.
risk.
Conclusions: This study was meaningful in that it examines the differences in the current management of *Corresponding author:
heavy metals concentration standards and potential carcinogenic and non-carcinogenic risks to the human Health and Environment Research
body and discusses the relationship between heavy metals and human health effects. Institute of Gwangju, 584 Mujindae-
ro, Seo-gu, Gwangju 61984, Republic of
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SIA|YE B EAHO A ofglo] oAl v F S E &S
Pb, Cd, Cr*', Hg 43=0f tiaAqt 7150] AA=]o] 913 9
/g7t AA 59 tiAdo] Hi= HERalIAte] F5 9§
A £, (FFEIA A2019-125%, 2019.7.8.)°14 F3
Sk Sb, As, Ba, Be, Cd, Cr, Co, Cu, Pb, Hg, Ni, Se, Sn, Zn, Al,
Mn 5 $5% 165 257 SHEAHY A7
2 It A &3 Qo] thFet S 2@EHo] tigth of
S 9 Ferf &S Aot

T3 HE 587|E H|IE B3 ofo] molAde] FE4%
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9] Aol it S FAE AFATE v Eate] 150
US EPA 5 2J=9] A= o)&otd =W Yol dE7t <
Fol B =2 F1 ekt

7]& AU % Won 5(2018)79] 7|= U of=olizo]
E19] upghA] 2 viebAof] tigt 554 QG AE Aol A= Al
9] ojdo] =olAld I uhHA]l HRIES] WA EAE AF
SHATE o9 AS- 9.4% 71E 23S HYEY 20149
o]d FAFEAYS FRIHAL AlFY o]d W9 R TFE
o] g-3-H HJIE wjFoletal Hgstort.

AF7HA] EoI AN FF45 =ER QA% AAE 1
ol digt =l d4t= F=3 AdHoltt. olof whet £ A+
Mg A ofdolg-doll HAE ofdo] wolAd EH vt
AAPIA ol S5 =5 AR, o & S3f ool A
e} A A e B8 H A} SRt

Il Xz 3 &

1. ZAHH A W AEXHF

& ATolME FFF A 24 ofdlolE-d 1477149 |1
HE, 14, A& 5 ofdo] solAd 9 uARl HJIES
Ao & 20229 1095E 202349 497H4 A =5 AF5H
ot 7|12 Z A= v|ok] 2 491 X-ray fluorescence spectrom-
etry (XRF, HD Mobile, XOS, USA)E AF&-5F%1 1L Pb, Cd, Cr,
HgOl At 527 AR AN ofRlo]e 5 57 S|
A5 2ok Al dis) ALEAE Al=RE AFHA Al
2AF = ofdolEo] A+ FE3sto] Ald 29 HRJAETF BIA
A 2E AL s, olg2ez Asixl HUES] ottt 9

2. MUY

AFT AR RIS EA 7S F B LT,
2023)°] et a4 AA & 245k 1.0 mm °[5tE
o AlsHA 2413 A= 0.5 g& HZE &7]°f §al 8 mLo] &
AHHNO,)= F7}5t9] Microwave (CEM Matthew, USA)l| &
I Bastlch Bal7 Ed A2 50 mL FoEEA o] &
7 2% HAro & A4S 9t Ba, Zn, Al, Pb, Mn, Cr, Cu,
As, Sn, Ni, Cd, Co, Sb, Se 5 14352 Inductively coupled plas-
ma-optical emission spectrometry (ICP-OES, Optima 8300,
Perkinelmer, USA), Hg= ¥37] YASTE3EEHo| o
£ Hydride generation system (FIMS-400, Perkinelmer, USA)
o7 BEASI, 2 & B3| 3 UV/VIS spectropho-
tomet (UV-2700, Shimadzu, Japan)E ©|-8-5}0] HA4J5}ct
2] G AR BRI BAAG|2ol Tty
Az, Hote, AUEE SIS, ARRAY] Ja%
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3.1. oM &H9l(Hazard identification)

3314 &9l(Hazard identification) BAl= H7FAe] oA
=2 A &, 4= SF FAE &ste DA
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o} & AtolA= offlo] EolAld 1 mAelA HEH A, wlFHEtoHE(3~7A), 5B ~13A), d4H(14~18A)
554 5 &8 gt 105Ba, Zn, Al, Cr*, Pb, Mn, Cr, o= A FESFAAL, 19A4] o4 4RI of7io]e] S
Cu, As, Hg)= A75to] {3492 ghlstoict 37} 2o} Bl wE 9ol APgsinh. BAAL LB = (life-
time average daily dose, LADD)¥} YU B -ZH(average dai-

3.2. 2-4t2 HIH(Dose-response assessment) ly dose, ADD) AAHA]3} 38 QIAFHE-2 Table 37} Table 41 U
|HF-T-E Bt QAT felE L] EEOl =24 & EFUiQIE. =E Rk (exposure frequency, EF)+= ©f§lo] &=oH
SHet YIS W2 50| dry J=AE AHcte GAE g HE 258 HeE AR BEOF Lee 5(2016)79 A2
A 444 5 ol APAET) ol &dnh 2 AoAE IZ Farsto] mFstolso] Wi 13] #Eshs A 7|EL
)=+ 34 H S3(U.S. Environmental Protection Agency),'” & 2 25 25 13], HAEL2 45 18], fol= 129 13,
FOIe| A HA| AEI(IRIS), Health Canada (2007)29] A2& & RIS 129 23|12 A5ttt L=E7|7Hexposure duration,
& Table 13} Table 25 ZMJ5H3ITh Table 19] Ba, Pb, Cr2 ED)2 fo} 24, n|Hgtots 54, 2584 69, Had 54,
ARG A (ABSGD= AF=27} 0] Sim 5201772 5% ARl J oSl whet 61,793 67.7d02 APg5HS

HolF % 4 Mol o2 20 olgstel LU E A
AFGE 3ro]al, Table 2 AsQ] T H-&5 A (CSE,, )= CSFy/
ABS, 2] Fojo] uhet AAtstod 1.58 he 485tk
BFQFAIZ(cancer slope factor, CSF)&= W AEZO] =47
HASH=T, A% 1 kg 1 mg2] iAol 2= o 5

o
TRt TS S

oJugtt. ZardF = (reference dose, RfD)
2 WL ge) SohELo] A8 B Q1A B B
SgeFol YojuA] g5 AL 2 A E= MA™ALAE 9Tt

l:]— 14)

3.3. == IHExposure assessment)

L3P/t AR EH2HE APYSlth EHE=
ojdo] ZolAd 1Y HQIES] HHe} mjRREo F4E A
stlom, leEtiA-2 ojdlole} 4Rle &, ofdol= foH0~2

Table 1. Exposure factors associated with heavy metals

. F 5 (body weight, BW)2} Bl 4= (life time, LT)2 =+
egatatele] ekt ofelole] 1@l WERQOI9)P 3 el
9] =A% A=R(2019),7914 Alrjohe AwE L8t
7] Haverage time, AT} 771574, 715717H-& 225}
o] 25412 B8 oflo] HolA Wl vkl Tt
4 #E-(consumption rate, CR), TJF&4A|4=(skin absorption
factor, AF), HZA| A2 (exposure skin surface area, Ae)O]
gt A= 7} BZ35}9] U.S. Environmental Protection Agency
(2004),”” U.S. Environmental Protection Agency (2009)'¥]
A AAGE A E 0] 851 o5 AFE(CR)E offlo] 118
mg/day, A% 50 mg/day?] 1%E Z-85t91, HEAEHZ
(Ae)2 3=l ARl o] A mHZ o] T3t ALofA AAIgH
4391 17,084 cm?, oj&o] 7,313 cm?9] 25%=2 A5t
s == ojdo] EolAld 1 A HRIES wxet

Parameter Abbreviation Ba Zn Al Cr** Pb Mn Cr Cu As Hg Reference
Dermal absorption ABS,, (unitless) - 0.02 - 0.09  0.006 - - 010 003 0.5 b1
coefficient
Gastrointestinal ABS,, (unitless)  0.023 - 0.025  0.007 0.006 057 095 095 b1
absorption coefficient
Table 2. Toxicity values of each heavy metal contaminant

Parameter Ba Zn Al Cr*  Pb Mn Cr Cu As Hg
Carcinogenic  Oral Cancer slope factor (CSF,) - - - - 0.0085 - - - 1.50
(mg/kg/day) "
Dermal Cancer absorption slope - - - - - - - - 1.58 -
factor (CSFE,,)
(mg/kg/day)
Non- Oral Reference dose (RfD,) 0.2 0.3 0.0004 0.003 0.0005 0.14 1.5 0.14 0.0003 0.0003
carcinogenic (mg/kg/day)
Dermal Absorption reference dose - - - - 0.00029 0.000021
(RfD,,,) (mg/kg/day)
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Table 3. Exposure factors of human health risk assessment
Infant Pre-school School Juvenile Adult
Parameter Abb(lg:;ii:)t ion (0~2yr) (3~7yr) (8~13yr) (14~18 yr) (over 19 yr) Reference
Male Female Male Female Male Female Male Female Male Female
Exposure frequency EF (day/year) 4.7 4.7 56 56 28 28 14 14 9.3 9.3 9
Exposure duration ~ ED (year) 2 2 5 5 6 6 5 5 61.7 67.7 -
Body weight BW (kg) 7.0 6.1 154 147 374 354 603 519 715 577 R
Life time LT (year) 797 87 797 87 797 87 797 8.7 797 857 -9
Average time AT (year) 25 25 25 25 25 25 25 25 25 25 10
Consumptionrate  CR (mg/day)  1.18 118 118 118 1.18 118 1.18 1.18 0.5 0.5 1
Skin absorption AF (mg/cm®) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 007 007 19
factor
Exposure skin Ae(cm’/day) 1,828 1,828 1,828 1,828 1,828 1,828 1,828 1,828 4271 4271 D1

surface area

Table 4. Equations for calculating the (life) average daily dose of each
exposure route

Exposure route Equations for (life) average daily dose

Oral LADD=(C*xCRxABSxEFXED)/(BWxLT)
ADD=(C*xCRxABSxEFXED)/(BWxAT)
Dermal LADD=(C*xAFxABS,xAexEFXED)/(BWXLT)

ADD=(C*xAFxABS,xAexEFXED)/(BWxAT)

*C: concentration of pollutant (mg/kg).
LE2ASE o]&oto] AP BALYF A -EF(life average
daily dose, LADD)C. 2, H[2FQ} AAH F == (aver-
age daily dose, ADD) A|4F4]of| 9J5]| AF&3}3ATH Table 4).

£ AFoME 2 @ 5 E AHEohe ZHEA fsE
7FE AL =F Bl tiol Bt 5 (Mean)E S417
= 9|9l = (central tendency exposure, CTE) f22, 95%
HHEL 2]2=(95 percentile)E Z| =& ol &= (reasonable maxi-
mum exposure, RME) gt0 2 o]-8-5}o] =E3F2 AAkSI Tt
CTEE B39l =& TS, RMES 1d $39] 4TS
yrlshe Wolch ! regaaiate] isiAgEtE S E
Aot W SOl ARt A, (@l Al585%, 2016.7.25.)
of we} ke o4t ofzlo] AP F 0AIFE 247 = AP
A 10, 3AIFH 1341714 = A9 EAGA S 35 285131
El_.zo)

SEO
F

3
8

3.4. ?loii= ZH(Risk characteristics)

Herelel s dEd 4tEE BAYYEH=EF(LADD)}
L=E7 29 WA= (carcinogenic slope factor, CSF)E o}
Z I QI8H = (excess cancer risk, ECR)S AF&3Hc) US EPA
A= ol &HAEE AAFo R YT & Q= FAITE &

o
AA
23R

=
9= o L 8i4zEel 1.05-06 (RHEY 199

QISHE)RE WA FAVE Bad Ao BoEE Joes
1.0E-04 (499 1%9] ZIptebE)= B ek’ 2

-

AL 3L E 2L 1.0E-049} H|W5}o] o|HL} =0
™ QJEj4do] = Ao 7 st
ECR=LADDXCSF )

o]7]A], ECR: Excess cancer risk
LADD: Lifetime average daily dose (mg/kg/day)
CSF: Cancer slope factor (mg/ kg/day)’1

TCR=3ECR 2

H[FFR s YA e EF(ADD)S A FF (refer-
ence dose, RfD) 2.2 3=o0] AAlgt 4= 9)om, o] L& 7=
H ¥u]&(hazard quotient, HQ)C|Z} 51, BE Y&
(HQ)& F4fsto] f1A 42 (hazard index, HI)E AF=S}FSITH
AFAFHD7} 15t F 45 vEERlsido] os A= o
lScli =g

HQ=ADD/RfD ©)
01714, HQ: Hazard quotient
ADD: Average daily dose (mg/kg/day)
RfD: Reference dose (mg/kg/day)
HI=ZHQ @)
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QME - UAY - R . clES| - XIS B3O - 0|7|9Y - MUY - HHE - DIFS
. &2 1} A &2 A JAF0 2 et 22 ARt of Jy

7t =& Aol= A9 gle A0 R UEL, ol did]

1. 534 2428y Bg A5 Apolo sl k&g Apol7} WAYs of
Aol Al XRFE ©]-&2t 7|24 AL 14771 & Pb, Cd, Cr, Hg o] AYER Ho gt A5 Zpol7t ZA] o] WE
o] gt F=7t 3HERPA7IEXIR1 1,000 mg/kgS] 70%S % olt}, AFwE 2 Zn, Al, Mn FEL AW E5A4(ABSGI),
ol= 4170 sl BDAAE AAISHATHTable 5). &4 AH9%=% F Ba, Al, Mn, Cr 52 TRZ5A5(ABSD)9
3t 234 1635 % Sn, Ni, Cd, Co, Sb, Se= AZH A& FAZ JYALF A EFLADD) T YLBH=EF(ADD)
9] 47} Zo] A|QJ5}9ITh Ba, Zn, Al FUAAL A& 4179 S A 5 gl A2 Y &2 vFTotEe>%
A B AEE FEO 2 YERFI G, Pb, Mn, Cr9] A& SE>FobAe>Had o2 UEyth ol =&Y A
£ 80% OO & 47| 7352 offlo] HolAld HH vzt AHA] Fot= 10, mlFstobsat 25582 39 ARG EAYA S
Q1 HRIELS] SA4ERl o2 watdrt Bdskr 5 gt £ FoF1, =52 A5 v BA o7 tiiEl] Ao s
< PbO = 23,309.8 mg/kgo|tt Stk Afol7F A1 #E TE E9] AU AFdiolA A+ E AT kEFo] 7
HAF GA] =2 A2 AR 5% Zol7t Z7| WZoloh B+ A Ugk=t FAadY AE2 AR HIsHATE 7|7k

sE= Pb>Al>Ba>Cr>Zn>Cr6+>Cu>Mn>As>Hg £=o]3it)
P FA] Pb2Z 95,040.9 mg/kgP| 2™ Pb>Al>Ba>Zn>
Cr >Cr"">Mn>Cu>As>Hg %=0]it}h 2 Ao A= gJsiAE
7t 913t CTE, RME A4S 916l 2t 3549 Bt st
95 percentileE -85ttt FRFHE YHHAEITA, &
E, AYZ= Pb 0.01 mg/kg, 93.8%, 1.5%, Cd 0.01 mg/kg,
99.3%, 2.6%, Cu 0.01 mg/kg, 98.7%, 0.9%, As 0.19 mg/kg,
100.3%, 1.7%, Zn 0.01 mg/kg, 109.0%. 2.9%, Hg 0.01 mg/
kg, 104.2%, 0.4%°130th. S&<% E427 YA (Raw data)
= Supplementary Table 1°] LEFHSITE.

2. =52 Wt

Table 63} Table 7°A= =& AlUtE]|ed, dyd, Ad 5
AT =S AA=(CTES S A =RME)E T3t
HALY G e EF(LADD) Y YLYHH = EFH(ADD)S 4H&
3 23S HolFy o}t A&y} AkS BT n]F]sto}
SG~7ANOIA A =2 HAHU14~18AN0NA HA e
Fo UERItE 59], BAYYBA = ETHLADD)S H 43k
2 F7h njFetobE]l Wi QAFF e EFH(ADD)2] HAgh>
ojz} w|Fstopgo 2 ettt A1egd Aues 2F 3

]

1 /gloll B3 Z3t7] wizolH.
TE5YE YT S vAsHH =59 LADDS}
ADD ©% CTEE As>Cu>Ba>Cr®">Pb>Cr> Hg, RME
Pb>Ba>Cu>Cr>As>Cr*>Hg 0|11, A1 =&2] LADD®}
ADD R CTEE Pb>Zn>Cr**>Cu>As>Hg, RMEE Pb>Cré*>
Zn>Cu>As>Hg <=0]lt}. F i eEolA+= Ase) Pb, AT

o 4= Pbo] B go] Hls] teZepo] 2 202 ekt

3. et A v Lol Bt

Table 8A= ZF T54 LEEEE =&/ 4 S47=
(Table 1~3), Z=Z&(Table 6, 7) T2 4] (1)~(4)E ©]-&-5}o]
A, 2 2R ZIPTARISIE(ECR), & 2T AL
Z(TCR), AAHIEHQ), HsiA=HDE APF5I 3.

HA WA e 2 AFolA HA A7 BRFE el
1.0E-045 7|%0. 8 & 4%, CTE: v|F|stots d 25
dRls/ge] = e At WA Aol A= Eeish
go] Q= 2O YEPth 12y RMEIIAE d A &
U 2 iAol e AL E YErth Ml i erelsy
= 1.0E-062 7|2 2 3192 49, CTE= oMt 258
7, RMEE A Aol A IFeIsie7} Slis 20 & Yet

Table 5. Concentration of heavy metals contained in children’s play facilities

Ba Zn Al Cr* Pb Mn Cr Cu As Hg
No. of samples detected 41 41 41 39 38 35 33 14 12 12
Detection rate (%) 100.0 100.0 100.0 95.1 92.7 85.4 80.5 341 29.3 29.3
Mean (mg/kg) 6,886.3 2,257.6  10,745.7 983.0  23,309.8 2739 5,640.5 656.1 48.5 0.2
95 percentile (mg/kg)  14,776.1 8,091.9  62,764.9 3,403.1  80,717.7 6634  19,562.8 2,272.0 125.2 0.8
Med. (mg/kg) 6,984.6 362.7 2724.2 433.1 1,970.4 60.8 1,261.2 180.9 29.9 0.0
Max. (mg/kg) 25,413.8 23,1376  89,011.5 8,268.6  95,040.9 5,616.1  21,493.0 2,770.0 247.8 1.5
Min. (mg/kg) 9.2 8.4 459.4 1.8 29 0.5 2.5 12.1 1.0 0.0
Std. 5,423.7 4,078.9  20,002.2 1,753.9  31,170.0 945.3 7,333.9 878.7 58.1 0.4
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Table 8. Carcinogenic and non-carcinogenic risks by age group and exposure route

Pre-school School Juvenile Adult

Male

Infant

Female Male Female

Male

Female

Male

Female

Female

Male

1.23E-05
2.40E-07
1.25E-05
3.20E-05
6.19E-07
3.26E-05
1.30E-01
1.93E-03
1.32E-01
3.70E-01
5.30E-03
3.75E-01

9.73E-06
1.90E-07
9.92E-06
2.53E-05
4.90E-07
2.58E-05
9.58E-02
1.42E-03
9.72E-02
2.72E-01
3.90E-03
2.76E-01

3.59E-06
3.62E-08
3.62E-06
9.33E-06
9.35E-08
9.42E-06
3.80E-02
2.91E-04
3.83E-02
1.08E-01
8.00E-04
1.09E-01

3.32E-06
3.36E-08
3.36E-06
8.64E-06
8.66E-08
8.73E-06
3.27E-02
2.51E-04
3.30E-02
9.29E-02
6.89E-04
9.36E-02

3.79E-05
3.83E-07
3.83E-05
9.86E-05
9.88E-07
9.95E-05
1.34E-01
3.07E-03
1.37E-01
3.80E-01
8.45E-03
3.88E-01

3.86E-05
3.90E-07
3.90E-05
1.00E-04
1.01E-06
1.01E-04
1.27E-01
2.91E-03
1.30E-01
3.60E-01

1.52E-04
1.54E-06
1.54E-04
3.95E-04
3.96E-06
3.99E-04
5.37E-01
1.23E-02
5.49E-01
1.52E+00

1.57E-04
1.58E-06
1.58E-04
4.07E-04
4.08E-06
4.11E-04
5.14E-01
1.18E-02
5.26E-01
1.46E+00
3.25E-02
1.49E+00

4.11E-05
4.15E-07
4.15E-05
1.07E-04
1.07E-06
1.08E-04
4.35E-02
3.33E-03
4.68E-02
1.24E-01
9.16E-03
1.33E-01

3.84E-05
3.88E-07
3.88E-05
9.98E-05
1.00E-06
1.01E-04
3.78E-02
2.89E-03
4.07E-02
1.07E-01
7.96E-03
1.15E-01

SECR Oral

CTE

Dermal

TCR

YHQ Oral

Dermal

HI

YECR Oral

RME

Dermal

TCR

YHQ Oral

8.01E-03
3.68E-01

3.39E-02
1.56E+00

Dermal
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Table 9. The ratio of children’s TCR and HI value based on the adult
Infant Pre-school School Juvenile Adult
Male Female Male Female Male Female Male Female Male Female
TCR CTE 39 3.3 15.9 12.2 39 3.1 0.3 0.3 1 1
RME 0.4 0.4 5.4 4.2 1.3 1.0 0.3 0.3 1 1
HI CTE 3.9 3.3 159 12.2 3.9 3.1 0.3 0.3 1 1
RME 0.4 0.4 5.4 4.2 1.3 1.0 0.3 0.3 1 1
(a) E ECRICTE) (b I ECRIRME)
100.0% 100.0%
90.0% a0,0%
80.0% 80.0%
MoOF F
Infant Pre-scheoal Scheal Juvenile Adult Infant Schoaol Juvanile Adut
{2y (3~7yn) &-13y0) | (14-18p0) | fover 19y} {0~2y1) B-13y1) | (14-180) | (over 19y}
W Oral @ Dermal B Oral ®Dermal
() I HQICTE) (d) I HQIRME)
100.0% 100.0%
$0.0% 90.0%
80.0% 80.0%
X} F F
Infant Scheol Juvenile Adult
(0-2y7) (8~13yr) {14-18yr) (over 19yr)

® Cral mDermal

mOral = Dermal

Fig. 1. Contribution rate of oral and dermal exposure to ZECR and ZHQ by ages. M: male, F: female

Contribution rate of oral exposure

Centribution rate of dermal exposure
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80% B0%
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0% | me %
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Fig. 2. Contribution rate of oral and dermal exposure to XECR and XHQ by heavy metals
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