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Assessment for Exposure Levels of Hazardous Substances
in Kids Cafes within Some Metropolitan Area

Ho-Hyun Kim***, Sun-Min An**, Jae-Young Lee***, In-Seak Choi****, Jeong-Hun Lee**,
Yi-Hyun Nam**, Si-Eun Yoo*****, Da-Young Jung****%*,
Chul-Woo Lee***** and Choong-Hee Park**#¥+t

*Department of Information, Communication and Technology Convergence, ICT Environment Convergence,
Pyeongtaek University
**Life & Industry Environmental R&D Center in Pyeongtaek University
***Institute of Life Sciences & Resources, in KyungHee University
****Health & Environment Laboratory Chemical Analysis Center, Korea Conformity Laboratories
rxdxxEnvironmental Health Research Division, National Institute of Environment Research, Incheon, Korea

ABSTRACT

Objectives: In this study, we investigated an assessment for exposure levels of hazardous substances to kids

cafes that unregulated by law.

Methods: Heavy metals, volatile organic compounds, formaldehyde, pesticides and phthalate were measured at
20 kids cafes in Gyeonggi-do and Incheon. Samplings were conducted from April to July in 2018.

Results: Heavy metals were detected over the standard mainly around the floor and walls in the 19 kids cafes.
Pesticides were detected in 7 locations with chlorpyrifos, diazinon and cypermethrin, and showed the highest
detection level of chlorpyrifos. The concentrations of DEHP in all kids cafes were exceeded with standard. The
risk assessment results showed that HCHO as carcinogen had a safety level and DEHP as non-carcinogens had

a safety level as assessed to be under than 0.1.

Conclusions: Considering the exposure investigation results and the importance of child health protection, kids
cafe should be included in the legal management list of children’s activities zones.

Keywords: Heavy metal, HCHO, kids cafe, phthalate, VOCs
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1. AEERY

1. A7chat o 7(2t

FEA AYRA A-AFAXNEFEF, Fe T, H)
oF ANN=RIEA], AR, ML, BFALL QFEAD
A o] F 207 40] 7127 o] thate] 20183 7Y
T 108714 oF L7 Allsrd S48 A8
3} tH(Table 1). Embrain trend Monitor®] 7127}

=
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VOCs, HCHOSL =9]oll ofdo] Hizted® 74
B A=A (F 2238 2 (Chlorpyrifos), TholokA|=
(Diazinon), t]&Z2 X 2(Dichlorvos), AFo]HH| E&
(Cypermethrin)), 22 o] E(DEHP, DBP, BBP,
DNOP, DINP, DIDP) 5 % 5/ &&5& tdez 3
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A7 FBAR7EC] e FE52 714
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o7 2R3, VOCsE IAFZHH, HCHOE
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phthalatesE 2t} OSHA(2016) %5374 62, PV
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Pesticidese '3 16 L] %22 ORBO-tubeE &
8 13] 3084 A4 23] 2743193, GC-NPDE ©|
8&to] B39t} Phthalatess % 47]¢] HAZE
£ AF st HEZ o] =2 3 2 (Tetrahydrofuran
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Table 1. Information of kids cafe
Facilities Region Area (m?) The number of floors Set up year
A Bupyeong-gu 396 Between the 4 and 5 floor 2014
B Bupyeong-gu 490 Between the 4 and 5 floor 2015
C Incheon Namdong-gu 120 More than the 5 floor 2016
D Metropolitan City Namdong-gu 130 Between the 2 and 3 floor 2018
E Nam-gu 88 Underground 2015
F Nam-gu 90 More than the 5 floor 2016
G Siheung-si 1157 More than the 5 floor 2014
H Seongnam-si 406 Between the 4 and 5 floor 2018
I Hwaseong-si 70 Between the 4 and 5 floor 2018
J Gwangju-si 264 Between the 4 and 5 floor 2017
K Anyang-si 276.25 Between the 4 and 5 floor 2017
L Anyang-si 208 1 floor 2013
M Gyeonggi-do Anyang-si 594 Between the 4 and 5 floor 2017
N Province Anyang-si 198 Between the 4 and 5 floor 2017
(0] Anyang-si 168 More than the 5 floor 2017
P Anyang-si 330 Between the 2 and 3 floor 2014
Q Anyang-si 330 Between the 2 and 3 floor 2016
R Anyang-si 231 Between the 2 and 3 floor 2016
S Anyang-si 200 Between the 2 and 3 floor 2014
T Anyang-si 495 Between the 4 and 5 floor 2016
g & Qe v 7-124] oj"HolE HH &4 o B2 5d HAHFA == (Lifetime Average
Ao g A3t Daily Dose, LADD)3} %32 (Cancer Potency
g7 ddEde 58718 B8 §9E Factor, CPF)S- o]&-&}o] A 23 akok9)) ie (Excess
21E HCHOS9 AWE7], uleh(HA)) 53¢ 385 2 Cancer Risk, ECR)E AF&3I9 3, vIE42 9
AF AZE B9l =249 4 3= DEHPZ X143} 3| %= (Hazard Quotient)S AH&3Ith.
G, S0 AE = US EPAS] IRIS (Integrated

Risk Information System) 2 WHO (World Health
Organization)o| 4] 341802 A 25 |83}

ATt

f

o 0_>|:
>
X

fo i

N

~

e DEHPZE AA 3T
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1.1. 2%

XRF 7to] &8t A3}, Pb2 20014 T 19704
(458~122,300 mg/kg)ollA 715S =390, ¢
adEE A S8AH g e 2380 g
0-45%, T2% FT2 0-42.5%% YEFSTH(Table
2).2010 $7F ofglo] AYSEF7E AejzAL 2
A & R WER, v EH S Pbdt
Cde] 739 AdzelE7t ojdoly, X1, 7o

oo vlg] =& F= S B, HAE 0.0013
ug/em’® AEEJTH?, 3 AFT 9)(2018) I+ 2
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Table 2. The excess of heavy metals of the kids cafe

Kids  No. of No. and percent of Excess Guideline

cafe sites Pb % Total %
Guideline 600 1,000
(mg/kg) (Pb+Cd+Hg+Cr®)
A 60 15 25 13 21.7
B 40 18 45 17 42.5
C 17 1 5.9 - -
D 38 4 10.5 4 10.5
E 69 14 20.3 13 18.8
F 32 7 21.9 7 21.9
G 68 1 1.5 18 26.5
H 33 2 6.1 2 6.1
1 45 5 11.1 5 11.1
J 48 6 12.5 6 12.5
K 28 2 7.1 2 7.1
L 51 9 17.6 9 17.6
M 24 - - - -
N 39 2 52 3 7.7
O 21 2 9.5 2 9.5
P 40 2 5 2 5
Q 33 5 15.2 6 18.2
R 48 2 4.2 3 6.3
S 45 3 6.7 2 44
T 65 12 18.5 12 18.5

FHo M= ofdo] molH dele] XRF 574 A% wt
A nieAjoll A F2 HESEATY. B AeA
= 13_}5.‘_?24 7]27} _Lﬂ Q. /ﬂxq o}o:] %—Ehﬂ—] o
&3 TEEHE 24 o}i’il, nAHR] W v A
7 0.0010 mg/m’e 2 UERtth A wetEd s
H7 HlAae g Ag, AF7IFH(METIOIA
Fste] A dxste] AElshal slom FHRIE
A FollA H, HlA, TtEES AlFste] dEstar
AUTHY. WA ﬂﬁ‘ﬂ?ﬂ%ﬂﬂ FE ] v A9 =
=3 flslds el 7Iedst 2 gz 2 asitt
hE

ol
N e oﬂ £

K

N'i

H

1.2. TRVIEE
VOCs2] A 2074 5 odo|d53t B4
ARG 71591 400 pg/m® o1 ZFe L& 12714
S A

2 L}E‘r‘a‘EP(Table 3). =3AEe] 54
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Table 3. The concentration of VOCs and HCHO by kids

cafe
Kids Cafe V(,)CS (hg/m’) HC,HO (hg/n’)
Facilities M.am. R,e' . M?m. R'e- .
examination examination examination examination

Guideline 400 80
A 958 259 161 32
B 302 - 94 -
C 773 - 204 -
D 4570 417 136 65
E 84 - 70 -
F 661 118 201 68
G 647 - 76 -
H 6201 587 131 22
1 476 - 167 -
J 2049 470 159 48
K 360 - 150 -
L 168 - 49 -
M 436 - 66 -
N 804 - 112 -
o 348 - 12 -
P ND - 54 -
Q 45 - 70 -
R 325 - 162 -
S 468 - 19 -
T 1197 - 48 -

It is indicated as the guideline for the sensitivity group of
multi-use faclity guideline beacause kids cafe is no guideline.

-2 AHGAI717E 2018d0] A 12 o] Al
= 2= 2 AE AT sle el XA 5
(2010)¢] Aol 2™ VOCse] B4 e vk
o] 7% EF4, mp-Ardd, ojgwldl o= et
on 53] duizolHod e mp-Adal Aol

& Aol Bla) =A AT AdAe A

W ASAA 2 AW 7 Sl o8l 7R
Ao AV AEAR F2 TE, F5, %5, 25
LEs dodle 2o, 53] Il =2
91940l 2 2dol] wiiel duvk st
2 AelMe 17 2A] ZIEAE 2349 712
< AFsisla, ddes via

< ] AN ZIEAE 2HsisiET ole 2
8 71=719] FRFA717F H2 129 ool A
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7} dasi

1.3. Egustol=

HCHOS] 7% ojelo] 9533 #73er e 7]
<1 100 pg/m’ o) 233 MaE 107]a90m,
Al B 1032 pg/m’E LFERITHTable 3). 554
A 9 AEolE el Aldehydes =& 2 sl 3
7ol mam A deslo) =R/ Fwrt o
ol-oNA] 40.6 ugm’E 7P =A JEREo™ e
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Table 4. The concentration of pesticide by kids cafe

Bska Qek®

2 AFIME 12 S Al s =3XE 49
|27 E e E MHESHS Ay, A3
RHE Aol 7IFA] oE YElsdth o= 13
A Alell 7€) 71274 HAAIZ717F TR 2018
T, A AFE X 2 A 9] A7 SEA17)
25 Fol¢H, Al 7 SellA WEE HCHO
A3 ¥wH =A veld oz AEojzin)
Daisey 5(2003)2] SAollx= $7]7F B3l VOCs
¢} HCHO S22 299 stu wAdA = sHE
o] F5Y, ALt 2 719 5 syl Astd
T e, HA 5 5571 4
3 RIS AlE AEY] A 270 f3ls)
sEgo] o wEE o 2
7] obgo] F&E o]&3}
%] g Bake-Out 59 #H2Hebs F3) Adl3712
S WA Fart Ik

1 . ) U

14. 557

AW & W ARl 5] AFEE {1

Organophosphorus Pyrethroid

MesTuirIir:ent measurement item Chlorpyrifos Diazinon Dichlorvos Cypermethrin
Air Dust Air Dust Air Dust Air Dust

detectability factor (%) 80 75 25 20 ND ND 25 20

Average 72 27 17 11 ND ND 6.5 17

Whole standard deviation 36 20 33 53 ND ND 2.7 9.7
maximum 144 80 21 17 ND ND 9.4 29

minimum ND 1.1 12 4.2 ND ND 2.4 7.0

detectability factor (%) 82 82 18 9.1 ND ND 36 36

Primary Average 63 29 19 42 ND ND 6.3 17
measurement standard deviation 31 24 2.1 ND ND ND 3.1 9.7
(Summer) maximum 106 80 20 42 ND ND 94 29
minimum 49 1.1 17 42 ND ND 2.4 10

detectability factor (%) 78 67 33 33 ND ND 11 ND

Second Average 84 25 16 13 ND ND 7.4 ND
measurement standard deviation 42 12 3.6 3.6 ND ND ND ND
(autumn) maximum 144 43 19 17 ND ND 74 ND
minimum 36 9.6 12 9.4 ND ND 7.4 ND

Unit: pg/m® (Air), ng/g (Dust)
ND: Non-Detection

Referemce: Permissible Exposure Limit (PEL, 1.0 mg/m®), Threshold Limit Value (TLV, 0.1 mg/m’) (US EPA, 2017)
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Al AZA: chlorpyrifos, diazinon, dichlorvos, 1]
2Z20|=A| A=A cypermethrin 5)° ZAE 13}
2212 AR, 771204 B2 = chlorpyrifoset
719 HAA R BFolA

2F AEEHA Ut

diazinon, cypermethrine
HZ¥ W dichlorvos®
(Table 4).
Chlorpyrifosi= 3719} FARAFollA HEE°] 80%
9} 75%°192 ™, diazinon, cypermethrin 37|12}
AAAE BFA AEEC] 25% olatsith. 53]
cypermethrine 23} 34 Al F7ABANM = 4,
HRA| Fo| M= HEHR] &t} dichlorvos’} A&
HA] & A& 3%%1{ AN AREEA] AL &
5&73 z70) ozl W=7
Ao FAHHM, F7H<l
Bk BeE Ao WeEn) 71E 2AARA
A % 700] 74§Q
o7 FHHE
vl 8773 (US EPA, 2017y *é 9] 27l
P SA7IES ARshAA 30 Wl AEEEe 3
=37 (Permissible Exposure Limit, PEL)2} 3|
&-3HA] 7155 (Threshold Limit Value, TLV)S A
gom Z4zk 0.1, 1.0 mg/m*o|t}™®

2 2APIME aE 7|=27h BRolx] His]E-
SHAZIE olatls Flskitt. 2Hy &8 =ETt
A& Xq%?—i H F7]= A (1714: 0.991 mg/m’),
A oA ﬂg% oo HEEAUnt ¢
Sl °] 7]—‘5—3— S thFem HAAT o= of
o]

o thalire Heh dAsiAl g dark o

r1r .
3

1.5. ZEYo|ER

AR 203 25oll4 DEHP7L 287~6,335 mg/
kg Al°]2, DBPE= 17404 121 mg/keo] A&
212w, DINP, BBP, DNOP, DIDP= A& HA] %k
TH(Table 5).

Phthalatese= 7IA2A 2 AMRE+E FEE A=A}
A, sPdsE, A2 W okt oflo] Azt Sol
TRFeHAl ARSEIM, Abe] 2 28-S WEfa}]
wiitol] AR A&, F9, vl T oo =UlelA
TABEAL Ack2)

Choi 5(2014)0l] WEW ojHo]g-Fel|r =AY

Z 270 AETE 12470 AE = 2170 zﬂﬁoﬂ A}
%ﬂl 1E7F AZHAL, 141 AFole F289
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Table 5. The concentration of phthalates by kids cafe

Phthalates (mg/kg)
DEHP DBP DINP BBP DINP DIDP
2176 ND ND ND ND ND
1605 ND ND ND ND ND
872 ND ND ND ND ND
287 ND ND ND ND ND
4225 ND ND ND ND ND
6335 ND ND ND ND ND
2859 ND ND ND ND ND
680 ND ND ND ND ND
685 ND ND ND ND ND
4955 ND ND ND ND ND
726 ND ND ND ND ND
1105 1207 ND ND ND ND
2135 ND ND ND ND ND
836 ND ND ND ND ND
399 ND ND ND ND ND
3200 ND ND ND ND ND
431 ND ND ND ND ND
577 ND ND ND ND ND
922 ND ND ND ND ND
737 ND ND ND ND ND

Kids Cafe
Facilities

H v IO IvOZIC-AR—=—~ITQmmUIOm >

NEAE 2 o ehie Zow wasl
Ark? A5 SQOISPIME B Pzt A3t
EGYolERY| FEE AR 2ol AFAE
2 A% =F8 o] JPL FE o= Uy,
Nz7hsle] g oflolgE FA 71208 2
ole} eislolRIE?

2. syt

el e wHEE 2 HCHO, Rl Ed = =
g0l F AZEEC] 50% ©%3] DEHPE thida}
St A%A 5 DDVP, dichlorvos$}t cypermathrin
B7HE2, chlorpyrifos®} diazinons SA9A1E2]
FAZ HrkshA] Ao

g 491 HCHOZ &4 <1 DEHP
aiA H7F 43, HCHOE §9, A3, yH ==
gt F 2HLESEE 50th percentilest 95th
percentile #t 5 107 0]4e] QB o2 HItE Q]
3, M EAR] DEHP 8k 0.1 ©]3kE b

oor o
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