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ABSTRACT

This study assessed the lifetime cancer and non-cancer risk of aldehydes and volatile organic compounds
exposure of young children at child-care facilities and indoor playgrounds in Korea. The samples were collected
at various children’s facilities (40 day-care houses, 42 child-care centers, 44 kindergartens, and 42 indoor play-
grounds) in summer (Jul ~ Sep, 2007), winter (Jan~ Feb, 2008) and Spring (Mar ~ Apr, 2008) periods, and ana-
lyzed by GC-MS. We estimated the lifetime excess cancer risks(ECRs) of formaldehyde, acetaldehyde, benzene,
chloroform, CCl4 and tetrachloroethylene, and the hazard quotients(HQs) of Non-carcinogens(toluene, xylene,
benzaldehyde and formaldehyde). Formaldehyde evaluated both cancer and non-cancer risk. The average ECRs
of formaldehyde for young children were 1 x 10 #~1x 10"° level in all facilities. HQs of four non-carcinogens

did not exceed 1.0 for all subjectsin al facilities.
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3t A zAlA TS vleglo =z 3 o slo] = (Alde
hydes) 2! 3]utAl§-7] 33t E-7F (Volatile Organic
Compounds, VOCs)2] 77}¢]3l 4 %7} (Health risk
assessment, HRA) A7 As gl v} o (A 5.
2008). tjE-o, A 71A] A= v g Thgo] A
A, AR BAIAA g At R A 5 (%3 3 AR,
Ha-SAA, g, 333t PCH), ey, 4, oA
2 AWAST AAA B AR EA A ) S B
7h8ted w1 M8 ohgol SA el dj gt A e
ofjuketat v A4 tgol gA1d ] A=A 2
el =&, Yoz fAlE] ¥ AfRAIES
Ha)sl= wiele mAslT ok (373, 2007).
a8 o) AFE Bl SAIEEY o] 841
B4 9 A= et o 2~33], 1~ 247k o] 43}
AR glovh B dAFelre] F2 H7) Al
Eolul, o/ o)A, A 5 B8AA 3 Audisol
Ele] 749 49 20d o4 1Y 4~ 10717 71RkS o]
B3k 9lH(37 ¥, 2008). o] AelolgAAe] o}
d RIZE A gk % ojRlelFe] o) b R
olm2 v el st T B e
A EolEe] A4 ofde] ol#3e] FHdy BF
Bl o4 Wl=s}F Frepx| T gl ofRlo] Ho
Zrol7l= dlet. I3el = B3l A Fo B
s Akl of¥lelEe Fo HFITl BEAA
A zolBfe] A=k AR o] H7HA] o] Fof
A Ak, F8 xF BAR QIS oe] Z7}
HAEH7t AF= =8
dubdg oz ot sle)| = F Folt|s}e] = (Formal-
dehyde)] ¢ PmAQ) WelEAdE xF FEr)
Z7}3te ulel ) 57]-5-< (Peak expiratory flow
rate, PEFR) 2] 3> A o2 f-281A 7HAshH,

[e

2L 98 fob ol o

o

I g F, A, 557l A=S L
ZIo} (Til et al., 1989). VOCs:= g =7] 1 &
2 39l =)9j} (Becher et al., 1996). VOCs & o =4
ol mksrEA el &7l (Toluene)e] 74 frel, o
o] 52| of g AL} vlssh, Add) dATlA
o1&l AR} RIZESHA ek nA 4
itk B wals 9l (Foo, 1993). o] 3k VOCs &
AL A9l ARRIEHE, AbFdA #ab ohuzt A
AAAE, b aulR, G 23A), 22, A 2
AE5AA & w5 wheksbet (Chan et al., 2002). ©]
o} Zro] VOCst= AW A R7 FAlA wf$ F
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Table 1. Description of the children facilities

Indoor Daycare Childcare Kinder-

playground  home center garten
Seoul 7 7 7 7
Anshan 7 7 7 7
Dagjeon 7 5 8 8
Suwon 7 7 6 8
Busan 7 7 7 7
Yeosu 7 7 7 7
All locations 42 40 42 44

2% oul g AAE §3) 22

ahebd, 2 ATolAt ol i), X4
5 wHAAE Aol 3 7hAelse] ool
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(Styrene) & =3}s}a7, TO-14(USA, Supelco) 255
4 21% F AFY 78 74 BAG dN4UtE
915 ek 9 wlRer S4AEst E4)sk VOCsE
Fo WA= A 71 242 VOCs &
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Table 2. Dose response assessment of chemicals
o N (L)OAEL RfD (C)
Chemicals Classifi cation Exposure Endpoint  (mg/kg-day) UF  (mg/kg-day) Reference
of material route 3 3
(mg/m”) (mg/m)
. . . Decreased 22~78 .
Benzene Carcinogenic Inhalation 12 300 Rinsky (198
g lymphocyte x10°® y (1987)
Chloroform Carcinogenic Oral Liver lesions 129 1000 0.01 Heywood (1979)
Carbon Carcinogenic ora Liverlesons 071 1000  0.0007  Bruckner (1986)
tetrachloride
Trichloro . . . . . Monster AC
Inh L | 1 1 -
ethylene Carcinogenic nhalation iver lesions 35 00 (1976)
Formadenyder  Cdcinogenic ora Squamouscell 15 g9 02 Til (1989)
Non carcinogenic carcinoma
Acetaldehyde Carcinogenic  Inhdlation oS4 SUAMOUS 00 yg00  ggpg  APPleman
carcinoma (1986)
. ) . INeurological Foo SC
Toluene Non carcinogenic  Inhalation 128 10 5
u triogen! ' effects (1993)
Xylene Non carcinogenic  Inhalation Neurologic 39 300 0.1 Korsak (1994)
Benzaldehyde Non carcinogenic Oral Kidney toxicity 400 1000 0.1 Kluwe (1983)
Styrene Non carcinogenic  Inhalation CNS effects 94 30 1.0 Mutti (1984)
Ethylbenzene Non carcinogenic  Inhalation Liver, Lung 434 300 1.0 Andrew (1981)

*Carcinogenic and Non-carcinogenic

ECR=LADD (mg/kg/day)
x Sop factor ((mg/kg/day) )

Where ECR: Excess cancer risk
LADD: Lifetime average daily dose

(mg/kg/day)
Slop factor: Concentration of chemicalsin
indoor air at facility (mg/m®)

LADD (mg/kg/day)

HQ

Where HQ: Hazard Quotient
LADD: Lifetime average daily dose

~ RIC (mg/m®) x BW (kg) X IR(m/day)
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s)27)

(mg/kg/day)

RfC: Reference concentration (mg/m®)

BW: Body weight at age (kg)

IR: Inhalation rate for exposure scenario, k
and facility (m*/day)
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o] o|mlzted 3} B> TDI (Tolerable Daily Int-
ake) 244 & AFa, TDI A5 52 4] RfD (Ref-
erence dose) 3tz wix5le] =AY 3k (Hazardous
Quotient: HQ)& AF&3}5it). viA| o 2 nlHtgl=A
E7& RfD (Reference dose) AAAA & AA =A
2187k (Hazardous Quotient, HQ)&- Ak&3} it}

A, EAY, Ay JAgFIdAd-ZTF
(LADD)?] g3 23e o] 43le] QA 93] 35
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931, ECR: 10°~10% 43 HI 2 HQ: 01~1%
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slelAd =7 61

3 o35 ;esle] $l8l $F& Frleksinh
dele) prz ey ATl WY =2
AT Ao QA w3 2dwE, UL 3F
% (inhalation rate), A= (body weight), =24l %
(exposure frequence), x=27]7t (exposure duration),
719145 (lifetime) 5-& weiste} ALEF 4 St

IR x ETij X EFyj X EDy
BW x AT

LADD (mg/kg/day)=Cja x

Where LADD: Lifetime average daily dose
(mg/kg/day)
Cia: Concentration of chemicalsin indoor air
at facility (mg/m°)
IRy: Inhalation rate for exposure scenario, k
and facility, j (m*/day)
ETy;: Exposure time for exposure scenario, k
and facility, j (hrs/day)
EFRy: Exposure frequency for exposure
scenario, k and facility, j (days/yr)
ED,: Exposure durations for exposure
scenario, k and facility, j (yrs)
BW,: Body weight at age, | (kg)
AT: Average time for lifetime(days)
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Table 3. Exposure factor (1) Inhalation
Age(years ili
Exposure factor Symbol ge(years) P-rob.abll.lty Source
05~2 3~4 5~6 7~9 distribution
Daily inhalation rate (m*/day) BRm 5.7 8.3 9.2 120 Log-normal US CEFH (2002)
Activity inhalation rate (m*hr) BRh 19 19 1.9 1.9 Triangle US CEFH (2002)
Table 4. Exposure factor (2) Body weight
Age(years ili
Exposure factor Symbol ge(vears) Ffrot?abll.lty Source
05~2 3~4 5~6 7~9 distribution
Body weight (kg) BW 10 16 20 30 Log-normal KEFH (2007)
Table 5. Exposure factor (3) Exposure period etc
Age(years ili
Exposure factor Symbol ge(years) Ffrob.abll.lty Source
05~2 3~4 5~6 7~9 distribution
Exposure period (year) EDindoor 15 2.0 2.0 30 -
This stud
Number of standard ATnc 5475 730 730 1005 - Y
time exposure (days)
Number of child life AT 25550 25550 25550 25550 - KEFH (2007)
time exposure (days)
. Daycare  Childcare Kinder- Indoor
Number of year Location home center gaten  playground  Triangle  This study
exposure (days/yr) -
EFindoor 258 258 258 36
Table 6. Exposure factor (4) Daily exposure and daily playing time
Daycare  Childcare : Indoor Probability
Exposure factor Symbol home center Kindergarten playground  distribution Source
Ddly equsure(hr) ETindoor 10 10 5 2 Un?form This study
Daily playing (hr) ETj 7 7 5 2 Uniform
292 vk 6~7419] o] el7} 19 5AI7F o] gty ok TF & v|YedE F F2 B 4L B84
AR, FHAE gl Aoz A Als A 2 AdisolHd e F2 o] B S5
oEle] A 17 1~23] A= ol g3ty Qllet. S B Fold x2 Julrl YeAT BRSY
TR 408710 vt Eed 9 =2 3, FoEjellA MA] )7, ket 917, A7), H7,
A& AAEIE Rl o] =2y zAke 3 AR P27 §9 s 2ARKAC ek, A Bl v
el A4 2 Bold x=2YulE Avny) s B deftng B weliel A% R, delsly),

2149 A% A W2 B AgEelA]
7 403 WA} S HlE oG ARsee
Aoz Aol AT AgwolA7tel] iRl B
o) FEel 7bg ST HopR wolPuE B
ek BgA S £ wlEtoz 0 AHgiol
AR F 9 uEe Fedazken A

71eleh]7]9] Eel el S wedsta, ol elAle] A
F AN Skeksl7] T8 Wk, FAIe] A ¢

T R
371 B 7571 9] Eol el whA| 1, A
EE EolgHE A

olele] A9 9271E TR BE
#39e

What Y AR 2AE BY w25 AT

e
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Table 7. Summary of quantitative estimates of VOCs aldehydes (unit: pg/m®)
Location
Substance Indoor playground Daycare home Childcare center Kindergarten
Mean Min~Max Mean Min~Max Mean Min~Max Mean Min~Max

Formaldehyde  42.7 3.6~217.2 34.1 55~2774 41.7 4.2~196.0 28.4 3.8~1144
Acetldehyde 201 <LODY~958 218 <LOD~1282 250 <LOD~1335 195 <LOD~10L9
Benzaldehyde 1.1 <LOD~28 11 <LOD~24.7 0.6 <LOD~43 15 <LOD~44.0

DLOD: Limit of detection

Table 8. Summary of quantitative estimates of VOCs (unit: ug/md)
Location
Substance Indoor playground Daycare home Childcare center Kindergarten
Mean  Min~Max Mean Min~Max Mean Min~Max Mean Min~Max
Benzene 7.0 1.7~273 6.1 12~235 55 11~276 6.1 15~437
Trichloroethylene 25 <LODY~224 20 <LOD~553 12 <LOD~95 15 <LOD~153
Toluene 835  7.8~455.0 734 20~3247 67.8 35~325.9 736 5.6~247.2
Ethylbenzene 154 <LOD~717 9.6 02~57.1 85 <LOD~62.7 102 0.2~1345
m,p-Xylene 76.6 0.4~2,550.8 165 <LOD~971 172 05~1258 376 03~745.6
Styrene 53 0.1~33.2 57 01~1403 42 01~27.1 47 <LOD~715
o-Xylene 97 <LOD~611 5.2 0.2~38.0 55 0.3~29.6 78 01~2193
Carbontetrachloride 04  <LOD~17 03 <LOD~16 03 <LOD~18 03 <LOD~45
Chloroform 11 <LOD~6.7 16 <LOD~13.0 09 <LOD~85 11 <LOD~24.0

DLOD: Limit of detection

A ohge| Table 3~63} 2t} of) A gale]= 112 vehtbs 5 jRre] Aldel|A o
A5 Fed 59, 4% 2 AR 59 =3 d8=f 2259 /O raiort 11~509 W
2 A Al AR A AEH) ot A A Ret A s} 24 vebge
Table 8ol #1 A8k ule} 7te] VOCs| = W%
AN NFEA} goug, 71EA 234S ART
2 = 4 glor, AAH oz dubHel Fx $Foz =
AR et 24 @y =S 1y, B0 >mp-at
el > o dul Al =07 et on, £5), Aol
oo A AN Er] F Qesto]=e] Exg ok Ele|NE mpatdd AR g2 Al njs ¥
olm7] 9l 3AH =3 Az}, Table 7o) A A 2AEAL T2 AESE A Ho] B v}
uhe} 7o) Eold|ste| =] A HF = A WA Ltk
o E] (42.7ug/m’), o oA (41.7 pg/md), o)}

e
b
i

e

o o

1. e Al Al el 22 S 22X

(340ugm’), §214) (284ugm’) =02 ZAHUT. ozl MEI}

BEAA) A7) ER| A7) gleme, melHA)

A5 AR 3719 Aol R A - H7)EQ00 1) et 2Ho| gt

ugmd)oz wlmshyd AvfiolE] 7.5% ojloldl  ADAFE BAT ZIpuesisi= 50% s gk
4.2% 23}5) = 7 o= b F =37zl Mt 107°~102 Y912 Ak
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Table 9. Lifetime Excess Cancer Risk estimates for 50th percentile val ue of Carcinogens application ADAF
Facility Age ADAF_Lifetime Excess Cancer Risk_ 50th percentile value
enzene orororm 4 orm yde cet yae
(years) B Chlorof ccl TCE Formal dehyd Acetaldehyd
Inhalation Total Excess Cancer Risk
Playroom 05~2 284x10° 206x10° 421x107 234x10° 2.26% 107 2.56%10°°
b 2 3.02x10° 1.62x10° 444x107 3.08x10°8 424%10™ 3.56x107°
gﬁ:r € 3~4  110x10° 572x107 155x107 114x10°  153x10* 1.27x10°
5 957x10° 509x107 139x107 1.01x10°® 1.37x107* 1.15%x10°°
Kindergarten ~ 5~6 550x10® 1.98x107  7.37x10°%  6.44x10° 4.43x107° 4.66x 1077
nd 3~4 1.38x107 665x10° 205x10° 2.03x107% 1.23x 1077 9.08x107°
" ; °°rroun 4 5-6 112x107 541x10° 168x10° 168x10°  1.00x10” 762x10°°
Payg 7~9  112x107 538x10° 169x10° 170x10°  1.00x107 755x%10°°
Table 10. Lifetime Excess Cancer Risk estimates for 95th percentile value of Carcinogens application ADAF
Facility Age ADAF_Lifetime Excess Cancer Risk_ 95th percentile value
(years) Benzene Chloroform CCly TCE Formaldehyde  Acetaldehyde
Inhalation Total Excess Cancer Risk
Daycarehome 05~2 857x10° 1.25x10° 1.36x10° 3.01x107 1.32x 1072 1.38x107°
Chilg 2 90.11x10° 802x10°% 146x10° 1.98x1077 1.70x 1072 1.88x107°
Ce'mgrare 3~4  335x10° 285x10° 538x107 7.00x10°  626x10° 6.96x 10°°
5 312x10° 272x10° 493x107 657x10°° 5.61x107* 6.17x10°°
Kindergarten  5~6 218x10° 212x10° 427x107  4.68x10° 1.94% 107 255%10°°
nd 3~4 417x107  324x10°% 690x10° 159x10° 6.06x 1077 488x10°®
n | °°rroun 4 5~6 340x107 274x10° 558x10° 125x10°  521x10” 419%10°8
Payg 7~9  354x107 275x10° 565x10° 135x10°  4.95x 107 416x10°8
Hhok5-A4 913 7ke] 0.001~0.15 %i 7 e

dlo]=2] Z WUgkgls| == 10 7~1o 3w, WAl
% 23RKSEI = 107~ 10° W92 &= gle
o, 1 ¢ Abdsteks, °VﬂE°‘ﬁl%} = EggRs
oeE AL 1x10°n|ute] nn)dk £x]2 B
o} (Table 10).

1543 $1 85k HQ 50%
A9 0P, 4]

e, 2 <0.0001~0.15 ¢ = Ak
293t A4 0t B0 % ELEshel =) )

8H”

H]HLO]—H 221z 93} H]HL%L%H

S1&%E HQ 95%

AL 18 2345k A0 glslor, naAA

% wo W ojdlolel upus

1

2}shelc} (Table 12).

&

=7} 0.1& =

BEAA 2 Al olg ofzeld] W
e 7t 8 A A o4 A
9 557 A AvEelelE A9le el ol

SERE

o4

SALAA 3

24z < 93 7HeA



March2010 Yang etal.: o]3 o] 2 35

OH

7ke]

ﬂ‘l

A 27 S84 A7)

Table 11. Total Hazard Quotient value estimates for 50th% val ue of non-carcinogenic
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Total Hazard Quotient _

50th percentile value (person)

Facility (feegﬁs) Xylene Benzaldehyde Formaldehyde Toluene Styrene Ethylbenzene
50th 50th 50th 50th 50th 50th
Inhalation Total Excess Cancer Risk
Playroom 05~2 0.0562 < 0.0001 0.0812 0.0862 0.0029 0.0025
Day-care 2 0.0759 < 0.0001 0.1563 0.0998 0.0051 0.0028
conter 3~4 0.0695 < 0.0001 0.1356 0.0913 0.0046 0.0025
5 0.0621 < 0.0001 0.1216 0.0808 0.0042 0.0023
Kindergarten 5~6 0.0320 < 0.0001 0.0396 0.0490 0.0017 0.0012
Indoor 3~4 0.0011 < 0.0001 0.0011 0.0011 0.0001 0.0001
playground 5~6 0.0009 < 0.0001 0.0009 0.0009 0.0001 0.0000
7~9 0.0006 < 0.0001 0.0006 0.0006  <0.0001 0.0000
Table 12. Total Hazard Quotient value estimates for 95th% value of non-carcinogenic
Total Hazard Quotient _ 95th percentile value (person)
Facility (fegfs) Xylene Benzaldehyde Formaldehyde Toluene Styrene Ethylbenzene
95th 95th 95th 95th 95th 95th
Inhalation Total Excess Cancer Risk
Daycarehome  0.5~2 0.3207 < 0.0001 0.4610 0.3598 0.0354 0.0138
Childcare 2 0.3649 < 0.0001 0.6044 0.3853 0.0285 0.0139
certer 3~4 0.3543 < 0.0001 0.5440 0.3581 0.0260 0.0136
5 0.0621 < 0.0001 0.1216 0.0808 0.0042 0.0023
Kindergarten 5~6 0.4414 < 0.0001 0.1712 0.1992 0.0175 0.0089
Indoor 3~4 0.0166 < 0.0001 0.0055 0.0041 0.0003 0.0002
playground 5~6 0.0130 < 0.0001 0.0045 0.0034 0.0002 0.0002
7~9 0.0087 < 0.0001 0.0031 0.0023 0.0002 0.0001
o] Q& Aoz H ESGG ol wold, el 3 Qo] Avjegde] & (llegnetal, 2001; F 5
A FAL AL Al 28] PR FAREEE o]4 ¥, 2007)3ka glemz, o g FAR HA =
AZbs} 7t w7 dge s FA . 2 23}

A Al AeA o] FadEElel = 22 23k R WAL E2all W zpd Al A SR H Al
o] ZIpUIL G =E 1x10°¢ 2Fstw gk AT Boll s HA leE dEA A 3] 2
Fddstel=e] 8 =& Az AY 3] &9 FEA TG AMIAE AFA A8 o o3 dj=
oz Q3 FY =ZFolden, BAA™ el A =4 A 3] g A= 3, A 7
Aot 29 oyl AlF ZAEe]AY 19 ool A FAk F A b7 ol o3 A 7hsdE A
W HES 29l AAEIER AAeIA ] 23piet B otk HlAle] A5 el o] =&,
=7t T A k2 Aol vlE wa 2 S dvbe] FHozRE e e}, 71F o}, Bl
Hdok weta Fddstel=s @A Gk A o AAESe] Rom, 4o ¢S Fue Havt

o] B4 A|AoAe] AAd AW 379} 237
AU A AHS- A3 o] diFe] AlF3] Had &

Az AYEQ w3, Fddstels gt ozt
ZA AL "l Bie] Exo] I/Oratioe] 1& %338}

Z2 93} o] o] Zzpulek
= EA AR ook, 95% s dgkell A o] o] A

=it (Adgae et al., 2004). =) Al el A o] WAl =
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