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Abstract

This study assessed the health risk of trace elements in indoor children-facilities by multi-pathway
measurements (Air, Dust, Wipe, Hand washing). The samples of indoor place were collected at various children's
facilities (40 day-care houses, 42 child-care centers, 44 kindergartens, and 42 indoor playgrounds) in summer
(ul~Sep, 2007) and winter (Jan~Feb, 2008) periods, and analyzed by ICP-MS. The lifetime Excess Cancer Risks
(ECRs) were estimated for carcinogen trace elements such as As, Cd, Cr and Ni. For carcinogens, the Excess
Cancer Risk (ECR) was calculated by considering the process of deciding Cancer Potency Factor (CPF) and Age
Dependent Adjust Factor (ADAF) of the data of adults. Both Hazard Quotients (HQs) and Hazard Index (HI) were
estimated for the non-carcinogens and children sensitivity trace elements like Cd, Cu, and Cr. The average ECRs
for young children were 1x107°~1x 107 (50%th percentile) level in all facilities. Non-carcinogens and Children's
sensitivity materials did not exceed 1.0 (HQs, HI) for all subjects in all facilities. For trace elements their
detection rates through multi-pathways were not high and their risk based on health risk assessment was also
observed to be acceptable. In addition, through education on the risk of multi-pathway exposure of trace
elements for managers of facilities as well as for users the risk control of exposure of children.
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T3l =% Y45 (Trace metals)> T4 34 U
of Au9) $73& 29A7]L (Thomton, 1993) &
5 43 9 99 422 B A
YEEC B 9ok (Mielke and Reagan,
1998; Boyd et al,, 1999). #% Ui F oz
=42 (Pb)e] 73F Qo] AlEel ARE
FHJAEZ st viehHA] (House dust), Aul&7]
(Indoor Air), 29| HA] (Dust) ¥ ESF 59 4=
2 Hojun, ofgo]ef 7] wmEAl A=A 9
§ ¥ fald 9ae Aua wad v ol
(Thatcher et al., 1982; Adgate et al., 1995).

FHEE (Cd), 72 (Hg), ¥l (As), 2 (Cr), Y
;ﬂ (Nl) - 501—5} %E*‘ 7].;] 01‘: =ye) yr_lr
HEdeln, 37 F 71 odsEe A
AR % 9 7eF SA3 erﬁ’“ Z TR
Aol vist ek A7t 274 K30l gkt
(Purves and Mackenzie, 1970; Lin et al, 1998;
Mesilio et al., 2003; Lee et al., 2005).

ol A /‘ﬂﬁ]@‘ﬂ %73 TAZ Qs 3FHA

%, %71 IR “°ﬂ gk & mhdst
217o|t} (CCME, 1997; USEPA 1995). 1
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2 013t WA w28 AR og Hrlek &
1= 9 29| 3L} HRAOITH (USEPA, 1997).
=9 ATAINE AvEH ofo|tIAE F
2 elzolE el gt A= FEskAl X3
o] $tOL} (Wong and Mak., 1997; Granero and
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oldlo] SAHZAG Al thet Bilo] FHTofof F-
YA, AR 2l S88st 2452 ool
QFE= Aot e ® B ekl 9 =o
T ool 3 5, 71, BSAIAE T 4
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B9 YTA - B3 - QA - ol AT - 5 N U9 0
us71Ee] wAbAE S wAHA Bd AEE FeEAEEREr AR
(PM-10)i= 7352 AUle71d FAAEHY] tF  (Inductively coupled plasma - Standard Method

FolgA Y] SIS VIEo® St

= Arelde AT AdETIEe
A R mAHA F Fo TS A
Fs7] Slsto] 571998k A7do] 10 m3! A
Z|(PM-10)E mini-volume air sampler(Model 4.1,
Airmetrics Co,. USA)E ©]4-5}4 5 Limin®]
o= AHsI oM, AFol AR FE= MCE
(Mixed Cellulose Ester, 0.45 (m pore size, ¢ 47
mm, MFS. Inc) FHE ARESISITE AF dud
ez dlAIE oM 48A17F o) Btste] &
S 5 7 0,001 mgS] 3}8HAE (Ohaus, USA)
o) galel Paalsic

ojdo]d] MAAF ] FAEFARE odEE

ue AAAI R0 A= 1A (Dust) &ell 5

AZE ZFd27] (Vacuum cleaner)E ARE-5HA]
=1 (Holder)oll ZE] (Whatman, 125
m)E skl Ao HAE AF s,

HA AR AP vs 3HEEH (US,
EPA) 3051A el Fate] AAlation, 1 3
A v 2k AlokEo]l FAE A F0.05 g
o9 A MAE H3 the AlokEol T
= Aol A dAFS FF F, 10 mL Hlo]
& (vial)oll Zth7]E thal WA Hofufo] ZAat
10 mLE 7t §- 253F #2712 1ARE 5
Z3I9ict HIZE (Teflon) &7]° F&¢ U&=
S 9 vpoldvial)oll 2 mL HBAO R vialS &
AW O HEZE 3710l Yo, vlo]a o]
H_ (Microwave digestion system)ol|l%] 160 ‘CollA] 1

o o&i ru

21
.
AFH 27
=

AR 7HFsllt) o] B 8715 ARellA
30 59k 2181 ¥ 1.2 ym GF/C ¥ (filter) = o]
Hstil FRTE 25 mLE IASIcE A7t

3120B, IRIS Intrepid II XDL, Thermo electron copo-
ration) = A3t

312 HE EHAIR
O AlF EH Al (Wipe samples)= Adgate
5 (1995) @ Lioy 5 (1998)° 2J&f A& A==

FHe] EAsh= UV]” AHehe mEshe s
¥ ZEEF (Sampling protocol)a gato] A
SSiT A ZREFS v 2k
1) ZeHHE E2joAHE
ment polyester) (Alpha WipeAF] TX1009 clean-
room wipes) AI2] H(synthetic wipe)s 7.5 cmx7.5
em (B4 5625 cm)] THACE ATd & Eog
FEY o9 7] 8 EaE A (purple
nitrile Xtra)T:: 2851,
2) ool 59] &o] HIMe] HE5E 0w oty
= AlFY o] §le Weeh xus A=Y
3) 20 cn APlE &5 23] £A AF 4) 139
53] HHE 5) AF e AEE 40 mLe e8]l
go o A0 Wil AdAg 2HkEte] HAg
= AAsIsith
AE9 AAEE HEZE (Teflon) 7] ¥l
10%2] A4t 20 mLE 7}25} T 8719 vE o
1, PRl AZ O] B (microwave digestion system)©l]
A 60CollM 1A1RF 7Fg ettt F50] Eud 7]
£ A2olA 308 539t A9 ¥ 1.2 um GF/C filter
2 ot FHTE SomlE sko] At A
A7t 2 NEe FEATESEe AR
Al (Inductively coupled plasma - Standard Method
3120B, IRIS Intrepid II XDL, Thermo electron copo-
ration) = A 3F3 T}

(100% continuous fila-

Journal of Korean Society for Indoor Environment Vol. 8, No. 1



24 ofglo] 2 Ty

Table 1. The Limit of detection of the multi-media

Indoor air Dust surface wipe Hand-wipe
(1g/m) (1g'g) (uglcm) (ug/cm)
Pb 0.00003 2.05 0.00006 0.004
cd 0.00001 1.56 0.00001 0.006
Cu 0.00009 6.79 0.0003 0.14
As 0.00007 0.12 0.00001 0.01
Ni 0.0004 021 0.0009 0.007
Cr 0.0003 330 0.0001 0.007
Hg 0.00002 0.03 0.00001 0.02
313 & EHAR ot e A= 7t 9 w5 HelA
olglo]5e & FW AE (Wipe samples)= — FTEAS AFslo] £43 Avk= REk0] 0,990
Adgate 5 (1995) 2 Lioy & (1998)° oJall A8 oo vpeht Mg ae] g dsst 4
e o] EAlEN: HUAE AEYee B FE JERISTE Al 358 WAANR
319 AZe TRES (Sampling protocol)S S-&  85-110%, AFEHAR 7090 %, SEUAIR
ato] Tt o] AAskgitt 75-115 %2 AR tha 2ol 9o} AlF 7}
1) ofdo]5o] molFRtelA 7] Aol ofe]5e S Tl 3l v A4l 24 Y AR
£2 100 mLo| SHGE 73] Aojs= & Ho M HESH| (Limit of detection, LOD)= Table 13}
B E)E W) &9 2t e npE & 7 Pk
Ao R FolARks Fo] IS ELEH
PFoteS ofSith 3) =olARE ¥ ofdlo] &5 3.3 1A Et
ket stol] Tl AlFRHEAIR AFH ol AHE T 2 Aol vt 2ol tid Al ofdo)
gk A A (ZEE ZolAHE) & AR e B7EE ARSI dlid A 9 g
3fof 5192] ofgloje] & é‘%::% A= }Oﬂt} AA mol (671E~mhA), of-olH (3 2~5A), FA
s

(Inductively coupled plasma - Standard Method
3120B, IRIS Intrepid Il XDL, Thermo electron cor-
poration) = A3}

3.2 A9 Ay
ICP-MSE ©]g3l] EAHZ MDL (Method
Detection Limits)2] 108]2] §&& 7F A|5&

=]
ﬂ }{}% .f]_‘?ﬂé‘].Oﬂ_O_ [LH AT 80-115%3] 1:1-5]_?4
= ojufe]

oTI--v

RSD ZA] <20%

)

L

= O
=70 MJ—, g4

=i dstelA A Als

4 (T 5~641),
tk

A9 wRe vE FEESH (US EPA)Y
IRIS (Integrated Risk Information System) % WHO
(World Health Organization) 5oll4 #|AI3)
=X 2hg 12 o4 oA Wk shs EAe
ulow e AF U151 A gl ek & o} (Infant),
frot (Toddler) 3 of=o] (Child)olAl 44 2 W

Aol (T 394)E 781

S

Ra)

o X vl
54 58 71 232 ofRl] WaE ¥4
719 keE: APlel Aaglo] mEwel A 54



S
2
o
fo
r_l%
OO
4‘;

B .a%d . A5 - Q9% 25

o
oy
Y
%
o
o
+r

N
K
ot
p
O

Table 2. Exposure factors of children by videc and observation

Factor Age groups . s
Site (years) Activity Type Exposure routes Specificity
Mean time spent
e . Inhalation, Dermal(object), 5~10hrs/day
Day-care home 0.5-2 Sitting/lying Ingestion(dust, hand) (frequency of activity
time 2~7)
Slttmg/l'ymg/ Inhalation, Dermal(object),
2 Standing/ . .
Walkin Ingestion(dust, hand) Mean time spent
Sitting/lyiig/ 5~10hrs/day
Child-care center 14 Standing/ Inhalat101'1, Dermal(object), (frequgncy of activity
. . Ingestion(dust, hand) time 5~7)
Walking/Running . .
Sitting/vin * sleeping/meal time
g.y 5 Inhalation, Dermal(object), average time 3
i Standing/ Ingestion(dust, hand)
Walking/Running g ’
. Slttmg/.lymg Inhalation, Dermal(object), Mean time spent
Kindergarten 6-7 Standing/ Ingestion(dust, hand) Shrs/day
Walking/Running g ’ *except sleeping
Sitting/lying
14 Standing/ Inhalation, Dermal(object), ~ Weekday time spent
Walking, Ingestion(dust, hand) [~2time/wk
Running/Wallow
Indoor palyground Sitting/lying Weekday time spent
5.9 Standing/ Inhalation, Dermal(object), 1~2time/wk,
Walking, Ingestion(dust, hand) except exposure
Running/Wallow hand-to-mouth
e vk AR TRt HrolAl e (Cancer Potency Factor, ©|3} CPF) 4
J Qe a7 AT Al AR 0§ oA (Age

Dependent Adijust Factor, ©]&} ADAF) Z-&% &4
aEsk]  HAYZIPIRISHE (Excess  Cancer
Risk, ECR)E AFE3ISIT ofdo|mizry e 4l H]
ukol E22 TDI (Tolerable Daily Intake) 2737
S AF A, TDI A& FAA] RD (Reference dose)
grow tix|ate] 54914k (Hazardous Quotient,
olat HQ)& AtEsiolth AW, &4, A%
HYBFUYeEY (LADD)S] SFETEHRS ©]
g3to] Q1A flal FEtargk APkt HE4
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Table 3. Dose—response assessment of materials

Compounds Classification  Exposure Endpoint (Nm(;/%(()ﬁIEL) u (mR/iE (-?1; ) Reference
P of material route P A (mg}/;m”y (mg/kg-day) (%n g%m3)y
Lead o ol Teproductive g, . 00035~ Andeson
carcinogenic toxicity (1983)
non . ) hand Fawer
Mercury carcinogenic inhalation remor 0.025 30 0.0003 (1983)
. non o Foulkes
Cadmium carcinogenic oral proteinuria 0.005 10 0.0005 (1986)
. . . hyperpig Blair
Arsenic carcinogenic oral mentation 0.0008 3 0.0003 (1990)
Chromium 1" oral fung 25 300 0.003 Glaser
carcinogenic cancer (1985)
. . . lung Chovil
Nickel carcinogenic oral cancer 5 300 0.02 (1981)
non liver Casto
Copper carcinogenic oral cancer : 100 0. (1979)

O QA 3 FEEES s0th% ARk W 7], ghok Q7] A7), 7, B2 5 FHE &
95th% BNFES 088131, ECRE=10° ~ 10, HQ  AFSFIth (Table 2).

£ 01~ 1 27 452 Teele] 99 $2E 3

7Faaict. 332 B&-tts A=
=] A3 Bk g SRake
331 =& el =Af A8 US EPA] IRIS @ WHOOH ZA1A 07
AP o] GAITE O URHAQI Ule> B ANk Sl A AsES A, s 4
AR s WA AREARE AEIlL w2 Atk 4 54 R 2 Table 37 k.
ARRE gk QL g B 9 eF FEHEAS 9
g AR A AR IECE ERSto] 7 4% 333 CEAILER MEd wE ok ¥ 5
T 16 T AR SAES) AE B A XM
SuA 2 S FE WA A A6 FalEde vE AR 9 =F AV LE 9
, AdiEeled] A A Bl B AF g Aeibg F9, A 2 9REESY ¥
£ wof WA ARARE S8l (w0l ARE 31 wFE AU s AAEI)
T, 9, A g 71ER 9)) Y F AEE TN BSA, #Ad
ofdo] EFUFAE T8 AR 2Y 3 2 Aujzolee] Ay 3718 FYTOEA F3l
oy »&9 Aol w28 Sk I} =2 ARE T

=i dstelA A Als

& 0] 7|7 ERel A, vie) sl 4
%, v} =G A5G Ba) 34 94 5

H1 2

1= |

LEAC DI
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Table 4. Exposure factor _ dermal migration ratio
P ilit
Exposure Factor Symbol Compound 0.5~9 Age (years) dirsifiitl)lltilofl Source
Pb 0.006 -
Cd 0.14 -
Dermal migration Cu 0.1 IPCS
ratio AP As 0.03 ] INCHEM
Ni 0.35 -
Cr 0.04 -
Hg 0.05 -
=4 otk = &8l =29 s vl HES] AEsict
AT AAEE RS BT AF EE b 2 3R OE 24 (1), 0, 0) 2 74
g i Ee] EAsh= feflEdo] Soll eAH o ARE ] AETE E 4, 500 AAESIH
O% 7FA7h= 9] (hand to mouth) %! WP A
Z 4FgeEN wEE 4 otk 334 SlslE AN
b,  =F Aol thedt 22 Al 714 7 o 24 5 A e 24 4F (WA, THEH,
= B aEsle] T wEms et g, YAl deids BABTIA=EF
E=H A ol ALE = v E S (LADD)%} FAIE  (Cancer Potency Factor,
231 ol BHRA, AR, BRR, 25 5

Einh,ame = Came * Te * IRinh * CFr (1)

Where Einh,ame :
Came :

inhalation exposure dose (mg/kg/day)
Concentration of indoor air at facility (mg/m’)

Te : Exposure time for exposure scenario (hr/day)
[Rinh : Inhalation rate for exposure scenario (m’/hr)

Eingest,soil,k,e = Cdust,k X IRdust X Tdusl,k,e (2)
Where Eingesisoitke : Ingestion exposure dose (mg/kg/day)

C dustk +

Concentration of indoor dust at facility (mg/m)

Taustke : Exposure time for exposure scenario (hr/day)

Edermal,res ke = SRres,k X SAJ' X Fum] J X Fcontact,res,j X Tres,k,e X TEsurf-skin (3)
Where Edermairesjxe : Dermal exposure dose (mg/kg/day)
SReesx @ Concentration of product surface at facility (mg/m’)
Foontactresj - Ratio of dermal contact area (m’hr)
Treske : Exposure time for exposure scenario (hr/day)
TEsut.skin : Dermal migration ratio (unitless)

Journal of Korean Society for Indoor Environment Vol. 8, No. 1
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Table 5. Exposure factor
Age (years Probabili
Exposure Factor Symbol 052 W) ge 5? P T3 disﬁibutigl Source
Body Weight
Body Weight(2) BW 10 16 20 30 Log-normal KEHF(2007)
Body Surface Area
Body Surface Area(cr) sA" 4352 6567 7914 9896 Log-normal KEHF(2007)
SA:Head(unitless) Fsa-fa 0.163 0.137 0.131 0.120 Uniform US CEFH (2002)
SA:Trunk(unitless) Fsa-bd 0.366 0.317 0.351 0.341 Uniform US CEFH (2002)
SA:Hands(unitless) Fsa-h 0.054 0.059 0.047 0.053 Uniform US CEFH (2002)
SA:Arms(unitless) Fsa-a 0.128 0.142 0.131 0.123 Uniform US CEFH (2002)
SA:Legs(unitless) Fsa-1 0.223 0.273 0.271 0.287 Uniform US CEFH (2002)
SA:Feet(unitless) Fsa-ft 0.066 0.073 0.069 0.076 Uniform US CEFH (2002)
Ratio of Hand to mouth(unitless) Fhm 0.130 0.130 0.130 0.130 Uniform US CEFH (2002)
Inhalation and Ingestion rate
Daily Inhalation rate(r~"/day) BRm 57 83 92 12.0 Log-normal ~ US CEFH (2002)
Activity Inhalation rate(m’/hr) BRh 19 1.9 1.9 1.9 Triangle US CEFH (2002)
Floor Dust Ingestion rate(mg/day) IRdust 29.3 29.3 29.3 29.3 Log-normal KEHF(2007)
Sucking
Number of product sucking (time/hr) Nmm 2 0.5 0.3 - Triangle
Once sucking product (sec/time) Tmm 17 17 17 - NIER(2007)
Number of hand sucking(time/hr) Nhm 2 1 1 -
Once hand to mouth (sec/time) Thm 6 1.5 1 - Zartarian (2005)
Remove suck the ratio PFhm 0.78 0.78 0.78 0.78 Log-normal
Contact etc
Rat'lo of an hour per lying CTsll 0.04 - - - Triangle This Study
Ratio of an hour per crawl CTew 0.02 - - - .
. ) (Video survey)
Ratio of an hour per standing CTseat 0.26 0.25 0.30 0.20
Ratio of an hour per sitting CTstand 0.06 0.01 0.04 0.01 NIER(2007),
Ratio of an hour per wallow CTrr - 0.50 0.50 0.50 This Study(Video
Ratio of an hour per hand to product CThd2 0.41 0.50 0.80 0.80 Triangle survey)
Ratio of an hour per hand to product CThd2 } 100 100 100 Triangle
(Indoor playground) This Study
Ratio of skin contact when lying CFfa 0.33 0.33 0.33 0.33 Log-normal (Video survey)
Ratio of skin contact when crawl CFbd 0.16 0.16 0.16 0.16
Ratio of skin contact when sitting CFlg 0.2 0.2 0.2 0.2
Ratio of skin contact when standing CFft 0.5 0.5 0.5 0.5 Zartarian (2005)
Ratio of skin contact when hand CFhd 0.74 0.74 0.74 0.74
Period and Time
exposure period(year) EDindoor 1.5 2.0 2.0 3.0 - This study
Number of standard time exposure(days) ATnc 547.5 730 730 1095 -
Number of child life time exposure(days) AT 25550 25550 25550 25550 - KEHF(2007)
. Daycare  Childcare . Indoor
Number of year exposure(days/yr) Location h(})/me center Kindergarten playground Triangle This study
EFindoor 258 258 258 36
daily exposure(hr) ETindoor 10 10 5 2 Uniform .
. . . . This study
daily playing(hr) ETj 7 7 5 2 Uniform
USA = Skin surface area ratios.
PR olgdle] BAZIMINA R WS ARE ol galel AEARE Aol ol
Cancer Risk, ECR)E AH=313It}. o] off wAld] A7) eZ:E QIS WEHIS BAs] s, vl
tigh CPFE Al B AAIE tdo® & 83 SERIH (US EPA, 2005014 Alxlska Q=

=i dstelA A Als
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Table 6. Summary of guantitative estimates of trace elements in air unit @ pg/m
. Descriptive .
Material . Pb Cd As Ni Cr Hg
statistics
Indoor Average 0.220 0.002 0.022 0.034 0.220 0.012
Playground Range (<LOD~ (<LOD~ (<LOD~ (<LOD~ (<LOD~ (<LOD~
(n=109) 0.882) 0.021) 1.1815) 1.287) 1.312) 0.268)
Playroom Average 0.038 0.033 0.005 0.022 0.118 0.004
(112 Range (<LOD~ (<LOD~  (<LOD~  (<LOD~  (0.039~  (<LOD~
1.612) 0.025) 0.039) 0.758) 1.240) 0.055)
Day-care Average 0.030 0.009 0.015 0.078 0.243 0.005
center Range (<LOD~ (<LOD~  (<LOD~  (<LOD~  (0.039~  (<LOD~
(n=120) 0.280) 0.119) 0.434) 3.541) 1.2406) 0.246)
Kindergarten Average 0.023 0.003 0.017 0.287 0.525%* 0.003
(-113) Range (<LOD~  (<LOD~  (<LOD~  (<LOD~  (0.016~  (<LOD~
0.140) 0.02) 0.918) 18.028) 18.250) 0.042)

1) LOD : Limit of detection
#* p-value < 0.01 (Kruskal-Wallis test)

ADAFFLS o] 85t5itt. tht & Wk 241 ofsiel
Jote] ek =4el| sk ADAFE 10, ¥F3~941Q1
fro}, m|Fgrojdo] W Zglo]@o]o] ADAFE 3
& A3t} (US EPA, 2005). 5, fro} 2 o
oA wmE:E sl S8l 24 o]He] =%
o thaiMe 108] 57, 2-154] Alo]9] wFo tf

siMe 3 2SS AAIBISITE (Glaser et al,
1985). 2184 H7lolA ofdl A7) =EA) RIZS
LA ogto] Guke = Q)= Ao BEd ut L
U (545 352 Sk Bl 9

TDI (Tolerable Daily Intake)2} LADD#t =

o
ikl
Hlwste] 5ASHA (Hazardous Index, HI)E

ECR= LADD(mg/kg/day) < CPFX ADAF (4)

Where ECR : Excess Cancer Risk
LADD : Lifetime average daily dose (mg/kg/day)
CPF : Cancer Potency Factor
ADAF : Age Dependent Adjust Factor)

LADD(mg/kg/day)

(5)

HQ/HI=
Where HQ, HI :

RfD
Hazardous Quotient, Hazard Index

LADD : Lifetime average daily dose (mg/kg/day)
RfD : Reference dose (mg/m’)
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Table 7. Summary of gquantitative estimates of trace elements in dust unit : xg/g
. Descriptive .
Material . Pb Cd Cu As Ni Cr Hg
statistics

Indoor Average 71.74 1.82 63.29 0.16 29.53 176.32 0.12
Playground Range (1874~ (078~ (2071~ (0.06~ (1294~ (91.73~  (0.02~
(n=6) 145.25) 3.56) 128.85) 0.70) 79.43) 267.38) 0.32)
Playroom Average 74.86 4.68 164.58* 0.06 26.17 131.92 0.104
(1-10) Range (1127~ (078~ (340~  (0.06~ (536~ (50.03~  (0.02~
214.48)  18.67) 777) 0.15) 55.13) 22785 0.19)

Day-care Average 109.50 3.05 65.77 0.62 26.64 191.07 0.160
center Range (2665~  (0.78~ (3135~  (0.06~ (1487~ (13740~ (0.05~
(n=6) 427.00) 722)  13530)  1.97) 40.17)  30345)  0.34)
Kindergarten  Average 279.62 7.75 34.22 0.06 18.90 186.62 0.29
(1=6) Range (3220~  (0.78~  (10.64~  (0.06~  (6.63~ (112.58~ (0.09~
826) 4139)  59.01) 0.06) 44.13)  241.00)  1.08)

* p-value < 0.05 (Kruskal-Wallis test)

Sk 2~
A5 ¢

AHEsIelt) ofw tPd=24e] TDIE
+ =549 Aol vt 5434, RIDE ]
2810 HIE AFESIIL) 2t 2l vkl (54 4]
7

i
7) A 4 @), (99 2ok

4, A4 Az}

411 B7|M 7z 2MZT

AEY] A FHY (0287 pgm, 0.525 pg/m,
0.021 pgm)ollx] e Aol uls) o] =7
UERET(p< 0.01), 7FEH-S =01 (0.033 pg/m)
ol Tk AlAdel] vlsl Bato] EA YR
H] Ay, 22 AUEoE] (0220 pg/m', 0.022 pg/m,
0.012 pgm)ellAl Tk Aol uls) Hdo] =7

F=2g A8k A) AsE Alls

ZAFE ST} (Table 6).
412 HXAZ 2MZAT}

7] A modelx ZIEtr el visl EA
Aoz FoaH (p<0.05) A AFHN L, H}
T 7 A (279.62 pglg, 0286 1glg)oIA
TS Aol wlgl gato] 29 = YErsta, b
29} AL mok (164.58 pglg, 191.07 pglg)olA
O APl vlal] & Bars dERh FiEF
< frortd (2158 pge)eld, TEle =l
(164.58 pglg)ollA 7IERAV el vl F-2latA =
VERAAL (p< 0.05), YA Auj3E0]E] (29.53 ug
fg)ollAl BF Aol gl & Hats UEhfgle
u, EAARD feAdE $slth (Table 7).

413 tHEME EHAR EAZT
AFEAE A 5= 2F o o
o
=

t7F Exshks ofdold
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Table 8. Summary of guantitative estimates of metals in surface unit : wgfom
Material .
(n=20) Pb Cd Ni Cr Hg
Day- Averase 0.003 0.00004 0.010 0.00007 0.00005 0.003
care ani (<LOD" (<LOD (<LOD (<LOD  (<LOD~  (<LOD <LOD
center & ~(0.028) ~0.0002)  ~0.032)  ~0.0002) 10.00) ~0.009)
D LOD : Limit of Detection
o} ofdlo)y AUt o fﬁﬂl% (i—ﬂ*&, A%, pger, 0780 pgenE AulEolEoA ThE Al

vl E) EdoA &
A= Table 83} Zth

AR P

&5 97h

HAEHA dgkon, bt

T2¢] A% (0005 pgler, 0.010 pgem) T E4
of v} Hito] EA FAEG O BAZ &

pge gtk

4.14 of2lo] &

EUAR

=]
=423

Zh dPgAldE oflo] 7 Fes Tl Eold &
outes TH5 70l H7Fdohs Table 99 2k
g 2, ol A 217 0.084 pger, 2.770

Hlgl] SAACE FoJSkAl (p<0.05)3

Hite

LRSS, VAT FEE] 4 22} 0486 g

cr, 0.064 pglen® oA thE
Bato] = A O, FAARL

At

4.2 A7

ol

uEE

o,

7t A3

421 ul-oI-A-I‘:'XIo _u.47|.

HA, 7HEE, AF, U2 4% 29X

Aol ws
o< 9l

d =49 o

2 AV AR 2 PRS2 Table

Table 9. Summary of quantitative estimates of metals in hand surface  unit : ug/em
Material Desc.rlp.tlve Cr Ni Cu cd Pb As He
(n=20) statistics
Indoor Average 0.084 0.225 2.770 0.017 0.780* 0.028
Playground Range 0.003~  (0.003~  (0.072~  (0.003~ (0275~  (0.005~  <LOD
(n=5) 0.231) 0.533) 13.559)  0.028) 1.767) 0.124)
Playroom Average 0.048 0.380 0.072 0.041 0.219 0.086
(1=5) Range (0.003~  (0.003~  (0.072~ (0018~  (0.058~  (0.005~  <LOD
0.245) 0.575) 0.072) 0.056) 0.430) 0.141)
Day-care Average 0.008 0.478 0.446 0.059 0.463 0.040
center Range (0.003~  (0.019~  (0.072 (0.036 (0301 (0.005~  <LOD
(n=5) 0.023) 1.244)  ~1394)  ~0.103) ~0.687)  0.088)
Kindergarten Average 0.046 0.486 0.072 0.064 0.656 0.071
(1=5) Range 0.003~  (0.003~  (0.072~  (0.009 (0334 (0.005~  <LOD
0.174) 1.638) 0.072)  ~0.132)  ~0.930)  0.139)

* p-value < 0.05 (Kruskal-Wallis test)
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Table 10. Lifetime excess cancer risk estimates for 50th percentile value of carcinogens application ADAF

ADAF application Lifetiem Excess cancer risk

Facility Age _ 50th percentile value (person)
As Cd Cr Ni
(1) Total Cancer Risk ratio
Day-care home 0.5-2 age 1.38xx10° 2.04x107 2.33x107 1.16¥107
Child-care center 34 age 8.40x10” 2.17x107 6.78x10° 1.20x10”
Kindergarten 5-6 age 2.76x107 5.54x10™ 437x10° 1.93x10”
34 age 6.56x10°” 7.33x10™ 1.17x107 6.90x10™"
Indoor Playground 5-6 age 5.22x10” 5.89x10™" 9.56x10" 5.71x10™"
79 age 495x10° 5.95x10™" 9.49x10" 5.61x10™"
(2) Inhalation Cancer Risk
Day-care home 0.5-2 age 133x10° 2.04x107 2.33x107 1.16%107
Child-care center 3-4 age 8.10x10” 2.17x107 6.78x10° 1.20x10”
Kindergarten 5-6 age 2.73x107 5.54x10™ 437x10° 1.93x10”
34 age 6.25x10° 7.33x10™ 1.17x107 6.90x10™"
Indoor Playground 5-6 age 4.99x10” 5.89x10™" 9.56x10" 5.71x10™"
79 age 4.73x10” 5.95x10" 9.49x10* 5.61x10™"
(3) Intake Cancer Risk
Day-care home 0.5-2 age 4.07x10° 2
Child-care center 3-4 age 2.84x10°
Kindergarten 5-6 age 2.78x10°”
34 age 3.12¢107™"
Indoor Playground 5-6 age 2.29x107™"
79 age 2.23x10™"°
(4) Skin exposure Cancer Risk
Day-care home 0.5-2 age 143x10”
Child-care center 3-4 age 1.48x10”
Kindergarten 5-6 age 5.64x10™
3-4 age 2
Indoor Playground 5-6 age
7-9 age

V. As not detected in surface product
?": Not information of toxicity by ingestion and dermal contact

10 o] A|AKAITE  ADAFE HASH 4% 232 422 ofzlo] oiztde Sxo Hrt
ASEIE 50th% AFa> T wE A Z] oA o 2 YA 35 ofdo] mizkek 49 1
=107 ~ 10° HYR AEEen, E9 wE A B, Ay w304 9 w3
=S
A

=

U107 W9, A =F 1070 ~ 107 WS, I B F860] ofdlo] W d B9 BAEX
=2 10" ~ 107 9 WYE FrpEc “(HI : Hazard Index)& AFESIS1OH, HI 52

F=2g A8k A) AsE Alls



£ . 39 - o] - AEE

Table 11. Total hazard index estimates for 50th percentile value of child sensitive effect material

Total Hazard Index

50th percentile value (person)

Facility Age

Pb Hg Ni
(1) Total sensitivity Hazard Index value
Day-care home 0.5-2 age 0.0606 0.0011 0.0007
Child-care center 3-4 age 0.0586 0.0010 0.0010
Kindergarten 5-6 age 0.1079 0.0006 0.0004
3-4 age 0.0025 <0.0001 <0.0001
Indoor - Playground 5-6 age 0.0020 <0.0001 <0.0001
7-9 age 0.0014 <0.0001 <0.0001
(2) Inhalation sensitivity Hazard Index value
Day-care home 0.5-2 age 0.0016 0.0008 <0.0001
Child-care center 3-4 age 0.0033 0.0007 0.0001
Kindergarten 5-6 age 0.0016 0.0003 0.0001
3-4 age <0.0001 <0.0001 <0.0001
Indoor - Playground 5-6 age <0.0001 <0.0001 <0.0001
7-9 age <0.0001 <0.0001 <0.0001
(3)Intake sensitivity Hazard Index value
Day-care home 0.5-2 age 0.0588 0.0003 0.0007
Child-care center 3-4 age 0.0552 0.0003 0.0007
Kindergarten 5-6 age 0.1062 0.0002 0.0003
3-4 age 0.0025 <0.0001 <0.0001
Indoor - Playground 5-6 age 0.0020 <0.0001 <0.0001
7-9 age 0.0013 <0.0001 <0.0001
(4)Skin exposure sensitivity Hazard Index value
Day-care home 0.5-2 age 0.0001 <0.0001 <0.0001
Child-care center 3-4 age 0.0001 <0.0001 0.0003
Kindergarten 5-6 age 0.0001 <0.0001 <0.0001
3-4 age <0.0001 <0.0001 <0.0001
Indoor - Playground 5-6 age <0.0001 <0.0001 <0.0001
7-9 age <0.0001 <0.0001 <0.0001
Table 11°] #] ]ﬂ»iﬁ} g 2t =4 T 9 FEAASIEAS7E 0.001
oI IF AR AT SAAGATE HL ~ 01124 7H 52 o= H7HESl:
9 s0th% FE> T wEER daiMe w85+ (A7), AF (WA, ¥
<0.0001 ~ 0.10 W9l AAEHRoM, 7Y =E22 HaE (AF, HE TES] B7kE W =0l
<0.0001 ~ 0.9, A3 =2 <0.0001 ~ 0.10, I|F 1, ofdlo]e M= 54 (’\]14117])95 olsk -
%9 HI&= <0.0001 ~ 002 502 AEHTE  Z0] 52~57% 7]odsta Slolar, AFAEUHA)
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