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Health risk assessment of VOCs in the activities space of children
: Focused on elementary-schools and academies
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Dong-Chun Shin” and Ji-Yeon Yang'
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Abstract

This study was to assess the lifetime cancer and non-cancer risk on exposure to volatile organic compounds
This study was assessed the lifetime cancer and non-cancer risk of volatile organic compounds (VOCs)
exposure in young children at elementary-schools and academies in Korea. The samples were collected at
children's facilities (50 elementary-schools and 42 academies) in summer (Aug ~ Sept, 2008), winter (Dec
2008 ~ Feb, 2009) and Spring (Mar ~ Apr, 2009) periods, and analyzed by GC-MSD. We estimated the
lifetime excess cancer risks (ECRs) of benzene and the hazard quotients (HQs) of non-carcinogens toluene,
ethylbenzene, xylene and styrene. In addition, 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) from the data in adults. The average ECRs of benzene for young children were 1x107~1x107°
level in all facilities. HQs of four non-carcinogens did not exceed 1.0 for all subjects in all facilities.
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Table 1, Dose response assessment for carcinogen,
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Table 2. Dose response assessment for non—carcinogen,
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Table 2. Exposure Factor(1) — inhalation, body weight and exposure period,

Age(years) Probability
7-9 10-12 distribution
Daily Inhalation rate(m'/day) BRm 12.0 13.5 Log-normal US EPA CEFH(2002)

Exposure Factor Symbol Source

Activity Inhalation ate(m'/hr) BRh 1.9 1.9 Triangle US EPA CEFH(2002)

Body Weight(kg) BW 28 40 Log-normal ME KEHF(2007)
Exposure period(year) EDindoor 3.0 3.0
Number of standard time ATne 1095 1095 ) This study
exposure(days)
Number of child life time ME

exposure(days) AT 2553025550 ’ KEHF(2007)

e AGAE T FEHl & AAAE AN A AP L5 WITFAS

F A AR5 B0 2R 3 AR 13628 ARSI Vg wHens

49 ATE FAFEE Fo 7S 4% 0 5 B 9 AR 2AE 59 wEA5e) O

W) ARS o 9538 RS BE ARE X2 9 3¢ PAHCE AN,

5017 w3 Fe} JeAE 2R, 5ol

Fefel A MM Q71 ekol 971, 27, H71, | 2.6, LAY FIt

27] 59 G ARG Ao a = AolME vt ol did AE

W wenss Fa xStw B9 4% @l A WAE st A8 o

AL, ol Ao, AHG) B AR AAEe v 794 B nshdzel

H719) G s wdsty, o] A wsd 10A2AE st

2 ool AF TN, Sk, 27 A, Y, AR FARTLL-ET

9 H7) G2 whdsta, ASsde] A9 JF (LADD)S] FETEfE o83t A sl

715 TS g9 AnkAQl HolFElE Ag  ELEG APYSlTE T ow <A Sle)

_ET__
=3 SHEEO] 50 percentiledk B! 95 percentile %t
& o]g3l9ly, ECRE 10'6~104 #i, HI 2

0

Table 3. Exposure Factor(2) — daily exposure and playing time

Elementar Probabilit
Exposure Factor Symbol School y Academy distributioill Source
daily exposure (hr) ETindoor 4.9 1.1 Uniform This
Number of year exposure (days/yr)  EFindoor 205 136 Triangle
daily playing (hr) ETj 49 1.1 Uniform study

Journal of Korean Society for Indoor Environment Vol. 8, No. 4



268 ofglo] FoEEF YRV ETF wEE AT

Table 4. Concentration of the target compounds and indoor/outdoor ratio unit : pg/m’
Location
Substance Elementary school Academy
Mean Min~Max /O ratio Mean Min~Max I/O ratio
Benzene 4.89 0.33~16.60 0.96 5.05 0.47~20.04 1.06
Toluene 42.63 0.88~273.29 1.16 39.02 1.08~116.91 1.21
Ethylbenzene 7.35 0.24~64.55 1.31 7.99 0.70~67.76 1.44
Xylene 17.27 0.17~125.99 1.34 17.45 0.30~93.33 1.52
Styrene 3.76 0.10~62.54 1.67 4.94 0.13~78.60 3.55
o]

o9 FEE 28 Aol B v
H 4G A9 A wERE 0ABE

219l & &-E(inhalation rate), #|s(body weight),

Add %%‘E?Jr

=1 ¢ fi =717
=F W (exposure frequence {Hexposure
S(exp quence), - P(< p 34 @

duration), 7]t (lifetime) &= IL&3dko] Ak
Fsti. 3.1, A AlMo) MU Q3 2T 5& B2
HFAoR, Wk 2ol oGPzt zEehy 9 8¢ ) Ay F 2eEs
Q) el %= (Excess Cancer Risk; ECR) 2} 0|2 &2 22 =A% A3E I 40 AAEAL VOCs
of ¢ 3t &4 913 #h(hazardous quotient; HQ)-> T Z BE24l9 P AEFo] 71 =9k, Ad
v S A oS HAU, BIEEAIRIC s oAl > wlAl > Agde) o7 e
B US EPAIA Plsr Al AJRle) IT58 g 2ale) A9 2590 2.63mm(EH )
RATS ol st IS ngm = UG ) 27309), 81 39.000gm(H TN 116.91) %
2 QAo o2 WA Sl RICE RIS o7 yepdy, mp-Xylene® A% StmAld

ECR= LADD(mg/ke/day) < Slop factor( (mg/kg/day) ~')

Where ECR : Excess cancer risk
LADD . Lifetime average daily dose (mg/kg/day)
Slop factor  : Concentration of chemicals in indoor air at facility (mg/m’)
HO— LADD(mg/kg/day)
RfC(mg/mS) X BW(kg) < [R(m3/day)
Where HQ . Hazard Quotient

LADD . Lifetime average daily dose (mg/kg/day)

RfC . Reference concentration (mg/m3)

BW . Body weight at age (xg)

IR . Inhalation rate for exposure scenario, k and facility (m'/day)
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Table 5, Lifetime excess cancer risk estimates for 50™ and 95" percentile value of carcinogens

application ADAF,

ADAF Lifetime Excess Cancer Risk

Facility Age Benzene
5Oth 95th
Total(Inhalation) Cancer Risk

7-9 age 2.26x10° 459x107
Elementary school 10-12 age 1.79x10* 3.60x10”
Average 2.03x10° 4.10x10°
79 age 7.49x10” 1.30x10”
Academy 10-12 age 6.28x10” 9.88x10™
Average 6.89x10” 1.14x10”
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Table 6. Total Hazard Quotient(HQ) estimates for 50" and 95" percentile value of
non—carcinogenic,

Total hazard quotient

Facilit A
acility g¢ Styrene Ethylbenzene Toluene Xylene

SOth 95th Soth 95th Soth 95th Soth 95th

Total(Inhalation) cancer  risk
7-9 age <0.001  0.002  0.001 0.004 0.020 0.077 0.016 0.101
10-12 age  <0.001 0.002  0.001 0.003 0.017 0.057 0.012 0.078
Average <0.001  0.002  0.001 0.004 0.019 0.067 0.014 0.090
7-9 age <0.001 <0.001 <0.001  0.001 0.001 0.002 0.002 0.011
Academy  10-12 age  <0.001 <0.001 <0.001  <0.001 0.001 0.002 0.002 0.009
Average <0.001 <0.001 <0.001  <0.001 0.001 0.002 0.002 0.010

Elementary
school
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