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ABSTRACT

In this study, the hazard rate of the indoor environment of Children's Educational Facilities in Seoul was conducted,
in order to determine how the indoor environments of these facilities, where infants and children spend the most time
of their away from home day, can effect their health. The way of measurement and analysis were done according to
the Indoor Air Quality Standard Method, and the Risk Assessment was accomplished with several significant ways -
Hazard Identification, Exposure Assessment, Dose-response Assessment, Risk Characterization, which are deighed by
National Research Council (NRC). On each exposure factors, documentary and questionary research such as Epi-
demiological study and Toxicological study were conducted. The result of the CTE (Central tendency exposure) of
Formaldehyde and Benzene by Monte-Carlo simulation was 6.79x107, 2.50x1077 which in the case of Formaldehyde
exceeded the permitted standard (10°°) of the US EPA. The RME (Reasonable maximum exposure) was 7.31x107,
2.65x107° which did not exceed 107, the maximum permitted standards in the US EPA.

Keywords: children health risk assessment, indoor air quality, preschool facilities
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Table 1. Summary of average inhalation rates by age group and activity levels

Activity level (m’/day)

Age group Resting Sedentary Light Moderate Heavy
Young children® (3-3.9 year) 8.88 9.6 15.6 1632 -
Children* (6-12.9 year) 10.8 11.28 228 41.76 53.52
Children** 72 9.6 24 28.8 45.6
Adults** 9.6 12 24 384 76.8
<lyr** mean 4.5
1-2yr* mean 6.8

*Adams (1993) Summary of Average Inhalation rates by Age Group and Activity Levels for Laboratory Protocols and Field

Protocols.?

**ayton (1993) Summary of recommended values for Inhalation short-term and Long-Term exposures Studies.”
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CxIRxED x EF
BWx AT x 1000 x 60 x 24

ADD(mg/kg - day) =

Where :
ADDs: average daily doses (mg/kg-day)
C  : contaminant concentration in inhaled air (ug/m®)

IR : inhalation rate (m*/day)

ED : exposure duration (year)

EF : exposure time (min/day)

BW : body weight (kg)

AT . average time (year)

WM EEL2 170l LPER =Ze] BA Feh
dojupA] griels SaE-2 AEE F JOeEE ¥

Rz 71 ek AN D(ife time : LTS ARSI

CxIRxEDxEF
BWx LT x 1000 x 60 x 24

LADDs(mg/kg - day) =

Where :

LADD:s : lifetime average doses (mg/kg-day)

LT . lifetime (year)

3) &34 7H(Dose-response  assessment)
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Adverse Effect Level)$} LOAEL(Lowest Observed
Adversed Effect Level) 52 ZFAMEISIC

u ey
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CR=LADDs x CPF

CR  : cancer risk
LADDs: lifetime average doses (mg/kg-day)

CPF  : cancer potency factor
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AL L7} AelM e BEde & & 105414, 252(2-4A1]), 3-(5-6.54)2 EFate] &
AUrt. 2 AT AMEE Formaldehyde®] 2)4lmde H71E2 AlEF oS 53l SsieE AX &t
AFITHAA R EPACIA ol&-H= 7 HEAe =
g2 Agdsict A=y s HrllMe g 1. AUSTIRA2LYSHHAPs)S SEEE
Aollr L Gl o £ HEEE dEsle B FrolalSAd o] g vHQMER ] tig B
ds s Wil vhe Rdun} 2o gssot A FEE Table 2 VAT
EHo] AR A% & 5 Uk k] fellatehEel Benzened Ha AU FEe
EAE EPAAA BAsh= BEAs 7pHAe & 3.859 ng/m’= WERSE O™ [O(Indoor concentration/
At 34 RdS AL B Brow Outdoor concentration)]= 1.2%. “1417]' =A vER
Monte-Carlo simulationg A} el ¢ = 4 t}. Formaldehyde®] 73-¢- AWHFEEE 39.045 pg/
T 7K. EAEeNe] eRE £ Uk 2 m vovle 422 »}EM A Formaldehydeﬂ <
Aol AHE REEe PM4dn) uld yeiyg Fol E5E T F vtk WM RAEFEY
Zlate] AMESIAY HAZE ARA] A ATEe HegFEE Toluene 49.7 ug/m®, Ethyl benzene 6.258

Table 2. An overall summary of concentrations of VOCs & formaldehyde

Pollutant Benzene Toluene  Ethyl benzene m,p-Xylene Styrene 0-Xylene Formaldehyde
Mean 3.859 49.713 6.258 11.485 3.290 3.455 39.045
S.D 3.392 26.310 4.156 7.119 4.406 2271 31.038
In Median. 3.219 43.991 5.261 10.657 1.802 3.270 27.391
Max. 13.123 127.813 20.204 33911 20.924 11.875 161.312
Min. 0.033 6.294 0.360 0.540 0.023 0.560 0.183
Mean 3.300 29.314 3.405 5.351 1.187 1.743 9.385
SD 3.699 16.912 2.144 4.031 1.756 1.204 8.432
Out Median. 1.644 27.125 3.235 5.210 0.100 1.697 6.586
Max. 12.936 83.889 9.624 17.147 7.844 5.833 36.540
Min. 0.110 0.290 0.360 0.540 0.100 0.560 0.180
7o} 1.2 1.7 1.8 2.1 2.8 20 42
VO™ = Indoor concentration / Outdoor concentration. (Unit : pg/m’)
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Table 3. Comparison of fixed-point(CTE, RME) and monte carlo hazard index estimates on carcinogenic formaldehyde and benzene

in preschool facility. (carcinogen)

Cancer risk

Fixed Point
Pollutants

Monte-Carlo

CTE* RME** Mean Max

Min

Percentiles
60

20 40 80 100

Exposure duration standard (:=&7]7 71%)
HCHO  7.65E-05 1.05E-03 825E-05 8.77E-04
Benzene 2.82E-06 3.18E-05 3.06E-06 3.42E-05

9.15E-06
2.45E-07

1.49E-04
5.65E-06

8.77E-04
3.42E-05

9.15E-06
2.45E-07

4.55E-05
1.61E-06

8.72E-05
3.25E-06

Life time standard (B9 7]1%)
HCHO 6.28E-06 921E-06 6.79E-06 7.31E-05
Benzene 231E-07 2.61E-06 2.50E-07 2.65E-06

7.68E-07
1.87E-08

1.23E-05
4.62E-07

7.31E-05
2.65E-06

7.68E-07
1.87E-08

3.74E-06
1.31E-07

7.16E-06
2.64E-07

*CTE : Central tendency exposure / **RME : Resonable maximun exposure.

Fig. 1. Frequency charts of hazard index for exposure duration standard.
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Table 4. Comparison of fixed-point(CTE, RME) and monte carlo hazard index estimates on non-carcinogenic hazardous air pollutants
in preschool facility. (non-carcinogen)

Non-cancer risk

Fixed Point Monte-Carlo
Pollutants -
. Percentiles
CTE*  RME#** Mean Max Min
20 40 60 80 100
Toluene 4.87E-02 1.44E-02 7.73E-03 2.77E-02 2.46E-03 4.20E-03 6.58E-03 8.68E-03 1.12E-02 2.77E-02

Ethyl benzene 2.45E-03 5.68E-03 1.50E-03 7.33E-03 3.88E-04 3.88E-04 1.16E-03 1.81E-03 2.61E-03 7.33E-03
m,p-Xylene 1.55E-02 2.77B-03 1.30E-03 5.19E-03 2.66E-04 6.08E-04 1.07E-03 1.48E-03 1.97E-03 5.19E-03
o-Xylene 4.67E-04 9.69E-03 3.90E-03 1.63E-02 6.17E-04 1.71E-03 3.20E-03 4.50E-03 6.06E-03 1.63E-02
Styrene 8.23E-03 3.76E-02 1.28E-03 9.43E-03 3.70E-04 - 8.34E-04 1.69E-03 2.71E-03 9.43E-03
*CTE : Central tendency exposure / **RME : Resonable maximun exposure.
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Fig. 5. The hazard rate by age group to non-carcinogenic in
monte-carlo simulation percenriles 100%.
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