g7 184 G324 A 184D A5%
J. KOSAE Vol. 18, No. 5(2002) pp.373~381
Journal of Korean Society for Atmospheric Environment

X|sta=H BTEXo|| 2|8t MUl HA 2lsl=z HI}

Risk Assessment of Indoor Pollution by BTEX Released
from Groundwater

SE3H - 0|8t

L UMED - gxiAY

FTAAA AT L, VHZI & A 53HF
(20029 49 11¢ "4, 20023 8Y 16Y A ")

Donghan Yu*, Han Soo Lee, Sang-Joon Kim" and Ji-Won YangV
Korea Atomic Energy Research Institute,
DDepartment of Chemical and Biomolecular Engineering, KAIST

(Received 11 April 2002, accepted 16 August 2002)

Abstract

Benzene, Ethyl-benzene, Toluene and Xylene (BTEX) can be released to a groundwater in case of the oil

leakage from underground storage tank of a gas station. These chemicals are found to contribute to the total

inhalation risk from contaminated indoor air. This study presents the assessment of a human exposure to such

chemicals released from the groundwater into indoor air. At first, a 2—compartment model is developed to describe

the transfer and distribution of the chemicals released from groundwater in a house through showering, washing

clothes, and flushing toilets. The model is used to estimate a daily human exposure through inhalation of such

BTEX for adults based on two sets of exposure scenarios. Finally, a sensitivity analysis is used to identify
important parameters. The results obtained from the study would help to increase the understanding of risk

assessment issues associated with the indoor pollution by BTEX released from contaminated groundwater.
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Fig. 1. A two-compartment model for simulating the transfer of BTEX from groundwater to indoor air.
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Table 1. Summary of parameters used to calculated indoor air concentrations of BTEX.

(Attributable to water use by a family of four)

Description Representative value Likely range
Vs Volume of shower room 18,900L
R Residence time of air in shower stall 30 min 20~60
Va Volume of remaining house 248,000L
Ra Residence time of air in household air 120 min 30~240
fo Fraction of air leaving bathroom exhausted outdoors 0.1 0~0.6
I Water used in shower room 206.8L
I, Water for other household uses 6204L
Tonr Duration of shower per individual 10 min 5~20
2, ¥ Time interval when shower water is used 7.8; 19,20
[ Time interval when toilet water is used 0,24
T8, TX Time interval when cleaning water is used 14,15
7, T Time interval when face washing water is used l’g:::;%; 813%01213(:)’;0
e, Tr* Time interval when laundry water is used 10,11:30
e, T Time interval when kitchen and sinks water is used 7,8, 12,13; 18,19 0.3~0.7

v A8l AA F A4 (Han, 1995)& 34 4
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Table 2. Mass—transfer properties for radon and BTEX at

20°C.

Diffusion coefficient Henry’s law K (i

Compound  in water,  in air,? constant, - o
s s Torr-m¥mol K (Rn)

Radon 1.4x107° 20x107° 70 1.0
Benzene 9.6x1071° 10.5%x 1076 4.2 0.78
Toluene 8.5x10°10 9.2x10° 4.7 0.72
Ethylbenzene 7.6x107'° 82x107¢ 6.3 0.66
Xylene 7.6x10710 82x1076 4.5 0.66

Calculated by property-estimation methods described in R.B. Bird er
al?

Table 3. BTEX transfer efficiency from air to water with
water consumption by category of use.

Water
consumption
daily use,
Xylene L/family of

four per day®

Transfer efficiency, %*

Ethyl-

Radon® Benzene Toluene
benzene

Toilet 30 23 22 20 20 295
Showers 63 49 46 38 38 227.1
Face washing — 70 65 60 60 73.2
Laundary 90 70 65 60 60 79.6
Kitchen

and sinks 30 23 22 20 20 127.2
Cleaning 90 70 65 60 60 24.2

# Calculated relatively from transfer efficiency of Radon
b Estimated according to the standard American family

5 o] &3l Aoz Al = 3o Adtgdc).
2.4 QA =& Y i =Ho}
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e ole} 22 Al Bal AxT & Uk

24
D=—r J [OF(Cs(1) + OF () Cu()}BR(Ddt  (12)

o§7]1A D=7ilel] dd 3FFte] AN EHF
(mg/kg - d), a=FY= BTEX & ANz F5Ee
v & (3¢ §19), BW=B-F7), kg (A 65.42kg, o
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Fig. 2. Esitmated indoor concentration of BTEX from the two compartment model for base case.
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Fig. 3. Personal air concentration profiles of BTEX for
man for the base case.
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Table 4. Total internal doses of BTEX through inhalation
for base case.

Man Woman
Benzene 1.52%x107°  2.64x1073
Internal dose ~ Toluene 1.02x10*  1.77x10™*
(mg/kg/day)  Ethylbenzene 1.17x10™%  2.05x10™
Xylene 571x10%  1.01x1073
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Fig. 6. Estimated 24-h total amount of benzene accu-
mulated in human body for worst case.

Table 5. Total internal doses of BTEX through inhalation
for worst case.

Man Woman
Benzene 6.85x107  555x107°
Internal dose Toluene 459x10* 3.72x 10
(mg/kg/day)  Ethylbenzene  5.33x107*  4.32x10™*
Xylene 261x1073  2.11x1073

oz AMYEHFL 6.85% 10 me/ke/d, A1) A
£ 5.55% 10 mg/kg/d = Lrehidel.
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Table 6. Summary of cancer risk and hazard index of

BTEX for the inhalation exposure. Released from
groundwater for base case.

Risk and hazard index

Compound

Man ‘Woman
Benzene 4.41 %1077 7.66x 1077
Toluene 3.40%x 107 5.90x 10
Ethylbenzene 1.17x 1073 2.05x 1073
Xylene 6.34x 1073 1.12x 1072

Table 7. Sensitivity analysis for henzene (based on a
base case for woman).

I relativ itivi
Parameter (x) Local relative sensitivity,

| dF/dx |
Residence time of household 1.0
air volume ’
Volume of the remainder of house 0.97
Ratio of breathing rate to body weight 0.82
Fraction of benzene inhaled 0.70
available for uptake ’
Household occupancy from
L 0.70
during a day
Transfer efficiency from
. 0.30
shower water to air
Water used in shower 0.30
Volume shower room 0.24
Residence time of shower room
. 0.24
air volume
Water used in other household activity 0.18
Transfer efficiency from 0.18
household activities [ )
Water used in face washing 0.15
Transfer efficiency from
: . 0.15
toilet to shower room air
Water used in toilets 0.15
Duration of shower 0.03
Amount of time spent in toilets 0.03
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