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ABSTRACT
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Purpose: Recently, indoor air quality (IAQ) is becoming more important to building occupants. World Health TSRS
Organization (WHO) reported approximately 2.8 million people died in a year by exposure of indoor air pollutant. =2 A|L}2|2
Besides, The United States Environmental Protection Agency (USEPA) reported that indoor air pollution is more =&

hazardous than global warming and ozone depletion. Generally, it is regarded that pollutant on initial construction
phase can easily effect on health of occupant. However, many researchers report that pollutant of long-term period can
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be more critical to occupants recently. Especially, the chemicals from pollution sources like spray and dry cleaned  Health Risk Assessment
clothes are more critical to the indoor pollutant. Method: This study suggest pollutant exposure scenarios based on  Indoor Air Qualit'y
occupant behavior and ventilation pattern. This scenarios include long-term indoor pollutant concentration and health ~ ExPosure Scenarios

risk of occupants. This scenarios limited the pollutant sources as toluene and benzene from spray and

Toluene
Benzene

tetrachloroethylene from dry cleaned clothes. Results: By using these scenarios, we assessed long-term indoor  Tetrachloroethylene

pollutant concentration and health risk of occupants.
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Evaluation of pollutant

1AQ Air pollutants concentration Exposure route of pollutant
m Intake Skin exposure
IZ?T:;EEJ Low concentration
PCE 2:}?&:'@ poliution * Chemicals in . Exposureto ai
Sound comfort the air + Foodintake +  Liguid material
HCHO + Suspended = Adsorption of contact
Light fort Short-term matter matter . Solidmaterial
S ETE Other VOCs - Absorption or || * Oral contact contact
S o, vo, e, sicomter
Fig 1. Research Scope and Process.
2.1 a7 9 Table 2. Emmison of perchloroethylene from dry cleaned fabrics.
A7 @20l 37187, 584, €87, 4 87 5ol e Clothing component (mg/l}1(1)2/h) K(h-1) (mlé%ll‘z) t (h)
U, sld A4 gz Qls) Ao T d JFE &
) T . Cotton 0.44 0.14 3.1 5
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Table 1. Details on spray products. Ztol 9o == why| =22 2 Absl4c).
sué&?ﬁtion Mossg;,ito Pesticide Paisnpnllgflief QAEZ A|A U5ty LA R = AAF ], T EE B3],
- . 4 A715 Agetglon] 7% BAT FAAES ol gate] 1442 o
oluene concentration ey s _
(mg) 245 | 6 | 24 | 93 o|E1E £ Yoty A2 ANE Fstel AABI W, AATH
Benzene concentration 7] AAJsh= A, Al E e g 7% 52 Alve 2o A8
(mg/L) 48.1 28.6 54.1 46.2
o . SEETH10]. A E 7| 37138 B9 71E =2 skl e
jection spee - - - - -
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Table 3. Seasonal ventilation time and frequency.

Summer . Sﬂiing&F
ventilaton | the ﬂtﬁhﬁﬂ% leaiagge wli%gem leakazgg
I . 1.5 time/Day, All . All
Ventilation time 1 time=30 min time All time time
Number of 0.3 0.3
ventilation 116ACH ACH | O3 ACH | acy
S Winter. natural Spring & Fall
vehnggg{m ve%ahﬁon Venfilation E:,“el':n%]ﬁ!m
2.7time/Day, - . . .
Ventilation timg 1 time = 1.5tlme§]8ay,}t1 2.7t1m61:/])22;1y,1t1
23hours me= min | me= 1~2hours
Number of 1.09 ACH 1.09 ACH 1.09 ACH
ventilation

Table 4. Available time of natural ventilation.

Month | 1| 2| 3|4 |5|6|7|8|9|10]11]12
Hour 0| 0| 0 ]102]494]|599|228|181|489|274] 1 | O

06 \- \\‘;:_:i{ ‘//:/ /
0.2 l /

‘\“*H{I/

1 3 5 7 9 11 13 15 17 19 21 23 (hr)
[} a .
Weekdays Saturdays Sundays

Fig. 2. Occupancy rate of residents.

Literature and statistical data Survey

Ventilation data Indoor ventilation pattern

Seasonal ventilation time At the time of ventilation
Seasonal indoor air leakage a ey
Daily ventilation

Kitchen hood ventilation volume
Spray product data Spray usage patterns
Various spray product usage

Types of chemicals in products
Dry Cleaning patterns

Toluene content, benzene content
Spray jetting speed
Dry Cleaning Frequency
Number of garments per use

Dry Cleaning Data
Seasonal cloth type

Emission rate of pollutants
according to clothing
Emission rate of contaminants due
to clothing material

Details of scenario
components

Occupants patterns of
scenario components

Fig. 3. Process for exposure scenarios of living
pollutants.
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Fig. 4. Health risk assesment process.
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Fig. 5. Floor plan of target house
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Table 5. Indoor pollutant concentration analysis conditions

Contents Conditions

Room size 188m’

Initial pollutant concentration Opg/m’
Natural ventilation 1.09ACH

Spring,Summer, Fall-

Air leakage 0.30ACH Winter - 0.50ACH
Kitchen hood 220CMH/, 1.16ACH
Spray injection time 1 sec

4 seasons Weekday, saturday,
Sunday(Holiday) each 1day

4 seasons, 1 week

Analysis period (Spray)

Analysis period (Dry cleaning)
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Table 6. Results of analysis of indoor toluene and benzene
concentration in winter.

Toluene concentration
Winter Dail .
({';;Ie’;age Maximum (pg/m’)
Weekday - Top 25% group 30 138
Weekday - Average group 10 68
Saturday - Top 25% group 164 662
Saturday - Average group 92 346
Sunday - Top 25% group 137 570
Sunday - Average group 76 419
Benzene concentration
‘Winter Dail: q
™| v
Weekday - Top 25% group 21 111
Weekday - Average group 8 54
Saturday - Top 25% group 97 429
Saturday - Average group 47 181
Sunday - Top 25% group 72 324
Sunday - Average group 36 187
. i
QTS g e ———

A2 M2

(1) Winter weekdays (left—toluene, right—benzene)

Upper 30%
- verage

\\

ERN EE (ug/m)

. e J 4 ;
e R w0 s 20 60 20 00 4%
Az Az

(3) Winter Sunday (left—toluene, right—benzene)

Fig. 6. Changes in indoor toluene and benzene concentrations
by spray products (winter season)
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Table 7. Results of analysis of indoor toluene and benzene concentration

o
it
g Al
r&

in summer.
Toluene concentration
Summer Daily average Maximum
(wg/m) (wg/m)

Weekday - Top 25% group 45 285
Weekday - Average group 12 73
Saturday - Top 25% group 171 631
Saturday - Average group 80 300
Sunday - Top 25% group 125 458
Sunday - Average group 65 277

Benzene concentration

Summer Daily average Maximum
(wg/m) (wg/m)
Weekday - Top 25% group 23 144
Weekday - Average group 14 49
Saturday - Top 25% group 9 414
Saturday - Average group 40 148
Sunday - Top 25% group 66 214
Sunday - Average group 32 123
i i
s J\ el

A 0
(1) Summer weekdays (left—toluene, right—benzene)

—— Upper30%
e Aerage

—— Unper30%

- Average

ERU BE (g/m)

w0 w0 s

1700
Mo

s s 10

(3) Summer Sunday (left—toluene, right—benzene)
Fig. 7. Changes in indoor toluene and benzene concentrations

by spray products (Summer season)
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Table 8. Results

concentration in spring and fall.

of analysis of indoor toluene and benzene

Toluene concentration

Spring and fall

Dl | i i/
Weekday - Top 25% group 14 108
Weekday - Average group 4 24
Saturday - Top 25% group 132 604
Saturday - Average group 75 300
Sunday - Top 25% group 106 457
Sunday - Average group 77 412

Benzene concentration

Spring and fall Dalg,‘ ;::gage Maximum (uy/)
Weekday - Top 25% group 9 49
Weekday - Average group 3 20
Saturday - Top 25% group 78 396
Saturday - Average group 38 148
Sunday - Top 25% group 54 207
Sunday - Average group 36 182

i i
i B
Tl L DN .

(1) Spring and fall weekdays (left—toluene, right—benzene)

Upper 30% —— Unper 30%

w 8 o
"l
00 H30
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EFU 5K (ug/m)

o 20 100

oo w0 o0
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(3) Sprmg and fall Sunday (left—toluene, rlght*benzene)
Fig. 8. Changes in indoor toluene and benzene concentrations by
spray products (Spring and fall season)
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Fig. 9. Change of indoor tetrachlorethylene concentration by dry
cleaning clothes
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Table 9. Health risk assessment analysis condition

Daily

Number of

Chemicals Inh:l;l;;éion ‘Weight | exposure |Slope factor] m{ﬁ days
(m'h) (kg) time | (mgkg/day)-1 (mg/m) exposed
(h/day) (day)
Toluene-HQ - 5 1
Benzene-ECR| 0.0360 e
Benzene-HQ| 12.80 59.2 15.5 - 0.03 1
PCE-HQ - 0.04 1
25,550
PCE-ECR 0.0009 - (10¥ears)
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Table 10. Health risk assessment result of using spra Table 11. Health risk assessment result of tetrachloroethylene from
)f using spray f ylene f
Toluene Boene dry cleaned clothes
Summer HQ ECR HQ ECR o PCE
Weekdays - pring
Top 25% 0.005 - 0.400 4.83x10-6 HQ ECR
- Top 25% gro 0.111 2.61%10-7
Saturday 0.018 - 1695 | 205x10-5 P 7 group
op 257 Average group 0.049 1.15*10-7
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