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Abstract

For indoor air quality at a newly built apartment before move-in, we monitored formaldehyde and VOCs
and assessed human exposure and probabilistic health risk. We selected 801 newly built apartments all over
the country. The results of the research on the condition show the mean concentrations of formaldehyde 294
rg/m’, 210(median) 1497 pg/m’ (maximum), benzene 6xg/m’, (4 and 92ug/m’), toluene 1003pg/m'(773 and 5013
rg/m’), ethylbenzene 120ug/m’, (62 and 1192ug/m’), xylene 287ug/m'(138 and 2723xg/m’) and styrene 64ug/m’,
(42 and 531ug/m). Formaldehyde from carcinogen and toluene and xylene from non-carcinogen were
assessed the risk for human health. The excess cancer risk of formaldehyde for human beings between
carcinogens is per 1.36 of average 1000 persons. This implies that it is over a level per 1.00 of 1000
persons demanding active risk reduction. Hence, we strongly need the active reduction plan and accurate
source assumption. Among a variety of factors affecting indoor air quality for householders, closing
construction or density of indoor air processing additional interior construction and indoor area, indoor air
quality with a variety of districts show significant. The excess cancer risk for human beings of formaldehyde
between carcinogens is per 1.36 of average 1000 persons. Non-carcinogen toxicity rate for human-beings
with toluene and xylene among non-carcinogens is over HQ 1 from Seoul to local area.
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Table 1. Condition of sampling.
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Aldehyde VOCs
Type DNPH-Slica Tenax-TA(60/80mesh)200mg
Volume 0.5 £/min 0.1 £/min
Sampling Vol. 15 ¢ 30
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Table 2. Criteria of targeting group for health risk assessment.

Group A B

Criteria

1 129 84

no closing work or density of indoor air processing additional interior

construction and under 30 area

2 271 260

no closing work or density of indoor air processing additional interior

construction and above 30 area

A :Seoul and national capital region, B: Yeong-nam, Ho-nam and Chung-chung

St Ers A A A3s



(concentration)= Yt =Z7]7F FH] Ak
TS ARESHH, Crystal Ball X2 1305 0]4-3]
of 28 AR B4 4T 2w

By= /\Jz{ﬂ}lg}_oﬂp}

A5 (body weight)2] 73-¢- B eES IHT o
BE Al gk ArEEEAE FHafok
gtk 2yt v SRS oM = Aol g
=S H](ratlo)ﬂ' A A8 A= A W
ole] Hit AT 1e tEil(T0keS 483t
T2 Paskar Qi) oo & At M T dr A
QIha B AlF 62.8kg(7]EETY, 2004)] Ht
s sl ekgs AESGtE TEE
(Inhalation rate)®] 73-$- US EPA(1985)°llA] K11l
Hf olom, of HuAMelAE w4, SHsh gEv)

FU

Blo] AAA] dors Wl ASA =F e
B7tell 7150] Hi= Q19 Wit 4Y 55ES
90th percentile %91 20mYday-= #|Fskar Qlat,
Hworst case)?] TE A YdiA= 20m/day
9] 1.591Q1 30m/day S A5 AFska 9o ¢

gluete) Aol A491e) dd aFEC w4
H AR QU webA, 2 g7l 9 AR

= et H2

=

ax

il

TEFEZE QU over-estimationS
9]5}7] $13ll US EPA‘ ] NCEA(National Center For
Environmental ~ Assessment) 2] Exposure Factors
Handbook 1(1997)¢] A= F 580l st A

215 Farsto] 19-6541] A L«] B S5 A
2 = 239l o4 113miday, 2391 W4 15.2m'day
o Fgkel 133mldayS AREEISITE w717
(exposure duration)?} =ZH1 %(exposure frequence)
O] AL T wE3ARES ARl flste] 2ol
=l o] W et SAFA7E F-8ahd,
Zhol| tht 95th percentile #k= ARESIAITE 1814

wEA]

HEA07  Eldoreasonable
conservative) S YA E ARESICE 2 AFelAE
Us EPAOﬂ 1 gt e 71rﬂ*Dﬂ gl EA
& AHEska, 3654
/d E]EHX] HNOR 7?*0}»?:} 7}
How H] UP Ao izt 7142l &S B3}
il RS 7 J

BArEs *}%ﬁ}oﬂ Arkstan Hekade] 75
© BAEET I eEzDHel dig T FHE

o] gl el AR olegt o] i3]

87371 71Relx = viekEA ] A H ARt
(Average Time)s =%713H T3 A&ata,
WA A 7UEE 70ds 288kl 9
o ASEsTe ol ek 3 updel E49) A
Qoo Qgt QA =EY 2 FYI 72
2l 1eF WS o GBIIH(E 3). A mEF o
SA) ek B HAastkslr] flel Q1A
EEFS AEThs 7 A4d BE e
SERY 73S A48 Monte-Carlo simulation
ol gt =2 BAS Wit 1E 1),
LADD(ng/kg/day) =
C < IR x ETxEF x ED

BWxAT

Cia(mg/m’) : Concentration
IR(m’/day) :

ET(unitless) : Exposure Time

Inhalation rate

EF(days/yr) : Exposure frequence in days per year
ED(years) : Exposure Duration in years

BW(kg) :
AT(days) : Average Time in days

Body weight

Journal of Korean Society for Indoor Environment Vol. 3, No. 3



718 E(VOC) Z <

7

u}
=

k2

3

FANBASEA A3 A



Table 3. The value and distribution of the exposure parameter.

Parameter Value Distribution type Reference
Concentration
. Customer
Weight M=k  Korea Research Institute of
(kg) 60 Log-normal A Standard and Science, 1998
Inhalation Rate 133 Uniform point value US EPA, 1997
(m'day)
Exposure Duration 70 Normal ED(yr/lif Korea National
(year/lifetime) A Statistical Office, 2001
Exposure Frequence . EF(d/yn)
(daylyear) 365 Triangular 4 US EPA, 1995
Indoor.Duratlon 0.8 Triangular m IERY, 2001
(unitless) _

Forecast: LADD_total
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Table 4. Determination of carcinogenic potency and unit risk.

Materials Dose-response model ((?n?/i;;:;?)g) g;tmr’;s}i
Formaldehyde Linearized miltistage model 4.60x10” 130x10°
Acetaldehyde Linearized miltistage model 7.70x10° 2.20x10°

Benzene Linearized miltistage model 3.60x10” 6.00x10°
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Table 5. Determination of reference concentration.

Materials Toxic(mg/m) RfC(mg/m’)
Toluene LOAE(HEC)L = 119 0.4
Ethybenzene NOAEL = 434 |
Xylene NOAEL = 39 0.1
Styrene NOAEL(HEC) = 39 0.1
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Table 6. Distribution of VOCs Concentration at sites.

Material Site Detection Mean Median Max Min S.D
rate(%) (ug/n) (1g/m) (g (pg/n) (1ng/m)

Fomaldehyde » 1000 2331 166.0 13355 13.0 196.6
B 100.0 360.9 281.9 1497.2 37.0 2623

A 1000 379 294 1337 50 260

Acetealdehyde 50 622 419 594.5 0.0 79.1
Bemsenc A 982 98 30 23727 00 1213
B 100.0 6.7 51 91.9 12 65

Toltene A 9.7 9284 658.2 50137 00 816.7
B 100.0 1084.4 10122 42381 582 649.8

Bibozene A 1000 1298 63.1 783.6 21 1317
B 100.0 1089 61.7 119222 45 1271

A 1000 269.3 1417 1808.9 58 3454

Xylene

B 100.0 306.9 1343 2125 107 379.9

Styrene A 1000 64.2 447 4393 0.0 704

B 100.0 62.1 39.9 5314 0.0 7.4

. A 03 11.0 11.0 11.0 11.0 -
1.4-dichlorobenzene 49 56 56 77 47 0.7

A : Seoul and national capital region, B: Yeong-nam, Ho-nam and Chung-chung
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Fig 4. Risk distribution of Xylene
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