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Characterization of Indoor Air Quality in Underground Shopping Centers in Busan

Cho Eun—jeongT and Kwak Jin

Air Preservation Division

Abstracts

In this study, the hazard rate of the indoor environment of underground shopping center in Busan was conducted, in

outdoor to determine how the indoor environments of these facilities, where workers and users spend the most time of

their away from home day, can effect their health. The measurement and analysis of indoor air quality 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 Epidemiological

study and Toxicological study were conducted. The result of CTE (Central tendency exposure) of Formaldehyde and Benzene

by Fixed point was 4.06x10™, 1.03x10” which in the case of Formaldehyde and Benzene did not exceed the permitted

standard (1><10'6) of the WHO. The hazard index results of non-cancer pollutants (Toluene, Ethylbenzene, Xylene, Styrene)

did not exceed CTE and RME (Reasonable maximum exposure) state.

Key words : IAQ, Risk assessment
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Fig. 1. Three dimensional view of subway station and underground shopping center.
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Ao B ARz 2w ARy 25R1e] 90 % °l A AtE 1S glREe At H T AF
o] AstEAZE W B71-0] A ekok A ARGl oy wejer mET Bslel Amo] TESL A EAAL
R ojere Frhn Aztsha 9lom], o849 96 %7t mow Ae) w3 9cHTable 1 Table 2.
AuE7Idel 4 ek Seretale” M AshE b Ashd RAFeelAl Aweo] o]
olof B Atofx= A7t AYEr] saledE 21 Qshzo] Zg] 1 glon 11,910 m* 2 36671<]
4 2k ol A7 A IR AAekel AU B mue o)z spp A A S0z sl gu b
A A A7 EAIE Tetste] NAARS A SE AR W B o] olte] 9t B} ApsEt 2
A sl QAo 127047k QYIL, A7F F7F F7bel] Haavje}
FAEgro] 9o, 27] A 82k 130 HP, 87] 3 &
2o 62,5 HPo|t}
Mz H o3 RE b Aok Aol = A oA
HATCHA o Bstaso] ol2i FotE A|sto] xa] Fa 9lo

Table 1. The main present condition of underground shopping center in busan

Parameter S&%%e S(Icl?zl)e Main store Store hours Place
SEOMYEON | 866 | 11.910 |Clothing, Bag, Shoe 10:30~22:30 | BUSABJIN=GU BUJEON—

RO UNDER187

. . . .on |BUSABJIN-GU JUNGANG —
DAEHYUN 335 11,627 |Clothing, Cosmetics, Shoe 10:30~22:30 DAERO UNDER717

LOTTEWORLD| 68 4,395 |Clothing, Cosmetics, Shoe | 10:30~22:30 |EooABIN"GU  BUJEONDONG

DONGGU CHORYANG2
DONG 1206-1

BUSAN STATION 33 1,625 |Clothing, Household goods |10:00~22:00

. . . .An [JUNGGU JUNGANGDONG
KWANGBOK 216 15,997 |Clothing, Shoe, Cosmetics |10:00~22:00 1GA 96BUNGE

Clothing, Accessory, Fashion SO OO - JUNGGU NAMPODONG
NAMPO 287 17,747 goods 10:00~22:00 6GA 1BUNGE

JUNGGU SINCHANGDONG
4GA 56BUNGE

KUKJAE 120 3,019 |Accessory, Gallery, Curtain |10:00~21:00

Table 2. Characteristics of Selected Facilities

Air— Air supply | No. . Air supply | Ventilation
Parameter |conditioning|and exhaust| of %ggﬂg fan fan Fountain (ONO(;?)
system (height) Exit capacity | capacity p
SEOMYEON | Central 0.4 19 | Filtration | 35 pp | g9 5 1yp 3 '85.9.24
(Bag filter)
DAEHYUN ” 0.6 16 " 160 Hp 120 HP 1 '82.12.22
LOTTEWORLD | centralt 0.5 5 . 75 HP | 55 HP P '97.12.8
Individual
BUSAN STATION |  Central 0.5 7 " 30 HP 20 HP - '94.2.7
KWANGBOK ” 1.2 11 ” 180 HP 140 HP 3 '88.7.21
NAMPO ” 1.2 15 ” 160 HP 130 HP 1 '88.7.21
KUKJAE ” 4 7 Washing 50 HP 30 HP - 02, 9
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15,997 m 01] SoA glon, FAzr|7} 7ps3t 2 ?:}:[L
Aro] 117047} 9lat, §7] 2 L8ke 180 HP, 3] @l
4eFo 140 HPo|L},

HE A= b FAke ATt F ot 7
T o Ak Fag ool ARG o]2& A
alwol Zg] A glom, 17,747 m” 9 28779 o5t
o A3 ML so] 60~70%7F FE o]Fo] EoIA Utk
A7) 7} 7Rt EYFAITe] 167047k oA, H7] #l
%2 160 HP, 7] 2l 85 130 HPo|th, A A|A]
&, ARGl el Qlem, Aol qle W Jsk
OF Qlal| theket AR Fo] 2= Jtolm Eg 9=l #

FAASE 7 FAab 228 AsHATEEA
AAZForfof 22l AL qlek, AL, 9JF,
2] 7R 20029 = AHES
AFs}, FE o, = 5 ohgt
Til= 28 2 A 2 AAEE N
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TFAe] A7 1AL, F7] #5250
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3eA87713HHE (VOCs)

AER7IsES AR 28FHEMP-2
30H, Sibata, Japan)E AFE3le] 100 mL/min %2
2 3087 23] Tenax—TA 180 mgo] S E 1A Z2+
(6 mm x 17.8 cm, Gerstel)S o]-&3lo] A3}t
H oto] AMRE Z2He 2 A7 AX]Q Tube

conditionerE o838 1&E AAVIAZE B 100 mL
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271 stofA 300 TollA 2~3A17F A A 25l

*]Exﬂﬂﬂ 2 S22 4 ToldtolA HbsiTt,
A& F Ampct @4 FA|E(Field blank)2b AE A
A& (Lab blank)E heste] A3 9 eRkRw7]
7t F IAAT 5 e o9 AEE ISk

VOCs9] == AZRe QI3 AHekAl(Calibration curve)
MNALF Z 52 (Custom VOC standards 9 compounds,
Accu, USA)E o]gste] 5T 5 EFAIRE 0|85}
At TVOCse HAFHEZEZS o] 83 Yo
=50 HFA o st} =5 Fstglon, 1 9 7Y
H VOCE 7 T EH+= &4 T-sAsE o83t

AeAS 2 A AHgH
% o]RARNEIH(TIC)E ©]-&3t
3 dAFA R SrE VOCs =49 &
Aol = 7\}%"5%"3}%*] (Gerstel, Germany)7} 7}A32
utE 2 Z(GC)ZHHP-5 60 mx0.25 mmx 1.0 ym)
Ade  TiaaEntEIe i/ AREAY)
(Agilent HP6890/5973, USA) A|AHS ARE3sFT)
S2tol AF " £G4 VOCsE dAA o2 260 Toll
A RIS Heoll 93] 60 mL/min®] fFFo 2 587F
o El—;‘d—ﬂ]:} gxE ARl oA —30 T HesEE
oA 55 & 300 TollA 22 & gzlEo] GCof &4
Fgo g QA ek, VOCsAl& A0l AM-E g
AR Table 3] YepSl o, GC/MS9
7L Table 49+ Zt},

roEN
>
fl
E
°-r‘

EERNEE

o

Mo b Y
o3
Wi

2
PN

Zdrstol=

FYsto] =9
(Waters, USA) &
(Supelco, USA)E A&
Japan)oll 4Z3s}e] 500
ATt

ANEAH7E B 7tEYA = R 4R vl R A
FE A7l N ZAste] 4 Tolstol A W Hat
stk AlEAF Al mith @4 ZA| & (Field blank)2}
AAd FAE(Lab blank)E vhelsto] Al&a3 2 21k
B 7 AT 4= gl 9 deE ol

A3 = Ao Ozone scrubber
228t 2,4-DNPH  7FEE A
2F3H = (MP—- > 100H, Sibata,

mL/min o2 3087 23]

e

DNPH®} k&3l P4 F=Al= AT 52 =
5 mL9] acetonitrile(Merck, Germany)® &3} t}.
FENL Zrto|do] B2 & HZE Hojzg dis}
o] Wyksldct &% DNPH G=H|9] B4 1450
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Table 3. Operating condition of thermal desorberfor VOCs analysis(TDSG, Gerstel, Germany)

Parameter Condition
Desorption time and flow 5 min, 60 mL/min
Desorption temperature 260 °C
Cold trap low temperature - 30 °C
2nd desorption temperature 300 °C
Cold trap holding time 10 min
Cold trap packing Tenax TA
Split/Splitless Splitless
Valve temperature 260 °C
Transfer line temperature 260 °C

Table 4. Operating condition of GC/MS for VOCs analysis(HP6890/5973, Agilent, USA)

Parameter Condition
GC Column HP-5 (60 mx0.25 mmXx 1.0 z m)
Initial temperature 60 °C(3 min)
Oven rate 1 3 °C/min(60 ~ 150 °C)
Oven rate 2 7 °C/min(150 ~ 230 °C)
Final temperature 230 °C(7 min)
Column flow 1.2 mL/min
MS source temperature 230 T
Detector type EI(Quadrupole)
MS range 35 ~ 270 amu
Electron energy 70 eV

Table 5. Operating condition of HPLC for Formaldehyde analysis(Agilent 1100 series, USA)

Parameter Condition
Injector Autosampler
Column ODS-38 C-18 (5 #m X 4.6 mm X 250 mm)
Detector UV-VIS
Mobile phase A  Water, B : Acetonitrile
Gradient Elution A/B = 60/40
Detection Absorbance at 360 nm
Flow Rate 1.0 mL/min
Injection volume 20 u L
Oven temperature 30 T

A Z2urE 29 (HPLC, Agilent 1100 series, USA) 1.0 mLZ 3Fgth §9F T2 EAz7AoA, CARB
£ o] 83513t DNPH =A== 350~380 nmol| A Z|tj Carbonyl-DNPH Mix 1(Supelco, USA)S 3|45} 5

H=g 7P HER2 2 d7ts 3e 360 nmofl 117 M| EE=EHS Alxsto] dFade 2dstan. HPLC
A|# FormaldehydeE #4/3FAt). ofnf ol s/d2 &3 o] B4 272 Table 59 VeRHATH



AR S QR A|SkE A7He

77 9lsta mot

S WM ofw B4 Bl 913 AR wF
o] el 4 9l AHQl e Aue] A% W8 HES
ZAshe BetHel 3y oletm AHoldth = A% 91

A Bk gl SAAARE ol8dto] dAY =24
o] A7|Ao R R&LE AL v 4= Q= 74701-_?,];
FH%t= HAHLE = %7“’4‘7‘14 13 (NR
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Fig. 2. Four step of risk assessment,
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Table 6, Quantitative estimate of carcinogenic and non—carcinogenic risk from inhalation exposure

. . NOAEL
Parameter | o BEN Ej{n;nffé)sﬁ (mf;?ng) LOAEL UF MF
(mg/m”)

HCHO B1 1.3x107° - - - -
Benzene A 2.2x107° 3x107" 300 1
Toluene D b5} N : 46 10 1

Ethylbenzene D 1 N : 434 300 1

m, p—Xylene D 0.1 s 300 1
o—Xylene D 0.1 DI 300 1
Styrene C 1 N : 34 30 1

RfC : Reference Concentration, N : NOAEL, L : LOAEL, UF : Uncertainty Factor, MF : Modifying Factor, A : Human

carcinogen, B : Probable human carcinogen, C : Possible human carcinogen, D : Not classifiable as to human carcinogen, E
: No evidence of non—carcinogen for human (US EPA, IRIS, 2005)
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4) =&Y = (Exposure frequency) % ®=Z7|7F

(Exposure duration)

thefet SHMAE FoA LEEd 2 EEHE =
Brtet7] SleliA= AEshes A 59 Ld=Eol
e, EZ3NE, =577 Fo] 83 W) e, ofuf
LEREel BT ZF JiRIEY] S datoly 7229
5ol o]Fof 7l oA w2 AIZE SOl o8 25
2=

= dFeAE Al ZAaE ol8ARtE AR
(2007)"701 4 ZAREE AntE gsto] CTE (Central
Tendency Exposure : mean or the 50th percentile)
Apo) w2 A ghe AUWELIA vREE A7k
Paroz A4st92, RME(Reasonable Maximum
Exposure : high—end) AF9] =&HI%E A4=9] ZH& 95
% UCL(Upper Confidence Level)?] ZS 83519
), Table 8] YJepSItt SEfiEes HqfaxE 7}
aholc}, wEHIEE AL 2] H9 o 8A17E 9 25

oZil

o) _j_E!E

d 2HE 7HYske] o 3009 Sske Ao 7Sk
o}, A7) o] 82 d) = i Table 8o Q= Aj7HE=E

ooz XA %i ”X} 1. 6D1 Oﬁx} 84.5 Ld—% 7] o]-§3t= Ao 7HYste] wETF ALt -85kt
Table 7. Inhalation rate by activity (anit : m®/hr)
Activity
Parameter
Resting Light exercise | Medium exercise| Heavy exercise Vzg;r}cl?sagy
Mean 0.45 0.94 1.13 1.87 2.33
SD 0.13 0.23 0.27 0.43 0.53
Median 0.44 0.94 1.13 1.86 2.29
Source : Korean Exposure Factors Handbook Ministry of Environment, 2007, SD : Standard Deviation
Table 8, Staying time at indoor according to multi—use facility (unit : min/day)
Parameter Subway | Underground Librar Medical I;ﬁ?i%r Kind Large |Postpartum
station store y centers b lots g stores care
Mean 480 480 480 480 480 480 480 480
Worker
SD 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0
Mean 18.0 7.6 14.7 8.3 1.4 490.0 12.7 1200.0
User
SD 41.2 48.4 67.5 57.4 12.1 49.0 40.2 120
Source : Ministry of Environment, 2007, SD : Standard Deviation
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HEM =49 A9, e 2 o]l &H= =&
L JdAFPFgaF(Average Daily Doses : ADDs)O. &2 L}

B 2 g, okel 4R ANT % dop,
diolb R0 ol7lo] @ AEA w2o] HA EoF o

ol Geidhs A A4 4 o0z Pik
ZF(Lifetime Average
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Ay ool Hit .Q_F'J:% lolyg ek /\1_% 25t HAY
(Lifetime : LT)o] HH#A|ZHAverage time : AT)S of
=

A= ZAA(Risk Characterization)

s S LCIES UG E T R o
AT A 0] WA E SERT 2 )

=
=
OFr O
1o

Average Daily Dose (mg/kg - day) =

Intake Dose = CAXIRXEFXED

CA : Chemical concentration in Air (mg/m?)
EF : Exposure Frequency (days/year)

BW : Body Weight (kg)

Intake Dose

LADDs (mg/kg - day) = —srr——am— =

BWXxLT

CR = LADDs (mg/kqg/day) X CPF(ug/kg/day)™"

Intake Dose
BWX AT

> 1000
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IR : Inhalation Rate (m®/day)
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= Concentration (ug/m?>) X Unit risk(ug/m>)~!

ADD
RfC

ADD : Average dose (mg/kg—day)

HI(Hazard Index ) =

RfC : Reference concentration (mg/m?)



Ao Qn AstE Ao

CTE(Central Tendency Exposure : mean or the 50th
percentile) =2 RME(Reasonable Maximum
Exposure : high—end) $J3i== ARSI gpal?
= QJerRe] 27]3L0® RME $Jalwe] W] AFS
Bk, & %’{— Fi} l=F7|7te] s A= high—end @&
B $1S=] HohAlels AEo] Haat o3

2 % 12k oA SRS IS g
Sk glof & Aol A BRI ke ALgata,

27122 ¥4 (Monte—Carlo Analysis)
lele B7b= wie ERekal me JEE HiAds
rgol7] wZoll B A olA Aol IAE = 3l
b sl B7HE sk A WA s BT A
ol gk ofsli7t FETE AejolA AARE destAl
:OI"—O]L —?* 2o oa)7h HEeld 4 gk, A
}-5_3}71] LERA|RE Fote] RS

ﬂlh‘, r\l
é
o,
A
foh
w,
oX
o
N,
ng{
o
i)
fo

AnalysisE #4staL Qlot, flsiAd B7Fe] 2 Aol A
g = Qe B4 2 oS daAl717] SRk
522 94 H7F(Probabilistic Risk Assessmen)
oF SHEFEEE 7HYE 7 flsficlA=e] el B7He] 4
Fof nz= G 7 E AEE 1% Monte—Carlo
simulationg ©o]&3ste] $=3stgct, 229 w=EA 40
Atm o) 5% agsto] HEH SEREE o|8ste]
£l

REs
EEA Ikl ¥ HsliEA| 4= Hatgh(mean), X
Zr(max), Z4 ( n) 20 %, 40 %, 60 %, 80 %, 100
% TS AFEsto] b W vl Qe R T
oFsh it

Monte—Carlo simulation< Crystal ball
2000(Decicioneering, Inc.)S o|-&3lo] e =&
ot A3} 22 Z+7F 1,000,000 o] A8 =315}

T:]_22)

EOI '

AN IA AN AR T AT} vE =
=
o

& Table 99} Fig. 39 LeRHS]

=

A3 54 37 133

A

t} & Toluene > Formaldehyde > m,p—Xylene
> Ethyl benzene 5% <22 RAME

thEol 8AA 59 AWs71d HEdel= 7 VOCs
AEEol Higt 712 ofF glod, & AS FEsTH
o] #AS ¥ PiL7|ZEo] Benzene 30 ug/m°old},
Toluene 1,000 ug/m”0]3}. Ethyl benzene 360 ug/m®
o]a}, Xylene 700 ug/m>0]3}, Styrene 300 ug/m’o]s}
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Styrene 6.47 ug/m®, o—Xylene 4.43 pg/m® 2 LERG =714 Ty
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Table 9. An overall summary of VOCs & Formaldehyde concentrations (Unit : g g/m?)
INdoor OUTdoor
Parameter 1/0
Mean S.D Range Mean S.D Range
Benzene 2.32 1.27 0.93 ~ 5,51 0.63 0.62 0.01 ~ 2.26 3.7
Toluene 115.20 75.68 9.02 ~ 257.98 15.58 15.49 0.47 ~ 59.99 7.4
Ethyl benzene 6.78 5.10 1.40 ~ 25.66 1.43 1.52 0.00 ~ 4.45 4.7
m,p—Xylene 13.51 9.84 2,23 ~ 38.54 0.71 0.94 0.00 ~ 2.85 19.0
Styrene 3.55 5.16 0.04 ~ 30,17 0.13 0.23 0.00 ~ 0.78 26.9
o— Xylene 3.24 2.44 0.7 ~ 12.04 0.54 0.81 0.00 ~  2.97 6.0
TVOC 430,97 144,16 | 147,76 ~ 768.39 47.58 41,16 9.83 ~ 177.23 9.1
Formaldehyde 63.89 35.80 11,88 ~ 195,90 9.39 8.43 0.18 ~ 36.54 6.8

I/O = Indoor concentration / Outdoor concentration
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Fig. 3. Concentration of Volatile organic compounds & Formaldehyde in indoor.
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Fig. 4. Composition ratio of Volatile organic compounds in indoor air,

Toluene(26.7%), m,p—Xylene(8.4%),
benzene(1.9 ), o—Xylene (1.0%), Styrene(0.7%),
Benzene(0,5%) 2 ZAME Ao,

A& T A WA= TVOCsY A5 #&E4d
2 ujEel BENE B0 57,5 %olaL, ER1E A #
718HE Sl A= Toluene©] 18, 5%,
6.7%, Ethyl benzene 3.4%, o— Xylene 2.6%%] &2
ERENE R

Ethyl

m,p— Xylene

Aygr)d 54 37t 135
Benzene, 0.5%
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Table 10, The seasonal variation of VOCs & Formaldehyde concentrations (Unit : g g/m®)
Parametor Spring Fall
Mean S.D Range I/0 | Mean S.D Range 1/0
Benzene 1.94 0.83 0.96 ~ 5.07 3.3 2.70 1.42 0.93 ~ 5.51 8.0
Toluene 106.43  81.63 9.02 ~ 242,79 6.3| 123.98 79.87 11.88 ~ 294,05 8.8
Ethyl benzene 6.20 3.88 1.45 ~ 15.72 3.0 7.36 5.90 1,40 ~ 25.66 10.6
m,p—Xylene 12.47  10.22 2.23 ~ 38.54 11.8| 14.55 8.81 2.57 ~ 34,31 43.0
Styrene 3.92 4,86 0.04 ~ 20.74 237 3.58 5.31 0.17 ~ 30.17 31.6
o— Xylene 3.00 1.97 0.75 ~ 7.78 3.3 3.49 2.74 0.75 ~ 12,04 23.9
TVOC 419,78 144,49 14746 ~ 768.39 21.1] 442,16 141.69 166.23 ~ 696.32 17.6
Formaldehyde 65.45 43,42 11.88 ~ 195.90 7.5 62,26 25,97 13.59 ~ 105.31 6.0
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ol Aol = T FrIetES 7HEd AHF‘E
A& A Benzene 2.7 pg/m®, Toluene 124.0 ug/m?,
Ethyl benzene 7.36 ug/m’, TVOC 442.16 pg/m’ 5
o T FFEoE w2 AFE UEgleH,
Formaldehyde 65.5 ug/m°o@ EHo| =& #Agko
2 AT A whE A FEdl= 7RE
Benzene(8.0), Toluene(8.8), m,p—Xylene(43.0),
Styrene(31.6) 59 Ad&o] S| H|d| =4 YeElG=
ol, &7] el ot FFET= AU ed=d H=
ol 71Q1%t Ao 2H, E—’“eq 7%"4 AW 2=
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BN OIn

ol ZAZAIbo A AJHYE HF =T Benzene
1.4~2.7 pg/m® Toluene 15.6~199.8 ug/m® Ethyl
benzene 3.5~9.3 ,ug/mg, m,p— Xylene 8 0~18.9 ug

/mg, Styrene 1.2~6.2 ug/ma, o—Xylene 1,4~4.8 ug

N
rlo
o,
#
“N,

/m®, TVOC 194.4~601.5 ug/m°. Formaldehyde
15.2~111.4 pg/m’9] W92 Vrepdt,
ol Al AgyErA °X171% ’éz} ol

Formaldehyde®] 7]Z(100 ug/m’0]5h)< Hol A
Aof|A] ThEstgl oy, 17 AlEOA 111.4 ng/m3
2 YeRY o) AFEI M= 7]ES 23kt AR
71ZFES] TVOCS] 713(500 pg/m’olshe WHEsh=

A|Ado] 33, 71ES 2T Ao ZAE Aol 33to]
o} A ASHEAHY O] TVOC 7]1% 23488 30.5 %
2 A ErEstg o, At 4] ZARY 9 27 FEH]
o HEAAHS diez AR AFLP(2012)%
TVOC Bats =7} 985 pg/m’(n=175)0.2 ZA}5}e]
x5} 3}5 011—,}

ol ABtEATE Yol 9l
SR, A AE T AAEEAA LAY
AUF71 5w S7tol Ay 7]ojg A
HEW 71312 (VOC) L9 o] W A|smEA7}
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Table 11, The concentrations of VOCs & Formaldehyde in underground shopping center  (Unit : x g/m?
Benzene Toluene |Ethyl benzene |m,p—Xylene| Styrene o— Xylene TVOC Formaldehyde

A 2.2 165.3 7.5 18.9 4.7 3.6 520.5 89.7
B 2.5 70.3 6.0 9.6 2.5 3.8 389.3 50.6
C 1.6 91.7 3.5 15.5 1.7 1.4 350.1 01.4
D 2.7 144.8 7.0 12.4 4.8 3.1 505.3 52.9
E 3.6 199.8 9.3 17.6 6.2 4.8 601.5 111.4
F 1.4 15.6 4.7 8.0 1.2 2.1 194.4 15.2
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Table 12. Fixed assumptions and probability densities used as inputs to risk estimates for this study

Parameter Unit CTE RME Dlﬁt?;)ggo Distribution parameter
Formaldehyde u g/m’ 63.9 70.8 NM Mean @ 62,5, S.D . 36.7
Benzene u g/m’ 2.3 2.6 NM Mean : 1,59, S.D : 0.46
Toluene U g/m3 115.2 135.3 NM Mean @ 62.86, S.D : 77.22
Ethyl benzene | x g/m’ 6.9 8.0 NM Mean : 4.32, S.D . 2.47
Pollutants
m,p—Xylene u g/m’ 15.9 15.9 NM Mean : 8,08, S.D : 7.12
Styrene 1 g/m’ 3.6 4.8 NM | Mean @ 2.48, S.D : 4.86
o— Xylene 1 g/m’ 3.2 3.8 NM | Mean : 3.28, S.D : 2.38
TVOC u g/m’ 431 472.9 NM Mean : 430,97, S.D : 167.97
3 Max @ 44,88, Min :10.80
— . Worker m°/day 20 30 TR Likeliest : 27 12
nhalation
' Usor wdey | 2712 | 2719 tp | Max : 44,88, Min :10,80
Y : - Likeliest @ 27.12
Exposure Worker min/day 480 480 NM Mean : 480, S.D : 48.0
. ET
time User min/day | 7.6 102.46 NM | Mean : 7.6, S.D : 48.4
Exposure Worker day/year 300 300 point
EF
frequency User day/year 365 365 point
Max : 100, Min :18,
Exposure - Worker year 25 25 TR Likeliest & 95
duration Max : 100, Min :18,
User year 70 92 TR Likeliest © 81
Max : 81,9, Min :47.2,
Body - Worker kg 62.7 62.7 TR Likeliest © 62.7
weight Max : 81,9, Min :47.2,
User kg 62.7 62.7 TR | Likeliest : 62.7
Lifetime LT | Common year 70 15.2 point
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Table 13, Comparison of Fixed—point(CTE, RME) and Monte Carlo hazard index estimates on carcinogenic
formaldehyde and benzene in underground store

Cancer risk

Fixed point Monte—Carlo

Pollutants | Dweller
Percentiles

20 40 60 80 100

CTE RME Mean Max Min

HCHO Worker [4,15E-08 |3, 17E-07 |7.60E-08 | 3,92E-07 1.11E-08 :4.13E-08 6,47E-08 |8, 50E-08 |1.10E-07 3 92E-07

Benzene |(Worker [1.51E-09 | 1.99E-09 |4.90E-10 |1.34E-08 9.72E-11 :2,73E-10 3.53E-10 |4,57E-10 16.39E-10 1,34E-08
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Table 14. Comparison of Fixed—point(CTE, RME) and Monte Carlo hazard index estimates on
non—carcinogenic hazardous air pollutants in underground store

Cancer risk

Fixed point Monte—Carlo

Pollutants|Dweller )
Percentiles
CTE RME Mean Max Min
20 40 60 80 100

Toluene |Worker |1,03E-03 19,33E-03 |7.53E—4 {3,.90E-03 i 1.00E—04 2,96E—4 5.85E—4 18 54E—-04 11.179-03 3,.90E-03
ggﬁgéne Worker |6.508-04 2,776-03 |6.54E-04 5,51F-03 8.62E-05 2.67E-04 4.21E-04 6.27E-04 9,67R-04 5.51E-03
}%{)e;e Worker |6.828-03 5.48E-02 |1.28E-03 2,63E-02 5.76E-03 1.09E-02 1.20E-02 1.31E-02 1.45E-02 2.63E-02
Styrene |[Worker |1.738-03 1.668-02 [4.00E-04 1.05E-01 4.91E-05 1.19E-04 2.96E-04 869E-05 4.95E-04 1.05E-01
o—Xylene [Worker |1.64E-04 1.32F-03 [3,17TE-03 6,71E-02 2.84F-04 129803 1.91E-03 2,78E-03 4.37E-03 6 71E-02
TVOCs  |Worker |4.30E-03 326802 |8,20E-03 2.82E-02 2.46E-03 5.27E-03 7.22E-03 8.97E-03 1.10E-02 2.82F-02
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