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Abstract

This study was to assess the lifetime cancer and non-cancer risk of exposure of worker and user at public
facilities in Korea to volatile organic compounds (VOCs). We measured the concentrations of two aldehydes
and five VOCs in indoor air at 424 public buildings that 8 kinds of public facilities (70 movie theaters, 86
offices, 86 restaurants, 70 academies, 22 auditoriums, 30 PC-rooms, 30 singing-rooms and 30 bars) all over
the country. There were estimated the human exposure dose and risks with averages of the using-time and
frequency for facility users and office workers, respectively. Carcinogens (formaldehyde, acetaldehyde, and
benzene) were estimated the lifetime excess cancer risks (ECRs). non-carcinogens (toluene, ethylbenzene, xy-
lene, and styrene) were estimated the hazard quotients (HQs). The average ECRs of formaldehyde and benzene
for facility worker and user were 1x107°~1x10™* and 1x10™*~1x10" level, respectively, in all facilities. HQs
of four non-carcinogens did not exceed 1.0 for all subjects in all facilities. The estimated ECRs for restaurant
and auditorium were the highest, and the PC-room and bar were the next higher facilities. Furthermore, people
in a smoking facility had the highest cancer risk. Higher ECRs of formaldehyde and benzene were observed
in indoor smoking facilities such as restaurant and auditorium. Higher HQs of toluene and xylene were observed
at the restaurant and office building.
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Table 1. Description of the 424 facilities surveyed in this study

Metropolitan Chungcheong Honam Yeongnam Total
Movie theater 28 14 14 14 70
Office 26 23 14 23 86
Restaurant 28 22 14 22 86
Academy 28 14 14 14 70
Auditorium 10 4 4 4 22
PC-room 30 0 0 0 30
Singing-room 30 0 0 0 30
Bar 30 0 0 0 30
Total 210 77 60 77 424
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Table 2. Criteria of targeting group for health risk assess-
ment

Group Criteria
1 Metropolitan_nonsmoking_facility
2 Metropolitan_smoking_facility
3 Chungcheong, Honam, Yeongnam nonsmoking
facility
4 Chungcheong,
facility

Honam, Yeongnam__smoking
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Where LADD : Lifetime average daily dose (mg/kg/day)

Cix : Concentration of chemicals in indoor air
at facility (mg/m’)
IRy; : Inhalation rate for exposure scenario, k

and facility, j (m’/hr)

ETy : Exposure time for exposure scenario, k
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Table 3. Exposure factors for subject's facilities
Exposure factors Theater  Office Restaurant  Academy  Auditorium  PC-room _Singing-room Bar
Tnhalation Worker 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
(ug/hr) User 0.5 %] 0.5 16 0.5 32 1.6
(sedentary) (light) (sedentary)  (moderate) (sedentary)  (heavy)  (moderate)
Exposure ~ Worker 8 8 8 8 8 8 8 8
time User-Mean 23 - 1.5 3.0 2.8 25 22 2.5
(hr/day)  User-Max 3.0 - 3.0 6.0 40 6.0 3.0 40
Exposure ~ Worker 300 300 300 300 300 300 300 300
frequency  User-Mean 30 - 100 240 40 100 50 100
(dayslyr)  User-Max 60 - 240 300 60 300 180 240
Exposure ~ Worker 40 40 40 40 40 40 40 40
duration  User 60 69 60 60 50 60 45
(years) (age : 5-65) (age : 1-70) (age : 5-65) (age : 5-65) (age : 5-55) (age : 5-65) (age : 20-65)
Worker 60 60 60 60 60 60 60 60
. User
Body(kw)elght age 1-4years - - 10 - - - - -
& age 5-13years 30 - 30 30 30 30 30 -
age >13years 60 - 60 60 60 60 60 60
and facility, j (hrs/day) (mg/kg/day)' 0.8 A& 31:} (Table 4).
EFg Ilixpo(siurfe li‘rlc':quel.lc(}:i for/ex)posure scenario, Hdoly 22e P wEHolx B4 ko]
and facility, j (days/yr H & 1o Lz ao )
EDy : Exposure durations for exposure scenario, $597 B& =& FAFTE, RIC (re_ference Con
k and facility, j (yrs) centration) £ WlFOo 2 =g Hriech EF
BW; : Body weight at age, I (kg) 9] RFCE= F&A5Y 93] EFA 3F =27 213}
AT : Average time for lifetime (days) =4 ggko] G E R &S F1A 1o e NOAEL
No Observed Adverse Effect Level)©o] 119 mg/m 0.2
43 2YY ST-W2WI} N2 2 ( ”) :
2R om¥ o]l= nplElO =2 Axlo] BatA
WA, qre EH-L TN A M A dB=A e g vRor dse) 294
o E: ‘L-flfl i qoo_L . abCh T H A5E 1edld 3§ =% Z7X), RICS 04 ng
A= A
o e e s A i moz e, MUYy BAE o5 ge
=5 M o == AR Aolo ! i
Q01 © 9240 @9l ¥ (L gmys oag T80 A9 EF =g 3nAE ysgon,.
aelel L9l (g SFEF g g R Tableso) AX SR
7ol HAFL eEEol AFE w) o)2 Q3 LAY
2 5 Qe 23 9 Bgoln. 44, AUIZI|=ES S5 W U Hjwet 95l
TELHS = Kems 59 A7) £F-9r3 2 = &3
8 vlgo g A¥3 ddA =9 (Linearized mul- A= FAGA = A bAoA &2kl

tistage model)el] <3l Lok o) 4.6<107 (mg/kg
/dayy' 0.2 & H ek ot EH S = g g
o] A YL 24zt 7.7x107 (mg/ke/day)”, 3.6x107

SH7e} wEH I A AteE Z3te= 7
Ao AA QEEAY xdd wE HAY
&4 $ 3= (Excess Cancer Risk, ECR) & Bluh¢l=

=EE]

J
=

Table 4. Cancer potencies and unit risks for subject's carcinogens

. . . . Cancer potency Unit risk
Carcinogens Toxicological endpoint Dose-response model (ng/kg/day)’ (ﬂg/m“)’l
Formaldehyde squamous cell carcinoma Linearized miltistage model ~ 4.60x102  1.30x10°
Acetaldehyde Nasal squamous cell carcinoma or adenocarcinoma Linearized miltistage model ~ 7.70x10°  2.20x10°
Benzene leukaemia Linearized miltistage model ~ 3.60x107  6.00x10°
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Table S. Reference concentration (RfC) for subject's chemicals

Chemicals Toxicological endpoint Toxicity data (mg/m’) RfC (mg/m’)
Toluene CNS effects LOAEL = 119 0.4

Ethybenzene Developmental toxicity NOAEL = 434 1.0
Xylene Impaired motor coordination NOAEL = 39 0.1
Styrene CNS effects NOAEL = 34 1.0

1) Lowest Observed Adversed Effect Level 2) No Observed Adversed Effect Level

A8 3k (Hazard Quotient, HQ)E 44 8}+= A o]
17)

g Al o] 8-A; B4 mE 1Y HAsA
& 98lA =& AYeed 9% A 94
3 U Ao &35-ukg Hrl ARE o) 88y
wehy Bl 2% JA 2 Ee9)si =, ECR
3} vk o) 9% 448 HQE 47
2 ()¢ 3)E o) &) FuFAo g A= EH
(LADD)2 2 ¥%¥ % UAdZFEE, AF, =iy, =
71 9 7Ide 58 1EEY &8 5 e
™, 22 (Cancer potency)2 D928 FF (mg/
kg/day) 2L LEZN &FHETHNA 7] &7
(Slope factor) =+ 418 Al4x(Linear coefficient)$]
95% “35+gkg olml gt vdEZ o) RCE-E US
EPAC A wj= duk 491l dUZEE (20 m'/day)
2 A F (60 ke)S o] &3t Tl FaHE sk
B dFedAE ol tA 18t RfCY @S

v

7
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H o

i % fo
i

£

ADddeEea A3 mg/ke/dayR B A8 HQ
Kl e A=

e

ECR= LADD(ug/ke/day) x Slop factor((ng/ke/day) ")

(2)
_ LADD(mg/kg/day)
HQ = RfC (mg/m) x 20(m’*/ day) /70(kg) 3
5.2 1
51. &L} ReIEHE =™Zu
A v A § Fol&AlE 2 AFEAEY A

p=4
7] & TEYHSIE (n=402)°] =Y = B4
2 ~ 829.53 py/m, gk 75.20 pe, 293k 3921 py/
mwe® et EFA (n=398)9] F=EHE £
A& ~ 1106.50 pg/nr, Fgk 143.80 pg/w', F4ak
6217 pg/m’ Ak 7)e} AA)S FE L= Table 69
A A B At

ol

Table 6. Distribution of concentrations for VOCs in indoor air at all subject's facilities

Chemicals Concentration (ug/m’)
MeantS.D Theater Office Restaurant  Academy  Auditorium PC-Room  Singing-Room Bar .
Min-Max) _ (n=70) (n=86) (n=86) n=70) (n=22) (n=30) (n=30) (n=30)
Form 54+55.6 43.5436.5 39+42.9 74.8+£58.6  63.2+53.7 . 63.2+53.7 51.4+44 .4 84.5+81.6
-aldehyde (5.4~426.5) (ND~252.5) (ND~829.5) (56~617.6) (4.2~732.8) (ND~388.2) (12.5~187.2) (4.15~352.6)
Acete 34.5+28.5  23.8+22.6 3524274 32.8+27.4  40.8+59.8  37.2+23.6 26.4+20.4 46+33.7
-aldehyde (ND~150.2) (ND~95.7) (ND~188.3) (9.7~331.8) (ND~218.7) (ND~110.9) (4.8-98.7) (9.4~227.7)
Benzene 12.8+11.9 8.7+12.4 8.4+7.6 8.249.1 12.2+12.8 29.9+19 26+20.2 29.4+19.6
(0.4~52.2) (ND~102.3) (ND~104.1) (0.9~121.1) (2.0~114.2) (1.9~123.9) (0.4~94.5) (2.1~188.9)
Toluene 145.6+155.8 97.8+164.4 82.5+101.5 127.3+192.3 136.9+144.8 186.8£127.7 143.4£109.3 177.9£115.6
(0.9~565)  (0.4~1089) (ND~633.2) (0.47~980.1) (10.3~643.9) (17.7~1106) (0.6~849.6) (1~746.7)
Ethyl 14.8+14.7 8.5+9.7 9.248.0 8.4+7.6 10.0+:10.8  20.3£24.8 14.4+13.2 18.2+16.8
-benzene (ND~56.9) (ND~126.7) (ND~61.3) (0.9~57)  (0.2~43.8) (03~113.8) (0.3-400) (1.4~54.8)
Xylene 34.6£37.4 1874219  13.7+13.1 20.0+21.1  38.6£45.7 4724454 31.4+£24.3 36.3+28.8
y (ND~124.3) (0.7-416.4) (0.5~281.5) (0.3~255) (ND~103.7) (3.3~2212) (0.5~815.5) (0.5~225.3)
Styrene 6.6£6.9 3.5£5.0 4.6£4.9 59+7.1 4.3+3.8 10.0+£9.0 7.6x7.1 7.0+£6.8
(ND~34.5) (ND-86.4) (ND~1062) (0.1~417.6) (ND~13.9) (ND~775) (0.7~206.4) (0.7~51.5)

ND: Not detected, N: Facilities Number
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Table 7. Excess cancer risks of formaldehyde in indoor air for the subject's facilities

Facilitics Exposure Groups
scenarios M-NS” M-S” 0-N§” 0-8?
Worst 1.34E-04 1.20E-04 2.65E-04 -
Movie theater Moderate 1.04E-05 9.34E-06 2.06E-05 -
Lowest 3.99E-06 3.58E-06 7.89E-06 -
Worst 3.45E-04 1.62E-04 1.05E-04 1.07E-04
Office Moderate NA? NA NA NA
Lowest NA NA NA NA
Worst 3.77E-04 4.48E-04 1.51E-04 3.24E-04
Restaurant Moderate 2.64E-04 3.13E-04 1.06E-04 2.27E-04
Lowest 5.60E-05 6.66E-05 2.24E-05 4.81E-05
Worst 3.19E-04 2.64E-04 2.97E-04 -
Academy Moderate 1.76E-04 1.46E-04 1.63E-04 -
Lowest 6.94E-05 5.75E-05 6.45E-05 -
Worst 4.87E-04 1.01E-03 3.41E-04 1.80E-04
Auditorium Moderate 1.61E-04 3.34E-04 1.13E-04 5.95E-05
Lowest 7.39E-05 1.53E-04 5.17E-05 2.73E-05
Worst 1.77E-04 2.66E-04 - -
PC-room Moderate 7.95E-05 1.20E-04 - -
Lowest 1.11E-05 1.68E-05 - -
Singing- Worst 1.20E-04 1.52E-04 - -
m’f) mg Moderate 1.30E-04 1.64E-04 - -
Lowest 2.59E-05 3.26E-05 - -
Worst 3.95E-04 2.90E-04 - -
Bar Moderate 3.34E-04 2.45E-04 - -
Lowest 8.76E-05 6.43E-05 - -

a) M-NS : Metropolitan_nonsmoking,_facility, b) M-S : Metropolitan smoking_facility
¢) O-NS : Chungcheong, Honam, Yeongnam nonsmoking_facility

d) O-S : Chungcheong, Honam, Yeongnam
) The object does not exist and can not presume

_smoking_facility

f) An assessment impossibility about different scenario because a main user of the office worker
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Table 8. Excess cancer risks of benzene in indoor air for the subject's facilities

Facilities Exposure Groups
scenarios M-NS? M-S” O-NSY 0-sY
Worst 8.60E-05 5.33E-05 1.39E-05 -
Movie theater Moderate 6.67E-06 4.13E-06 1.08E-06 -
Lowest 2.56E-06 1.58E-06 4.14E-07 -
Worst 1.20E-04 1.09E-04 5.63E-06 7.46E-06
Office Moderate NA? NA NA NA
Lowest NA NA NA NA
Worst 1.01E-04 1.34E-04 1.61E-05 1.38E-05
Restaurant Moderate 7.04E-05 9.34E-05 1.13E-05 9.66E-06
Lowest 1.50E-05 1.99E-05 2.39E-06 2.05E-06
Worst 1.09E-04 1.05E-04 1.58E-05 -
Academy Moderate 6.03E-05 5.76E-05 8.68E-06 -
Lowest 2.38E-05 2.27E-05 3.43E-06 -
Worst 9.35E-05 1.40E-04 1.11E-05 4.63E-06
Auditorium Moderate 3.10E-05 4.63E-05 3.68E-06 1.54E-06
Lowest 1.42E-05 2.12E-05 1.69E-06 7.04E-07
Worst 5.76E-05 1.23E-04 - -
PC-room Moderate 2.59E-05 5.53E-05 - -
Lowest 3.63E-06 7.74E-06 - -
Singine- Worst 9.62E-05 6.81E-05 - -
ro“i mg Moderate 1.04E-05 7.36E-05 - -
Lowest 2.07E-05 1.47E-05 - -
Worst 1.02E-04 1.22E-04 - -
Bar Moderate 8.64E-05 1.03E-04 - -
Lowest 2.27E-05 2.69E-05 - -

a) M-NS : Metropolitan_nonsmoking_facility, b) M-S : Metropolitan_smoking_facility
¢) O-NS : Chungcheong, Honam, Yeongnam__ nonsmoking_facility
d) O-S : Chungcheong, Honam, Yeongnam smoking_facility

€) The object does not exist and can not presume

f) An assessment impossibility about different scenario because a main user of the office worker
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Table 9. Hazardous quotient (HQ) of toluene in indoor
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air for the subject's facilities

Facilities Exposure Groups
scenarios M-NS? M-S O-NS? 0-§?
Worst 0.12 0.067 0.027 2
Movie theater Moderate 0.01 0.005 0.002 -
Lowest <0.01 <0.01 <0.01 -
Worst 0.33 0.25 0.02 0.02
Office Moderate NAP NA NA NA
Lowest NA NA NA NA
Worst 0.17 0.35 0.03 0.01
Restaurant Moderate 0.11 0.25 0.02 0.01
Lowest 0.02 0.05 <0.01 <0.01
Worst 0.21 0.19 0.06 -
Academy Moderate 0.11 0.11 0.04 -
Lowest 0.05 0.04 0.01 -
Worst 0.17 0.16 0.02 0.03
Auditorium Moderate 0.06 0.05 0.01 0.01
Lowest 0.03 0.02 <0.01 <0.01
Worst 0.12 0.13 - -
PC-room Moderate 0.05 0.06 - -
Lowest 0.01 0.01 - -
Singi Worst 0.06 0.08 - -
inging- Moderate 0.07 0.09 - -
room
Lowest 0.01 0.02 - -
Worst 0.10 0.11 - .
Bar Moderate 0.08 0.09 - -
Lowest 0.02 0.02 - -

a) M-NS : Metropolitan_nonsmoking_facility, b) M-S : Metropolitan_smoking_facility
¢) O-NS : Chungcheong, Honam, Yeongnam_ nonsmoking facility

d) O-S : Chungcheong, Honam, Yeongnam__:
€) The object does not exist and can not presume

smoking_facility

f) An assessment impossibility about different scenario because a main user of the office worker
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Table 10. Hazardous quotient (HQ) of xylene in indoor air for the subject's facilities

Facilities Exposure Groups
scenarios M-NS? M-SY 0O-NS® 0-89
Worst 0.12 0.06 0.03 o
Movie theater Moderate 0.01 <0.01 <0.01 -
Lowest <0.01 <0.01 <0.01 -
Worst 0.17 0.28 0.02 0.03
Office Moderate NAP NA NA NA
Lowest NA NA NA NA
Worst 0.21 0.16 0.04 0.02
Restaurant Moderate 0.15 0.11 0.03 0.01
Lowest 0.03 0.02 0.01 <0.01
Worst 0.24 0.11 0.07 -
Academy Moderate 0.13 0.06 0.02 -
Lowest 0.05 0.02 0.01 -
Worst 0.14 0.16 +0.02 0.03
Auditorium Moderate 0.04 0.05 0.01 0.01
Lowest 0.02 0.02 <0.01 <0.01
Worst 0.08 0.20 - -
PC-room Moderate 0.04 0.09 - -
Lowest 0.01 0.01 - -
Singine- Worst 0.07 0.17 - -
m“f) mg Moderate 0.08 0.18 - -
Lowest 0.02 0.04 - -
Worst 0.16 0.13 - -
Bar Moderate 0.13 0.11 - -
Lowest 0.03 0.03 - -

a) M-NS : Metropolitan_nonsmoking_facility, b) M-S : Metropolitan_smoking_facility

¢) O-NS : Chungcheong, Honam, Yeongnam nonsmoking_facility

d) O-S : Chungcheong, Honam, Yeongnam__.

smoking_facility

e) The object does not exist and can not presume

f) An assessment impossibility about different scenario because a main user of the office worker
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