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It is necessary to Sudy and develop guiddines for providing
comfort and hedth indoor ar qudity for office workers since
air-tight envelope system of current office building may cause
poor indoor air qudity.

The purpose of this study isto propose guideline for volatile
organic compounds in office base on the field study, human
hedlth risk assessment and cost-benefit andysis The fidd study
was conducted to survey the concentrations of voldtile organic
compounds in indoor air of 69 offices from June to September,
2005 in Seoul and Gyeonggi-do. The rate of excessto guideline
of volatile organic compoundsin indoor air of new gpartment on
the Minigtry of Environment in Korea(MOE) was surveyed
37.6% for benzene, 6.8% for toluene, and 1.5% for
ethylbenzene. As the result of human hedlth risk assessmert,
mean cancer risk did not exceed 10-6 which is guideline of
USERA. Alsp, totd hazard index did not exceed 1 which is
quiddline of USEPA. Through the cog-benefit andyss of angle
on the socid-economics to verify the necessary to establish the

dandards of volatile organic compounds for improvement and
development of indoor air qudity in office, the present vaue of
benefit was higher then the present value of cost. With the above
congderations in mind, it is suggested thet the fidd study for
indoor ar quality in offices should be expanded and human
hedlth risk assessment and cogt-benfit andysis be performed th
offer scientific data for decision-making of policy for
improvement and management of indoor air quiality in office.

Key Words : offices, volatile organic compounds(VOCs),
risk assessment, cost-benefit analysis,
dandards, guiddine
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Table 1. Classification of surveyed office
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Time of Above the ground
completion Mechanical Natural Basement Total
P ventilation system ventilation system
<1year 15 3 5 23
1-3years 15 3 5 23
> 3years 15 3 5 23
Tota 45 9 15 69
Table 2. Quantitative estimate of carcinogenic risk from inhalation exposure
EPA Extrapolat NOAEL
Pollutant  Cassifi- l/JRs),l qon  Route rumor Ff(f Py LOAEL  UF  UF  Reference
cation  (“gM)™) yreog type  (MIKY/AY) (1kg/day)
_ Inddlaion _ Finsky et al.
Benzene A 83x10° onehit ooupdiod | eykemia - - - 1982
eqoare
F .
Toluene D - - - - 02 N1oLm9 300 o ooad
_ ) Wolf.M.A
_ — - - . Ubgvaru
Xylene D 0.2 N:500 500 1 g aIQ 1380
Syrene C - - - - 0.2 N:4 30 1 ACGIH
1986

UR = unit risk, RfD : reference Dose, N : NOAEL, L : LOAEL, UF : uncertainty factor, MF : modify factor,
A human carcinogens, B : probable human carcinogen, C : possible human carcinogen, D @ not classifiable as to human carcinogen, E : no evidence of

non-carcinogen for human
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where

ADDs: average daily dosesmg/kg-day)

LADDs: lifetime average dosssmg/kg-day)

C: contaminant concentrationininhded ar(yg/nt)
IR : inhdation rate(m/day)

ED : exposure duration(days)

BW : body weight(kg)

AT : averaging time(days)

LT : lifetime(days)

The el S f7) 8R4 (average JNHNEAH S WA EAY FG B AT R v
daily doses ADDS 0, WM HHH7ISES B A5 ARE wefd S B A w5
913 782k (lifetime average daily doses LADDS) & 4155}9] 7} A1 LADDs k& wate] kg 378kt
Table 3. Exposure assumptions used inputs to risk estimates in offices
Parameter Unit CTE RME
Body weight Fl\élrr?la? e Eg 4?3?7 458?7
Exposure durtion Male yr 30.5 50
(Average time) Femae yr 30.5 50
Exposure Made min/day 262.7 832.67
Frequency Female min/day 167.0 662.88
Lifetime Male yr 72.84 72.84
Female yr 80.01 80.01
Inhalation Male m¥/day 20 30
rate Female m*/day 20 30
CTE : central tendency exposure, RME : reasonable maximum exposure
Table 4. Equipments affected by the influence of ventilation
Equipment Hour? r?rf/ ggye)ranon Equipment Hour? r?rf/ ggye)ranon
Boiler 3 AHU 10
Heating changer 3 FPU 8
Ventilation Unit 10 Cooling package 8
Cooling tower 3 Fan 6
Air Conditioner 8 EHP 8
Hot and cold water 3 Others 6

Supply system
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Fig . 1. Concentration of volatile organic compounds in the entry and the center in surveyed offices : (a)
offices where the mechanical ventilation system is operated, (b) offices where the mechanical
ventilation system is not operated. (c) basement offices
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Table 5. The mean concentration of volatile organic compounds in surveyed office (Unit © rig/m’)
od g Above the ground
VOCs Period since. ==+ anica Natural Basement Tatal
constructed ventilation ventilation Subtotal
system system
‘1 27.1+39.1 11.4+84 24.2+36.0 202+21.7 235+33.7
year (n=27) (n=6) (n=33) (n=7) (n=40)
67711249 4091432  629+1147 49.2+537 60.3+105.4
1-3years (n=28) (n=6) (n=34) (n=8) (n=42)
Benzene
2861372 111211463 4371743 46.0+57.2 44.2+70.0
> 3years (n=27) (n=6) (n=33) (n=10) (n=43)
4151806 5451934 4381827 39.8+48.4 430+76.9
Subtotal (n=82) (n=18) (n=100) (n=25) (n=125)
<1vear 4045+4343  180.6+1459  366.1+407.2 188711892  333.1+380.9
y (n=29) (n=6) (n=35) (n=8) (n=43)
1-3vears 372913697  1515+1126  366.0%3493 662.11997.0  395.3+526.7
y (n=30) (n=6) (n=36) (n=8) (n=44)
Toluene
181612386  343.0+2414 209212435 208512102  209.1+234.2
> 3years (n=29) (n=6) (n=35) (n=10) (n=45)
320313665 2250+186.2  304.1+343.8 342015930  311.6+402.6
Subtotal (n=88) (n=18) (n=106) (n=26) (n=132)
<1year 35.7+482 141+12.7 32014438 24.4+11.3 30.6+40.7
(n=29) (n=6) (n=35) (n=8) (n=43)
1-3years 75841217  210+158  66.7+112.9 26.0119.7 59.3+103.4
Ethyl- (n=30) (n=6) (n=36) (n=8) (n=44)
benzene 53 28.11+37.8 4801373 31.5+37.9 23.2+21.0 296+34.8
years (n=29) (n=6) (n=35) (n=10) (n=45)
4691812 27.7+275 43.6+75.1 244+175 39.8+68.1
Subtotal (n=88) (n=18) (n=106) (n=26) (n=132)
<1year 36.6139.5 144193 32.8+37.0 3801245 33641351
(n=29) (n=6) (n=35) (n=7) (n=42)
1-3years 479+76.0 15.2+11.2 4251704 57.0+515 45.1+67.0
(n=30) (n=4) (n=36) (n=8) (n=44)
Xylene
S 3vears 30.8+25.8 7761648 38.81+38.6 26.1+433 36.0+39.5
y (n=29) (n=6) (n=35) (n=10) (n=45)
Subtotal 3851519 35.71+47.2 38.11+50.9 39.3+425 3831493
(n=88) (n=18) (n=106) (n=25) (n=131)
<1year 154+18.1 6.714.7 135+16.5 15.1+12.1 13.8+156
(n=22) (n=6) (n=28) (n=7) (n=35)
1-3years 327 t23i3.9 14.2 t45.o 29.7 t2%1.7 33.o¢go.3 30.4i3312.8
Styrene (n=21) (n=4) (n=25) (n=6) (n=31)
> 3years 126+10.1 7761648 12.4+10.1 18.3126.9 13.6+14.7
(n=19) (n=4) (n=23) (n=6) (n=29)
Subtotdl 2041245 102+75 2171276 21.7+276 19.2+23.6
(n=62) (n=4) (n=19) (n=19) (n=95)
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Table 6. Percentage of number exceeding Standard levels proposed in MOE

Period since constructed Situation Ventilation System

VOCs Mechanical Natural Tota

<{lyer 1-3years >3years Ab%/fn?e Basement  ventilation  ventilation

9 system system

Benzene 275 452 395 37.0 40.0 36.6 38.9 37.6

(11/40) (19/42) (17143 (37/100) (10/25) (30/82) (7/18) (47/125)

7.0 13.6 - 6.6 1.7 8.0 - 6.8

Toluene 343 (6/44) (7/106)  (2/46) (7/88) (9/132)
Ethyl- - 45 - 19 - 23 - 15
benzene (2/44) (2/106) (2/88)
Xylene - - - - - - - -
Styrene - - - - - - - -

* 9% (Number exceeding Standard level in MOE/number of collected samples)

Table 7. Cancer risk for carcinogenic volatile organic compound in offices

Pollutant Sex Cancer risk :
Mean Max Min
Benzene Mae 3.9E-06 7.6E—05 2.8E—09
Female 5.9E—-06 9.1E-05 3.4E-00

Table 8. Hazard index for non-carcinogenic volatile organic compounds in offices

Hazard index
Pollutant Sex -
Mean Max Min
Toluene Male 2.1E-01 1.6E+00 8.1E-04
Female 3.1E-01 2.3E+00 1.2E-03
EthyIberzene Male 1.1E-02 1.1E-01 1.6E-04
y Female 1.6E-02 1.7E-01 2.4E—04
Mae 1.0E-01 8.9E-01 8.1E-05
Xylene

Female 1.5E-01 1.3E+00 1.2E-04
Stvrene Male 5.1E-03 3.2E-02 8.1E-05
y Female 6.0E—03 3.8E-02 1.2E-04
Total Male 3.3E-01 2.6E+00 1.1E-03

hazard index Femade 4.8E—-01 3.8E+00 1.7E-03
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Table 9. Method of computation for present value of benefit

o) 71 ol e - 421

2 ol E701 Benzene?] &

ol oeulal, zjeld 9
FUSERS AX ()2

[tem Method of computation Vaue
Mean prevalence 0.4165%
. (W32,179,423+W128,717,690) X (60persons X
Benefit per year 91,544 offices) X 36.7% W1,305,600,000,000
Present value of benefit W1,305,600,000,000 X (1+0.075) 19,527,900,000,000
Table 10. Estimation of standard electrical charge
electrical charge per season (won/kWh) M eéan
Use of electric power Type of electric power : electrical
Summer Winter charge(won/kWh)
General elect Low tension 91.® 64.% 68.%
eheral Electric power High tension(A) 91.® 67 67
. . Low tension 63.% 51.% 52.%
Industrial electric power High tension(A) 637 519 52
Standard electrical charge 60.2

Table 11. The rate of increase for cost of equipment and maintenance

_ Cost of equipment Cost of maintenance

Equipment

Before After Before After
Boiler 53,000 57,400 48,294 70,488
Heating changer 100,900 129,600 22,741 33,246
Ventilation Unit 11,500 15,000 495 725
Cooling tower 5,520 5,980 990 1,450
Air conditioner 39,000 48,400 300 520
Hot and cold water supply system 1,590 1,950 19 28
AHU 127,55 156,498 36,266 49,906
FPU 20,030 27,010 1,892 2,795
Cooling package 78,500 92,500 3,351 5,655
Fan 35,372 46,143 13,801 21,424
EHP 65,246 70,966 40,800 59,586
Personal expenses - - 80.731 97,717
expendable supplies - - 43,057 52,116
Sum 538,20 651,447 292,737 395,656
rate of increase 21.04 35.16%
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Fig . 2. The level of exposure factors on workers in surveyed offices : (a) sex, (b) age, (c) weight, (d) working
days, (e) working hours.
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