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Abstract

Wax is a protectant for floors that is used widely in Korea and is considered an emission source of volatile organic

compounds (VOCs) in the indoor environment. This study examined the concentration change of indoor VOCs due

to waxing and also due to wiping the floor with an oiled dustcloth. VOCs were identified using a cryogenic

concentration/thermal desorption system with capillary GC that utilized a liquid nitrogen cryostat and induction

heating. The major components emitted from the waxing were nonane, decane, undecane, C,—benzene, and Cs—

benzene. The concentrations of nonane were 1,276 ug/m?® an hour after wax applications, 832 pg/m? after 3 days,

and less than [0 ug/m? after 15 days. Another emission source of VOCs in indoor was the oiled dustcloth used for

cleaning the floor. The oiled dustcloth gave VOCs concentrations three times higher than the normal undusted floor.
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Hdl AFsle M= AbgbEol A&t S 5 A
Well A Al Alzte] Ag)Rel I o Zo, Ay
27 g A FA FolAL . LA f7)
AFEE(VOCs)= ALt AW F7] FelA o
=2 72 Vel ¢)o}(De Bortori er al., 1986,
Yocom, 1982). 1980\ o) 2 v ZF 7 (sick building
syndrom)o] A Fwa]l Al 7] F A E=

of #A3k |7} s FHow, 3] VOCs7F 27}
o] ujR]= °J kol 3k #A o] Eolx v} (Kostiainen,
1995, WHO, 1983).

Al F7] & VOCse] F2 w2 AEA, 7}
T, A, ALEF, FQE, HHA, FAF 5=
g2, F9, 9HE 53 22 AWM dof= <l
2= el &5 E o]t} (Sack er al., 1992; Tancrede et al.,
1992; Giman et al., 1987). 0|28+ WA S o)A W&
Hx VOCsEE g Aol ajet Aol A AHa

T 8EEH 255l g gd2EE Ay 3] F
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VOCse] F# 2 $E SFE 24we] Fio 43
Q730 wet e Aol T el giekh A vkt
& ER e AveAe NES) FAAG
7HE AogEFEAM AFE VOCs7t #ad
1 g).2 ™ (Godish, 1995a), Molhave (1982)= 7}l E
A B M FFol ule} 28~61%2 VOCs7} 1.659
~315mgm's) £ECR WEHE AL HIsiy
o ANE FATEA BR 0QA AR
£ A%E JMlENSE BEHE VOCs7t A%
A7H Zee o] B 7haA} el A obze]
Ael Zz2|E ulgal A =3}e] 2-ethylhexanol,
phenol @ cresol 5 IF 4T L2 Fa5 o] o439
Qele] H& AL 2 A gl (Godish, 1995b).
St FIATY L ABEL e
QxHoz npFel #Re] WAL o] g
NERUT AHgaledl wEe Belsin 9le m
AEY A% wie HIG B2 Wy S0e
o) g8te] AZA ulete] 41T US| o,
AAele Z152HUE AHEste] AEuteE w3t
3 gled, o) Ee] Al F7] F VOCse] +8 wi&

A $2] Jrly A ege #3 A7 A
7] F BAH F7] 7kad o9 B ZEkEo]
= (A&, 1993), Ad F7] F #7] EHe) =
ATE WS A71ER (R 5, 1996 21
95), 7t2xXd S (35 5 1996), 7
(RARHF2 Aodd, 1996)3 AbF g5A] =&
VOCs (Z8, 1996) 5 AR ¢ n|x13 4]
Aotk of= o]A7tA] BE 2d EAEC vls] 2
F23 A H gom, g7] F fU1HgEES
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Fig. 1. Schematic of cryogenic concentration/thermal
desorption system. 1: adsorption tube, 2: cry-
ogenic concentration tube, 3: thermocouple, 4:
8—port valve, 5. oscillator, 6: liquid nitrogen
dewars vessel, 7: oven heater, 8: transfer line
heater, 9: GC, 10: carrier gas cylinder.

4 ARt 2T AE MRS SaT Y2y
7] 39 o] ABE A F7] F 471EAe B
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293 8RN Ran Fo AN Brle A%
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2228 S&H ¥ £4 =
39 1o] 2He) AT AL e
BAEE vehdvh A28/ 9934 e purge &
trap§ ¥4 71719 dF] 48 FAFA] JHS
-1008] headspace samplerZ 7jeFsfe] o]-&-8}g ot
¥4 AAE 97] F VOCsE AFs TR o

ZASE By AR FEG FABeN Q9
VOCsE §& W= o] el Ao ¥ ¥
2oz FHHY dRAR FHAL JaF
g o143 AT 71D WL ASIAT AL

ST AEE5E ARE A& 71t
< W=z F4E) 8 FEJE =23 7}
< (Curie~point induction heating) ¥} o] -&3}9]
o A AAFE H1A 1942 Ay F] F9
VOCsE F& 3ol AFHT F dLFFelA F23
o HFHE VOCsE 200°CeliA] H4E 50 mUmine)
Fr&o2 10387 purge Al A dsldch dgay
VOCs¥ purge gas2} 87 AAQA4LE o] &3] —40
CE YA A5 (N, Aol 120mm, W7
2mm, Tenax TA (60/80 mesh, GL Science Ltd., Japan)
40mg FADe A AL FHI 1Y Fx
3} 7HdE] Aol AL2eEEo dAAL FFE
FIIL A2FE5TY] AHE HE F 2000
AR ol Y TAZ AR Aol 94A)
Aas) FF) FHE AF w2 4EH Sfdshe
Anch ARG YL FE Fe) $92 2 ==
SEIDE AL F ATk A LS BbNE FAby
A FHIF Solgle] 255°CE 20259 ey
VOCsE 4143 fx3 7} (Curie—point heating)
3led 10ml/min®] He?| carrier gas$} &7 713 ==
R Zel| 415

7|4 A2 eLE 79 = (163, Hitach)o) = $-E3} 7}
Aol EYHL AR F4S 27| J8hed wide
bore capillary (0.53 mm i.d., 25 m long, OV-1)2g- A}-&
Sln $Ee s AEAE Aesd 2 4EES
A&stedvt. 28]la2 GC/MS (Trio-1000, VG Instru-
ment)E ©|-§3fe] HAg S gl Fg V)5

Table 1. Operating conditions of the gas chromato-
graphy for the cryogenic concentration/
thermal desorption system.

200°C, Nichrom Wire Heater
N3, 50ml/min during 10 min

Cryogenic Coolant Liquid N,

Trap Cryogenic trap Quartz tube (127 mm long, 2.3 mm i.d.)
Packed with Tenax TA (60/80 mesh)

Thermal ~ Heating
Desorption Purge

Heating Curie-point, 225°C during 20 seconds
Purge He, 10 ml/min

GC Instrument  Hitachi 163
Column 25m long, 0.53 mm i.d. capillary

column
Liquid phase OV-1, 2.0 umoffilm thickness

Oven 50°C for 5 min and then up to
200°C

Temperature at 10°C/min

Carrier gas ~ He, 10ml/min
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B QATlA ALEe F2 A A2 FA B4
55 23 20 bk W 4mis) fehgel no-
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Fig. 2. A schematic diagram of standard vapor manufacturing apparatus.
1: silicagel trap, 2: active carbon trap, 3: flow meter, 4. dilution gas inlet, 5: syringe infusion pump,
6: vial, 7. capillary transfer line, 8: heated teflon mixing tube.
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25T A {7 E-el AW 3] F9] £
Aol m]A & JgFe] oL AujH oz A9 vy
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Fig. 3. Chromatogram of indoor air sample collected
1 hour after floor waxing. 1: C,~benzene,
2: nonane, 3: decane, 4: undecane.
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a9 6o %E Aael g A= g2
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Fig. 4. Background chromatogram of cryogenic concentration/thermal desorption system.
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Fig. 5. Chromatogram of indoor air sample collected 2 months after floor waxing.
1: toluene, 2: C,-benzene, 3: nonane, 4: C;—benzene, 5: decane, 6: undecane.
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Fig. 6. Chromatogram of headspace gas of an oiled dustcloth.
1: nonane, 2. decane, 3. undecane, 4: dodecane, 5. tridecane, 6: tetradecane.
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Table 2. Variation of nonane in indoor air after floor
waxing.

Sampling Time Concentration, (ug/m?)

After 1 hour 1276.3
After 3 days* 832.9
After 15 days 3.8
After 1 month 4.8
After 2 months 7.4

* the sample was collected at the st and 2nd floor waxing.

35000

30000

[ before
W7, after

refative intensity (uV'sec)

. 8T E R

toluene xylene nonane  decane undecane dodecane

Fig. 7. Comparison of relative concentration of volatile
organics in indoor air before and after the
wiping the oiled dustcloth on the floor.
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