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Abstract: Emission tests were carried out to investigate the characteristics of concentration according to flooring
sort using small chamber method. The target Volatile Organic Compounds (VOC) included 27 individual
compounds of environmental concern, which were determined by adsorption sampling and thermal desorption
coupled with GC/MS method and by DNPH cartridge/HPLC method. The emission factor of Total Volatile
Organic Compounds (TVOC) and Formaldehyde (HCHO) was detected 0.3 mg/m*h and 0.2 mg/m*h respectively,
and the floorings of 37 (9 PVC Tile, 10 PVC Sheet, 18 Flooring) were satisfied emission standard. TVOC
emission factor appeared in order of concentration of PVC Sheet, PVC Tile, and floor flooring, while HCHO
was detected very high emission factor (as 0.4 mg/m>h) at floor flooring above PVC series (as 0.001 mg/m®h).

Key words : small chamber method, TVOC, HCHO, toluene, PVC sheet flooring, floor flooring
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B om, AlHe BEAF H Mol A 573t
(Product loading factor) 2.2 m*m*%2 11] Zlsle], & - &
T 2 uATE 75E vk 43 A Yol 7
AFof A JANF AT 71 A EREEo)T A E
Hel FHZA (147 mm X 147 mmX2)3 &% AW 87
(20 L)9] ¥]&2 2]u] 3kl TVOCE Tenax-TA 200 mg
o] X F2H(1/4"X9 cm, Perkin Elmer, UK)S ©]

23l 167 ml/min FFH O 2 2087, XESH 3 ==

—{11
o



546 A7) - AUE - A5 - ol - PFE - 9F 9
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Table 2. Operating conditions for aldehyde analysis with HPLC

HPLC system Shimadzu LC-10Ayp

Injector Shimadzu SIL-10ADvp

Analytical ColumnACE 5 C-18(250 mm><4.6 mm>5 pum)

Detector UV-VIS Detector, Shimadzu

Mobile phase 20% THF containing water (A)/CH;CN (B)
0~20 min : A/B = 80/20 — 40/60
20~22 min : A/B = 50/60 — 80/20

Detection Absorbance at 360 nm

Gradient Elution

Flow Rate 1.0 ml/min
Injection Volume 20 pl

717] A= A8, A8 T8 - ke g A
4, 17 AESA B S g AES s
L Ee= 747} 24-25°C, 48~51%2] MYE Hol &
Ao WA 7)|E2E ESE Aow Yelhge
o, AW AT EE 715X o|UR AEHUTH E3
7= B AR F 0] A2 20-30%
o2 Yelgten, g2z 9 Aol st
S| E8 80%C1 R ANt oz S5 HeS B
Ao, g AR ol A|EA A ot Al
AL AT ASAA HEA N 2 SH4
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Sheet 107§) 19719} mhulerA 1870 o= shof
vie 258 AEEHE U f|seE s g
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Table 1. Operating conditions for thermal desorption and GC/MS analysis

STD 1000 (DANI, Italy)

GC/MSD(Shimadzu GC-2010, Japan)

Purge Temp and time. 40°C, 0.5 min
Desorb time and flow 15 min, 50 ml/min
Desorb Temp. 250°C

Cold trap holding time 15 min

Cold trap high temp. 250°C

Cold trap low temp. -10°C

Cold trap packing Tenax TA

Split No

Valve temp. 200°C

Transfer line temp. 200°C

GC Column VB-1(0.25 mm, 60 m, 1.0 um)
Initial Temp. 40°C (6 min)

Oven Ramp Rate 1 4°C/min (40~180°C)

Oven Ramp Rate 2 20°C/min (180~250°C

Final Temp. 250°C (10 min)

Column Flow 1.5 ml/min

MS Source Temp. 200°C

Detector Type EI (Quadropole)

Mass Range 35~300 amu

Electron Energy 70 eV
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Fig. 1. Emission factor of TVOC and HCHO for each flooring.
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Fig. 2. Cumulative distribution of TVOC and HCHO in
flooring (linear scale).
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Table 3. Emission factor of TVOC & HCHO for flooring (unit : mg/m*h)
Flooring (n=37) PVC Tile (n=9) PVC Sheet (n=10) Floor (n=18)
TVOC HCHO TVOC HCHO TVOC HCHO TVOC HCHO
Mean 0.28 0.184 0.23 0.001 0.78 0.001 0.04 0.378
Median 0.08 0.006 0.22 0.000 0.57 0.000 0.03 0.263
S.D.* 0.41 0.283 0.15 0.002 0.52 0.001 0.03 0.304
Minimum 0.01 N.D. 0.08 N.D.** 0.08 N.D. 0.01 0.015
Maximum 1.61 1.094 0.54 0.006 1.61 0.003 0.14 1.094
* . Standard Deviation, ** : Not detected
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1.4 0.700
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Fig. 3. Comparison of TVOC and HCHO emission factor from
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Table 4. Summary of VOC mean emission concentration for flooring (unit : pg/m’)
Compounds Flooring PVC Tile PVC Sheet Floor
(n=137) (n=9) (n=10) (n=18)
1 Toluene 558 £ 72.3 63.0 £ 67.5 124.6 £ 86.1 139 = 183
2 n-Butyl acetate 26.8 = 4.6 02+ 0.5 77.0 £ 99.0 122 £ 394
3 Bthylbenzene 18.5 £ 324 41+ 33 43.0 £ 13.3 133 £ 284
4 mp-Xylene 15.0 £ 30.5 6.8 £ 7.6 46.7 + 45.6 1.5+ 43
5 Styrene 35t 94 45 £ 85 0.8 £ 0.8 45 £ 12.1
6 o-Xylene 84 £ 179 2.8 £ 43 17.2 £ 27.1 6.3 + 14.6
7 o-Pinene 1.1 £28 N.D.* 04 £ 09 2.0 £ 3.7
8  p-Ethyltoluene 1.5+ 2.8 1.8+ 1.8 3.8 £43 02 £ 0.5
9 [-Pinene 02 £ 09 N.D. 0.1 £02 05+ 12
10 1,2,4-trimethylbenzene 39 + 5.1 26 + 3.1 55+ 6.4 36 + 52
11 n-Decane 153 £ 44.0 92 £ 85 483 £ 77.3 N.D.
12 1,3,5-trimethylbenzene 1.0 £ 2.1 1.1 £ 14 1.8 £ 24 0.6 £ 2.1
13 d-Limonene 04 £ 14 N.D. 02 %03 0.7 £ 2.0
14 n-Dodecane 6.2 = 16.7 43 £ 175 14.0 = 30.8 2.8 £ 38
15 n-Tridecane 32 + 47 23+ 55 6.1 £ 5.7 20+ 28
16 n-Tetradecane 147 £ 27.1 7.0 £ 14.1 25.5 = 46.5 125 £ 147
17 n-Pentadecane 3.8 = 86 49 £ 93 82 + 133 0.8 £ 0.6
18 n-Hexadecane 2.6 £ 49 28 £ 4.1 33 £ 8.0 20 £ 28
* : Not detected
Table 5. Ranking of mean emission concentration for target compounds in flooring (unit : mg/m’)
Flooring(n=37) PVC Tile(n=9) PVC Sheet(n=10) Floor(n=18)
Order Compounds ug/m® %* Compounds  pg/m> % Compounds  pg/m® % Compounds ug/m* %
1 Formaldehyde 796.5 70 Toluene 63.0 100 Toluene 124.6 100 Formaldehyde 1633.8 100
2 Toluene 55.8 92 n-Decane 9.2 78 n-Butyl acetate 77.0 50 Toluene 139 83
3 n-Butyl acetate 26.8 27 n-Tetradecane 7.0 22 n-Decane 48.2 100 Ethylbenzene 133 61
4  Ethylbenzene 18.5 76 m,p-Xylene 6.8 89 mp-Xylene 46.7 90 n-Tetradecane 12.5 89
5 n-Decane 153 49 n-Pentadecane 4.9 44 Ethylbenzene  40.8 90 n-Butyl acetate 122 22
6  mp-Xylene 15.0 60 Styrene 4.5 100 n-Tetradecane 25.5 90 o-Xylene 63 78
7  n-Tetradecane 14.7 73 Formaldehyde 4.3 67 o-Xylene 17.2 90 Styrene 45 33
8  o0-Xylene 8.4 84 n-Dodecane 43 44 n-Dodecane 14.0 90 1,2,4-TMB 3.6 72
9  n-Dodecane 6.2 51 Ethylbenzene 4.1 89 n-Pentadecane 82 90 n-Dodecane 2.8 61
10 1,2,4-TMB** 39 81 o-Xylene 29 89 n-Tridecane 6.1 90 n-Hexadecane 2.0 56
* @ Detection frequency percent, ** : Trimethylbenzene
o, 0T, BT, 42w uh AEo] T H dlo] 100%e] AEWEE HYT, HEAES ¥EY
Aol ws) 3~5u) A= E=A HEHAJT 2 PVC HF =T} 100% AEHAG FREEZ A EA PVC
AlE o)A 7t Tile®] Sheetol] B3| S HEZ WEo] v Tlle—- Z~E]&o] 100% HEHALH, PVC Sheet= 10
A vdehhs A%S BneFien, 7 630uy  E9lol EE BARF 80% o)) AENEE B

Mo 2] A% Be e AEHUTH

ME VOC ¥ EEYU8| =9 s ASNEE
Table 59 )3l EU) Aoz EF4, ogul
A, 2, HzERe] = 2 AEWEIE 24 e
$e FAE IR T 5 AU PVC vEAl = EF
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Fig. 4. Comparison of VOC concentration of each flooring.

Table 6. Summary of carbonyls mean emission concentration for flooring

Pentadecane

| .

Hexadecane

(unit : pg/m®)

Compounds Flooring PVC Tile PVC Sheet Floor
P (n = 19-37) (n=9) (n = 10) (n=18)
| Formaldehvde 796.5 + 1224.0 43 + 89 22+ 46 1633.8 + 1314.1
Y (N.D. ~4727.6) (N.D.*~27.2) (N.D~13.4) (65.3~4727.6)
11.6 + 23.6 85 + 113 145 + 323 "
2 Acetaldehyde (N.D.~102.5) (N.D.~34.6) (N.D~102.5) NA.
6.9 + 11.2 103+ 13.1 39+ 96
3 Acetone (N.D.~31.0) (N.D.~42.1) (N.D.~31.0) NA.
4 Acrolein N.D. N.D. N.D. N.A.
. 159 + 317 8.4 + 152 211 + 40.1
> Propionaldehyde (N.D.~120.1) (N.D.~38.1) (N.D.~120.1) N-A.
57+ 75 40 £ 29 7.1 £ 102
6 Btyraldehyde (N.D.~33.9) (N.D~7.8) (N.D.~33.9) NA.
73 + 137 155 + 174
7 Benzaldehyde (N.D.~57.5) (N.D~57.5) N.D. N.A.
o Nonanal 69 + 125 27 + 3.1 83 + 17.9 83 + 12.0
(N.D.~58.7) (N.D~7.7) (N.D~58.7) (N.D. ~ 37.5)
0 Decanl 8.4 + 34.1 49 + 9.6 26.1 + 63.8 0.4 + 0.7
(N.D.~204.6) (N.D.~29.8) (N.D.~204.6) (N.D. ~ 1.9)

* 1 Not detected, ** — : Not available

34. HIEH oM HEEE LHSIER SZEE
Aol A E = dEs| =R WELE

9 =
Tuble 69 UERY E94th &7)4, 55 A 8238
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AZ8 vl 256 9] VOCs9} Aldehydes W& 54 551

ugm’E 49s 1EEE AFEHASH, HAge
653 ug/m’2Z PVC AE wieAle] gt 2.5u)
AR A Yeh, vRAlES X5LH 8| =]
902 ActE A HZtE-e o vl vls)
%ﬂl Uelstth PVC AE ulgA]ol A PVC Tile2 ¥
FLY8|E, oM E, =L 3| = F=7F PVC Sheet
of vlal] =A Jebten, 1 9 FHfuEdE 44
# oM EL S| E, Zevedy s, ¥ aeoma
=9 = H 7l PVC Sheetol]l A o Zo] Wl
=k 34, oA EY RIS HEHA &= 54 i
FATE AW o2 X EUH S| =E A 98 PVC
Sheetol| A1 Hthzko] HAEF o] PVC Tiledll H]3s] &
S =R WEFo) 2 Aoz AT AR
B Ao A S EA 3 PVC Sheet T4 &H|s|=

F

F7F A3 HAEHA Fe= AFE o vigAle] FR
o W 3 FEEEXE 3 IS FA & &
AATE.
4. 2 E

2 ATE AlFde] 9 vE ZeRE A%
e AFAA F vkeA 3770(PVC Tlie 971, PVC
Sheet 107, A} 187])E iAo 2 WEAH L 3
stod vlgAl FH WE FEREX 5 S Tt
S 22 AES 4tk 2 BEAE s 54
Aedy AR 5 4745 B 3 B44

BETE AEE AFE 78 FELE VE T
TVOC B&5 %S WES T 3Haed PVC Sheets
74.7%, PVC Tile2 21.8%, "FFE 3.5%9] ¥]&&

o] ¥}&5 % PVC Sheet, PVC Tile, "}F <02 ‘4—
Bttt X594 == 7Ht vk 99.6%, PVC Tile
0.3%, PVC Sheet 0.1%2] WE9] &S R njF7t €
5% B2 4o TEUs=E wEA IS &
T ANeH, 53] 2EnF FAWEFEE HA
WEAE SRRt A4 Uehvs A3 BT
TS TVOCS EELH 8| = WEFxe teh HA

i

WE 22 PVC Sheet HIEHAI 7} THE ulekAl o] H]3) 2
WA =74 BEdS A8 o & F AU &

A, 24 B4 43 TVOoCSt RELY = =%
WEFE7ES WS o2 ZAE I

T EAEL FELUF| =7} 100%2] AENES
o]w, 1633.8 ug/m*<] 71 2 T=2 HEHAL,
PVC vlgAl = EF<l0] 100%2] ASWNEES HolH,
50~130 ug/m’ FEE AEEH AT T, o gl

ol

H

)
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e s A =7 Hehy B f718A4= d
WA o g ol ARGH I Sl e ddE PVC
Sheet BlEAl= 718 vOC EZo] it AEW = &
WEE=7 o kAl vl =4 uehde 4%
= y_aaguq, nFEAEFS A vOC 22 a-3W,
B-3dl, dl=xle] 0.5~2.0 ug/m® FEHHAE Holw,
PVC H}DHH of vl3) 3~58) A= =4 AEH= 54

S RAFUL) LUB =R F oL EHC] oM E
%‘tﬂo]z, 23 E, FE 2L S

AE AA & PVC Sheetol A B & 55EE B F
Ao, olAEH A AEHA FUT.

12.

13.

wEA, AF FFol et Fa o
Uelg= 2, TVOCS 22 3 E%
\:ﬂ l-:cy]. =0 7}]1:& VvOC %7001] I;H
274 9l prelete] Sy slolzior 3 A
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