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Abstract : This study is to investigate the characteristics of emission concentration according to wallpaper sort
and emission time using small chamber method. The target compounds included 45 VOCs and formaldehyde,

I

which were respectively determined by adsorption sampling and thermal desorption coupled with GC/MS
method, and by sampling in DNPH cartridge and HPLC method. The emission factor of TVOC and HCHO was
detected to 1.1 mg/m? - h and 0.01 mg/m? - h respectively, and the wallpapers of 25 satisfied emission standard.
TVOC emission factor appeared in order of the concentration of PVC, natural, and Non-PVC wallpaper, while
HCHO was detected very low concentration without relation to wallpaper sort. The paraffin hydrocarbons
appeared to be the most contributable class of hydrocarbons in terms of their concentrations, followed by aromat-
ics, and olefins, halogenated hydrocarbons was not detected. PVC wallpapers plentifully emitted TVOC above
other wallpapers, and toluene was showed higher concentration of 10 times than natural wallpaper. In addition to,
emission factor according to elapse was gradually decreased.
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Fig. 1. Photograph of test specimen manufacture and sampling
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Fig. 2. Cumulative distribution of TVOC and HCHO in wallpapers (linear scale).
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Fig. 3. Percentile of TVOC and HCHO emission factor for wallpaper data.
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Table 1. Emission factor of TVOC & HCHO for wallpapers (unit : mg/m? - h)
Wallpaper PVC wallpaper Non-PVC wallpaper Natural wallpaper
(n=25) (n=15) (n=3) (n=7)
TVOC HCHO TVOC HCHO TVOC HCHO TVOC HCHO
Mean 0.94 0.002 1.35 0.003 0.29 N.D. 0.33 0.003
Median 0.81 0.001 0.94 0.002 0.03 N.D. 0.33 0.001
S.D.* 0.95 0.004 1.03 0.004 0.45 N.D. 0.15 0.004
Minimum 0.02 N.D.** 0.32 N.D. 0.02 N.D. 0.15 N.D.
Maximum 3.99 0.013 3.99 0.013 0.81 N.D. 0.55 0.011
* . Standard Deviation, ** : Not detected
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Fig. 4. Classificational comparison of TVOC and HCHO emission factor from wallpapers.
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Table 2. Emission factor variation of TVOC & HCHO from wallpapers according to elapse
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(unit : mg/m?® - h)

TVOC HCHO
wallpape A
#1 #2 #3 mean #1 #2 #3 mean
1 day 0.95 0.92 0.98 0.945 0.006 0.005 0.010 0.0074
3 day 0.57 0.86 0.65 0.692 0.008 0.008 0.005 0.0068
7 day 0.53 0.46 0.55 0.514 0.006 0.006 0.014 0.0088
14 day 0.49 0.39 041 0.427 0.005 0.007 0.007 0.0062
28 day ¥ - - - 0.003 0.005 0.004 0.0037
TVOC HCHO
wallpape B
#1 #2 #3 mean #1 #2 #3 mean
1 day 1.93 2.26 1.98 2.058 0.001 0.010 0.001 0.0038
3 day 1.04 1.07 0.95 1.019 0.005 0.006 0.002 0.0042
7 day 0.93 0.68 0.71 0.773 0.001 0.001 0.010 0.0041
14 day 0.77 0.82 0.79 0.794 0.008 0.004 0.005 0.0055
28 day - - - - 0.002 0.003 0.002 0.0024
* : Not available
=— Wallpaper A —— Wallpaper B
25 0.010
2.0 1
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1 3 7 14 (day) 1 3 7 14 28 (day)
Fig. 5. Emission factor variation of wallpapers according to elapse
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Table 3. Ranking of mean emission concentration for target compounds in wallpapers (unit : g/nt)
Order Wallpaper PVC Wallpaper Non-PVC Wallpaper Natural Wallpaper

1 n-Tridecane 76.01 n-Tridecane 117.17 n-Tridecane 46.20 n-Butanol 59.06
2 n-Tetradecane 62.73 n-Tetradecane 98.05 n-Tetradecane ~ 27.98 Formaldehyde  11.85
3 n-Butanol 21.67 n-Dodecane 34.19  n-Dodecane 3.84 n-Tetradecane 1.95
4 n-Dodecane 21.10  n-Undecane 15.37 n-Pentadecane 2.71 Styrene 1.64
5 Formaldehyde 10.49 Toluene 14.36 Toluene 2.30 Nonanal 1.42
6 Toluene 9.27 n-Pentadecane 12.17 1,2,4,5-TMB* 0.30 Toluene 1.36
7 n-Undecane 9.26  Formaldehyde 11.93  Nonanal <MDL**  p-Pentadecane 0.97
8 n-Pentadecane 7.90  n-Butanol 8.50  n-Butanol <MDL  Hexane 0.72
9 Nonanal 3.02  Nonanal 4.29 Styrene <MDL n-Tridecane <MDL
10 m, p-Xylene 1.57 n-Decane 242 0-Xylene <MDL n-Dodecane <MDL

* : Tetramethylbenzene, ** : Method detection limits
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Table 4. Summary of mean emission concentration of VOC of wallpapers

LAEA NEHEA —TVOCS HCHOE F4lo 2 —
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(unit : ug/m?)

Wallpaper PVC wallpaper Non-PVC wallpaper Natural wallpaper
Compounds (nzpz_f) (n=15}; P (n=3) P (n=7) P

1 n-Hexane <MDL* <MDL SEE 0.72

2 2,4-dimethylpentane <MDL - - <MDL

3 Isooctane - - - -

4 n-Heptane - - - -

5 n-Octane 1.00 1.56 - <MDL

6 n-Nonane 0.67 1.12 - -

7 n-Decane 1.45 2.42 - -

8 n-Undecane 9.26 15.37 - <MDL

9 n-Dodecane 21.10 34.19 3.84 <MDL

10 n-Tridecane 76.01 117.17 46.20 <MDL

11 n-Tetradecane 62.73 98.05 27.98 1.95

12 n-Pentadecane 7.90 12.17 2.71 0.97

13 n-Hexadecane <MDL 0.95 - -

14 n-Butanol 21.7 8.50 <MDL 59.10

15 Nonanal 3.02 4.29 <MDL 1.42

16 Decanal <MDL <MDL - -

17 Methyl Isobutyl Ketone <MDL <MDL - -

18 Butyl acetate <MDL <MDL - -

19 o0+Pinene <MDL - - <MDL

20 [S-Pinene - - - -

21 d-L.imonene <MDL <MDL - 0.37

22 Benzene <MDL - - <MDL

23 Toluene 9.27 14.36 2.30 1.36

24 Ethylbenzene 0.49 0.69 - <MDL
25,26 m,p-Xylene 1.57 241 - <MDL

27 Styrene 0.51 <MDL <MDL 1.64

28 o-Xylene 0.65 0.98 <MDL <MDL

29 p-Ethyltoluene <MDL 0.51 - -

30 m-Ethyltoluene <MDL <MDL - -

31 1,2,3-trimethylbenzene <MDL <MDL - -

32 o-Ethyltoluene <MDL 0.39 - -

33 1,2,4-trimethylbenzene 0.52 0.87 - -

34 1,3,5-trimethylbenzene <MDL 0.47 - -

35 1,2,4,5-tetramethylbenzene <MDL <MDL 0.30 -

36 Chloroform - - - -

37 1,2-dichloroethane - - - -

38 1,1,1-trichloroethane - - - -

39 Carbon tetrachloride - - - -

10 1,2-dichloropropane - - - -

41 Bromodichloromethane - - - -

42 Trichloroethylene - - - -

43 Dibromochloromethane - - - -

44 Tetrachloroethylene - - - -

45 1,4-dichlorobenzene - - - -

* : Method detection limits, ** : not detected
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Table 5. Relative contribution of each functional group to the total VOC concentration in various wallpapers

Wallpaper PVC wallpaper Non-PVC wallpaper Natural wallpaper
(n =25) (n=15) (n=3) n=7)
pg/m’ % ug/m’ % ug/m? % ug/m? %
Paraffins (n=16) 12.9 91.6 18.5 91.5 5.1 95.7 4.1 90.4
Olefins (n=5) 0.1 0.6 0.1 0.3 0.0 0.0 0.1 3.0
Aromatics (n=14) 1.1 7.8 1.7 8.1 0.2 43 0.3 6.6
Halogenated (n=10) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aromatics 7 =
78% [-hbgmlod 4. = —
Olefirs 0.0%
0.6% = A7l dFS vE AR 94

Paraffins
91.6%

Fig. 6. Relative contribution of each functional group to the
total VOC(in 45 species) concentration of wallpapers
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