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Abstract

In this study, we investigated the concentrations of volatile organic compounds (VOC) in the ambient air of a
small scale municipal waste landfill site. Seasonal sampling was carried out simultancously at two sites, i.e. one in
the center of the landfill area, and the other at a boundary site. Among 38 target VOC, toluene appeared to be the
most dominant compound, followed by benzene, and xylenes. The higher levels of BTX imply that paint-—
containing materials and/or organic solvents are the most significant sources of the VOC in the landfill
environment. Seasonal variations for the samples collected at the landfill site indicated that the VOC concentrations
tend to be higher in the spring and fall season and lower in the winter season. In addition, night— time
concentrations appeared to be generally higher than day~time. Such daily variation might be due to more stabilized
atmosphere during the night—time. Similar patterns were also found in samples collected at a boundary site. This
study demonstrated that the municipal landfill, although it is small-scaled, could be an important emission source
of atmospheric VOC, particularly in the vicinities of the landfill. Thus, an appropriate control strategy is required to
prevent any undesirable secondary pollutions from the environmental sanitary facilities such as landfill.
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Fig. 1. Location of the Sampung-dong landfill and VOC
sampling sites.
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Table 1. Characteristics of the Sampung-dong landfill site in Gyungsan city.

1st landfill site

2nd landfill site 3rd landfill site

Filling period 1989.9.~1992. 12. 31.
Area 10,674 m’

Mean depth 6.2m

Filling method Anaerobic open dump

1993. 1. 1.~1997. 6. 30.

Anaerobic sanitary landfill

1998. 9. 20.~2002. 8. 31.
9,196 m’
4.15m
Anoxic sanitary landfill

9,884 m’
6.2m

Table 2. Weather conditions during the VOC sampling

periods.

Sampling period T(eoré‘f (I;iil?) W(iﬁssepce)ed }({%I-)I
Wzi(r)l:)ezr‘ 2.20.~24. 48 00 2.2 51.1
S;;r(i)r(l)%. 5.20.~24. 189 00 1.7 65.9
Suzr(r)l(r)géri 1.~4. 267 02 2.1 69.7
Fall 6o oo - .

2002.10. 19~11.1
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Table 3. Summary of instrumental conditions for the VOC analysis.

ATD 400 (Perkin Elmer, UK)

GC/MSD (HP6890/5973, Hewlett Packard, USA)

Oven temp. 300°C GC column Rtx-502.2(0.32mm, 105m, 1.8 um)
Desorbing time and flow 15 min, 95 ml/min Initial temp. 35°C (10 min)
Cold trap holding time 5min Oven ramp rate 5°C/min
Cold trap high / low temp. 350°C/ -30°C Final temp. 230°C (11 min)
Cold trap packing Carbotrap 50 mg Column flow ~2.5 ml/min
Min. pressure 20 psi Detector type Quadropole
Inlet split No Q-pole temp. 150°C
Outlet split 15 ml/min MS source temp. 230°C
Valve and line temp. 200°C Mass range 35~220amu
Table 4. Method detection limits(MDL) and percentage of FAAS o438 AsAHYHIY dEdF/GC/MSE

data less than MDL for each target VOC.

L B
No. voc ?ggb) % of Data
1 1, 1-Dichloroethene 0.02 100
2 trans-1,2-Dichloroethylene 0.02 100
3 c¢is 1,2~-Dichloroethylene 0.02 100
4 Chloroform 0.01 97.5
5 1,1, 1 -Trichloroethane 0.01 99.0
6  Carbon Tetrachloride 0.01 98.1
7 1, 2-Dichloroethane 0.02 97.8
8  Benzene 0.01 6.5
9  Trichloroethylene 0.05 69.2
10 1,2-Dichloropropane 0.03 100
11 Bromodichloromethane 0.02, 100
12 Toluene 0.01 23
13 Tetrachloroethene 0.03 97.5
14 Dibromochioromethane 0.08 100
15  Chlorobenzene 0.03 100
16  Ethylbenzene 0.02 18.6
17 m—-Xylene 0.02 13.1
18  p-Xylene 0.02 13.1
19 o-Xylene 0.02 279
20 Styrene 0.03 395
21  Isopropylbenzene 0.01 100
22 Bromoform 0.06 100
23 n-Propylbenzene 0.05 94.9
24  Bromobenzene 0.04 100
25 1,3, 5-Trimethylbenzene 0.02 64.8
26  2-Chlorotoluene 0.05 100
27  4-Chlorotoluene 0.05 99.7
28  tert—Butylbenzene 0.06 100
29 1,2,4-Trimethylbenzene 0.02 36.6
30 sec-Butylbenzene 0.01 100
31  p-Isopropyltoluene 0.01 85.9
32 1, 3-Dichlorobenzene 0.02 100
33 1, 4-Dichlorobenzene 0.03 100
34  n-Butylbenzene 0.02 98.1
35 1,2 -Dichlorobenzene 0.02 94.3
36 1,2, 4-Trichlorobenzene 0.03 100
37  Naphthalene 0.01 529
38 1,2, 3-Trichlorobenzene 0.03 100
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Table 5. Concentrations of selected VOC at a site within the Sampung-dong landfill.
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Winter (n = 36)

Spring (n =48)

Summer (n=36)

Fall (n=36)

Annual (n=156)

VOC (ppb) (2002.2.20.~23.)  (2002.5.20.~24.) (2002.7.1.~4,) (2002.10.29.~11. 1)

Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max
Benzene 0.2 0.1 1.2 0.9 nd* 1.9 0.9 n.d 1.5 1.2 n.d 20 08 n.d 2.0
Trichloroethylene 0.1 nd 0.5 0.1 n.d 03 0.8 n.d 03 02 n.d 2.1 0t nd 2.1
Toluene 1.6 03 79 45 0S5 9.7 8.1 03 372 93 05 338 66 03 372
Ethylbenzene 0.1 nd 0.8 04 nd 1.0 04 nd 09 07 n.d 19 05 n.d 1.9
m, p—Xylene 0.1 nd 05 08 nd 20 08 nd 20 15 n.d 42 09 nd 42
o-Xylene 0.1 nd 03 0.3 nd 07 0.2 n.d 06 05 n.d 13 03 n.d 1.3
Styrene .01 nd 04 03 n.d 1.0 02 nd 14 05 n.d 20 03 nd 2.0
1.3,5-TMB 0.1 nd 02 0.1 nd 04 01 n.d 03 0.1 n.d 03 0.l nd 0.4
1,2,4-TMB 0.1 nd 02 02 nd 07 02 nd 07 05 n.d 18 03 nd 1.8
Naphthalene 0.1 nd 02 0.1 n.d 0.3 0.2 n.d 05 03 n.d 09 0.2 nd 0.9
* not detected.
Table 6. Concentrations of selected VOC at a boundary site of the Sampung--dong landfill.

Winter (n=36) Spring (n=48) Summer (n=36) Fall (n=36)

Annual (n=156)

VOC (ppb) (2002.2.20.~23.)  (2002.5.20.~24.) (2002.7.1.~4.) (2002.10.29.~11.1.)

Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max
Benzene 0.2 n.d 04 1.0 n.d 1.8 1.0 nd 1.8 1.4 nd 26 09 nd 2.6
Trichloroethylene 0.1 nd 0.5 0.2 n.d 0.7 0.l n.d 0.5 0.2 n.d 22 0.1 n.d 2.2
Toluene 2.0 0.3 6.9 4.7 0.1 148 25 0.1 9.6 6.6 03 419 41 0.1 419
Ethyibenzene 0.1 nd 03 04 n.d 08 03 n.d 0.7 0.5 n.d 1.8 03 nd 1.8
m, p—Xylene 0.2 n.d 0.5 0.8 n.d 1.7 06 nd 1.4 1.2 nd 36 07 n.d 3.6
o-Xylene 0.1 n.d 0.2 0.3 n.d 06 02 n.d 0.5 0.4 nd 1.1 0.2 nd 1.1
Styrene 0.1 nd 04 02 n.d 07 02 ond 1.3 04 nd 1.8 03 nd 1.8
1,3,5-TMB 0.1 n.d 0.3 0.1 n.d 04 0.1 n.d 0.3 0.1 n.d 0.3 0.1 n.d 0.4
1,2,4-TMB 0.1 n.d 0.3 0.2 n.d 04 0.1 n.d 0.3 0.3 n.d 07 02 n.d 0.7
Naphthalene 0.1 n.d 0.2 0.1 n.d 03 0.1 nd 0.4 0.2 nd 05 0l nd 0.5

* not detected.
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Fig. 2. Seasonal variations of VOC levels in the ambient air of the Sampung-dong landfill site.
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Table 7. Correlation coefficients between VOC concentrations (n =312).

BZ TCE TOL EBZ mp-XYL o-XYL STR 135-TMB 124-TMB NAPHT
Benzene (BZ) 1.00
Trichloroethylene (TCE)  0.27* 1.00
Toluene (TOL) 0.41%  0.56% 1.00
Ethylbenzene (EBZ) 0.69*  0.54*  0.65* 1.00
m, p~Xylene (mp-XYL)  0.70*  0.50¢*  0.63* 0.95% 1.00
o-Xylene (0-XYL) 0.69% 0.53* 0.63* 0.97* 0.96* 1.00
Styrene (STR) 0.48* 0.19% 0.29% 0.63* 0.61* 0.66* 1.00
1,3,5-TMB 0.22%  0.15%  0.18* 043*  0.40* 0.47%  038* 1.00
1,2,4-TMB 0.51*  0.27*  0.48* 0.79%  0.78* 0.82%  0.69*  0.52* 1.00
Naphthalene (NAPHT) 0.58*  0.27*  042* 0.74*  0.74* 0.77%  0.69*  042* 0.90* 1.00
* significant at a level of 0.05.
25
Benzene gg : Toluene 5 m+p-Xylenes 15 o-Xylene
2.0 1 (n=156,4=719) 20 * (n=156, r=0.244) 44 (n=156, r=0.698) 1.2 (n=156, F=0.680)
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Fig. 3. Correlations of VOC concentrations within and outside the landfill site.
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Fig. 4. Comparison of day- and night-time VOC concentrations in the ambient air of the Sampung-dong landfill site.
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