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The emission of VOCs as landfill gas:
A case study from Nan-Ji-Do abandoned landfill site

Min-Young Kim, Joong-Sup Yun, Suk-Joo Cho and Ki-Hyun Kim*

Seoul Metropolitan Research Institute of Public Health and Environment, Yang Jae Dong, Seoul
“Dept. of Earth Sciences, Sejong University, Kun Ja Dong 98, Seoul, 143-747, Korea

As part of project to investigate the extent of pollutant exchange in the landfill area, we measured the con-
centration and flux values of major aromatic VOCs which include benzene, toluene, and xylene(BTX) from
Nan-Ji-Do(NJD) landfill site. The concentration and flux values of BTX determined from a total of five vent-

pipes were showing comparable patterns between the concentration and flux. However, when the data were

compared among different ventpipes, the results generally lacked from the consistency in their concentration
levels. It was found that the VOC concentration levels of ventpipes are extremely variable with the range of
mean values from a few to a few hundred pptv. Interestingly enough, their temporal variability was unex-

pectedly strong such that the concentration of a given specie from an identical vent can vary over a few orders

of magnitude through time. As being hgihly contrasting with the patterns of major components with strong
temporal stability, consideration of the representative figures for the vent system was complicated. If the flux

values were computed using the concentration values and exit ventilation speed, the magnitude of emissions

from the NJD site is estimated to be 2.9, 47.2, 8.6 ton/yr for benzene, toluene, and xylene, respectively.
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Table 1. A statistical summary

of BTX concentrations determined for both the ambient air and the exit port of the infiltrated ventpipes.

Ambient air

Infiltrated ventpipes

Concentration Concentration Flux
Statististical ~ benzene toluene  m,p-xylene o-xylene benzene toluene  m,p-xylene o-xylene F-benzene F-toluene F-m,p-xylene F-o-xylene
Vent No. -1 -1 -1 -1
parameter ppb ppb ppb ppb ppb ppb ppb ppb gyr gyt gyt gyr
Meanx1 SD 0.72+046 5.60+£2.73 059+ 044 14.6+43.2 98.8+ 308 0.16 17.0£50.8 1.15+147 6.10+4.47 0.13 16.1+485
173 Range (N) 0.28~1.77 027~11.3 0.00~1.40 0.22~152 3.58~1078 @ 0.14~162 0.17~4.77 133~15.8 0.13~0.13 0.04~154
& a2 az) az) az) a2 10) an an @ 10)
(glg\gi/flacnl) 0.64 (0.24) 525 (141) 0.46 (0.23) 135 (22.4) 7.03 (160) 0.16 0.65 29.4) 0.66 (0.80) 3.92 (2.44) 0.13 0.35 (28.1)
Mean+1 SD 585+111 417+383 13.7+£20.7 67.7+643 117+£263 7781822 31.8+44.6  123+99.7
4.31~-320 91.6~1431 1.11~52.1 154~190 2.21~902 48.8~2979
175 Range (N) 12) 12 ® 12) 12) 12) 1.06~104 (6)10.5~289 (12)
(é\f);dlg) 124 (b7.5) 311 (199) 197 (17.1) 29.7 33.3) 17.6 (136) 545 (426) 6.49 (36.7) 91.8 (B1.7)
(4
Mean+1 SD 264 +£15.0 222+197 195263 539+893 119+171 136199 223+444 298+415
3.86~49.2 6.43~488 1.67~694 0.39~311 0.00~59.9 1.75~683
176 Range (N) 10) an ® an an an 0.68~113 (6)0.12~119 1)
(é\f);dlg) 283 (8.72) 222 (108) 6.68 (21.6) 30.4 (48.8) 821 (9.35) 65.0 (109) 3.83 365) 102 22.7)
(4
Mean+1 SD 1.33+£0.90 13.1+£7.19 0.91+£0.57 0.12£0.06 27.0£ 839 271+£903 130+ 1.40 54.8+45.1 102+ 481 1182+671 510%x6.17 252+ 187
051~324 3.19~22.6 0.11~1.68 0.07~0.16 15.7~41.8 031~229 215~153 32.4~199 573~2660
178 R 128~385 (8 0.73~9.46 (2) 71.3~632 (8
ange Mg ® ® @ ® ® ® ® ® @ ®
(glg\gi/flacnl) 1.14 (0.60) 16.0 (4.82) 1.07 (0.38) 0.12 (0.28) 274 (5b.62) 277 (60.5) 1.30 (6.25) 35.9 (30.2) 91.8 (32.2) 1018 (449) 5.10 27.6) 181 (125)
179 Meant1 SD 0.94+£049 993+6.30 132+1.01 024+0.22 30.8+51.2 293+245 579+518 288+25.1
Range (N) 037~1.85 161~17.9 0.38~2.78 0.07~0.70 1.99~173 11.0~720 049~13.9 1.68~80.4
& ® ®) ®) ®) 10) 10) 10 10)
(é\f);dlg) 0.86 (0.33) 7.80 (4.22) 0.97 (0.68) 0.16 (0.15) 165 (29.7) 267 (142) 4.86 (3.01) 34.0 (14.6)
(4
Mean+1 SD* 096+ 0.65 899+610 0.89+0.72 021+020 31.8+61.8 259+287 104+169 451+61.1 562+148 485+694 22.4+39.2 97.3+133
0.28~324 027~22.6 0.00~2.78 0.07~0.70 0.22~320 3.58~1431 0.16~69.4 0.14~311 0.00~902 1.33~2979
All vents Range (N) ©8) ©8) ©8) 10) 32) 53) ©5) 1) 42) 42) 0.13~113 (15)0.04~632 (41)
(é\f);dlg) 0.72 (021) 632 (1.96) 0.66 (0.23) 0.16 (0.12) 14.9 (14.4) 204 (66.0) 4.12 (5.80) 283 (14.3) 8.63 (38.4) 179 (180) 3.31 (17.8) 41.6 (35.0)
(4
The mean and SD values of all vents are derived by combining all individual datapoints measured from five ventpipes.
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Table 2. A statitstical summary of major parameters determined from infiltrated ventpipes during this study.

vent H,0 CH, CO, He, ot EV* Toent
meteorological % % % ng m? m st °C
Meant 1 SD 17.1 £ 4.93 51.4+0.83 23.6 £ 0.38 475+ 11.6 0.34+0.21 26.6 £ 4.27
173 Range () 11.8~27.3 (12) 50.4~53.0 (12) 23.2~243 (12) 26.4~59.7 (11) 0.13~0.82 (12) 20.1~32.7 (12)
Median (90% CI) 16.4 (2.56) 51.1 (0.43) 23.5 (0.20) 52.2 (6.34) 0.31 (0.11) 26.1 (2.21)
Meant 1 SD 25.3+2.89 62.2+ 0.76 29.2 £ 0.20 952 + 103 0.97 £ 0.65 29.4 £ 6.79
175 Range () 20.6~30.8 (12) 60.9~63.4 (12) 28.9~29.6 (12) 819~1125 (10) 0.19~2.02 (12) 20.0~353 (12)
Median (90% CI) 255 (1.50) 62.2 (0.39) 29.2 (0.10) 949 (59.6) 0.82 (0.34) 31.8 3.52)
Mean+ 1 SD 13.9+£2.52 59.2+ 1.24 29.5+2.77 307+97.1 0.21+0.16 27.6 £6.07
176 Range () 8.90~17.8 (12) 56.7~60.6 (12) 20.7~30.8 (12) 26.4~387 (11) 0.11~0.68 (12) 22.2~40.1 (12)
Median (90% CI) 14.3 (1.31) 59.7 (0.65) 30.2 (1.44) 327 (53.1) 0.15 (0.08) 24.3 (3.15)
178 Mean+ 1 SD 13.7+£2.83 60.1+1.21 29.1 £2.98 845 + 290 2.11£0.78 38.0£3.54
Range () 9.93~17.9 8 57.4~60.9 &) 21.8~31.0 (8) 378~1110 ®) 0.98~3.39 (8 32.9~43.8 (8
Median (90% CI) 13.7 (1.89) 60.7 (0.81) 30.0 (2.00) 968 (194) 222 (0.52) 385 (2.37)
Mean+ 1 SD 15.6 £ 3.43
179 Range () 9.30~19.6 (10)
Median (90% CI) 16.1 (1.99)
Mean + 1 SD* 17.9 £ 5.88 58.0 + 4.38 27.7+3.15 407 + 413 0.80 + 0.84 29.7 £ 6.69
All vents Range () 8.90~30.8 (44) 50.4~63.4 (44) 20.7~31.0 44) 9.30~1125 (50) 0.11~3.39 (44) 20.0~43.8 (44)
Median (90% CI) 16.2 (1.49) 59.9 (1.11) 29.3 (0.80) 324 (97.9) 0.37 (0.21) 30.7 (1.70)

* denotes exit ventilation speed determined from vent exit.

#The mean and SD values of all vents are derived using those mean values computed for each individual vent.
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Table 3. A statitstical summary of basic meteorological parameters and important pollutant species measured concurrently in ambient air during the study period.

(A) Fundamental meteorological parameters

parameter Tomp uv RH Wind speed
unit °C mW em? Yo m st
Mean =1 SD 19.7+£2.32 0.16 £ 0.24 56.0 + 8.16 1.84 + 0.70
Range () 17.0~24.0 (10) 0.00~0.78 (54) 38.0~65.0 (10 0.60~3.20 (G4)
Median (90% CI) 19.0 (1.34) 0.00 (0.05) 60.0 (4.73) 1.85 (0.16)
(B1) Important pollutant species
parameter S0, NO NO, NOy
unit ppb ppb ppb ppb
Mean =1 SD 3.58+2.09 344+373 47.7+16.2 82.0 £50.7
Range () 1.00~10.0 (50) 2.00~153 (50) 15.0~94.0 (50) 19.0~247 (50)
Median (90% CI) 3.00 (0.50) 16.5 (8.85) 44.5 (3.83) 61.5 (12.0)
(B2) Important pollutant species
parameter CH, NHMC THC 0,4 Cco PM10 Hg,.
unit ppm ppm ppm ppb ppm pg m™ ug m”
Mean+ 1 SD 8.79+ 358 0.88 £ 0.47 9.68 + 3.53 13.6+£17.3 1.39+ 0.99 64.9 £ 29.0 5.28 £ 1.60
Range () 3.94~145 (12) 0.32~1.81 (12) 4.48~14.9 (12) 0.00~56.0 (50) 0.30~4.00 (53) 19.0~151 (49) 2.98~9.05 (48)
Median (90% CI) 7.91 (1.86) 0.84 (0.25) 8.76 (1.83) 5.00 (4.10) 1.10 (0.23) 54.0 (6.94) 4.88 (0.39)
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Table 4. The results of correlation analysis between BTX data set and the concurrently determined important environmental parameters from the infiltrated
ventpipes of NJD landfill site.

vent patameters benzene toluene m,p-xylene o-xylene benzeney, toluene;, m,p-xyleney — o-xyleney,  Temp. WS H,0 CH, CO, Hg
benzene r 1 0.710 0.553 0313 0.751 0.385 0.240 0.104 0.117 0.148 0.046 0.285 0.166 0.202
P 3.2E-09 4.1E-03 2.9E-02  7.0E-09 1.3E-02 3.9E-01 5.3E-01 47E-01 36E-01 78E-01 7.1E-02 3.0E-01 17E-01
toluene r 1 0.583 0.690 0.737 0.629 039 0.350 0.053 0.185 0.155 0.549 0.318 0.360
P 22E-03 23E-08 15E-08 8.4E-06 1.4E-01 2.7E-02 74E-01  24E-01 33E-01 17E-04 40E-02 1.2E-02
m, p-xylene r 1 0.348 0511 0.320 0.722 0.198 -0.192 -0.023 -0.130 0.079 0.133 0.034
P 8.8E-02  52E-02 2.5E-01 2.4E-03 4.8E-01 49E-01 94E-01 65E-01 78E-01 64E-01 8.8E-01
o-xylene r 1 0474 0.701 0.638 0.799 0.016 0.028 0.028 0.408 0311 0.377
P 2.0E-03 4.4E-07 1.1E-02 3.1E-11 9.2E-01 86E-01 87E-01 89E-03 51E-02  9.8E-03
benzeney, r 1 0.792 0514 0.416 -0.199 -0.213 -0.088 0.251 0.091 0.121
P 2.3E-11 5.0E-02 7.7E-03 2.1E-01 18E-01 58E-01 11E-01 57E-01 47E-01
tolueney, r 1 0.721 0.779 -0.368 -0.293 -0.092 0.357 0.099 0.142
P 2.4E-03 5.5E-10 1.6E-02  6.0E-02 56E-01 20E-02 53E-01 4.0E-01
m, p-xyleney, r 1 0.803 -0.374 -0.342 -0.411 0.038 0.039 -0.260
P 3.1E-04 1.7E-01  2.1E-01 13E-01 89E-01 89E-01 3.9E-01
o-xyleney,, r 1 -0.228 -0.215 -0.175 0.193 0.120 0.022
P 1.6E-01 1.8E-01 28E-01 23E-01 46E-01 9.0E-01
Temp. r 1 0.654 -0.001 0.219 0.316 0.354
P 15E-06 10E+00 15E-01 3.7E-02  25E-02
WS r 1 -0.018 0.411 0312 0.568
P 9.1E-01  55E-03 3.9E-02  13E-04
H,0 r 1 0.275 0.101 0.410
P 7.1E-02  52E-01  8.7E-03
CH, r 1 0.777 0.822
P 53E-11  3.8E-13
CO, r 1 0.614
P 2.5E-05
Hg r 1

P

r and P denote correlation coefficient and the probability of no correlation, respectively.
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Fig. 1. A plot of frequency distribution pattern of BTX
from ventpipes.
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