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Abstract : In this study, we measured the concentration of VOCs in ambient air and landfill gas (LFG)

=

in a midsize municipal landfill site. The LFG flux values of VOCs were computed using a total of
fifteen VOCs determined by GC-PID system. To understand relative contribution of these 15 VOCs to
the total carbon budget, their concentration and flux estimates were compared to those of non-methane
hydrocarbons (NMHC) measured concurrently. It was also found that there were systematic differences
in absolute VOC concentration levels between LFG and air samples above landfill surface. The VOC
concentrations in LFG samples were high enough to reach above a few tens of ppm that are 10 to 100
times higher than those in air above landfill surface. If the LFG flux values were computed using the

LFG concentration data of 15 VOCs and NMHC with exit ventilation speed, the magnitude of
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emissions in the study area is estimated to be 8.6 and 103 ton C/yr, respectively. In the meantime,

large fraction of those speciated VOC emissions is accounted for by BTEX.
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Table 1. Detailed information of target compounds analyzed from landfill gas (LFG) samples in this study.

Order Chemical name Chemical from Short name Group
1 benzene CeHs BEN Aromatic
2 toluene C7Hs TOL Aromatic
3 ethylbenzene CsHyo EB Aromatic
4 m-xylene CsHjo MX Aromatic
5 tetrachloroethylene C,Cly TCE Chlorinated
6 methylisobutylketon CsHi,O MIBK Ketone
7 1,2-dichloropropane C;3HeCl, 1,2-DCP Chlorinated
8 1,2-dichloroethane C,H,Cl, 1,2-DCE Chlorinated
9 brom odichloromethane CHB:Cl, BDCM Chlorinated
10 acetone C;HsO Acetone Ketone
11 1,1-dichloroethylene C,H,Cl, 1,1-DCE Chlorinated
12 carbon disulfide CS, CD S-compound
13 vinyl acetate C4HsO, VA Ketone
14 methylethylketon C4HsO MEK Ketone
15 1,2-dichloroethylene CH,Cl, c1,2-DCE Chlorinated
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Fig. 1. Comparison of LFG concentration of major
aromatic VOCs as function of vent number.
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Table 2. The results of LFG analysis for aromatic VOCs in W landfill site: Data for individual ventpipes

(A) VOCs in landfill gas

Sampling Vent Temp Velcoity Aromatic VOCs in ppb unit (Mean=SD) Major gases in percent unit*
Date Time No. (T) (ms) BEN TOL EB MX NMHC CH, CO, O,
02-12-11 12:20 1** 24 0.25 18630 15,871+4,720 3,632+1,184 1,553+228
02-12-10 14:25 2 20 03 193136  9,761+1,321 2,531+445  2,060+433
02-12-10 14:37 3 32 02 64116 3,204+640 1,291+212  1,120+230  0.20 6.93 142 117
02-12-10 1647 4 23 0.5 148 1,383 1,309
02-12-10 17:05 5 35 0.28 1,108 604 454
02-12-11 11:03 6 27 02 208£12 3,982+0 1,596+8 2,269+98 1.05 483 314 3.50
02-12-11 11:15 7 32 042  213£29 4,674+801 1,362+226  1,590+281
02-12-11 11:20 8 32 0.32 365 12,986 3,542 3,576
02-12-11 10:50 9 29 0.25 35+4.2 3,095+25 2,286+218  3,515+314
02-12-11 11:25 10 37 0.42 173 1,133 2,399 2,451
02-12-11 11:30 11 27 0.33 466 21,544 5,888 7,072
02-12-11 11:35 12 26 0.13 402435 32.316+2,828 6,972+1,068 2,142+259
02-12-11 11:40 13 26 0.75  479+28 28,725+4,243 §,133+1,391 2,368+396
02-12-11 11:45 14 12 0.18 261 11,729 2,071 2,589 0.29 19.6 980 142
02-12-11 11:55 15 28 0.27 82+23 2,330+223 974+161 1,353+262  0.48 325 20.1 820
* Measurements of major components were made from four ventpipes only.
** The mean concentrations of LFG VOCs determined from five continuous measurements are used.
(B) VOCs in overlying air in landfill site (a total of three measurements made at two different heights
Sampling Aromatic VOCs in ppb unit
Height BEN TOL EB MPX OX
1 13.0 1023 250 151 184
5 2.6 182 522 307 312
oJu} -3} (graphic arts) 9} 22 A LA & Aol A A HlEEE LAEEAEY Aoy ¢ AdE sErE
He} FALSHA 74 A T2t doeA e o] A FHA FAETE AHdS v AYY
T Utk AL L vk gloh Slol Feu 28 f3l4 2¥EHY LFG 55T
Fig. 1 o= 157} viEg o257 #53 295 ©f of thet dPAFelxe &8 vk Stk Fig. 2 A=
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Table 3. A statistical summary of LFG concentrations and fluxes of VOCs in W landfill site: in K city Comparison
is made in various units

BEN TOL EB MX TCE MIBK 12-DCP 12-DCE BDCM Acetone 1,1-DCE CD VA MEK c1,2-DCE

A. Concentration (ppb)
Mean 234 10883 2978 2362 441 1107 1723 21939 21718 5657 192 1251 906 2156 906

SD 143 10355 2286 1553 184 687 560 11425 16389 3719 178 984 668 3453 749
Min 35 1018 64 454 220 71 1328 10865 4137 2013 88 66 121 128 142
Max 479 32316 8133 7072 667 2289 2119 35382 48417 13974 399 2209 2337 11516 2214
Cl(90%) 68 4901 1039 706 216 340 2498 10893 9500 1838 301 1158 330 1707 370

B. Concentration (ppb C)
Mean 1404 76184 23820 18892 881 6644 5170 43878 21718 16972 385 1251 3624 8623 1811

SD 861 72486 18286 12422 368 4125 1679 22850 16389 11157 357 084 2673 13812 1497
Min 211 7126 4829 3630 439 425 3983 21729 4137 6039 175 66 484 510 283
Max 2873 226212 65066 56578 1333 13732 6358 70764 48417 41922 797 2209 9348 46063 4428
Cl(90%) 407 34308 8316 5649 433 2039 7495 21785 9500 5515 602 1158 1321 6828 740

C. Concentration (xg/m’)

Mean 748 41036 12935 10259 2998 4538 7982 89015 145886 13448 765 3898 3193 6450 3600
SD 459 3904 9930 6746 1251 2817 2592 46356 110089 8840 710 3065 2355 10331 2976
Min 113 3838 2622 1971 1495 290 6149 44082 27790 4785 348 206 427 38 563
Max 1531 121847 35333 30724 4536 9380 9814 143557 325228 33217 1584 6879 8237 34453 8802
Cl(90%) 217 18480 4516 3068 1472 1393 11571 44195 63817 4370 1196 3607 1164 5107 1471
D. Flux (g/yr)
Mean 588 30952 10308 7360 2763 3274 6376 52361 116108 10107 306 3348 2372 4855 2740
SD 633 46279 14176 5886 3223 3923 879 23405 137962 12271 135 4412 2499 10164 3601
Min 63 2394 1636 1230 917 314 5754 22068 13800 2665 200 @2 171 170 338
Max 2558 180985 59042 22580 7579 15674 6997 86359 459851 49692 459 9857 9706 37537 13756
Cl(90%) 300 21904 6447 2677 3793 1939 3925 22314 79974 6066 28 5192 1235 5004 1780

E. Hux (g Clyr)
Mean 542 28260 9336 6666 399 2357 2031 12694 8501 6274 76 529 1324 3193 678
SD 584 42255 12839 5331 466 2824 280 5674 10101 7616 34 697 1395 6683 891
Min 58 2186 1482 1114 133 226 1833 5568 1017 1654 50 14 95 112 84
Max 2361 165247 53472 20458 1096 11285 2229 20935 33668 30843 114 1556 5418 24682 3404
Cl(90%) 277 19999 5839 2424 548 1396 1250 5410 5855 3765 56 820 689 3304 440
N* 14 14 15 15 4 13 2 5 10 13 3 4 13 13 13

*The total number of data for each parameter is identical for all different classes of A through E.
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Table 4. The composition of aromatic VOCs and major gases in terms of carbon concentration (ppmC) or flux.

Average values are presented for each parameter

(A) Absolute values of LFG parameters

BTEX 15VOC* NMHC THC CH,4 CO, 0O,
A. Concentration (ppm)
NA** NA 5063 273165 268103 188750 94000
B. Concentration (ppm C)
115.1 1782 5063 273165 268103 188750 NA
C. Flux (g Cfyr)
42884 65298 1185543 65091795 63906252 44681813 NA
*15VOC denotes the sum of 15 VOC components listed in Table 3.
**N=not applicable to compute the sum values in ppm unit.
(B) Concentration ratios between different parameters measured as LFG
BTEX/15VOC BTEX/NMHC 15VOC/NMHC CH,/NMHC CH4/THC NMHC/THC
A. Volume-to-volume concentration ratio is shown in percent unit
65 23 35 5296 98 1.9
B. Mass-to-mass concentration ratio per carbon basis is shown in percent unit
66 3.6 55 5390 98 1.8

Table 5. The results of correlation analysis among VOC concentrations determined as LFG (comparison made in pp

C unit)
15V0C BEN TOL EB MX TCE MBK 12-DCP 12-DCE BDCM Acetone 1,1-DCE CD VA MEK C12-DCE
15V0C (15
BEN 087 (14)
TOL 096+ 085* (14)
EB 093** 085% 095** (15)
MX 046 054 036 048 (15)
TCE 081 08 08 092 046 @)

MBK 086 062 084 079 026 095 (13)
1,2-DCP 100 100 100 100 100 - 100 (2

12DCE 018 -019 030 -023 001 - 027 100 ®

BDCM 089 09* 080 08 073 070 061 100 004 (10)
Acetone  091* 075 090* 088* 003 083 077 100 004 067 (13)

LI-DCE 083 029 09 074 042 100 099 . . 033 099
CD 100 095 100 0% 09 049 095 . . 093 100
VA 089* 080 083 08 026 067 062 100 002 078 092%*

MEK 083 060 08 08 -008 066 073 100 012 057 092%*
C12DCE 092** 082 096** 094** 033 085 082 100 023 074 088

)
1.00
097
099
091

@

097 (13)

097 076 (13)

094 085 079 (13)

Probability of no correlation is compared at three different probability ranges as follows

P<10™), I (with * symbol at p<10™), and (with** symbol at P<10°).
Number in the parenthesis denote the total number of matching pairs.
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Fig. 3. Plots of linear regression analysis of LFG
components between TVOC and major aromatic
VOCs.
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