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Prediction of Malodorous Landfill Substances Effect on Ambient Air Quality
- A Case Study on Cheongju - Cheongwon Metropolitan Landfill -

Lee, Sang-Woo
Department of Environmental Engineering, Chungbuk national University
(Manuscript received 16 August 2012; accepted 17 September 2012)

Abstract

The purpose of this study is to investigate concentration level and characteristics of malodour
substances generated from landfill site in C city. Also, it is tried to predict distribution of
concentration level using ISCST3 model around landfill site.

From the results, it can be confirmed that twelfth-class malodour substances such as
ammonia, methyl mercaptan, hydrogen sulfide, dimethyl sulfate, dimethyl disulfate, toluene,
acetaldehyde, styrene, propionaldehyde, butylaldehyde, n-Valeraldehyde, xylene were
generated from landfill site. The levels of the malodour substances were lower than that of
permeable concentration regulated by odor control law in Korea. However, the concentration of
malodour substances including methyl mercaptan, hydrogen sulfide, acetaldehyde, and
propionaldehyde exceeded threshold limit value(TLV). It was seemed that these substances
caused the problem of offensive odor around circumstance of landfill.

The concentration of malodour substances was higher in slant than in upper part of landfill.
The concentrations of malodour substances measured at night time were shown higher level
than those at night time because atmospheric condition was stable at night time. It showed that
the concentration of malodour substances were higher in spring. The results of atmospheric
diffusion model predicted that tolerance limit level of hydrogen sulfide and methyl mercaptan
was detected within nearly 5km from the boundary of landfill.

Keywords : malodour substance, landfill, ISCST3 model
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Figure 1. Location of sampling site

Table 1. Weather conditions at sampling time

Sampling time Temperature("C) Wind direction Wind speed(m/sec) | Relative humidity(%)
Ist Daytime 20.8 NE(70) 1.1 35.66
Nighttime 12,6 N(340) 093 59.98
ond Day time 22.08 W(270) 0.58 69.88
Nighttime 17.58 NW(320) 0.37 92.7
3rd Day time 14.3 NW(315) 0.52 85.73
Nighttime 9.3 NNS(340) 0.36 100
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Table 2. Concentration of malodour substances at daytime of spring

Substances Speerces)
Sitel Site2 Site3 Site4 Permeable level Threshold limit value*

Ammonia(ppm) 0.057 0.060 0.051 0.056 1 15
Methyl mercaptan(ppb) 0.356 0.927 1.124 3.204 2 0.07
Hydrogen sulfide(ppb) 1.245 1.369 3.693 7.301 20 0.41
Dimethyl sulfate(ppb) 0.294 0.377 0.838 1.726 10 0.1
Dimethyl disulfate(ppb) 0.168 0.344 0.419 0.900 9 0.3**
Trimethylamine(ppb) nd nd nd nd 5 0.32
Toluene(ppm) 0.019 0.033 0.029 1.314 10 0.33
Acetaldehyde(ppb) 1.380 1.620 2.290 6.850 50 1.5
Styrene(ppm) nd nd nd nd 0.4 0.03
Propionaldehyde(ppb) 0.340 0.670 1.080 3.280 50 2.0
Butylaldehyde(ppb) n.d 0.110 1.080 0.240 29 09
n-Valeraldehyde (ppb) 0.110 0.270 0.130 nd 9 0.2

Xylene(ppm) 0.001 0.002 0.003 0.370 1 (m)0.041, (0)0.038, (P)0.058

* g, o3 U (2007
o 22|, R oA

i 1

Table 3. Concentration of malodour substances at nighttime of spring

Substances SpsingCyiiine)
Sitel Site2 Site3 Site4 Permeable level Threshold limit value*

Ammonia(ppm) 0.058 0.052 0.051 0.046 1 15
Methyl mercaptan(ppb) 1.334 1.592 0.637 1.527 2 0.07
Hydrogen sulfide(ppb) 3.925 2.221 2561 3,562 20 0.41
Dimethyl sulfate(ppb) 0.596 0.859 0.586 0.823 10 0.1
Dimethyl disulfate(ppb) 0.745 0.324 0.201 0.501 9 0.3*
Trimethylamine(ppb) nd nd nd nd 5 0.32
Toluene(ppm) 0311 0.134 0.075 0.256 10 0.33
Acetaldehyde(ppb) 3.000 2.690 1.680 3.580 50 1.5
Styrene(ppm) nd nd nd nd 0.4 0.03
Propionaldehyde(ppb) 1.440 1.100 0.710 1.460 50 2.0
Butylaldehyde(ppb) 0.110 0.240 0.060 0.180 29 0.9
n-Valeraldehyde (ppb) 0.150 0.080 0.170 0.130 9 0.2

Xylene(ppm) 0.059 0.176 0.005 0.047 1 (m) 0.041, (O) 0.038, (P) 0.058

B, opFEke] - ER2007)

o 2|5, AR YA
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Table 4. Concentration of malodour substances at daytime of summer

Substances SpTEeEies)
Sitel Site2 Site3 Site4 Permeable level Threshold limit value*

Ammonia(ppm) 0.0328 0.0292 0.0340 0.059 1 15
Methyl mercaptan(ppb) | 0.6050 0.3500 0.2563 2217 2 0.07
Hydrogen sulfide(ppb) 1.5260 0.9520 0.6340 5.235 20 0.41
Dimethyl sulfate(ppb) 0.3920 0.4000 0.2540 1.390 10 0.1
Dimethyl disulfate(ppb) 0.2460 0.3180 0.0760 0.829 9 0.3*
Trimethylamine(ppb) nd nd nd nd 5 0.32
Toluene(ppm) 02707 | 03268 | 01684 | 2185 10 033
Acetaldehyde(ppb) 1.5300 1.3500 0.7600 5.070 50 15
Styrene(ppm) nd nd nd 0.001 0.4 0.03
Propionaldehyde(ppb) 0.5100 0.5600 0.2800 1.990 50 20
Butylaldehyde(ppb) nd nd nd 0.290 29 0.9
n-Valeraldehyde (ppb) nd nd 0.0712 0.080 9 0.2

Xylene(ppm) 0.0163 0.0613 0.0033 0.128 1 (m) 0.041, (O) 0.038, (P) 0.058

* g, o3l 9T HY (2007

% 5]/\71-1]1.—_5 OIE_ 1—2;]1107\]&4

Table 5. Concentration of malodour substances at nighttime of summer

Substances S i)
Sitel Site2 Site3 Site4 Permeable level Threshold limit value*
Ammonia(ppm) 0.0358 0.0318 0.0274 0.029 1 1.5
Methyl mercaptan(ppb) | 0.9310 1.1520 0.2070 1.292 2 0.07
Hydrogen sulfide(ppb) 3.0210 1.6380 0.7250 3.951 20 0.41
Dimethyl sulfate(ppb) 0.6820 0.5530 0.3000 1.193 10 0.1*
Dimethyl disulfate(ppb) | 0.3680 0.4120 0.0850 0.356 9 0.3*
Trimethylamine(ppb) nd nd nd nd 5 0.32
Toluene(ppm) 0.6595 0.4713 0.2620 1.021 10 0.33
Acetaldehyde(ppb) 3.3900 1.3800 0.9000 2330 50 15
Styrene(ppm) nd nd nd 0.001 0.4 0.03
Propionaldehyde(ppb) 0.8200 0.9300 0.3500 1.280 50 20
Butylaldehyde(ppb) 0.0700 0.0900 nd 0.190 29 0.9
n-Valeraldehyde (ppb) 0.2500 0.1700 nd 0.220 9 0.2
Xylene(ppm) 0.1482 0.0862 0.0504 0.183 1 (m) 0.041, (O) 0.038, (P) 0.058
* g, orkel oJfHe 00

AT, A R
o] TVLY] 19.1~22.7vl, 3} 54~9.64), ct
oj|gtto]dulolE 5 9~8 GHiE JANSH AFFS
R0 Del=

0]52] 7§ Table 49} 50f|A4] K= Hie} 7Fo] |
I} 272 ofzte] 1E|al 2339 - FoHA
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Table 6. Concentration of malodour substances at daytime of fall

Substances Speerces)
Sitel Site2 Site3 Site4 Permeable level Threshold limit value*

Ammonia(ppm) 0.053 0.045 0028 0.059 1 15
Methyl mercaptan(ppb) 0.045 0.091 nd 2.217 2 0.07
Hydrogen sulfide(ppb) 1.855 2.204 2.881 5.235 20 0.41
Dimethyl sulfate(ppb) 0.29 0.38 0.84 1.390 10 0.1
Dimethyl disulfate(ppb) 0.17 0.17 0.42 0.829 9 0.3**
Trimethylamine(ppb) nd nd nd nd 5 0.32
Toluene(ppm) 0.028 0.018 0.026 2.185 10 0.33
Acetaldehyde(ppb) 0.223 0.167 0.193 5.070 50 1.5
Styrene(ppm) nd nd nd 0.001 0.4 0.03
Propionaldehyde(ppb) nd nd 0.031 1.990 50 2.0
Butylaldehyde(ppb) 0.041 0.053 0.060 0.290 29 09
n-Valeraldehyde (ppb) nd nd nd 0.080 9 0.2

Xylene(ppm) 0.017 0.006 0.011 0.022 1 (m) 0.041, (O) 0.038, (P) 0.058

* g, o3l U (2007
o 22|, R oA

i 1

Table 7. Concentration of malodour substances at nighttime of fall

Substances SpsingCyiiine)
Sitel Site2 Site3 Site4 Permeable level Threshold limit value*

Ammonia(ppm) 0.019 0.035 0.028 0.0294 1 15
Methyl mercaptan(ppb) 0.245 0.060 0.665 1.292 2 0.07
Hydrogen sulfide(ppb) 2.644 3.195 3.321 3.951 20 0.41
Dimethyl sulfate(ppb) nd 0.026 0.140 1.193 10 0.1%*
Dimethyl disulfate(ppb) n.d nd n.d 0.356 9 0.3*
Trimethylamine(ppb) nd nd nd nd 5 0.32
Toluene(ppm) 0.034 0.035 0.060 1.0211 10 0.33
Acetaldehyde(ppb) 0.193 0.145 0.145 233 50 15
Styrene(ppm) nd nd nd 0.0015 0.4 0.03
Propionaldehyde(ppb) 0.036 nd nd 1.28 50 2.0
Butylaldehyde(ppb) 0.056 0.054 0.066 0.19 29 0.9
n-Valeraldehyde (ppb) nd nd nd 0.22 9 0.2

Xylene(ppm) 0.018 0.013 0.024 0.032 1 (m) 0.041, (O) 0.038, (P) 0.058

* S, O3] QR0
AR S, A oA

o] 3~11,98 2 © EA ebstet,

749 790l Table 63} TollA] Ho] 251
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1: Ammonia, 2: Methyl mercaptan, 3: Hydrogen sulfide, 4: Dimethyl sulfate, 5: Dimethyl disulfate, 6: Trimethylamine, 7:
Toluene, 8: acetaldehyde, 9: styrene, 10: Propionaldehyde, 11: Butylaldehyde, 12: n-Valeraldehyde, 13: Xylene
Figure 2. Comparison of seasonal malodour substance concentration at (a) day time, and (b) night time
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Figure 3. Concentration distribution of methyl mercaptan by ISC ST3 modeling (a) spring-daytime, (b) spring-nighttime, (c)
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