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Abstract

In this study, the environmental behavior of malodor pollutants (MPs: H,S, CH;SH, DMS, and DMDS)
was investigated around areas influenced by strong anthropogenic processes based on observations and model-
ing study (a CALPUFF dispersion model). The MP emission concentrations were measured from 8 industrial
source regions (tire plants (S1-S3), waste water disposal plant (S4), and oil refinery (S5) in an urban center
area and paper milVincineration plant (S6) and livestock feedlots (S7-S8) in Ungsang area) in Yangsan city
during a fall period in 2008 (21 October 2008). Overall, the most MPs emitted from the urban center arca
were found to affect the malodor pollution in their downwind areas during early morning (06:00 LST) and
nighttime (18:00 and 21:00 LST), compared with those in the Ungsang area. For malodor intensity, the most
MPs in the urban center area (especially S1 and S2) were found to be a significant contributor, whereas CH;SH
and H;S in the Ungsnag area (especially S6) were the dominant contributor. The model study showed agreement
in the spatial distributions of simulated MPs with those of the observations. The largest impact of MPs in
the urban center area on the malodor pollution in its residential areas occurred at S1, S2, and S3 sites during
nighttime, while that of MPs in the Ungsang area occurred at S6 and S8 sites. This may be caused mainly
by the high MP emissions and in part by wind conditions- (prevailing - nertheasterly winds with low wind speeds
of 2-3 mf/s).
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Fig. 1. Study domain including 8 sampling sites (S1-S8)
for four malodor pollutants (MPs) in Yangsan city.
Individual sampling locations of the study area are
assigned as: (1) S1-S3 = tire plants; (2) S4 = waste
water disposal plant; (3) S5 = oil refinery; (4) S6
= paper mill and incineration plant; (5) S7-S8 =
livestock feedlots. M1-M2 indicate meteorological
monitoring sites (M1: Jung Ang, M2: Seo Chang).
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Table 1. A full list of four malodor pollutants (MPs) investigated during the field campaign held in several industrial

complexes of Yangsan city

Malodor pollutant

Analytical method

Name Molecular formula

Hydrogen sulfide H.S

Methyl mercaptan CH3SH +
Dimethyl sulfide (DMS) CH;SCH; PAB+GC/FPD
Dimethy! disulfide (DMDS) CH;SSCH;

'PAB-sampling by polyester aluminum bag, GC-gas chromatography, FPD-flame photometric detector.
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Table 2. Analytical conditions for determination of target MPs during the study period

Parameters Analytical conditions

Sampler PAB

Instrument (detector) GC-17A (FPD), Shimadzu, Japan

Column CP-Sil 5 CB (50 m x 0.53 mm x 5 pm)

Detector temp. 250°C

Cold trap Low = -180°C, high = 80°C (holding time = 3 min)

Oven temp. program

Initially 40°C for 4 min

1* heat up rate of 7°C min” to 80°C (holding time = 5 min)
2™ heat up rate of 20°C min” to 190°C (holding time = 5min)
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Table 3. Temporal and spatial information on the sample acquisition of four MPs during the study period (in ppb)

Malodor pollutant

Site no. Time (LST) HS (60)° CH:SH (4) DMS (50) DMDS (30)
S1 " 15:00-15:40 1309 503 559 453
S2 14:30-15:00 1401 649 317 " N.D.
S3 13:50-14:20 1423 ND. 505 N.D.
S4 15:50-16:20 1375 N.D. ND. N.D.
S5 13:10-13:30 1504 410 N.D. N.D.
S6 09:00-09:40 1384 424 N.D. ND.
s7 10:40-11:10 1868 N.D. 431 N.D.
S8 10:00-10:30 1388 N.D. 394 N.D.

°An allowable exhaust standard (ppb) for each of the four MPs; ®N.D.: Not detected. For the model study, one half
of detection limit (DL) values were used. The DL values for all MPs were found to be 0.2 (H:S), 0.3 (CHs;SH), 0.6

(DMS), and 1 ppb (DMDS).
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Table 4. Basic information on the emissions of four MPs at 8 CALPUFF grid locations in the study domain

Grid X UTM Y UTM Stack  Stack gy o Exit Emission rates (g/sec)’
height diameter velocity

no. (km) (km) (m) (m) (K) (m/s) H,S CH3SH DMS DMDS
1 505.0 3917.2 123 0.8 307.6 19.7 2.852E+01 1.554E+01 2.230E+01 2.740E+01
2 504.0 3916.2 17.0 1.9 311.0 3.9  1.205E+01 7.881E+00 4.972E+00 1.189E-02
3 505.0 3916.2 13.8 1.4 408.0 19.0  2.620E+01 3.899E-03 1.696E+01 2.545E-02
4 504.0 3914.2 15.0 15.0 420.0 7.9  3.406E+00 5.245E-04 1.355E-03 3.424E-03
5 506.0 3917.2 78.5 24 453.7 6.7 1.058E+01 4.072E+00 3.849E-03 9.726E-03
6 516.0 3921.2 11.5 1.6 403.0 18.0  2.555E+00 1.105E+00 1.010E-03 2.552E-03
7 516.0 3922.2 10.0 15.0 2973 3.9  1.523E+00 1.726E-04 6.407E-01 1.127E-03
8 517.0 3922.2 10.0 15.0 297.3 3.9 1.131E+00 1.726E-04 5.857E-01 1.127E-03

“The daily mean emission rate for each of the four MPs was determined with emission concentrations and exit velocity

in the emission sources.
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Fig. 2. Time series plot of air temperature (C), wind speed (m/s) and direction (degree), and precipitation (mm) at
two weather stations (Jung Ang and Seo Chang stations) close to the 8 sampling sites during the period of

20-22 October 2008.
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Fig. 3. Relative contribution of each MP to malodor intensity is compared for 8 sampling sites during the study period.
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Fig. 4. Horizontal distributions of the simulated wind vectors (m/s) and H,S concentrations (ppb) at 06:00, 12:00, 18:00,
and 21:00 LST during the study period. The values within rectangle indicate the simulated H,S concentrations.
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Table 5. Maximum concentrations of simulated MPs in the urban center and Ungsang areas during the study period

(in ppb) v
Malodor Urban center area Ungsang area
pollutant 06:00  12:00 18:00 21:00 06:00 12:00 18:00 7 21:00
H,S 52 38 374 154 25 5 5 15
CH;SH 18 12 144 58 6 1 3 3
DMS 22 13 160 65 5 <1 <1 <1
DMDS 15 9 129 52 < 0.1 < 0.1 < 0.1 < 0.1
o1& obst ki vy F £ L HHEL  FU=Y Aol A Golo] FASI, 82, 53)
7 En FEeA deitE g diFo s GHEZD i wWEE AFHEZC] AT FAAYEFYE)L

9 FEv 7H4dHA FoH(F T 40 ppbe] HS FX).
Y& o] %3] 1800 2100 LSTol| &= Y %ote] wteh
2 AGHJE EFFY L=V A Bl A H
3, oleg gty HAz Qe div] & EF E
NaTE Ay w2 g3 U71E ol FA
Hol Fitane] Bgk TR &A g u
A gt St BAlE TR vty Aulygos
F2 GFHLLE ol YEst e (53], 1800 LSTe
T 375 ppb AEY] HeS BE), £ AJZF<] 0600
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3 Fo FTAGY FF o2 AXF}A Ye F
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Fig. 5. Diurnal variation of hourly concentrations (ppb) of total MPs (including HoS, CH;SH, DMS, and DMDS) at
each of 8 sampling sites versus the residential areas (Jung Ang and Seo Chang) during the study period.



FA AGBANN ZF FHTAY $E 2T 54

S6~S8)e FAozm =g o#EA(HS, CH;SH,
DMS, DMDS)¢] ok9] Z7(2008d 109 219)e A
At 2} Al A wEsEY EAL BEAEY
o EH SN 5 drEgndy e 86
ozt dFHEAE FE B 2 A2 FAXGeE
o] vXe o] s AHR

AT 109 21 AlEls AH of7to) o
A FL Ve 33 4 5 Ay o o3 wy
A g 714z etk 53], o] 29 FF
A EFFT ALY nlFe of 24 F49 874 A
HaoA HiEE AHEH0] F3&Q EF FAA
Aol FF3] Z dHAY JTE ofr|A AT =
§ 4 AMdAE HAEY B4 Ay, FAEH A
Aol Al Elolo} FA(SE S2 AA)olA dhFEE o
HAEAY & FAZEE Y (ZFE A 35
~35), & AFelMe AAFE L 273(S6)l A
CH;SHS} HoS7) 71 8 FHAEE BQH A=
A4 4~5).

T, gAAG W FHeFY BXE grlEA
FdE 53 7 dHEAE A FNH T2 BY
o AN 9l & 4 ISt AntEe g 7 ALy
adA wEd FHEAY FHY ¥ gde
o] A Ao &Y e FE2FE BEF AY
o] uigho] A Ao e} ZA H9ELE & F

AN, 817 F FIRTE o] o}F T ozt Ajzh
of 18 4 AHEtE FAEH A g
FE ¥ AT BAHAT B FeA
R & AGel] ARG 2 Wi EAId 2(S1~S)EF
B A2 FAAY(FLEH Ml vXe oI
LA IS BT A, R4 AgdMe
Etolo] F(S1, 82, S3)9 M wiEd AHEH 0|

2 FAANAEYE)N 4 2 98¢ Forie
30~40%), RAVE AT FEE H3 90 ppb
7R Vhebge W, S Ade § 2 Aga
(36, S84 W2 E FHABA] AF FAR (A
FE) 7P 2 FFE 7B 50% FE), o)
BH e FE(< 20 ppb)E vrehf o] AR o] Ao
AA e 4T JuHon W Ao A
AT olRe F2 oA WEACRRE &
W& x2i(eholo] B3 A FF D 237
A AR 2o TAH HPgRA Fol oF By

ojy

e R B s iR

A

AR EdY d3he 3G of A dYe
G wEd 2 4o E S AHEdE o
A3 53 3528 T2 Q8 98 71X 74
ol do} glon, 53] EAIFE W GHL Y F
&3 H7hE Ay e FF O dF5AE Lo
E4HE FRg vges § g4 mdy A7t
RtEAl ettt AlmEot

g 1

kd

i1

1) Ito A., L. Takahashi, Y. Nagata, K. Chiba and H.
Haraguchi, 2001, Spatial and temporal characteristics
of urban atmospheric methane in Nagoya City, Japan:
An assessment of the contribution from regional land-
fills, Atmospheric Environment, 35, 3137-3144.

2) Shon Z. H,, K. H. Kim, E. C. Jeon, M. Y. Kim, Y.
K. Kim and S. K. Song, 2005, Photochemistry of re-
duced sulfur compounds in a landfill environment,
Atmospheric Environment, 39, 4803-4814.

3) Dincer F. and A. Muezzinoglu, 2006, Chemical char-
acterization of odors due to some industrial and urban
facilities in Izmir, Turkey, Atmospheric Environment,
40, 4210-4219.

4) T84, AW, AFY, 2d<, M, A,
Qb 8], 2006, S4Bl AE EA ok o] BHab
248, g3k 58] A, 5(1), 10-18.

5) Watts S. F., 2000, The mass budgets of carbonyl sul-
fide, dimethyl sulfide, carbon disulfide and hydrogen
sulfide - phytoplankton production in the surface
ocean, Atmospheric Environment, 34, 761-799.

6) Kim K. H., 2006, Emissions of reduced sulfur com-
pounds (RSC) as a landfill gas (LFG): A comparative
study of young and old landfill facilities, Atmospheric
Environment, 40, 6567-6578.

7y Kim K. H, Y. J. Choi, E. C. Jeon and Y. Sunwoo,
2005, Characterization of malodorous sulfur com-
pounds in landfill gas, Atmospheric Environment, 39,
1103-1112.

8) Song S. K., Z. H. Shon, K. H. Kim, S. C. Kim, Y.
K. Kim and J. K. Kim, 2007, Monitoring of atmos-
pheric reduced sulfur compounds and their oxidation
in two coastal landfill areas, Atmospheric Environment,
41, 974-988.

9) Kim K. H,, E. C. Jeon, Y. J. Choi and Y. S. Koo,
2006, The emission characteristics and the related
malodor intensities of gaseous reduced sulfur com-
pounds (RSC) in a large industrial complex, Atmospheric



1114

Environment, 40, 4478-4490.

10) 28, 1997, A¥H 714S 1@ 4= &
TEEHA, dAeee=d, $Agetd, AEdE
32, AE, 80pp.

11) /2, 2003, E4+9] A7) 7137 7144
A0 W& g7l AR} 20039 A Y
BANENTAE BA7IATNEAY HFR
A, 244pp.

12) %55, 3, 2004, 3319 24t gand
S o] &3 +FHEH ] &4t A, Journal of Envi-
ronmental Science, 10(1), 1-10.

13) Kim K. H., E. C. Jeon, Y. S. Koo, M. S. Im and Y.
H. Youn, 2007, An on-line analysis of reduced sulfur
gases in the ambient air surrounding a large industrial
complex, Atmospheric Environment, 41, 3829-3840.

14) Loizidou M. and E. G. Kapetanios, 1992, Study on
the gaseous emissions from a landfill, Science of the
Total Environment, 127, 201-210.

15) Muezzinoglu A., 2003, A study of volatile organic
sulfur emissions causing urban odors, Chemosphere,
51, 245-252.

16) Lee S., Q. Xu, M. Booth, T. G. Townsend, P. Chadik
and G. Bitton, 2006, Reduced sulfur compounds in
gas from construction and demolition debris landfills,

~ Waste Management, 26, 526-533.

17 T84, £319, 244, A3, 2714, 2007, v
EIIAGE o g & FHEAY, FEA

#Ae s A, 6(1), 20-27.

18) =3 4738k, 2005, NIER Compendium of
Methods for the Determination of Offensive Odor,
2005.

19) o]&}t, 7R, A2lF, 2001, CALPUFF 549} &
A g2y H84 AE, S5d7187383 2001
FAGE0E =¥, 89-90.

20) Environmental Protection Agency(U.S. EPA), 1998,
Interagency Workgroup on Air Quality Modeling
(TWAQM) Phase 2 Summary Report and Recommen-
dations for Modeling Long-range Transport Impacts.

21) Scire J. S., D. G. Strimaitis and R. J. Yamartino,
2000, A User’s guide for the CALPUFF dispersion
model (Version 5.0), Earth Tech, Inc., Concord, MA.

22) http://egis.me.go.kr/egis/.

23) Song S. K., Z. H. Shon, K. H. Kim, Y. K. Kim and
R. Pal, 2008, Dispersion and photochemical oxidation
of reduced sulfur compounds in and around a large
industrial complex in Korea, Atmospheric Environment,
42, 4269-4279.

24) http://www.epa.gov/ttn/chief/femch/temporal/.

25) Nagata Y., 2003, Odor intensity and odor threshold
value, Journal of Japan Air Cleaning Association, 41,
17-25.

26) YR ATE], 2002, H=F FFAY, B,
489-491pp.



