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Abstract

This study examines the local oxidation chemistry of reduced sulfur compounds (RSC) in the urban air. The
chemical conversion of RSC (such as DMS, CS,, H,S, DMDS, and CH;SH) to SO, was modeled vsing a
photochemical box model. For our model prediction of the RSC oxidation, measurements were carried out from an
urban monitoring station in Seoul (37.6°N, 127.0° E), Korea for three separate time periods (Sep. 17~ 18; Oct 23;
and Oct. 27~28, 2003). The results of our measurements indicated that DMS and H,S were the dominant RSC
with their concentrations of 370+ 140 and 110+ 60 pptv, respectively. The conversion of DMDS to SO, can occur

efficiently in comparison to other RSC, but it is not abundant enough to affect their cycles. The overall results of

our study indicate that the photochemical conversion of the RSC can contribute < 20% of the observed SO,.
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Tl OH e, ofzbelli= NO, 2kl ofs) At
3}=) o) 2k (Yin et al., 1990). H7)ollA] DMS2} Ak3}
I FouAEE VA JEERE oJARRIEHEOy).
dimethylsulfone (CH;S(O)CH;: DMSO), dimethyl-
sulfoxide (CH;3S(0),CH;: DMSQ,), 347}~ (H,S0,),
methanesulfonic acid (CH;SO;H : MSA), methanes-
ulfinic acid (CH,S(O)OH: MSIA) ¢) Aoz odziA]
oleh 18] 3, €S, HyS= OHell 2fsf Absts]e{ A&
Aoz o2z 9lvh(Hynes et al., 1988). DMS<}
DMDS #1¥], CH,SH (methyl mercaptan)¥ OH2} NO,
o olsl Absh Holalch weAl, o5 I 3
JgEEe TIen 44 AN HE 44
o|A12}8H(S0& AT B, ol4e] DMSS] At
stel] #A3} 7]E APPHE AFHER, QEE 371
39 dF ez FHE 4 U Adze A
A, EA2E ok TE AAEE 2dF A7
o]k el whe-59s @ g2 E o 4% A
Ao A7 v AlRA AbEE BEke
715 HEt A& A|Feic) 22l g8 ops S
& DMS$} Aksl A48 (SO, §) 2] AdAel &
g ARE Agstdet =3 9 F ATl WA
I e S magt mdls) A3t U] o%
o1%] gke} (Shon et al., 2001).
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RSC (CS,, DMS, H,S, DMDS, CH,;SH)$} SO, &3 2}
BE o &3t o] &S TAE BAH] A, o
#7 AZAE (7R (04 NO,, CO, CH,, vl &t
A sEeanyst 7 4AE)7E w3 S FHAS RSC
AL AEdstn A7 eta o787 Al
oA ol Felzth FAZAHAAN FH 7IZF Fel 3
o] 270] ol Folzlch 24 717HE 742 20034 9
o 17~18¢, 104 239, 109 27~28Y o]} RSCE]
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A (A [Slp 9t [Slpu & #42 AAZH 453
A1) RSCo =% vjepdvh Foe 2431 Sof o
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S¢j B3lshd AXEE. L(S)E Beh3 So sl
A aEF7] (g 7, aEF7)Y] A5 AFAZ
& Jehd)E Jpepdet k& A4 JA 5 dejzE
2974 2 ) o5 59 AEFE T |
A E3A 2E4EE Jepdoh w1 e
% A AHAFE (quasi steady state approximation)2} 7}
A slol Filgdel vy L £EE A & st
FE5(F, RSCY AbslatA oA A== 7 A=
)9 7fell=, WA (1) S AWA, B4, w14
o} &g A 4= glo) Feoll W13 29 34 3t
& Al b HEhEe] 29 A &
Abele] o)y}t HAavt HiE A AHlA Aejzlcl()e]
AsH). TH, AA S FolE AHE 4 = H=A)
2o} Az qlsled, 9] XA AAZ Feol 1km
2 71l oleldt 7P oY) e AE 29T
Aolct a8l 3, P$E2e|M AAZF0 22 DMSY &
A& (W)E 0.7cms™' 2 73wt o] & o)
o] Mg Qo) oA AIE o433tk (Shon
etal.,2001). L(S)x= &2 OH&} NO;ol| 28 RSC2)
fkeba Akstg Jepdch OHSE NOs¢| dwisls
Aaietabal melol o8] dezlvt. Fsjst Aal v
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off 8k AA|F 8-S Shon et al. (2004)] &=
o] 9=t
RSCe A3tz RE] dojx|: olilsistel &
(ISOsloxp) e 919+ TUT AT 98 ARE 5
Ut o] AA ol o} 2
d(SO,loxp _
dt

kit

{P(DMS)+P (H,S)+P(CS,)+
P(DMDS)-+P (CH;SH)} —L{SO,loxp (2)
AN [SOJop= RSC Bat Fozy
Bl AAEE oARSe) s vehid. L ke
2+ 50,9 W7] ARAD] HHE 29 Fo
A 7W & dssish L3kl A8A Aol w2
A8 (Nl2E $E 59 RFez sl 1A
WPE¢ AHg37 %ok (Shon ef al. 2001). ol Aks}}
o A AR ARAZ e A7 0251, 2015k )
AT 4A%F RelHS] RSCe) Abshbent o]
of 2wy Abole] AFAE vepict

3.2 gl & sprge| siulg

E 1ol E Aol zed Sy ef 3 AYE
2] Fg AbshES BUHE g.9kslgt) o) 3t ulb
52 RSC Al 23t ojabzlsl Aol <d3ke
nAE F2 wHES vepich 335 Al
ol &¥ % 3 33Ed HE VAN ke
NeE 820)3 w]FAA HbE-9) 7l4E Solvh. OH
o 23t DMS Absh= F 71A] ubg Aol o) o)
T3t A OH eZd F71 w72 (R1)e)
2, 92 e HURE &9 vh-g7A = (R2)olo
(Hynes et al., 1986). =& NO, (R3)d] ¢J3t DMS®)
AbSh= HYAE &9F Wk 2o 98 o] Folz). 3
e Alg Aol 25™, DMSO (dimethylsul-
foxide, CH;SOCH;)= OH %7} wr¢#4z g E3
DMS 2} OH Ato] ] uh-goll o8 AAEE F3F 4A
B9l ez d#x o} (Barnes et al., 1996). o]
DMSO% #Al&4- o2 OHel o8 Abslso|x) L, HF
o= SO,E A3 Aoz duix] i} (Falbe-
Hansen et al., 2000). Alt}7}, MSIA (methanesulfinic
acid, CH;SO,H) (R4) & A] DMS At3}e] A E-2] 3}
v} 2R} (Sarensen ef al., 1996). =&+ o] MSIA
£ Al4A o2 OHe| o8} AFE]e] CH,;S0, (R5)F
A7 4= 9lek (Flyunt et al., 2001), 33144~ (H,S)ol]
A 80,029 At WAYE (RI2-R15) o|m) z

Table 1. Major reactions considered in the sulfur model
and kinetic parameters (T =25°C).

No. Reaction Rate coef.* Reference
Rl DMS+OH4+(0)—DMSO+HO, 17 x1072 1
R2 DMS+OH+(0.)-CH,SCH,00+H,0 5.0 x107" 1
R3 DMS+NQ,;+(0,)—»CH;SCH,00+H,0 1.0 x107" 2
R4 DMSO+OH+(0,)>CH,SO,H+CH; 8.7 x107" 3.4
RS CH,S0,H+OH - CH,50,+H,0 70x107"° 5
R6 CH,SCH,00-+NO — CH;SCH,0+NO, 1.9 x107" 6
R7 CH:SCH,0+M — CH;S+HCHO+M 30x10*st 7
R8 CH,S+0,+M — CH,SO0+M 70 x10™ 8
RY9 CH,S00+NO, - CH,SO+NO, 2.2 %107 9
R10 CH,S0+NO, — CH,S0,+NO 12x107" 10
R11 CH;S0,+M — SO,+CH;+M 51x10%s 11
R12 H,S+0H — HS+H,0 4.7 x107" 12
R13 HS+NO, - HSO+NO 6.5 x107" 13
R14 HSO+NQ, — HSO,+NO 9.6 x10712 14
R15 HSO,+0, - SO,+HO, 3.0x107H 14
R16 DMDS+OH — CH,S+CH,SOH 23 %107 15
R17 DMDS+NO; —» CH;S+CH;SO+NO, 53 x107" 2,16
R18 CH;SOH-+OH — CH,SO+H,0 1.1 x107 4
R19 CH;SOH+NO, — CH,SO+HNO, 34 x107 4
R20 CH,;SH+OH — CH,S+H,0 33x107" 17
R21 CS,+0H+(0,) - OCS+HSO, 9.7 x1071 18

“Units are cm® molecule™ 5™ except where otherwise indicated.

1 Hynes er al. [1986]; 2 Wallington er al. [1986}; 3 Urbanski et al.
[19981; 4 Yin er al. {1990]; 5 Flyunt er al. [2001]; 6 Wallington et al.
[1993]); 7 Urbanski et al. [1999]; 8 Turnipseed et al. [1992]; 9
Turnipseed et al. [1993]; 10 Dominé ef al. [1990]; 11 Ray er al. [1996];
12 Atkinson [1992]; 13 Stachnik and Molina [1987}; 14 Lovejoy et al.
[1987); 15 Wine et al. [1981]; 16 Jensen et al. [1992]; 17 Tyndall and
Ravishankara [1989]; 18 Hynes et al. [1988]

427 ik DMDS = DMS$} #-AH81A OHell 23
Ab2}=lo] CH,S9} methanesulfenic acid (MSEA,
CH;SOH)E AJAI3HA] o} (Wine et al., 1981), 3+
NOzol| o8 Abssie] CH S8} CH,S0% A/d3et
(Jensen er al., 1992). OH (R20)¢)] 23t CH,SH A}3}
£ 80,4 A7 E3<l, CHSE A3} (Tyndall
and Ravishankara, 1989). CS,o} |3t &8 A
& OH (R2D)%}¢] 3pshuhg-o|t. o] uh-$-2 714l 9]
adductB& A8, o] adduct: 0,9} ¥FL-2 3}
0CSs} SO,Z AJA gt} (Stickel er al., 1993).
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Fig. 1. Time series of the reduced sulfur compounds
(H,S, CH,SH, DMS, CS,, and DMDS) during three
separate measurement time periods in 2003
(periods 1~ 3).

Aoy e 420 A5 5

o2 3] gele] (ZIhet #HA el 9l& oz
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RSC9] 4tstel ela] HAE 5= (1SOsloxn)d 50%
o4& ApA|Ekei) DMS 4k 7] == [SO,loxpd
9~16%, CS,9] A3} 71 x+= 2~ 16%. v, sk
73 A Zoll M 2] DMS$] A3l DMS7E RSC#} SO,9)
ApdA wAFRG 24l 917 W&ol o|Aks}zte)
F8 Aol T4, H 89} CH,SH2| Alslel] 27k
719 =E SO Joxn®] 10% o5+ Yelige & o
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(1995)2] A7As}t d2E B o]EE H,S A
e olabEta A9 3% olskE el Aelgx

5

SO, (ppbv)

0
[SO,joxd obs.
(period 1) (period 1)

[80,]Joxd obs. [SO,Joxd obs.
(period 2)  (period 2) (period 3)  (period 3)

Fig. 2. Comparison of the observed SO, concentrations
with those photochemically converted portion
from the RSC during the whole study period
(periods 1~ 3).
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9Jspd, Abs BAjA] DMSO$} OH Abo] 9] whg-o 2
BE] 100% CH, 4442l Ao2 nasslet el
DMSO-OH adduct?] F& ¥h- Az dEss
MSIA A4olehe A vehdch 2e, AgA
F-ollA, DMS/OH¢} DMSO/OHS] T uh-2-oflA]
MSIA A4S =4 Faska ghe Aoz vehde
(Sgrensen et al., 1996). 1) =2, B9} o] ¥z} b
3 (DMSO-OH/O,) Arele) AA 7Psid& =AM
o} o] AHAkell glod, o] A} ub-g-o] WS- Al Fhow
1.2x107'? cm® molecule™ ™' A}4-313cH(Yin et
al., 1990). [SOsloxpell W12= BE3 W39 F¥
A Akl eJshd, Period 32] Z3= 1100)AM (F£3)
FAA]) 123 ppbvZ (GRS whg Rz A]) W
J]31, MSIAY: 10pptvell A o]Be} 4= uiu] e
FER WY d8s] W B & S o
3}2] MSIA% = 32| Sgrensen et al. (1996)2)
AFA T} YA g

r_t,_l‘

Yo

DMS/OH BHgollA) HQA} &9 vleAz Z7}
W CHSS 72 44 Az oA o)A

J. KOSAE Vol. 20, No. 5(2004)



652 #2778

< oAbz Aol gl Fo BhEbge) Age ¥
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