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Dimethylsulfide (DMS) in Seawater and the Overlying
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Abstract

The concentrations of dimethylsulfide (DMS) were determined from both seawater and the overlying
atmosphere from a station located in the Masan Bay area during a ten-day field campaign period of January
1996. The resulting data were also used to derive saturation ratios (SR) as well as sea—to-air fluxes of DMS.
The concentrations and fluxes of DMS for both reservoirs varied extensively over two to three orders of
magnitude: DMS in air and seawater were measured at 9 to 4,300 pptv (mean: 600+ 1,170, N=18) and at 0.24 to
10nM (4.01+3.4, N=13), respectively, while its fluxes were found from 0.02 to 23 mol m™? day™' (3.1+6.8,
N=11). A comparative analysis between our data and previously reported ones indicate that its atmospheric
concentrations are abnormalously high, but its seawater counterparts are slightiy lower than expected. In light of
high pollution levels of organic—rich materials in and the associated high biological productivity of the study
area, the sea—to-air fluxes derived are notably low relative to those values typically reported from the coastal
areas. These complicated features of DMS distributions/fluxes in the study site indicate that the near—by port-
based anthropogenic activities from various industrial plants strongly interfere with natural processes leading to
the production and release of DMS. It was however striking to find out relatively strong signals of diel cycle in
its saturation ratios, concentration gradients between seawater and atmosphere, and the associated fluxes.
Although it is yet difficult to provide meaningful explanations for the observed phenomena, the existence of
clear diel cycle in some DMS-related parameters suggests that the natural processes may nonetheless exert
important controls on the regional cycling of atmospheric sulfur species, of particular DMS.
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T2 71834 S $FEL U9AQ
¥}&2l (anthropogenic sources)el] 2|8 7|43} =}
el w24 (natural sources)d| 93t 7jgloz =7
g2d 4+ dd AH9E gEdel & wHEEHe gy
EEo| F3 AME (oxidation state)7} il 3}ehx
22 A% 33EQl o]Ab e (sulfur dioxide: SO,)
o2 QEHEY 98 (Varhelyi, 1985), = o
Z4e] s drIsAAZ WEEE SAPEES d)
A4 o EkiAAe EA5e 4TS A
Ab A Bl AR, B HUAS H B RE
(reduced sulfur compounds)E¢l Heg wa{zxz
9lo} (Bates et al., 1992), A=<l urEd 2]s
HHE 5= ko] Fak2 A7 oF 15~40 Tg (T=10")0]

Gél= gt oF o2 M (Bates et ai., 1992; And-

reae, 1990), A 24l o8] BEH F(F
100 Tg) 9] o 40%e] o1& HE2 Fa3 2§ M3l
3 ogidh o) #UF HPFTEY 42 (CHs).S
(dimethylsulfide: DMS), H,S (hydrogen sul-
fide), CS,{(carbon disulfide), COS (carbonyl sul-
fide), CH,SH (methyl mercaptan) & € 47} 9l
o} (Ivanov, 1981).

ol 79 24 FAEE FAME, 71334
of Zajst= 3te] 42733 (global atmospheric
sulfur budget)ql x€°2 2 o, DMSe| 42 o
o Zogalx= Ao w1 9t {Andreae and
Raemdonck, 1983; Nguyen et af., 1983):. A
£ oolg 22|, HSeh Z& 3jHEY] Ao YA o
ZFasteely A% #4571 = sgc (Andreae et
al., 1992; Cullis and Hirschler, 1980; Slatt et
al, 1978). TFAAOZ wspd, zd3 7| o3
ut2= A ge] of 90~95% ¢]4fe] DMSe] e
2 dr25 =9 (Bates ef af., 1992), Fv]E% A
o]gA utEHE DMSY Ahgke] sjk3tA, E3) ¢
oA 7] 29 T34 (sea-to-air exchange pro-
cesses) 9] Hel2 W& glohe Aot (Kim and
Andreae 1987, 1992). DMS7} #j$oA ©j7]2
28+ A O, g ARE 4 o] Tl A
o2 AT Qo

dF Eof, (1) 484 FHaESH I8 AAAL
2 g7 Fo} W2" £ X (Lovelock ef al,,
1972), (2) s=F Aeehs 24| g ywoz

g nAetEA A2 A4 E

Aol MY AYE AAL 9 dimethylsulfonium
propionate (DMSP)7} 35 u2d $£% g1
(Vairavamurthy ef af/., 1985), %3t (3) ozl ¢
Bl 8Bl Tlee, TEA EHaEd s 9o
2 EYEE PN HEd 4 e Aoz g
3 9t} (Dacey and Blough, 1987).

53] S2AEE W d77t A7) AFAE 9
3 A& FHE A ° Ae, o F HEY ¥
< uRA R ol wet gAEE o8 kR 53 b))
sted BEAE o9 AeE I dE B, o
712 429 3 FPEEL Aoz ooha) Bel
A7 ol A FAZ 2 Y WY wE A
il OH (F2 ¥ AlZkfe)) &= NO, H9H (F2
oAzt el) 3 weste Abgae} (Kim and
Andreae, 1992). °% AlAA & F3) YA HE o
At3}glolu} methane sulfonic acid (MSA)7} A3 3
FHoR Hao g Al B4 AAEE 2AHEY
AHAQ 4L nAGAY (Nguyen et al., 1992)
T2 (AR A 29Uy A3kl we]d)
HeFstg A e FollA AR F Yoz =
Sate], B BAFYHe g  slohe AME
o] 9375 ¢]& v FEA Hc (Hobbs, 1993,
Charlson et al., 1987).

3 BAGEEY Dekatgo] AT Hrjag A A
3 3o £AFYH F83 49IE e A=
E731a, bR Aoy ol x o3 H{PE A
ol gk SFAte7l A58 A elot o] & E49 o
7l = FRAA L ASYHE 253 Fdobso e
Y8 S A3, £ 479 d9 249 94 d47)
Fol AA gt DMSE A% o2 FAFE £ 9le 7y e
Adslee. £ A3 by EMuye Foje3}
A&7 AAY rtaazetEadey (GC/PID sys-
tem-gas chromatography eqipped with photo-
ionization detector)2® EFE 4 =4 (Lee eof
al., in prep.), "R EAHAHE FHELR 1996
d 1Y Fol Hgo2 AU AAFHAD. o 7|
F 2 972 Aoy s f 97 ol SR
DMS9] F=EEE o 104 7|5 33,
ol AZE TAZ dq dpddA drlz WEge
DMS flux® st =3 AEsdd. & =FdqA
o] 7|7tk #A3 DMSY dlolE|E ol &3,
DMSe| Sty T 733 Fe S A&
s H stz A Eslget. B91F ol |7t 72 7|7
T FAA, =3 A 4AE T H2ET o
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DMS: 2z} staAe] F3E (Molecular Sieve
5A, 80 mesh size, Supelco, Inc.)el &4d fel%
o 2HHUT, olF AYFBL 48A Lol el ¥
oM AgEM=dn (Fng, R 3" FFHE

So] DMSS e 8% AIEAS s gept
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Fig. 1. The location of sampling station, Dot Island in the Masan Bay of Kyung Nam Province, Korea for the
measurements of atmospheric and seawater concentrations of DMS.
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o AEY A 44 2 9 dA F5elAM dA
o] DMSE #4392 ul33l= permeation cell& A}
435, o] BA AlAgle gf7) 1ng DMSY #H&8
AXNE 2o Foh BARE 533 A3 37
& gt AA 28 434 (working detec-
tion limits)Z¥ &3 974 Zz 0.2 nmol 17
22 nM)3} 15 pptv (parts-per-trillion by vol-
ume) AE7F B, AZEAHY wHEAEA (reproduc-
ibility)9] #4oz B o APEN 7| T £ AA
B2 o 4009 HYE (precision)E FA3kgdct. o
7] Foll ARl 7FAbEA Al S 23] DMSS| Abs}
7b fr2EE S 97 s, FrigFdA e
DMSY dFEMEL ARAAGAE AAsN= filter-
ing Al2RE $83l= 7oz d2jd 9l (Andreae
et al. 1994). e B QoM B3I Akl
o] A Aol chat uiabe] F83] NejsA Adgkvl. webA
07] $2 DMS ¥5& AMBEG & = % FE 3
HE W= AV g s cele AlRde. ageR
B A3 ol FAHEY A o Hdl FEIAA
o] S AT xFHE A&H 02 A PE T 9l vl
o EAuby el At 34 9 yrl 52 F45eFA
8 A& G E djAe]d) (Lee ef af., in prep.).
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Fig. 2. Temporal variabilities in the concentrations of
aqueous DMS during the study periods (16~
25 January 1996). Aqueous samples for the
DMS analysis were taken from surface sea-
water.

N HAEHGS (FFS FEUAE 4.00+3.4 nM:
N=13). #32, 939 g2 A5 o4 =
dolejuol 25 s & o), Qe DMS ity
T ¢ 2.8 nMe| o]2} (Andreae, 1990), dubH
22 DMSY Fxe WA el A AEAAA
(biological productivity)el] ®17t8}A ¥h-gsl= Ao
2 oA slok Wil AEY Aol g dorlg
(gziulhel] o3 A #AgelM) == JFH (AL
of gt AA AFLR)el HFoT s Fol A Ak
HE, 1 ohy A Z s 7] fr&o) o)F
oAk, & dFolA #3A 4nM AT &HE F
DMS F%& duiHlz doidold WHHE £5£3
FrAtslA gl mlAbate] f7]EAle o oo FEE
AYsEo] glvhe EpAE oteld o4 wlozg o
FEAY ALz Aggd, A dye] F =

AT, ARG @& &4 Fo DMS $EXE 14
AL G 7| ol wE MEYEFY A3l Sl

Table 1. A summary of all data sets obtained during the entire measurements period (16~25 January 1996).

Wind Speed Temp. RH Chl.a Kim DMS-air DMS-wt SR AC Flux

(m sec™") (°C) %) (pg 1) (m day™) (pptv) (nM) (ng m™3) (gmolm?d")
Mean 3.67 2.85 34 12 1.17 598 4.00 100 3.49E-09 3.1
SD 1.61 1.91 10 15 1.34 1,167 3.4 153 3.14E-09 6.8
Min 0.6 0.1 18 2.5 0.04 9 0.24 1.49 7.90E-11 0.02
Max 6.8 7.2 53 50 4.9 4,278 10 523 9.46E-09 23
N 23 23 23 15 23 18 13 11 11 11
SE* 0.34 0.4 2 4 0.28 275 1 46 9.47E-10 2

* denotes standard error (SE=SD/(N)™*)
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£ 19& 84 59 DMS sE9 ysts], 59 Az
dol F2H d7] Fo] DMS ol gk goke] AEH
of A=t o 7|17t F W72 FE #&F DMSE &4 9
ol 4 4,300 pptve] HAHE A (BT 2F
A= 600+1,170nM: N=18). 23 3ol A7
W OFEEEY Wil 28A Qled, 19 16~174,
229, 2499 AA Fol HEE L AZAEL @5
o FREE AGE AR e fAET ke
As JAAA Zo. D3] LT gugtez &
dx, d7] F¢ DMS 557} B wAd yrig
Y v 2 dFos wgste AL 44 & & dHh
84 Fo] DMS7} oln] gFealSef o wxy Az
2} vlmd FAY Aol whs, E dFelM HEd o
4,300 pptvel Fate W7] & DMS T+ 129 $4
7b 9% AEE o2 ¥ 4 Ao AA 277 §4
s1A w23 Franced] Q¢tgellA 20,000 pptvE %3}
3 S2HA DMS x5t A did A7t 9
Aet (Pashalidis et a/., 1995), @7§e] DMSZa o
FEdeM 4 W pptvE e T Bag 4 T
3 =gvh 4l 248 DMS 5%/t o 4
A 44 pptv, 28T AR He}A 100 pptv A £
TEE H3he Aoz A 49A o (Bates ef al,
1992).
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Fig. 3. Temporal variabilities in the concentrations of
atmospheric DMS during the study periods
(16~25 January 1996).
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Table 2. A summary of all data sets representing daytime and nighttime periods (16-25 January 1996).
Wind Speed Temp. RH Chl.a Kiv  DMS-air DMS-wt SR aC Flux
(m sec) (°C) (%) (pg 1I') (m day™) (pptv) (nM) (ng m™@) (pmolm™d™")
(1) Daytime
Mean 4.03 3.58 32 11 1.18 596 4,1 117 4,.25E-09 4.3
SD 0.98 2,18 8 16 1.12 1,241 4 185 3. 77E-09 8.5
Min 2.6 0.1 18 2.9 0.18 9 0.24 1.49 7.90E-11 0.02
Max 5.85 7.2 43 50 3.3 4,278 10 523 9.46E-09 23
N 13 13 13 8 13 12 8 7 7 7
SE* 0.27 0.61 2 6 0.31 358 1.4 70 1.42E-09 3
(2) Nighttime
Mean 3.21 1.89 36 14 1.15 6.3 3.8 69 2,15E-09 2.1
sD 2.16 0.87 11 15 1.66 1,116 2.7 91 8.82E-10 2.7
Min 0.6 0.8 23 2.5 0.04 9 0.99 1.93 9.65E-10 0.12
Max 6.8 3.8 53 47 4.9 2,833 8 203 2.87E-09 6
N 10 10 10 7 10 6 5 4 4 4
SE* 0.68 0.28 4 6 0.52 456 1.2 45 4.41E-10 1

* denotes standard error (SE=SD/(N)"*)
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Table 3. Results of correlation analysis between DMS-related variables and the concurrently determined

environmental parameters.

DMS,;, DMSuater SR DC Flux
AC(ng m™) 0.6638"
SR 0.0246 ~0.1745
DMSyuer (nM) -0.1103 0.9811" 0.6513*
DMS..(pptv) 0.4344* ~-0,3743 0.2519 0.1803
Wind Speed(m sec™) 0.0866 0.0964 ~0.2696 -0.1042 -0.2288
Temp. (°C) -0.2380 -0.3640 0.4123* -0.1013 0.2463
RH(%) -0.0482 0.0556 0.2822 0.1050 -0.2111
Press. (hPa) 0.1121 0.2281 -0.1407 0.3778 0.0463
Sea Surface Pres. (hPa) 0.1111 0.2251 ~0.1249 0.3694 0.0339
Chl.a(ug L") -0.0254 -0.0566 -0.1521 -0.1532 -0.1479

* denotes the cases where correlations between the variables are significant over 80% (or P<0.2).
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