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(1.05+1.13) .(9.21£9.49) 1 (0.24+0.22) pmol-m™>d™! , FK I H B4 2 K51 3 Fh vSCs TR,

SRR AR S MR ALY 5 S0 A -l k5 2RV

X EfFRIRAD : A

Spatial distributions and sea-to-air fluxes of volatile sulfur compounds in the
East China Sea in summer

SUN Xiaohan', ZHANG Honghai" >, YU Lei', YANG Jian’, YANG Guipeng" **

1. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100

2. Laboratory for Marine Ecology and Environmental Science, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237

3. Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Coastal Zone Environmental Engineering Technology Research Center, Yantai

264003

Abstract: Volatile sulfur compounds ( VSCs) are important trace active gases in the atmosphere and play an important role on the global sulfur cycle and
climate change. The concentrations of three important VSCs named carbonyl sulfide (COS) , dimethyl sulfide (DMS), and carbon disulfide (CS,) in the
seawater and atmosphere of the East China Sea in June—July 2018 were measured by Purge and Trap-Gas Chromatography to study their influencing
factors and sea-to-air fluxes. The average concentrations of COS, DMS and CS, in the surface seawater were (0.47+0.33), (4.46+4.52) and (0.13%
0.07) nmol-L™", respectively. The high values of COS and CS, in the seawater appeared near the Yangtze River estuary, while the concentrations of DMS
in the southern area of the East China Sea were much lower than those in the northern area. The average concentrations of COS, DMS and CS, in the
atmosphere over the East China Sea were (564.0+37.5)x107'2, (70.7£83.5)x107'? and (177.6+232.3) x10™"(iin volume fraction) , respectively. The
distribution of COS was relatively uniform in the study area, while the distribution of CS, exhibited an obvious characteristic with the high values in the
coastal atmosphere and the low values over the open sea. The distribution of DMS was affected by the sea-to-air diffusion. The correlation analysis showed
that the COS and CS, concentrations in the study area were correlated with seawater nutrient concentrations. This might be because nutrients could promote
the growth of phytoplankton, and the precursors of COS and CS, were released into the seawater during the growth of phytoplankton, which promoted the
productions of COS and CS,. In addition, the average sea-to-air fluxes of COS, DMS and CS, were (1.05+1.13), (9.21+9.49) and (0.24+0.22) pmol
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-m~>d™!, indicating that the East China Sea was the source of three VSCs.

Keywords: volatile sulfur compounds; distribution; sea-to-air flux; East China Sea

1 5|5 (Introduction)

T DAL AR o 8 4 3K E AR Y 719% T AR A KA
YA A G ER AT 6 25 R e A L T i 23 1) R
RS TP A AR A0 3 R A, b % R TR AL )
(volatile sulfur compounds, VSCs) AR fE =4« [H
A3 (Charlson et al., 1987) , AT & ERFREE A
S 7= A 52 ) ( Dentener et al., 2006) . 1 Hk &
( carbonyl sulfide, COS) , —H FEH ( dimethyl sulfide,
DMS) F1 —#i AL % ( carbon disulfide, CS,) 2 7K I
KA R WAL B =1 3 Bl VSCs | X 4 BR A
AR AT 25 OB ) 52 W ( Chin et al., 1993; Susaya
et al., 2011).

TEHEK Y, DMS F 20k A TR Th Y
FEAE ) W 5 6 TN R £ ( dimethylsulfoniopropionate
DMSP) )& BB HE 7K ' DMS 32 Z2 0 K BRpLE] Y
oM LRI P B A Ok 2E AL LA S-S HE
(Kieber et al., 1996).COS £ /K i () He B 5% £ Fil
IR (520, &5 A B B A6 (n A 55 ) 70016
WA B EA ML ( chromophoric dissolved organic
matter, CDOM) AL AT LOG A7 AR A COS,
R H AR K E A 7 i R (Flock et al.
1997) , 1l 7K fifk AR 4 R H T B K BR
(Radford-Knery et al., 1994; Xu et al., 2001) ,{HH
TEAHIAG 04 £E 7= 22 BRAILT H FTA (k382K WY, CS, W]
AR DB R U™ AE ( Xie et al., 1999b) , AT HF
G R PR A PR v A0 T ) R A e AL S S A
B 9 S0 RE 7= 25 CS, ( Andreae, 1986). 96162 K
WA REAE R K H A B CS, ( Xie et al., 1998) .7 K
CS, my & % & B of B 45 039 1R K
(Lovelock, 1974) {H ELA& A= p= A1 J2 BR AL ]t 3%
AHAE.

TERA T, DMS 28 ad 48 Ak AE AR 1 3 i e R
(nss-SO37) , A ITFE N 190 B aod 52 rbo % b 7K 1) KSR TR
PEAC B TTRR; 53 Ah, BRI B RE S 1Y i =
BESS AL | 520 2 BT R OR BH R S, DT i <
fige % H= A8 4K ( Charlson et al., 1987) .5 XF i )2 s
HAALH DMS AL, COS( T 2~7 a) £ THI Y
FCREPERAR PRk n] DL 26 B3 J= | B 18 G %
T2 TR S B U (Bruhl er al., 2012) HIBE
— B R T U B R R U 2 TR I e A

(Crutzen, 1976) .Logan %(1979) 1A~ OH H HR5H
b CS, ZXTLZ SO, I FZRIE, Wine 55 (1981) &
KA H OH H %S €S, 40t £ 4 I b fig 4 il
COS. M1, CS, (i 2~3 d) 1E B K FHar COS ik
Ffir A AL IR (sulfur ioxide, SO,) A FTIALE 23k K
SRR T B AR .

H I [ P 273 X v 30 R V3 DMS AT T —
RINBFFE, AL 3G 7K T DMS A9 7= A e B 43 A
WS i & %5 ( Yang et al., 2000; Yang et al.,
2012) , WK AR S COS Al CS, B AIFFE ENAR 2>,
M HC B M5 2 5 THRKE (VB KA,
2018; THE4F, 2019) . HJBAEE (2005) 5E T 7 5
VTR K S5 R H COS . DMS HI CS, By e i . 2 25 45
(2017) #E7 T AK MR VSCs W7 05 3%, I
HRAE T AEA VL S 43 A R R G T AL R (Zha
et al., 2018) ARG & R ERAC R M 2Rz —, 74
2 Hh KB 2 Bl U A A RE R, AR AR PE L KRR
R, A SHIEE A NI, RS SCRETH
B ARG HE K Be KR, VSCs KE S, 43T T K B K<
H1 COS DMS 1 CS, ¥k BE 4304, T e 1 3 A ik
W5 ARSI T A, A5 5 T e - 0m
L, N R TE VSCs BRI FE $2 40 T Hp [ 3 1 i 4R
I RN T i b I VSCs X4 BR B A 1) 5T
RS-0

2 ##5 7% (Materials and methods)

2.1 (XFFEEWIXF

Agilent 7890A “AH AL ( GC-7890A ) , L & K
JE Ot BE A I 2% (FPD 3€ [E Agilent Technologies 7
) ; Agilent 7890A/5975C < AH {5, 3% 5 3% 1Y ( GC-
MSD £ [# Agilent Technologies 23 H] ) ; G2070 fb2¢ T
YEuE (S Agilent Technologies 2\ F]) ;2101DS SRAE
FEWR 1 240 (3218 Nutech A H]) 52202A s &5 BEL
([ Nutech A ]) ;8900D il Wik 45 R 48 (55 [
Nutech 28 F]) ;2.5 L A58 75 55 R A (3¢ [
Nutech 2% 7)) ; €4 3% 4. CP7529 (CP-Sil 5 CB for
Sulfur 30 mx0.32 mmx4.0 um) ( FE Agilent 2
) 5 IR - A T AL R

3 Fh VSCs RATPRIE T (99.9% , ik 4l , b 5t
W JE 5E 0T A BE & 0 ) - COS DM | CS, ¥k JE 4
X107 (BHE A RN EGT) s 0 B4l ik CaCl,
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(R R Iy ) ) 5 20S. m 2l N, (GC-
7890A) 4l He(GC-MSD) , 4l > 99.999% ( 7 1
SRARAMEARA ) WA (B SERTEARS
Al).

22 HEHRESHN

221 HMRE 20184627 H—7H 17 H¥E
P AT L 2 5" Bb2E 28 G R Vg g Sl A A 7 e A
VRIS S 6 AN 1 TR R 8 AN Y 32 A4~

S AT R KRR SR AR Foh 12 ANl 7 R 4
FARE T KRR 12 L Niskin Rosette %7K
AT RAE  RAE UG OL (R K TR B R SRR
1 5K SR A EL CTD 18 4% 76 SR 45 18 7K RE B
[R50 5 AU DA R 28 43 B e DAK-500 XU XL ] £
H1 MX200 GPS € R 45 (35 [ Sperry 2] ) Ml %E
FRZE A IEA Y S AL

1 2018 5 6—7 A P EREEEuh AL E ( A FIRIFINREME KR SRE S A3 L)

Fig.1 ~ Sampling stations in the East China Sea from June to July 2018 ( A indicates stations where seawater and atmospheric samples were

simultaneously collected )

{100 mLL 32 WA TR KAR S —AR
e 375 I ok A A AR 0 R e EL A 11 B RS ol
B A IR TIE R IL 5 M 5 i AR o098 K G ot e e
BEHE T A T, 2 I 6 R A O AR 2
fist R G P R A, B PR 1 2™ Y T, TR
T B PR OR A SE UG , B AT I S e vk
T LA A AN O B R A RRE S, R
FER SRR B T 29 10 mo AT H i, $T 97 R A
e, 30 25 KUY 7 1) SR 4R
222 BESHM MK VSCs MR I E T 1k
KA SRR B -SG5 5 (RS, 2017) .18
AR 5 b i A TG LA U 30 mL i 7K

FEdl, 38 A 60 mL-min~' A/ 26 N,IKHT 15 min, R4
NP BRI AR R SR BE SR A
Fefih. W B9 VSCs Je)E 280 JooK CaCl, B 1
FE T 100% BEBE AR FEAY 1/4 Teflon B BRI KA
AL, i) i 7S s R TR A TP R AR
ENREL G, N Z T B R 1 A
POK (> 90 °C) HIEAT. B4l N, 35 AT
VSCs # A GC #4750 &5, SR 5 FPD #EATHE I,
FHAMR AT R B M. 3% 05 106 VSCs HOAG H FR H
2.5~3.5 ng, \EHEEN 3.2% ~5.1% (N E K%,
2018).

RARE fh 2R L ACH (B 35 3% A6 0 2% (G-
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MSD ) B FHASGEAT 40 H (R4S, 2017) KA S I3
PR S AR AN 4, & = B BB 45 L 4
T &4l He 2% #E A GC-MSD #E47 I %2 , [A) RE
S FHAMR X HE AT 8 B4 Hr %07 6 VSCs 104G
HFRN 0.1x1072~0.5x 107" ( LIARF - #it) |, K 5%
FE/NT 2% (PNEEREE, 2018).
2.2.3 Rt£Z a(chlorophyll a, Chl a) ik ERINE
B FE T B B 300 mL MK FRE S 2293 Whatman
GF/F JEAR ( ELA% 47 mm) i 3& (JE 1K TF 15 kPa) ,
SR P AR A 2 2o D8 8 3T & A7 I R RS, ¥ R DR AT
(=20 °C) ,JSHRIN A . S 56 25 I e 4 0 T A
O I 10 mL 90% (V/ V) PR TR 7K 7 9 A AR 1R 8
G 2T AL 24 h, 7E 4000 1+ min™ %8R 5.0
10 min, B 757 1 W F-4500 50 F 28 64047
Mg (BRPLIEESE, 2010) A% 5 I 2 /i, FH 4605 Chl a
Bt il — ZR A BRER W, 4 W B A E R AR J vk 5
F O H IR ERTZ , A R R 0.01 pg- L7
2.2.4 BEBHER DOC (dissolved organic carbon,
DOC) RERME #/KHEM ] Whatman GF/F 3
BELFLEYERE (d =47 mm) PTG L 8, 5678 S5 0 ad:
LI —20 °C¥8 VR G RAF. A7 ] 52 56 =5 /s fif
B SA HLBR M HTIX TOC-VCPH & DOC., ¥ 1 1)
TEAEFR AN A8 7512243 50k P AR | iR Ak 41k
2:.DOC FE 5L TE 680 C T FATHERE 3~5 WE BUHAF
v BE 1207 10 52 BRI AR VA 22 < 2% . A 38 25 A
2530 B85 K Hansell 32565 AR K AL 1E.
225 EFHREMAME  HL 300 mL KM,
F 0.7 wm B Whatman GF/F 3§ ¥ £ 4 & B 1k 8 )5
5 60 mL RVUIR M, A VKF B TR IRAAE IR
IS 00 % ), ok L E R 48 A 3l 40 B AL (AA3, Seal
Analytical , e ) I E .

3 R 5378 (Results and discussion)

3.1 i@sks COS.DMS F1 CS,HKkE5SH

H T A 1A 42 R U R R PR KRR T R
IR LRIV FH G 52, 2 23 0 7K v 3R A6 1 Ak 2
PR R AU, T R 1) A2 V2 T T o 1 0 A e A
(L 2) ARV B v 33 P A A1 3 R B2 A7 3
KATMIRK 5. 22730 Chl a BV 0.13 ~
7.73 pg- L7 SF¥E R (1.10£1.53) pg-L7'.Chl a 4
A1 S BRI 8 1) 30 v | G TR ) 43 A e B R
1T 3 AT VT 0Y RE H4e) Chl o R B A0, X £ 2
H R VL M IR K R VL 1 1 b T 3 1 32 X S

BT REME SR R T RS A K CE R,
1986) . 7E 52 HE 7K 52 A ) AR F ¥ v 3l PR T 3R 3
FRERUR BE I T VR A ) 0 A A, fH Chl a YR E
AL,

BEIRMFR 2K H COS . DMS H CS, Ik i
9 0.11 ~1.71 1. 14 ~ 26.73 H1 0.05 ~ 0.32
nmol - L™ SEIIE 514 (0.47+0.33) | (4.46+4.52)
F1(0.1320.07) nmol-L™".1fj Zhang % (2014 ) I & i)
HZEARMEEK P DMS WA 5.30 nmol - L', & A
YRR A 25 L X 2 T A 5 A9 )8 2 i 3 1) I i i
RV BT, 10 B 48 22 55 75 7R 6 0 35k, AH E L
bATF 7 3 R A ) XIS . e Ah, 36 1 g EE T
fh itk K rh 3 Fl VSCs AR, SO A B, T A&
VAT R IR 2 N i A2, DMS | COS AT €S, Y
VR B I S0 R M S P R T R L IX X A
T G PR A L Z AR K COS R
CS, Ve JBE v L DX 380 s A VT R ik (81 2)
X EEUE R E YT A AL T K00, S 4
MR TR PR R UR CDOM. 13 5 19785 FR $h ik A
ARV TRl T S SR R BRI B R K
T, WK PR 7R A YSE CDOM
PR 8 TR I 5 T 7 2 AL P e 1 DX 2 T i 7K
H1 COS 1 CS, A MBI AL = i 42, F2 2 38 i A7 Pl
BALBIAE AR CDOM AL Y Y6k 2 12 Ry A %
(Flock et al., 1997; Xie et al., 1998) .17k, 7E DMS
(IR EIX P4 B4, CS, A 5 VR B, 3X 1T g J2:
PR AP K e DMS 1 7 A 32 02 3 ok 3 25 200 it 284
FEJi DMSP AR A , T FE T A0 386 25 ML RN
HUAA g — 28 S R (O RRZ0RR 55 ) T AR fift ™
A= CS,(IREESE, 20015 XIFHTSE, 2013) . H BRI
FABBIEIR DMS ¥ B AR AL ERE R, i 22t F
IR P VRS A7 SR K ), TR ITEA ) A K A2 B
50 BRI (A 0V i T 58 v 0 VA e B ) S 2404y
(1.51£3.65) wmol « L™ /INT-b s v duf i oS- .
3.22+6.89)wmol - L™1) | BAIR Y £E 9y A= 7 I i 45 ¥ 7K
Hr DMS kB 4R, 217K DMS A9 e B s (i 1
PRAEAT N V25 215 T vk B A P4 Sl o7, T 76 YT 1 3
VT B, R Chl a WEHS S {H DMS B
FERAIG, X e TR B IR (<31) , Al
4 DMS FIHTHA DMSP (155 77y Fi B e 0 A 1 2500
M H AR R 76 2 2%, DMS BRi{A& DMSP
I = A i R L3P ( E&5, 2013).



10 14 PIVINBR A - B AR S MR A 9 23 [ 0 A 55 R B B T 5

B2 HEFRBREEKPRE(C).SE.Chla (pg-L™') COS.DMS # CS, K E (nmol-L™") ¥k F 51
Fig.2 Horizontal distributions of temperature (°C ), salinity, and concentrations of Chl a (pg-L™"), COS, DMS, and CS,(nmol-L™") in the

surface seawater of the East China Sea in summer
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FAN, X EE R ARG 3 R VSCs Uk AR R
M EZ=m TRENR R (L), 580(2014) 'k
B DMS & H 25 TR Xu 55 (2001) iF58 T H
ZE IR ZE R PG P COS MR & FH COS 2=
WAL E ZEE TSR SRR KRS
PRI ) A R RS SR AR A T 2 1 DMSP
HET A = B 22 ) DMS B K b i ELSLE e
YT Sh AR X A B, il A 3 M A, VR A A
A= DMS (1) 3 B2 A R K% A5 Bh. 1 B Gong 4%

(2003 ) 38 3k PUAS 25719 0 AR T Y R A 3R B 2 ZE )
AT dm R e W 3L, FI, R
7K DMS WMk B2 2 2 i TRk R 5 =K
COS FlI CS, % i VR FE A RE & T 2 22K h A L
&y & R (EF, 2014) HOG M & &0,
COS il CS, Wt [ i B 25 5 Jc HE (Uher et al. ,
1997) . JLAh , B 2K VTAR P a3, o v it M 114 i
TEA AL BT A, A R T COS i CS, 1Y A 7
(Flock et al., 1997).

£1 TRBEMFEBEARZTEAF VSCs iREMLLE

Table 1  Comparison of VSCs concentrations in seawater in different oceans and in different seasons of the East China Sea

Ve Cos DMS S,
A, . I - L o I/
(nmol-L7") (nmol-L7") (nmol-L7")
RITE 1998 & (Xu e(z)-((z)l%?IZOOl) - B -
R 1993.7 <U15hofe?'24(lzg, 1996) B B B
ARACKF - - 1988.7 (Watanahjito 21. , 1995) B -
[LE[@ 0 - - 199348 (/—\mourouiz:) (()ll., 2002) B B
Lk - - - w7 L()ve(l)(;gl??01974)
EVR(TEEA 2 - - - 1995.7 (Xie e? aozl 291 999a)
595 W08 g ooy 208 (s, 2000 W05 g, 2o
Kt 2017.9 (T-%..g;%iiogom) 2017.9 (T-%:;éfozmg) 2017.9 (T%%ngOlg)
it 2018.6—7 0.47 2018.6—7 4.46 2018.6—7 0.13

32 FiEigkdh VSCs IREREXEFAERF

Z EHXFR

o T BT R K R VSCs 43 A R 2 AL
SPSS B F X AR i K VSCs A% FhEREE I R A7
A BT. 45 R R W], B 2R K h COS Al CS,
P 55K B |k R S B ) R O 3R e i
KU 23 s K COS T CS, i K it , 1 Ho e Jig
Jl/N(Uher et al., 1997). 53 4k, W K IR FE X SARGE
il BE A 520, VSCs BVl FE 23 Bl T ZKIRLEE 19 T i
TR /N T T 1 3R 7K 9 1 B 4 T DX SR o 3
T K AR BEREAIR, T2 DX 38 A2 K VAR Tt A A 1 5 T
Rl IR AU N, A T COS F1 CS, [ 4 7= ( Flock
et al., 1997) , WTi{fi COS F1 CS, e & T, B LI AE
fIRERBE X 35 COS T CS, W B = 30 T BT AR ¢
PE SIRERAMI, COS Fl CS, 5 Chl a VA K& FREh 5

PEA R OCR XNz TFEENERRRES T
AW PR, TR R ) AR K R R R R R COS A
CS, PRI & S 55 09 A HLGT Ak P E A K48 AT i
HEEAE 2R AL AR i COS AT CS, (Flock et al., 1997,
Xie et al., 1998).[alH}, A AFFE X COS Fl DOC [ 4
KRFRHAT T 5T, 45 R RN, — 3 Z A FE7E 1EAH
KRR — LA DOC BV JE R g K h s i A LY
(dissolved organic matter, DOM) f¥ {5 &, Ferek 4§
(1984) $ H /K g COS EERIET DOM 161k
SRR, BE Y DOM F = REMSAE HE K COS 1Y
etk 7= TS 3 COS A1 DOC A7 A 1E A ¢ %
Z.DMS 5 Chl a ¥ EEIF- A B B9 AR SCHE i 2
W &% B DMS I Chl a 17 78 R I /9 #H 56 56 &
(Locarnini et al., 1998; Zhang et al., 2014) , [FJFEA
AVFZ W58 & 0 & Z [0 AR A B AT A0 G 1 A2 7
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(Watanabe et al., 1995; T34, 2019).DMS F1 Chl
a Z I HH I R A = 55 AN [) 363 X P9 V7 e A 4 )
R A O AN A Y 32 A4 7™ DMSP Al DMS 1Y
RE IR R 25 5, 5 o — 1 X AE7E W ik i) & %
MR Bl 7 IWEAEL ) 1) 45 48 4L i L 58 A2 2%, sl v LA
#3%] DMS 5 Chl a IREE AR T 50, B BRI
7K Hh DMS  COS 1 CS, Z [B] A7 75 B {0 19 #H 26 56
R, X5 3 P A AN A 0 A e R R BRI AR A G

®2 EFFRBREBNKP I VSCs RIMBSHHMEXED
Table 2 Correlation analysis of 3 VSCs and environmental factors in the

East China Sea during summer

Cos DMS CS,

Cos 1

DMS -0.068 1

CS, 0.218 0.311 1

Chl a 0.431" 0.055 0.433*

L -0.609 ** 0.024 -0.460 "

A -0.526 " -0.100 -0.478 **
fERRER 0.378 -0.022 0.524 "
{IEN 0.170 -0.152 -0.061
TR ER 0.487** -0.080 0.401*

DOC 0.399* -0.080 0.107

H: * W P<0.05, = %} pP<0.0l.

3.3 A5t COS.DMS # CS, iR EH
BZEIRMERSH COS DMS F1 CS, f ¥ B 43 3]

H520.5%x1077 ~634.9x107% [ 1.0x 107> ~ 283.9x
107241 23.0x 107" ~ 809.2x 10" ( AMAFR 3 Bit) |
-S4 He BE 4y N (564.0+£37.5) x 1072, (70.7 +
83.5) 10721 (177.6+232.3) x 1072, K 3 Fh
VSCs M EIF 4 :COS > CS, > DMS. A% 3 B4k
PEXT AR, COS TE 45 A1 0k BT AR A0 A K, X 02
K2R COS FER A IR e , B im LK. DMS 1)
W EREAIL T Cooper 55 (1993 ) I A5 A A6 R VE 7 B ¥k
JE R K R 3 T L i by KA YRR R
11l DMS 7E 75 G R g S04k (TR F, 2001) .1
CS, BIHe 2 =5 T Johnson 45 (1993 ) 45 i b KV
AL B ARG RS CS, I E SRR 1R 5
KA CS, kY 50% /£ 47 ( Chin et al.,
1993) , ZRifE KA NIRRT AR CS, W = fin =z
WG IFIRIEG AK h CS, vk BE LB e, -3 0%t
KA CS, MR B2 FEE 2 Y, e A BOR
WSS CS, IR BE L s LAk, X L T35
S5(2019) 5 PR 22 ARV O 508 A3, 3 A VSCs 7E
KA BRI 25 TR R A, X 5
H AR 45 (2004 ) 14510 A0 [R). 32 2200 i B K H F
SEWT A MK TR PRI A 40 7™ A= DMS (19 R ] 13 %
HBAT BTG K, COS Al CS, W67 A s K, -39
BB 3 Fl VSCs MRS K Ir L RS E
T R R e ARk R i Y.

R3 ARBEMFEBERARZTRSH VSCs IRER LR

Table 3 Comparison of VSCs concentrations in overlying atmosphere in different oceans and in different seasons of the East China Sea

VSCs Ccos DMS GS,
[BkeRt22 i ] /% 10712 i ] /% 10712 i ] /% 10712
o B 511.0 B ~ B
S 1983.3=5 (Johnson et al., 1986)
. 118.0 <29.0
# - - 1989.8— 1989.8—
ALk 989.8—9 ( Cooper et al., 1993) 989.8—9 (Johnson et al., 1993)
_ 488.2 101.0 7.9
SERRBlinl 2003.8 . 2003.8 2003.8
T AL ( HIJHAR4, 2005) (MR, 2004) (MR, 2004)
§ 414.9 39.7 92.9
EiN(E 2017. e 2017. . 2018.6— e o
i 0179 (T2 2019) 0179 (%, 2019) 018.6=7 (%, 2019)
ZRifg 2018.6—7 564.0 2018.6—7 70.7 2017.9 177.6

H & 4 FNE 3 A1, B 2R RS DMS (W
FKAAH BUAE R YT T AMI ) P17, 10 L3 437 DMS
B MK e B L 5 K, 53 A, DMS 1943 A1 5 B A (2 £
KA A A e e X [RIAE 5K DMS /#9431
FABAE], B R b DMS Y B Bk P -
LT COS 1Y 434 FL B34 57, 45 il or 2Z 18] 1) vk 5 22

FIEAK X F 25 HAE R HERIA . 5
Ah, KA COS FCS, 1 B KAB Y H BAE A AL
[ S2 i i, 3X A& PR O KAH €S, /2 COS 1 — Rl
.82 WA COS HY B i 2 PRI Ay 2 3l A7 58 30 A
NHHZE L T HEAEH.CS, 5k b S PT 5 it
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F5 B RATWAE R CS, WA, XATie 51 WEAHEEZEZmN.
IR Y CS, YR B O, Al WS4 BN €S,
*4 EBEFFREBERMMAKXSH COS.DMS # CS,HKE

Table 4 Concentrations of COS, DMS and CS, in the atmosphere at various stations in the East China Sea in summer

VSCs Cos DMS s, VSCs COoS DMS cs,
b weRE/x 10712 Hepg/x 10712 /% 10712 B/ VA WepE/x 10712 WeE/x 10712 /% 10712
E3 589.5 23.5 23.0 P5 548.0 96.9 144.1
F2 548.3 53.8 42.0 S2 634.9 30.4 809.2
F4 520.5 1.0 137.9 Tl 523.5 30.8 41.2
F5 552.8 84.0 473.9 T3 629.8 27.0 68.0
Pl 557.3 283.9 82.8 Wi 559.4 35.5 75.8
P3 573.8 179.4 163.5 W4 529.8 1.9 69.4

B3 EZZREFASH COS.DMS M CS,HIRE(x 1072) 5%

Fig.3 Distributions of COS, DMS and CS, concentrations (X 107'?) in the atmosphere over the East China Sea in summer
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3.4 COS.DMS #1 CS,H)iF-SiEE

VSCs A4 -3 o HRIE A 95 4 5 A X
SR, HAARE 15 Bh FRATAR S 1 VSCs HEROR W5
X3, R AR W S W) BT k. AN i 9% % FH Liss i Slater
AT YRR T A Y ( Liss et al., 1974) f5% VSCs
Fyig-l AR AL ().

F =k, (c,—c,/H) (1)

2o, F oRiE-<aE E (pmol -m ™ >d ™) sk, RS
WE(m-d™") 5¢,F e 3518 VSCs TERJZHEK AR
SPIE AR BE (nmol - L7, ARBFSE Y ¢ R T
VSCs FE RS AR BE s H =2 R w5 ( AR,
2004) , 118 A L ILFE 5. 98 )5 i FH Sander (2015) 1Y
BEAL N 2O B AL TG e A 8 kR 1 B

18 JH 9 N2000 331755 ( Nightingale et al., 2000). E.
KRBT E M B AR (2004 ) FhE %‘J’t#(zols;)ﬁ

B—#.

x5 FTHERTEAK

Table 5 The calculation formulas of Henry constant

VSCs TR A ZH
COS  H=Cexp[ C,(1/T-1/T%)] (2) G2 IxI0 pdl LR
T €,=2100 K
o €,=4.74x10"7 mol - L™*Pa™;
DMS  H=Cexp[ C,(1/T-1/T%)] (3)
: €,=3500 K
€,=5.43x10"" mol-L ™4 Pa™!;
€S, H=Cexp[ Co(1/T-1/T®)] (4 ! ’
2 1exp[ Co( )] (4) €,=2800 K

o TORFRUEIREE , 298.15 K.

B MGRIZMGKH COS . DMS Al CS, (-,
W0 0.10~5.39,0.48 ~ 46.22 F1 0.02 ~ 1.09
edT EEE B (1.05£1.13) [ (9.21+
9.49) #11(0.24+0.22) wmol-m >d™". HH DMS 1yifE-
SE R K, COS IRZ, CS, fe /)y, K 3 Ff VSCs
VR B2 e 45 R 5 AR 7 — B B =R K h
VSCs 1130 f ¢ B B 4 9 25 () 22 5%, COS |
DMS | CS, FEIF /K Fh A BE T -l 1 55 XU =2 [] 1Y)
KRN 4 s, 3 F VSCs 1 -3 Ha 32 XUk il
T BE L W] VR, {3 N 25 () 22 fh i Hok B | 5k
A 1 TR Y 7 Ak S P — 3, E i TR A 5K
HRT DU H TR0 2 H K ) o vk B AR
i TR 1Y, T A% Y 3R S vl v R T KU TR
KK B 45 9% 1 FH ¢ ( Nightingale et al., 2000) . F &
G5 (2016 ) E 75 AR MGG DMS -0l &
18.71 |J¢m01-m72-d*l , Yang D ENEZER
DMS (-l 58 7.45 pwmol - m > d ™, i A BF
IS 9.21 pmol »m ™2 d™" X 2 iy T HE A 1

Fﬁi

pmol *m

(i) R AN [] 38 B, i 34 XA 7.5 mes™" T
JE B NHEAL N 4.8 ms™ AHFFE I 1] KL GE Ky 5.4
m-s” . = V-SRI R KA B AR K R A
B VSCs e B 11 3 7, 8 XU 35 ) 0 ¥R B K
(10.8 m-s™") ) P6 i, COS .DMS FI CS, A K
F14) 3 5, 35, 10 B e R XU I 5 i V-3 e P
A EE R E.

B4 BEFEFRBEHBME-SIEEME VSCs IRESXUEHEL
Fig.4 Variations in the sea-to-air fluxes of VSCs with their
concentrations and wind speeds in the East China Sea

during summer

4 2518 (Conclusions)
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S DMS 78 5 25 7R 065 52 I R AL o i e

2) H BRI D R E R iR %Tﬁz%iﬁ
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