Haad B T bES

2022 4E 1 H

Haiyang Xuebao

2 e Vol. 44 No. 1

January 2022

TANYE, FRRN, 2SI, 5. B R SIS LI i AN B IR H IR ST [I]. VAR, 2022, 44(1): 1-10, doi:10.12284/hyxb2022008
Peng Liying, Guo Yu, Lou Tingting, et al. Field investigation of dimethyl sulfur in the Bohai Sea and northern Yellow Sea by ion mobility spec-
trometry[J]. Haiyang Xuebao, 2022, 44(1): 1-10, doi:10.12284/hyxb2022008

B TR IS W B IE Rk 5 = R R m AR 5

YWE?, W, BEE, ERE, KER?, R

(1 RERHE R W S EEBi, KUt 300457; 2. REERFE K& RKE T 1 IR 5 4 2% 5 SE 36 %, Kt 300457; 3. K
HEE SC Sh AL 0 5 B AR AL, KL 3004615 4. r [ HE TR 2 (BRI R B, 100 2RI 4300745 5. F [ M K 2 (R
L) A= b 5 5 AR5 b R 5% B S S 2R, 1L 1T 430074)

WE. 4 FE 25 ™ — ¥ 25 ( Dimethyl Sulfide, DMS ) # & [ 42 9% X . %% X DMS # 31 37 8 2
HEAHTHATEEFDMS BERER AN 2RAFEL N ARIGER. BEw, Tk Z2XTHEAL
RHEMNEFNAEHFEY UL EEKSKE AR DMS K ZH Ea, Bk, &3 a8 08 A xt 2@
EHRENEREE AL EHER, AHEEE REE NFALEURTEZREAEAAET AN
MAMHEAR, TAXNET KB L BTEFEBERART—FRE T — AT A EH AW A+
DMS W77 % . it % 451 A AR -Nafion LB AHSFERA, HRIEARNFTHh; ERAELHT, £ T
DMS # A 7= 4 & 1%, 7 DL 523 0.10~ 120 nmol/L = & DMS B & & 44, 4 Il IR 1% £ 0.065 nmol/L; %
EH T E T RN T 2019 K FHE L EEEAKT DMS AU . &R KW, % E#E K+ DMS
# % B H 0.080~0.96 nmol/L ( “F3#41E & (0.44£0.34) nmol/L ) , A #AE % 0.12~17.75 umol/ (m*d)
(FHMEN (3.2344.02) pmol/ (m>d) ); BRAEA LR ERME R FHEE F I F it 5 E £
W TEAFLSREGEFLAGETDMSHE NP HER, £REF, ERLRP AT HENHES
MAER B EHFSPDMSREREER N EFERH K, —F KW T AWM F % B 2Lt

DMS B EWEHRTFHEEAEEZE L,

KEEWR: & FEHE; —F R AU - XA E; 2 AEL

FESES: P734 XHRFRERD: A

1 515

43R 7 W 35 ( Dimethyl Sulfide, DMS) 4 4F
B (AR ) 208 28.1 Te/a, M4 F AZE0E sha
AT & 2 1Y 50%, % 42 BRAUB AR A 7 A H Y £ A
M 02, JF 8 4% 1 d DMS 8 03 0 98 25 57 55 % hin
TR HS SRR AS AR B A BAE B 2 e,
B R R R AR X, JR & DMS 1R X, R
T XA BIFIE A BT PR R AR A B

%5 B #5: 2021-07-10; 1&1T H #: 2021-08-09,
EE£TB: KW ZEATR(2017KJ013),

TEHS: 0253-4193(2022)01-0001-10

R TSR A B RN DN 9% ) 98— S 4 B3 BT oy
9 LA 3R 2 g 7K RMERJZ R DMS I B2 S S ik, X6 0L
0 AR g W SO AR SR BERE R B Y. H AT, [
AN DMS ¥ B2 19 7 vk 2B SO @k, i
TEVE(MS) ™ AL~ i 19 FRE T IR B 5 7E 1
&, X LT IE K RE S BUR i DMS By RS 21 iz
I, BTS2 ST 32 BR T AR R B AR BR |
S 2R RGN o A B A Y AP IS [8] o % — D7 T, YUK
H DMS e JEBAR L PR R E BB A S AR

EZ B v e (1988—), &, ML A HN TN, FEMFIFFEIADIGT . E-mail: 2006294047peng@163.com
EEEE D2 B, R TR, FENT LR IFSE . E-mail: xingma2005@126.com; FhEE, i, #8E, T MNF A WSS . E-

mail: phytoplankton@163.com


mailto:2006294047peng@163.com
mailto:xingma2005@126.com
mailto:phytoplankton@163.com
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

2

MAEEd 4445

Bl YA O, F I ] 1 B i R A7 X DMS ¥ B 5% 1) 458
RO Shy 3t B 3 Fofr AN TR 52 Wi 8 S RO TR KR
HEAT I WM o PRk, PR 7 B (e % PR L ME
A9 B 37 WL 52 AR 5 1 X DMS B 5T AR
RN,

B F iF # i (Ion Mobility Spectrometry, IMS) &
20 th4g 70 AEAR A SRR S () — Rl R SR 2544 T B9 SM
BT EoR, BAEKBUN, G EHEE . R
B, NSRRI AR . AR, IMS BTz
HF AR 2R gL aifid, REWN . IHIR
W B A ) B 2 A il s AR SRR TR DG L
BB F i # 3% £ R ( Benzene-assisted Photoionization
Positive Ton Mobility Spectrometry, BAPI-PIMS), 4% &
Bl & A4 -Nafion 45 7E L B K M R4, TH R 50K
TR R I 4 T4, N7 T AT B K K o DMS 1
J5 ¥, IR T 2019 4E Bk ZR B0 | b B L DMS
BB W, R 5T T i KR S i A7 3k R v DMS Ve B
H AL e BB R

2 MREINE

2.1 UF|MEE

AR SC T R 4 3 25 3 4R -Nafion % 78 £8 B 7K 2
B % HL B B 1 1T % 1% (Nafion-BAPI-PIMS) 46 1l °F- &5
1) L5 R 5 22 BT B A R, B B AR R
4t . Nafion & K B T iE B (LA L, anl&l 1a s, 3
SERBERGEEEH 2 @AM 1S EAIR
RN . B TIERIEA T8 VUV AT B T i
A | ARG AR i R g N o R Ak
BB RE SRS AN, b SRS R G E
FLALFEREME | 6 M SR 4y T . Nafion B AT K i 1 A

mi I T KR AR e B B 2 A8 T s KU T, &
o B 558 A VRO ARG Y T o A Y- 5 SR B ) S
AL, I LA IR 5 Tl A VUV KT HLES I, R
Gy FAE S A6 BRI A B 7 A R 8 - CHG . 7
I FE T, S mL /K (5 m AR K2 3RO A
AR5 AR5 Bk — o T DV A R A KRR,
FEAZ AR B ) B SR UV FH R, W K () DMSS )
SEHERA Y. ZA I — 2 41 Nafion 8 7E 4L
oK 5 #EAGE RS BN X, 50 B 7 CoH R A
BN A M L B P, SR TE R S T A E TR
HEAERE XS5, PRI FS 48 22 S 900 18 0 Hhy i 2
W o B IR ) B T A E — 2B R B
P AR S 0 . AT 25 20 B 115 515 3
—~ IMS [&], T 55 P T 5 2 108 i 13 B[R] 4 0.3 s
IMS Z3H0F- 6 1 ARSI i iR Z0h 270 V,
RFI>T % A 25 B IR E R 30°C, T RAF IR 100C,
AN IKBE S M7 I [] B 2 2 ming 2825 A0 AL R G0 BR
5 DMS 554 J5t 1 28 P o o I o 4 4 A
T R, BRSP4 < (600 mL/min).
R4 F & A2 385 (50 mL/min), $%92<. (200 mL/min)
K Nafion B A 9 52 17 X 93 (1 000 mL/min), £ E. [
ST, LB UR e APt BRG  A f BLAEC AT H I
SRR WA B0 B, DI B H X DMS
(4 5]
22 FAEWALS DMS # &

AP A ARG E K B R B R 4 & 20172020
AR B AR 2 T U A K A R R A W R I
TUERIF ST, F 2019 47 10 A 1222 H# T <db=} 5 F
22 SR | GBI R A T A A, LA R A
S A 1b fir 7S, 845 Xk 37°~39.50°N, 118.50°~

|— —_—— — — — — = = — 119°  120°  121°  122°  123°  124°E
a —_— _ - =
N HE S
| RIAHA M . .
5T g = alzzs ] B20e .
N = U 4
| RAEE Nafion el W e -
A 39° ¥ e 15517% MRS NIge = *
- - - Bilr | f@Bl.l . e N10e |
| HET Y WBY B2 N20e N
B o g7 B4°B3® BI'N22ey; 7 Nee
| 270B30e  N\d4e

Ok

| sesrsr l
R BT

T IX
R R

HAiRG | 38°

0 g N15%N14S N4

méﬁ};?W.N"_

SRINYE

Bl 1 B4R -Nafion 8 18 L BR/K R B O i B9 %8 71T # 1% (Nafion-BAPI-PIMS) £ Il - £5 (a) B 2019 4Rk i | Jb 34
T8 1 3 A A6 (b)
Fig. 1 Schematic of gas stripping-Nafion tube benzene-assisted photoionization positive ion mobility spectrometry (Nafion-BAPI-PIMS)

(a) and locations of the sampling stations in the Bohai Sea and northern Yellow Sea in autumn 2019 (b)
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Fig. 2 Ion mobility spectra of DMS (concentration: 10 nmol/L) in 5 mL artificial seawater (a) and monitoring curves of corresponding

DMS product ion peaks’ intensity versus analysis time for 5 mL artificial seawater sample with 10 nmol/L DMS detected through continu-

ous bubble stripping (b)
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Fig. 3 The effect of bubbling gas flow rate (a) and seawater sampling volume (b) on the detection of 5 mL artificial seawater with
10 nmol/L DMS by Nafion-BAPI-PIMS
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Table 1 Quantitation results for DMS samples prepared with artificial seawater

24 AL R LB/ mol L) KRB (fWEEL 3, LAz nmolL)
DMS 1 R y=61.46x+7.63 0.998 3 0.10~10.00 0.065

[1igsa y=2 628.34x+126.60 0.997 1 0.10~20.00 0.067
DMS 2 R y=15.46x—49.46 0.9923 10.00~80.00 -

[1igsa y=608.78x—2 423.34 0.996 1 5.00~120.00 -

[E: DMS 1 FEDMS )5 HifAi; DMS 2/ FEDMST 85+ S Ahide; —RRICHE .

RSD) 431 4 2.19% #i1 1.43%. M DL b 25 5] 1, 5&F
U THT BRI 2 40 BT EL A B T R R MRV TR, G % B R AH
XA, (EL SR K AL T Y DMSS 58 4 8 <R, 208
M4 9 A AR S S BT ERE D R B3 B PR
T fr W 58 B %) 52 2 T AT LA A 5 A 1 ARG ) e B,
MR A W TR A 2 43 BT D) AT AR A5 M A R A A Y
WP AE . FRATIAE S5 B2 A T K R b 4 BT Hp D AR 4 04
T RT3 53T
34 DMS/KENHRBE-SEEHH

T A1) Nafion-BAPI-PIMS £ il °F- 5 38 37 Wi, I
TR | b B 28 ANl 6 R B K T
DMS. 4 DMS ™ 4y 15 e W i) iy 2 ity e 1 X [l )
Bl e i 2k 43 A5 2 R )2 K o DMS 19k BE 43 A
Al 4a o, DI Hoa] i, B3 kA5 3 14 3R 2 K
DMS Y #¢ & 3 Bl 4 0.080~ 0.96 nmol/L, ¥ ¥ K
(0.44+0.34) nmol/L. L1, By T B9 3lifii . B20 3 {7 |
B22 i {7 A1 B24 3 {37 6 7K 1 DMS B 1~ 06 W i) fify £& 14
WA T ARG T 3 A% T S MR, T A VA B A AIK TA
B, A7 AR R MR e v, BOR N A B, R
JZ 7K H DMS &4 43 A 122 B P ¥ 1A 1) b #0063
Bl s B, FLAE b B U S (o A . BRI
T Nafion-BAPI-PIMS 3 37 Wi Il () DMS ¥k £ {8 1 T

119° 120°
el e

121° 122°  123° 124°E
_ - ' 1.0

2014 4EF1 2015 4F Yang 25049 ££F GC-FPD 15 2 {1 v
FE{H 1.86~ 6.52 nmol/L i1 0.75~ 6.69 nmol/L, {H & %%
TR AR b Fa 34 I fe = (H 43 AR 5 2015 4F Yang 25609 238
FRRK 25 43 A 45 SR AH — 2, Y 7E b it o 2R DX R
(. SR, EA LB, Z XRS5
(0.87~4.02 pg/L). VRUFMEY) Sht . REBE A& P
H B R 43 A o, DRI, TR IX R R DMS 3 A5 1)
RE 5 17 i L A0 e S TR T 5 H 2 DD ARG, T V7 A )
3= BE BB U A5 R ) 50 R R B (17.77~20.72C). #h
J£(29.85~32.07) 85 37 R OR & RER ) 55 19 73 A1 %
AR 3o GiAb, FRATTHE T 45 VR A o 6 3R J2 T 2K UL EE B
DR, )P i S R R 5 (2) = (S5 T 2019 4F
Bkt . Jb B DMS (149 —S 58 Bl i, H oA 1
AN 4b it o MR AT LU B, BR 20k B (EAR T
G0 B F) 356 437, DMIS 1) 18— 3 46 38 3 161 0.12~
17.75 pmol/(m*-d), V- (3.23+4.02) pmol/(m*-d), fix
e fE AL B AR AR L ARk B X, B AR
PR ER 0 VA 1) Il BV 32 U 3 G 1) B, iX 5 DMS 1 43
A7 A ARAR [R], (R AR b B v 3 g A H B
WA, TTRESE PR il B AN DMS A 56, b5
S XU T FROK TR G

38°

DMS #3348 & /(pmol-(m?-d) ™)

P 4 2019 4F Bk Z= i | b B A g S B 37 WL R A5 ) 32 R K P DMS 19 e JiE % HL g —= il ik 20 A

Fig. 4 Distribution of DMS detected on field in the surface seawater and its air-sea exchange flux of the Bohai Sea and the northern

Yellow Sea during autumn 2019
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Fig. 5 The variations of DMS concentration detected on field and in laboratory, and their ratio in the Bohai Sea and the northern Yellow

Sea during autumn 2019
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Fig. 6 Canonical correspondence analysis of DMS concentration detected on field and in laboratory, their ratio, phytoplankton community

(top 15 dominant phytoplankton species) and environmental factors
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Field investigation of dimethyl sulfur in the Bohai Sea and
northern Yellow Sea by ion mobility spectrometry
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(1. College of Marine and Environmental Sciences, Tianjin University of Science and Technology, Tianjin 300457, China; 2. Tianjin Key
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Geosciences (Wuhan), Wuhan 430074, China; 5. State Key Laboratory of Biogeology and Environmental Geology, China University of
Geosciences (Wuhan), Wuhan 430074, China)

Abstract: The Bohai Sea and Yellow Sea are continental shelf areas with high production of dimethyl sulfide
(DMS). Field investigation of DMS in this area is helpful to accurately assess its amount released from the ocean
and its negative feedback on global climate change. Both model-based and direct measurement methods are based
on DMS concentration in surface seawater and lower atmosphere, respectively, so advanced detection technology
plays a decisive role in the accurate flux estimation. Gas chromatography, mass spectrometry, chemiluminescence
and satellite remote sensing are commonly used observation techniques. At this paper, a method based on benzene-
assisted photoionization positive ion mobility spectrometry (BAPI-PIMS) for in-situ observation of DMS in seawa-
ter is proposed. Combined with dynamic gas stripping and on-line water removal Nafion tube sampling system, the
interference of environmental water vapor is eliminated. Under the optimal conditions, the linear range based on the

two DMS product ions is 0.10—120 nmol/L, and the detection limit is as low as 0.065 nmol/L. Then the demon-
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strated method is applied to field detect DMS in the Bohai Sea and northern Yellow Sea, and the concentration of
DMS in surface seawater ranged from 0.08 nmol/L to 0.96 nmol/L, while the air-sea exchange flux ranged from
0.12 pmol/(m?*-d) to 17.75 pmol/(m?>-d). Lastly, the difference between DMS detected on field and in lab and the
main impact factors are discussed via the correlation analysis and canonical correspondence analysis, and results
show that nutrients and phytoplankton community are the main factors during the seawater preservation, indicating
the important significance of field observation method established currently for accurate evaluation of DMS re-

lease from the ocean.

Key words: ion mobility spectrometry; dimethyl sulfide; field observation; air-sea exchange flux; global climate change
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