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BKMAKSPERERMUL DT TENTAR

wOoktE R’
"CHP EREEE AL T 2R B T 5 266100)
(TR E RS B IR S SRR I fE S %, 1 266071)

& E A T REANEK LR S AR OIS T TE T RS AR, O TR N ASTR] A 3
JEAMRAE DT S, KA KAE TR T AR5 0 RSRE R B SR R SORFERE B = % BE T Mk
A S (AT - T I PR R T VKR SR P R AR - S G U, A D7 vk 8 KA & PE B A i 42 1
TR KN T. 7% ~15. 1% , K BR K 0.23 ~4.7 ng; MK PIERERIYRIR HE R 3.5% ~
5.3% KB 2.5 ~3.5 ng, AR T S0 AR RS R BAL Y I e, AR K AR R 6,
LR AR B MR 23514 (268£58) pmol/L ., (1264+0.2) pmol/L ., (1922) pmol/L, K B 1k
JEh 543439 399 F156+20 (1072, V/V) o ATy ¥k v] WA Vv PR A P i #E R VEBRAR A

KA ERIERLY: BOLR; AR R ILaR
1 3l 5

KRB (Volatile sulfur compounds, VSCs) F 548 &8 48 A ALY , 645K FEHT ( Carbonyl
sulfide, COS) ., - F LA ( Dimethyl sulfide, DMS) | “#ifb#s (CS,)  F A B2 ( Methyl mercaptan, MT) Fll
1 5L i ( Dimethyl disulfide, DMDS) 45, XS8R R 2 200 B Y, PR 45 K Vs A W o T LLFR Sy i
D) ( Reduced sulfur compounds, RSCs) , VSCs AR B LA K AE KA 2 H HE 8l A4k A il
SO, , IZTE T BRI I JF 5 52 BREGIN . VSCs B T X AZSEREA e oh 30 5 23R |
R VTR AN 2= L R U1, M L B R 300, VSCs X BRI A R 1 e 25 T R SCBR A ME T

VSCs FERYTHE /K P i B TRIR AR Y ORI B IR 2 o7 46% , R THTHE /K b A HLAR AL ) 3
BT HIOR i 3 5 BRY £ 5 A E N R 6 SCHR R T8, 78 T R 9 30V DMS JE R 19 ~
58 Tg(S)/a®), €S, Hl COS MEH/N T 43014 0.23 F10.35 Tg(S)/a, HT VSCs e EEMAR, He S 15
JEJEEITRR (ng/m* ~ pg/m®) | H. A B A FE K 1A 5 W RE A5 it i AT 5 i 7 R PO 4 H AR | AR AR
KRR D s R T, HRT, I E VSCs 851 M (315 ( Gas chromatography , GC) '8 #3 4
JUTHC ARG I s A A T, 5 2 22 591), A KRG BE 4G 2% ( Flame photometric detector, FPD) MM i
Kl %% ( Mass spectrometry detector, MSD) FlJE & S 1A 75 ( Atomic emission spectrometry detector,
AED) AR H T, XK T DMS B E B HGEAR 2110 X VSCs 1) 2 21 43 [] I e A 4 3
JE W T ERREE & 2H 73 VSCs & 5 22 AR T, HLIW A i 73 185 LA IR . ASWF 9 S 1 4t - v B4l
B BT S 35 o W AR AU VSCs I 15, 5 SCHIR DT B A LL , AR D7 iR X AR KA &t
R T AR o3 B2 LA A AN [R] R BT vk B 22 I AORAF 520, Do b AR D7 b A s BRAG, R U
KUER B AT I I R TR BBR B T80, RE T o B 25 R HER 1, © B T 75 5 1 i 4
RAEGALYI I E
2 XIWES
2.1 {UERANIKH

Agilent 6890 “THH (35X  Agilent 5973 JE AL (Agilent 2] ) 5 RAEHEE Uk R G AR B SH R 55

2017-05-08 itkri; 2017-08-08 $23%
AR FR E R AR TR H (No. 2016 YFA0601301) S A SRFIA2E 410 H ( Nos. 41576073, 41320104008) & &g iRl ¢ 53
RERTEE" BILAA" B TREHRE,

% E-mail; gpyang@ ouc. edu. cn
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B PAL ( Nutech A F]) 3 KIGHCEER I #5 (FPD) ;3 AN IR AERE (Canister,3.2 L) ; @ Hah &SR
(AL AR ITRAESRHA R AR 4 A S & A a8 (AL T TR S RE IR A FR A 7)) 5 CP-Sil 5 CB
FPEEME (30 m x 0.32 mm x 0.25 pm) ; WE-FHEEATA RS E ( A1TTT) S R IGO0
(LR RSB BRAF]) 5 Nafion TH4 (Perma Pure, 32 [E Toms River A H]) ; Fa7Sil i
I (EE VICI AH]) ; HEAEESTES (100 mL, SGE Analytical Science) ; S VUSR &M AE SR (L2 3E L
FANARAF]) o

1 mg/L 1 3 Flt VSCs( COS . DMS ., CS, ) bR #EFE i (A% 4li, 99. 9% , Jb 5t B Je 5 4 Hr A #8 i% & h
)5 BALE(=99.999% ) A (T B REUATEARAF)
2.2 OWEWEE

1A A& 1B 235 T KRNI SRE b VSCs B0 Hr s B

B
He He
L e—
GC-MS
Inject_position
First{trap ~ Second|trap  Third|trap
Conister Liquid nitrogen

Pl 1 KRR G 20 RE T (A )RR URE i 200 5 (B)

LRSI 2.0 AR 30 BRI 4. 1 mL 4R 5. 10 mL #EHEMH; 6. Nafion THEAR; 7. 738 M; 8. 1/16
Teflon 5 9. WA ; 10. FHBEA; 11, GCHEREIT; 12, KIAGEERMIES; 13, @R, 14, Wokin

Fig. 1  Apparatus for analysis of volatile sulfur compounds (VSCs) in seawater (A) and air (B)

1. N, cylinde; 2. N, meter; 3. Main valve; 4. 1-mL injection syringe; 5. 10-mL seal sample vial; 6. Nafion drying tube;
7. Six-way switch valve; 8. 1/16 Teflon trap-tube; 9. Liquid nitrogen trap; 10. Lifting platform; 11. Injection port of gas

chromatography (GC) ; 12. Flame photometric detector (FPD) ; 13. Chromatographic column; 14. Boiling water bath

2.3 XWISR

I T VSCs BT 7K RIS it M B 2 SV R, AR 2 960 R 41 T 7K R R B A [] 3 S0 00 25 A [+ g
I (IR O, P8 A 43 B 7 vk s T AR a5 R 6T &2 S M A ISR AR ik e AR, (1) R A o 4L 22

FBEI AR AR B SRR 1 2 T 45 A, EAT = B B A 48 0k 4 b B B s ol SR v 4 , LB 25

FL K 2815 CO, S54SR, SR G HEA GC-MS 3HTIE . (2) kA dn 2 22 ARl P S 1 ATl
FLAS BRI PN 3 5 = 2 A B SR A B, S IR TR IS P2 IEA B AR A Y B A
B EETRTFRAMRMUROGEHES T, S mER s S e, a3, R Ui E S
(A BT FRIK (2 95°C ) HHfifel , [R] s 7 3 1 070 48 380 AR IR A ) T e B 0 OB A 1R 9 VSCs 26 A
GC-FPD &30
2.4 UEEH

KAKES: . CP-Sil 5 CB BPEATERAEFE (30 m x 0.32 mm x 0.25 pm) ; AR (FRFTHE) B
R 30°C, P-4 5 min, UL 15°C/min F+ £ 150°C , F 10°C/min F+ £ 200°C , & 8 2 min, 2 < #
1.0 mL/min, 43 EE 300 1, #EAE TRE 110°C

A7 =0 e oM 24 7 X (SCAN) 5 2 = el e B PG (SIM) 3 BT =X,
EL, B 70 eV, B TR R .230°C .

WEKRES . CP-Sil 5 CB BN (30 m x 0.32 mm x 0.25 um) , FJF FHE & 30°C , {44F 5 min,
Ph15°C/min F+ 2 150°C, K AL = & 150°C, A5 I #% 6 B2 180°C, 4 i # 0. 8 mL/min, 25 < Ui #
60 mL/min,%:L/—:dﬁiESO mL/min
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3 ZER5{Tie

3.1 MEXRSHMIEEMRL

3.1.1 GC-MS £HHEFE  GC-MS Z[FBFIE K ZH VSCs I T, A5 254 i 2 e
HEEE, SCERIRAE Y VSCs W5 Ty 12 22 F AR 5 19 B 4045 HE (10 DB-1) 303 B0 A IR — H JE R ik
AR S xS A (K 1) R CP-Sil 5 CB BANEHE, X VSCs LIAMYIE SR H
ARGF (P, R R 47w b FRAR, 45 5 ik ] (181 2A) TR X PR BANH 2

1 EOIERER LR

Table 1 ~ Selection of chromatographic column

R LG O3 B R WEIE
Chromatographic column Temperature range Resolution and peak
5k (Parked column) 10% DEGS,3 m x 3 mm - R<1
B (Capillary column) Z60C ~325% (350°C) R>1 I AU

HP-1 30 m x 0.32 mm x 0.25 pum Abnormal peak shape

BAEE R>1, WEJBARGf
(Capillary column) DB-1 30 m x 0.32 mm x 0.25 pm —60C ~325C(350°C) Abnormal peak shape

BAER . . . R>1, 18T
(Capillary column) CP-Sil 5CB 30 m x 0.32 mm x 0.25 um —60°C ~325C (350°C) Good peak shape

R=(tgry=treiy )/ Wiy +Wino) ) -

PRt SR AN R 8 3 A (1210 1:20 1250 ) P F FHRABE A2 R (0.5 ~ 1.5 L/min) l]
FE, RIEAT S5 T BAR T 2 e B T ok (B4 B BE<0.5) o SR, AER IR IR BE R 30°C , R BA 5 min,
LI 15°C/min FF2 150°C , #-LA 10°C/min FFZ 200°C , {48 2 min, T H#EL. 0 mL/minfi} , ARG HI 43
RO, AL AT EE 7 min, COS . DMS F1 CS, [ H &R [E] 5351k 5.6 6.3 F1 6.4 min, H 142 1]
Oy B, PRI [R13X 3 Feh 4 o AR AR P RN i A — B, T AT S0 A R B IS T R AR B o D 22 41K T
1% , BLAMHrist el b . & 2 R4 GC-FPD Hl GC-MS W5 VSCs ARifE i i &

1.6~ cs, 1.5~ .
2 cs,
A GC-MS B > GC-FPD
~ 12f P 1.2F
B 5
X cos X 09F COsS
P T o06f
= =
E 0.4 D;U { :§ 03} DMS
0.0 : : H ! 0.0 M L
5.0 5.5 6.0 6.5 7.0 7.5 0 1 2 3 4

t (min) t (min)

B2 VSCs bRHESIRA R (i R
Fig.2 Gas chromatogram of VSCs standard (A) GC-MS; (B) GC-FPD
oAl TG A HL (1100 ~2000 V) AT 22 % SR (50 ~200 pA) FAFEH#R (0.3 ~ 1 scan/s) 55

5 ,7E 1500 V.70 wA 0.4 scan/s 5514 T, 15 B e ARG SL 50 25 3, o Mot i FH 2= 4948 5 =X (SCAN,
m/z 50 ~300) , & Tt 43 B fff B B 494 (SIM)
3.1.2 MLWEHMBE FEACRES Wi e A8 =g BFIR 4 ER , BRI MR & b iy T4 Ak
REAREER, Z 53T GC-MS MIAE . Ze4d Z2 U S50 H A, e IR SRR 75 TR 4 A b i 2R R 2
NI e S 4
3.1.3  FRMEREIEM  PRERESFR RN — RINREE, TR e IR 4R 5 R 03 3, A4S HVE BN A
LNEBAF(R*>0.95) o R T HEME VSCs J7 1 0 8 B, BOPAT AR &, SR i 8 1 40 B, 35 200
5 WA BIAXARAE 22 RSD ., FH 0V BE IO AR A T 220l WA SR HERE R pR A Sk BB EAE | T A5 06g 1
UG E 2 terE S e 5 A, DA3 A M s 11 3 A I i R B L 3R 4B T O IE A R R
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Table 2 Operational parameters of pre-concentrator
3 iR TR it W ik EE PG T EE LR I (8]
E‘j\tla %: %ﬁ%ﬁfﬂ Trapping l(jnp. Preheating tjmp. Stripping t(jnp‘ Baking lerﬁp. Baking time
° ) (¢) (¢ (C) (¢) (min)
1 P ESEE Glass beads -150 20 10 150 2
2 Tenax =30 - 190 180 2
3 BB Cryotrapping -170 - 100 100 2

K H BRI 0.2 ng(DMS) ] 4.7 ng(COS) , ik
RSV Rl 8% 35 JE VA T R T R AR i 8 40
REBLR AT iR g A BRI T R R T AH i

3 ORAMEA VSCs BYZRAE M IH J7 BEFIAHSC R 4L
Table 3 Regression equations and correlation coefficients
for determination of VSCs by GC-MS

— SERDR HDCRMC
RHRE A HEAT 23 BT A5 2RO B T T LG VSCs Rorosson Comelatln gyefficient
(RIS FH AN 85 B0 R AHE R A, SR J5 FH GC-MS 43 o

KZE=WIL -
BRAOZER Y F AR IR T% ~15% (7 Cobomisinde ¥ = 330800 0.9805
¥IE R 10% ), H R EIPE R 12% ~27% (“F3 e
R 19%) . Din;&tgﬁ:ﬂ;ihﬁde y=2.0008 x4 0.9729
3.2 NEBKEREERL .
—MIL
3.2.1 BEFMAREE  RPESTIR20 ] FE Carbon il y=19%8lx4 0.9555
(IR 3T T 6 FAIF FHE S (A ~F) :
1B TR FREE AN & 3 B 452 3R I R E 4P TR IR SR AT
Fed KAFES 3 B VSCs BIAHXTFR IR 22 , A 3 B AT TR
Table 4 Relative standard deviation (RSD) , detection limits and recoveries of 3 kinds of VSCs by GC-MS
. . K i B A iR AR ELE
ﬁ,?’i\r%%ﬂh% (% RSD_ 5) Dete:‘,Ltion limit Adde% Recovery Addi Recovery
° o= (ng) (mL) (%) (mL) (%)
PiILEL COS 7.7 4.7+1.0 2 79.5 20 94.4
ZHIILEE DMS 15.1 0.23+0.032 2 83.2 20 95.4
Zhifkak CS, 9.2 1.920.84 2 90.5 20 105.8

WA, % A3 BT v as SOV S I T3 23 52 ) FPD KA I T BE | I St ik K 23 0 0 vk R BURE R A, &5

R/ARME(O/HAE) WEE—NREMEEN, &
T O/HAHIEAC L & 8L, O/H {H 4 0.3.0.8,
1.2 I UE(E S R

DL 8102 0 €833 25 A7 0 5 BR 3R 40 A, (ELE X T
W R JURh 2 e X 22 2 B ARSI 2009, s 2 E A
) VSCs M 554, R A IE 22 SE e i AT Ak, AR g 0
BB E AR, P el R Y R 3R S 2 i =
KDY R B IE RSS20 Ly (3*) , YEHL 9 21 451k kAT
EAE oM, BERFH], AR E R Ry 150°C , A
#ilh B2 4 180°C, A ¥ f 4 0. 8 mL/min, O/H {H
1.2 B, SRRy . 3 4h, i ik 22 43 Al 4% O/H
(LA AR o ) g %) i 1k D RTS8 K, SR s
SRR A I B AR AR ARE IR, R R
J7EE LIS 3] DMS F1 COS 1 3 e A6 45124
3.2.2 BETAMIESMERERE AR ARERE
RUEATRTAL B, N [ (0 A Ab PR ) R R AT
A AR WA R BRKEEE PR G

8.0
—~ s,
S 6.0
<
<
% COS
-
g
&~ 05 DMS
0-0 1 1 I 1 | |
A B C D E F

Temperature programme

B3 R X VSCs U I AR 52
Fig.3
VSCs
A:2 min at 30°C, 5°C/min to 41°C at 1 min, 20°C/min to
100°C at 7.8 min; B: 2 min at 30°C, 16°C/ min to 80°C ;
C: 2 min at 60°C, 5°C/min to 130°C, 30°C/min to 240°C at
2.4 min; D: 1.9 min at 35°C, 30°C/min to 80°C at 2 min;
E: 5 min at 30°C, 15C/min tol50°C at 1 min; F: 5 min at
35°C, 25°C/min to 200°C at 1 min.

Influence of column temperature on peak areas of
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BLA RN R A0RE B SR, IR (R A DU e 431 El s 5 4, (E 38k — g s ), R85 A = s ) %o g 7
AR/, AR R EUR RS RSB I, T EREE R, I S & W R (35,7 .8,10 F
12 min) ,

WE 4 Frs, KB EIFE 10 min B, 3 B VSCs H3 0824 8 35 Ry de £, A SPSS 16. 0 (SPSS Inc. |
IBM, Armonk, NY)#EAT 80K 275 2347 ( One-way ANOVA) &I, 7 10 min J7 , 153 i s 17 A% A B 5
25 (p <0.05), HIEHEREEEMBITHE, HE 10 min Ry EAERER R, tAh, W a— 5 W
SR A AR, 55— 7 1T 43 5% M 00 ], 6 A B ) 8 0 SR B 6 45 S 1 o B A
0] PRI T A AR W 3 0 R (30,40 .50 .60 .70 mIL/min) o G0 5 BN, 240K 45 A4 3 i i 60 mL/min
i ,3 Flt VSCs REAZHE 7853 R, X BHI AR ROR B

8.0 8.0
CS,
CS,
~ 70f \{ £ L I/l’\/\{
=
= = 6.0
605 Y = ~
5 60 = 1
£ 1.0r DMS E
—:g /’MS z.g 0.5+ F—?’NS
= 05r x/\/—x__l ?.—/45
0.0 ! ! 1 1 I 0.0 : L ! ! !
4 ¢ s 10 b 30 40 50 60 70
Purge time (min) Purge flow(mL/min)
P4 IR RINT VSCs (035 i R A 52 i 5 WG VSCs W I FR ) R 0
ig. nfluence of purge time on s chromatographic ig. nfluence of purge flow on chromatogra eal
Fig.4  Infl { purge ti VSCs ch graphi Fig. 5 Infl f purge fl. h graphy peak
peak area areas of VSCs

3.2.3 FriRMEREIRMY  BORFEARBURR SRR 0 5E B X L WA TETAR | SR 5 T B HEA T2 1 [l T
FAWN BB R B (R7>0.96) o Tk RS B A HH B AN (DGR 25 S LR 5, AR Oy vk i 23 A
REPL T 3CHR[21] .

K5 MREET 3 Bl VSCs BUARXTRRIE NG 22 | A 1 R T4
Table 5 RSD, detection limits and recoveries of 3 VSCs in seawater by GC-PFD

o ot RR JnA E]lE:s JA R [ g %
y vy AN
#EZZ\%%L{J&% (% RSD_S) Detection limit Added Recovery Added Recovery
oS vens (ng) (mL) (%) (mL) (%)
PRILEL COS 3.5 3.5+1.2 2 78.5 20 92.7
ZHILEE DMS 5.3 2.5+0.29 2 83.7 20 95.3
ZHifkak CS, 3.7 3.0=0. 81 2 89.1 20 102.6

3.3 EFIWEH VSCs K ERNIE

KA 26} 2015 47 4 A T 53 R K MRS REERY VSCs HEA IR . M ACR A1 X
AN O % B Ak R R SRAE I, 4 [0l S8 35 37 RO 40T, SRR KRR AT, 76 55 9% %5 N Entech 3100 £
ISR AEREE UE RGN T RFEFER S 26 N, 2808 5 W, X RERRESEST 25 PRI 1 9 BT A
HAME S YR AR TR R o B0 Ve T il i 25 B SR PRI B T S5 3 R IR K 7 R (FE g
FHIKZ) 2 m) TR ARG NRE LA B By 251 30 2 KU, $T SR AE SRR 1 SRR HEA TR A
SKEERHE 24 2 min, 2R 5 O 357 bR R BE JERE TR RE M5 0] 5256 200 58 B SR A E 12 8 T vk 45 1Y
Entech 7100F #3838 | SEHEAT — 10074 BHAR A T00v 4 A0 B B S 0RE A TR0V 48, B 2 RAURE S i v i)
H,0(g) . CO, S 34K SR IG F GC-MS 43Hrilla . MR 3 Fh VSCs BTV EE ANk 6 FirR , & B3 R 1
BRA T COS JE i EEMRSIER B ; 3 Ry BTAe 3R)2 0K il e vk BE A 5 S0k [ 22 14824 .

LIRSS HEAER | T ST UK RIS VSCs IOINSE Ty i BB T IR R HHBRAIE (< 4.7 ng) RS2
e S e, R KRR A I 2 45 4 Nl
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Ko WRITR 3 MIERVER ALY B
Table 6 Average concentrations of 3 kinds of VSCs in Qingdao coastal seawater and atmosphere
7K e BE RAHHKE
R VERALY) VSCs Sample concentration in sea water Sample concentration in air
(pmol/L, n=5) (x1072, V/V, n=5)

BRIERR COS 268+58 543+39

R DMS 1264278 2919

— ik S, 192 15620
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Determination of Volatile Sulfur Compounds in
Seawater and Atmosphere

ZHU Rong' , ZHANG Hong-Hai' , YANG Gui-Peng*'*
"(College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China)
*( Laboratory for Marine Ecology and Environmental Science,

Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China)

Abstract Volatile sulfur compounds ( VSCs) in the marine environment has significant implications for global
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climate change. In the present study, a gas chromatographic analytical method was set up to determine the
concentrations of VSCs in seawater and atmosphere, and the optimized experimental conditions were
established. For the analysis of VSCs in atmosphere, multistage traps and gas chromatography-mass
spectrometry ( GC-MS) were used, with the precisions of 7. 7% - 15. 1% and the detection limits of
0.23-4.7 ng. Moreover, for the analyses of VSCs in seawater, pre-concentration and gas chromatography
coupled with flame photometric detector ( GC-FPD) were utilized, with the precisions of 3.5% —5.3% and
the detection limits of 2. 5-3.5 ng. This method was applied to analyze the VSCs in Qingdao coastal seawater
and atmosphere, and the average concentrations of carbonyl sulfide, dimethyl sulfide and carbon disulfide in
the seawater were (268+58), (1264+278), (19+2) pmol/L, and (543+39), (29+9), (56+20)
(x107, V/V) in the atmosphere, respectively.
Keywords Volatile sulfur compounds; Carbonyl sulfide; Dimethyl sulfide; Carbon disulfide
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(HBERIEAY (5 5 ki)

RO BLEEARY) 23 WM, B Ak o br ™ R ANES S0 o A ) b3 A SR s S Bk A AT
IYESE A TR AL T T I B SRR AR S AR IR | LA R T S BB (A S e AL ST K k2l
BRI H A B A A0 Hr s B0 2= M A SRR 00 5L M0 A5 LS LR

ARPAETTBARE T A AR HER B 5 20 5 kS, 78 A e b L S0 T S A, 10 R 00T A7 A 06 2 S 2 4% B9 T I
KR, SR AT 5 A AT SO K S AR, 255 T B Tolk K Rt 4 X oA TR RO 37 225K, LI 52 T 4F
SPRTFE & BT A N S HE . SR TSR E R AR R N BN TR R S 56 S A g KA
AR TR A T T 3R E e T 2 1A B, B i 4 10 AR Sk BIARMEIL . A T O (B AR N B IOk (8
FH AR BN FERG I T BRSBTS B A RE IR SR AR

* 1987 4 SEEFHEREIEMS K
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