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microorganisms. It is a simple process that has mild operating conditions, high desulfurization efficiency, low energy
consumption and less environmental pollution. However, there is still a lack of simple and efficient analytical methods for
quantitatively analyzing the sulfur compounds in the biological desulfurization process. In order to solve this problem, the
analytical method for the simultaneous determination of sulfite, thiosulfate and sulfide in biological desulfurization solutions
by pre-column fluorescence derivation using high performance liquid chromatography (HPLC) was developed. The standard
curves of sulfur species in this analytical method had good linear relationships with correlation coefficients of 0.999 5,
0.999 7, and 0.999 7 for sulfite, thiosulfate and sulfide, respectively. The detection limits of these sulfur compounds were
0.000 6, 0.000 7 and 0.001 1 pumol/L; the range of recovery rates were 98.17 to 101.9%, 100.9 to 102.6%, and 101.1 to
104.2%; which had good repeatability and stability. The analytical method was simple, efficient and accurate, and could be

used to simultaneously determine the sulfur compounds in different biological desulfurization systems.
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H,S(aq)+CO3* = HS +HCO;5" (2B)
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ToK B B2 4 (ACS = 98%, RT), 0.100 mol/L
TACER PRI HEVS I, LKA AL EN (ACS), 1B
T EHEBTRL T A AR 2 w5 N-2-9% & IR R -
N'-2-Z.fi#fZ (HEPES, =99.5%), /KZ R (HPLC,
=99.5%), T il kA bFHEAw]; &R
{4, 2 =Rl (Ethylene diamine tetraacetic
acid, EDTA), BT HEHAEEb2=H AR LIE
(fakat), PR (mBBr, =95%), T %

Thermo Fisher Scientific 2] .

1.2 UE5ERE

LC-20AT R0 AR, HAC Shimadzu 2
Hl; ZORBAX SB-Aq C18 (4.6 mmx250 mmx5 um)
WA ISAY, 25 Agilent AF]; Shim-pack GIST
C18 (4.6 mmx250 mmx5 pm) WAH(IGEH:, HA
Shimadzu 72t & ; YMC-Triart C18 ¥ #H i 41
(4.6 mmx250 mmx5 um), HAS YMC A r]; #R4iK
HL, 3£ Thermo Fisher Scientific A w]; FEAE .
ST R FiveEasy SE30% pH 11, il Mettler
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oK PR R BN T/ ik v, B A 100 mL 78 5 )il
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L IBCEL -

100 mmol/L BB BR eAR 1A W . TWSE T 1
TR T AR R A D

10 mmol/L RALEAPRUERS IR : HL—E FE 45 &
AR UK G BRAL BN T A3 TR 1 80 hpedr b, FIK
WRERR LR M40, TN T KI5, FREL
0.24 g I T/0HIKH, B A 100 mL A4, K
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20 mmol/L mBBr {5 : ¥ mBBrig T 20,
T =20 CREGIRAF

HEPES & ik . FREL 0.596 g HEPES #} & Al
0.093 g EDTA F 50 mL fy#a4ik+, A 0.1 mol/L
i) NaOH ¥ i 7% pH % 8.0,
1.4 HERTALE
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RAF s
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Bl INZE A3 B A AR R R I R A AT
it BAn G P RETS BIAR LR 40 5 o 388 43 2 Bk
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T, I HAUE R T pKb {2 DAL, X T AR
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WA, BT AR R KA B, R TR oA
2.5 mL i ZERIE KA pH A 4.0 A HLAH— ik
BB CREVE AN . T 2BV RE JT H
H i, DR AR B9 R 16 S IS 1 A LA
2.1.3 faigiikE

A WA I VR 2 BRAL B MR 2 S A EAR P
PEER FARAR PR ES , rF S AH C18 (oAl
Oy B AR R AR PR 5 A A, TR e R A
C18 iftEx; &tk Gttt e, B2, RH

Table 1 The parameters of high performance liquid chromatography

Names

Parameters

Reverse-phase column

Mobile phase A

Agilent ZORBAX SB-Aq C18 (4.6 mmx250 mmx5 um)
Column temperature 25°C
0.25% acetic acid/water

Mobile phase B Acetonitrile
Flow rate 1.0 mL/min
Excitation wavelength 395 nm
Emission wavelength 480 nm
Injected volume 10 pL

Elution gradient

0 min, 10% B; 10 min, 30% B; 18 min, 75% B; 20 min, 100% B
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Shim-pack GIST C18 {44 & 78 Hr 78 i) 5
PEPERE RS A A /B A, BT e
AR E T, R B T AT A o B R £
TR E I . AN, B R B B RE
Al LA 32 pH 2 1.0-10.0 MR ShAH, 7Emk: i 43
Bro&fE TR el e Mo e, wiE 1R, 1%
OIERIEIE ARG, fAfE RIS, (A S0 (aik
U AR SR A P Z RIAFTE R r s, 41 B K.

YMC-Triart C18 i1 % A MLA Ak
KB, XF LT ORI R S 3 A T A T
HHr, FAARRAT A2 | 3 R A B K R K
PE . R TE RN PRI SRR N, IS AR
WA, K 2 Fos, Iz OIS TR
—Rcagent blank — Sulfide

— Sulfite —Mixture |
—Thiosulfate \‘

L

SO
JI‘\ A

Intensity (mV)
e
2
Intensity (mV)
| ©

Shim-pack GIST C18
A _A UL

0 2 4 6 8 10 12 14 16 18 20
Retention time (min)
E 1 #FF Shim-pack GIST C18 &+l E STk &1

Fig. 1 Determination of sulfur compounds with Shim-pack
GIST C18 column.
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f
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= [l
k= B ) L
YMC-Triart C18 ||‘
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Retention time (min)
E 2 FIMA YMC-Triart C18 il E SFHL A
Fig. 2 Determination of sulfur compounds with YMC-Trait
C18 column.
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Fig. 3 Determination of sulfur compounds with ZORBAX
SB-Aq C18 column.
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FIERAE, AEERTHWE, HEES5EH
PERE, {H 55 H0 7 A L AU e A T AR Ak
TAh, BT 3 R AN E S AL S
e eta], gk 2 i, Shim-pack GIST C18 {4
TERE S 2 40 0 R [l 3Re ; YMC-Triart C18 4,
JEAE A ZORBAX SB-Aq C18 (A3} 4 4% 2H 43
BRI, (RS & HS 415 B i .
i3 DA AR [R] A £ i A ) 2 AT AT A
ZORBAX SB-Aq C18 {341 X} & i Ak 5 4 1 43 5
JE F K AH H GRS ] — B, YMC-Triart C18 {2 #E
[ 73 15 J — RO H HS I [R] iz 3R, Shim-pack GIST
C18 (A () H W i ] S5 o HL 43 B B Fie N5 3
g R EBEY R AR SR, 6%

Tt X N A Y AR L2 3) 1 PR PN I Bl AH I
Xt SOs% . S,05% Fl HS T 1 &% 5 f 5

2 4 aJAL, 3 M mi Al A P i OR BE B ] A
L0 v R B o I Sl R A T P 1 i 2 S N
& 4. &5 FE 6 vl %, FhHTEXT 3 Fh
WAL B S E AR, 3 S mib &Yy
Al IS BIAR G i o o IR, 380 i B0 AR O
1.0 mL/min g BRAR BHERAE S50, TRl S 00 e B AE
AT 3 R E Ak A W] LS 2R 47 19 4y
B, AP AR AT LAE 20 min N S8R .

®3 ARIRETRANEIEREE
Table 3 Elution gradients of mobile phase at different
flow rates

’ Flow rate Time (min) Acetonitrile Water (%)
I, A SZEGHFSE R ZORBAX SB-Aq C18 1 M % (mL/min) (%) i
5 AR A zg 28 38
2.1.4 WSHHEFE A 04 45 75 25
TSR 15 RO A €15 v i S0 A AL T 2 5 ) 58 1% £
25 RN WA ST R B — A BN 3, U UK H D 06 17 30 70
) 6 AL 5 BE AT R /DN 5 Dk /N 0 5 R R {H S e pp ' gg 13 %
G PR, ARSEEHF5E T 0.4-1.2 mL/min (AN [F] 0 10 90
0.8 12.5 30 70
£2 TEGEHET SO S,0,5 HS HRER 222'2 133 23
Table 2 Retention time of SO;~, S,0,”, HS™ at 0 0 %
different chromatographic columns
Retention time (min) 10 10 30 70
etention time (min .
Compound - - 18 75 25
Shimadzu YMC Agilent 20 100 0
SOsZ 6.437 9.070 8.393 0 10 90
8.5 30 70
2—
5,05 10.311 13.455 12.242 1.2 - - -
HS™ 17.443 17.877 18.174 17 100 0
£4 TREDEATRET SO\ S0, HS HYR BBt g Fug E R
Table 4 Retention time and peak area of 50,7, S,0,%, HS™ at different mobile phase flow rates
Flow rate (mL/min) 0.4 0.8 1.0 1.2
8032‘ 19.402 12.703 10.163 8.122 6.784
Retention time (min) S,05% 28.784 19.752 14.781 11.899 10.169
HS™ 44.875 30.283 22.573 18.104 15.248
8032‘ 126 434 86 550 72 352 55 752 45 011
Peak area (mV-min) S,05% 114 391 81 873 60 478 49 521 42 264
HS™ 69 534 51 498 41 302 35 256 30 386
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[ — 0.4 mL/min
‘ — 0.6 mL/min
— 0.8 mL/min

i 1.0 mL/min

— 1.2 mL/min

Intensity (mV)

0 5 10 I5 20 25 30 35 40 45 50
Retention time (min)

4 RENERIEX SO.2 N E L R E S0
Fig. 4  Effect of mobile phase flow rates on the
determination results of SO,>".

— 0.4 mL/min
— 0.6 mL/min
— 0.8 mL/min
— 1.0 mL/min

1.2 mL/min

Intensity (mV)

0 5 10 15 20 25 30 35 40 45 50
Retention time (min)

Bl 5 Eah TR S,0,° M E L R AT F N0
Fig. 5 Effect of mobile phase flow rates on the
determination results of $,05>".

— 0.4 mL/min

[ — 0.6 mL/min
— 0.8 mL/min

1.0 mL/min

| — 1.2 mL/min

Intensity (mV)

|

L 1 L 1 1 1 L L I 1

0 5 10 15 20 25 30 35 40 45 50
Retention time (min)

6 ABNRIEN HS MELE R AT
Fig. 6 Effect of mobile phase flow rates on the
determination results of HS™.

2.1.5 fHEMEE

Xt SCAH R OB AR BT R 5, AR TR b AR
H B /N, HE A IS HARUE B IR A F T
PO R, MRS B, 4
SMTES TR, R 20 AT 45 S i A A R .
WARRT R AR R, Ha s AT RE T
B AR, AERBEICTHEE s, Ha Ry
Brestial o PRk, ASZEAHSE T 25 'C- 45 CYufElN
FERXT SO5% . S,057 F HS I 2 25 R H 400

H2 5 AT, SEAL A aY R B e fa) b A
T P 1 o S /N R # R i AR AR PR AN AR
7. B 8 FIEl 9 I, FEEXT & HRAL A
EERMAK, A PAEAR AR &
TR DS EAR G A 43 25 . BRI, e 25 C

%5 FRHMEERT SO, S,0:,7. HS B4R Z Bt 8] Falg E 2
Table 5 Retention time and peak area of S0,7, 82032‘, HS™ at different column temperatures

Column temperature (°C) 25 30 35 40 45
S0* 8.163 8.053 8.087 7.757 7.681
Retention time (min) 5,042 11.887 11.687 11.527 11.368 11.250
HS- 18.107 18.058 18.006 17.962 17. 900
S0* 56 292 55 717 56 569 57 750 55 627
Peak area (mV-min) S,05% 49 807 50 511 49 717 50 062 49 844
HS- 36 842 35087 34 758 33426 33059

@: 010-64807509
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|
S |

R

Intensity (mV)

|

4 6 8 10 12 14 16 18 20
Retention time (min)

0 2

7 AEEX SOS M E L R A
Fig. 7 Effect of column temperatures on the determination
results of SO5*.

—25°C —30°C —35°C —40°C —45°C

qﬁp%h;

|
,M_J%_M,Jl

W

A
f

Intensity (mV)

|

4 6 8 10 12 14 16 18 20
Retention time (min)

0 2

8 R S,0,” M E L4 RN
Fig. 8 Effect of column temperatures on the determination
results of S,0,7".

N AR BRI, R SEIR R IR A F T,
3 R A BRAL G X AT LIRS BIAR LT 1 20
22 HHEFREESR
221 trENL

R RE A8 1% 25 AT, IE T A [ 2 8 I A TR
B BB IR B AN B AL BAARAEVR , I LTI AR
ARG O BE O R AR AR (x), WETRIBL (y) A2k
PRz bRAEI 2, IE S5 R ANE 10 FI5E 6 Bk

http://journals.im.ac.cn/cjbcn

222 MRS ERR

WL B LC-20A AR NS At b P P f7 AT
NREAL IR 3 Fh 5 A Ak 5 AN [V B () B AR A e
IR R R SR (S) BME (BHR{F9)Mm
FE (N) By 3 f%5H0 10 f%5 53 it 545 i 3 Fh & ik
AWK IR (Limit of detection, LOD) FliE &
FR (Limit of quantitation, LOQ), % 7 id%# T
3 ML G WAREI L D R . MOCHRE. £
PEJEIE . A RRAE =R, w0 3 A& aibS Y
FIPRAE M A RIFMER MR, FXREIK
T 0.999, REMSAR by b il f S 004> BT T B
—25°C —30°C —35°C —40°C —45°C

|1

f
A e

Intensity (mV)

0 2 4 6 8 10 12 14 16 18 20
Retention time (min)

9 HHIRX HSMELE RN

Fig. 9 Effect of column temperatures on the determination

results of HS™.

| * SO
— y=624.00x+356.29, R?=0.999 46

* S,0f

50 000 F — y=510.44x-12.76, R>=0.999 7

H
40 000 F — y=36496x—48707, R*>=()

60 000

30 000 |

20 000 r

Pcak area (mV-min)

10 000 f

0 1I0 2b Sb 4b Sb 6b 76 8IO 9|0 1601i0
Concentration (umol/L)
E 10 SO,*. S,0,°. HSHrERZ
Fig. 10 Standard curves of SO;*", S,05° and HS".
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2.3 TREMRE NIERE

£ 0. 3. 6. 9. 12 h BFEATIIE 5 R E Hik

24 EEEMLIW

JEE A B A L BRIV B TR BN T YR FT LA Gt R A

Y, REAE T AL S0 A i

TIE 5 YE AU Y BLALENAR W . L

PRAEWITS R BT IR IBORTESE 120 RSORS00 0 7 68 B

B A XS FR7EIR 2= (Relative standard deviation, s T R

HAP S EAARXS AR e R 22 . & 9

RSD). H1# 8 I, 3RMEBAEYIAL 120 IR |2, 3 Fh B b A (o 54 Bk 1] AR X o 22
B BsF () %) FE X B o4 O 25 93531 A 0.56% . 0.25%F1 43511k 0.03% . 0.04%7F1 0.01%, 4 [ A ity 4 %o e
0.02%; WETEFLAAI X AR 22 0.84% ., 2.82% {22472 0.50% . 0.85%7#1 0.68%., [Hitt, =z
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Table 6 Determination of SO;*, S,0,%", HS standard curve

Concentration (umol/L) 10 20 40 60 80 100
S05% 6 568 12 396 25322 38586 50 570 62 137
Peak area S,05% 5158 10 217 20 014 30823 41194 50 754
(mV-min) 2
HS™ 3500 6 469 14 039 21340 28920 35 946

R7 fRAEfZ. WNREEER

Table 7 Standard curve, limit of detection and limit of quantitation

Compound Standard equation Correlation Linear range Limit of detection Limit of quantitation
coefficient (umol/L) (uwmol/L) (umol/L)

SO5* y =624.00x+356.29 0.999 46 10-100 0.000 6 0.001 9

S,05% y=510.44x-12.76 0.999 74 10-100 0.000 7 0.002 3

HS™ y=364.96x-487.07 0.999 64 10-100 0.0011 0.003 6

#8 REMEEER
Table 8 Experimental results of stability

Retention time mean (min)

Peak area mean (mV-min)

Time () S0,% S,05% HS™ S0,% S,05% HS™
0 8.461 12.257 18.145 27 634 30 729 14 461
3 8.395 12.222 18.138 27 569 29 827 14 304
6 8.380 12.181 18.139 27 345 29 191 14 616
9 8.369 12.187 18.142 27 188 29 085 14 667
12 8.334 12.211 18.139 27 106 28 562 14 461
RSD (%) 0.56 0.25 0.02 0.84 2.82 0.99
#9 EEMIURER
Table 9 Experimental results of repeatability
Retention time mean (min) Peak area mean (mV-min)
Compound
Mean RSD (%) Mean RSD (%)
S05% 8.394 0.03 27 540 0.50
S,05% 12.186 0.04 29 449 0.85
HS™ 18.142 0.01 14 446 0.68

@: 010-64807509

B<: cjb@im.ac.cn



2190 ISSN 1000-3061 CN 11-1998/Q E:# 1.#22%4k ChinJ Biotech

2.5 PRGN E LI FAA0AR E W E LI

SEBRAE S E SE = A B R N A, B0
JE B EIEW 1 mL, BB R BT A TR A Ak
B, OPATINGE 5 R MR BRA BRI A
SEBRFE S E R AL A KO-, TR R
A b [l S 56 AR [l

M1 10 AIATD, SCBRAE S & B Ak G 0 i AR
SR HER 2243 51 4 0.67% . 1.01%F1 1.24%, /)
T 2%, AT TR R RS I AE s AR e A
st S Bk B 0 1 R X o T AR 22 43 Sk 0.94%
0.59%7F01 0.95%, #J/NF 2%; &Gtk W ints
[ R B 7E 95%-105%3 BBl 1N 5 3 BH 32 1k v
P

Daunoravicius 2B g v 7 —Fi 57 5 414 H
VKOTVE, PP A7 RN B ) R A QA
BREh . BALY FOGREREL ; 1% AT T

F 10 HENEFMIREERLEER

fif A A R R BB B . SO IA A
o, AWFSE T 9O A 1 P AR E S S AR
b, FEREVE R BriEr 2 i pH o R B by
111 ELAS: Y FREE A, SR 20 il E

3 &%

ABIFSEHE ST T AT 98 AT AR R OB A i vk
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Bio FRINAE S 20 5PO6IRE mBBr B3, 7E
ZORBAX SB-Aq C18 (4.6 mmx250 mmx5 pum) &
FETER:; FER 25 C; UK 395 nm, &4
W 480 nm; IS A A4l 2 1 0.25% 2 FRIK
W P 1.0 mL/min; #EAE RSN 10 uL MIAIET,
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Table 10 Experimental results of sample determination and recovery rates

Times of determination 1 3 4 5
Determinated value S04% 18.59 18.38 18.60 18.33 18.52
(umol/L) S,0:2 16.62 16.40 16.80 16.64 16.42

HS™ 14.47 14.29 14.31 14.73 14.52
RSD (%) S0s* 0.67
S,05% 1.01
HS™ 1.24
Added (umol/L) S05% 12.00
S,05% 10.00
HS™ 9.00
Determinated value S04% 30.75 30.16 30.73 30.30 30.75
after added (umol/L) ¢ ) »- 26.71 26.55 26.96 26.85 26.68
HS™ 23.85 23.39 23.67 23.97 23.85
RSD (%) S0s* 0.94
S,05% 0.59
HS™ 0.95
Recovery rate (%) S04% 101.33 98.17 101.08 99.75 101.92
$,04% 100.90 101.50 101.60 102.10 102.60
HS™ 104.22 101.11 104.00 102.67 103.67
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