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HITE Bl Mo R R (MR B 92 >0.999) , K HBR (S/N=3) g B R (S/N=10) 434 1. 53 pg/L 1 5. 10
wg/ L, {4 83 fisf [B] A T AR g AR X AR v R 22 (RSD) 3/NTF 0. 2% (n=6) , Biltje ki vy BEEoR G, skt
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Abstract ;. Hydrogen sulfide (H,S) is a pervasive gaseous pollutant that emits the characteristic

odor of rotten gas, even at low concentrations. It is generated during various industrial proces-
ses, including petroleum and natural gas refining, mining operations, wastewater treatment ac-
tivities, and refuse disposal practices. According to statistics from the World Health Organiza-
tion (WHO) , over 70 occupations are exposed to H,S, rendering it a key monitoring factor in
occupational disease detection. Although H,S has legitimate uses in the chemical, medical, and
other fields, prolonged exposure to this gas can cause severe damage to the respiratory and
central nervous systems, as well as other organs in the human body. Moreover, the substantial
release of H,S into the environment can lead to significant pollution. This noxious substance has
the potential to impair soil, water, and air quality, while disrupting the equilibrium of the sur-
rounding ecosystems. Therefore, sulfide has become one of the most commonly measured sub-
stances for environmental monitoring worldwide. Achieving the stable enrichment and accurate
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detection of low-level H,S is of great significance. Common methods for detecting this gas in-
clude spectrophotometry, chemical analysis, gas chromatography, rapid field detection, and
ion chromatography. Although these methods provide relatively reliable results, they suffer from
limitations such as high detection cost, low recovery, lack of environmental friendliness, and
imprecise quantification of low-concentration H,S. Furthermore, the sampling processes in-
volved in these methods are complex and require specialized equipment and electrical devices.
Additionally, approximately 20% of the sulfides in a sample are lost after 2 h in a conventional
alkaline sodium hydroxide solution, causing difficulties in preservation and detection.

In this study, an accurate, efficient, and cost-saving method based on ion chromatography-
pulse amperometry was developed for H,S determination. A conventional IonPac AS7 (250 mm
x4 mm) anion-exchange column was employed, and a new eluent based on sodium hydroxide
and sodium oxalate was used to replace the original sodium hydroxide-sodium acetate eluent.
The main factors influencing the separation and detection performance of the proposed method,
including the pulse amperage detection potential parameters and integration time, as well as the
type and content of additives in the stabilizing solution, were optimized. The results showed
that the proposed method had a good linear relationship between 10 and 3 000 pg/L, with cor-
relation coefficients (7°) of up to 0.999. The limits of detection (S/N=3) and quantification
(S/N=10) were 1.53 and 5. 10 png/L, respectively. The relative standard deviations ( RSDs) of
the peak area and retention time of sulfides were less than 0. 2% (n=6). The new method ex-
hibited excellent stability, with up to 90% reduction in reagent costs. Compared with conven-
tional ion chromatography-pulse amperometry, this method is more suitable for detecting low
concentrations of sulfides in actual samples. Sulfides in a 250 mmol/L sodium hydroxide-0. 8%
(mass fraction) ethylenediaminetetraacetic acid disodium salt solution were effectively main-
tained for over 10 h. The new stabilizer significantly improved the reliability of both large-scale
and long-term detection. The recovery of the proposed method was investigated by combining
the system with a badge-type passive sampler. This sampling method requires no power de-
vices; it is inexpensive, simple to operate, and can realize long-term sampling without the need
for skilled personnel. Moreover, it can overcome the influence of short-term changes in pollu-
tant concentration. The sampling results have high reference value for large-scale intervention-
less pollutant monitoring in ultraclean rooms, museum counters, and other places. The results
demonstrated that the recovery of the proposed method was greater than 95% for the blank
sample and 80% for the sample plus standard solution. Finally, the newly established method
was applied to determine H,S levels in air samples collected via passive sampling at school gar-
bage stations. The measured results did not exceed the national limit.

Key words: ion chromatography (IC); amperometric detection; sulfide; potential; sodium
oxalate
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ICS5000-+ 5 1543, el £ 22 35 el #4570 2
HEFERS (25 1E Thermo Fisher 23 7)) ; KQ5200DA
s P AR (R A AR A R A
Milli-QA10 j# 4fi 7K 4% ( 35 [§l Millipore A ) ; 50%
(280 AL BAVS  (NaOH, 4 A4l | & —j
(EDA, 4 99% ) #4014 {4 2R G R BRH v A5 FR
N BR 88 (Na,C,0,, 4l B 99.5%) . Z TR 4H
(NaAc, 4li i 99%) 71 H 7 & Sigma-Aldrich 7%
H); LM VU R 4 (EDTA, 4l & 99.99% ) itk
YRRV (S*, 100 mg/L) ¥ [ i 3 o bkl
ERHE AL
1.2 &ikHIBECH

250 mmol/L NaOH-0. 8% ( Jfi 24341 ) EDTA f&
SEVR PR 2.0 g 50% A ABNIAH 0.8 g £ &
U 2R 8N 100 mL 25 fifih, in A & 6 J5 % 40
(RIHBAEK , ERFEAT

200 mmol/L NaOH-7. 5 mmol/L Na,C,0, #k
VW PRI 2.0 g FIRREN 32. 0 g 50% F AL
TR, ALK ZE 2 L, 7 30 min,

PR A - EB A I 100 mg/L i Ak b v 1
W, 250 mmol/L NaOH-0. 8% EDTA & & W i
B, BT T R B B R PR EVE TR, T 4 CV iR
7, B, S 7E 9<pH < 13 ) Bl 4 %5 ¥ 1 A
HSVIRASAEAE, F X s ALK .
1.3 f@itgH

£, 3% £+ . ITonPac AS7 (250 mm x4 mm, 3 [F
Thermo Fisher 73 7)) ; f# $ 4 : TonPac AG7 (50
mmx4 mm, 3 [E Thermo Fisher /A7) ) ; /AR 2 .
TEREREI 5 T AR f M AR L ; 2 EL HL B . Ag/AgCl-
pH & &5 L il AT O3 15 ik R TR : 200
mmol/L NaOH-7.5 mmol/L Na,C,0,; i #. 1
mL/min; #1330 C; #AE .25 ul,

®1 BAEESH

Table 1 Potential waveform parameters

Time/s Potential (vs Ag/AgCl)/mV Integration
0 -0.1
0.20 -0.1 begin
0.90 -0.1 end
0.91 0.1
1.00 0.1
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Table 2 Default potential waveform parameters of
IonPac AS7 column for sulfide analysis

Time/s Potential (vs Ag/AgCl)/mV Integration
0 -0.1
0.20 -0.1 begin
0.90 -0.1 end
0.91 -1.0
0.93 -0.3
1.00 -0.3

mmol/L NaOH-7. 5 mmol/L Na,C,0, ,100 mmol/L
NaOH-500 mmol/L NaAc . 100 mmol/L NaOH-500
mmol/L NaAc-0. 5% ( ittt/ 40) EDA) X itk Hill
REMIREM (WL 1)

~12.0

“122 ]
1 Eluent IIT
-124 ]

-12.6 ]
2 1 Eluent IT
-12.8]

-13.0
1 Eluent [
1324

-BAarY
62 6.4 6.6 6.8 7.0 72 74 7.6
t/ min

1 3BT ELRERN N
Fig. 1 Effect of three eluents on baseline noise
Eluent [ : 200 mmol/L NaOH-7. 5 mmol/L Na,C,0,; Eluent
. 100 mmol/L NaOH-500 mmol/L NaAc; Eluent II. 100
mmol/L NaOH-500 mmol/L NaAc-0.5% ethylenediamine
(EDA). Waveform conditions see Table 2.

SEHXF 500 wg/L B AP TR | K B e
A GG, BRAb eI WA s AR i o
AR AR BV BE 1) TR N, FEZR 1575 N 0. 06 nC B
5] 0. 01 nC (WL 1), HAHE 5 4F Bk R £
PE, FERREN AU CERENEY 0. 2% , KRR AR
B AR £ 90%, # % J 200 mmol/L NaOH-7.5
mmol/L Na,C,0, #1755 2L5L 5 ,

212 ®BAESBHFHEE

2 Sk BT A EA BT 7R SEBRAG I H
B, LIS R GBS G B i) (i
B, LR ALY F A 100 pg/L AR
EREEH R IS, TR AR . (1) IR RS
(L HIE S ) A 815 G5 (2) LRI L A3
ZHAME (% Ag/AgCl-pH B G52 HIIGE I ) I
W HS SRR N R, 2 TE B Ag,S W T Fa ik
FE N J 2 AL SRR N 1) % A, PR i Jon 1
FHVEVEHL (0~0.3 s, =0.1 mV; 0.3~0.4 s, 0.1
mV) {5 5 RAEME R 0.2~0.3 s LR M i
T A 1 L RS PR NI ( ULIET 2)

M2 B, A St 5 9 fL A 0, 10 wg/L
BRAL A AT AG L3 R 1) A 3 ke 5, e
FEFELR B REA R Ag,S UTTE Ji HL A 2 T 9 L fb 24k
i ,Ag,S ULIERA I, ¥ 5 2, Ag,S ULTE 1 7 A=
ARG EL I A R A IR R T R



- 770 - 1,

i FH2E

-11.5

-12.0%
71245-5
2 71340-2
-13.5-2

-14.0 ]

B 3 . . —
0 2 4 6 8 10
t/ min

B2 BHBALERET 10 pg/L FLr it E
Fig. 2 Chromatogram of sulfide (10 pg/L) under
improved potential
Eluent: 200 mmol/L NaOH-7. 5 mmol/L Na,C,0,.

2.1.3  ZERHEK AR ALE T

WCHE FRLAN T A A e T RS /N N R R AT A
H BEURIR FH 52 o it A DN, 2% 3K A 4 R 43 1sf 1] LA
BEINFR Y E R MERR I, B R R SRR
[ 0.2.0.3.0.4.0.5.0.6.0.7 s,4+#7 100 ng/L i
PR HER IR . RAL A R B B TT f i R
W3,

* 3 BmUAHMERERS K THIETR
Table 3 Peak areas of sulfide under different
integration times

Integration time/s Peak area
0.2 9.4919
0.3 18.8029
0.4 28.3009
0.5 37.4532
0.6 47.9043
0.7 57.3832

e 3 AT BB R A W AR R, (R
SyEF TGN, B e R F AR - 5 AgO SRR LY
P4y 2 107 i ] SiE K | 2 AR fE AR A0 i B0 IR I
TSI RSB AR SR I N, e & 3822 0.7 s TRy,
0.3 s T IHVE P, LLof R il i AR , F BT
W1,

22 HmUHBREEHAR

T Fi BB 0 5 WA % 570 P 3 51 S in EDTA
EDA FIHT Ak 7 (HTIR 1 R ( AsA) | WKW B iR 4
(SHP) ) LA /b ik By 4 25 . ffi 250 mmol/L
NaOH 250 mmol/L NaOH-0. 2% ( it & 43 %) ED-
TA 250 mmol/L NaOH-0.5% ( i fit 4> %) EDA .
250 mmol/L NaOH-5% ( 1& 1 4> %) AsA . 250
mmol/L NaOH-5% ({&F153%k) SHP 5 Fifa e K

100 mg/L WAL ATV T FE I R B i A7,
F0.1.2.3.4.5.8.12.16 h J5k, 4556, hn
NPT IR 55 A0 40 s 9 TR 00 24 o g FC Al e
HEV I R HH B4 B ; 72 EDTA €W, 3 h
PR ALY & TCH AR ML, 16 h S AT AT R ERTE 90%
DA b i Al AR W P AR W B R AE 8 h i B
60% LAF . EDTA A] £85Ik BE W H A 7E 1 0 4 s
BF G ARR e Bl S Y ECS EDTA R
T ECN 0.2%,0.4% . 0.5% . 0.8% . 1. 0% [¥ 250
mmol/L NaOH ¥ ¥ ¥ i 1k ¥ b UE 5 W7 BE &2
1000 wg/L, T 0.2.4.6.8.10 h 5kl #ifkdy & &
A gl 3 s,

K3 255 % W], 10 h N, % EDTA Jiit 70 80H
0. 8% F1 1. 0% [ 250 mmol/L NaOH ¥ H ik ik
LA 2% 2247, PSSR Rl & 2% 58, o s 1 )
250 mmol/L NaOH-0. 8% EDTA 1E & i k¥ s B
FREW

100
99 ]

98 4

Retention / %

97 4

96

5

t/h
B3 ARRENEHH EDTA BHRH IS EH N

Fig. 3 Effect of different mass fractions of
EDTA on the sulfide contents

2.3 FERFWIE
231 =AM

X ECHILF A 100 we/L B AL bs i 75 - 17 0k
FE6 K, A5 B Ak 4 i) 0 T ARURT A B3 B (1] 1)
RSD <0. 20% , i XA % B e, AR PR AT
232 LMHEE RHRMEER

fdi i1 250 mmol/L NaOH-0. 8% EDTA # & Wi
H 100 mg/L iAWy br 7 1% S T 28 T it vk 3
k3000, 1000,200,100,50.20,10 pg/L, 7£ 1.3
TGS X R A AR VA AR R HERE , AT I 2
3, LB bW B i (2, pg/L) NE AL PR,
IS (y) WP TR MG, 45 R R
B BRALHITE 10~3 000 wg/L 3 etk X 2 BT
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LM RN y=9.789x-0.073 6, HIE R E () >
0.999, LIEMELL S/N= 3 HiER R, LI S/N=10
i R, 2090 1. 53 wg/LFN5. 10 pg/L, 55
JPEA LG, AT S T 100 pg/L LA Gk
A3HT K R R R BRI, s AP iR A AR
PRI A R L,
233 EkE

it e s sl R A A R SR AL, X [l
AT BRI ] A L 00 T AL SR FE AR A i A
200,100 pg/L B PFrHEA#E 0. 05 mL, 30 min Ji5
PRI, ARASPE B RAE 7 3 DS (I 3k SR =
RSB & /AR PR S ) o 19
il 8 4 B SR AE RS TR A B I A 50 000 g/ L B ik P
WEVE R 0.025.0.05.0. 1 mL, 15 3 ZHimbnRbtts, 5
I3 —HAINERRAL S AR R S5 T R AR 3 K5 $E iR
I ARAG 2 R RAE IS CRAFE ISR = AR i
T AL B B - AR AL i R B AR i) /bR
Wik & i) o 48R R FEAFRAKTE T ik
LR3I 95. 5% Fi1 98. 9% , KA A1 2R 43 1)y
80. 70% 91. 23% .80. 00% ,
2.4 LEREERKET

Bt H R AR IS G i A S A w1 X
3R, R YIE RS A LA
LRI BB Bl SR A % T S R Ak 7 3 A B
B 12 h B — b i R AR 72 h, e 25 R ik 4
FI7R . 2ERE B R R T, B s R AR 12 h BB AL
LR RS NS B RN ESIA S T S5 S

T 4 AT LUE 2R RIS B3 i R4
ST SR 75 ek i S ) B 77 A R 38 A ot
FAE i R XA L A PRAE 10 pg/m’Y

~17.0 -

717.2_2 Sulfide

~17.4 ]
-17.6 4
Q178+
~18.0 4
-182
-18.4
Y —
0 2 4 6 8 10
t/ min
B 4 FEAMRETFRBRE S T RE 12 h IR ek
Fig. 4 Chromatogram of sulfide after sampling 12 h
at the school garbage site II under the new
potential waveform
Eluent: 200 mmol/L NaOH-7. 5 mmol/L Na,C,0,.

F 4 FR 2 AEOREAHBUEENKRNER
Table 4 Hydrogen sulfide detection results of two
school garbage sites

Position | Position I
Sampling Content in the Sampling Content in the
time/h air/(pg/m*) time/h air/(ug/m*)
12 9.856 12 5.985
24 6.337 24 4.576
36 8.550 36 6.571
48 7.833 48 7.481
72 7.393 72 5.691
3 #Hig

AR SCAF R AL B B0 B A I e PR B P
K FECL R R AN (KT 100 pg/L 5
Gy VR ) KA R A7 e M 25 AR ), 42
BB G BEN RIS, REW R 3 AT
T, B SR FH R RN AR SRR AE IR Ve A 4L A
RS KR R AR S 2 M 7 el AR | T G- e il 4 )
BT LAk T 5 FLUC, 38 A48 e L (6 D | A
255 R EIMIC T B AL, RAETE X R | ikt e (2
T T T R AR S oM E B 4 S A R T k.
Ja B T BRI A B 2, KRR IE K T fifb
ARSI, [l 2R ] 35 80% LA b, £ b FFk, X
Jer AT W T i et ol AR S 3 A A RRAIG, i
I 5, SR
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