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Abstract: A new method of ion chromatography with amperometric detection was established to de-
tect sulfide ions in blood poisoned by hydrogen sulfide. Sodium tetraborate—formic acid solution was
added to the blood sample as a buffer reagent, and the protein was precipitated by methanol. After
high-speed centrifugation, the supernatant was taken to adjust the pH, filtered by a 0. 22 pm organ-
ic phase syringe filter, and the sulfide ions in the blood were qualitatively and quantitatively analyzed
by ion chromatography—amperometric detector. The experimental results showed that the sulfide ion
concentration showed a good linear relationship in the range of 0. 02-3. 0 pg/mL (correlation coeffi-
cient ’=0.999 1), the detection limit(LOD) and quantitative limit (LOQ) were 0. 007 5 pg/mL and
0. 025 pg/ml., respectively, the matrix effect was 12. 5%, the intra-day precision was 4. 1%-8. 0%,
and the inter-day precision was 8. 5%—13%. Based on the detection results of fresh blood samples
from healthy individuals, this study proposes a diagnostic threshold for poisoning. In this study, an
ion chromatography—amperometric detector method for the determination of sulfide ions in blood was
established for the first time, which has the advantages of convenience, high efficiency, high sensi-
tivity and simple operation, and provides a new idea for the detection of blood poisoned by hydrogen
sulfide in forensic science.
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1 SREERS

1.1 Us5iKF

ICD 300+2 a4, il SHE-8 ECD 225K %8 F1 SHA-16 AUTOSAMPLER B ZhiEEss (355 5%
AT H ARG 2 A]) 5 Eppendorf 5804 i3 25 0 L B #% (72 Eppendorf 22 7] ) ; VORTEX 2 JAiER
P vy (TS| IKA 20 H]) 5 KQ3200DE 8 75 i1 i s (B L T A A (A IR A 1)) 5 Milli-Q A 4l 7K A (]
Merck 23 %]); AUW220D HL R (HARBHEAT ) 5 0,22 wm APV B0 iEES G R A R
AP

HE . ofE ., . Ol (igai, SEE Thermo Fisher 2] ), Na,S+9H,0 bRk i (4l EF>98. 0%) ,
NaOH brifift, HIR (AE=99. 0%), /KA VUBHIREN (Ll >99. 5%) , HUIRIMER (L6 99. 99%); &1
K R Milli-Q #B 4l KA 75
1.2 ZWBREEH

PRI KA DUIHTIR AN 5. 0 g, ¥ T 50 mL 4K, @AM MANHETEE, LlpH i+ #ESE pH
6.50+0.05, EZAZE 100 mL, VENZMER, 4 CORAF. FRELO. 3 ¢ DR IMER, T 10 mL4liK, I
FHHTIINZZE s o
1.3 #REREECH

FREX 74. 902 mg ) Na,S-9H,0 briff shias T 10 mL 4K, il BEhi & F B EHE 1. 0 o/ L IbRHEV T,
FRRRRE 10 pe/mL BIAREET T, BT 4 CLUTF . MRIEEImTEE, B 10 ny/mL MbRIERTE,
FE RS ) B bR TR, IR
1.4 HFmBribiE

B0, 4 mL MR AL T 208 H, N0, 4 mLAYZZ0p S, #%7% 3. 0 min, B 1.2 mL {4 H
B, PR7% 5.0 min, LL11 000 r/min %53 2500 15 min, HU1.2 mL ETEMIA 0. 1 mol/L NaOH VAWK i &
pH 12.0+0.2, H0.22 pm AHUAHEHE IS IS IS, 1E MR SR BOREEAE 2 5 7 il - 2o Rl #s 61 7
LI 54T
1.5 fiELHF

BTOERE: SH-AC-14(BRE T 5SS Tt e HalsE, &Rl RARAR]), fRP
FE: SH-GP-2(peek #4)5t, &SROSR ARARAT) . WRBER: 25. 0 mmol/L EEALAI-12. 5 mmol/L
LIREN-0.2% £ W, #FER: 25.0 wl; HEE: 1.0 mL/min; 3 30 °C,
1.6 RIEWNI[EH

B HIR, £=0.050V; &FE: 2 pA; TAERAR: SR, Sl sk, . 35°C
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2 GRS

2.1 BIEEHMWL

B FEAR DT i B RN D s E A 75 %% . 4308 F (1) 100 mmol/L NaOH-50 mmol/L Z 1%
1-0. 2% £ % . (2)50 mmol/L, NaOH-25 mmol/L ZIEH1-0. 2% £ % . (3)25 mol/L. NaOH-12. 5 mmol/L
CIREN-0. 2% & i 3 Pk BTG LU b DRI TS0 BT . 252 R, 3 FpRBI 34 wT ZE A A s ) 5
RO 053, HEE 3R A, R H e, Wid FHIERCRENr, HARKESEHT, AFT
TAWDERAS, WOREESE 3 PR BRI R B TR R

FEF A MPERRE T, X 4 ORISR RE (0. 6. 0.8, 1.0, 1.2 mL/min) #7558, 455000
N, MR IE A 0. 6 mL/min % 0. 8 mL/min B, O FHElOE BRI, WSS A6 B Ta) P ME DL 52 ks
35 WRPRITRE A 1.0 mL/min B, 43 BSROCRECF, 2 P 20K YMIRPE I 2 1. 2 mL/
min i, YEBOREEEMY, SEGIS FEGERBERE, HE5RZA R I R, 45 & BERRAR.
P, $E8E 1. 0 mL/min AR EEFES THERG .
2.2 HEIAMEF RS

TERERESUR, 8 A BT i s AR YRR AT B R 2 — . ARG HLE T HEE.
CBE. . VI 4P AL R DT R, e 1) IV H 43 AR NS AR B R R TR b 528 . 4
e, B RED AR PERHAE (N B B e=32. 7). T GIEARE RIS TR TSNS, HEEEHSTEMK
Ayl EEE, TR HS K4 AL R (logP=1.45) , IteAh, HIEEIE A B 1A B ILIE 48 4540 35 ki
PACEAFLE > 50 nm) , FRFEIK T HVROUERUR, L6 PERE B2 00 T HAMIA R, sk e WRE A
EUUE

PR pHEX SRR B A EE RN . fFESNRESRF(pH 6.5 T, ME FEELS FAHSTE
RAFEH LY 86%, pKai=7.0), HARAEERE R TEFAHS, a2 HbrY s i 2 HEg . =
Y pH{EFER 4. 7THY, FZEIMHE A FH A, EAFRUUEHE/D /KA ; MpH<6. 08, & H IR
REE T KA TR, SRS BRUKSERm KM, IEslkmBeameaEft ™, &k, ®fpH
6. 5 J P AR 5 B st e et s e AR
2.3 AEFER
2.3.1 ZMxXxR, RHREEETR HTZHMEPEE  100-

FETR GRS TR B R TR RE  so0] e

JESP 7002, 0.1, 0.5, 1.0, 2.0, 3.0 pg/mL, FZH ]

LA” RRBRRESL, DURERE T B TR (v,

wg/mL) AREALDR, HE BIEE B (y, nC) HIPAFR, 2 N

WIFRE TAEHRZR, 0. 5 we/mL B & 189 M FEAR B : " t/mié -
(P LI 1o SR, B TAETCRIE 0.02-3.0 [ oo A £
pe/mL B N &R I, HHRRE(F)40.999 1, 27 -

Tk y=2 792. 52x-18. 57, LI S/N=3 I} X o7 ) S5 S i ke Fig. 1 Ton chromatogram of blood sample added
HRR (LOD) , L S/N=10 B X 7 1) i 5 1k 24 5 4 F IR with 0. 5 pg/mL sulfide ion

(LOQ) . ZHVERILOD A70.007 5 pwe/mL, LOQ A0.025 we/mL, T LAFEHRE 0 SR €638 - i i 156 FH s
fA AR (0. 05 pg/mL)", HS-GC-FPD 46 PR (0. 05 we/mL) FE & FHR (0. 1 wg/mL)™, BT LC-
MS/MS %A IR (0. 005 wg/mL) FIE 2 FFR(0. 01 pg/mL)"™, BAREREE,

2.3.2 EWERSBEEE |2 H MR INGE S bR TAES W, F50 W 855 0. 02, 1.0, 3.0
we/mlL 3 FhAS 6] T R BE A 23 A NIFRKS AT o 3RHR “1.47 TRACH, FEEREI LUBT BR B B RS SR IR
BERE, DA SR A . BE TR B O - e A, FER—RAGEL . i 3
BB, 6 3FIAS IR BE ARG AL BEA T RS04, BRI EERE I E A R 6 IR, il H AR g AR
PHRAH X AR 22 (RSD) , A3 40 3R EE T 10 H MRS EE s % 3 IR M 2 UMbkt , BRI T 61K
PERE, L T6 R, Wit BRI AT RSD, £ 3 Rl EE R0 H MRS B THEA RN H N
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FE B R 4. 1%~8. 0%, H [APHE 3 BE R 8. 5%~13%, FEHUBICE Jy 84. 2%~107%, UL 1. Z5RFEW], %
JHEEA R EWCE SREEE, 6Dk A RAEER 8 T IR S 6 71
ARG HT o

F1 M P G FAEAR R IR TR ECERIE N, H IR (n=6)

Table 1  Recoveries and intra-day and inter-day precisions of sulfide ions in blood at different addition levels(n=6)

Added/(wg-mL™) Found/( g mL™") Recovery/% Intra-day RSD/% Inter-day RSD/%
0.02 0.017 84.2 8.0 13
1.0 0. 969 96.9 4.1 8.5
3.0 3.195 107 5.7 9.8

2.3.3 ERMMN IMERAM AR ES, PRETRONS TR SEI v SR CE T, AL
PRSI . b R 3 A IR SR A T o AR P T RO TR AR, H B 3 N ASRIR E T Y
B BUEE, H, DIGEE PR TR AR R A, 25 A LIRS BUS U8 X 8 3 B 5
HUETERA B, 25 1 LTS BRI R IO R B i F- AW T B €, IR AL (%) =(B/A-1)%100, $%
B (%) =C/Bx100, 4550, B T2 ML H 0 R BORON 46X HEL A 12. 5%, /T 15%, I i 2
JO RS R G 3 -0 R ) PR AT A [ B il A 7 00 2 AT R B, BT HH TR S B AL AR v B S
T A FHETR AT o
2.4 FTHMBEHRKESE

GRS B B 5 - EL A R S R i R A R IS S, T AR SRR A0 e A 0 A5 ML R PN
PEPEmR -, BT R 2R SCIER, REIMNEE IS P E A, W, R E Mol e,
RS P2 —E RO T, X SO R TPt . Kage 55" 84 4 25 A M H (1) LS IR EA S T
0.05 wg/mL, FEJG 24 h P, ARIECRTERD LG A H,S B97F2 A2 B0, 164 CHYUKFE Y, HSIREETE—)H
WNFHEZ10% "7,

ARG 20 PHRB IR FHOSHIMIER ) o obiomss s
ﬁﬁ*ﬁfﬂﬂﬁ*ﬁ 5 XﬂLJ\ﬁSJIIMFZEP I’\]ﬁ'ﬁ@‘lﬁ%?ﬂ"]/ﬁ)ﬁﬁﬁ?% Table 2 Sulfide ion concentration in
7%, BREF IRV SRR P R E I E . 458 blank bloods

Concentration/( g mL™")

( i% 2 ) i% Eua s 20 1@] ﬁi%k?ﬁ @%‘ m]‘ iﬁ q] @ﬁ% ? E(J ﬁi‘ﬂzrg j"j Sample Fresh blood  Blood after three weeks

0.031 6~0.043 pg/mL (¥ {H £SD: (0. 037+0. 004) pg/ml) , 1 0.0316 0.040 2
WMLRAE 4 CYP AP T ORTE3 UG, BB TRIRIET E ] e o
0. 040 2~0. 053 2 pg/mL(¥{E+SD: (0. 047+0. 005) pg/mL) . 4 0.043 0 0.0532
P, FEFTEEMR A, B TR T 2 AR 2 B VR R 2 gﬁx 852
BTHE, RERERBINAS, e TERE AR TS, M ; 00334 0 0412
¥R 0.053 2 peg/ml, HAMKZERE/NRSD=8.9%), F 8 0.0348 0.043 8
9% LA AR LU S BRI . Kyoko B SmERE 0 0 o
17 B H,S e SR T AR FINT, L BBR O AkiEie 2 oh, 1 1 0.0350 0.044 6
WO TS I R A . H 2 00 e
HS R, PEE TS T RERE N0, 11~ 14 0.0338 0.043 2
31. 84 pwg/mL, T AREBRIBAR 55 8 ML B TR B G O 15 0.0382 0.0478
W 2015 UL b, A30.4~131. 2 pg/mL”, H0ES A MR HY :3 3%3 3%2
B TR BEASTS N HLS o 2 ARI,  I0 T R B R BT RT A 18 0.0372 0.0472
Ul LS g EEAERR . L, AASORGERRDEE D ) i

IARAC , F AN B - B E A 0. 05 pg/mL, B
T UL GRS T R A, WU S SN HLS B85
3 & it

ASCE XAl L TR T - R R IR U E AR R P RS TR T, Xt
A3 B B FE BB EA T T3R80 o JniE R R BRI E = T RRZMAIRER 0. 007 5 pg/mL A1 0. 025 pg/mlLe
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