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H E B REE RS AARZ G E BRI, B — AR A A i
FF Pk T PR 2 1) A S A TR 5, T T TS ORI T T SR R S Ak S B e R A
B KIESC RIS (FPD) |, [AIEF & BRI 0.5 mL MLFE A 0.15 g S ALHN AT kS R RGBT, A
00 R R AR E T S BN 0.01—2.00 ug-mL™', HISEERE (R?) 4 0.997, KRN 0.003 pg-mL ",
FEHR R 0.01 pgmL . BEAR P BREE T A S sURAR, ASE G X AT B, R AT E A
W, o7 Ay b S B R A — S AR . AR 5 A S 1 D 3 T 1 T I v el P R R B
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Determination of dimethyl sulfide and methyl mercaptan in blood by
headspace gas chromatography

OIN Ge'? WU Xiaojun® WANG Jifen' ZHANG Zhen'
LIU Tianyu' ZHANG Yunfeng® ™

(1. School of Investigation, People’s Public Security University of China, Beijing, 100038, China; 2. Institute of Forensic
Science, Ministry of Public Security, Beijing, 100038, China)

Abstract Methyl sulfide and methyl mercaptan, as the main metabolites of hydrogen sulfide after
entering the human body, have certain marking effects. A headspace gas chromatographic method
was developed for the detection of methyl sulfide and methyl mercaptan in blood. A flame
photometric detector (FPD) with high sensitivity for sulfur-containing compounds was used, and it
was found that the addition of 0.15 g sodium chloride to 0.5 mL of blood sample resulted in
improved detection efficiency. The standard curve range of this method was 0.01—2.00 pg-mL™', the
correlation coefficient (R*) was 0.997, the limit of detection was 0.003 ug'mL™', and the limit of
quantification was 0.01 ug'mL™". Although methyl mercaptan is not suitable for quantitative analysis
due to its low boiling point, its qualitative detection can also provide a basis for hydrogen sulfide
poisoning. The method developed in this study can be directly applied to the determination of trace

2022 4F 11 /1 24 H Withi (Received: November 24, 2022).

s i E N RA LR BRI N A 37 4 2% SR OF 5 AR RERIT U 7 — T H - (2023yjsky009) Fil o e 2% B 7R B} Bl 55 2%
(2020JB011) %< H).
Supported by General Program for Supporting Graduate Students' Research and Innovation with Funding for Cultivation of Top-notch
Innovative Talents at the People's Public Security University of China (2023yjsky009) and Operation Expenses for Basic Scientific
Research of Central Authorities(2020JB011).

* * JB{EEXHR A Corresponding author, E-mail: yunfeng-2002@sohu.com


https://doi.org/10.7524/j.issn.0254-6108.2022112404
https://doi.org/10.7524/j.issn.0254-6108.2022112404
https://doi.org/10.7524/j.issn.0254-6108.2022112404
mailto:yunfeng-2002@sohu.com
mailto:yunfeng-2002@sohu.com

1566 7N 54 1t 2 43 %

amounts of methyl mercaptan and methyl mercaptan in blood, thus providing a basis for the
identification of hydrogen sulfide poisoning cases.

Keywords gas chromatography, methyl sulfide, methanethiol, hydrogen sulfide.

¥ 2V AL &9 ( volatile sulfur compounds, VSCs ) BE 1 il BT 8 45 480 41 Jie 2R 7 AR I M 58 A< i 1140 241 i
6 2 E AR B, 1 B AN = S, X AR B fE B AR K. mIE SR, B AL A (H,S) 25 i UL Y VSCs 4t
Y, BFE2ESH L E AR H,S HEEEIEE L H,S J&—Fh i b W Ag #2550, 35 TR S 0 I 3
AGR, AT DIE I i Bk T AR AT R0 IR HLS TER N AR R B 3 s te: Hi—, HS A
MNAEZ J5 5 9 M6, 3R A0 55 2R S SS 3 BUE R e LR A PR =, s 7 R 4R
e, B AR AR AL Y | B R £h 5 s =, HoS AL, Az A it fif ( dimethyl sulfide, DMS ) 1 FH i i
(methanethiol, MT), Z Ji7 Fl B BE 23 Bl 25 B (8] A9 4E RS, 2820 6 10 R FR B EE S —9). 58 — R AR 2 R B IR R
RSB R, I W SRR AR o S S 4 B A TR B 1 R

DMS Fl MT B9 il bk, R0 kA AN S b B =61, B 2940 K 51 50
MT. DMS W335 HyS HaE X3 IF. R, 4E8 HoS 72 AR 2094, DMS Fl MT BA7 —E /Y
PR WE AL HAG, A Ah 273 3 S5 i 0 i v b i i B L A e R R DA R Ak il 21 2R 1 A M
H,S W, WSk KAz B A 2x | Varlet | jKFZSEC il g GC-MS 2 GC-FPD 4575 2 & ML Hh i) 8™, #
AUF . XA A 538 A3 GG TR R R U A A AR AR 2D A 1, R Ry TR
#ERAPE, Maseda 5511 i 5k LC-MS J7 2300 2 1L A PR B9 B AR B 26 . (HU2 ik ik e i A 1k
2 PR RS . O TR S R ), T X HLS B R AR 1) DMS . MT #E47 408, 2 40 56 SCiik
APRAB, AR AR YA Y HoS . DMS FI MT BIAFAE, 7] h HpS FR a0 0T, [E 4 202 R AU 6
T - 1% ( gas chromatography mass spectrometry, GC-MS) i FlAU A €835 16 K 56 DMS 1 MT, £ 5578k, 2=
FGE SR H GC-MS 43 iD6F Il Hh ) MT #1527k o () DMSS 47 8 P ik, JK 5771, Abalos 550519 3%
FHT0ZS SAR 35 9 7 A X K H i DMS . MT #4746 50, I 7 & e Ak M i A 73k A TR AR

T8 SAH (A 3575 (HS-GC) J& — M ER S BRAEROR , SR T 25 0L, A] & —PEUCEE R 5t v 1 2 45 1
BT, HS-GC HAT 55 e 1 52 S0 A0 L Bl 1 0 B ol 5, T I AL 4R 5 R 1) 48, LA R (e 1,
LT | DB PR T A P 6 2 4 AL A B R, PR AR SCALEE 37 42 il Hh DMS il MT (19 T3 %5 <
ARG J7 78, IR A LG BB Ak & rh 8 S A28 4 A 7 4 Jy T B HE SIS 8 A vk S #%E.

1 #MRL5 7 (Materials and methods)

INEEIE

Agilent 7890B < A1 {7 1% 1 ( 35 [H % HE 1 /A 7 ) 5 Agilent 7697A Til 25 JF A £% (25 H L HER A 7] )5
Agilent J&W GS-GasPro(30 mx320 umx5 pm) &40 A% (35 [ 248 A ).
1.2 5

Gk . FHBRL B (0 35 8, >99.7 %, 12 SR AE AL 5 JCAEUK : SEBG 1 MG R 2l N, 3l A B &
B K T T 4 15 min DA A TG 480K AT RS (NayBL,O,) I : FREUE 3 /Y Na,B,04, A TC UK
100mL ¥, o0 IR, AR E R, B2 RO ™, 0.1 % SR LA Be il : Ao KR
B 0.1 g NaOH [EAIA 99.9 mL JG4E /K HrPO,
1.3 SEEGHER

AL S B O 1Y A MR AR : 280 4 ER W UE 56 2 o0 R 3, FEAR A F 2021 42 7 H—2022 4
1 AHEB AR PRI T 5 B, B AEA RO, FF BB 7E-20 °C PR35 T ¥ VRO AT LA SE 28 J5 .
15 3 IR FEAS A FEAE B 1. 25 FLIIRAEAR : S0 173 fa B SGAE AL, Y& R ARAE . oAb Il PR AR . 2k
B 20 {5 FCABE R B IR, ¥ URORAE
1.4 FFSLHTAL 3

£ 10 mL TSI H RN 0.5 mL FF 00 MLERE & L 0.2 mL 1) 20 % BRERIA . 0.15 ¢ & ALEH. 1 mL
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Table 1 Basic information for the 15 samples

ESLETE (RS L ASUN
Sequence number Brief case Number of deaths
1 20224F 1 H Hetth 51 T8 A TAERS P Bg3ET, Z 5 3E AR ReE A RARAk P EEsE T 3
2 20214E9 7 Fob 51 T TRl th gt 3
3 2021487 A HEb R B S BOMAL ETF, (3R A R AL —ZN A 2R h st T 6
4 20214F 11 A BB SRR i BRAE U T, HhREPET 1
5 2021410 A Fey T BT F KBV AL I g st T 2

1.5 R

(1) 3% 45 SRR LR BE 250 °C, 43X, 3 b 10:1, 8 AR, R gas-pro B HE, i
154 0.5 mL-min'; #: R THE R 8 E BB IR E 50 °C, %45 2 min J5, DA 20 °C-min! JF&E 250 °C, 14 FF
2 min, SFAF[E] 1 ming RSN R 210 A0S, 15 60 mL-min'; FPD KU %8, 5 K 270 C; a8 S i N
E I 60 mL-min'; 2 HR I M PE I 60 mL-min.

(2) T0 25 HERELR 254k AR TELEE S~ 60 °C., FF ST Hr i (8] 4 15 min, & SRR N 80 °C, fEHiZk
TR 95 C.

2 5 R 5308 (Results and Discussion)

2.1 s &R
211 EaE i

AR LK #%ET ALC-1, gas-pro fil plot-q —Fh (3% 41, 1M ALC-1 X F DMS F1 MT 4% B BE J1 8¢
25, plot-q P U 75 5y th B4 J IR 52, ) oy 95 2% . 25 5 SCHR™ A SE B # 4 % L Agilent J&W GS-Gas-
Pro(30 mx0.32 mmx5 um) Xf T- DMS. MT FI¥ | A 35 B b o3 85, H @5k i R, Bt AAR ST
IS VEFE gas-pro SE M O34
2.1.2 gt ik

AR SLE LB T B AR I 2§ (ECD) | & KA B 1A U 25§ (FID) ALK I G EE R N #58 (FPD). LA
BB WF5E B FPD, ECD H A # 1Y R A, Hovh FPD XF T & 5 . i 19 40 B ELA S50 19 e B 5 i
ECD Xif H P 58 1) 4 A 48 o 2 S0, (R Ak 0 10 Fi B0 Pk AN o, 6 SEBRAG I b 22 48038 R 4 FPD. 76
TR, 5 22 TR 2R A5 e, LSBT 0 (R A 5 A 9T DA S 56 6 256 (W A 2% O FPD, 42
A5 BB S B0 E N 270 C, 28 N E T 60 mL-min™!, &S 2 M HE I 60 mL-min™.
22 RIALEER) LR
22.1 RIS BB LA

B 5 i A7 1SF ) PR 388 o, Ak S0P 2 R 25 7 A A B S AL, X Se i fe ) & 14 FPD 46 I 2%
o FF A A T ) AR 62K SR, PR, S S ke i X DMS . MT B ZE (B BR R R BE E AT 009, LASDTSA 3 4
R HEBURCR.

A3 B 6 5 0.5 mL DMS MK A 0.01, 0.2, 0.8 pg-mL™" AL A T2 R, 20 B AZS 55
TFIK . 20% BRERVE I . 10% BERRVA W . — A LRV WA IR . 0.1% S AL AR, LA 2
PEL B B A RE R BT . ELAR G R LR 2.

FRAE 2 2 FPRCR TR, B S 28 58 T /KA BT T LU B DMS, (EL 22 i 107 (B 541, 53 s R 2
SRR MRS T AT 0.1% SR A AR T4 TRHE 11 A B 1 A 55 AN 1) T Bk S RN B2 Ak & W 9 2 % 3t
B DMS B9 i o7 /A it R A1 s ol R S R, [RIAEAS R TR (9 45 %, (1145 DMS Y40 BT 285 R 35 2% =
SALTRE W] ARG Hb 2 55 DMS (19 GC M W AEL, {H &5 iR A B 25— 4 =5 SR AE U7, XA I %
TG g, BUARBE FISUR N 2. 18 1(a) TS ; 20% B BRI 1 7T LA #3225 DMS i i A, I H.
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Ze R /D, BAREAE AR a3 2. [ 1(b) Bl I, AR RS2 e 20% Bt RV WA W R A o,

Y P85 S PRI AL

R 2 HEERRIEA KT DMS i B I AR A 5 iR
Table 2 Examining the effect of acid and base media on the peak area of DMS blood samples

0.01 pg'mL "' DMS

0.2 pg'mL"' DMS

0.8 ug'mL"' DMS

KEFIK 0 986 5742
20% iR 47 6005 93505
10%/# R 0 0 0
R 0 2063 19965
Lokt 0 782 5320
0.1% = Ak se 0 0 0
3.0X10° - (a)
4 L
2.5X10 DMS
< 20X10* |
(=1
2 15X104
1.0X 104 |
0.5X10* I
0
1 1 1 i 1 1 1 1 1 1 1 1 i 1l
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
t/min
25xi10tf ® DMS
2.0%10¢ |-
S sxiotf
% L
— 1.0X104 |
05X 10* |-
0
) n 1 || 1 " 1 | I 1 1 1 1 1 | ]
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

t/min
VA 5 oA = R (a) 1 20 % B RV T (b) 1 a3 &
Fig.1 Chromatogram of TCA(a) and 20% H,SO, (b)

PEAb, SEBRERVE & B, T MT BB 4K (6 °C), BIR T &G & . S22 % 0 F Bl i bR e v
W, MEBRER B 22, BOOR AT DU A 8000 1 700 I A5 AR o it 4%, (R S AR 8022, H TS A fR .
SEG SRR TAERY 2548, & MT B9 HyS W #E AN o] RECR A 52 48, IR, AR SE 56 U@ AS P98 MT (158
SO, (EARYE R R I ) AT DAXE MT #5475 1.

[F]RF, AR S50 XF 20 % GRER YA AN A BT B 5, KA 0.2 mL FOR B, PRt A8 5250 3 45 fin
A 0.2 mL 20 % BB FRIA K.
222 NaCl #2542

AR S B 0 N SR A R RS R EAT 1SS, A 0.1—0.3 g A9 NaCl {113 DMS A Wi i {EL 4+
BN T HAFET, HINARAE 0.15 g DL A, BARWE AU A T, R BOR AU, HMA 0.15 ¢
NaCl 55 50 Bk 2R 56 T AR AR, R T3/ YRR 2%, AR SCI 8% 0.15 g NaCl s, BAR LA 2.
23 JrEEIiE
23.1  ArdfEhg . K PR R R PR

B2 1ML, A8 00 DMS FriEY) BB 0.01, 0.02, 0.04, 0.08, 0.1, 0.2, 0.4, 0.8, 1.0, 2.0 pg-mL"
DMS F ML FE S, (A L4 R AL BE 7 3 A B, 4 3 40475250 LLIMLREAY DMS ¥ B A i Ak bk, BT 15-AY
s T B R A A, 15 31 DMS I RE A2 75 158 22 4 110 s v il 28, 3 5 0 2 4G 1 BIR (LOD) A1 5E 2t BR (LOQ) 3K
PEM O i R U, LUFEME L 3:1 2y LOD, DMEMELE 10:1 2 LOQP' 1. 5 UL 3% 3 Fnl&l 3. iy &l 3 7]
1, 7E 0.01—2.00 pug-mL™" 78 Fl P 5 S5 %0

E1
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26000

24000
22000
20000

18000 -

Peak area

16000
14000

12000 =

10000 1 " I n 1 " 1 n 1
0.10 0.12 0.20 0.25 0.30

NaCl addition/g
2 NaCl it A% DMS e i FE 04 5 )
Fig.2 Effect of NaCl addition on DMS peak area

&3 DMS MHIC R B JEH L A PR e R

Table 3 Correlation coefficient, range, detection limits and quantification limits of DMS

I H B -mL™"! X Z X
[Elﬁjﬁi . JEFl/(pg-mL™) *ﬂ)ﬁ?z& LOD/(pg-mL™) LOQ/(pg-mL)
Regression equation Range R
DMS y=153120x"7" 0.01—2.00 0.997 0.003 0.01
600000 -
I
500000 y=153120x" 731
R2=0.997
400000 —
5
<
= 300000 -
(53
Ay
200000
3
100000 |- s
0 bppea” .'VI | | | |
0 0.5 1.0 1.5 2.0 2.5

DMS/(ug-mL™)
B 3 DMS IfiFEFREHIZL
Fig.3 Standard curve for the DMS blood samples
232 @W%ﬁ%ﬁﬁ
TR S T A5 A 22 1L DMS AN 7532, fd FHAR X AR #Efi 22 (RSD) - 5 4% & . L DMS 1%,
=3 %FPYZEEE’J?FWE/M& HH#EZE T d SEATAHRERAE, 1520 B N H RDRS 3, 4551 WA 4. AR AR O 22 7%
TE 1.6%—3.6% Z [8], Fn Ak T BN R E RARES, Bl 2 52 PR T AR 22

R 4 DMS ILAF Y ] Wi 3 RS 2 i
Table 4 Recovery rates and precision of DMS blood samples

0,
A IEE S BE/ (ug-mL™") Bk 22/% RSD/% —
Concentrations of whole blood samples Average recovery rate H K H )45 %
within-day precision Inter-day
0.8 96 1.6 2.1
0.2 94 2.8 35
0.02 97 2.6 3.6

2.4 SEFRNH

241 ZSHIMEESHT
147 R AL BRI A0 B S50 £ 8 B RN IR, 356 F A5 SE 56 25 4, 50 425 F AR P& A HLS,
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I ARAG I i DMS H MT (72 7E . 456 SCHRS 20 B FC I IR, B 6 At A I 1 ) 0 4 % 8 ™ 2B 1
H,S B i 2, (5 i T A BB A, 40 A 2k 250 vk . AR 1k, 075 HoS A REFEAT FP R Ak S v 45 3
DMS FI MT. A1t 7675 H LR A ARG H DMS F1 MT #Y771E.
242 HABSEH AR Hr

AR B/ 20 1y HABSE DS v 85 LR, 2 IRAS S286: 25 2 T 5 10 e AR AN 25 0 | AL B R A E AT A
5y, 78 HABBE P AR JF AR A B DMS F1MT 194778, 36 H Ml 22 ) il A rh B8t I A2k
DMS Fl MT. PRt 452504 5 DMS Fl MT AT B/ H,S g i e A4, B¢ DMS Fl MT {2
T AL A P A bR S B R L

{EFRBITE A, ERRE AT, ATREAAAE =V DMS FI MT B 8 JOL R F, IR 5= 1F 2%
T A R —E 1 TR, T 856 I IR BT M AL 20 h B 5 19 H AR ™ ), A s AUa R #h
SEREATLRG AT R
243 LR P EERA T

K ST 9 07 v, 6 A 0 B S 40 v A9 VAR A EA T ARG 0, 4 2R L3 5. X 3R 5 A e &5 R 43T
B TR AT 15 03 LA P AR AEAE DMS, ¥ BEJEFEITE 0.016—0.430 pg-mL' Z [d], £ F DMS HLFEAR
Y I 2 A Y L, Pl O B AR SIE 6 T A 37 9 1k AT DA FH B Ak A B 22 R DMS 1 SE PR 41 v

5 RAAHERIT DMS 05
Table 5 Content of DMS in hydrogen sulfide poisoning cases

ig=2 L ARIN DMS/(ng-mL") RERKHMT
Sequence number Death toll He Whether MT is detected
0.430 N
) 3 0.305 N
0.280 N
0.376 N
@ 3 0.296 x
0.215 x
0.067 x
0.016 x
0.016 x
® 6
0.078 \
0.093 x
0.027 N
1 0.247 N
0218 \
2
0.079 x

HEAk, BAR MT #9 Uk SGAR, DLECT AR 3 25 1 R e 2 #5845 — 28 H,S Hh &g 1M Hh B RE AR
MT, {H 2 A 5250 J 3, AR AE PR A v, HRoR & 3 MT WAFAE, R HyS Wi il i A7 76 MT. [Hit,
MT BIFFAERIH AT LU 0T H,S wh 3 AR ) 2 —.

3 %518 (Conclusion)

(DAL 25 28 LR . HABSE A MU D, DMS T MT S AR PR AL 0 h B AR T A4
SEACIY) (BT R A, TR Z I, W R A A = R EZ DMS FIl MT R EO0EAY 2 4F, 1t
JEARE QL Al A Y DMS FI MT BYFEAE, X T IR IRIE L, K5 N\ D1 75 BE45 G A0 Sk PR R
BEATBRA T, LU HAE A

(2) KFARAKAFTHAL A P B SN AEEE: oh TR R ARSI I 2 B I, A, 7
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