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Determination of the three forms of mercury in fish by L-cysteine extraction-high performance
liquid chromatography-inductively coupled plasma mass spectrometry
ZHONG Yang, TAN Xin, JIN Lixin, HE Yexin, QI Qihui, RUAN Ruoyun
(Sichuan Institute of Food Inspection, Sichuan Chengdu 611731, China)

Abstract: Objective The aim of this study was to establish a method for determining inorganic, methyl, and ethyl
mercury levels in fish using L-cysteine-assisted extraction-high-performance liquid chromatography-inductively coupled
plasma mass spectrometry. Methods L-cysteine was used to extract mercury from the samples. The extraction
efficiencies of different concentrations of L-cysteine were investigated. The effect of extraction time on extraction efficiency
was also studied, and the mobile phase conditions were optimized. Results Using a mobile phase comprising 2%
methanol + 0. 04 mol/L ammonium acetate + 1 g/l L-cysteine, the three forms of mercury in fish were determined by

ultrasonic-assisted extraction with 1% L-cysteine for 10 min. All samples were separated within 9 min. The linear

correlation coefficients for the three forms of mercury were over 0.999. The limits of detection of inorganic mercury,

methyl mercury, and ethyl mercury were 3.0, 2.0, and 3.0 pg/kg, respectively. The spiked recoveries were 92.2%

-97.9%, and the precision was less than 2%. The measured values of the quality control samples were within the range of

the fixed values. Conclusion

determining the three types of mercury in fish.
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The method developed herein is accurate, simple, convenient, and suitable for

L-cysteine; high-performance liquid chromatography-inductively coupled plasma mass spectrometry;

A TE H AR I KA e R LAY Sl NS IR
2R KA E W N R HEC A %, 2013 4F 10 &
i T HA RERIEEAR IO T R KREAL),
IEF 2017 4 8 A 76w AR, xR B LR R B
) S HE S 4R T e TR, REAFEM
PE R A I R A e SR OR L DY R A
TeHLR B R R, LR M O IEOR B A IR, 5
B A R TR, 28 R AR E R B AR i
Bl 22 ML B IR AR B B S 0 I A R A I G



L= I R e B A0 A €3 — H SRR A 25 B 7 AR BT ok I 7 0 A PR Y = R S —— b e L 4%

—1455—

BRI BB R TSl o AR A S A HLOR L A LR
AT A A S B STOR O — R U R T R > 2
FOR>TEMLAR " o ANk F 2 o R i AT ALK,
B LK sh o iy ] oy . A HLR AR
Z A rhoE o A W S AR AT T B VE B A
IR R TS Y . HATIRYE GB 2762—2017¢ £ i % 4
e G b £ i e B )R K Bl g B
il i B EEOR B 0.5 me/kg, PAEE M 28 K LA
a H SR BB O 1.0 mg/kg, i BAT £ X T HL R
CHETR I R OR L R A ST A PR K
75 ¥ [R5 R ok 3 MR 25 07 1 R AR AR Ab
HE,

FURIT, 204 R 8 25 P s AR (3 - L JEE 5 55
B R R e ( High performance liquid chromatography-
inductively coupled plasma mass spectrometry, HPLC-
ICP-MS) i BB 8% 5 57 9O 1 I (High
performance liquid chromatography-atomic fluorescence
spectrometry, HPLC-AFS) | < A - i i 3:1 (Gas
chromatography-mass spectrometry, GC-MS) | & 41 &
H, Pk gk (Capﬂlary electrophoresis, CE) A Horp
HPLC-ICP-MS Mk JH J5 vk B AT R AR & B AR 17 A
R BRAES RS TR B B0 A8, BEAE Sy R B 25 03 e i
FE J5 3£ 0 AR SCHR IR 84T GB 5009. 17—2021
CRr il 22 4 R o b o B0 P ok AT BILok A 5 )
HPLC-ICP-MS # % At L 4JC 1 it 51 A1 4% 14 A i 4k 24
SRR SE fB A R 3 RORIE S, O vk B 4 03 A 48 bR
A5 LRV R R R R T SRR R 2 R 0K
JE Ao BT B3R, ELAEAG H FROFI M B 2 45 5 T 5 B AT
GB 5009. 17—2021 ) HPLC-ICP-MS # 17 b %, VU
SEBUXS 3 BRI A 1 [R) k  AE

1 #RE5F®
11 BS54k

NexION™350X HL B 15 45 B 1 IR B35 \A-10
Altus =5 80 AH 635 4L ( € B PerkinElmer 2 & ) ,
IDH 30 #8753 VEHL (FE [E IRM 23 ] ) , Multifuge X
Pro ik & &5 3 B 0> ¥l . GENPURE 4l /K 1% ( 35 [®
Thermo 23 A ) o

K HLIG R bR fE % W (GSB 04-1729—2004)
1 000 pwg/mL, FE KA 4 J& S i b k5347 It v
s R L LRI A AR HEVE W (BePure-31033YM)
1 000 pg/mL, & M5 4% ( L) A Y BHE A BR S | 5 1
i H R 3 SR 20 B R 5 B B (MIRM0438-1) , Jb 3T 36
E 4G I F AR A PR D L-2F & R, A fe ik,
>98. 5%, [ 2§ 4 A Ak 24 A BRA R 5 SR P
4l ,>98. 5% , AR e AL T AKX F s (o 4l ) |

ERWR =K Ay AT A, BUES T RR B AR A A A BR A ) S
95 % K38 R 2K .
1.2 B A By

0 PRRE i 28 25 B 9 E S A0 3R A B o f PR R
1.0 g ) 5 ik AE T 50 mL B0, il A 10 mL
FT i BOR 1% 1) L-2F IR R, =R T 5 K E
B 10 min, 4 ‘C'F 8 000 r/min &[> 15 min(25 830><g) s
W H 1B W, 28 0. 45 wm A HILFR U8 IR I 8 U
SR AF €2 T £ I P RO B A S R T SR U
[7] B i ) 2 1
1.3 BRUER W B

HEFRFL L 0. 1 mL oK 10 R bp I W L SE 0K
M ERIE AR AER W T 100 mL 25 8 b, F
SR AE 2 R 20 B TR R R OR R 2 R ik
FE R 1 mg/L IR A A5 ME f# 45 W, 71543 51 B BOR &
B e % % W (1 mg/1) 0,0.005.0.01,0.05.0.1,
0.3.0.5 mL F 10 mL &), 1 sl Al 2 25 2 %)
B EC R H LR SRR E N 0.0. 5,
1.0.5.0,10.0.30.0.50. 0 wg/L IR & br ik 2 51 %
W, H .
1.4 AUERSME
1.4.1 g4

SPIITAA 1150 W, 5 A8 i # 0 0. 83 L/min,
SEB TR SRR N 18 L/min, B B S0 N
1.2 L/min, 43 B8 2 A An A5 =X A6 000 5 o7 B (m/2)
202, HLIERHE A S B AT A AR ER I 2 W A
HEAT R TR,k R OORE OBUH far AR AL ) i AT
B R RS 2 SR K B R S PR G v RIOR A s A
1550 0r. BEORMEN A 78, Hg " Hg . Hg.
Hg Hg,Hg.™Hg, R F N & T & 5 % 5
Ta0 WO 55 2 Ji T &+ 1 T4, (2 o] Re A7 4E T4
1 B L-F ASFEAE T8 i B B p B0 4 3
JE 0 2 He MR N B2 He [F 4 & 5 52 %] Pb
JCE M T, M P o E M TR, & A %
£ "He,
1.4.2 (A&

LGRS Agela Venusil MP Clgﬁj\m*}:(ll. 6 mmX
150 mm, 5 wm) , it 2140 K 2% W EE+0. 04 mol/L &
FREE+1 g/L L-EBEZ R , il i 1. 0 mL/min, #FFF &
4 50 plL.
1.5 Gil2eor

YR K FH Microsoft Excel B4 oF 178 H 45 41,
HEAT - 35 H RAR HE 2 38 5 5 R BB 4 B 11
GraphPad Prism 7 238 ; & F] Empower 3 #4174
T R b



AR AR

—1456—

CHINESE JOURNAL OF FOOD HYGIENE

2023 44 35 %45 10 1

2 #R
2.1 BN
M B 5 bR E GB 5009. 17—20215 1 F A J2
3% W EE+0. 04 mol/L LR E +1 ¢/L L-2F Bt & IR Uit
SIH, SR BT S C HA T SRR BE Y £ R B AN L2 B
AR AT AR 43 B USRI AR v &
PR 4 () & BE A 0. 04 mol/L, L-2F Bt & R 1Y Ik 5
1 g/L, 16 I KR fily b X PP st o B R A7 0 Ak, PP e ok
H 1%—2%—3%—4%—5%—6% % #i ¥ fn , JC Al
IR )t U B () LT AN A2 52 ), HY S SR R 2 R 1
g Fisf ) A 6T ) N 326 YT G 0T, R 4 MR S T KR AR,
R BT REAR . 3 FORTEAS h E B EICHLR Al
HH ROk Z [0] 9 43 2 B2, Bl B HH Pt o 2 A 38, 3 9
JIE 2 W RG> T v BE R 2% B3 B ER T 1.5,
REE S o8 42 0 B, M Bk B2 R T 29% I, el ok
36 000

SH B H

34 000 | !

32000 ‘
30000
28000
26 000 -

24000

X

22 000

8000 [

6000 [

4000

2000 |

5 HEOR Z 53 B /INT 105, A RESE I 58 4
Oy o WA SCER AT 3 FlOR T A 1 i N {E A1 C HL
oKk 5 VB OR 22 8] 1Y 43 8 B d 20 € W B AR 2%
1) H BE+0. 04 mol/L LR E+1 ¢/L LB R R . A
[) F e By i S R DL IR 1, T HLOR 5 W S OR TR
AN [ FR s 3T 1) 0 B LI 2,
2.2 RARPESAE R AL
2.2.1 FREURMBER

£ GB 5009. 17—2021 H1 2R HIIE A S mol/L
AR TRV W BRI, I 7 I L WO =K 98 1 pH
F 3T, ERE R S R E A TS S
FORWAM IR . PRIESE IR 1% L-F s
FRAE 150 W PS5 B D) 2 F 4o it 15 min £ HURE K
H R R R I 2 I 2o VA €8 3 - DR 5 O Bk AN R
M, FEHEERE B AR F 0. 04 mol /L ZBR 4% +2% I IE

1% H i
— 2%
—— 3%

5% FH

—— 6% HEE

0.0 1.0 2.0 3.0 4.0

50 60 70 80 90 100
PREAI A)/min

BT R[] BRIk BE R 3 MR JE A5 2088 (3% 151 (10 ppb)

Figure I ~ Chromatographic separation of three mercury forms at different methanol concentrations (10 ppb)
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mercury at different methanol concentration
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Figure 3  Effects of different L-cysteine concentrations on the

extraction effect of methyl mercury

2.2.2 JFEREAG LA

P ) BN ] A, 2 5 o i B 28R, L A ) SR
TR 22 B0 P B U ) K PO T I e Y
), AR SO 5 s R A FE ST 4 PR TIE A (R 17 42
IR 64T T /S () BsF 8] f) 8 75 BRI, H A T R
B PR BUSCR o 45 LW 7E 2~10 min Bl 2 48 U [H)
%) 28, o S 8 B, 20 min AR W A BT R
fiX, 25 & % I8 J5 % £ 2 WAt [ 5 10 min, 45 2%
L 4,
2.3 2Rk AR PR

T HR 1.3 B IR A bR E R S, 4 HPLC-
ICP-MS 7387 , 4% 3 R B 25 Wk BE AR S 1 Ak A | 068 T
FRAE R AR F |, 22 i A o it 2 45 B JE MUK (19 [l 05 5
FEHN y=14 634. 62x+2 189. 807, M LR E N 0.999 9,
H R SR A [ 7 FE N y=16 076. 13x+4 117. 090, #H 5

&1 4 B MO [ Xof FF R o 418 RO 11 52 i)
Figure 4 Influence of extraction time on the extraction effect of

methyl mercury

FHCN 0.999 7, LFTRIG BT #ER =15 031. 47x+
3177. 615 MR 0. 999 9,44 5 5 W7 LR [l
PR PRI DG RLGF . PRI 1.0 g 25 U BL BT Ay A, A
10 mL 32 BCHL, [a) A & FAR IR AR 3 M S 09 TR
BARUEE W, EEIR A 3 FOE S REMERKE 1, DL 3 fif
E M L (S/N=3) X N ) 3 oK 25 9 vk B 38R K
PR, TCHLoR H LR L R B A R 43 51 3.0,
2.0 1 3.0 weg/kg.
2.4 Tk RS B R R ] iR

TE 0 16 (Y — Fit £8P FE A eb 4 0 i ACTR & A 1

WM 5.10.20 pg/L 3 A KM B R 4700 2 , 45

'JTL%% 1. JEHLIR H SR M 2 3 R 19 [l i R 43 5 R
92. 2%~96. 0% .96. 7%~97. 9% .94. 5%~96. 5% = [1],

[EDSCRETAE o FREC 6 A FATRESS , 2330 IA 20 pg/L
IR HE B TR B b AV AL, LA S e R T B AR N b

153 AL
W8 0.79% .1.37% .

YE i 22 (Relative standard deviation, RSD) ,
R LR M 2 HE SR ) RSD 73
0. 68% , 1§ % L LI .
2.5 SEFRITE

BEX TR R A f06 SR K AR i GB
5009. 17—2021 ﬁuﬁwiﬁzﬁﬂﬁmz SHFJE 7 A
I 4k PR R SR RERE . SR UL 2,08 1 P RR T I f
EU:E?'%I@EJ’JT PEREEORIE A, 2R AL
J5 7 v 0 A T R SR A e O O (R

3 it

AN T AR R TR LR R OR N R Y
HPLC-ICP-MS W %€ J7 % , ] 1% L-2{ bt 2= 12 8 75 il
BRI, BL 2% W EE+0. 04 mol /L Z R Ek+1 ¢/L L-2¢
bt S22 AE S AL Bl AH L R OB €53 43 55 L ICP-MS Ry
A6 W 24 % F RRE A R Y 3 R ORIE S AT I A . &
D7 R 2RV R R B TR R A B R AR S
BoR . 5 GB 5009. 17—2021 H iy 77 ¥4 A0 1L, fii 1k
AR D R R T R pH R R &= By F AT
AEFBOUTR IR 4w 7 R REU MER P



AR AR

—1458— CHINESE JOURNAL OF FOOD HYGIENE 2023 4F55 35 B4 10 1]
1 AR RINAR R
Table 1  Spiked recovery rate of fish samples
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Table 2 Quality control sample contents among different

pretreatment methods
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