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chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP/MS). Methods After microwave
extraction with 25% tetramethyl hydroxide, the samples were filtered by a 0.45 pm microporous membrane using a
mobile phase constant volume. The samples were separated by reversed-phase chromatographic column and detected
by ICP/MS. Results The 4 forms of mercury showed linear relationships in the mass concentration range of 0.5-
20 ng/mL. The recoveries of shrimp samples at the addition levels of 0.01, 0.02, and 0.2 mg/kg were 61.3%—113.7%,
the recoveries of cod at the addition levels of 0.01, 0.02, and 0.5 mg/kg were 60.8%—109.8%; and the recoveries of
tuna at the addition level of 0.01, 0.02 and 1.0 mg/kg were 75.5%—-115.9%. The intraday relative standard deviations
were less than 8%, and the intraday relative standard deviations were less than 10%. The limits of detection of 4
forms of mercury were all 4 pg/kg. Conclusion The method is rapid, accurate and sensitive, which is suitable for

the analysis and detection of four kinds of mercury in aquatic products.

KEY WORDS: liquid chromatography-inductively coupled plasma mass spectrometry; mercury; speciation analysis
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1.1 XBE5ERH

LC-20A R#0RA 3% (H 4% Shimadzu 23 #]); iCAP
Qc HLEHEA 55 8 IS (35 B Thermofisher 23 H]);
Nanowave 300 fESZEBUL(EMAF] Anton Paar A H]);
Advance A10 #B4l/K (32 FE 2R e 2 B F); 0.45 um i
FLUEME Gl TR A IR A A

He® FRER R PREY T, 1 mg/mL, 5% HNO; /)i,
B AR 0 ), AR KR R S HOR (R e
Jit, 1000 pg/mL, il ARME A FRA R, LRRARESR bRy
%, AR 98%, 2E[E ACROS ORGANICS 23 #l).

H (gt at, il SR A BRA Fl); bR (kb ik
). 0O AR AR . ZRRER (ST Al) . EUK (G
Hraf) (258 A 21800 23 wl) . 528 FZK S Mill-Q 4tk .

UM, 54 St SEPRRE S B T
1.2 Bi&EH

P it B - PR Bt B — 7 it 1) 45 T8 S SR AR TE )
S, P P B R B (LAFR T A 100 mg/L BIbRHER
WL, 4 “CURFATRAE RS

B 0.1% L-2FE2R-10 mmol/L ZFRkk-24 /K%
W FREL 0.771 g ZRREEFN 1.0 g L-2EBEERE, A 900 mL
HRAK AR, FZE/KIET pH = 6.0, JilZKE 1000 mL.

Bt TARVE W WL 4 FoR ARRUEE 2545 10 L $)
10 mL 5D, A RARE TAER W 0.1 mg/L. 4351
W BUR AARAE TAFEW 0. 0.05, 0.1, 02, 0.5, 1.0, 2.0 mL
F—4 10 mL Z&HH, M 0.1% L-2EHE&ER2-10 mmol/L
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LR -F KB WIS R E A B2, 15304 FORIE A B R
W LIRIHHR 0.0, 0.5, 1.0, 2.0, 5.0, 10.0,
20.0 ng/mL VRS ARMEVAE, (0T IR
1.3 HRAETLIE
FREL 0.5 g IFECRE B 0.001 @) T 10 mL kB A%

B, A 4 mL 25%P0 SRS AL, B T RIEE A
BUCH 120 °CZEHX 10 min, AT /G5 E 15 mL 2.0
L LRL0.1% L-PBREERR-10 mmol/L ZF%k-B/KIEIRE &
10.0 mL, i 0.45 pum A HUAHBAFLIERE FHL,

1.4 UFBEH
1.4.1 #ORFEREH

VO ZE O 250, INAIRE 120 °C, Jin#Amt
[A] 10 min.
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{43545 Agilent Eclipse XDB Cg #:(150 mmx4.6 mm,
5 pm); JBIAH: A MHHEE, B M 0.1% L-2F M= iR
—20 mmol/L ZFR%L-ZKVEW; PEREVEML AR IF IR 1; ARl
30 °C; 5 50.0 pL.
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R 1550 W; Ffbds: OBk, B
14.0 L/min; #E0A R 0.80 L/min; SRAEIREE: 5.0 mm;
SRETTEE: Hg 202; Pt RAFHEFEREBUHE,; A NAH:
2.83%; BAMEFEL 0.1 s; B &R, S =99.999%; 8%
N E 40 r/min,
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Table 1 Gradient elution conditions of liquid chromatography

Hif [i1] /min A A% WA B/%  iid/(mL/min)

0 8 92 1.0

1.0 8 92 1.0

2.0 50 50 1.0

5.0 50 50 1.0

6.0 8 92 1.0
10.0 8 92 1.0

2 HRESH

2.1 EFEHEHHML
2,11 FBUAAN GG

TS i 7 v SR A U W 2H 2 rh SR AL 0 FE R
BAL BRI, AWFSE R 25%KOH-FBLA R . 25% DY F
AL TR R 40% DU T 3 SR AL S MR U 90, X
£ ) R IR AR I BT A TR 2R, S5 IR A BUR A 25% 4
FA L SR A BV RO R S EA T R, FE SRR IROE 42, Ar B
4 B o4, WETUSHRR, (R SRme et 25% Py i

SR WA R ZE U )

2.12  FIREF I 697

AR S R F A R RE IR, 1E4E 25% DU H L SR LA
VAR R AL ), [ ZEURLEE S 100 °C, %8 T R[]
ZE IR [R) X ZE ORI, 50U 1. 4 FoRIGS P4
BUHCRAE 10 min NZEAREODN, B ZE IR ) 3 — 20 A2 K
EMC F1 PMC 2 Fivib 5 W B S AR, IMC F1 MMC B A5 140,
28 WEVEIMT, TEZEI 5~20 min NFF R B EMES, HT
AEHUR)AE] 10 min 7, FEA ORI, 5 R E) PR Y
SR, SR AP AR R ] 10 min.
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Fig.1 Effect of extraction time on test results (n=3)
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AR S R 1 AR AR, B4 25% 0 FH L SR AL B
VAR AE I, TR AL U] 10 min, 23 B175 %6 T
60, 80, 100, 120 °CHI 150 °CXIFEHCR AR, 255 WK
20 MIEL 2 AT AZEIORLEE AR AL X T 3 FiA HLR AR
BUN, HEXTTIHRIN S, A RZR TR, 20
MR - TF, MBS K 120 °CH, ZEERECRBTRE,
DR 52 56 o e AR BRGIRLIE S 120 °C
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Fig.2 Effect of extraction temperature on test results (n=3)
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Bonus-RP Cig. Eclipse XDB C g FE 80194385 4 FITEE
oK, ASEIAESRE B MR, %% T Waters Sunfire
1 XBridge C3. Shiseido ACR C;5. Agilent Eclipse XDB C,g 4
Rt &I Agilent Eclipse XDB Cyg (o34 AT DIERE Y
AR PN, SR 4 AR AR /3E8, IF HIGERIET
AR SIS R Agilent Eclipse XDB Cyg MEAE /B FE
222 ANy iLdE

(HL-2F ez iz iy &=

L-2E B e i A, 7T LUK SR AL & Pk 2] 2 5 4E
MNTTAE AR EEAT B TR B . LRI R 0 I A X 43
BEREMEE R WA 3. BANIA LR IR, 4 2R
RIS, TG E g, 2 LR R T A,
TR RIAR 22, e N (AR T AU 58 WA L-P bt
R FHRE A I, DA BT, MBI GIEET, NG
B2 L-2P e i AR i o, T E AT

TIC: HG07.D

WA, Bk, 256 2% B B MR ik bl SR
A LR BRI F h 0.1%.

(2) LR VR

SRS T ANEIH R 1) 2 BR324 5 LI
4, P 4 KW, EREIART A B 2R T A otk g
Ry IR TE, X ] fgte i T He 7E @it A —e ik
B, A RS T ARG HOR AR B, st Y, XY 2Rk
FTHHREE R 20 mmol/L B, ArBSsiiRely, BFimiEiEH,
IS AR S Hh R 1 9T e 5 R 20 mmol/L .

(3) pH M52

SEESEET pH MWATBE MW, SRIE 5. 1
pH 5.0~9.0 FYTEREIN, K% pH M3, 3 Fa LR
B (ET WA AT, MR AE A TN R, 2B IR 28 nh R R I 22 o
75, SIS pH o 6.0

TIC: HGO1.D

1.0E4 a 1.0E4 MeHg b
x10* x10* Hg2+
_% 0.5 & 0.5 5 EtHg
EN G PhHg
0t 0 A
3.0 6.0 9.0 3.0 6.0 9.0
PR EF 15 E] /min LR R I [A]/min
TIC: HGOS.D TIC: HG11.D
1.0E4 MeHg c 1-0113; MeHg d
x10* x EtH
8 | HEt i ® o HEZ ¢
0L A 0 A
3.0 6.0 9.0 3.0 6.0 9.0
{3 B4 5} E]/min AR E 1 ] /min
e CEBEEER TN a: 0; b: 0.05%(W:V); c: 0.10%(W:V); d: 0.15%(W:V),
B3 L2 R A X 43 B 0 5 i
Fig.3 Effect of L-cysteine addition on chromatography separation
TIC: HG13.D TIC: HG15.D
1.0E4 MeHg a 1.0E4 MeHg b
X104 Bl x10* B
£ o5 Hg2+ g £ o5 Hg2+ tHg
= PhHg E PhHg
0 A 0 A
3.0 6.0 9.0 3.0 6.0 9.0
PB4 s 5] /min {4 B3 5} i3] /min
TIC: HG17.D TIC: HG19.D d
1.1%134 MeHg c 1.0514 MeHg
x EtH; x10 EtH.
s Hg2+ & £ o0s Hg2+ £
= PhHg Ea PhHg
0 A 0 Al
3.0 6.0 9.0 3.0 6.0 9.0
LR B3 B 8] /min PR B3 B[] /min
TIC: HG21.D
1.0E4 MecHg e
x10*
# s Hg2+ EtHg
A PhHg
0 [\
3.0 6.0 9.0
LR ] /min

T LERES N a: 0; b: 5 mmol/L; ¢: 10 mmol/L; d: 20 mmol/L; e: 50 mmol/L,
El 4 ZBRBR X B 152 )

Fig.4 Effect of ammonium acetate concentration on chromatography separation
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TIC: HG13.D
1.0E4 a
%10 MeHg
EtHg
3% 05 Hg2+
= L PhHg
0" =
3.0 6.0 9.0
PR B3 B} [8] /min
TIC: HG17.D
1.0E4 MeHg c
x10*
& Hg2+ EtHg
= /\\ PhHg
A
9.0
% ”ETIﬁJ/mm
TIC: HG21.D
1.0E4 R
10 MeHg
355 0.5 Hg2+ Eclg
o PhHg
0 A
3.0 6.0 9.0
{585 15} 8] /min

FE: pHAEM 0 a: 4;b: 5; ¢: 6;d: 7; e: 86
&5 pH XI55 B 52
Fig.5 Effect of pH on chromatography separation

23 JJEl ?J‘1¢E’J'ﬁ|:ﬂf.
TR BEBR T8 AHUH, B ibE
K ICP-MS M 2 B, 75 2 I A S0k s e A 4% B, 55
B ML 1.89%, 2.36%. 2.83%. 3.77%. 4.25%.
4.72% 5. 19% 45 WA S X I T ARG 2, 45 5% L ]
6. U\|7§16EIU%$ FifL 5 42U AL I BG4 FROEZ S R
AR BB, XEFBEIWMA, &
ﬁua‘%iﬁ&&“ﬁ%ﬁ, [ B, S MAREST 2.83%)5,
BHFREEE, HRENEMAKRDY, NaHBHEH
RN AN T8 R pe il L AE LB I . 25 H R, BERINA
N 2.83%.

24 FHENZMTCEMGLHR

FSCIAS 4 PR RISRAE TR E 0.5 ~ 20 ng/mL
S A == I RS S - [ I = s 0 |
Y=25113.468X+2378.568 . Y=26109.687X-516.946 . Y=
40717.933X-5597.412 . Y=25231.039X+544.974, #H%Z& %k
4394 1.000, 1.000, 1.000, 1.000, LA 3 f5{5MEEL(S/IN)
SHITIEKS HBR (limit of detection, LOD), DA 10 /55 M 1 (SIN)
R 5k g FR (limit of quantitation, LOQ), Z&#E fhusinsk
B ek B S 4 R S TR BA BRI R 4 pg/kg,

ERFRA 10 pg/keg.

TR AT R i 4 RS SR 141
TIC: HG15.D
1.0E4 MeHg b
x10*
B os Hg2+ EtHg
= : PhHg
0 A
3.0 6.0 9.0
PR B8 B[] /min
TIC: HG19.D q
1.0E4 MeHg
x10¢ EtH
£ s Hg2+ g
E L PhHg
o | I\
3.0 6.0 9.0
5L B4 5 8] /min
30000
25000 F
. 20000 |
&
E 15000 |- — IMC
g —=— MMC
10000 L eeekees EMC
-#-PMC
5000 |-
0 L 1 L 1
1.5 2.5 35 45 55

g =%

6 i A o 0 T R 5 i)
Fig.6 Effect of oxygen addition on peak area

2.5 [EWERREZEESE

FRECUR~ . 560, 4xtfa, BRI S ASASEE K
RS EY T, R 13 AT AL IR, JF R RO A A
TE TR, PSRRI SR 2, [ — KA
FEATME 6 W, B AKX bR R 2 (relative standard
deviation, RSD), H NAHXTHRHENGZE/NT 8%, H [IAHXTH5
e 22/ T 10%.
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R2 AMRESHRIEREMEELER (n=6)
Table 2 Test results and recoveries of 4 mercury compounds (n=6)
L ‘ s R /% RSD/%
ERTELES ISE (L /(mg/kg) -
0.01 mg/kg 0.02 mg/kg 0.2 mg/kg 0.5 mg/kg 1.0 mg/kg HA H [&]
IMC 0.0598 61.3~65.4 96.8~107.3 102.3~110.0 / / 7.8 9.2
o MMC 0 69.4~93.3 99.0~113.7 80.1~88.4 / / 4.2 6.4
M=
EMC 0 85.8~89.1 80.3~90.1 81.8~89.6 / / 3.9 43
PMC 0 88.5~92.2 96.1~98.9 80.6~83.5 / / 3.4 4.7
IMC 0.0160 64.7~89.7 60.8~67.1 / 108.9~109.8 / 6.9 10.0
o MMC 0.0574 64.7~88.7 79.7~85.1 / 107.2~108.5 / 4.4 7.7
LENEE
EMC 0 81.4~84.6 87.5~99.3 / 107.2~107.4 / 3.6 6.3
PMC 0 88.3~95.1 87.8~92.0 / 106.8~108.5 / 2.9 4.5
IMC 0.0533 100.7~101.5 101.7~112.5 / / 108.5~108.9 8.0 9.7
MMC 0.00272 110.3~115.9 104.9~114.9 / / 114.0~106.3 3.6 5.5
et
EMC 0 75.5~78.1 94.6~104.2 / / 106.2~106.6 3.2 5.8
PMC 0 82.4~84.1 89.0~97.1 / / 104.7~109.3 2.9 5.2

2.6 FEMINE

Fie BEAS SC B0 7 0 B b BT T Al e, S SR AENF
1= EEE RN A A v A JOHLGR, TR M Al e 4 f h 4G
IR, Ird #E 3 R SR AR IR o

3 LERIE

AR S 38 2o ) FH A0 2 B AR B UK ™ i v 1 JE L
SRAA LR, I 500 A €13 - 5 3K R JRR A 45 1A
SR RIS 43 B A I T HLR | F 3R | ZEERAIFRFE K
4 TP S A R AL R 0.5~20 ng/mL TG B P S etk 5
%, [NERTE 60.8%~115.9%, H AERARERZ /N T 8%,
H )R X bR e D 22 /8T 10%; 4 B 28R i AS H BR ¥ 4
4 ng/kg, XTPRAETITEE SRR, AU, B S
R R TR, 1E 0% R A0 R PR R
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