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Simultaneous determination of the content of the different mercury speciation

in aquatic products by liquid chromatography-inductively coupled plasma

mass spectrometry coupled with ultrasonic-assisted extraction
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WE: AT TRAANLFHYRI, SR EHE — & EBS
EEFRMEFERNERN TR R L &b KW E 5
Tk, BHBTL-FRAMKR T, A KHIEITAE G FE
B, 2L 10 mmol/L T84 +0.10% L-¥ R Bm%E N+ &5 7
B (A AR3L 98 ) IA S A4a, A & AR AR & — 8 K4S S
EBTRAENR LN TIR . FARPCARGSE,
AR, T AR A LR GG # B R (3S/N) 4 5] 4 0.18,
0.09,0.15 ng/mL, 47 /& W & = )2 5 A48 X & #(R) ¥ >
0.999, »LFEFRAF S RAUR TR K TR RBAT 0 A7 =K
X @O FE A 78.5% ~ 96.8%, 48 2 4R & 4R £ (RSD) <<
3.0% . A RBAAEN, ML FEMED S, &
FHEEHBTE ML REEAERELEREZR,TAT
SEERAK 2 B H) e R S ST

KBEBRAMNR; FPER;CEAFR KRR BEFHIRIG S
HORARE b R A F B TR R

Abstract: Ultrasonic assisted extraction coupled with high
performance liquid chromatography-inductively coupled plasma mass
spectrometry was developed for the determination of mercury specia-
tion in aquatic products. Using ultrasonic assisted extraction for sam-
ple in HCl + L- cysteine system, with 10 mmol/L ammonium ace-
tate +0.10% L- cysteine buffer and methanol (98 : 2) system con-
sisting of mobile phase, and detected the content of inorganic
mercury and methyl mercury and ethyl mercury by high performance
liquid  chromatography-  inductively

coupled  plasma  mass

spectrometry. The detection limits (3S/N) of inorganic mercury.
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methyl mercury and ethyl mercury were 0.18, 0.09, 0.15 ng/mlL,
respectively. The correlation coefficient (R ) of the regression
equation of the standard curve was above 0.999. Inorganic mercury
and methyl mercury, ethyl mercury were spiked in actual samples,
the rate of recovery was 78.5% ~96.8% , the relative standard devia-
tion (RSD) <{3.0%. The standard substance was detected by this
method, and the measured value was consistent with the standard
value. The method is accurate, reliable, simple, rapid and accurate.
It can be applied to the analysis of mercury speciation in aquatic prod-
ucts.

Keywords: Inorganic mercury; methyl mercury; ethyl mercury; a-

quatic product; ultrasonic-assisted extraction; HPLC; ICP-MS

IRAGFRAKER  RX N KM A RAGHEWATFETR
Z— FER MR I AR R ARCR . RETEESRE TS
LG ME— T 4 W R R AL & W 55 5 iR W AR I, T R
W OUHRKAE A N B W & £ L3 & FHUK
A Bl A R R RE DR OR R S PR R K R T SR MR BE L KT
BRANRBARN FEER ., RNETEAMNREHALG WA 2
JER ol N A B i RN A S 5 A 2 L R I A 2 R G
FIFHRAEEEM. PE GB 2762 2012¢ & i his 44
PR ) B i fa 2 rh BEJE SR B B 0.5 mg/kg, £ A A 25k
1.0 mg/kg; H AKL 7 7K 7™ ity vp B B SR BR 2 0.3 mg/kg CRI&
FHIT)IRK f8) T 5 36 [ M0 5 #0206 SR BR &8 1.0 mg/ke
GeE P,

FHTR & 4 b £ 2 4A GC—MS I A 3% . HPLC—
AFS Bt %k . HPLC—UV Bt % . HPLC—1CP—MS Bt 2
DT GC—MS R FH 6 46 00 3 B PR SR AR L AR 44 T
£ wib ¥R 4% HPLC—UV Bt ks 8 ok 22, SR T4k
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PR, REUEAR BAE R . BRTC R 2 s HPLC—AFS
IO P 2 00 7 1 SR L8 ERAR B AR 5 SR LR B AR A
ALK A AR AL BT LK 5 W] BE 43 i B BB AS 8 48 e ik
AR BERG . L bR I PEZE . T HPLC—ICP—MS B 7 AJ
DLARAS SR A A R 0 BT G 10 R BRE L e BB L © N B
BT EAR T E L,

AR HE GB 5009.17—2014( fr b 2 E F ARl 1
s R SR B HILR B D ) e B R R b R R SR I s
2 QR B 1% — J5F PGS A 75 v6) » 38 1 4 8 5 42 BT
AL RABCR: T WROAR €8 3% 55 F GRS & S5 2 1 5 3% 16
B IR E AT AL, B TE L — B & T IR A 4 A
KT R A 3 BORIB A & AT
1 #e 505k
1.1 {2z

HL RS 5 45 88 1R BT A ICP-MS 7900 %Y, 3£ [ 4 5
(VNG

1o RO AE 4335 - HPLC 1200 7Y, 3¢ B Z 58 ) 5

F AL 45 . ICP-MS PFA #Y, 3¢ [E ZHEMB A 7 5

Zorbax Eclipse Plus Ci5:150 mm X 4.6 mm,5 pm, 3 [H
LR F

HL K XP205 B, Fi L Mg AR 8- 46 H 2 4 7 5

YA RS O L - Z300K U, £ [ 0 R\ 7 5

I T UE AL : KANG SHIJIE PL-J60 #,0.45 pm j§
R R T P S I A A PR D

2K R 45 : Millipore B, i [H % A W] .
1.2 RFSHRESR

IR K FF 4 GB/T 6682—2008 #LE i — oK . #8246
KRG 4 5

R A et ALk T

B« 0 1 L R R R R B BR A FD

A A AN Rt 24k R A BR A A

L2 o 20 I b 19 4 A A a5 o SR e T B0 Ak 24 KR
MR 5

B B R AR ME VR T : GBW 08675, (63.6 £2.4) pg/g, B K
B HEY B 5T ol

ZHEFRATUEVE W : GBW (E) 081524, (76.4+2.8) pg/g.
B AR AE BT 5T 0 5

Te LR 7 HE % Wi : GBW 08617, 1 000 pg/mL, [E 4% b7 i
YRS L
1.3 BRHEH
1.3.1  ERER¥ W (5 mol/L)
B EAE 100 mL,
1.3.2  FAALHE W (6 mol/L)
WFKIFEAZE 100 mL,
1.3.3  Z/K¥% W (20 mL/100 mL)
Z1gEIA 50 mL K RS,
1.3.4  $REUAW (5 mol/L #hik +0.10% LB ER)
B0.1 g L-2EResd iR, HIKIE . 2 M A 41.66 mL #hig ., 1
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WERG I 41.66 mL #h1ER . K

eI 24 g AL,

A B X 10 mL 20K,

KB E4F & 100 mL,
1.3.5 WEiM Wz A0 mmol/L Z B4k .0.10% L-2
R, pH="7.5) : FRH 0.771 g ZMREHA 1 g L2 PR,
FHKVEMR KRB E SR 1000 mL, A 20 mL/100 mL 4
KW pH & 7.5, % 0.45 pm P8 B 0k, BB B K
30 min; Wi ENAH B o4 B,
1.3.6  HUJESRARMERS AW (2 pg/mL)  WEMFRIL 0.786 2 ¢
HLTRARMEV W F 2 R R E A E 25 mL.
1.3.7 ZIEFRARMEM AW (2 pg/mL)  WHEMFRIL 0.654 5 ¢
SRR UETR W F 200 A B2 8 & 25 ml,
1.3.8  THURFF MG (2 pg/mL)  YEFHFREL 10 mL G
BLAR R R, T 5 V0 $h R B 45 & 100 mL, F43HL 2 mL
A2 % WERREAS 100 mL,
1.3.9 IRAFRUEM IR (50 ng/mL) i i B H A OR A7
i WL £ kTR AR U i A R TE PR AR UE A A TR A
0.625 mL, F 2 B B E 5 & 25 mL. (i RSB .
1.3.10 REWMELEW 4358 BOR G bR K 0.0,
0.1,0.2,0.4,1.0,2.0 mL F—41 10 mL %5 & i ¥ , FH i gh #
ER BN BRI IR . LR A ICHLR 1 BE 43 51 0.0,
0.5,1.0,2.0,5.0,10.0 ng/mL RSP TVET .
1.4 RIEFHE
141 FEAALIE HURT R ERAr B ALIT RS 5 1 4 R
2BEN R, SR ATESRN A SN, BEH IR, T
—18 ‘CLLF 47

FRICREL 1 gORF# 3] 0.001 @, 8 T 25 mL B.LEH,
HIA 10 mL 42 B ik B 1% . 72 20 °C .40 kHz,300 W
T 7R A IR CGRR P PR IR S T A S (i LR R K L
PIge#E 20 C FH#BO 1.5 ho IRIRER K. ¥4 CTFL
4 500 r/min B§.0> 30 min, FH 4 mL F{EWE 25 mL ZI B
BB g0 I A A AR (6 mol/L), 8T pH &
2~T7,AKERZE 10 mL, FH 0.45 pm JEAE 8, fF 0. [H
AHEZS S
1.4.2 U#&PE itk Agilent ZORBAX Eclipse Plus Cis 5
FShA B A AC10 mmol/L Z BR4%—0.10% L-2F Bt & IR,
pH 7.5) 5 A BOFED 98 & 2(fRFHLL) 5 i 38 : 1.0 mL/ min; i
Fim:50 pl, ERSE TIERMFASELE 1,

x£1 ICP—MS IT1E&H

Table 1  Working conditions of ICP-MS
D& 21 b =% & 270 RIS
RF 3y % 1550 W A 0.44 L/min
RF DL 1.80 V FU3 1 (] 1s
R RE TR BE 8.0 mm T 202
FACE W —5C U 5 T B ol 0.30 /s

LA3 FESINE RO AR R IR 5 2 I AR
RV AT DN RE LA HC R 12 T 980 WA 1) B PR OF 1) RE P B o
LAl e il BEAT A2 hik o % 13 20 R L X ] — R AT SF
ks,
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2 #RYSe
2.1 TFEMETALEREE
AYRAESYELEDEN DRSS S RELYS G FHA
HLHE ) B A I 2% 722 Sy i A e i 5 L 2 4R BB 3 8 A L
R T k2 —" % . W R SR A& 8 i P O ik &
AT L A £ TR O A R TR TR R A BB K 2 A AR R T
FHAC IR o 0 v P8 T Al it 0T T A% 199 2 ORI L &
BRI A B B A I ()5S L O LA Y R OR 5 i BRI AT
RPNy S TANS  l A el B B N R ()
IR 7 R HE D b AR o R T 285 23 T 4 R B
2.1 HhERWKIZ TR ICRR EH T SRM 2976 I DU K OR
(28.09£0.31) pg/kg JHEATINRE » LA T A [F) & 52 45 1R A 42
PR BRI 2.

F2 HRBREMENYENEI
Table 2 Effect of hydrochloric acid concentration to

extraction rate

HRERMSE/ (mol + L™1) WM/ (pg « kg™ REUE/%
1 16.61 59.1
2 21.28 75.8
5 27.96 99.6
8 28.01 99.7
10 27.86 99.2

3R 2 A, R R kR B AR IR B L 2 i AR R
W >5 mol/L B, $2 BUA IE A L 3 Fa s, (F Bl 35 0 1R Wk I
B AR RR TR 0 DR WA 2 R R TR RS ok
b % ICP—MS K U 25 A 5 . B I, 6 198 408 B oAk B 3k
$£5 mol/L,
2.1.2 L-ERRERE LR S 5 He 454
LG 4 JE - = R4 & W 78— R BR LR LB A
RRTEITE A MR R O, R 50 H T 7 SR IO Sk R vk
EARBMIEMT BmARF &Y LA, H & &
43509 0.02%,0.05% ,0.10%,0.15% ,0.20 % , 38 3t %t b 4y
B SRM 2976 Jif 01 [ 1 B3R (28.09 4 0.31) pg/kg]d 42 B Y
HJE SR & b IEAT B AL E L S5 SR I 3,

H13 3 Al 1,0.10 %6 1y L-2F e el B 5 /K 7= i B L 1l it A
dity R R R B 4R IR B A

F 3 L-¥BEERRENRIHENR I
Table 3 Effect of L (+)-Cysteine concentration to

extraction rate

LERRE WL/ % M/ (pg - kg™ IR/ %
0.02 22.54 79.9
0.05 25.31 90.1
0.10 28.01 99.7
0.15 27.69 98.5
0.20 27.82 99.0

2.1.3  JRPESRECRE] e EBORR MY L SRM 2976 iR D[
R (28.090.31) pg/kgl A 25 pg/kg MICHLIR | FH 3K Al
CHERIR A PR METE T 7E 20 C TR A3 B R $20 0.5,1.0, 1.5,
2.0,3.0 h, Wi 1R PR B AR 8 TEHLR | BE R R0 2 SRR B
PRI R LR 4,

R4 A[EE LR EUAT E B bR B i 2
Table 4 The recovery of mercury speciation using

different extraction time

REE /D PSR/ LR/ AR/ Y%
0.5 70 75 72
1.0 80 82 80
1.5 90 88 85
2.0 92 84 83
3.0 87 85 82

f2e 4 AP0, B SR 1.5 h i, 3 FR R 25 5K B9 N kR ]
ROARB W LI ER, SZAEFETESREFRR, mA ik
PR RIS (] 4 1.5 h,
2.2 HIHEMIEE
2.2.1 ZREWEMZW fEREIMETIMA LR E, TR
FERSHIM R R R R4 R B
TR W 1 LR AR TS TR /s sk R . SRR W,
W6 £ TR 5 ViR 2 (¥ 184, ASC A% mig o7 (0084 o 4% O 25 0K 1 0
RUAT T 0035, Y 0 1of () 406 0, i B S A BT 0 . (R R
BeHe BE A # 10 mmol/L LI i, & FORTE 25 1 (6 35% 14 46
ANFEA B O 0 R TE AL TR A B OR A B A R AR 25 (I
B D, Mk R MWK RN 10 mmol/L,
2.2.2 AWM 7 BN @3 4 BT AR L
RN FE TR I ATE X 2% 4 700 A R AR S T i & TR S
RS RL S B RBLAE R 2% A W T S8 B AE Cos A B R B 43
BOUW LR R R T TC L R KRR L A RE

af L5k
N |
=) -
FE b ”\
S \ i
| | ]\
b e AR .
0 \\w L I}
2.0 4.0
T B e ]
Retention time/min
(a) 10 mmol/L
£ ﬁﬁ%iﬁ
Py |
= N
% X 2 Eﬂﬂk ‘J ZHER
7’: g ‘," ‘\\ | \ ’,"m‘\\
S i \\’f \\ [
0 L S
2.0 4.0
4 B 1 i)

Retention time/min
(b) 20 mmol/L
A1l FARAREZR&ENEHZH
Figure 1 The chromatogram of different concentration

of ammonium acetate
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555 A D R ) o 3 S PG BA TR IR EE Y L -2 e R xR B
B B RO ANETE 52 0, 45 R R B L2 e 24 R 19 ¥k B2 X
KRG W AR A R HARMA L-2F bt & iR
I o S [T 285 09 R Tk 43 1 1 P b o B B 0 B3 0[]
A A L2 B8R 09 AL 3 B O% 25 R 1 43 2 B B I B
F AR RBUERRR S LR 2. 4 L-E AR
WL IR F] 0.10 6 B H LA E B3 3 F B 25 5% 1 e B L OR B I
) FR SO AT A B G E R R a8
B PR 0.1000 LK I &R A A Vit 3l AR o 1 2% 45 01 o i
G800 E

5
wx 1F
S
<
(&)
0 L L
3.0 4.0
TR i 1)
Retention time/min
(a) 0.00%
. KR
1.5 JoHLK T
é 1.0
X P
=~ 30.5
<
(&)
0.0 L L
4.0 8.0
- B4 st [
Retention time/min
(b) 0.05%
F ok
=
& x TR ZHER
et A
5
S
o
07 L
2.0 4.0
{4 B3 ]
Retention time/min
(e¢) 0.10%

B2 FARREL-FRAKRYEER
Figure 2 The chromatogram of different concentration

of L (+)-Cysteine

2.2.3 pH M B %5 TR pH {H(pH 4.0~
8.0)XF 3 BT R M0 43 18 i A B A (8] L e B (B S A S . 45
RFW] A5 T B L Y pH BB, R TR 25 Y
pH>6.0 Bt , a3 i 2 1 4 4 Fr el 3% . (H B & pH Ay 3% Kk,
3 FIEAS R4 B IR BB R R AR K. 2 pH 2 7.5 B,
0,33 W T K X B X RSB0 L 3. IR I » g 20 R 4 S M Y
pH K 7.5,
2.2.4 WEREREW R 5T RS A R R e Y
FARE(2,5,8 mL/100 mL) X} A [d] JE 25 7% i 44 B8 1) (8] A 43 5
B ERIEAIRE Y W

&L A4 R B R B R B & ORI S W oy
B AR B WAS 25 , ] g 2 TCP—MS 1 SR B 4 0 48 I 4k 4 41
AR, 1 ICP—MS {5 S AR e . B oe i 4 e H
2 mL/100 mL [ W BEAE O 3 3h A . i 2k S BAR 09 73 B s .
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4 LR
B . ZIEF
_‘fﬁé 5 TeHLR
~ g
S
0 L L
2.0 4.0
(R BRI
Retention time/min
(a) pH5.0

oK

2.0

4.0
B8 0 ]
Retention time/min
(b) pH7.5
B3 RFE pHME#WEER

Figure 3 The chromatogram of different pH values

~
H
4
b

)
B x5 Tl || R
== A\ A
=~ g \ \
A A\
< NS AN
0 L L 1
2.0 4.0
14 7 st i)
Retention time/min
(a) 2mL/100 mL
4 F LR
g
_% \2/ 5 TeHLK Z%m
=3 | \
: P A
0 L L
2. 4.0
T £ I ]
Retention time/min
(b) 5mL/100 mL
A @%i
s \
= Y
50X, ALY 2
S S I
< 9 |
& 07__-4/ J N \;*___
2.0 4.0
T 72 i /)

Retention time/min

(¢) 8mL/100 mL
B4 REKRETEGEER

Figure 4 The chromatogram of different concentration
of methanol
2.3 HBEBYR

R L4 RIS & E 5 ng/mL SRR A AR HE T W TCAL
R BLSR L 23 SR 145 BB A 43 3 Ky 1.751,2.501,5.201 min,
[EREFIEEIE S SOINE N
2.4 FREMZFIGHR

FRACER R AR J5 (508 FH IR 9806t A3 28 00 A fif | R A
FALYD o PR S AR AR AT P A B s . DA 3% 0 T AR
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F AR AR R AETE TR R 3 Rl B 25 R A B A B AR R L 22 T AR
Y 2% L 15 B 2R [l 05 J7 R M O R B AR IR (3S/ND L &5
RUWFES,

4 UE=s
g w

% TR (| ZIF
=g 2 A A
E N |

0_~—__/ -

2.0 4.0 6.0

{1 ]

Retention time/min

HS5 RkB&HEESBHE

Figure 5 The separation chromatographic of mercury
speciation
x5 KETEEMAXRER
Table 5 Calibration curve and limit of detection
LAETLH/ o o H B/
KA G B RN R R HL B
(ng* mL™1) (ng* mL™1)

TeHLR 0.5~10.0 Y=56972X+465 0.999 9 0.18

LR 0.5~10.0 Y=55865X+116 0.999 9 0.09

VaE-% 0.5~10.0 Y=52340X+182 1.0000 0.15

2.5 HEEEMBEE

PR = S I RE G AR 4 GB 27404 2008( 52 1 28 T &

?*ﬁ%ﬂ%m?ﬁ B IR AR ) rp O AR L AT 3 AT
e E K A s [ e 3R RORG 2 BE S, 25 SR L3R 6.

2.6 FRAEYRKEIE

XFPRIEY) BT SRM 2976 g D1 [ $E5% (28.09£0.31) pg/kg]
HEFTIN5E , 2 bR 2 27.82 pg/kg, RSD 2y 1.66 % 3 TR JE
A% E WL 6.
2.7 KBRRLH

T BT B 950 43 K 7 i B LA s 43 590 0 A o v ) TE L
R R B LRI & L IR B AEAE R P RN 1 ng/mL
JEAKT- W TEHLTR kTR B 2 3 TR TR A b oE 1 WL 3E AT 0 AR
] ) R LR 7

C—1CP—MS 7] 5 A 7 S o 3 BB 26 10 7 Bt
k6 MirEWERMBEZELER'
Table 6 Recoveries and precisions
A AE/ s/ g 2/ RSD/
R ! R
(;;g'kg 1) (/Lg'kg 1) % %
12.5 78.5 2.5
TEHL R N.D. 50.0 84.1 2.3
125.0 90.5 1.1
12.5 90.6 1.9
3R 21.10 50.0 94.7 1.4
125.0 96.8 0.9
12.5 88.2 2.1
AR N.D. 50.0 94.2 1.5
125.0 95.6 1.0
T N.D.ERRKREL .
I‘*}Lﬁégl;ig;&
=) A ]
K _5 \
B Al 2R
g i A o i il g
S |
0 v
2.0 4.0
LR B B ]
Retention time/min
H6 AREWRGEER
Figure 6 Chromatogram of standard
BH 22 7 AT BT K = R LA i o A 5R 3 B DL H SR 1Y
TWBAFAE LER Y ARG A& Z0m T3 i vk e K 7= i e iy

FAE R . RGP GB 2762—2012 [l E , f 28 vp HE O
R #<0.5 mg/kg, BN AL R 1.0 mg/keg, A5 fr il
B 7K 7= it B LA i o R OR B I R AR
3 4k

AR FEST T 5 mol/L R +0.10% L-2 bk & iR 48 75
il B 2 BT AR 3, HPLC— ICP— MS 5% FH 4 A I 52 7K 7=
HURESR L LR N TC ML AR A J5 vk o 1% 5 ik A7 SR PR L SR TBUAL
RS N M R4S BLEAR , % IR T GB 5009.17—2014

xT BEROWHER

Table 7 Analytical results of the samples

o TR H B R ZHK

i SR/ Gue ke D FE/ % /(e ke D BIER/% SR/ (e kg D BCE/ %
i 4 B 11 N.D. 83 20.36 92 N.D. 94
fif Ay N.D. 82 N.D. 89 N.D. 85
E N.D. 86 26.90 97 N.D. 86
¥ VR B DL N.D. 89 30.00 81 N.D. 80
¥ VR B [ N.D. 82 5.72 82 N.D. 83
ViSRS R ] N.D. 105 21.10 89 N.D. 82
ey 7.67 88 N.D. 84 N.D. 82
1T N.D. 79 N.D. 82 N.D. 81
S R T AN 10.06 92 63.33 98 N.D. 88

T N.D.ERR AR .

(F3% 154 30
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