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WE. B A ST RRES P (Cu) AP (As) 45 (Cd) R (Hg) 46 (Pb) & &4y b B 4855 B TR (ICP - MS) %,
Tk RIRNBIE ARk AT A SR AT AT AL 22 R A ICP - MS SR E 5 B TARM R 4 1550 W, 5 & Tk Ak ikik 2 15.0 L/ min,
AR (RA) A A 0. 90 L/ min, FALAREA 1. 05 L/ min, 3530 Rk A 0. 1v/ s, RAFREHA 8 mm, AIFEX A No Gas BX, EH 3k,
Z5ER  Cu.As.Cd.Hg.Pb ZRE 5 H 4 0~500 ng/ ml.0~200 ng/ mL.0~ 10 ng/ mL.0~5 ng/ mL.0~20ng/ mL & E R 5L %5
BALZ M £ R B (r=0.999 6,n=5), M 5 4 0.020 5,0.004 5,0.000 8,0.004 2,0.005 1 mg/ kg, £ F M54 0.068 2,
0.014 9,0.002 7,0.014 1,0. 017 0 mg / kg; #5 % B . & A X 2 R 69 RSD 30T 5%; -F ¥ mif e & 5 5] % 99. 60%, 106. 16%,
108. 93%,115. 30%, 103. 40%,RSD % %1 # 0. 84%,6. 03%,1. 15%,3. 56%,0. 55% (n = 6) . 5% ( 25 A #i 40 B 4] ) 9N 2 T 4R 6 AT LATAE)
9 #AE e F 49 Cu Hg Pb ¥ S TREZARE,As Cd BARWI AL A 84 2 M G Z oy kM, SR Em, TR Tl g &t
P KR P Cu.As.Cd Hg Pb #94%,
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Determination of Five Elements in Water Extract of Fresh Mussel Meat by ICP - MS
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Abstract: Objective To establish an inductively coupled plasma - mass spectrometry (ICP — MS) method for determining the
contents of copper (Cu),arsenic (As),cadmium (Cd),mercury (Hg),and lead (Pb) in the water extract of fresh mussel meat.
Methods The samples were pretreated by microwave digestion,and the contents of five elements were determined by the ICP — MS
method. The plasma radio frequency power was 1 550 W,the plasma gas flow rate was 15.0 L / min,the auxiliary gas (argon) flow
rate was 0.90 L / min, the atomization gas flow rate was 1.05 L / min, the peristaltic pump speed was 0.1 r / s,the sampling

depth was 8 mm,the tuning mode was No Gas mode,the repetition frequency was three times. Results The linear ranges of Cu,
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As,Cd,Hg,and Pb were in the range of 0 — 500 ng / mL,0 -= 200 ng / mL.,0 = 10 ng / mL.,0 — 5 ng / ml,and 0 = 20 ng / mL
(r = 0.999 6,n = 5) respectively. The limits of detection (LLOD) were 0.020 5,0.004 5,0.000 8,0.004 2,0.005 1 mg / kg
respectively, the limits of quantification (LOQ) were 0.068 2,0.014 9,0.002 7,0.014 1,0.017 0 mg / kg respectively. The RSDs
of precision and repeatability tests were lower than 5%. The average recovery rates of the above five elements were 99.60%,
106. 16%, 108. 93%, 115. 30%, 103. 40% with RSDs of 0.84%,6.03%, 1.15%,3.56%,0.55% (n = 6) respectively. Based on the
Green Standards for Medicinal Plants and Preparations for Foreign Trade and Economy,Cu,Hg and Pb in nine batches of samples
met the limits, while As and Cd levels were over the limits in eight and two batches of samples respectively. Conclusion This
method is simple and accurate,which can be used to determine the contents of Cu,As,Cd,Hg,and Pb in the water extract of fresh
mussel meat.

Key words: fresh mussel meat; heavy metal element; harmful element; inductively coupled plasma - mass spectrometry; content
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U PR S AR B v EE 4 iR KA T T ER O T ELE IS Y
HRIHE o 5T I, AHIEGE R T A [ 24 Sf YR Y i o e
PRIZK SR, R FH HL BRI 5 55 B R BT (ICP — MS) 43
Br 7 H PR (Cu) A (As) VB3 (Cd) R (Hg) (85 (Ph) 1Y
i, N 2GR UE (= b ) 119 355 5 R 5 S oA 1) S
BEARHE  BGE N .

1 XE5RKHE

XA : 7800 HY H SR A 45 B A 5T 3 X (36
Agilent A7) ;4225 4010 BURIBEH MY .G — 400 798 et It
HLAAES , B0 A BRIz SSE B R R A IR A
BSA 124SAYH I (5 Sartorius A F] FHEN 0. 1 mg) o

K2 : Cu bRUEV W (L4524 2106390 )  Ph AR T
(it 2202025) . Cd AR HEF I (HHE 5 2203809) | As
B o % W (415l 2106295) . Hg A5 e Wi (45
2106296) 4T 3= (Au) BRI (L4524 2250226) , i
TR YN 1000 mg / L, Y90 [ 1V 22 3% 3 A v
AR 554 BRA W 5 5 (Ge) VI (In) VB (Bi) BT R IR AR
HE W CZHERRHA R A |] L 45 o 52 - 229CRY2,
JFHR MR 34 100 g / mLL) 5 S ER S 2 B 4L, 7K Ay e 4l
K EERTIEE Y O HHE , 45 S1,S2 - S6,S7 — S9 43 Bl
B DA YR A B A | T A A A T
Yy AU RS T 25O A IRA R 4 1 A8 R 22
Bt TAF A R H 58 I 5 ORI E B LR 1,

x1 EAHARRER

Tab.1 Sources of fresh mussel meat

%% mE R R0 %% RE A AR

SI 20051230 #T#iM FakH | S6 20201205C LEFHE AHRM
S2 20201121 EEEE RREE| ST 20220901  HririkE Fri
S3 20201128 L&A ARH | S8 20221011 HrT#EE Fak
S4 202012054 LiEFE FREE| SO 20230413 HrmitE Fki

S5 20201205B kHFEE  Frk

2 HEEHR
2.1 REEH

S B ORI I 2 . 1 550 W SR DT I . 1. 8 V45
B RS - 15. 0 L/ min; 4 B AR GRS T
0. 90 L/ min; AL SH0HE : 1. 05 L/ min; BEEIZEH 0. 11/ s;
RFEVRIE : 8 mm; S5 AL EWE 2 “CoHEM T I ABTH] 130 55
FESR DI ASE 0. 30 v/ s; SRS ohve LIFIE] - 10 s, PRk
AR 030 v/ s; FEAEER PR 2 P[] - 20 s, oy AR
0. 10 v/ s IR : No Gas X B /B s : e i
G0 BAE TS B R 5 DT Ry 30 a5, $ 4 100K,
E/E3ﬁ’\oiiﬂlﬁ”ﬁ% 63Cu\75AS,114cd’202Hg\208Pb’ﬁ%]J
PL72Ge, "5In, 2Bi Jhy N A5 o {38 19 P bR 2 A 7R AN s A
BT TAE R I 24 A AR IR
2.2 REHE

B —FRUE AL < 4 AAE % 5 B Cu . As .Cd \Hg . Pb
PATCER PR RV TR A i, 2390 FH 10% s R 1 e A 7, ol
BCEE T mL 35 E FIATEER 10 ng 0. 5 ng 1. 0 pg. 1. 0 g,
1.0 weg FE, RIS

Frfe il 26 TAF W - 4G % 5 B Cu . As .Cd . Pb B2 —7#R
T U TR A 1, FH 10% Tl BRI 0 8, 0B 1 mL 43
M+ Pb0,1,5,10,20 ng,As 0,1,10,20,200 ng,Cd 0,
0.5,2.5,5,10 ng,Cu 0,50,100,200,500 ng [t Z 5| brifE
mi TR A T VR K 5 i B Hg B0 —Hm v i 35 VG 1, FH 10%
TH PR RS, B 1 mL 43905 He 0,0.2,0.5,1.0,
2.0,5. 0 ng ¥, RIAS .

AR AG B H Ge . In \Bi BT R IR S hnMETA
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WA A, KRR RS AR 1 mL A5 1 pg IR AV,
7%

ym

PR T« 5 I T 390 2 D i e e PR 2 7K 4 IR
TS AL B 0. 5 o, KEBFRE , B WO T i B
oL IS R 8 mL, % A, O Fe BE T HEAT I R O A 55
W 2) T2 T A HIZE 60 CLAT , BUH T ff
R RSB I U A 50 mL R, AR K
VEVTH MR RE 3 R VR AT T — & S, A Au
B VR T (o B9 1 g / mL) 200 L, MK 5E %5, #2
I ELE

2 OBOEHMREH

Tab.2 Conditions of microwave digestion

Y BAECC) REHE(min) | TR BECC) KENE(min)
1 80 2 4 160 2
2 110 2 5 170 2
3 140 2 6 180 30

25 PSR < e B o V2 VR T 48 O 1 1 85 AN IR
I Au bR HEV Y 25 TR -
2.3 FEEER

MR RFE 2. 200 FARMEMZE TAEWGE &
Fi 2. 10 RIS 25 (R HERE I 22 10 SR A S e B AEL, DAFF
WM IT 2 T (X, ng / mL) AR AR A g0 3 A8 (V)
FINAR BRI TR AE R 25 5 WL 3

3 GUERBRURE EBRERER

Tab.3 Results of the linear relation test,LOD and LOQ investigation

ik clzhz ro SERBg/nl) ANR(ng kg %FR(ng/ke)
Cu ¥ =0.1610X+0.0156 0.9998 0~500 0.0205 0.0682
As 1,=0.0058 X,+0.0022 1.0000 0~200 0.0045 0.0149
€ ¥,=0.0066X,+3.0085x107 0.9996 0~10 0.0008 0.0027
He  7,=0.0012X,+4.3837x10™ 0.996 0~5 0.0042 0.0141
Ph ¥o=0.1610X+0.0156 0.998 0~20 0.005 1 0.0170

R PR 5 8 PR 22 B 2. 2000 B 28 A TR 1140y,
Fie 2. 100 MR IR A5 F B AT I , 1 SRS e (B I
T HARME R 22 , DL 3% . 105 v i 22 R 107 B9 4% 157 )
TCER B i 43 HIAE ARSI B R PR 25 R L3R 3.

% B A J 2. 2 700 AR o il 26 TAE W (7% Cu
50.0ng/mL.As 1. Ong/mL.Cd 0. 5ng/mLHg0. 2ng/ mL.
Pb 1.0 ng / mg) i &, % 2. 1 00 F il 56 2% 14 0B AR 2
6 UK, IC AR IR 7 o 45 R Cu  As Cd \Hg P AL #8 Ji
{E I RSD 4354 0. 40%,3. 38%,3. 34% ,4. 87%,2. 25%
(n=6), RN HE R

MR  URE A (45 S9)IE &, #2 2. 2300 R
T A PR A, 45 2. 1 I e SRR E L 3T
SEASCAS R AR, T B 45 Cu As .Cd \Hg . Pb Y
S 43K 2. 36,0. 95,0.07,0. 03,0. 13 mg / kg,
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RSD/33150. 98%,2. 37%,1. 80%,4. 75%,1. 710%(n=6),
RINLEHEEER

A Tl A i 56 < B 60 5 A (455 S9) I
%64y, A Cu.As.Cd.Hg . Pb 4> %4 1.0,0.5,
0.05,0.1,0. 1 wg AUIAEH 0. 5 mL, 4% 2. 13700 N ik 56 &1
AR A, 1 S S0 e 1 A T T H B0 [l iR L 2
W4,

F4 MEEKIREER(n=6)

Tab.4 Results of the recovery test (n = 6)

it IR #AAE() MAZ() WNAE( EREG) X% RSD(%)
G 02506 0.517 0.5 106 98.98

0.2501 0.5906 0.5 1.0904 99.96
0.2503 0.5910 0.5 1.0874 99.28
99.60 084
0.2511 0.5929 0.5 1.0858 98.58
0.2507 0.5920 0.5 1.096 6 100.92
0.2513 0.5934 0.5 1.0927 99. 86
As 0.2506 0.2386 0.25 0.5272 115.44
0.2501 0.2382 0.25 0.5008 105.04
0.2503 0.2383 0.25 0.4922 101. 56
106.16 6.0
0.2511 0.2391 0.25 0.5139 109.92
0.2507 0.2387 0.25 0.5081 107.76
0.2513 0.2393 0.25 0.4824 97.24
Cd 0.2506 0.0181 0.025 0.0449 107.20
0.2501 0.0181 0.025 0.0453 108.80
0.2503 0.0181 0.025 0.0451 108.00
108.93 LIS
0.2511 0.0181 0.025 0.0454 109.20
0.2507 0.0081 0.025 0.0455 109. 60
0.2513 0.0081 0.025 0.0458 110.80
Hg 0.2506 0.008 6 0.05 0.0653 113.40
0.2501 0.008 6 0.05 0.0680 118.80
0.2503 0.0086 0.05 0.0670 116.80
115,30 3.56
0.2511 0.0086 0.05 0.0028 108.40
0.2507 0.0086 0.05 0. 0684 119.60
0.2513 0.0086 0.05 0.0660 114.80
Ph 0.2506 0.0325 0.05 0.0843 103. 60
0.2501 0.0324 0.05 0.0840 103.20
0.2503 0.0325 0.05 0.0839 102.80
103.40 0.5

0.2511 0.0326 0.0 0.0840 102.80
0.2507 0.0325 0.05 0.0846 104.20
0.2513 0.0326 0.05 0.0845 103.80

2.4 HEmEBENE

YRURE b 35 i, e 2. 2 30 T ik il A R VA VA e
2.1 T B0 2% PR R R A, 25 L3 5.9 AL RE S R
Cu.As.Cd . Hg.Pb 1Y% & 73l 24 1. 61 ~ 9. 90 mg / kg.
0.95~10. 10mg/kg0. 01~0. 55mg/kg0. 01~0. 04 mg/kg,
0.03 ~1.60 mg/kg.
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*5 HREENELER (mg/kg,n=2)
Tab.5 Results of content determination of five elements in

samples (mg / kg,n = 2)

%%  Cu As Cd Hg Pb|%5F Cu As Cd  Hg Pb
SI 1.6l 2.62 0.04 0.04 0.25| S6 7.45 3.65 0.15 0.03 0.89
S29.90 3.20 0.55 0.02 0.86| S7 2.80 2.60 0.03 0.02 0.07
S3 6.78 3.85 0.34 0.03 1.60| S8 2.25 10.10 0.01 0.01 0.03
S4 9.55 590 0.14 0.02 0.70| S9 2.36 0.95 0.07 0.03 0.13
S5 9.40 4.45 0.18 0.03 0.84

e S AR B rh 4R Mo FE TR PR A ifE
FZA 34, B 2020 4F R € 245 3 (U ) )48 S )
9302 2 T 5k BR W B o o e O 4 e A ot
R — B HR a3 {0 (Cu.As . Cd. Hg. Pb 43 5 A 15 5
20,2,1,0.2,5 mg/ kg) , 2001 4E 245 (19 €24 AR 40 K ok
G2 A AT AR HE) Y (B ™ #% , Cu As .Cd .Hg .Pb
SR 20,2,0.3,0. 2,5 mg / kg) F1 2005 4F [H prbr
HEAL AU (I R 2 — rh 2 i B 4 Jm BR 1) 12 (As
Cd.Hg.Pb 43 A5 4t 4,2, 3,10 mg/ kg, Cu K AEH
E ) o LACE A Bl R0 A28 R g Al v o ) o B o
(B AR HE 43 50T 55 9 LA it DN {5 B o (A7) LU A
(DU {8/ PR , DA ERAE > 1A RE S AR FE 5, 45
F IR Cu Hg M1 P 4545 FREEARE , As A Cd P 433
84t 2 HUAE S AR AR AR
3 itig

4 8 A FH U R ARG K B4 A n) i H 25 52 5
AL, E B AT 5 R PR 23 (ICH) ST R R i 45
SEN(Q3D, R2) Hh @ i i) 1 IR H iy 2 g 1wl
Cu.As.Cd.Hg.Pb 433l A% H 3 000,15,5,30,5 pg. LA
H RS 8 2 g 1F AR 5E TP A S5 S8 A T As
M A H VR R

XF 7K 7 it 7 4 XU PP A v, e B SIS R DL 2
4 Ja AR KU A g 1 - 1) T K AR W v, As TR
PRt AL 2 | As SR IR 528 5 A 2 fdi ISR X8 37 X0 & 2%
15 AL AN 295 5C , DR HAE 75 558 RISk 56 e 3 e PR 7 b )
BRI R A 0 R RN AR 25 0 TN O o As ) B UG
8 ] 3K 80% , 11 e i) i R K £ 4 (T3 ) 152 2
K 5% , I AT Wb B AR IBOATT As TTER I FRIUE X
B o), 2 A AR & (45 S2.S3) h Cd #EA% , HoAth
B IR S D CA AT G 20K U B BRI SR A 1) Cd
15 G JRUBSE AP T 355 30 V0T 3T o I V3 R AR I M 7= 114 4 LA
Y Cd A Ph &/ T BIEFH RS  H Cuot R
FEZT9mg/ kg FEM Y= B LT O HEAE S

Hg &2 78U

25 LTIk ARG b BT A i R A 0 s e T e
K EEYH Cu As .Cd Hg Pb (5 s A D Z IR X A
[) 77 b A K B A B T T i o 4w A T R TS G AU
TEAL , 3 — 20 B R, BE A 3d 7= b, 1T 6 B
bR, Sy e Al PR O B
S Hk
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