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Determination of 12 Elements in Deep—sea Fish Muscles
by ICP-MS after Pretreatment of Microwave Digestion
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(1.Guangdong Food and Drug Vocational College , Guangzhou 510520, China;
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Abstract;In order to establish the method for Simultaneous determination of 12 elements of boron ( B) , aluminum ( Al) ,
chromium( Cr) , manganese ( Mn ) , nickel ( Ni) , copper ( Cu) , zinc (Zn) , tin (Sn) , cadmium ( Cd ) , mercury ( Hg) , selenium
(Se)and lead (Pb) in deep sea fish muscles, HNO, - H,0, - H,O was used to achieve the complete decomposition of the
samples by microwave digestion,the elements were determined by inductively coupled plasma mass spectrometer( ICP-MS).
The effects of the matrix were improved by internal standard method to reduce the interference with collision model (KED).
Results showed that the detection limit of each element was low and the linear relationship was good, correlation coefficients(r)
were at the range of 0.9991~1.0000 ( Hg was 0.9921) , the detection limit was 0.00074~2.2 pg/kg, the quantitation limit was
0.0025~7.1 pg/kg. The method was successfully applied to determine the biological standard elements in scallop( GBW10024 ).
The results were all within the uncertainty range of the certificate. Additionally, the spiked recovery rates of Trichiurus lepturus
sample were between 81.8% ~110.0% . Different deep—sea fishes sold in the markets were tested with this method, indicating
that every fish muscle was low safety risk, the order of content of 4 essential trace elements was Zn > Se > Cu > Cr, in which the
content range of Zn was 3.72~22.1 mg/kg, Se was 0.162~0.391 mg/kg, Cu was 0.095~0.334 mg/kg, and Cr was 0.003 ~
0.054 mg/kg. The method was accurate, sensitive and reliable, and suitable for the determination of multi — element
concentration in fish muscles, providing technical support for quality control of fish processing; Trichiurus lepiurus and
Pseudosciaena crocea were rich in Zn,and Psendosciaena polyactis was rich in Se, which were good food sources for pregnant
women and nursing mothers.
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REM K AFMISE L, B AT & 10 = 2 H AL
43, RIILARAE T & 8 E & & 2R i e 2 W R
MNATTE 2, Hop IR A 2 X K IR 2 200 m [ £ 2S
FLRAER, IR K 2 | AR A, IRgET5 Y /b, AR K H
WK, AR EFRME" . HAT, T oRE TE
IREEHEAHETE , 0 1 10 208 32 B [W) 78 B 1 75 G, fi
A ) 4 B A et Bl 2 B, TR W B E B A
AP, BE T A AR 1 RS 3, TRt A 0 X TR 0 )
G E AT IR AIRSE . 8 (Cd) SR (Hg) (45 (Pb)
FEIXR B E B AN ST BM, SXFA
st AR R M3 Y 4 (Cu) (il (Se) ¥ (Zn) (4%
(Cr) S5 4E 7 IEH A An ii% S0 A H#5 U, (H Ik 2R
T B X AR TS e D ST MmOt
FEWE F B TP RN E TR, I B TFIRK
R 22 WL R S fr A 3 B R 4y,
HOUER B R R JE RE L4, B @y —Fh AT
HEIE R ZMoTR S EWNITERAEEE
S RENS A R IE A FHICR TG JLE L .

HRIICER I & 2 % b2 43 J6o6 RE R+
D L ye el ( atomic fluorescence spectrometry,
AFS) | JE F W I 4% 6 o B 3™ (atomic absorption
spectrophotometry , AAS) | L JBHE & 45 B 1K T 1% 7%
(inductively coupled plasma mass spectrometry, ICP —
MS) N R A A B TR BT R SO ik
( inductively
spectrometry , ICP—OES) 07l A (B R =302 L 1o Y- 7
Je AAS AN AFS 35 HRESEAT B — L R sl XUOT &R
BAGIHT, S5 1, T AL PR R B A RR AT 1ICP -
OES FiI ICP—MS JZ 3T 4F e X4 1) — i PR P B T =R
W5 Jrk " ICP-MS R ¥ 5 (K H BR AT 3k ppt
) 2 PEVE I B (AT [E A 2 22 R B & 25 B AR
IGE) ST PiaeJrom (Me& B, T @ o) JFERT
MM, A LT 2 o0 | e o A (1 ~
4 min/FE S ) PRk R 22 0K 30 WL % T s
AT ICERI . H Bz 7 R AR I S 0 T 2 A
7 T L 22 UL SCHRARIE , Copat %57 5% ICP-MS 346
M7 R PG O KON 8RS REA0 T As (Cd (Pb 45 10
FOGE XS5 35 G KM T 8 £ Fe (Zn 45 8 oG
AR T [R]F 0 5 PRV £ B L AL Mn ,Cu \Ni Zn |
Cr . Hg . Pb Cd . Se #1 Sn 12 FhIo & 5 M & 2 LhER
W R B HGE .

AR LA BB 1 ( Pampus argenteus ) | 4z BE 11
( Trachinotus ovatus ) . K # {E i ( Pseudosciaena
crocea) | ‘T 54 ( Eleutheronema tetradactylum) | /)N #5
16 i ( Psendosciaena polyactis ) . 5 1 ( Trichiurus
lepturus ) BFFEXT G, R FITHCBE I it — 1ICP—MS 3k [R] B
M5 B A LA B Al Mn  Cu (Ni Zn Cr Hg . Pb,
Cd . Se F1 Sn 12 Fifin JL 3R , FFHAT — BRI ik 5
PE, AR PR FE 5B i & AR X B P TS e 9 R =
ZORMERBEERRESZHBAZHATIFN, A

coupled plasma atomic  emission

M DU T K AR T AT T O R TS B S R s
Be, O Jm RS H R e W B a2 S BRI R IS %
HEU
1 RS
11 HES0E

FER £ (29 150 g/ 4%) (xR 1 (600 g/ 4%) (K
FE10 (£ 300 g/ 55) A5 M0 (£ 500 g/ 5% ) /e e fn

(2580 g/45) Hrfa (24850 g/4%) 4% 10 45 2018 4F
10 HmF ) MK r=iidg; i MOS 4

(=65.0% ) , f&8E Meker 23] ; X4 /K - BV-12%, b5t
AFEGRF TR B Atk i PH3E =182 (MQ-cem) , H
il ;Sc(45) (Ge (72) \In(115) (Bi(209) P55
50 ppb) HZFA &R Sl AR BT G
B Al Mn Cu FICEARME R E S PA B
Hruts; Cr Ni Zn,Se,Cd. Sn, Hg. Pb B 50 2 b i i
W ESA @8R M B T A B BT I s BT
FAICR bR UE AR JEE 14 2 1000 mg/ L A= Wb HEY) BT
F3 UL (GBW10024 ) H [ py 3 M Bk Lh = B A a5 T
Agilent FEGHE & 45 88 T A BT 1% A 7900 € &
Agilent Technologies 2\ ] ; Milestone ETHOS UP K i
T MRAL 2 KA Milestone 2N 7] ; Mettler MS204S Hi,
FAHT RO R E A A 8 2 A\ Milli - Q 8 4l K
Pl SR F] ;s K JE DRAGON 2 10~100
F1100~1000 pL £ —3Z M1 ALt K IE %A
LA AR R .
12 SKBHE
12,1 FESLATALER SR (] R 09 £ B AE - 18 C vk
FAVRAE LA #5A T o 7E IR T R, SSRR & 44 E1 RTI
ARG, SRS e, 2P Y I | R | A ST I AR
TR X S #FITRE SN E . RIS E, S
FTHE. BTN AR 1 g, K a0 = /NS s
0.0001 g, HIAGEEE 5 mL, X4 7K 2 mL,7K 1 mL, 3%
THOIRE T f b BRSO BROBTE R TR I £ a2 1 B
TN o BRI A 50 5 BCHY T A, O FE IR i A b
100 CHEMR 2T, WU R, B R A B, &
27K EFR E 50 mL, FForHr .

£ BT

Table 1 Microwave digestion procedure
S P L Thik Fﬂ‘ 1] EX FIHL [i1]
() (min) ('min)
120 5 5
2 150 5 10
190 5 20

122 RS TARSAME  ANESTTHLRR 2 e, TS
VEIEHRE AT VH I, 19 3 e A B RAEEE, B (IR B9 S Ak
Yy OCRRL AT I DL B e 0 o B R JEAE AR A AR IR
A LS R B R D, N BRI A N BRI
R VR AR N B S e R T TR B TR E A
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Table 2 Internal standard elements,standard curve concentration
BEOREEC WRER R PRI A IIREE C/1)

1 2 3 4 5 6
B 11 Se 45 0.00 10.0 20.0 50.0 100 200
Al 27 Sc 45 0.00 50.0 100 200 500 1000
Cr 52 Se 45 0.00 1.00 2.00 5.00 10.0 20.0
Mn 55 Se 45 0.00 5.00 10.0 25.0 50.0 100
Ni 60 Ge 72 0.00 1.00 2.00 5.00 10.0 20.0
Cu 63 Ge 72 0.00 5.00 10.0 25.0 50.0 100
Zn 66 Ge 72 0.00 20.0 40.0 100 200 400
Se 78 Ge 72 0.00 1.00 2.00 5.00 10.0 20.0
Cd 111 In 115 0.00 1.00 2.00 5.00 10.0 20.0
Sn 118 In 115 0.00 1.00 2.00 5.00 10.0 20.0
Hg 202 Bi 209 0.00 0.10 0.20 0.50 1.00 2.00
Pb 208 Bi 209 0.00 1.00 2.00 5.00 10.0 20.0

i, BE PGS B N PRI ER , il 5 5 B A9 AR 7 Hh 223
KA ERE S B B R . s AT TAESECON S5 T
PRARCES) Wi 15.0 L/ min; S 1550 W5 30
RO P 1.0 L/min; 54021 8 2 °C 5 SRAFEHESL
A% 1.0 mm; #IRHEFLAE 0.4 mm; PERGH L 0.40 /s 5 3E
R E] 20 s; F2E M E] 20 s, AR 3 K.
1.2.3 bRl A b e £l fE - L 2%
HNO; A 5T, B AN TR T0 2R ) PR IT 3R AR S W a2k
AT I8 e FERR FE , ) B TR B AR T A 28 T MR, e e i
B A I 4 B bR v R AR BE AR 2
1.3 HiFESHT

SEHG b s BE DL Excel 2010 BAFSETHIFITAY,
SRV IIME = brifE2E3R0
2 HRE5HH
21 FHEHEBRFENIERE

XFF ICP=-MS 15 , e o B PR B
T BP0 RIS BE S B B AR IR R A T, 32
TR R 20T SR B T4, S T
R DRI JE AT e T R WAL 2R ('™ Ba R
B Ba) AR S E, W R B, TR GE O A
T AR R T R TR S A, i A
R RIS TR AN 5y s B OU R o v AR BRSO 1 e
BB T 105 S A i L N AR RS TE AR I S A
THERAE o A 52 56 2R B9 2t e AR AR A AR 258 Ll i 21
AR , B £ I 0 2R 45 1 1Y [R) A7 3ok i O 2 i1
BT T iR S R AR AT e B 5
TR AR S0 R bR 12 5 i, AR I 25 157 0 O 2% A9 ot
R AR R BE A RS 2R T AR ) 2 T B T
PEIE AL, BE I AR A NFRIGER Sc(45) (Ge(72) |
In(115) \Bi(209) 41T B NFRITER (HJE) ,
AR AN DGR B HER PR AR UETE (LFR 2) o
2.2 RUEHRREIERE

47T HNO,-H, O 7H #4142 (5 mL HNO, ,3 mL
H,0) .HNO,-H,0,-H,0 (5 mL HNO,,2 mL H,O0,,
1 mL H,O) BT MR, DA e I 8 W ) 6 1 BE i
bro fPFEMARIE A%, N A B Y H,0, ROR L4,
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ST T S TR 0 8 5, DR IR T i B 58 4, e K
# HNO,—H,0,—H, O ARHEATAE & BT i , iR R 44k
PHEASCSR , I A fly B 9 i, [R] IsE A e 41k SO BE KA
AR, AR 27k Z B 8 T R
JR XS T UL 1 (A 25 HNO;—H, O JH A 5,
B 2y HNO, - H,0,-H,0 {H iR 5) , BHRFIWr, i A
H,0, Ja B AR, T it )

KL s s @ T
Fig.1  Color contrast of solutions after digestion

2.3 £MSHMKHIR

TR 1.2.3 JFriR R SR ER MR, #5¢ 1IR S50 25
VEATINRE , A A Sh 2 hil bR th 28, AT 3R ik
SR AR R A5 DU 56 2R B4 e AR (25 T i £ CPS) S5 X
IV B N AR TG 2R W B AE S AL A, 4815 S A 2 2 4 ]
A7 . A TCER AR E T £ 07 2 (ZRPEVE I AH G &
B 3, ARG VPR PR AE T AR 24T & 1ICP-MS 1
SIS KNG L, P S A I R VR L, T AT DG 3R 92k
TIREAASE R B v E 0.9991~1.0000 (Hg >y 0.9921) . H
P2 TR BGESLIERE 20 U, DA B AR HE IR 22 (8)
PR 3 AR T X 7 1 A B (A A Y BIR L 10 A5 T X o7 1140 i J3
i1 5 BB ST, Dy v i G H BRAE 0.00074 ~
2.2 ng/kg, EEBRTE 0.0025~7.1 pg/kg,
2.4 FRAEYRENE

Ry B UEAS 1 56 7 2% 1 VR A RN R A R e
SR 5020 TR AN AR S5 N XS AR MER BT AT T I A2 -
HUbRAER TR DL 29 1 g, T 43 22— R FR Y di
RRAETIR 1.2 J5ik, SPATHIE 3 4, MAE . FrifEd BT iy
PR EAELAN I 5 6 DL 3% 4, 45 2R 3R W A ofE 4 It bt DL v
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Table 3  Linearity parameters, detection limits and quantitation limits

JLER i PR (pg/ke) PR (pg/ke) AMEVE (/L) LB [ )75 72

"B 22 7.1 0.00~200 1.0000 Y =0.00239X +0.03029
7 Al 0.25 0.85 0.00~100 0.9998 Y =0.02070X +0.1214
2Cr 0.012 0.040 0.00~20.0 0.9999 Y =1.0236X +0.2191
»Mn 0.015 0.050 0.00~100 1.0000 Y =0.6131X +0.2525
“Ni 0.011 0.037 0.00~20.0 0.9991 Y =0.5803X +0.5729
*Cu 0.0060 0.020 0.00~100 0.9998 Y =1.6205X-0.5825
7n 0.045 0.15 0.00~400 1.0000 Y =0.2394X +0.1458
Se 0.13 0.44 0.00~20.0 0.9997 Y =0.00992X +0.00219
"ed 0.00079 0.0027 0.00~20.0 1.0000 Y =0.03886X +0.00169
"$3n 0.011 0.037 0.00~20.0 1.0000 Y =0.08422X +0.01766
?Hg 0.00074 0.0025 0.00~2.00 0.9921 Y =0.06899X +0.00135
*®Ph 0.0034 0.010 0.00~20.0 1.0000 Y =0.01802X +0.00287

B Al Cr Mn Ni Cu.Zn Se Cd Hg JGZ 1)l 22 {4 5
TEARMEARRR A2 19 90 B PN, iR B 320l 36 5 fE 4 7T &g
(n=3),
F4 B ARIEE S I EME (n =3)
Table 4  Analytical results of scallop(n=3)

Noo JEE  ARMEM W mm
(mg/kg)
1 "B 12.00 + 1 11.50 +0.25 10°°
2 YAl 0.0156 +0.0027 0.0130 +0.00025 1072
3 “Cr 028 +007 0.23 +0.0071 10°°
4  Mn 192+12 18.5+0.3 107°
5  “Ni 029008 0.23 +0.004 10°°
6 ®Cu 134x0.18 1.24 +0.029 10°¢
7 ®Zn 75.00 3 77.00 +1.23 10°°
8  Se 1.5+0.3 1.6 £0.07 10°°
9 "Mcd  1.06+0.10 1.15 £0.014 107°
10 '"sp 0.13 0.15 +0.003 10°°
11 ™Hg 40 +7 42 +2 107’
12 *pp 0.12 0.10 = +0.004 10°°

2.5 B nER E R

BT B ER TR O UERR E, AF OB B S BR AR
At A3 SIS [R]H 5 00 R DU 5T 2R (A AR HE I WA =
YCPATIAGS: . BUR AL 2 1.0 g, W3 FRE , 518
25 Wi =2 InAR, SEAT SRR S 3 4y, e
ZEEL LR 5, kR ENACE A 81.8% ~110.0% ,RSD
3.2% ~9.1% , 3 P12 07 5 1) 85 55 M B i P 8 4
2.6 TFmEIEERNE

T AS 52 38 7 35 A T AT 37 W) SE i) 6 Ffifg: £h
a1 P RN = I = I - i 5 7 N s 7 £ e € AN B =
th, FERE 1.2 Frl Jy e b AT T A BRI BEAT 00 S , DU
ZERNEK 6,

M4 GB 2762-2017 (£ i b5 Je W R L) 7 41
& ,Cr.Cd .Pb =Ff FHILHE MR ERAEDHIIE Cr<
2.0 mg/kg .Cd <0.1 mg/kg . Pb<0.5 mg/kg, HH 3% 6
"TLVE 6 A fa fJLA A Cr Cd \Pb STER A, H
SR I T I SbR i R RE 104 B B 5 A Y0 5 4 SR T A

B AFEARR, CEN S AR ER, XK
A I GE W 2 MO B, iR TR RS AR B iy 2k
Y RSSO, K T B P b A R FE R SR Ok S B K
i B 2T Y K, MRS AR SR, X T il s H SR
I ek {0 B AT 2 A LR SR , B SRR iR PR R,
o B R LR A e R R A I T R S A
T SR v A B FR &L (2658 <05 mg/kg) o Zn,
Se (Cu ,Cr J& AN JT 75 B 6 T5 L TG 32, AR YA I 1)
6 Fh R A Fr i M= BIKE: Zn > Se > Cu > Cr, Hirr
Zn EEETEEN(3.72~22.1 mg/kg) \Se & &G (0.162
~0.391 mg/kg) .Cu S5 (0.095~0.334 mg/kg) .
Cr & e (0.003~0.054 mg/kg) . Z= M [En R g
BERESH AR WA/TS78.3-20177"  £FX] 3%
KT R B2 E ML R, Zn #EFET A&
(RNI) 435247 9.5 (12 mg/d, Se #EFEHE A £ (RNI) 53
A 65 .78 peg/d, Wi K E AN T Zn S8
ik 22.1.21.7 mg/kg, /NE AL LA Se & A
0.391 mg/kg, HfiTE AR PN TCTE G Ak, 2 e A AR
G ) e =R, T SRR SR A BRI, T A AR ) = ke YR
R DL R B TT LAAE Y A2 A 10 2 b S A LA
FEIRMIEICE Zn Se, B2 U FL B SRR R L
B EYRIR . B Ni Mn J2 AAT] GE 75 19 Tl i
JGZEE, Al Sn HAT BEAE B (B XK B s, X A A AT
BEJEA 35 BT O ER , GB2762-2017 Xt ith fiig 2 H il
AR N BESL B R P Sn AT BR BRI, Rk 4R
S RSNt AL NI I Sn (155 42 T VR Sy XU i) £
WiH, Sn JuEKRFS AR, /N i £ 0.001 mg/kg,
YLHA 6 Ffifg a3 F o 2 19 KUK HE &5 . Mn 1] LL{ig
BEEES I A K T, A0 40 b Ak AR 50 52 9K AR
TEH IR ShRE , 433 15 & O35 RIS 05 A8, 3R AT
PR LA A X i D BE 2, B2 A6 0 6 g fa R, Mn S
YrermA e, Ho v & il , o 13.3 meg/kg,
SRR, N 4.47 mg/kg, 6 Fhifgfa LA+, [HiE{a B
JUER & Bk N 0.428 mg/kg, BT 1L I T AR 4
JEX7/E
3 ZEig

ASSCHENT. T AT i — ICP—MS 3% [l B e 6 F
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RS bR PR SR (n=3)

Table 5 Results of the recovery and precision(n =3)

AR it dREIEE R RSD

FESASRAE  drdE dREIE(E R RSD

TE gk (mpky)  (mgkg) (%) (%) R (mghke) (mgkg)  (mgke) (%) (%)
0.01 0.229 1065 3.6 0.10 23.6 1063 42
B 0.205 3.00 333 1039 35  %7n 22.1 5.00 29.3 108.1 46
6.00 6.71 1082 32 15.0 40.7 1097 3.1
1.00 1.61 1023 42 0.058 0.295 1077 5.1
7Al 0.575 10.0 112 1059 41  ™Se 0.216 0.48 0.744 1069 4.6
30.0 323 1056 3.7 0.68 0.946 1056 4.1
0.01 0.021 840 5.6 0.01 0.018 1059 8.1
2Cr 0.015 0.48 0.45 909 46 "cd 0.007 0.10 0.114 1065 85
0.68 0.63 90.7 42 0.68 0.730 1063 73
0.01 11.1 834 4.1 0.01 0.011 1100 38
S Mn 133 0.50 12.0 870 32  118Sn ND 0.48 0.509 1060 3.6
5.0 16.9 923 38 0.68 0.716 1053 32
0.01 0.008 847 89 0.010 0.009 81.8 9.1
ONi ND 0.48 0.44 917 76  *Hg 0.001 0.040 0.036 87.8 9.0
0.68 0.63 926 72 0.060 0.054 885 8.6
0.010 0.093 886 7.9 0.010 0.081 1095 62
% Cu 0.095 0.500 0.57 958 72 pp 0.064 0.480 0.582 1070 59
3.00 2.90 937 45 0.680 0.786 1056 5.1
T :ND FRRAK
#6 6 MENSITHE TR (n=3)
Table 6 Contents of elements in 5 deep—sea fish samples(n=3)
No. i SES B Kbt /NEAE Eaa
"B 0.205 +0.028 0.428 £0.019 0.046 +0.004 ND 0.186 +0.003 ND
7 Al 0.575 +0.068 0.805 +0.013 0.352 £0.162 0.566 =0.205 0.487 £0.025 0.047 +0.008
2Cr 0.015 +0.003 0.054 +0.003 0.011 =0.001 0.016 =0.004 0.038 +0.003 0.003 +0.000
S Mn 133 £1.20 4.47 +0.160 0.043 +0.002 0.782 +0.082 0.086 =0.008 0.019 +0.004
ONj ND 0.012 +0.001 0.006 +0.000 0.001 =0.000 0.016 =0.001 ND
©Cu 0.095 +0.015 0.167 +0.004 0.096 +0.005 0.286 +0.014 0.334 +0.017 0.125 +0.004
©Zn 22.1+1.77 11.0 +0.380 562 +0.215 21.7 +1.008 3.77 +0.173 3720217
™ Se 0.216 +0.058 0.256 +0.002 0.176 £0.010 0.162 +0.017 0.391 + +0.026 0.241 +0.008
Hed 0.007 +0.001 0.004 +0.000 0.001 +0.000 0.001 =0.000 0.003 +0.000 0.001 =0.000
"$3n ND ND ND ND 0.001 +0.000 ND
2 Hg 0.001 +0.000 0.024 +0.001 0.003 +0.000 0.001 =0.000 0.015 +0.000 0.022 +0.003
28 py, 0.064 =0.012 0.006 +0.000 ND 0.015 +0.001 ND 0.002 +0.001

B (me/kg) ,ND ZFon ARG )

Witk LA # BLAl . Cr Mn Ni ,Cu.Zn . Sn . Cd Hg,
Se .Pb 2L 12 Fp5TE 0¥ 43 A7 J5 v, X g ik B v i) 4%
PEEAT T Ak, IF#EAT T J7 15 A A H B AT A [l i
RIS LE IR K TU AR I BRAR, et G R 4T, 4H
HKZ %L (r) 7E 0.9991 ~1.0000 ( Hg k7 0.9921) , 6 H FE 7
0.00074~2.2 peg ke, HIAR B % 7E 81.8% ~110.0% =
], Bh Iz Iy s HER AT &, REUE S, BN £
JLER E R MIE . BT i 6 g i ALA BE
AR, %2 9 Cd [ Cr Pb Hg PUFh 7T 2R 1L L Ik T E 58
FRERRE B0 B, 10 W S 36 52 KA o 748 4 XU IR,
4 b MEETE T, Zn > Se > Cu > Cr, Hoh Zn & &
VB (3.72 ~22.1 mg/kg) . Se 7% & 5 [l (0.162 ~
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