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Determination of 19 Mineral Elements in the Muscle of Silver Carp
by ICP-OES with Microwave Digestion

WEI Yongsheng, HOU Yahui, ZHANG Guowei

(College of Chemistry and Chemical Engineering , Xianyang Normal University , Xianyang, Shaanxi 712000 ,China)

Abstract Taking mixed solution of nitric acid and hydrogen peroxide as the digestion solvent, silver carp
muscle sample solution was prepared by microwave digestion method, and then the comprehensive
qualitative and quantitative analysis of the mineral elements contained in the silver carp muscle were
detected by direct-reading inductively coupled plasma atomic emission spectroscopy (ICP-OES). The
qualitative results showed that silver carp muscle contains 19 mineral elements, they are K, Ti, Al, Ga,
B, Ba, Ca, Cd, Cr, Cu,Fe,Mg,Mn,Na,P,Pb,S,Sr,Zn and so on. The quantitative results showed that
ICP-OES analysis has wider linear that range up to 2 orders of magnitude, and the linear correlation of the
working curve is good with correlation coefficient more than 0. 999. The RSD value is between 0. 14% and
11. 8%, mostly within 5%. The recovery rate of determination is in 93.0%—113%. The determination
results provide reference data for the relevant application study.
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1.1 SREHMBRETETE

i £ JAVG 22 R BH A R B = A S S BEALR W
BTG HR I = Bk, e 5 UL AT & A
B 53 » Bl KK B » U8 4RI T SR K 43 23 5 #2
PEARWE 250 g, EEWIHR TR PR KT R
48 h, T 5 I A PR X B o oR R AL B )R
¥ T A D TR 4 G 0 T R 0T B9 R

coupled plasma-optical emission

BB a1 &K FR 78. 0 g/100g)

5 £ 0 5 TR D T A W A B Ok B SCRR O v
BEAFE,

1.2 RAFIERERK

K. Na #5 # % ¥ (100 pg/mL, GSB04-1763-
2004) ,Ca FRMEWE W (1 000 pg/mL, GSBG62012-90) ,
L ICEMRER W (Al As, B, Ba,Be,Bi,Cd,Co.Cr,Cu,
Fe.Ga.Li.Mg.Mn,Ni,Pb.Sb.Sn,Sr.Ti,Tl.V.Zn 1)
4 100 pg/ml,GSB04-1767-2004) ¥ 4 [ 5 40 4k b4 Kt
W 0 H A, S AR HE Y (1 000 pg/mL, GBW (E)
080994), P % #E ¥ ¥ (1 000 pg/mL, GBW (E)
080988), Mg #x #E % ¥ (1 000 pg/mL, GBW (E)
080976) A BF R RARFHEL A BR 2 Al i flr . HRAH R
T E SN B Thermo Fisher Scientific 2 F] ., #Bafik
% >18. 2 MQ. cm.

1.3 UFEE5ITEEH

VARIAN 715-ES &S H i iR & 55 Tk
RHHEIEAL (6 B BB %A F)D; MDS-6 {4 1 f#
10, ECH-1 M i #4 & (¥ 37 A0 B Ak 22 B B A
A]);SCIENTZ-18N % R T ML (T H 2 % T ik
&N F); arium 611UV 8 4fi K # & X (18 H
Sartorius A ) ; HR1844 P44 —Hf $E ¥ 1 ML (BRI
KFH 2> 7)) s Pipet-Lite PL 7] A& #% (g F8 -4
MEZNED,

ICP {X#8 T#E 414 : VARIAN ICP Expert™ II H
SCERAERGMEE R E L, VSR 10 mm; 5 AR
KB TR 1,00 kW, 55 RF 4% 40. 68 MHz; %
fL#8: LR E S 200 kPa, 5 B F K W &
15.0 L/min, BB EE 1.5 L/min; HFER G . EAE
HFER )32 3 15 1/ min, — R EEHATE] 5 s, 4 3 K
T,
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¥ VARIAN ICP Expert™ Il #:{E R4, A
—ARi I # FF Worksheet 715, — W 335 7] L 4 #7
69 R WL . I FH KRR P N B R VA R BEAT
4307, AT AR B 69 Fhon R MRS R Y6 5 H#id
B 5 H DL B X br AW 22 (RSD) £ 281, OB
T 0 AT A L OR U 5% ) 4 — Al s R [
SHEL, SEENE SR, S RIEHNE S5, Ak
BE B AERT R P MITE LA RS
BRI FZE B . DA VB = RoT R B
H 4, ICP R EmE 1 . B 19, 8ok
FEETTER M5 SRR, ] DUR AR vk e ok i, T 4
TLREW BRI, 5550, FIH ICP #:4E 3R Go ki i i
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Figure 1 Spectrograms of potassium, zinc and cobalt by ICP
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i M MR8 Tk, AT AT i F rh i 19 A oo
E2EM, 49 k. K, Ti, Al, Ga, B, Ba, Ca, Cd, Cr,
Cu.Fe.Mg.Mn.Na.P.Pb.S.Sr.Zn %, ¥ F X 19
FOLR, TR E R EHITER ST
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20 R E B 7 B E & 1R E JU R B R SHGIE
ST 2, R E 11 A AW WP 19 #y
YITUR RS ETE R B, TR RO R W E S R
PR 22, DAARVEDR 22 19 3 F51E b & R il oo R A
MER, R MK 1, 19 F4aHromE S, Ti.B.Ba,Cd,
Cr.Fe.Mn,Sr 45 0 % B & W PR AR AR, 7 1 pg/L LA
TLK.\P.S&EITLE BRI FREE .
2.3 BREIEHMZ
2 1. 5 J7 ¥ 48 & A5 0 5T 3K b ok AR ih 4 5
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XZENE 2, R ER,ICP-OES E B4
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Table 1 Quantitative analysis line and detection limit of 19

mineral elements in silver carp

P kil ﬁﬂﬂl‘&_/ .- St il FE_/
Z/nm  (ug+ LD £&/nm  (ug+ L7

K 769. 897 1064 Fe  238.204 0. 46
Ti 336.122 0.12 Mg 279.553 3.4
Al 396. 152 25.0 Mn 257.610 0. 90
Ga 294. 363 1.8 Na 589.592 16.0
B 249.772 0.10 P 213.618 140
Ba 455. 403 0. 84 Pb  220.353 1.7
Ca 396. 847 37.0 S 181.972 250
Cd 214.439 0.31 Sr 407.771 0. 66
Cr 267.716 0.19 Zn  213.857 26.0
Cu 327.395 1.8

2.4 R4S

A FERE S P AARHER T ¥R, I E T P
S.K.Ca,Mg.Na,Al.Zn.Fe & fifarp S BB F T
R BmAR EsR . EFFREX 0. 352 1 g A AL
2B, 4 B E S.P. Ca JU K 5 HE W W &
1 mL,K.Na B 5 /r W W 5 mL, 7B 10 55 1
GSB04-1767 ZTTE R AW W1 mLLL BB 10 /%
JE B Mg JCEARMER W 0.9 mL W fim A Y @,
e L HOHR b 28 TV VR, F A A R RN XLAELK [k T
75 3100 7€ & JC R Y i, P AT =R ST, THER AR
W, LR 3. IR E 45 2R 8w , JTTR b
6] it RERAE 93. 0% ~113%,
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Table 2 Standard working curves and parameters for quantitative analysis of mineral elements in 19 silver carp

. LML/ x| LT/ %

TLE LKUEFR (ug - 1) . b3 Y (ug 1D .
K C=1. 824 7Int—738. 33 5000~100 000 0.999 0 || Fe C=1.162 1Int—9. 998 3 50~5000  0.999 6
Ti C=0. 309 3Inz—0. 4007 0. 5~50 0.999 4 || Mg C=0. 032 4Inz—232. 79 500~10 000  0.999 5
Al C=1. 353 8Int—72. 603 500~10 000  0.999 9 [ Mn C=0. 156 6Inz+0.030 3 2~200 0.999 9
Ga C=0. 236 8Int—0. 0184 2~200 0.9995 | Na C=0.157 3Int—826. 2 500~10 000  0.999 6
B C=1.170 2Inz—0. 3015 0. 5~50 0.9991 || P C=30. 966Ins—1 857. 8 5 000~100 000 0.999 5
Ba C=0. 077 5Inz—6. 2205 2~200 0.999 6 || Pb C=33. 437Int—4. 310 1 2~200 0.999 2
Ca C=0. 009 5Int+823. 15 1000~50 000 0.9996 || S C=144. 49Int— 6320.1 5 000~100 000 0. 999 5
cd C=1.714 3Int—0. 2434 0.5~50 0.9992 | Sr C=0. 005 3Int—0. 982 4 2~200 0.999 9
Cr C=1.023 3Inz—0. 1987 0. 5~50 0.9995 || Zn C=0. 899 8Int+7.764 5 50~5 000 1. 000 0
Cu C=0.564 7Inz—1. 2478 2~200 0.999 8

ERP CREBRBPRUTES R, pe/L; Int {URMB TR R SHRERE.
#*3 MiREWEELER

Table 3 Experimental results of recovery rate

TR RAE/pg WAR/pe KWE/ug  EWE/%
Fe 9.21 10 19.4 102
Zn 11. 31 10 21.15 98.4
Al 32.13 10 42. 48 104
Na 323.4 500 782. 4 91.8
Mg 329.8 100 425.5 95.7
Ca 917 500 1438 104
K 1325 500 1790 93.0

S 4834 1000 5 962 113
P 4 842 1000 5 937 110

2.5 BEBHTYTEEELER

b 19 MonRE BT RILE 4,

2.6 LRSS

3 AR T 3 % W 85 # o i vh A ) TR R P
B2 DL R AR e 22 205 B R o, BT R
LI 2, i on R I 3. 4. MESER BN HEIT
R ERERmE N ERITR BT R , BRI 2 a A gE
TR EEMHE& 0BT R P REKETER S
11 AR RS BT RS TR S 7
ZSBR MMAMBET RN T RZ SN, METER
o8 B BRSFL R IS BB T VR LB LA
BREFITR IS REBG A R T R W B f 0, B T
ESCR RN TP NP A I e R e RN
B RS R A R AR X 22BN

R4 BHEATTYTEEELR(TRHEER)
Table 4 Quantitative results of mineral elements in silver carp(dry)
HEq 1 FE 2 M3
TH R/ RSD/ it/ RSD/ i/ RSD/ ﬁﬁzﬁi{ )
(mg *» kg™1) % (mg *» kg™1) % (mg *» kg™1) %
K 3762 2.7 2 953 1.4 3 808 1.5 3508
Ti 0.023 8.3 0.010 9.9 0.026 10.1 0.019
Al 91. 2 3.8 43.7 3.2 123.5 3.3 86.1
Ga 0. 89 7.3 0. 84 10. 6 1. 88 11. 2 1.21
B 0. 043 11. 8 0. 031 6.7 0.073 8.9 0. 049
Ba 2.19 1.9 1.15 1.5 3. 60 0.99 2.31
Ca 2 604 1.2 1230 0. 50 5474 0.44 3103
Cd 0.021 10.0 0.031 10. 8 0.033 10.5 0.028
Cr 0. 095 7.7 0. 088 11.8 0.166 7.5 0.12
Cu 0.73 10. 2 0.77 5.8 0.49 9.4 0. 66
Fe 26. 2 1.3 19.0 3.2 24. 3 3.2 23.2
Mg 936.7 0. 97 961.5 0. 10 978. 2 0.43 958. 8
Mn 1.01 5.0 0. 34 9.0 6. 65 1.2 2. 67
Na 918.5 0. 82 1065 0. 67 950. 1 0. 66 977.8
P 13 752 0.63 10 304 0. 68 15 312 0.63 13123
Pb 0. 83 10. 8 0. 57 7.5 0. 86 10.5 0.75
S 13 729 0.52 12 068 0.58 13 887 1.4 13 228
Sr 5.78 0.71 3.39 0.78 10.1 0.61 6.43
Zn 32.1 2.2 40. 5 1.6 32.0 1.3 34.9
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Figure 3 Comparison of the average contents
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RKTAEESR TR S ®, ERZRE(E &
Y5 Y BR i ) (GB 2762—2017) HLAE , fa 5 4 B
/NTF 0.5 mg/kg, H/NT 0.1 mg/kg, WEZREMR,
HYESEE R 0. 75 mg/ke, (AX R THRENK & &,
HHRERF AR, &5 0.165 mg/ke, ML T H
FARUERR B . FREIME LR N 0. 028 mg/ke, BN

eIk 0.006 16 mg/ke, AR T H RKIn R &
MR BRRREEAN P RESNMETE, AR
B B 5 b o BR b T ) 48 = /T 100 mg/
kg WHLE . B, N FTRESEFEHEL, T
HEAZE,

IR TF U0 2 45 R 0ORS B B AR B, 57 A AR
W 22 (RSD) P 2 45 SR A1 9 AN TT 2 (0] i 30 2 45 1
Gl Hr AL 5. AE 57 AN 45 SR 9 RSD /b
F 2%MA 27 4,20 ~5 %A 84 ,5%~10% A
134, KT 10%HA 9 4. RSD Wl & 45 8 KT
FAR R — o 7E e P B ARG AR 2 T A T B A
BITGE a0 B.Pb.Cd 4. JCE ks [ i W e 45 1%
HBFE 93%6~113%.
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Figure 5 Statistical diagram of relative standard

deviation and recovery rate,
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