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Determination of chromium, copper, zinc, arsenic, cadmium, mercury and
lead in aquatic formula feeds by rapid digestion-inductively
coupled plasma mass spectrometry
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ABSTRACT: Objective To establish a rapid digestion-inductively coupled plasma mass spectrometry (ICP-MS)
method for the determination of chromium (Cr), copper (Cu), zinc (Zn), arsenic (As), cadmium (Cd), mercury (Hg)
and lead (Pb) in aquatic formula feeds. Methods The samples were digested in polypropylene fast digestion tubes
with nitric acid. To eliminate the interference, internal standard elements were added online and the gas flow of
collision/reaction cell was optimized. The linearity, accuracy and precision tests were carried out and the method was
applied to the determination of quality control and actual samples. Results The linearity of elements standard
curves was good and the correlation coefficients were 1.0000. The limits of detection were 0.00229-0.15030 mg/kg,
the recoveries were 91.8%—108.2% and the relative standard deviations were 1.0%—7.9%. The measured values of the
quality control samples were within the range of standard values. Conclusion Two batches of Cr content are found
to exceed the standard in the commercial aquatic formula feeds, so it is necessary to deeply analyze its source and
form, and evaluate the potential risks of quality safety and ecological safety. This method is efficient and accurate,

and can be applied to the rapid detection and analysis of aquatic formula feeds.

MBEEE: WRY, FHON, FEWTFTr w82 BT 4 240 . E-mail: jy65my@sina.com
*Corresponding author: HUANG lJia-Ying, Engineer, Shanghai Institute for Veterinary Drugs and Feeds Control, No. 30, Lane 855, Hongjing
Road, Changning District, Shanghai 201103, China. E-mail: jy65my@sina.com



4366 1% A T R A

12

KEY WORDS: aquatic formula feeds; inductively coupled plasma mass spectrometry; heavy metals

0 51 &

T E B AR A 7 K E UK SRR s
T, 2019 4K AR AR BT 3K ) 2200 277 (1, 2018 4F
FAE = g O 7 SR = 1 1 50%, F HoK =325 i ik 2
TR BER =02 B L ERdER, Kikry kT
My R K 7 SR B 9 SR AR A B, T K AR
it A, SR AT RN A, AR B e
TG . M 2019 44, SE S BEFE, TEERAENA
B ST I peafe K = FRak St 0 R R T W),
2020 441, Al AAFFHR Al At FB I AT 26 T 5L 2020
AEIK RO R B SR A < R AT S B A ) R AT, TR
2021 4], LMV RAT T TRk FR5H A
SRS ), BT E KRR R A
BERIE

(Cr). Hi(Cu). #£(Zn). ffi(As). #A(Cd). K(Hg)F
HPOYWE KRR AR sUE SR AR bR, TL& Rl
LT R . Sk, BABERKTKR, Sailm, NeE
SR WIRA R, W A @Rk . Bir, B4 GB
13078—2017 (Pt A AR ) R, FRE BUAT A AR A
FRUEANZR 1 PR HRER 1 ATAL &Aookl mdARFm, B
—SORRAE AR P B R e, TARERCR AR, i)
BRI E ZFPoTE, WS — R A A AR

b, A 55 2 7 4% % (inductively coupled
plasma mass spectrometry, ICP-MS)E 5 H: £ 50 K [6] B 434
DS, FEmRIS I A A ) T R R B, 2R
T AUASL ey BT 3 e Joe | S nR) R B S A R T,
X FAG AR G TR A . BT, XTI R,
AT GE AT T PR - B A T U Tk [ e

EAT A R RS L L B BB RS, LU
KT IRl IR o (0 R SRR R IR AR S

1 RS T

1.1 # &

M BL AR 15 ik, Hrpapla iRk 4 4k,
WREC AR 7 HEk, BERCA R 4 R
1.2 UFE5RF
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FERE AL (QC-492B-5, K% v [ Sk He AR A IR |); )
BEHEY . L L B R BE RS T RR Y R
(RMY-D001, ARZENHEIRETT AR BEA RA A, NARE
BURW(100 mg/L, 3E[E Agilent AR, B4R S (L >
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Table 1 Test standard table of each elements
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Cr GB/T 13088—2006 { {74} 4% B 5E )

Cu GB/T 13885—2017 {falflrp 45 . 4. k. 86, 4. # . WieEsE

- M TR0 )

As GB/T 13079—2006 { e g il )
cd GB 13082—1991 {falfeh il < Jr i )
Hg GB/T 13081—2006 { falkeeh 7 il & )

Pb GB/T 13080—2018 {falkt R A e JEF i ot is ik )
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1.3.2 A7/ & 9 ik e A AR AR R 64 %) &

WM A T E A ROE B, MBS RS
ANFREE, 5], &S EIRRAE RYVET, FH24 0055 i il
2k, WEFB I NPRIA I, A—PKBEZE 1 pg/mL, 15,
A2 AR TR . i 2R 5V TR0 B S AR L 1 P b
JTLE M 2,

1.3.3  Af o il AR IR 60 ) &

HEFRRRBUK =LA R 0.5 g, BA—IRTEF IR
RN T, MARRR 10 mL, & T4 BNk
120 °Chin#4 30 min. BUE, HREER)E, HHZE 50 mL
HEARRE, H—SoKmBEEZ20EE, WA, s
i T A
13.4 HSEZGHE
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T AE
1.3.5 Fizism ey &
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Table 2 Concentrations of standard series solutions

bRl 229 B /(ng/mL)

BFICE ALV
2511 E ) 513 251 4 ESIE] #5516 E )

Cr 0 0.1 0.5 1 5 10 50 £(Sc)
Cu 0 50 100 200 400 1000 2000 %‘(Ge)
Zn 0 50 100 200 400 1000 2000 Ge
As 0 0.1 0.5 1 5 10 50 Ge
cd 0 0.1 0.5 1 5 10 50 4 (In)
Hg 0 0.1 0.5 1 5 10 50 B (Bi)
Pb 0 0.1 0.5 1 5 10 50 Bi
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SEFEA AR . V22 SCHERAR A P S A Rl 4 S N AR R
BT X SARM ST RE He A5 A0 SR BE— 3,
BT R, AR AN, JOREEES B Ry

#3 E8RE

{H (count per second, CPSYtH A . LIE Pb A, &<
FE/NF 2 mL/min B, %5 (A9 CPS 8T Pb. {HIE 25K
PR 2.5 mL/min B, Pb (19 CPS 5 HLZ8 (UK, BB R
SREAKHETE, Pb 9 CPS AW R IR &M Y
CPS —[Ff#am FEE 1), FHIt, AWF5EH R BT
T HARTR IR SRR (1 ng/mL) K= UK, 456

RTAFMARBET, &IoE ks NEMEF T CPS(E 3),

AR TRAEN 3.0 mL/min,

IR

Table 3 Helium flow optimization data

Cr Cu Zn As Cd Hg Pb
I 8 /(mL/min)

2 e AHE e =sE AR =H Rl ER Rl ER Wil E8 i
0.0 12320 34298 2785 3040 2154 5124 1374 4077 97 23 213 60 202 616
0.5 6100 16492 2137 2016 1100 4443 918 1466 84 22 173 90 428 645
1.0 5639 6688 3337 1404 2098 3177 512 400 348 11 332 91 1174 587
1.5 1571 2995 1694 933 595 1920 169 102 74 4 128 57 553 483
2.0 777 1509 1128 596 171 1114 43 33 36 7 65 48 433 369
2.5 1337 7448 1226 6290 965 1537 28 708 114 1463 134 1672 3732 16540
3.0 485 4364 311 4062 337 837 5 359 10 867 72 1397 727 12540
35 287 2048 166 2355 137 420 3 158 3 497 52 1002 280 7839
4.0 212 1007 80 1345 89 200 1 79 0 158 25 654 126 4837
4.5 112 509 41 862 49 79 0 27 0 78 22 438 66 3005
5.0 77 243 31 465 18 55 0 11 0 26 6 268 34 1861
5.5 64 127 16 256 15 29 0 3 0 15 7 187 29 1291
6.0 35 81 5 173 8 12 0 3 0 16 6 147 14 782
6.5 22 43 0 83 1 9 0 3 0 10 3 97 9 570
7.0 15 19 6 52 0 2 0 2 0 2 3 64 5 418
7.5 10 7 9 21 1 2 0 2 0 7 4 37 8 310
8.0 7 6 0 23 0 1 0 1 0 3 0 34 4 215
8.5 5 3 2 11 0 2 0 0 0 5 2 18 1 156
9.0 6 2 0 8 0 2 0 0 0 0 0 27 3 138
9.5 0 4 1 6 0 0 0 0 0 0 0 18 3 92
10.0 3 0 0 7 0 0 0 0 0 0 0 9 0 9
10.5 0 0 0 1 0 0 0 0 0 0 0 12 0 12
11.0 3 0 1 2 0 0 0 0 0 0 0 8 0 8
11.5 0 1 2 0 0 0 0 1 0 0 0 10 0 10
12.0 0 0 0 2 0 0 0 0 0 0 0 0 0 0
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Fig.1 Screening diagram of gas flow for determination of Pb

222 AFEFHRAGH KR

BUA RS S L A N B 2%, ARSI . MY
FERT . T BN A, DR AR S VA IR AR I R A
TR L | F B AL R SRR 2 R, ™
ARV, USSR, Ik, AR REEAEL IR
AR =, BG5S S R ), i B T Ak A7
K, BT AR AR
223 Rl

EALER APl R, —2onE W Heg BA BRMID
TCRURE, 755 5% B AE A3 B RAE HE AR LA 1, 26741
PERRET, 23X 5 SLAE B e i R TP . — 2B o R,
Au AR LA Hg TR 45k 5, T Hg M9 Fik
JRE U AR B b R AR ANV He RO R R E R
50 ng/mL, FBIER T Au A9HRE A 2000 ng/mL, 47K
N 40, X5 A7 R IE E SO 4 R He 7 2~100 A — 2L,
R SRR M, TR Au IMIRE S T AR
AU AR S AR T PO DR, AR S A AR BV W TSN T
J£°4 2000 ng/mL [ Au, HHER T BAFITE L A1k
BB [H)JS 9 CPS Kuh. S55E3REH, As. Hg. Pb MiciZaL
NEEETR, bR IAF] 60 s J5, CPS AN/, BT
o EIh, VAR MBERTIE R 60 s,
2.2.4  FriktRAETE E B 3 R

Fe i 1.3.6 MERAIE, LIS ICRARifE RPN 0
FEAREARBR, AHRY CPS MYALARZhilbnE £k, Hitaa
FHR R, K [ bR 4l 55 1 F Ak 2 15 & 2 (International
Union of Pure and Applied Chemistry, IUPAC)&: 131 /72,
PLFELNRE 11 430028 FTRE & CPS ARl 3 %R LA
AR FR 2R O ARER, THEMBEUER R B BR . D7 ik Bk
H B3 e (SO G H PR T LA B AR Bk AR il o o B

3|, ZEHFRE, AJ5 %) Cr. As. Cd, Hg. Pb 7 0~50 ng/mL
K Cu. Zn 7E 0~2000 ng/mL ¥ BEVL FRIZR M RLAT, #HC R %L
471.0000, 4 BR % 0.00229~0.15030 mg/kg, UL 4.

*4 ZMUFEREHR

Table 4 Linear equations and limits of detection of elements

(Gl

i Sbk I X RR /ﬁﬁi)
Cr Y=3203.3688X+926.0794 1.0000 0.00229
Cu Y=3303.1010X+6917.6508 1.0000 0.01243
Zn Y=422.7046X+589.6758 1.0000 0.15030
As Y=324.6889X+21.8301 1.0000 0.00952
Cd Y=789.6746X+42.2017 1.0000 0.00251
Hg Y=1365.1772X+37.7463 1.0000 0.01691
Pb Y=12000.1179X+2840.7917 1.0000 0.02039

225 FiEtBERERIEEE

BOK PG R RE S IR 1.3.6 AL 38 450 2 ARG
E A TUS I EDSCSE S, SPATINE 5 U5 DR KA
bR UESR 22 (relative standard deviation, RSD). [A]Hf 471l &
5 YR S G Ao W0 R 1) EE A — 25 PPN T i
R UERR M o 5 3R W Jo 4 VA N A 3 TE AR V(R L A,
B ICE NN 91.8%~108.2%, RSD H 1.0%~7.9%., ¥
W3S,
22,6 HewtymiE

H5 ISR ) A B A 8 BE A kAT I A2 IS IR (e
N B H T el BB 454 2625 5 ) PY L GB 13078—2017
K GB/T 18823—2010 { falkHAs 25 5 H10 5 ) Fui/fiR 22 )
(AT SR R 25 R EAT 20 Fr o I 245 R 2 B T B /K ™ i
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AEHY Cu, Zn, As. Cd. Hg & Pb & @5 A inifk R
WK, A 1 HER IR EREC A A B 1 e 8 i A A A
B Cr & & E AR, 790k 736.76 J& 754.22 mg/kg, ¥
L3R 6. MILATHR % IR E 5 4rE GB/T 13088—2006 %

it Cr B 5 25 5 e 22, (EA B9 % B A ke op 7
SEM Cr Bt 700 mg/kg, =S ENE G N IZSE IR
Bl WALHENA 2 R, H—J2 TOHLEE 1Y 75 e 7T gk I
TR A T L R s s, X2 H

Tk O T SR E, SRR . A OFFE R
K T A B K R R R AN BB EHL 225 Cr 15 3

HLUEE 75 G4 7T B2 1 1 S M i AR B . MR . B
PR S5 E IR W T 2L

x5 EMERBEEBERRON=S5)

Table 5 Accuracy and precision tests of elements (n=5)

Bt ST EN A 1M
(SRUIBTE S
PRUEETEE/(mg/kg)  MIEME/(mg/kg)  AJRMEH/(mg/kg)  JFR{E/(mg/kg)  SLMME/(mg/kg)  FHEL#E/% RSD/%
Cr 50.5+4.9 50.04 5.52 5 10.07 91.8 1.0
Cu 10910 106.18 14.86 15 30.43 103.8 2.6
Zn 195+18 203.84 192.26 200 394.67 101.3 1.3
As 32.5+3.3 30.73 2.49 3 5.38 95.6 1.4
cd 2.25+0.23 223 0.49 1 1.53 108.2 3.5
Hg 0.292+0.074 0.30 ND 1 1.06 106.0 7.9
Pb 55.6+5.4 56.55 1.68 2 3.71 101.8 1.8
1 ND R8T g it i B, R I
#6 KERARKNTHERMNEEREN=3)
Table 6 Determination of elements in aquatic formula feeds (n=3)
REMTE Cr/(mg/kg) Cu/(mg/kg) Zn/(mg/kg) As/(mg/kg) Cd/(mg/kg) Hg/(mg/kg) Pb/(mg/kg)
A1 B f R LA DR 5.52+0.06 14.86+0.42 192.26+2.69  2.49+0.03 0.49+0.02 ND 1.68+0.03
) £ 5 3.27+0.04 17.34+0.48 117.91£1.65  0.96+0.01 0.19+0.01 0.03+0.002 2.95+0.05
1 A R 2.96+0.03 16.05+0.45 117.18+1.58  0.84+0.01 0.05£0.002 0.02:0.002 1.71+0.03
TR 77 Bl P A DR 1.21£0.01 16.93+0.47 140.84£1.97  0.61+0.01 0.09+0.003 ND 1.75+0.03
TR SRHCA R 736.76+8.15 17.72+0.5 129.37+1.81  1.81+0.03 0.14+0.005 ND 2.23+0.04
FHIF IS R 3.16+0.04 20.25+0.57 136.67+1.91  0.76+0.01 0.06:£0.002 0.02:0.002 1.46+0.03
YAy 3.01+0.03 18.910.53 132.84+1.86  0.66+0.01 0.06+0.002 0.02:0.002 1.68+0.03
B ERSEINHEIVE] 2.77+0.03 45.58+1.28 184.0242.58  2.97+0.04 0.48+0.02 ND 0.83+0.01
ANy 2.24+0.03 11.87+0.33 58.54+0.86 1.27+0.02 0.38+0.01 0.02+0.002 1.18+0.02
EESOEINTIS S 2.020.02 41.95£1.17 173.26£2.43  4.23+0.06 0.57+0.02 ND 0.61+0.01
% FTH AR R 1.94+0.02 42.37+1.19 176.87+2.47  3.02+0.04 0.55+0.02 0.02+0.002 0.56+0.01
U 5l e 754.2248.3 20.22+0.55 147.96+2.12  1.87+0.03 0.12+0.004 0.03+0.002 2.49+0.04
e e A e R 2.93+0.03 14.81£0.41 115.55+1.62  0.89+0.01 0.09:0.003 ND 1.37+0.02
% T 4 e e 2.22+0.02 17.26+0.48 76.5+1.07 2.08+0.03 0.54+0.02 0.03+0.002 0.44+0.01
U 15 e 1.95+0.02 26.6+0.75 111.83£1.59  2.36+0.03 0.64+0.02 ND 0.98+0.02
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