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5, WAL R = 25 mL 25, I ICP-MS [FRHE KB ZEF B As. Cd. Cr, Nifll Pbix 5 F
TCEMEGH., &R 5 FOCRMRMEIMZRLMEETTE 0~200 pg/L, HECRECH 0.9992~0.9998, ik
0.009~0.025 pg/L, E R4 0.030~0.083 ng/L, EIZE K 89.4%~112.6%, RSD(n=11)4 1.20%~1.86%. 80 {37k
A BERFE AT S FIOTER 198 BT B KPR ERE B TS e IR K AEBRSER IR RN 2K IR], 5 RhOCER A&
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Simultaneous determination of five elements in aquatic vegetables by wet
digestion- inductively coupled plasma mass spectrometry

ZHOU Min-Nan"

(Changshu Municipal Center for Disease Control and Prevention, Changshu 215500, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 5 elements in eight aquatic
vegetables by wet digestion-inductively coupled plasma mass spectrometry (ICP-MS). Methods Samples were
digested in a wet digestion system with mixed acid (nitric acid:perchloric acid=4:1, V:V), the digestion solution was
transferred to a 25 mL volumetric flask with water after digestion. and contents of total As, Cd, Cr, Ni and Pb in the
digestion solutions were determined simultaneously by ICP-MS. Results The linear range of the standard curve of
the 5 elements were 0-200 pg/L, the correlation coefficient were 0.9992-0.9998, the detection limit were
0.009-0.025 pg/L, the limit of quantification were 0.030-0.083 pg/L, the recoveries were 89.4%-112.6%, RSD
(n=11) were 1.20%—1.86%. The contents of 5 elements in 80 samples of aquatic vegetables were all lower than the
limits of pollutants in food stipulated by national standards. There were significant differences in the contents of 5
elements among different aquatic vegetables. Conclusion The method of wet digestion/ICP-MS is visual, rapid,
accurate and reliable. It is suitable for the simultaneous determination of multiple elements in aquatic vegetables.
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1% PRSI ERE 0.1 pg/mL; FiEPEiEmIV-STOCK-12,
10.00 pg/mL, 3E[E Inorganic Ventures A &]), {# FHATH 1%fi
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Cd. Cr., Ni, Pb ¥#RJE4514 0, 5.00, 10.00, 20.00, 50.00.
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R . EARY . BSOS A FPRE IR, FEXHU R
TAESEHATIAE, 2% GB 5009.268-2016 (£ 4% 4 [
Ko P20 M E ) P IcP-MS Bk
ICP-MS A 4 £ b PG R A S SCIR PR 35 (X 28 2
Bngk 1.

®1 UHFEEH

Table 1 Instrument parameters

e H R 12.5 L/min HAM#E 0.7 L/min
$it 3 2 30 r/min RAEHEALAIE 1.1 mm
HRIHEFLAE 0.8 mm F Ak T 1.02 mL
FAb R 3°C BB 125V
7Y 28 AT fi . 3.0V FNYAT i e 1.0V
ICP H% 1350 W Y S B A 110 mm
EERDAC 330 mm RAEGE 150 mm
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WEIZ SOk, BEBEAS DN TC R AH N R IR TR ANk 2.
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Table 2 Selection of determination elements and internal
standard elements

ME L m'z WHRIGE m'z
& As 75 Y 89
cd 111 In 114

Cr 52 Sc 45

Ni 60 Sc 45

Pb 208 Bi 209

2,64 JRIEHESGETAE S M

PREUF PRS2 0.4 gCRSHEZE 0.0001 o) THEIEM A,
INBEESER, 15 mL RS REER: mER=4:1, V:V), T%E
TR E 40 h J5 5 BUKAEBRSE BRR 5 Al A IR T o T
f#sE4, WAL EGE, FKEAZE 25 mL, IRAI&H . &
PERESLAUPRE 1 0y, ATALFRIS 5 80 3 /K A 8% SR il A 22
[T EAT AR I E S AR v, BRI E 20 15 /K A B SR A,
JETIE 1 RRIEREM . 80 MK AR BESERES,, BILIE 4
PR RS, Bl n=4,

3 HERE55H

31 ZMXRF5KEHR

MRAPRUEIT LM 5 FIOTER, Fgm N (Y) 5 5
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Table 3 Linear relationship and detection limit

JLE LMETE /(ug/L) 2R i LB e BR/(ug/L) FEHE PR/ (ug/L)
B As 0~200 Y=346795.8517C+5.6489 0.9992 0.019 0.063

cd 0~200 ¥=226.6695C+0.0401 0.9998 0.010 0.033

Cr 0~200 Y=203.3358C+0.0312 0.9994 0.022 0.073

Ni 0~200 Y=2600.3719C+0.02273 0.9996 0.025 0.083

Pb 0~200 Y=176.668C+0.0044 0.9997 0.009 0.030

32 FEEHGRANESER

80 /K AL B SEFE b, SALME 4 YA O 2R
A AREYI ), B n=4,ICP-MS W& 45t S b 5 #hos
EQINEE S IE R

R4 FRESDTIRENIRT 5 HTREMNELR(N=4)
Table 4 Determination results of five elements in celery
reference materials (n=4)

sege  DWEVHE RSD {0 HERE
/(mg/kg) % /(mg/kg) 1%

B As 0.40 5.0 0.39+0.08 102.6
Cd 0.094 2.1 0.092+0.006 102.2
Cr 1.30 3.8 1.35+0.22 96.3
Ni 1.7 5.5 1.8+0.4 94.4
Pb 2.6 3.8 2.7+0.7 96.3

M 4 AT LUE B, s EES R S Mon R e 1y
{EFFE TR bR EY R P & ot R S H(ETE |,
HERE T 94.4%~102.6%, H. 4 YC5E RPERES,, 5 MOcR
RSD 7 2.1%~5.5%, ¥J<10%, H ZHXTEEA L8 4T T R
I,

3.3 InAREYSEIE
e 1 YZESERESL, B3 MR T 3 MR . X 3

AFE SR EURE R —FE, ¥4 1.0000 g(F5H4 2 0.0001 g).
rh— AN AN As, Cd, Cr, Ni, Pb ZILRRA ﬁ/ﬁﬁﬁﬁ
W (2)(500 pg/L); T4 2/\1‘%%&63%)1[1/\ As. Cd. Cr,
Pb ZICRIRAPRHER FA(2)(500 pg/L)1.0, 2.0 mL, ﬂ%‘JEE 2
AN [ B2 (R A [RDSORE & SRV A3 B TE 3 RS oI 28
R, 15 mL IR G ERAERR S A RR=4:1, V2V), TEIRTE 40
h J55 KA B RRER BT BRI T MR . FRISIBSE A, T
A HIE, FKERZ 25 mL, RAEH ICP-MS I,
oA IAR ISR o 2 AR [TISORE S A I e 4351 o2
0.5, 1.0 pg. VHffE, FIHMBAKESRE 25 mL, 2 4097
TR BB AR BE 4370 20, 40 pg/Lo

2 5 ATLLEH, PSR 5 Foc R EIE R
89.4%~112.6%, 44 GB/T 27404-2008 { 5282 it B 45 7H
AL A A AR I R ) BT,
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B 1 KRR, FREXZ 2.0 g(KSHI = 0.0001 g)kE
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fR=4+1, VIV), TEIREE 40 h 55 MK LGSR0k AL BT
ARPRVEAT A% . RO A, WALBAEE, FKERR
50 mL, JRA)ER AT A ICP-MS EEEMIRE 111k, FX
11 RAGIE (5> B M As. Cd. Cr, Ni fl Pb jx 5 ff
JLE M B ShriE 2, JFLL RSD(RifEZ/HAR
- HI(E*100%) 2K 53 ) 2 /R o il i 2 S ks 2% 1 . S5 SR
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Table 5 Recoveries of five elements

JLE ARAE (/L) AR R/(ug/L)  MEM/(ng/L)  EEE% bR/ (ug/L)  IEAE/(ug/L) B /%

B As 1.602 20 22502 104.5 40 43.962 105.9
cd 2.325 20 24.105 108.9 40 47.365 112.6
Cr 10.809 20 29.309 925 40 46.569 89.4
Ni 12.052 20 30.772 93.6 40 49.052 92.5
Pb 2.486 20 20.586 90.5 40 39.886 93.5
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Table 6 Precision of five elements (n=11)

JLE BAREWM(ug/L)  FRMEZE/(ug/l) RSD/%

B As 1.962 0.0337 1.72
cd 3.474 0.0417 1.20
Cr 8.990 0.139 1.55
Ni 12.691 0.236 1.86
Pb 2.943 0.0371 1.26

MFE 6 s, 5 FIGE M RSD A 1.20%~1.86%, Fi
AT
3.5 8 HMUKEBRFEMHRNELERKEFITIR

TR RIS . SR . KT, RS RIK. SR 2
3. 22 8 PUKAEBR A 10 0y, MESS RN 7.

GB 2762-2017 { £ i 2 A FARUE T ity 5 Ye B it )
XTI As. Cd. Cr. Pb #FUE T FREFEFREY, Horp, 4
R (LA As 1) 0.5 mg/kg; FRFRHE(LL Cdi1) 0.1 mg/kg;
PR (DL Crit)h 0.5 mg/kg; #PR (LA PbIT)H 0.1 mg/kg.
B 7 ATHL, 8 MuKAEBSEREM PE As. Cd, Cr, PbiX 4
FPICR 1S R BIE T E SRR E (1 £ v 5 Yo B i

Ni B EHALTERMEILE, GB 2762-2017 Xfik 3K H Y Ni
1B U PR A A, (H e R A AR A X A
HE, Kbyl e sl A Bt MR ER 0 E, A
B A — R AE 70~260 pg/d P,

R E MRS 8 MUK BB R4 | B EFAT5E
%o FOFTARBUREAL 0.9~1.1 (RS H12 0.0001 g), INBIEETK,
Jin 15 mL IR A ER(AHIR: = A lE=4:1, V:V), F=IEME 40 h
55 BK A BRSO RS S I AL BRI T A . R TNIRSE A, T
WIREHE, FKERZE 25 mL, R4S ICP-MS &,
WL, 2RI 8,

MFE 8 AT UL, 8 153 7K A B ST i 14 T 2k 7 0
SR 2 6 22 (BRI 1.1%~5.5% FATS250 1A 5
FEFF4 GB 5009.268-20162 e ey S A4 25 8 A BRI E v,
FEEEEFRMET, B4R NTHET | mgke HRKT
0.1 mg/kg B, FRATY 2 <7 I 5 45 S 1) 4 06 22 (BN AR L
BARTBER 15%; /NTE%FT 0.1 mgkg FRG#N
20% M RILAE o F LRI AT LUE Y, SRR IATH f#/1CP-MS
] AR 5 2K A 5 36 7R s As. Cd. Cr. NiFll Pb X 5 FT &,
MRTARER BRI, 7k A hasE .

3.6 ANEIFAKERFRELE RN
HOKAEBSERIRNZE, 2 HX 8 AUk Az Bz 5 Fl
JLRI T, DOFIEEREZE RN, LK 9.
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Table 7 Contents of five elements in eight kinds of aquatic vegetables

25 /(mg/kg)
JEH
%M TEFE KT & I EF Zize %

B As 0.015~0.032 0.019~0.034 0.028~0.056 0.018~0.042 0.035~0.051 0.021~0.039 0.031~0.049 0.022~0.033
Cd 0.019~0.032 0.022~0.049 0.045~0.094 0.021~0.033 0.018~0.069 0.031~0.049 0.035~0.068 0.028~0.044
Cr 0.092~0.12 0.081~0.18 0.10~0.36 0.049~0.10 0.082~0.17 0.093~0.25 0.074~0.39 0.19~0.26
Ni 0.052~0.24 0.065~0.19 0.086~0.40 0.066~0.25 0.10~0.26 0.098~0.21 0.11~0.31 0.084~0.15
Pb 0.015~0.032 0.025~0.041 0.029~0.089 0.039~0.058 0.021~0.076 0.021~0.051 0.031~0.072 0.015~0.055

®8 SHMKERTHMPITIREEE

Table 8 Precision of parallel test for eight aquatic vegetable samples
PR 7 N 5E 25 R ) 24 3 22 (BB ARF Y{E %

TR
ZH HEFE K KL I = 2 #
B As 2.1 3.2 1.1 2.8 2.8 1.2 32 2.6
Cd 3.5 42 2.8 2.6 2.8 3.4 22 1.9
Cr 4.9 5.5 5.1 3.5 5.1 4.5 2.8 5.2
Ni 3.5 2.8 1.9 5.1 2.1 3.9 4.2 4.9
Pb 3.8 3.5 4.1 3.8 5.3 4.6 3.8 42
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RUCHKI ., KIF L B3, 255% . K58, 28, M. 250,
Cd & MR ERMRUO AT | 253 SR, 225% ., 25| &
L 2ESE 28, Cr S B R BMIRIRUC KT | 23 22
I OERE. SN 28R G N R RRIRKCN

KO AR AR Sk
NSRRIV p
R A,

% F Microsoft Excel 2003 B {FX}5 9 ik i1 L E
SRR Tr 24530, 13513 10 B8k .

.
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Table 9 Contents of five elements in eight kinds of aquatic vegetables (n=10)

B As/(mg/kg) Cd/(mg/kg) Cr/(mg/kg) Ni/(mg/kg) Pb/(mg/kg)
%M 0.024+0.006 0.025+0.005 0.11+0.01 0.15+0.09 0.024+0.007
TR 0.025+0.005 0.035+0.010 0.14+0.03 0.14+0.08 0.032+0.006
KT 0.042+0.010 0.069+0.009 0.2440.09 0.25+0.11 0.068+0.016
& 0.028+0.007 0.026+0.010 0.078+0.019 0.17+0.08 0.049+0.013
/&1 0.0430.006 0.046+0.019 0.13+0.03 0.18+0.04 0.050+0.014
2 0.029+0.007 0.040+0.009 0.17+0.03 0.16+0.05 0.036+0.010
Zise 0.041+0.006 0.049+0.010 0.23+0.10 0.21+0.08 0.052+0.009
% 0.027+0.005 0.036+0.007 0.22+0.04 0.12+0.07 0.035+0.012
#x10 TEENERAESN
Table 10 Non-repeated two factor analysis of variance
2257 1% Ss df MS F P-value F crit
17 0.019045 7 0.002721 3.540974 0.007536 2.35926
51 0.162584 4 0.040646 52.90073 1.1837E-12 2.714076
R 0.021514 28 0.000768
=87 0.203142 39

M (BB G032 ) B, 24 P<0.05, Bk F=F crit
i, ROUIRRIZEBIEA B 225, W 10 ok, 224,
BERE . ORI RS, IR, BESE. ZEIE. ZERX 8 PiUKAEER
FAFEMZEN], B As, Cd. Cr, Ni, Pb X 5 FCEMS
WA REES . RATESFERFLZ W R, BB A2
5 A7 STk AP A5 R A0, I e A 53—~ Tl
XA AT SR

4 RS

8 Fh4s 10 BBt K AL B SR A I FE 2 A~ TAEH
M P SR, B EE B ST % ar B TERORE, AR
BEHERR T R L AR Ak 5 R RE S FR K 4 B AR R RT RE,
SCRES T DRURE S E 52 08 5 K IO T T R 272 e R 15 4 1
JRUBS: o 4K 58 BRE B I ERORE | IR — 2 AE 16 B, TR
W 40 h, IEWFRAESS 3 d 8 IITHA AR, XFEatA s
2 d PYEEEER W TR, Rl R AR =R T i T —
.

AR P13 R A ARG I 9 AS AT R s ) A 3R o X AR
PERAh, FATT E TSR AT AL B R IR T AR S Y
iR o AR T A R, LI SR R 4 SRS N VA
WEKBHEE TR EMMAR LMK, GB
5009.268-201621 1 HE#E 100 °CHI# 30 min, Fefi 18 & 78
AR (IBBE A 10 mL B 1R) S I i rb s A6 W (B0 ) 4
ORI ARFIZ A 9.5 mL, RIGEE I L R R A B, (F
ANHCE K E B R AER, B R mk IR 2 5 8 il
XA BERE R T, W o A i . FRATTE PR IR
T 3% T A I T R T AR TR AR R T 556 1 mL A2 A,
FKEZH] 25 mL J5, BLEFES A HTB b R e R 2
it 4%,

MEEMSPE As. Cd. Cr. Ni #l Pb iX 5 Fhoc £
T 2R, 1918 4F, & [ H AR R il 15— & 540
A LA R T, M RS g T &l i oc R
G U A I E Po B 1933 AR T4 L
YEREA 80 ZAEPY & 55 As MR B A2 s
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i, HEEXRBEAR, AEAX IR EICR T
Br, BATEAEARDH; 1960 4, WAFW B IFlil s T
fAT R S RS A SR 6T, AN RS — Bt B AR 2
AL T AR BB S,y S i1 W e i v DF 52
HWUES . WEEE ., mBEEE, SRChINER . #. 8.
M ER Ik SAYRFOOOEE R Bt 60 4R
RIEEF N —FIR B ITR T, RS . HERR
L PRAERT RS, AT A, rTGE R EL . A
FPRFIRBOCTE LG R EY R F 2O R, W)
B #0 H AR FH L B — e R T, L 2 & AU
B FRIAS [, 9 0 S 2 S 43 D6 6 BE T 2 S, i b 2R
R FGRER, i T MRS 43560 B AR B SOAS B FH it R
FEMAR BIRTAL L, WA, A 8 R I 0 e A
FOCREMRMEE R, FIMEITH AA-240 JFE-FIRILS
FEHCRE T CLEEIE A RDINE Pb LTINS 4~40 pg/L,
A Cd MM I 0.4~4 pg/L, FE 2% T i i
Pb 5 Cd AU KA TR E A5 RIS — 3.

FEXTIX e ) B, AR B ETICER ARz
FARY ICP-MS £ [R] B 2 £ sh A fh h 2RO &R . SEguE]:
ICP-MS REUH %, & As, Cd. Cr. Ni, Pb X 5 FC &M
HER A 0.009~0.025 pg/L, EiEF 0.030~0.083 pg/L;
WERHZR L ELT, MIOC R EGR 0.9992~0.9998; Lkt I 5E, S
FhOCEARHE MR LML AT ik 0~200 pg/L, AFIDTE M
HURE A Ko o T 2R AT — 3 R B AT, S FhoeZE Y [l
WA 89.4%~112.6%, FTHEkEM 5 R L Byl P48
WIRFG SR bR e BT rh & LR S H T,
BN 94.4%~102.6%; LA KE % L, 5 oL R M
RSD(n=11)4 1.20%~1.86%; & FZ /2] ICP-MS 43145
JCE, ENTRIETAL I AT SR E TR R S —, R
J1; Wi H. ICP-MS 3, Al AE [F)— i ) X ke i o 2
JLEMATAHT, 75 80 My /K AEERZEAE M AT SE AL,
ICP-MS XX 2e4E i HF . As. Cd., Cr, Ni, PbiX 5 Fon®E
AT, — A AE H AT 2358 i, 32 AR R —
i) HREHEA T B —JT R A Hr A BB R IR IO 5 Adb
PR F D CIEE IR RE L o 28R NG T iliA 2% IR,
MEEREAZ, B YRR TR TR R, TR
AR P IR RO 60 B 1 5 TR 96 A o6 B 3%
AT E . S35, MARIEFER K, ST A &2
ICP-MS BB Bt JC 2 At DR 1) (] 73

25 b, AHRFE R FATRIE I A /ICP-MS [ Bl 52 7K AR 8
A As, Cd. Cr. Ni., PbiX 5 Flocs, BFsE£M, %
Yoo P MERG . RTEE, B TOKARBE S Zoe R RN E o
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