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HERZMH0 0.001, 0.002, 0.002, 0.001 F1 0.0003 mg/kg., &5 7 IEARMERIME, TN, RBIEE, [
PR BRI . R R . ERR BEAT, 5T R RS DU SR R O L B B BRRDR

R MR, BRGNS TR, G B M 8 o R

Determination of lead, cadmium, chromium, arsenic and mercury in lotus
root by inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of lead, cadmium, chromium,
arsenic and mercury in lotus root by inductively coupled plasma mass spectrometry. Methods Lotus root was
digested by microwave. 29Bi, "SIn and *Ge were sclected as the internal standard elements to overcome
non-spectroscopic interference and helium was used as collision to eliminate mass spectroscopic interference. The
accuracy was verified by using the national standard material rice, spinach and recovery test. The linear range, limit
of detection, precision and recovery of the method were investigated. Results The linear ranges of lead, cadmium,
chromium, arsenic and mercury were 0-50, 0-50, 0-50, 0-50 and 0-2 ug/L with the correlation coefficients r were
0.9996, 0.9996, 0.9991, 0.9997 and 0.9990, respectively. The average recoveries of Pb, Cd, Cr, As and Hg in samples
were 97.3%, 97.5%, 95.7%, 96.0% and 97.4%, respectively. The relative standard deviations were 0.37%, 0.89%,
1.04%, 1.03%, and 1.58%, and the limits of detection were 0.001, 0.002, 0.002, 0.001 and 0.0003 mg/kg,
respectively. Conclusion This method is suitable for simultaneous determination of lead, cadmium, chromium,

arsenic and mercury in lotus root owing to easy operation, less interference, high sensitivity, low detection limit, high
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precision and good accuracy.

KEY WORDS: microwave digestion; inductively coupled plasma mass spectrometry; lotus root; lead; cadmium;

chromium; arsenic; mercury
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TERMARE, BRERARE . RSB, W
IR W KA R SR, AT
HE S AR . W (ARREZE) 08k, TERA B ki
PRI . IO . AR AL R Ak,
Wil NATTAE 8 S B st DA S AR WS T 22 iR, VR —Fh
LG 2 W T RUAE ), SERERYE IR LA AT BE H 45 52 5
FHike LT, hF Tk RAMT Y 7k, Kk
b HERE 2 Tolb =R g, REGERE | RIE TG G Bl
BHR I, HERGKAR MR AL SR E KRN
JZ R, Hh M ES BT R8I 5=l . B4 s iR
(Cd). #(Pb), AMUEMMRA K KT . FEUKA BRI
77, HESAR TS Y, R E SR AARER, &
FON RN TR IR P L B RRRIR
2t NS PR R A A O e R

BT, W& &8 TR ik F A R T UO6IE
HRET L EFRIBOEREES Y AR A SR TR R
% ¥ (inductively coupled plasma optical emission
spectrometer, ICP-OES)!''%) H JBCHE & %5 8 1 1K J3 1% vk
(inductively  coupled plasma mass  spectrometry,
ICP-MS)!" 27 Hy IR £ 25 8 IR T v LA R A%
KBRS, ZRVETEIRISE . HERRBE S SR, ZRIARZ T
AR 5 o ARG ST T (A - P S 5 56 A
Bkl e R P AT . . B BRRCRA SR, SRk
BRUIE B ot TRLAL 37 R RN B AR D 1 2 1, BB AT T vk
AR R BIR | RS AN I WA, I 0 I S 565 12 e
FEUEW AR GBW(E)100348 FITESE GBW10015 A4,
GER G AR R EARST o IS T I E R RO L B K
IR .

2 HHSHE

2.1 X5

Thermo iCAP Q i JBHH A 55 5 T 1R B (35
Thermo /A 7); CEM MARS 240/50 {4 X (25 H CEM
Zvl); BP211D BV 43 KO- (kG 0.01 g, FEE R
NEI) B

RFFUEE R (1000 pg/mL, 5 1.0 mol/L Y HNO3)[[H
KA G JE KB 7 bR DU P (ME — AR R
172034-1)]; B4FRIER (1000 pg/mL, Fv BT 1.5 mol/L )

HNOs)[ [ 5 (6.4 8 T2 B F 3843 B it et (M —FR 18
177031-1)]; £ARMEBB (1000 pg/mL, K 1.5 mol/L )
HNO;)[ B A 104 J@ Kb TR R il oo (o — R 387
179018-3)]; #&FRUEVEM (1000 pg/mL, S5 1.0 mol/L 1Y
HNO;)[ H KA 64 Jg Jo TR e (ff —FR iR
15081)]; Al 4 & % ¥ (1000 pg/mL, 45 1.0 mol/L HJ
HNOs)[ [ 5 (6.4 8 T2 B F 3 843 B it it (E—F7 18
162014-2)]; SAARMEE (1000 pg/mL, A& 1.0 mol/L )
HNO)[[E A 648 I i F R340 it e (ME— AR L
163041-1)]; #AFRUEVEI (1000 pg/mL, B 1.0 mol/L 1Y
HNO;)[ H KA 64 Ja J TR i e (ff — R iR
173008-1)]; #5FRAEAIK (1000 pg/mL, 5 1.5 mol/L HY
HNO;)[ B A 4 J@ Kb TR i oo (o — R 387
158035)]; 4H#5 #E ¥ W (1000 mg/L, /& 1.5 mol/L )
HNO)[ [ ZA 648 I i F MR Hr 0 it e (E— AR L
158107)]; W5 mir e il Am v B9 TR . AHBR (P al, 5
[ Merck 23 wl), HAbatH A Phgest, AKChAiK .,
22 KWHE
221 HenaraE

KB RBURE  1.000 g, B T OIS M RED, A
6 mL fififR, SRJGHIRFE 1 WO I AR EA TN A N A o
EeJm, FHHLMAAER 120 °CHER E 29 1 mL, HI/K/DHZ Rk
A 50 mL ZRHi, @AEZE, RAEH. Rt
2 H.
222 AWK

SRR BGE B . B . AR AR,
5% RV 2 R AR M 22 0.1.0.,5.0.,10,30.,50 ng/mL
IRAERINE R . R I 2 mL & ERbRERRE T
1000 mL (%R, ] 5% BRI B R 2, 1E K
PRV e R o R 2 W BGE R B ARV i, SRR
HEVS R E N BRI BRI 00 0.1, 0.5, 1.0, 1.5,
2.0 ng/mL IR AARIMER SR . G2 BUE 5k . B .
KR WS =, 5% MR I W% S R, 15 3
25 ng/mL [ NAREI, SCE0 SR FTELR AR A
223 MBELEH

(L) PRLIBE Y i

AT FE R RO 0 0 E AT B TAL B, R T A
MR 1,

(2)ICP-MS %14

ICP-MS FEZHEAES L3R 2,
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Table 1 microwave digestion procedures

AHE TR/W FHEBTE/min HEE/CC LRAFRT ] /min

1 400 5 120 5
2 800 5 150 10
3 800 5 180 10

®2 ICP-MS ITiE&#
Table 2 Working parameters of ICP-MS

EgE| TAESH W H TrESH
ST % 1550 AP /(L/min) 1.022
ngé?m NiffE  AHISFR/(L/min) s
KRR 5 Tl A X He
W SR 40 LRI 3
/(r/min)
FALEIRE/C 2 Ay Pt S E AT

3 HBRS500

3.1 HEBHARRE

TEA M & R JEL 4 JB U R B, 75 X AR S R AT
TH A LABEIRRE 5 K B A (A I S R P i, AT
BN AN R SRR — R mEs. B ENE
W ULBOTE RO AR T A . O R . T sl
TR AR T IR, (HAERTK, &5 51
JUE TS YA, NS BIR TS AR B T
BB R 2 ML AR Dk, R R, iR A
, SEMIOTEMNIEL . WMRESDE K, 1B TCTE
EHAFMTR . ERR A RN REA G, THMER
BEdR, B D, BRI AR HRE S 2, BT
N, BRAETRTE H AR PRI SRR o AT 5 P A T
F X RE S AT R AL B, LA R PR M 1 I I R R
RRIHY . B B RRAIR

3.2 FHKRIHEE

FE TG ST i H AR TE 2 R i o s I TP D
FIRE T YRR RS T4 R 8RR & 55 8 IR BT 154
EIER P4 B B BRCRAAERRERMNE . ZEF.
XUHLAf B8 55 i T4, A 5250 % B AR AR A 210 (B
R AP FTORU R A A9 7 242 ) FORIE F8 5 107 it (Hle 55 i ] B
HBLAY A T REA RO T BR) A5 D7 12k T B o B T4
FEWE TS SER, SRR o R AEE: O
BeWi . BRAKAEAY . A5 B BRFIK SRR SR A
JE WIRE SRV P B R AR LT, FEAE SRR, XA
TR TR IR AR P, SRS 45 SR ) e B R AR
i IR SR AN, B A AR I R R R . IBRRGIE . AL
I03E A AR A S R BT iR 4 209 Bi, 115 In, 72 Ge AR
BRGSO, FHNPREE R SR PR
ERFINDCER, AT LAA RO T BR B T, $e e o Dl 45 2R Y
HERRE
33 ZMSEREIRKEUER. E=MR

TERAEREG ST, LIS Pb. 5% Cd. %% Cr. fill As
FI5k Hg 1Y 515 {5 558 B (counts per second, CPS)j Ge.In.
Bi (%5 550 B (CPS)AY ELE A A48 B, Pb. Cd. Cr,
As Il Hg We & i Aeprasfilbnifith 42, 152184 TR
HRR TELMIE RN IZ A X R BT, KL RME s
FRAR(.3E 3)
3.4 FFEEIE

A R385 I (3 R AR &, o BIMERR AR 1.000 g,
FEABIMAMEEE R 0.1 pug/mL BIRARM 0.05. 0.25.
1.0 mL, ¥&JEH 1 pg/mL A5G 45 5% R S PR I 0.05
0.25. 1.5mL, f3H&AK 0.1, 0.5, 2 pg/L, &H Pb,
Cd, Cr. As, 1, 5, 30 ug/L fOMIK. . mbskEs, B
Fie 2.2.1 A FERES,, A3 BIHERE BT . WARIEEEITRCIE, DA
I 7 235 SR X B (R AR T3 S AlocE ke, 5 Foc
FHY 3 AU S ISR TE 89.7%~100.8%Z [6], -4
¥R BRI 51 97.3% . 97.5% . 95.7% . 96.0%F1 97.4% (I
£ 4), TEERERES.

®3 AEZUEFE. BXRK. RHREESR

Table 3 Element linear equations, correlation coefficients, limits of detection and limits of quantitation

JLR AAEVE R (ng/L) ALV LB 14 Kt FR/(mg/kg)  EHBR/(mg/kg)
¥ Pb 0~50 Y=66672.6282X+36325.4343 0.9996 0.001 0.004
A Cd 0~50 Y=4231.2782X+2168.3517 0.9996 0.002 0.007
% Cr 0~50 Y=11213.4521X+270.0073 0.9991 0.002 0.008
fifl As 0~50 Y=921.3748X+20.1411 0.9997 0.001 0.004
K Hg 0~2 Y=15411.2472X+63.3493 0.9990 0.0003 0.001
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Table 4 Recoveries of Pb, Cd, Cr, As and Hg in samples

RS R T I

TR gl gl ey R
1 0.924 92.4
Pb 0 5 4.956 99.1
30 30.12 100.4
1 0.932 93.2
Cd 0 5 4.991 99.8
30 29.81 99.4
1 0.897 89.7
Cr 0 5 4.893 97.9
30 29.83 99.4
1 0.908 90.8
As 0 5 5.012 100.2
30 29.07 96.9
0.1 0.092 92.0
Hg 0 0.5 0.481 99.5
2 2.016 100.8

3.5 (UHBBEZEMR

Sera s ARES BN 0.1 pg/mL AIRFRIE 0.25
mL, WA 1 ug/mL B4 4 48 R GFR 0.25 mL, 15
F Hg ¥eJ# M 0.5 pg/L, & Pb. Cd. Cr. As W 5 ug/L

PINBRRE S, PR 2.2.1 HEFTRUALIE, SRIGHEZ 2 MLER 4%
e, REZWE 6 WK, icRkWEME, THAERIR
(LR 5). MXFHRUEN 72 (relative standard deviation,
RSD)<2%, 1B ERRGE % 8 R AT .
3.6 HAEEMNZE

WERRFREUAL B (175 (I RERBFEfL 1.000 g, F4-50m
AHEEEH 0.1 pg/mL AZRFRIF 0.25 mL, HEHN 1 pg/mL Y
BT R MR A FRIK 0.25 mL, 1SRN MG IS EA A
Hg #FEH 0.5 pg/L, Pb, Cd. Cr, As #FE N 5 ug/L IR
[FIFEDT A0 6 0 PATHE, L FE T NARIEIEI AR
1E, DI S5 R A AR R 22315 5 RlOCR I PSS
Jeo 7 A PEA BRI 22 45 SR AE 0.37%~2.07%2Z [ (I
#6), HkRENE R,
3.7 FREYIRBGNE

SRy 56 UE AR S 56 1 5 1) o A 1 R R A e, R R R Y K
B 20 RN 25 4T X JEEY) B R KA GBW(E) 100348 Fi
3 GBW10015 HEAFTINE o 7w o490 5 4 000 2 1 FRb o TR,
7, W AR MEEEE N . BEMIA LT 5 L i
b
3.8 FREMLEEMA 5 AR L3

Shy 50 UE AR 552 50 77 105 1) o e e R R e, X R o I
3 GBW10015 % A [FIFE Y RTALBRINE, RIS
ZUEF, KA ICP-MS i IR IO AR 90k
TERAEAT T IE o AN TRI 25 SR 38 L o (91 1Bl N (L 2%
8), UEHAAR ik R 4l R af vl 4

®5 BEESERL)
Table 5 The results of precision (nug/L)

JLR 1 2 3 4 5 6 RSD/%
Pb 5.012 4.981 4.993 5.021 4.981 4.976 0.37
Cd 4.982 4.892 5.001 4.872 4.938 4.939 0.89
Cr 4.893 4.932 5.003 5.024 4.971 5.011 1.04
As 5.012 5.017 4.991 4.989 4.982 4.891 1.03
Hg 0.481 0.477 0.483 0.470 0.496 0.469 1.58

®o6 EEMMKNERuyL)
Table 6 The results of repeatability (ng/L)

JLHR 1 2 3 4 5 6 RSD/%
Pb 4.956 4.932 4.939 4.963 4.971 4.956 0.37
Cd 4.991 4.893 5.011 5.007 5.002 4.969 1.01
Cr 4.895 4.932 4.997 5.004 5.013 5.024 1.03
As 4.995 5.019 5.024 4.984 5.032 4.893 0.92
Hg 0.483 0.497 0.489 0.479 0.476 0.481 2.07
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Table 7 Determination results and value of certified reference
materials

3.9 SCER#EERANE
K Bty FUREERY 37 HESEFEAR TR
M, 5L 9, 37 HLAEM IR, Y. BEBRKET, Hf

WREYIR LR /(mg/kg)  ARE(E/(mg/kg)  INRE{E/(mg/kg)
12 HEAE S A i T, & RETE A 0.00536~0.0179 mg/kg; 19
Pb 0.12+0.02 0.124 . - .
HEAE A R FROCR, S EIEEN 0.00950~0.0226 mg/kg,
Cd 0.24+0.01 0.243 Al RESE RIS BRI 5 U, B EERE Al .
KA Cr 0.064+0.008 0.0671
4 &
As 0.23+0.03 0.221
T 5y 33T SR A s i v R i
He 0.005£0.001 0.00531 AW T B G S B TR 15 (ICP-MS)
< gy =3 I A B N x T
EEFERET . B B, RS S R, AL T RIAb
Pb 11.10.9 11.5 e e A St S e 3 A F L . NN,
FREA, BIE R S I R T AL RE B, SRR T Al B T
Cd 0.15+0.025 0.162 WARZ; RAVARE BRI T4 Xyl
2 Cr 1.440.2 1.41 KB B, [EISCRIRES | R BRI I T T H 2, (R
A 0.2340.03 0241 B R R e AR I, S5 RAF S 2K . m AR EA
S . N N - e, - S SHie g
BRI EE ML REUESERS, SATERH
He 0.02+0.003 0.0211 HEL B B BRRISR SR AR BT
F 8 AFRUFBMALR (mg/kg)
Table 8 The results obtained by different instruments(mg/kg)
7k Pb cd Cr As Hg
LR A 55 B IR B 1 /ICP-MS 11.5 0.162 1.41 0.241 0.0211
JEF OGS /AAS 11.2 0.158 1.41 — —
JRF 2 He i 2/ AFS — — — 0.249 0.0223
e — R AR
F9 HERBAUELER(mg/ke) Hk 9
Table 9 Determination results of samples (mg/kg) FE g2 Pb cd Cr As Hg
g  Pb cd Cr As Hg 19 ND 00151  ND N.D N.D
1 N.D N.D N.D N.D N.D 20 N.D N.D N.D N.D N.D
2 N.D N.D N.D N.D N.D 21 N.D 0.0148 N.D 0.0167 N.D
3 N.D N.D N.D N.D N.D 22 N.D N.D N.D N.D N.D
4 N.D N.D N.D 0.00536 N.D 23 N.D N.D N.D N.D N.D
5 N.D N.D N.D N.D N.D 24 N.D N.D N.D 0.0177 N.D
6 N.D N.D N.D N.D N.D 25 N.D 0.0131 N.D 0.00646 N.D
7 N.D 0.0116 N.D N.D N.D 26 N.D 0.0125 N.D N.D N.D
8 N.D N.D N.D 0.0179 N.D 27 N.D N.D N.D N.D N.D
9 ND 0.0130 ND ND ND 28 N.D 0.0226 N.D N.D N.D
10 ND ND ND ND ND 29 N.D 0.0193 N.D N.D N.D
30 N.D N.D N.D N.D N.D
11 N.D N.D N.D 0.0126 N.D
31 N.D 0.0122 N.D 0.0179 N.D
12 N.D 0.0109 N.D N.D N.D
32 N.D 0.0166 N.D N.D N.D
13 N.D N.D N.D N.D N.D 3 ND ND ND ND ND
14 N.D 0.0113 N.D 0.00946  N.D 34 ND 0.0144 ND 000959 N.D
15 N.D N.D N.D 0.00666  N.D 35 N.D 0.0165 N.D N.D N.D
16 N.D 0.00950 N.D N.D N.D 36 N.D 0.0129 N.D N.D N.D
17 N.D 0.0112 N.D N.D N.D 37 N.D 0.0144 N.D 0.0106 N.D
18 N.D 0.0201 N.D 0.00788  N.D N EarE T,
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