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Determination of 6 heavy metals content in small berry by inductively
coupled plasma-mass spectrometry
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ABSTRACT: Objective To establish a method of the determination of six kinds of heavy metals in small berry by
inductively coupled plasma-mass spectrometry (ICP-MS). Methods The samples were dissolved by microwave
digestion. Germanium ("*Ge), indium (Hsln) and bismuth (**Bi) were used as internal standards. The contents of the
above six elements were determined by ICP-MS. Results The correlation coefficients of the standard curve of each
measured element were r=0.9990. The recoveries were 80.6%—-97.3 %, and RSDs were 1.1%-5.5%. Conclusion
This method is simple, rapid and accurate, which can be used for the determination of these heavy metals in
small berry.
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THEER . RGBS HE SRR SRR E
& B TR AR LRI A AR, FREMAL TR ACRIEN
MIEYIhf(As) . #5(Pb). FA(Cd). #%(Cr). K (Hg). fi(Cu)
ST 4 R BR AR UES ) Rk, TR BN X N R R 4
Ja % TR e A A ) M 4

HAp, KA E 4R o2 R ik A 4000
Bk RO . R T A ), gy
DA R R R ES BT RN, EARREIZ T
R FEHE, 0 EAI R . RS AR
3% $% R (inductively coupled plasma-mass spectrometry,
ICP-MS), HAK HBRAL, K% m . &MufEsE . £t
F R B 43 BT S5 R a0, 76 T 4 o0 ZAR D e o, P ek
CPANMI 5] /N 31 & VAL G s AN 1 NS | M 7 21
BE TORETOINAE/ NIRR P (As) . #5(Pb). #(Cd). $%(Cr).
JK(Hg) . Hil(Cu)6 FhITZE & ik [ B RSl i) Sint 11 fide- L Bk
GBI AR, IRz R, DI 3R
JINIR TR T 2 A A I W s B A AR S R

1 MR5ERE

1.1 UE5RF

PE NexION 300X HiL/EHEA55 88 TR T (G2 E 7
&R BRIV E]); CEM Mars 5 Sl {HA# X (3EE CEM A R));
Milli-Q 47K 1 £ %5 (35 [ Millipore 23 1), i858 K Fy—
FoK; WHFR . BUEUK(PEgal, 2548 A2z A BR A A,
B BB R HIRREVA (1000 pg/mL, HE
BLEigEBe); MAR: "In, *®Bi. Ge(100 pg/mL, FHZAbR
HEYI BRI L), FIEW: Li. Mg, Y. Ce. TIl. Co (C=
1 pg/L, EHE PE A+,

FERRRIE: 5 RV RS . AR . BInG . BORER
AR AN ICAE AR P8 1L 7 4 /NI SRR A i
1.2 ZWITE
12,1 HamasE

HERR AR SRy R STIRESD 0.5 g(F 1 %2 0.001 g)
Tk W R, A 6 mL i, W% 2 h, FEMA 2
mL XEUK, PEATIO TN R, TR 1, THmoEses,
BHGERE, FUBAKERIER, 0 3 W, KokRsE
K% 25 mL, [FBFHGRFIE A,

®1 WORHBIERM

Table 1 Working conditions of microwave digestion

PR I L Frimatia] Rt
W 1°c /min /min
LR 600 110 5 5
B2 1200 140 5 10
H30 1200 180 5 10

122 ICP-MS TAE4A4+

RF Jj3# 1500 W; BHIE R 18 L/min; #iBIES
i 0.8 L/min; ¥EEhZEHE 24 v/min; FUETIE] 3 s; 40
YB35 PRURIHE] 35 s i UG [ 67 2R O As 2P
“4Cd\ SZCI'\ ZOZHg\ 63CuO

2 HER55H

2.1 ICP-MS T{E&MHRIERE

ffiF Li. Mg. Y. Ce. Tl. Co (C=1 pg/L)JE& 1%
1058, RAELIANFRE R *Ge, °In, *Bi(C=1.0 mg/L)
P S BrAE 0 A0 3 A b i A 6 T P A B s 1) 7 A 1
ARk, 32 A SRHER B 2 R T T I ik
EYH"JEHTL%?’U 75AS\ ZOSPb\ 114Cd\ SZCI’\ ZOZHg\ 63CuQ
2.2 AARRVIREE R AR RO EC I

B, By, . B SR BUJLRIRAERS TR, Tl iR
Pro FICREREAE R PARE R AR 2,

2 TEMEEERARERE

Table 2 Element curve range and internal standard selection

BMICER &35 Fil/(ng/L) WARICE
fili(As) 0~100 Ge
fH(Pb) 0~100 209B§
fa(Cd) 0~100 "
#(Cr) 0~100 Ge
K (Hg) 0~100 29Bj
il (Cu) 0~1000 "Ge

23 ZMEXRARKUEIR

BEmh B B RARIE AR AR R R B
1.0, 5.0, 10.0. 20.0. 50.0. 100.0 pg/L W RINFRUEE TR, ¥
A M R B MBS 10, 50, 100, 200, 500,
1000 pg/L M RFIFRUER R, M REEYREL ] 0.9990 LA
I, SRPEEST . BT YROPATIE R S LA S R X 3
YOFATINE — 8 W B £ TCR AR IER R 25 21, 4% F I+
Frkkr R BRI 3.

o B (ne/L)= [ 35/(S-B) ] xC

K o Wiz AR 22, S b — W A T A
WG SR, C AR TTRIMERR U, B Rz
SO R
24 [EWERKIEZEELE

e BB b R 2% 1 208 BORS 5 R 17 S o IR i S, i [

12 C R RERE P ES T (As) . B5(Pb) . HA(Cd). 5%
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(Cr), R(Hg). H(Cu)iR GHrEs i, FAOTREM 2 4K
e, 26 POPATSEES, B N RIS 3T A O R 1T
Yok, TP I 0 R 0 ISR KA 3, 25 1 3%
4o JEEEH RN 80.6%~97.3%, XS AR i 22 N
1.1%~5.5%, 1 R IFRAEEE R o

&3 ICP-MSERZMEE. EIAFE. HXRK. KR
Table 3 Linear range, regression equation, correlation coefficient
and limit of detection of ICP-MS

xR S PN 4]
JLER IR g/l (B Elyry M fmglL)

As 75 0~100  Y=0.0427X+0.00025 0.9992 0.01

Pb 208 0~100  Y=0.0326X+0.00032 0.9991 0.01
Cd 114 0~100  Y=0.0221X-0.00015 0.9995 0.01
Cr 52 0~100  Y=0.0719X-0.00135 0.9994 0.01
Hg 202 0~100  Y=0.0625X+0.00185 0.9990 0.01

Cu 63 0~1000 Y=0.9641X+0.00142 0.9999 0.10

x4 HmEWRIEEESEER(N=6)

Table 4 Sample recoveries and precision test results (n=6)

g BMKE 1 SFEER RSD BAIKF 24 L RSD

/(mg/kg) /% /% /(mg/kg) /% 1%
As 0.01 83.4 25 005 889 22
Pb 0.01 82.5 42 005 864 3.6
cd 0.01 90.3 3.8 0.05 922 21
Cr 0.01 94.3 29 005 952 16
Hg 0.01 80.6 55 0.05 83.0 3.7
Cu 0.1 95.1 1.9 0.5 973 1.1

FERGE R AT LIE W, Gl AT s i el fie 52 56 150 BH A 7 1R
A R ruEss Rt E .
2.5 LFRMERINE

TE_LRGER R, X5 RN 6 M ES BN &
I TIE, BAEEREATIE 2 IR, SERILE S,

#z5 SHNERT 6 HESEMNSE(mg/ke, n=2)
Table 5 Contents of 6 heavy metals in 5 kinds of small
berries (mg/kg, N=2)

LR ME e Bt BORERREE ORI
As <001 <001  <0.01 <0.01 0.025
Pb 0032  0.013 0.054 <0.01 0.12
cd <001 <001  <0.01 <0.01 <0.01
Cr 0012  0.017 0.032 0.023 0.078
Hg <001 <001  <0.0l <0.01 <0.01
Cu 096 1.2 4.7 0.72 2.9
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