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HE B 20 ERR FHAEHH P2 (Pb) 4 (Cd) 4 (Cr) 4A(Cu) A (As) R (Hg6 A EABTELSTH L EABEFE T
R iE %k TR M S 200 UG, Cu & Cr vA4cAE W47, Hg & Pb vA4AE M AR, As VASEYE N 4%, Cd ABAE NAR B8R Pb,Cd,
Cr,Cu,As,Hg T Z R E >4 0 ~80.0,0~8.0,0~35.0,40. 0 ~800.0,0 ~16.0,0 ~18. 0 ng/mL JE B A 5B BAZ FTAL M £ & BIF,
r KT 0.995, %M [R5 %] 4 0.032,0.005,0.016,0.051,0. 003,0. 020 mg/kg; =K % 4 81. 62% ~101.59% , RSD 3 F 3% (n=6) .
G EAERERE, oM RER, EHES, TATELAM T 6 HELELETHEZTMNE,

KA A LM BRBOFBETHRAE L, T2ELE;EZTNE

i E 435 :R932; R284. 1; R286. 0 X ERFRIRAD A X EHS:1006 —4931(2019)04 - 0025 - 04
Simultaneous Determination of Six Heavy Metal Elements of Zingiber Officinale by

Microwave Digestion — ICP - MS
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Abstract: Objective

Hg) of Zingiber officinale in different localities. Methods The samples were digested by microwave digestion,Cu and Cr with Sc as an
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To establish an ICP —MS method for simultaneous determination of six heavy metal elements(Pb, Cd, Cr, Cu, As,

internal standard, Hg and Pb with Bi as an internal standard, As with Ge as an internal standard, Cd with In as an internal
The mass concentrations of Pb,Cd,Cr,Cu,As and Hg in the ranges of 0 -80.0,0-8.0,0-35.0,40.0 -800.0,
0-16.0,0-18.0 ng/mL had good linear relationships with the signal values of the instrument(r > 0.995),the detection limits were
0.032,0. 005,0.016,0.051,0.003 and 0.020 mg/kg,respectively,the recovery rates were 81.62% —101.59% and RSDs < 3% (n=6).

Conclusion The method is simple,rapid and accurate,which can be used for the content determination of six heavy metal elements in

standard. Results

Zingiber officinale.
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4 A I O 12 A S RO G R M R T PO
TR R A B T R R S (ICP - OES)IE!™! |
HLIBHE & S5 PR (ICP - MS)IE! 1% i TR
MRS T R T G G 1 R ARSI I [ (45 SR AR,
€, HASRE[R] I 5 2 Fh oo 3%, St 2 e ] o 1CP 3%
PR HA e v 2 SR RS BR , L AT (] IR B s ) o 22 o
TR IEE AL 2 MR BB ITR S T E T

I U  AHIFGE o 52 2015 A R o 2 8 (U R) )
4 JE KA 1 O VRITRE D& SCRR S A ST T DU E AN TR 7 12
A2 pi v 6 P 4@ LR &R ICP - MS 75,
STV HOTT G PR 22  RGE N T .
1 E5IRG

X %5 - NEXION 300x % ICP - MS ¥ (£ [H PE 2%
A]) s WX — 8000 ZUfL e 14 A (¥ 0z SEANA B & e
A BR A R I R (3 KR Labtech 28 #] ) ;
BSA124S — CW B e 743 M K- (2 [F Sartorius 24 7)) .

2y A5 (Ph) i (Cd) V8% (Cr) i (Cu) Jif (As) £
TCEARMEA W (HEEH GNM - M251678 - 2014, it 2 ik
JE¥I 1000 pg/mL), PR W 8 (Bi) L 45 (Ge) | T
(Se) . % (Rh) 48 (In) 42 (Y) st Zhp i iE W (AL 5N
GSB 04 — 1719 - 2004, it ¥ £ 114 1 000 pg/mL) , ¥
W B E A 4 R B H T AR Bl i s ; ok (Hg)
FOTEARME M (L5 GBWE 081593 — 1702, Jii £tk
FEN 1000 peg/mL), W A H E G BA0F 5T B ShRg
L (KED) JH38 % W B 2£ [ PerkinElmer 2 W ; Al 8 A 41
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ZyRE 12 HEAE LRI T AN TR 7 (2R R A
FOLIE AN R 2 (W3R 1), BT A 2544
22 R e % SCRE R AT 245 48 5 O I i o (o0 T i 7
F 60 CHET SR JE M A LR K

HEE I 0 SRR G S5 (H . LA Pb, Cd, Cr, Cu, As,
Hg A SE (V) AR B (X, ng/mL)
Sy AR bR R TR B (8109 7 R RN R A Y B W3R 3,

A3 WEGAE KGR AR R KL R
rE 2754 £ B (ng/ml) r #) i (mg /kg)
Ph ¥=0.0057X+0.007 2 0~80.0 0.999 4 0.032
Cd Y=0.0608X+0.0114 0~8.0 0.999 0 0. 005
Cr Y=0.0180X+0.0187 0~35.0 0.998 0 0.016
Cu Y=0.0968X-0.0005 40.0~800.0 0.999 8 0.051
As Y=0.0118X+0.0079 0~16.0 0.9993 0.003
Hg Y=0.0065X+0.0072 0~18.0 0.9975 0.020

F 1 AZBMHERERR
%5 PR %5 o %5 3
1 B FE 5 i R A 9 TR
2 3P & 6 FiEHT 10 LARER
3 THH L 7 )l Fob 11 JREE
4 SIF gl 8 FH Il 12 LR
2 HEEER

2.1 ICP -MS &1
RF BHITIEE 1. 2 kWS AR R E1AAH 18 L/min,
BN 1.2 L/min, Z46 SR 0. 85 L/ min; R
JE77:0. 6 MPa; Jk e . 850 VA& e it ] . 38 s, 4E
R 16 s; WIERIEL: KED R f =, 45l R A= e
o G R R <3 s, EEARNAE 3 Uk A2 A e H A [
fi Z& “Cu 1 2Cr LA “Se iy N5, **Hg 1 **Pb L) **Bi
HNFR,PAs LA Ge HINFR;Cd BL " In S NAR .
2.2 BERAE

43 BIAS B B Ph, Cd, Cr, Cu, As £ TG Z AR ME K
F1 He B ICZR bR VS WS &, K A% B s A 1 mL 43 5]
% Pb,Cd, Cr,Cu,As,Hg ¥ 1 pg MRS ARHER 25 75
TR BOE &, IK R BELAE 1 mL H 0515 Pb S,
20,40,60,80 ng,Cd 1,2,4,6,8 ng,Cr5,10,15,25,35 ng,
Cu 0.04,0.20,0.40,0.60,0.80 pg,As 1.0,2.0,4.0,
8.0,16.0 ng,Hg 2,6,10,14,18 ng [ R I FRAER I K
WA Se, Bi, Ge, In [ BRI TR 2, 07K s B i ¢
1 mL 435 % Se,Bi, Ge,In ¥4 0. 1 wg A9 N BRI FR
WM FES (G5 DB AR Gt 4 50§)0.5 g, BB
TR EE R, AR AR 10 mL, IR AT, IR WS %, B
FEAS T A Rl T A R I L2 2) TN AR 58 I, 5 T
MEEFERAMAA E, T 120 C THEMBRMRELR
1 ~2 mL I, FH7K D Z2 IR GRS 7% 28 25 mL 3
VUSR5 i rh , inzkoE 25, BIAS At 3t VA T o [0 2 il

LI PRI A < B2 1 X6 BRI, 4 2. 1 T A2
M 11 e A WA TR EIR 22 , LA 3 A5
Pl 26 6T 17 14 5 G 2R Jo et R EE A S il PR o 45 2R L3k 3.
G %5 B TR A, 4 B 2.2 TR AIG
o TR VR Y R AN AR MEVS W, 4% 2. 1 TR ICP - MS
SRR E 6 IR, IESRANERE T A R L3 4,
R4 WHEHEBEMAE LR ER

AHEEW RSD(% ,n=6) #HEHKBeY TAKRKE(n=6)

S R E PRE EWE RSD(%,n=8) 4% (mg/kg) RSD(%)
Pb 2.8 1.6 1.58 2.51 0.2178 0.28
¢ 315 262 1.06 2.36 0.1268 0.58
Cr 205 L73 L8 3.08 0.865 8 0. 62
Cu 017 122 1.08 1.52 0.9516 0.65
As 2,72 101 171 3.12 0.1338 0.89
Hg 0.92 1.43  0.86 2.25 0.5162 1.22

s FN RV
F 2 BORH AR
tREEE HE RBE fRiFeE &R BE
& B , U )
(min) (w) () (min) (W) ()
1 5 1300 130 3 5 1500 180
2 3 1500 180 4 5 1300 130

2.3 FEHER

RPER R B I I 2.2 T F R SR HEF A58 1,
Fie 2.1 UK ICP - MS S5 A7 2 , [FI B AR E 45
A 2.2 TR NARE W AR UK SEFE I A RIS
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e Mlnd B 2. 2 MRS (G5 DI BGE
L% 2. 1R ICP - MS 454, 4050 2 0 FCE 1,2,
4,8,12,16,20,24 h BFHEREINAE 10 S ARG 5 1H . 45
ULER 4 0] UL, A RV VR R 24 h NEARRRUE o

R MR RS (58 1)K
(i 4 S0, B0 0.5 g, 36 6 iy, 4% 2.2 Wi T Jy kil 4
MR IR, 3 2.1 TR ICP - MS S5 EREIN A2 |, 30 5%
G I A R R 4

TIRE [T ISR G - BREL 0 A s 2 A R (5 DR
(i 4 50 )iE & PR, B0y 0. 25 ¢, 4L 6 1y, 4391l
TR B E N 100 pg /L TR A bR vEIE 45 T, M ik
il & bl AR, 32 2. 1 BT 1CP - MS A5 aERE 2
VCSRAEHE S I AL 3 A5 SR L3R 5,

2.4 HREENE

IBURE S 38 RSB RRE , B 0.5 g, I 2 17 4KTR
il 25 AR Sl VA TRORN 25 1 X BB A, #2 2. 1 TR ICP - MS
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EIFTHR S AR IR 6.
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A5 6 TEMmBFEKRIELER(n=6)

k6 HHHRToHELEAESEMNLLR(ng/ kg, n=2)

ik #ahEhg) Aglng) WEEg) =kE(%) X(%) RSD(%) %5 Pb Cd Cr Cu As Hg

Ph 547114 100 143.6224  88.91 I 0.2178 0.1268 0.8658 0.9516 0.5162 0.1338
54.4718 100 1421258 87.65 2 0.0186 0.0879 1.0216 2.9512 1.0655 0.1726
54. 6460 100 139.6589 8.0l 30,0231 0.3237 0.9521 2.0417 0.8934 0.0665
55.2341 100 1410263 85.79 4 0.0158 0.0066 0.7639 0.8331 - -
3547317 100 140.8621  85.39 5 10019 0.0125 0.8217 1.5162 0.4644 0.0562
55.0598 100 138.9602  83.90 6 0.6852 0.1056 0.5216 1.4166 -  0.0721

G 318522 100 120.5862  88.73 7 10156 0.3013 2.9368 0.9028 0.9087 0.1098
L7127 100 116.3258 ~ 84.61 §  0.0123 0.0168 0.5629 0.8685 - -
318141 100 183164 86.50gr b0 175 9 2.0517 0.0227 3.1056 5.7066 1.0016 0.1023
321365 100 119.0126  86.86 10 0.0328 0.0128 0.2068 0.8314 - -
32.2960 1007 10,2159 8792 11 09521 0.0821 1.7562 3.2152 -  0.0256
32.0550 100 1175637  85.51

o a0 o wsses oo 12 12606 0.2683 2.0015 1.0526 1.0253 0.2135
e AR AE W0 e M T BB R
05669 100 w0L1ss7  sLe o 3T U P ICP - MS Z AT T Ak, DUBE A 25 2
220.5193 100 307.4935  86.97 -0 i 1 o 7 W N =2 S N S VAR & A D=
218.8742 100 305.6621  86.79 AHT | FEL A AR I B RN R Ge, In, Bi S5 G ERAE R

Cu  239.0419 100 338.0126  98.97 W FRVE o ICP — MS [R] Bl a2 20 R % & BA B KRk
231.9952 100 339.5894 10159 P — R E 2S8R WD R U, 4 U
BRI M00 IS 3 gy 5y s WAL BCAIRSS EEFH ICP - MS BERIRHIN A %07 ik
e AHRMERTIE ST R BRI B 40
240,564 5 00 3005 9943 A, 12 #EEGHFE S 25 TR S 50k - Ph,

As 129,669 4 100 010548 91.39 0.015 8~2.051 7 mg/kg;Cd,0. 006 6 ~0.323 7 mg/kg;
01006 100 %66 918 Cr,0. 206 8 ~3. 105 6 mg/kg; Cu,0. 831 4 ~5. 706 6 mg/kg;
129.514 6 100 2188975 8938 o, As, KKt ~ 1. 065 5 mg/kg; Hg, KK i ~0. 213 5 mg/kg,
130. 908 3 100 2213659 90.46 2015 AF R R 24 i (DU ) YR B B A ARAE MRS T4
1314761 100 2237812 92.31 S E AR TR ER , BARRLE - Pb<5 mg/ke,
130.495 4 100 2250921 94.60 As<2 mg/kg,Cd=<0.3 mg/kg,Hg=<0.2 mg/kg,Cu<

Hy  33.6106 100 127.2152 93.60 20 me/ke, Cre2 me/ kg, (LA A 25 b 4 R HEF
S Bl AR B ik MU I 12 4L 2
10317 00 el owos B b TR R o™ Cd & A &, U SR I T8 U7~ Cr
34.078 9 100 128.062 9 93.98 by, TLIR AR M = Hg S e, TREJE T S ) KRR
33.8246 100 1261256 92.30 PRI ot A A T S5 305 e 5 RS 1), LA 7™ 2 4 71

43 9 % Fl HNOs, HNO; - H,O,HF(8 : 1 : 1, V/V/ V),
HNO; - HCI(9 = 1, V/ V) SR R T 1 i 25 0 8 L 25
B, 3 PR A AT K 24 B4 R S i o6 4, HLTH W
T JCER A, 25 R B AR R R ek 2 W I T Pl
£, HC1 H %) CL-7E ICP - MS & 425 Art B
ArCL T8 As B, H HF WS H AR, R &
XA A v B 25 Ak 3 38 3 B R A A — o 1 Tl A
FH 52 W I 5 25 5 i e M BOR B HINOs AR b 25 1 4
il R AR R o T TN 4 8 oo R OMIR W T, (R Utk
I P A S R S0 ORI, AT 20%

4R O e E Y, A e s E R
RELRE , DRI b 8 A 22 24 0 A FH 245 B 448 T 2 4 i 1 e Y
H, DR UEL RO 254 42
g5 LTI, AHIE ST o ST ) ICP - MS 345 R e
AR, AT B, v B =, v AN ] e A 22
Ziptrh 6 FhE 4B TR M I
5% 30k
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