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CLAZ BN ARSI+, A &M 221000)
WE:BH ZZAERILTHA T (P) 48 (Cd) R (Hg) A7 (As) 4R (Cu)5 A FLF SO EABEF B TIHRME®,
Tk R ok AR SR AT AT AL 2R il A A K AN R ARAE (Ge) (48 (In) (B (Bi) T FH AR E AR B S An T R A 9o REBEX,
FHETARETANI5.0L/ min, B3 R4k H 0. 1010/ s, FAEREA 2 °C, A ZH 5Sml/ min, AR ZH 1.2 L/ min, HAR
4 0.8L/ min, HIMH FAH 1550 W, 58  Pb,Cd,Hg, As,Cu #9 )8 T K E 5 3 £ 1. 987 ~99. 35 ng/ mL.0. 100 ~5. 00 ng/ mL.
1.032~5.00 ng/ mL.0. 100~51. 60 ng/ mL.10. 075~ 503. 75 ng / mL 3& B A 5 0 T & A= N A7 f AL Fe AR e £ & BAF(r=0.999 7,
n=06);HEE T L HXELR G RSD 30T 10%(n = 6);-F 3% maf el & 5 5 4 94.65%, 105. 52%, 100. 88%, 109. 35%,
96.87%,RSD % %) 1 5. 17%,2. 68%,6.87%,2.06%,1.34%(n =9) 20 A H ¥ SH A ELETGAEARTAERE, L4 FH
0.0598~0.879 8 mg/ kg LEiE Ty kiR F MR AR EMH ZHES, THTRIILTHRE Y SHAELEZNEENE,
KERMILTHE A FAL; W ABEF B TR SnE
Content Determination of Five Harmful Elements in Bao’erning Granules by ICP — MS
ZHANG Lei,LI Wei,HUANG Wei,JIN Li
(Xuzhou Inspection and Testing Center ,Xuzhou, Jiangsu,China  221000)

XEHS:1006 — 4931(2024)19 — 0104 — 03

Abstract: Objective To establish an inductively coupled plasma — mass spectrometry (ICP — MS) method for the content
determination of five harmful elements [lead (Pb),cadmium (Cd) , mercury (Hg) ,arsenic (As) , and copper (Cu) ] in Bao’erning
Granules. Methods Microwave digestion was used for sample pretreatment,and the mairix effect and interference were corrected by
adding internal standards of germanium (Ge),indium (In),and bismuth (Bi) elements online. Peak jumping acquisition mode was
adopted, the plasma gas flow rate was 15.0 L / min, the peristaltic pump speed was 0.10 r / s, the atomization chamber
temperature was 2 ‘C,the flow rate of helium gas was 5 mL / min,the flow rate of auxiliary gas was 1.2 L / min,the flow rate of
carrier gas was 0.8 L / min,and the RF power was 1 550 W. Results The linear ranges of Pb,Cd,Hg,As,and Cu were 1.987 —
99.35 ng / mL,0.100 - 5.00 ng / mL,1.032 - 5.00 ng / mL,0.100 - 51.60 ng / mL,10.075 - 503.75 ng / mL (r = 0.999 7,
n = 6),respectively. The RSDs of precision and repeatability test results were all lower than 10% (n = 6). The average recoveries
of Pb,Cd,Hg,As,and Cu were 94.65%,105. 52%, 100. 88%, 109. 35%, and 96. 87%,with RSDs of 5.17%,2.68%,6.87%,2.06%,
and 1.34% (n = 9),respectively. The content of five harmful elements in twenty batches of samples was lower than the specified
limit, with a total content of 0.059 8 - 0.879 8 mg / kg. Conclusion The established method is easy, accurate, reliable, and
highly sensitive,which can be used for the content determination of five harmful elements in Bao’erning Granules.
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1.1 X8

Agilent 7900 % ICP {¥ ( 2 [E Agilent 23 &) ) ; Multi-
wave PRO B {0 11 A3 (B b R 22 R < il > A7 BR
vl s XSR205DU / AC YL K F- (% Mettler Toledo
PSEKEE T 42— ) s Milli - Q BUB 4K A FE R St
(£ [E Millipore A F] ) .

1.2 X%

Z LR R IR W (P B o 24 R e S B
#t5 4 6100014 - 201701, Pb, Cd, Hg, As, Cu Jfi & # ¥
43534 198.7,10.0,10.0,103.2,1 007. 5 pg/ mL) ; 4>
(Aw) TR PR MER W AZ Tk 64k TR & WF 5T B, it
58 GBW (E) 080175, Ji & ¥ £ 4 100 pg / mL ] 1R
WARAET 585 (Ge) VR (In) VB (BY) , F A (048 M
BT AR e S 22D21014, R R E N
10.0 g/ mL]; %l (Ce) (Hli (Co) . # (Li) . BE (Mg) .k
(Ti) JFZ (Y ) TR A b vHE V25 V0 040 VRS T o (&2 SRS RLH A
FRAF) L, R M 1.0 wg/ L) s iR (g4l , ik fe 4k
A B ) 5 2K AR AEK 5 A L Uk (VT 75 i
iV A BRTTATAN ], 1543 314 20501,220102, 220601
210806,220202,220603,210401,230203,220602,220508
220507,220506,210303,210502,230210,220505,220506,
230206,210105,220101, %5 51 -20).

2 HEEER
2.1 RKEKEH

ARSI 15. 0 L/ mins BE BN R 0. 10 ¢/ 5
FACERE 2 C; AR E 5 mL/ mins BB &
1.2 L/ min; AP :0. 8 L/ min; FHHTI3 . 1 550 W;
Bk SR AR A, SRR TR - 10 mm; 51 5 YB3 W A
UBL: 100 7K
2.2 BREHE

1 2 E Z on R IR A BV WOE &, 10% 8 R
%5 W) R BRI & Pb, Cd, Hg, As, Cu J3i 5 ¥ & 43 51 4
1.987,0.100 0,0. 100 0,1. 032,10. 075 wg/ mL RS
PR UEIY 28 W o 3 B Au BT R AR TV S 5, FH 10% 1l
TR V5 Y R AT YR M 1 g / mL Y Au BTG R AR ME
88

K 2 B BUR A AR EIY £5%0.1,0.2,0.5,1.0,2.0,
5.0 mL, 530 # 100 mL 25 &3, fin 10% fig i il 1 2= 1)
Jo e R R TR A 6T TRt V8 R (TR A1 s 43 S A A BT
RPREN 0. 4 mL) .

BUREGS (458 2)0. 5 g, R B RS, I TH X
W NS TR 5 mL, SETHR 10 min 2 100 °C,444% 5 min, )
F K700 W5 - TFE 10 min & 200 °C, {445 30 min, I)%
1400 W IH RS E 2 60 ‘CLLR , 110 CHRBE T R

BIAFEOIREHE N UL E R, 0%  IH R B 2
50 mL S, /D K R AT AR 3 I, B TR
AT, I Au PO RARUEN AWK 0. 2 mL, JI7K E
25, BIAS AL T VR o TR T A8 SR A 25 IV TR
2.3 HEFEER

LMERRFE R E I 2. 2500 RIS X B 5
VR, #2 2. 1 000 R0 A AR DN 2, DA T 3R o e
W S MR AR AR (X, ng / mL) FFI IC 2R 5 9 AR i B {19
FEAE A bR (V) AT PRI B85 2R L3R 1, R A
FICRAEA A o v FE SO N AR I T 2R 5 A s e i
E Y LA ZRPE 2R AT

F1 ZUXRERZER(n=6)

Tab.1 Results of the linear relation test (n = 6)

tE A 2P r MR (ng /mL)
Pb Bi  ¥Y=7.301x107°X+5.908x107* 0.9998 1.987~99. 35
Cd In Y=4.199x107°X+1.015x107° 0.999 8 0.100~5. 00
He Bi  Y=1.467x107°X+2.782x107° 0.9997 1.032~5.00
As Ge Y=8.196x107°X+8.678x107° 0.9997 0.100~51. 60
Cu  Ge Y=7771x1072X+5.572x10* 0.9999  10.075~503.75

FIBR (LOD)#fRE - S AR S SEEREIE 11K,
VOSSR W AL, LA H: 3 A% s o Al 22 60 1o 1) Jo o R A
FALES B9 LOD 45 3 Pb, Cd, Hg, As, Cu 1 LOD 43 % &
0. 0060,0. 0011,0. 0059,0. 0078,0. 0346 ng / mL.

K 25 B0 U Ph, Cd, He, As, Cu JBT BV 43 51y
0.019 87,0. 010 32,0. 001 00,0. 001 00,0. 100 80 g/ mL
B TR 25 %o B S I VRS i, 45 2. 1 I A SR S
M 5E 6 YK .45 % Ph, Cd, Hg, As, Cu & 8 9 RSD 43 51 4
0.57%,1.15%,1.41%,0. 47%,0. 63% (n = 6) , 7 1Y
AR R AT

M R (G5 2) 38 &, 4% 2. 2 30
AT 2 A AR VR 6 0y, #5221 0 IR A R R A
M .45 3 Ph, Cd, Hg, As, Cu 7 T i RSD 43 51
7.30%,8.77%,8.83%,2.17%,4.42% (n = 6) , W7
REEER A

TR [N < URE & (G5 2)0. 5 g KE B FRAE
AT Oy KGN 2. 2 T IR A bR HEIT 2 25, 50,
100 L, 4% 33, #% 2. 2 0 J7 vk il & (4l 5 VA o, 4%
2. 1IN RIS A UERE I 2 , 1138 RLSCR 25 2 Ph, Cd,
Hg, As, Cu 19 °F 2 &£ [0 i 22 55 51 o4 94. 65%,
105. 52%, 100. 88%, 109.35%, 96.87%, RSD 43 % N
5.17%,2. 68%,6.87%,2.06%,1.34% (n=9) , FH )7
RAERR R R AT
2.4 HERSENE

B 20 HERE S (5 1 = 20) 362, 2300 F ik bl 4
HE S AR, F2 2. 1 300 R A A A e, TR S Fb
HELEN TR SR 2,
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FR2 20HFERPSHAELREENEL R (mg/ kg)
Tab.2 Results of the content determination of five harmful

elements in 20 batches of samples (mg / kg)

%5 Ph cd As Cu Hg At
1 0.0708 0.0010 0.0923 0.7150 0.0007 0.8798
2 0.0908 0.0012 0.0812 0.1931 0.0010 0.3673
3 0.0596 0.0012 0.0847 0.1227 0.0004 0.2686
4 0.06090 0.0008 0.0887 0.7095 0.0002 0.8682
5 0.0471 0.0003 0.0536 - - 0.1010
6 0.0692 - - - - 0.069 2
7 0.1647 - - - - 0.1647
8 0.0993 0.0002 0.0199 0.1563 - 0.2757
9 0.0517 0.000 4 - 0.007 7 - 0.059 8
10 0.0920 0.0003 - 0.0116 - 0.1039
11 0.1014 - - - - 0.101 4
12 0.0838 0.0003 - 0.1288 - 0.2129
13 0.0852 0.0007 0.0045 0.0657 - 0.1561
14 0.1652 0.0003 - 0.067 8 - 0.2333
15 0.097 5 - - 0.002 3 - 0.099 8
16 0.0967 0.0002 - 0.0113 - 0.108 2
17 0.0946 0.0002 - 0. 008 4 - 0.1032
18 0.1023 0.000 1 - 0.001 1 - 0.1035
19 0.0860 0.0007 - 0.069 0 - 0.1557
20 0.0705 0.0010 0.0919 0.7121 0.0007 0.8762
oo kA
Note: — refers to not detected.
3 itig

W2 4 R KA TG R AR B T R I 24 T R
OSARAEERE , B 2y b 4 R O T R R AR
PEAG AR R L A A SR, hlZy b 4R
NG FICE IR R — 8, TR B A5
BT 590  3 B 7) A IXUBG e K, AL e 8590 L R 390 L R 4
B4 DX, A v, o AL R R AR p R A B R E TR I
B B XU, G HE 2 IR il 77 H He, Pb, As 19 5% B8 XL
Bl =110 2020 4F R 2 3 (—35) ) AU AR L T 5
BEAL Ty e 2R RN R R A O T R T IR
RV Ry AL M E AR M E TR
HEAT R BE R, X DA i i 70 Bt o ICP - MSHEART 2
FH T AS ] 500 280wl 25 10 1 42 T8 DA 35 Sl e R I G
DL =151 AHIEF v SR FH A 3 A 1 60 B S 2R 4T i Ak
B, T Hg 02 Wb A5G, As JC R NS, 7= A il 87 2%
106D e R UL BE VE B 110 °C o R RE TS Gy, Ol
YRR SR, (T 20% SR A R 1 1

FR A5 2020 4F R € r [ 24 L (U0 ) ) il ) 38 U) 2 R
RS T 4R M A FEITE Pb, Cd, Hg, As, Cu
5% R o, 4% R H e R R 4 o 12,326,
150 gt oA SY Hdie 20 £33 5 /7 1 R e 2 5 AR 8T

106

BT R PE AR LT 0B B4 H B IR R 18 g, TR

HPb,Cd,Hg, As, Cu YRR 43 510 13. 33, 3. 33,2. 22,

6.67,166. 67 mg/ kg A B 58 25 S 7w, 20 L FE 5

Pb,Cd,Hg, As, Cu i & S B AR TRRBE , 4/ R L7

RJCA T IC R 5k B XU
25 LI , A SR i I s A R TR 2 SR

Bt R AU, P TR SR FE TR A S I .
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