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(BEAERGERERRAR IR, BRE BM 350012)
WE: BN 2B EFRFSHLESTOERAEETHTHRMECP - MS) ik FiE A A RN BT St AT TR A2
FHTFTHRIRAFEA 1550 W, RAREH 8. 0mm, 5 &-FAARKEHN 15 L/ min, FARAEH 1.0 L/ min, B A RE A 0.9 L/ min,
SRR A 0. 1 r/s R BB AR ALERZREZSHE 4~100 ng/ mL.0.2~5ng/ mL.2~50ng/ mL.0.2~5ng/ mL,
20~500 ng/ mL S&. B W 5 ALK v AL LM X R BAF(R2>0.999 5,n=6) ;45 % B . & BRI 4R a5 RSD 30T 4. 0%;-F ¥ it
B FE 551 91.97%,104. 12%,107. 05%,92. 74%,103. 46% ,RSD 3/ F 4. 0% (n = 6) .4 F A F &k 34 Atk S HTE S E 55
4 0.21~2.64,0.03~0.16,0.20~12.14,0.00~ 1. 14,2.33~6.21 mg/ kg ¥ # T8 FRE (5 31 4 1.6,1.0,3.8,0.7,625 mg/ kg),
EHOMMHR(FA2 RET L) AERFILE, REKFEH 5.88% i P swy iy 4p/Em o beak ZA S REH,ERNT
B LEFH P SAHTLEGETMNE,

KBV R LFAMEAL; WAL ST RAE L SR

Determination of Five Elements in Mingmu Shangqing Tablets by ICP — MS
CHI Wenjie
(Fujian Institute for Food and Drug Control,Fuzhou,Fujian,China 350012)

XEHS 1006 — 4931(2024)16 — 0089 — 04

Abstract: Objective
contents of five elements in Mingmu Shangqing Tablets. Methods

To establish an inductively coupled plasma — mass spectrometry (ICP — MS) method for determining the
The samples were pretreated by a microwave digestion
instrument. The plasma radio frequency power was 1 550 W,the sampling depth was 8.0 mm,the plasma gas flow rate was 15 L / min,
the atomization gas flow rate was 1.0 L / min,the auxiliary gas flow rate was 0.9 L / min,and the peristaltic pump speed was
0.1 r / s. Results
100 ng / mL,0.2 = 5 ng / mL,2 = 50 ng / mL,0.2 = 5 ng / mL,20 — 500 ng / mL (R*> 0.999 5,n = 6) respectively. The
RSDs of precision and repeatability tests were lower than 4.0%. The average recovery rates of the above five elements were
91.97%,104.12%, 107. 05%, 92. 74%, 103. 46% respectively, with RSDs lower than 4.0% (n = 6). Pb, Cd, As, Hg and Cu were
detected in 34 batches of samples from four manufacturing enterprises, with concentrations of 0.21 - 2.64,0.03 - 0.16,0.20 -
12.14,0.00 — 1.14,2.33 - 6.21 mg / kg respectively. According to the proposed limits (1.6,1.0,3.8,0.7,625 mg / kg) , the

element contents of two batches of samples (involving two manufacturing enterprises) were over the limit, with a disqualification

The linear ranges of lead (Pb),cadmium (Cd), arsenic (As), mercury (Hg) and copper (Cu) were 4 -

rate of 5.88%. Conclusion The established method is simple,fast, sensitive and accurate,which is suitable for the determination of
the five elements in Mingmu Shangqing Tablets.

Key words:Mingmu Shangqing Tablets;trace element;inductively coupled plasma — mass spectrometry ;content determination
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B E3 R4 (Ph) R (Cd) Vi (As) LK (Hg) (4 (Cu)
O R A B AT (ICP — MS) ¥, [Rl i XL
B DAL A B - 5 I Oy i B E A R o FE TR AT TR
B PEAL , FEAT Tzl b Lk S MoT R sk R IR, LA
BRI 2 R PRS2 BIGE IR .

1 5%

1.1 X8

Agilent 7700 %Y H JEHE A 55 B 1 5T 3 (36 B
Agilent A 7] ) ; CEM Mars 5 express % f3{0)% 1 g4 (3 [#
Analyx 2] ) s Milli Q 1Q — 7000 #8457k AL (3% [ Millipore
s W)) 5 XS204 B 43 B K F- (Fii -1 Mettler Toledo 2
AL N0, 1 mg) o
1.2 R#%

B H L R RES (42 7= ik 34 4tk vk, 4k A
9, w5 S1 — S9; 4k B 2241t , 4 5 S10 - S31;5 40k C
24, 45 S32 - S33; 4k D 14, 4w 5 S34) , B E K
24 i W B I FE S o Ph . Cu  As Hg  Cd BT E AR TR
(#5435 GBWO08619 — 18103, GBW08615 — 16104,
GBWO08611 — 18083, GBW08617 — 20021, GBW08612 —
18071, i it B 2414 1 000 pg / mL) , 42 (Au) FLITER b
HEVE T (H1L5 9 GBW08650 — 1806, 51 100 wg/ g) , 3
W T o E R RSB TR A N AR TR [ S R (LD |
BL(#Se) 45 (7Ge) JEE('Rh) (#0 (15In) &l (159Th) L
("SLu) L&k (29Bi) , T & Wk BE Y 8 100 mg/ L, iS4
5188 — 6525, 3[E Agilent /A H] |l LS, K RELIK
2 HAEEER
2.1 g E

LB TR ST I B0 1 550 W5 25 B TSR U K
15 L/ min; ALK H 3 . 1.0 L/ min; 5 BY <000 % .
0.9 L/ min; BEsh 3 . 0. 1 v/ s; RAEEEE 8.0 mm,
RFER 3, A 3G FE L 2 °Ci RN IE
ﬁ%‘%%‘;f‘ OZOSPb *ﬂZOZHg l/‘/{ 209Bi ﬁ‘j lj;]i:ﬂf\- R lllcd Ly\ 115In
FNAR, 5 As FG3Cu LL 2Ge N N FR o
2.2 BREHE

TR A PR UE T K % B HUPD . Cd  As \Hg .Cu [ 3T
RIRE AT B, T 5% TR TR 7 Y00 R T8 13 o VAR 8 43
B292,0.1,1,0. 1,10 weg / mL BYIR G ICEFRIEN 45U
%5 1 B Au 0T 28 bR RV WA 5, FH 5% i T 4 8
JRER R EE R 1 we / mL B BAIC R R EI & W R % i
IR A TR A B T 5% RS RE A BRI & P 4, 10, 20,
40,80, 100 ng/ mL, As 2,5, 10,20, 40,50 ng/ mL, Cd.
Hg 0.2,0.5,1,2,4,5 ng/ mL,Cu 20,50,100,200,400,
500 ng/ mL,Au 10 ng / mL 1) 5 B TR A AREA T

PNPRIA TR < G 5 HIUR & AR I WG 1, I 5% G IR
VR B 45 N AR JC R 244 200 ng / mL A N AR -
TR E i AR P, T i s AR e R AR
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A VAT BORE I B, B 0 BIFA B 0. 5 g,
K EFRE , B R VUG 2 T A RE ISR 7 mL, 1R,
U AR A, O T R A R R AR Y (LR 1) 7
fift I RoE R RN B EIR, BON R B R AS
110 CMA B L RR ARSI RIS £ 2 ~ 3 mL, HK
PR ZUOFHERS Z 50 mL &= =P A A Au 0T
EHMEEWR 0. 5 mL, B2, 7550, BliS .

®1 HOENmER

Tab.1 Microwave digestion program

FH OAE(W) REBBECC) LEBECC) ARBE(min) ARHHE (min)

I 1600 2 120 5 5
21600 120 160 5 5
31600 160 185 10 2
23 PR ANHORE Ay [R) HAK A P8 TR 45 570
FRRE 25 R

2.3 HEFER
MR N 2. 23R FR A e vk TR AR
VAW L 5 2. 1 00T I8 A5 P HERE I SE |, 3T s A Pl
AR o AR I ST 2R B SRR BE (X, ng / mL) g A AR (A
el AR (Y ) N BREATERAE [0 25 R L3 2.
x2 LUEXRRNRKEEEMRERER(n=06)
Tab.2 Results of the linear relation test,limit of detection and

limit of quantitation investigation (n = 6)

SEEE  BMR RER

FnltE
FNiE (ng/mL) (mg/kg) (mg/ke)

|5 # R

Ph V,=3.86x107°K, +1.91x107* 0.999  4~100  0.06 0.2
Cd 7,=7.60x107°X,+1.26x10*  0.997 0.2~5 0.003 0.01
As V,=2.20x1072K,+3.32x 107 0.998  2~50 0. 005 0.017

Hg V,=2.27x1072K,45.92x107  0.996 0.2~5 0.002 0.007

Cu Vo=2.51x107" X, +4.66x 107 0.998  20~500  0.03 0.1

R B 5 5 e BR % 2 B 2. 2 101 25 IR TRGE 12
F 2. 10U RS A RE DN 2 110K, 20 S ATl e 3R
ASCRA i 37 L 1 3 A5 T 1O A5 o 18 i 22 JT 6T 1 A A 0 oG 3%
ot SR ARG N IR T 5 R BR o SR L 2

K2 B2 2. 2 00 R IR A o0 E AR E I & W
L 20 IR IR A R S AR I E 6 1K, 1 SR ALY
Wi o7 o £5 5 Pb .Cd  As \Hg , Cu ASL#S R 3 {E A RSD 53 5]
H1.24%,2.57%,1.42%,2.81%,1.49% (n = 6) , & W
A R4

T M - HURE A (S30) il i, RS B PR , 6 2. 2 T
T S, AT 6 0y, 45 2. 13T IR A A
HEREISE , 0 SR A I A, JF S T R
45 Ph.Cd. As ., Hg. Cu i3 & 543 5 0. 24,
0.029,0.20,0.004,4. 79 mg / kg, {250 W {5 1 RSD 53
WK 2. 66%,2.95%,3.05%, 3. 54%, 1. 54% (n = 6) , %
W E R AT
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Tt [l A« B 60 5 e B B A (S30) 6 173, B4y
0.5 g, Ki % FRE , B R VUFR 205 TH R FE P, 20 SRS % hn
A Pb .Cd.As Hg. Cu i ¥ E /5~ 2.0.1.1.0.1,
10 pg / mL B PAIC R AR UEVR 1. 0 mL, % 2. 20 ik
il £ BB SRR, 12 2. 1 T ARG S A g RE D 52, IR T
SRR ISR  ZE R ZR 3,
x£3 MEEKRELER(n=6)

Tab.3 Results of the recovery test (n = 6)

el Dk E (%) X RSD
rE 1 2 3 4 5 6 (%) (%)

Pb 9227 92,26  89.40 90.21 94.34 93.35 91.97 2.03
Cd  98.38 106.93 102.95 106.58 103.78 106.12 104.12 3.11
As  110.17 108.87 109.78 105.16 105.36 102.95 107.05 2.76
Hg 9319 9170 92.89 91.42 90.89 96.32 92.74 2.12
Cu  102.36 102.44 103.26 104.82 100.94 106.95 103.46 2.06

2.4 HmAENE

HOa At ol i, G AR BR A4 BIF A, 0. 5 g,
R PRAE , 1 2. 2 30N J7 A A (s o 0, 42 2. 1 900
RS SR AR HERE DN SE , 10 S A AR R A I T 2
R4,

R4 HBCBNTLER(mg/kg,n=3)
Tab.4 Results of content determination of five elements in samples
(mg / kg,n = 3)

%% Pb Cd As Hg Cu|%% Pb CI As Hg Cu
SI 134 0.11 0.35 0.01 5.68| S18 0.38 0.04 0.33 0.01 3.45
S2 1,25 0.08 0.38 0.01 5.14) S19 0.31 0.09 0.35 0.00 3.96
S30.98 0.10 0.45 0.01 4.83)S20 0.28 0.12 0.28 0.01 3.54
S4 1,27 0.09 0.42 0.01 4.65)S21 0.22 0.08 0.39 0.00 2.61
S5 L.17 0.12 0.56 0.00 5.58) 822 0.24 0.07 0.22 0.01 2.73
S6 118 0.10 0.53 0.01 4.86| 823 0.33 0.04 0.27 0.02 3.58
ST 1.28 0.15 0.59 0.01 5.27| 824 0.38 0.08 0.29 0.01 3.67
S8 0.96 0.16 0.46 0.00 6.21] 825 0.28 0.06 0.23 0.01 4.21
9 0.76 0.09 0.55 0.01 4.64| S26 0.24 0.06 0.28 0.01 3.49
SI0 2.64 0.06 0.25 0.01 2.86| S27 0.27 0.08 0.33 0.02 2.64
SIT 1,02 0.05 0.21 0.01 2.98| S28 0.29 0.03 0.27 0.00 2.84
SI120.38 0.08 0.36 0.01 3.21)S29 0.32 0.05 0.34 0.01 3.12
S130.45 0.10 0.28 0.01 2.85| 830 0.24 0.03 0.20 0.00 4.79
S140.27 0.04 0.38 0.00 2.33| 831 0.31 0.06 0.24 0.01 3.28
SIS 0.28 0.05 0.42 0.01 2.48) 832 0.21 0.04 0.24 0.02 2.33
S160.23 0.08 0.29 0.01 2.69| 833 0.53 0.04 0.17 0.04 3.25
S17 0.32 0.07 0.40 0.01 3.10| S34 0.25 0.05 12.14 1.14 3.48

2.5 XU

FE i S B I 25 5 B, A R AR i Pb, As, He )
SR T BB, A LIRS (S34) As & B ik
12. 14 mg / kg, A W ELHE AT KBS PEAY o B Ae BT fa 350
AN fE TR A, A R BN T AR E S ST
BB AN R AR BRE AL, X AS R RLR R M R A7

P B A AR O R R - SO G R B g R

BRI I R T A AR AR K I
HAEK DI R, & H 8 A & 808 5 38 A =
NG, TH B AR ZH 20 (WHO ) A B LA S it 52 35 A
(PTWI) 5% &5 J # A & (PTMD /L % 4 0 2448 A &
(ADD) X FA B i T 48 Mo E o &R (ufhicd.
Hg.Cu) ) ADI, £ 2% WHO Bt & FEAR & LRl 4
21 BN G T R 0255 B PR AUS ALY 558
P TPA 2 5 B BSCHR o % v oA At o7 ik i R {4
HRE 48 M A %R (35 Pb . As) , i 15 F FH Sk ¢
Rk R IRAS 9 TC AT WA FAE K- (NOAEL) 5556 i
i T BR (BMDL) %58 2 24 75 i S 850, AR P L KU T
Al S A5 P T R B AT R FR B SRR (R AL
W& TR IMERTR % — A N Tk Em
ADI, Pb. Cd. As. Hg. Cu H-{& 43 5 2y 1.3.0.833. 3,
0.571.500 g / kgo % LA 28203 H H f R BR 2 LS
(L) L=(AxW)/(Mx10),

Horp LN KRR R S (mg / kg) ;A A H 2
VR (mg / kg) s WA ARSI T (kg) , 3% 60 kg
MW H B R H R &, 4.8 x 1072 kg; 10
KU 2280 3445 1 P .Cd  As \Hg . Cu (48117 FR 443 1)
H1.6.1.0.3.8.0.7.625 mg / kg, 4 b XF 34 HEAE 5 #E
1T B VAL o 25 A 2 A S A AE AR B2, R G A 5
H5. 88% , 5 Ko 2 ZAE FEAL (4l B FIAAL D), He o
LHERE S (k. D) As Fil Hg BB ARE ™ 5,

3 iTig

AT X 4 FZA A AL 34 HE B B FE FRE &
AT T E &R XA F IR R A, I e 45 5%
HEAT T KBS PEA o 45 S 2 B % ) 19 1 4 s S & ot
RAFAE— B WA KU, R4 FF 5 5 BE A i AR R A
B B 22 #HEEEM A 1HE(S10)PhiE LT RR &, Ut
Z I R A IS, AT e F A Rl EORH 9 i 2
MR A ARG 5350, K A 4l DAY 1HERE & As F11
Hg B T R, 4 ) A s, R BB 10 3435, A nl BE S
T ALl A Pt A B BT 2540 T W 2T AT
JRH R JE S S E AR A E TR AR5 Y a R

ZE LT A g vt Sr T A B L35 AP Ph
Cd.As . Hg.Cu 5 R JCE M ICP - MS ¥, 1% 07 B #RAE 1]
PR R S RMER, v i — 2P e B B R
) Jo e Ao B A DG B AU DA B IR S 2
S 3k
M ERHLERS . PHEARERE S R(—F)[M]. FT:

@ E 35 A4 R Ak, 2020: 1134 - 1135.

[2] #4842, )Pk % . HPLC R el 2 & B LiF A PHRF
kA HEF LR EHRGS T[] BRRERS
FI( A ARAFMR),2016,37(1):13 - 17.
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