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BE: B 25 Foabn g £ 4 3 P47 (K) .45 (Ca) 4 (Na) (8 (Mg) 48 (AL (58 (Zn) 2k (Fe) (4 (Mn) (A5 (Se) 48 (Cd) 45 (Pb) .
48 (Cu) #(B) 45 (Cr) . Azm(Ba) & (Hg) .48 (Mo) .45 (Co) AP (As) 19 # RALTF 4 F 09w BAZ S B T (ICP - MS) ik, # 2 1
MAESFAFIEGN T T EFoMN T E TR RAREEBESHERRATTLE, 5 FRIALAEN 17TL/ min, RLAETH
LSL/min, RAREA 11 mm, FALERE A 3.0 C, M ZHEX A IFR)EEAKED) X, 4L A ZH 6.5 mL/ min, 34+ 26
BYIR) A 45 s, 35S R i A 60 r/ min, AAT(PSe) AR (In) (L (COBi) A W AR, 5 AL E AR B, 5F RN 2 R4 947 (PCA) A IE
AR =R FEFI R 547 (OPLS - DA) M A BFEA X ER 19 AMAEEE AR TRETE AL FNTER AFFLE A RA
A LAE KA K Z BT (r=0.999 0) ;4 & B .2 M ALK IE 2 R 69 RSD ¥/ T 4% (n = 6) s AR el & % 80. 69% ~ 99. 85%,
RSD 5 0.92% ~4.03%(n=6) .20 #tAf & ¥, £ &4 B L% Ca,Na,Mg,K( >45mg/kg) , 5T E 454 %494 Fe,Zn,Al,Ba,B,
Mo, &4 & %A £ 1% Pb,As,Cd,Cu ¥ x4 4%,Co f= Hg EH R AT E SRR SRR, P Ca,Zn,Fe,Cu,B 5 #F A
RFARBWRERFG R EZ TR IR ZF R ERE SREH FAMT, THTEREGHF 19 FANLEGEE
M E BRI
KR GERF B ABESF B TR R 2R 5T B Ui = FEFI R 547 R & 4548 B

Quantitative Analysis of Nineteen Inorganic Elements in Glechomae Herba by ICP - MS

Combined with Chemometrics
HUANG Ping
(The 900th Hospital of Joint Logisiics Force of the PLA,Fuzhou.,Fujian,China 350025)

Abstract: Objective To establish an inductively coupled plasma - mass spectrometry (ICP — MS) method for simultaneous
determination of 19 inorganic elements [potassium (K), calcium (Ca),sodium (Na), magnesium (Mg),aluminum (Al),zinc (Zn),
iron (Fe), manganese (Mn) , selenium (Se) , cadmium (Cd) ,lead (Ph), copper (Cu) ,boron (B),Cr (Cr),barium (Ba), mercury
(Hg) , molybdenum (Mo) ,cobalt (Co),and arsenic (As)] in Glechomae Herba,and to determine the chemical stoichiometry analysis
method for the distribution characteristics of inorganic elements. Methods Microwave digestion was used for sample pre -
treatment, the flow rate was set at 17 L / min for the plasma argon and 1.5 L / min for the carrier gas,the sampling depth was
11 mm,the temperature of the atomization chamber 3.0 “C,the measurement mode was collision pool kinetic energy discrimination
(KED) mode,the collision airflow was 6.5 mL / min,the injection flushing time was 45 s,and the peristaltic pump speed was 60 r / min.
With scandium (*S¢) , indium ("In) , and bismuth (**Bi) as internal standards, the fingerprints of inorganic elements were
established, and principal component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS — DA) were
used to evaluate its characteristic elements. Results The linear relationship between the response values of 19 inorganic elements
within their respective mass concentration ranges and the measured elements / internal standard elements was good (r = 0.999 0).
The RSDs of precision, repeatability, and stability test results were all lower than 4% (n = 6). The recovery rates of inorganic
elements were in the range of 80.69% — 99.85%,with RSDs of 0.92% - 4.03% (n = 6). Among the 20 batches of samples,the
they mainly contained constant elements Ca,Na,Mg,K (> 45 mg / kg),the elements with a high content of trace elements were
Fe,Zn, Al, Ba, B, Mo, while the heavy metals and harmful elements Pb, As, Cd, Cu did not exceed the standard,and Co and Hg
elements were not detected. The fingerprints of inorganic elements were generally similar, among which Ca,Zn, Fe, Cu,and B were
the quality differential components of different batches of Glechomae Herba. Conclusion This method is simple, accurate, and has
good reproducibility,which can be used for the determination and quality evaluation of 19 inorganic elements in Glechomae Herba.
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Z HERASAE AT EAA R R 0 PR O
R, AT IR T b Ak R ARG JH IR A
PN T, JE AR B Tk 2020 4R R E 25 8 () )
Wi, AR BT A AR )2 SR AT, Jo ik A T o
Ji i A E R TOHLIOCE , 5 A MARMERE 2530
JE AR YA O, A nT AR R A = - 4 A e i
250 BT Tk A TR OO R RO
H, SR A 25 B T R (ICP — MS) YL 7145 i H 2
ICP - MS % HA ZIT R [R5 73 A Pt fay i 4Gl BR AR
AR TER A 2R R TR B T T N
FB =91 AR 2% 30k (10 - 12, g7 700 44
HiL DX 20 A b B A% AR EAE S R 19 A EHLIT R S
ICP - MS¥& , i ik 3 15343 (PCA) FIIE A2 D e /N —
ek F 51 53 BT (OPLS — DA) R £ F rp LT R (1)
2%, AN [R] R a8 S TR) 2T 25 A PP S R R Y
i JOT  IARGE AR

1 UFE5KH

1.1 {¢&

Agilent 7800 % ICP — MS {X ( 3£ [ Aglient /A H] ) ;
MW5000 7 734 9% 5 A2 (B8 3 F1] Anton Paar 28 Al ) 5
BT125D Y B, 43 #7 K (£8 [#] Satorious 23 7] , K FE A
0. 01 mg) ; 356 v T FH 3% 55 AN 28 2 7E 30% fid iR V75 W
1224 h 5, R RUOHAG K bk i S H
1.2 iK%

B(K) 45 (Ca) M (Na) JBE(Mg) R (AL B¥ (Zn) |
B (Fe) J&h (Mn) fifi (Se) & (Cd) (8 (Ph) Vi (Cu) Bl
(B) 4% (Cr) .81 (Ba) .41 (Mo) .Co (4l ) .fil (As) 18 Fli 7T
ZIROARES W (5 R2 - MFB841651, T e vk ik
100 g/ mL) , 5K (Hg) JC % b5 ffE ¥ W (L5 0 R3 -
MEB87642, JFi & 1 & >4 1 000 pg / mL) , 4 (Au) JCE AR
WEVE R (L5 Ry 22DC1128, W A 1.0 wg/ mL),
B A R A4 E K r AR A e 5 B
(Sc) JHH (In) (5% (Bi) PN 45 70 2 br E I 1 (FE5 4 56 -
149CRY7, i e & 4 100 wg / mL) , il fiz (68. 0%, UPS
%), i EAL A (32. 0%, UPS %) , #40 [ 35 [H Agilent 2%
A5 K AR TR Aok 5 20 #E R w2 b 1 T
CEVTINAE 24 b K S0 RGN v TR i - AT 24 U 45 5 M IE
i, MR RE R LR 1,

1 ERELHMEREE
Tab.1 Information of Glechomae Herba
%5 i) E
S1-S5 Aéfzra 230708,230619,230822,230601,230810
S6-S10 @At 2300514,2300607,2300720,2300812,2300831
S11-S15 %&#s5% 220527,220613,220729,220806,230831
S16-S20 % 236001,236016,237018,238015,238031
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2 HAEEER
2.1 ICP-MS (U S#H5REEHE

ARSI E 17 L/ min; /S : 1. 5L/ min;
FKAEGRFE 11 mm; FEALFE IR 3.0 °C; M) A= . il
Sl BRI L (KED) 52X ; fif 4 S it : 6. 5 mL / min;
FE WP PERT ] £ 45 s 05 B 22 3 - 60 r / min. PN BRI HE
ISR AELR I
2.2 ARHE

K2 B 18 FPOC R IR A PR GE &, B 100 mL%F
P 05 % RSTRVS R RE, RSB ER %4 1 000 ng / mL
TR A b THE T 45 VR o P WG I Hg 70 28 b M 5 TS 12, in
100 pl Au G R AR R (B W R 1.0 g/ mL) , il
5% Bl R VA T BBE 1 mL 43145 0,0.4,0.8,1.5,5.0,
15. 0 ng [ Z 51| Hg 70 ZE bR EHS W o HUSSc, 3In, 2Bi [N
FR G2 bR VA RO o, I 5% fil IR 1A TR ol o et vk 88 Ay
20 ng / mL 9 BRI R o IO B 7R ok R (3 3459
0. 45 g AEHHE , EIHMHETD, N5 mL 5% fHPRA I .2 mL
i AL SR B, RO B O T SO (R L
F2) IR SE A R, T TR 2 110 °CLO RS IR I &
2292 mLETHU R B =R, I A0SR i R
WS 2 50 mL A& S, IAKE 2, F857, R4S oA
AR B, [FVA TR 2 A

K2 WOBHRIER
Tab.2 Microwave digestion program

F B FHEEE (min) G AERECC) 1ERENE (min) KB E(W)

1 5 130 8 1300
2 5 150 9 1 600
3 5 190 9 1 800

2.3 FHEFEEE

M R B 2. 210 IR A AR ME £ T & Hg
TC Z BRI T4 35 B, I 5% il IR V5 T80 R 2R 40 i
W B PR UEIE W, LATEHLIG 2 B R (X, wg / mL) A
R AR bR T E 5 AR AR TC R T EE Y HLAE (V) 9k
FREATEPE I 25 R L3R 3,

R B 5 5 e BR A A < B 2. 2 100 T &5 IR TRGE 1
Fi2 2. 101 R0 A4 (R SR AR I 2 11 IR IR ZS AR
Wb 25 THLITT R AR 22 (s) , LA 3 s 54 T0EhnifEh
RBPR (BRI (3 s / k) AR IR ER , 10 s / & A
T E IR AR 3,

R 2% B 4 IR 2 TC R IR A PR (TR
J& 4390 4 50,100 ng / mlL) K Hg T 2 b o 75 T (5 ik
BE4r R 5,10 ng / mL) £ 3d i, 1A TAE H N g 22
3ANTAE B4 2. 130 RIS SRR 2 6 K, TR 4 TC
PLICE BB B 45 UL 36 3, R AR 2% B R 4fo

52 R« G R R MR L (S5 R ST) 6 17,
Fi2 2. 20T 7 il (I A VR, 2 2. 1 IR R0 A
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Tab.3 Results of the methodological investigation

} . SMWEE  AUR RER RSD(%,n=6) AR R(%,n=6)
TE B )3 A2 r - — ;

(ng/mL) (ng/mL) (ng/mL) BAKEERE BRHEEAE TLBRE REAXE  FHakd  RD
K Y=0.0187X-0.1458 0.9996 0~500  4.348  12.722 0.29 1.32 1.54 0.82 90. 11 1.03
Ca  Y=0.1266X-0.0013 0.9997 0~500 2.639  5.844 0.38 2.08 1.59 0.71 98.36 0.98
Na  V=0.0129X-0.0445 0.999 0~500 1811  7.251 1.05 2.61 1.82 0.69 81. 66 1.56
Mg Y=0.0472X+0.0095 0.9995 0~500 2.125  8.276 1.01 2.17 1.93 0.93 80. 69 2.04
Al Y=0.1254X+0.0004 0.990 0~300 0.707  2.969 0.21 2. 44 2.01 1.02 96. 85 2.67
In  Y=0.0180X-1.7071 0.993 0~300 1.086  3.801 1.18 1.83 217 1.00 88.32 2.91
Fe  ¥=0.0126X-0.0011 0.9996 0~300 1.523  5.635 1.09 1.05 2.28 1.17 95.03 3.18
Mo Y=0.0438X-0.0052 0.9991 0~200 0.516  1.606 1.28 0.85 3.27 1.39 97.11 3.03
Cd Y=0.1172X-0.0892 0.9998 0~200 0.342  1.183 0. 44 0.99 3.11 2.01 99. 04 3.85
Se  Y=0.0226X-0.0109 0.9993 0~200 0.426  1.561 0.82 1.16 3.06 2.23 99, 85 4.03
Ph ¥=0.0038X+0.0577 0.9994 0~200 0.074  0.294 0.90 2.22 2.59 2.18 95.27 2.88
Cu  ¥=0.0307X-0.1106 0.9991 0~200 0.106  0.401 0.51 2.33 2.67 1.85 94.33 2.76
B Y=0.0633X-1.0012 0.9997 0~200 0.029  0.099 0.63 2.40 2.46 1.90 92.81 1.93
Cr Y=0.0093X-0.0624 0.9993 0~200  0.097  0.307 1.04 1.38 1.81 1.77 91.09 1.82
Ba  Y=0.0028X-0.4051 0.9994 0~200 0.224  0.891 0. 66 1.24 233 0.95 89. 66 2.66
Mo ¥=0.0297X-0.0599 0.9992 0~200  0.101  0.348 0.71 1.45 3,04 2.07 87.30 0.92
Co  Y=0.0168X-0.0954 0.9998 0~200 0.112  0.382 0.59 2.55 - - 90.07 1.04
As ¥Y=0.0109X+0.0007 0.998 0~200 0.084  0.303 0.61 2.10 2.79 1.38 86. 13 2.91
Hg ¥ =0.3012X-0.0025 0.9995 0~15  0.206  0.780 1.20 1.71 - - 85. 44 3.33

E: - A E A0,

Note: — refers to undetected,and it is calculated as 0.

R T4 AT R W e B A5 R L3R 3, 3R
Mk EE R

FoE M - O B 2 MR i (45 oy ST A i,
FERPRAE 4% 2. 200N I ikl & A s W, 430 1 0,
3,6,9,12,15 h B4 2. 1300 R 3006 2 R bR 22, 3158
2 TCHLIT Y T TR 3 o 45 R L 3% 3, R BB A i TR
R 15 h NEGE PE R 4F .

JFE TGRS B 6 17 AT 3R % o i ER 2 14
FE 0. 25 ¢ KB PR, MA SHE R & LT R & &
AH 24 AR VIR TR, 2 2. 2 TR J vk il 45 (b A T, 5
2. VIR R SR UE RN 1 T R45 TEHLIT R 1) i ik
JE IR SCR 25 F0L3 3, R A Dy IR ERA JE AT
2.4 HREENE

B 20 St B B AR 5 (G558 ST - S20) , 4% 2. 25
75 4k il A A T A TR, 52 2. 1 T RIS A R 22
TR TCHLIC R B BT R B, JFH0A i 4 R e
B SRR Ca,Na, Mg, K( > 45 mg/ kg) , il ICE
SR ZH N Fe,Zn, Al,Ba, B, Mo, T 4x 8 N A FEICE Ph,
As,Cd, Culs R85, Co M Hg TCEYAKH FENL % 4.
2.5 EHTEFEELEET

2% 4 IR 19 PP I HLIT 2R & JE e 45 R R
A Origin 18. 1 54, 22 TTHL I 2 FRAE K o i 14 1 7]

UL, 4 A4~ 7 Hby % % BRE i 09 TC AL T B RRAE B R (AR
L, Hr Ca, Zn, Fe, Cu, B JTTRLEA [F LK A 19 &
SR AR R TP T LT R R AR (B T Sy 3% R
HITF RIS 2%

Fht /mg-kg™!
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Fig. 1 Fingerprints of inorganic elements

2.6 PCA 5 OPLS - DA

Bk 25 34 4 B b B A b SR A 1 Cd, Co, As, Hg
TR A IS FIICHLICER 1Y & I e 455 5 A SIMCA
18. 1A, HEAT AR AT 2 o0 BT A5 R R, 34 sy
FYRRAEAE T 1, R 1 17 22 5Tiik %k 65. 875%, &
BRI MLK, Ca, Na, Fe TR (5 B s A5 2 1977 25 DTk %
$910. 701%, FE Wt Al, Zn, Cu, BICE 15 B ; 453
B 22 BTHREN 6. 999% , FE [ B Mg, Mn, Se T K
S TR 5 RER 6.8 34 F AL B BT 2 TR
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R4 ERERIIMENTELSENELE R (mg/ kg)
Tab.4 Results of the content determination of 19 elements in Glechomae Herba (mg / kg)
Y5 K Ca Na Mg Al Zn Fe Mn Cd Se Ph Cu B Cr Ba Mo Co As Hg
SI 47.92 52.58 60.45 57.61 15.85 22.89 33.69 1.61 - 0.25 1.66 3.28 4.85 0.93 7.28 4.52 - - -
S2 47.75 52.62 60.22 57.73 16.52 22.54 33.75 1.33 - 0.22 1.85 3.57 5.45 0.95 7.57 4.25 - - -
S3 47.57 53.86 60.57 57.86 15.63 22.79 33.52 1.59 - 0.21 1.23 3.42 7.67 0.87 7.42 4.65 - - -
S4  47.45 53.32 60.86 57.09 16.63 22.26 33.58 1.41 - 0.25 1.72 3.47 6.26 0.82 7.09 4.52 - - -
S5 47.89 52.24 60.79 51.24 14.41 22.22 33.56 1.12 - 0.27 1.19 3.19 7.8 0.94 7.19 4.12 - - -
S6 45.89 49.25 61.61 50.75 18.87 16.63 20.83 1.56 0.02 0.21 1.62 5.32 12.66 1.88 8.32 2.56 - 0.75 -
ST 45.72 49.12 61.41 52.06 19.17 17.46 20.66 1.12 0.04 0.27 1.74 5.27 11.63 1.91 8.27 2.12 - 0.72 -
S8 45.96 48.65 61.83 51.19 19.41 17.22 20.53 1.84 0.03 0.23 1.99 6.41 11.33 1.97 8.41 2.84 - 0.64 -
S9  45.85 49.21 61.95 51.68 18.45 18.95 20.44 1.98 0.07 0.21 1.62 5.52 14.36 2.01 852 2.98 - 0.52 -
S10  45.93 49.47 61.06 50.05 18.15 17.26 20.25 1.12 0.01 0.29 1.81 4.85 12.56 1.86 8.8 2.12 - 0.69 -
S1149.23 59.75 62.19 57.37 19.58 24.32 39.25 2.74 - 0.46 1.06 1.07 3.69 1.33 6.06 3.74 - - -
S1249.97 59.85 62.37 57.12 19.64 25.36 41.94 2.02 - 0.42 1.14 1.16 2.87 1.25 6.14 3.02 - - -
SI13 49.11 59.52 62.91 58.02 20.41 24.74 41.82 2.63 - 0.43 0.85 1.03 2.23 1.18 6.32 4.63 - - -
S14 49.96 60.23 62.08 59.14 20.11 24.47 39.47 2.14 - 0.45 1.01 1.24 3.87 1.09 6.36 3.14 - - -
S15 49.08 60.52 62.77 59.03 19.12 24.54 40.36 2.85 - 0.48 1.06 0.93 2.25 1.41 6.34 4.8 - - -
S16 46.13 54.33 60.59 58.96 17.05 20.03 28.66 1.95 - 0.34 1.89 1.96 9.36 1.07 7.06 4.95 - - -
S17 46.22 53.11 61.12 53.23 17.36 20.26 28.18 1.8 - 0.36 1.91 2.94 863 1.23 7.63 3.8 - - -
S18 46.09 55.26 61.36 53.24 17.29 20.77 28.39 1.12 - 0.38 1.57 2.02 865 1.69 7.34 4.12 - - -
S19 46.07 53.45 60.44 53.21 17.81 19.41 28.07 1.8 - 0.31 1.36 2.06 7.52 1.55 7.11 5.58 - - -
S20 46.03 56.09 61.29 53.52 17.44 20.19 28.43 1.56 - 0.33 1.41 1.52 9.23 1.8 7.09 4.56 - - -
E: - ASEARTRMR, A0
Note: — refers to the content below the detection limit,and it is calculated as 0.
83. 575%, REJ W B A LR AR BT R B R 6 MR ERE
%Bi}.{%‘%\ UL ﬁ%%ﬁ g OPLS = DA *ﬁﬂ E"J/E%E gllﬁ ?2 Tab. 6 Rotating component matrix
(VIPYERT | N ebrifE 8, Fe,Ca,B,Cu,Zn SFHIEHL A 2D A 2D
TEF AL B R0 T 2 SRSy LI 2. S S B B U0 S S SR
%5 THMSEEEFERWME K 0.916  -0.090 0.314 | Se 0.397 0.346  0.706
Tab.5 Principal component eigenvalues and variance Ca 0.965 0.064 0.287) Pb -0.632 -0.177  0.032
contribution rates Na 0.903 0.526 -0.111 | Cu  -0.632 0.734 -0177
RS B FETHRER) Bt 2R E(%) Mg 0.285 -0.354 0.783 | B -0.526 0.793  0.188
1 9. 881 65. 875 65. 875 Al 0.316 0.853 0.124 | Cr  -0.326 0.234  0.196
2 2.655 10. 701 76. 576 Zn -0.283 0.731 0.092 | Ba -0.567 0.101  0.088
3 1.723 6. 999 83. 575 Fe 0.950  -0.165 0.215 | Mo -0.451 0.124  0.256
3 it Mn 0.726 0.415 0.752
AHFFE 2R HTICP — MS 75 X 20 41 1% £ B 245 1 o
19FHTCHLITER 1Y & AT 1R, 45 51 s I K
Ca, Na, Mg, Al, Zn, Fe, Mn, Se, Pb, Cu, B, Cr, Ba, Mo JG
%, K, Ca,Na, Mg, Al, Ba, Mo JC K 7E 4 4~/ Hu A
S A ZE AN R, R ITX 7 R JCHLIC R & A IX 22 5+
AR 5 Co M Hg LR BIARK T, Cd T As JTERALAE ™ H# AHLEH

LG RRE A PR S, B S VIR A RE A P Cu e R
e, PR TP JLVLAY 38 Cd, Cu, As 1975 445
oAt 343 DX ™ 5 5 57 M Ry 2 BRI AR A Fe M Cu B &

PN ==}

S RAE A0 41,94, 1. 24 mg / kg, 77 Hi A VPG (1)
88

Fe Ca B Cu Zn Na Mg K Mn Se Pb Al Cr Ba Mo
E2 OPLS - DA B VIP
Fig.2 VIP plot of the OPLS — DA model
FEfb R BICER & R KA R 14. 36 mg / kg, £ B £R
1 Fe, Cu, BITR Y IX I AT AATE .35 22 57 i b 2 3



