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WE:BHN 2R £ LS80 T 12 /0508 RA8E6F B FRMEACP - MS) &, F AT FHZFE 5 Tk R34
1800 W, 5 & FHAAAZAN 15 L/ min, RAARZEA 1 L/ min, RAREHN 12mm, B ERZH 1L/ min, FALEREA 2.0 C, 024
KA FHREHAL(KED) B X, B dE AARARAE A 6.0 mL/ min, AP SR8 8] 4 35 s, %530 R Rk H 50 r/ min, 4248 3 R ARYE 3 A=
15 PEFTEHMAER P 12T F ST T LR, TR, AT ERS M ER 45(Cd) 45 (Ph) A4A(Cu) A8 (Na) 57 (Zn) A7
(K) .58 (AD & (Hg) 45(Ca) 4 (Mg) A (As) (4% (Fe) &k A5 #1 4 0~ 100 ng/ mL.0~ 100 ng / mL.0~ 500 ng/ mL.0~ 500 ng / mL.
0~ 1000 ng/ mL.0~500 ng/ mL.0~500 ng/ mL.0~20 ng/ mL.0~ 500 ng / mL.0~ 1000 ng/ mL.0~ 100 ng/ mL.0~ 1 000 ng/ mL & [
NENEm mAEEERXRARF(r=>0.9992,n=6);#FFE  TEM BRI RXIEL R RSD 35 0T 5%; T3 mAwbi & 4 82. 72% ~
91.10%,RSD # 1.55% ~4.69%(n = 6) .15 473 12 Fr RMAF-FHEF 5 5% 0.36,1.58,9.16,10.51,54.71,9. 35,34. 86,
0.16,16.81,112.64,1.08,100. 04 mg / kg3 AN /=M AT HE 241 b 12 Fb T Z 45 AR B 35 0925 7 KA AR Mg Fe Zn Al & 537 3 25 4 ad 4%
ALK 15 B EMEAMBE RO R EELE— L EFT, L P HMNET IR EBEAT IR L 209 ICP - MS R3BRAFR £ SR, 7T
AT EAEGH T 12 0 F 04 F N IR R T R0 9 7T A Z 37 3 254 69 T4 A Ae R B A2 B REARF
KW £ B RABAF B TRk AN AER S 2RSS AT
Analysis of 12 Elements in Plantaginis Herba by ICP — MS Combined with Chemometric Methods
WEI Beibei, CHEN Weizhong ,WU Qian
(The 900th Hospital of the Joint Logistics Support Force of PLA,Fuzhou,Fujian,China 350000)

Abstract: Objective To establish an inductively coupled plasma - mass spectrometry (ICP — MS) method for simultaneous
determination of 12 elements in Plantaginis Herba,and to perform chemometric analysis. Methods The radio frequency power was
1 800 W,the plasma gas flow rate was 15 L / min,the carrier gas flow rate was 1 L / min,the sampling depth was 12 mm, the
auxiliary flow rate was 1 L / min, the atomization chamber temperature was 2.0 °C,the measurement mode was kinetic energy
discrimination (KED) mode, the collision gas flow rate was 6.0 mL / min, the injection flushing time was 35 s, the peristaltic
pump speed was 50 r / min,and the scanning frequency was three times. Based on the contents of 12 elements in 15 batches of
Plantaginis Herba from three producing areas,the characteristic specira were established, and the principal component analysis was
performed. Results The linear ranges of cadmium (Cd),lead (Pb),copper (Cu),sodium (Na) ,zinc (Zn) ,potassium (K),aluminum (Al),
mercury (Hg),calcium (Ca),magnesium (Mg),arsenic (As) and iron (Fe) were in the range of 0 — 100 ng / mL,0 — 100 ng / mL,
0 - 500 ng / mL,0 - 500 ng / mL,0 = 1 000 ng / mL,0 - 500 ng / mL,0 - 500 ng / mL,0 - 20 ng / mL,0 - 500 ng / mL,
0 - 1 000 ng / mL,0 — 100 ng / mL,0 — 1 000 ng / mL (r = 0.999 2,n = 6) respectively. The RSDs of precision, repeatability
and stability tests were all lower than 5%. The average recovery rates of the above 12 elements were in the range of 82.72% -
91.10%, with RSDs of 1.55% - 4.69% (n = 6). The average contents of 12 inorganic elements in 15 batches of Plantaginis
Herba were 0.36,1.58,9.16,10.51,54.71,9.35,34.86,0.16,16.81,112.64,1.08,100.04 mg / kg, respectively. The peak shapes
of characteristic spectra of 12 elements in Plantaginis Herba from three different producing areas were similar. Mg, Fe,Zn and Al

were the characteristic elements of Plantaginis Herba. The quality of 15 batches of Plantaginis Herba was different,and that in Bijie,
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Guizhou was the best. Conclusion The established ICP — MS method is simple and accurate, which can be used for the content

determination of 12 elements in Plantaginis Herba. The characteristic spectra and principal component analysis can provide a

reference for the development,utilization and quality control of Plantaginis Herba.
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ZEHT 5N BT RHE Y 41T Plantago asiatica L. 5%
R Plantago depressa Willd. 18 4 & PEJE Bk
HLFHF VB BB, E SR LAY IS I Tk
I VHIE A MLRR A o M 2 Fh iR TR BT )
PRI I AR PUETH R AR SEIIRL, W TIRST
PRI K R 2D B RS IR S 2
VE R A% Ge i 25 B R 25 0, 4 i 7 3R ] 43 A Xl
L A RS R SR E E2MiE TR, B
R IC R B 5 2GRN R DI -0 H AR
K Ea )R MAFEITRMWER Em TRZEEL R
SERPF2E FEE 2GR4T, 2020 4F R CH E 24 i (—38) )
Wk T e B 2 SRR R R DG B s A oA {H R
T A JE M AL TEHLIC R B & w0 Ok B
R AR (ICP — MS) ¥ 02— ][] B i 5 i 245 44
o Z RO R M AER L BE M BOR F B, BRI R
fIGEs 100 ST Ut ACHIFSE rh ST T IR B T R
g (Cd) i (Pb) ] (Cu) VB (Na) BE(Zn) JBF(K) (55
(Al) 7R (Hg) £5(Ca) B (Mg) . (As) &k (Fe) 12 FJC
R IYICP — MS L, [A] B AT 2 4 24 1) #f i 3 ST L R A
TR I X85 AT 553 B, 58 i R T
MEITT RS IRIEWT .

1 5%
1.1 X8

Agilent 7800 %Y Fi JEHE 5 45 15 4 BT 3 (X (36 B
Agilent 2 H] ) 5 MW5000 % fl 357 7 fiff 4% ( 5 11 K] Anton
Paar/A#]) ; BHW — 09C AU (_L it b= R A
PR HE]) s AUW220D I HE 5K F- ( H 4R Shimadzu 23 A
¥R 0.01 mg) .

1.2 X%

CAd(#t*5 4 21B039 - 1) \Ph(#L5 4 21B034 - 3) |
Cu(fIL5 4 21A013 - 8) . Na (It 54 2022007 - 3) .Zn
(L5 0 21A004 - 2) K(HL54 2109042 - 3) (AL(HLS
3 21A041 - 1) (Heg(#t5 4 21B013 - 3) . Ca(Hit 5K
219016 - 5) . Mg (It 5 & 21A001 - 1) \As (H#t 5N
21A034 - 2) .Fe (L5} 224003 - 4) BAIC E ARl b 5
W AR BN 1000 g / mL) , 45 (Au) 50 K brife
i AR (HE5 S 21DCT116, B ik 1.0 wg/ mL) ,
B B E A6 4R SO AR B I G B
(Sc) il (In) B (Bi) TR IR A AR (52 [ Agilent 23
At 56 — 139CRY2, Ji &M M 100 g / mL) 5 i
R R L2t , 7K T B TR ZE AR 7K o 42 R 24 A i (3t

LSHE, 43300 A 7 pa T 5N HE T RS FH 4
W4 S1 - S5,86 — S10,S11 — S15) , w4 BN T &
il 2 ARG B0 i 2 2 2 AT R 2 S i O AE

2 HEEHR

2.1 REEH

ST 1 800 W 555 A (HS) Wi : 15 L/ min;
FHAAWAEL 1L/ mins RAEETRE : 12 mm ; 5 B #5 7 & -
1L/ min; 354k 20 BF 0 2.0 °C; I f B =X . 30 B s 0
(KED ) #5 2 5 filf i SRR & 2 6. 0 mL / min; JEAE Wk
AT : 35 s3 BEBNZR R 50 v/ min; FAHE B 3 IR M E RS,
23Na\24Mg\27Al\39K\44Ca\57Fe u4SSC j\] Ij\] ;t:/]} ; 63Cu\662n\
75AS\1“Cdu IISIH%V;H:/]?;ZOZHg\ZOSPb L‘/{ ZOQBij‘:’W&Ro
2.2 BREHE

Xof B VAT R R B Hg PO R bRl S VA TR
FH 5% T T B, A A BT 28 A 1 b V5 L (5 o 9k B
1.0 g/ mL) 100 wL, il 55T v 52 4351 0,0. 5,2,
5,10,20 ng/ mL 1Y Hg FRIC 3 AR 510 B IS5 Dok 2
PO 11 Fh BT ARSI TR, FH 5% 1 R i F% il
B Mg, Zn , Fe Jii 1 ¥ £ 34351 24 0, 50, 100, 200, 500,
1 000 ng/ mL, Cd, Pb, As i SV Y 0514 0,1, 5,25,
50,100 ng/ mL, Cu, Na, K, Al, Ca Jii 84 B 2120 518 0,
5,25,50,100,500 ng / mL ARG I0 K R 50X} 1R SR

Attt VA A < U A e, LA (RS A 60 C)
T2 h, B HE, BURLKS 0. 4 o WS SBFRE , BN M BED
A6 mLASER K 1 mLad EALE, BN, i E S, &
TR T A T (4 3 45, THIR B AT 34 4 5 min, 58 4
TREE 234 130,160,200 °C, fH G E]2) 4 8 min) 1 ¥4
HIZE 60 CLATN K T8 ff B EE R AN, B2 A Z 2T 4
OESIER RS G B2 mL, BN EE I BB E
50 mL AR, ke 25, 5250, BIAS AR s i

25 PRI LA 5% B BRIE TR 25 IR
2.3 HiRFEEE

RS R E 2. 250 T 2R R B X RS
T e 2. 1 IR RIS A R 0 S S e R A
LA 0 56 2 0 3R 9 BB (X, ng / mL) g R AR A AL iy
PR (V) AR FR A TERAE M 5 R 1,

600 R A i PR 8% L 2. 2 TR 23 VA O
$2 2.1 BRI A Se AR E 11 3K, 10 SR AN s ]
JWEARL o AW S AR A 3 A5 Ko 10 A3 v i 2 XoF 17 F 4% 14 1
TG S VR A 0 R G I BR AT i B 45 SR LR 1

5 FE R - BUR A 0 20 IR A T Rk B
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F1 KUEXRKWNUREEEREZER(n=6)
Tab.1 Results of the linear relation test,limit of detection and

limit of quantification investigation (n = 6)

kNt 2y x:A ro GEEB(g/nl) ANRGg/nl)  ZER(ng/ml)
(d V= 1879, +0.122 0.996 0~100 0.121 0.389
Ph 1,=3.012,+0.057  0.9997 0~100 0.134 0.462
Cu ¥;=2.453X,+0.09  0.9999 0~500 (.56 1.691
Na ¥,=6.368,- 1014 0.9995 0~500 0.241 (0.665
In ¥=0.7528,+0.208  0.9993 0~1000 0.302 0.923
K Y=8.6841-2.722 0.9994 0~500 0.004 0.312
Al V=4.3271,+0.031 0.9992 0~500 0.113 0.374
Hg Y= 1.449%,-0.062  0.9998 0~20 0.006 0.020
(a ¥,=0.562X,+0.028  0.9998 0~500 0.342 1.163
Mg 1, =3.7758,- 1,305 0.9995 0~1000 0.017 0.056
As ¥, =1.525K,+0.063  0.997 0~100 0. 106 0.317
Fe ¥,,=2.047X,,-0.987  0.9996 0~1000 0.029 0.092

F2 MERNKRELER(n=6)

Tab.2 Results of the recovery test (n = 6)

=D (%) X RSD

1% 1 2 3 4 5 6 (%) (%)

Cd  81.67 80.50 89.00 89.00 81.33 82.33 83.97 4.69
Ph 83.41 81.36 89.15 80.88 80.49 81.02 82.72 4.01
Cu 87.73 80.49 87.99 89.30 81.15 83.44 8585 4.59
Na  87.70 80.52 87.98 89.31 81.14 88.51 8586 4.59
In  86.31 8452 89.33 90.15 89.85 84.81 87.50 2.95
K 81.69 88.87 89.95 82.31 8575 87.77 86.06 4.00
Al 89.89 92,76 85.05 88.36 89.07 86.83 88.66 2.98
Hg 95.65 90.46 89.84 88.17 91.77 8522 90.19 3.88
Ca 90.79 89.93 89.12 88.60 85.18 90.97 89.10 2.39
Mg 90.91 88.75 88.51 91.62 89.22 91.41 90.07 1.55
As 90.10 89.71 85.33 86.29 87.24 89.05 87.95 2.22
Fe  91.05 9531 90.25 88.61 89.85 91.55 91.10 2.52

50 ng/mL) } Hg FAITFN A SR (BT M 5 ng / mL)
LA 20 LI IR A SRR E 6 UK, il Y
0 W) 1 AFL o 25 5 12 B AR T 2R AR e (B 1Y RSD Oy
1.43% ~ 4. 06%(n = 6) , & HIUEHRE % B R AT

R P - B2 A R i (G5 oy S3) M oK 1, 3%
2. 2000 F 5 il b A, E IR 0,3,6,9,12,20,
24 h i 2. VIR SR ERE DN E | 10 S A SR ) B 1 o 4%
12 B 5T R AL AR e B E Y RSD 4 0. 88% ~ 3. 19%
(n="7), R 2 IR ICE 24 h NFEARE .

MRS MR (S5 S3) MR 2 0.4 ¢,
K BERRAE 3 2. 230 F I ik ol A (b A AT 6 4
F2 2, VI NI A PR HERE DI TS i 25 R Cd, P,
Cu, Na, Zn, K, Al, Ca, Mg, As, Fe i & 5 43 % 4 0. 31,
1.02,8.42,10.57,67.79,9.57,35.63,13. 86, 114. 31,
0.52,99.52 mg/ kg, Hg A A tH 5 A 25 0 N {E 1) RSD
1.91% ~4.97%(n = 6) , K IEE LRI

TIVRE AT B 5 B2 MR (G5 S3) 6 443,
2%0.2 g REFRE , S HIINAE TR A 70 20 BRI
Hg BTN IR SRV, 4 2. 1000 R IR A PR UEREI 52
TESRASCE A R L, TSR SO S5 R 2 2.

o B LIS HEZG MR L A 2, F 2.2 T
07 3 4 BE S A T, #5201 I R AR I A A E L 3
S (MR 3) o Mg (35 % i e i, Mg il Fe ¥R T
100 mg / kg,Zn Al ,Ca.Na} 10 ~ 60 mg / kg, Pb,Cu K,
AsH1~10mg/kg,Cd <1 mg/kg,Hg< 0.2 mg/ kg5
HE 2020 45 fr HH L 24 i (U ) yrb R (4 H 46 i S 35 ot
ZEBRME (Pb<5mg/kg.Cd <1 mg/kg As<2mg/kg,
Hg < 0.2 mg/kg.Cu <20 mg/kg) 2, YRR,
2.4 TERFEEEE

HRAE 34> 77 ML I T 28 % 1 ) 0 S D T

80

®3 HEmMAENELR(ng/kg,n=2)
Tab.3 Results of content determination of elements in samples

(mg / kg,n = 2)

BE G Pb G N K AL He Ca Mg A Fe

St 033 0.9 828 1045 63.89 9.9 3585 - 1258 11236 (.56 100.69
2035 105 857 10.22 6454 9.75 3652 - 1462 110.24 0.4 99.75
3030 102 842 10.57 67.79 9.57 35.63 - 13.86 11431 0.2 9.3
S¢ 032 106 847 10.86 61.26 9.45 36.63 - 1332 1L 0.57 9838
5 034 09 819 10.71 6.2 9.8 344l - ILM 11552 053 99.56
S 028 189 9.3 1.6l 55.63 10.89 38.87 - 2225 120.36 0.78 109.83
ST0.29 213 927 1141 5246 1072 39.17 - 2012 12274 0.79 11166
8§ 027 212 941 1183 SL22 109 39.41 - 2065 1249 0.8 112.53
9 030 288 952 1195 5495 10.85 39.45 - 2021 123.65 (.84 11144
SI00.26 244 9.85 12.06 5520 10.93 3815 - 20.47 12047 0.81 110.25
SIE 043 149 99% 916 4432 7.23 2058 - 1575 100.45 1.90 89.25
SI2 045 L3 904 942 4636 7.97 20.64 - 16.85 10295 185 89.%
SI3 048 163 9.32 9.3 4874 701 30.41 013 16.52 10412 191 89.82
SI4 049 133 936 899 4347 7.9 30.11 018 15.23 10036 1.93 89.47
SIS 0.47 167 1034 877 4.4 708 2912 - 17.52 10351 187 88.36
o 03 138 9.16 1051 54701 9.35 3486 0.16 16.81 112.64 1.08 100.04

E: - ATESFATRMR,

Note: — indicates that the content is below the limit of detection.
ZERAE R (WL 1) o] WL, 3 /> 72 42 Rl 5 24 47 v 47 0
JCE FRAE B3 i W T JEAC AR O, 45 FE DN T 2 & B A —
FERR R I A R S AR A A
2.5 ERDHH

K FH SPSS 24. 0 Ge b2 8 44 (6 B He 4P 9 H A3 T
O A ) AT A AT A R N 1R
B 2 B ERAEAE A3 9 h 7. 255,3. 234 (R T 1), T
TR ZA4> 9K 65. 950% ,29. 398% , BF T 2% TRk H A
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Fig. 1 Characteristic spectra of the elements to be tested

x4 EERDIERE
Tab.4 Rotating component matrix

) LEEE ¥4 ) B4

tE  OERSL OERS2 | AE OERSL ERS2
Cd -0.924 0.077 Al 0.228 0. 874
Pb 0. 469 0. 148 Ca 0.417 -0.048
Cu -0.260 0. 194 Mg 0.975 —-0.055
Na 0. 547 0.123 As - 0. 855 0. 493
Zn 0.426 0.904 Fe 0.981 0.517
K 0. 493 -0.033

RS 2WHERSNESREHRF

Tab.5 Scores and ranking of two principal components

: Br() A
B hF

IR ERYYL  BA WA IRAL ERHL BAHR
SI-405 020 064 10 |S9 335 L1718 4
33 -013 L4 sl 4.1 L83 24 3
$ 279 -065 L0 SIL =35 L8 -L19 13
S -419  L10 L03 Sl -L08  -225 -0.63 I
$ 297 087 LIS SI3 =363 2% -L5 14
$ 54 -L1 317 Sl4 314 -0.01 -181 I
ST 412 189 254 SIS -1.46 -0.88 -0.92 12
381 091 L7

DL — oo o o —

95. 348% , iU FE ik 2 4~ F o AT /M . 2 A4 B R
BTG I A DL 3 40 A4 15 Mg, Fe S22 1EAHE (DX
MHXZRE > 0.8 HFM, TR, W25 Zn, AIRIE
AH S HHERT Mg, Fe, Zn, Al 2 ZERT R 25 M AR IE T £,
X T R 24 A 1) o s o A R BRI R A0 1
USSR e O 7 N [ W N 10 e o i = M e
B R B AR, DR 32 8043 TR 7 8 22 BTk
BB B LR A1 M HE P - (LR S) .
g5 PN TR] = M 42 H 2 M B R R AR 2 L SR HE T
T 5 B2 5 BE T i = (S6 — S10) , Hiyk S ) 78 ¥ vl Fie
72 (S1 = S5) e Ja s g 45 FH = (S11 - S15) ¢
3 g

W9 LB, THLIC R A2 K o s 5 2 g
AHRE YA SIS T VR P v 24 5 5 ) T R FE
AT IS HEGERTE 250 T S ARD T R TR

i iE L& K, Ca, Na, Mg, Fe, 4 J& S5 E LK (Pb,
Cd, As, Hg, Cu) 1Y & 1 S 76 FR e Y BB A, L rp dml g 475 B
FPEERT R (ST - S15) M As it R 1. 85 ~ 1. 93 mg / kg,
PG FHE (2 mg / kg) , 2R IZHLIX A ZE T R As £F
FE— 5 1) - 49875 Yo AU o 38 o8 76 R AIE [ 33 o] 211 34 7
R AT R 2 JTEALIT R (W Zn, AL, Ca 55) B it A 22
5, AT RESEAN R 77 Hb 1 A= KA AN [R]85

ZE LR A ST L T I R R A 12 A

TR F M ICP - MS ¥k, #5713 AN IRl 7™ My 12 Fh

TUE WRRE B, 32 5 v A I bl | R R v A R

W s FEaE A A o B i ) Mg, Fe, Zn, Al 4 MRFIETT

E I v NS5y B U D= ey e

S 3k
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