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Abstract : The aim of this study was to establish a-method for simultaneous analysis of inorganic elements in Ophiopogon
Jjaponicus by inductively coupled plasma optical emission spectromter (ICP-OES) ,and to evaluate the different batches.
The sample solutions were analyzed by ICP-OES after wet digestion. The data of correlations and principal components
were analyzed with the SPSS 21. 0 software. The results showed that the contents of Ca,P,K,Mg,Fe and Al were abun-
dant, while the contents of Co,Hg,Se,Si;Sn'and V were not detected or below the detection limit in O. japonicus. But it
was important to emphasize that the content of Cd was above the Standard of WM/T2-2004 in three samples. And there
were some correlations among the inorganic elements in O. japonicus. The PCA analysis results showed that As,Ba,Cu,
K,Mg,Mn,P,Sr and Ti may_be the characteristic elements in O. japonicus. This study provided the evidence for the
quality control and safety evaluation of O. japonicus.
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Table 2  Linear relationship of elements

i . T B MR A KoM s
Element o Regression equation r LOD (me/L) 10Q (me/L)
Al 396. 152 y = 33352x +3409 0.996108 0.000757 0.002523
As 193.759 y = 1018.7x-5.125 0.999901 0.001455 0.00485
B 208.959 y = 0.0002x-0.0168 0.99982 0.000454 0.001513
Ba 493.409 y = 817663x +7243.9 0.99998 0.000085 0.000285
Ca 184.006 y = 1841.9x+394.21 0.983586 0.000541 0.001804
Cd 214.438 y = 49950x +2564. 8 0.999572 0. 000046 0.000154
Co 237.862 y =.10677x +58.463 0.999991 0.000723 0.002412
Cr 284.325 y = 19951x +370.14 0.99998 0.000493 0.001643
Cu 224.7 y.= 7226.4x+64. 146 0.999995 0.000392 0.001307
Fe 239.562 y = 13528x +445.56 0.99979 0.000536 0.001785
Hg 194227 y = 2355.5x-35.344 0.999871 0.000533 0.001777
K 769. 896 y = 165624x +1260.6 0.998652 0.000237 0.000791
Mg 280.27 y = 405120x-22686 0.998316 0.000023 0.000078
Mn 293.93 y = 25550x-167.42 0.999991 0.000451 0.001502
Mo 204.598 y = 2017.7x+9.708 0.999984 0.000676 0.002254
Na 589.592 y =1337836.12 x +49143.2 0.998033 0.000034 0.000113
Ni 221.647 y = 16024x +247.8 0.999952 0.000169 0.000565
P 185.891 y = 224.27x4.1747 0.999858 0.004873 0.016242
Pb 182.205 y = 432.98x +10.548 0.9995 0.002082 0.006941
Se 196. 09 y = 844.29x-22.618 0.999852 0.001788 0.005959
Si 288.158 y = 5913.9x +535.92 0.999766 0.00207 0. 0069
Sn 189.989 y = 2691.5x +16.182 0.999986 0.000435 0.00145
Sr 421.552 y = 1386207.07 x +2543.90 0.999989 0.000021 0. 000068
Ti 336. 121 y = 54404x-21.275 0.999981 0.000272 0. 000907
v 268.796 y = 15101x +72.841 0.99999 0.000682 0.002272
Zn 206.200 y = 20260x +982.28 0.9981 0. 000086 0.000285
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Table 3  Determination of inorganic elements in samples ( mg/kg)

JLER a1 RRME R/ME FEE b2 5 R AL

Eelement N Maximum Minimum Mean Std. Deviation CV(%)
Al 29 292.7451 38.3413 115.3270 64.17 55.64
As 29 0.8627 0.3203 0.5209 0.14 26.08
B 29 5.2367 0.2127 2.1023 1.26 59.77
Ba 29 6.2802 1.6520 2.9127 1.06 36.28
Ca 29 2622.8953 1018. 0652 1930. 4807 383.13 19.85
Cd 29 0.6367 0.0095 0.1682 0.14 82.49
Co 29 - - - - -
Cr 29 18.8338 5.7183 12. 8176 4.10 31.99
Cu 29 5.7173 2.0829 3. 6955 0.97 26.13
Fe 29 555.7353 973785 255.5645 136.49 53.41
He 29 - \ - - -
K 29 1215.4778 194.5283 594. 6037 285.92 48.09
Mg 29 917.5785 111.3304 406. 3688 207.84 51.15
Mn 29 13.4156 2.2158 5.7990 2.65 45.75
Mo 21 1.8422 0.2383 0.4438 0.35 78.38
Na 29 145.3394 10.9342 43.7781 30.59 69.87
Ni 29 4.7934 2.2974 3.0267 0.55 18.30
P 29 1698.4578 706.0674 1128.1395 271.37 24.05
Pb 9 1.5002 0.7261 0.9887 0.24 23.97
Se 29 - - - - -
Si 29 - - - - -
Sn 29 - - - - -
Sr 29 8.4095 0.4749 3.7891 2.68 70.71
Ti 29 34.7335 2.1544 13.8102 10. 11 73.22
\% 29 - - - - -
Zn 29 46.9020 6.6254 19.5534 10.18 52.08

TE -7 RN ARG 2 sl AR TR
Note: “-" means not detected or below the detection limit.

WL 3 WAL I F AT R B e B
A Ca>P,RENEIHEEL T 1000 mg/kg; K > Mg >
Fe > Al 1y i 5437 %07F 100 ~ 1000 mg/kg; Na Ti Zn .

Cr . Mn.Sr.Cu.Ni Ba B .Pb As Mo Cd Ay JF 7341
PI/NF 100 mg/kg, Hi Mo JLEA 8 I RAEH A
5 2] 5l A1 TR FR E , Ph T2 HAE 9 AEE S TP kS
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Characteristic spectrum of dnorganic elements in O.
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Table'4 Analysis matrix of element correlation

Al As B Ba Ca Cd Cr Cu Fe K Mg Mn Na Ni P Sr Ti Zn

Al 1

As 0.453 * 1

B 0.496 * * 0.091 1

Ba 0.418* -0.096  0.155 1

Ca 0.072  0.226< -0.178 0.154 1

Cd  0.661* * 0.209 0.333. 0.456 * £0.37 1

Cr  0.509 * *0.555* *0.701% * 0.058 0.169 0.222 1

Cu  0.670 * *0.665 %% 10.331 0.08 0.023  0.449 * 0.661 * * 1

Fe  0.961 * *0.519'* *0.491 *#.0.378 *  -0.067 0.641 * *0.583 * *0.756 * * 1

K 0.573 * #0.742 % * [ 0.37 0.087 0.044  0.417* 0.795* *0.815* *0.660 * * 1

Mg  0.576.* *0.778 * * _0.346 0.038 0.351 0.21  0.782* *0.806 * *0.706 * *0.782 * * 1

Mn 0.805* * 0.342  0.423* 0.514* * -0.146 0.703 * * 0.436* 0.581 * *0.880 * *0.601 * *0.540 * * 1

Na 0.457* 0.650 * * 0.21 0.046  0.405* 0.152 0.554 % *0.681 * *0.576 * *0.484 * *(.888 * * 0.376 * 1

Ni  0.710 % *0.513 * * 0.349 0.335 0.199 0.678 * *0.530 * *0.758 * *0.785 * *0.748 * *0.605 * *0.848 * * (.443 * 1

P 0.437* 0.705* * 0.286  0.232  -0.027  0.218 0.679 * *0.818 * *0.525 * *0.722* *0.741 * * 0.263 0.603 * *(.487 * * 1

Sr 0.702* *0.780 * *0.487 * * 0.084 0.023  0.423* 0.795* *0.791 * *0.786 * *0.893 * *(.870 * *0.682 * *0.626 * *0.751 * *0.705 * * 1

Ti  0.655* *0.574 % * 0.209 0.089 0.158 0.457* 0.266 0.375* 0.568 * * 0.34 0.353 0.318 0.327 0.3 0.369  0.413 * 1

Zn 0.584* %0.743 % * 0.234 0.057 0.244 0.317 0.570 * *0.616 * *0.629 * *0.553 * *0.765 * * 0.435* 0.756 * *0.547 * *0.582 % *0.733 * *0.618 * * 1
*P<0.05; * *P<0.01,

3.5 EHTRMERS ST
R 25 RIS B H Y AR
SEFP 2GR ATk KRG A 18 AR CHLICER B
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JEVEFE AT ) BRI, WAk 5. RS AT LA
BH, EPEET S A TR, BT R A F)
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Table 5 Initial eigenvalue and contribution rate of principal component
ERTYN B BURARRAE (7 22 STk SR (R 7 22 Dtk

Principal component Eigenvalue - V.arlan(:e Accu-mulialed vananee
Contribution Rate (% ) contribution rate (% )

1 9.731 54.063 54.063

2 2.595 14.416 68.479

3 1.486 8.254 76.733

4 1.165 6.473 83.206

5 0.936 5.198 88.404

R T ST T R B A R R 45 T RN
FS TTRRAR SR S5 K Ty 26 36 X5 W) iy 70 £ 4 o
TTWE G 43 B, 45 B e e I 19 DXL 97 A 6 B DL 3% 6
H2 6 Al XF 28 — E LA STk R I JC Rl As,
Cu K Mg P Sr; %8 — F s sk KT E N Ba,

M 5555 = F 43 DT R K AO0E o T X565 I 32 1
Sy TR I TC 3R B s X L TR K T &R
H Ca, BRI 2276. 7% ( >70% ) L I B 5T Rk R
AR 3 A~ E W Bl i BIA A As| Ba, Cu, K,
Mg Mn<P. Sr Ti 21| 4 W FETCHLITER .

R6 MERTIRENETERE

Table 6 Factor matrix-after rotation transform

T F 43 Principal component
Element 1 2 3 4 5
Al 0.386 0.667 0.476 0.285 0.05
As 0.824 0.025 0.39 -0.087 0.12
B 0.156 0.221 0.091 0.932 0.107
Ba 0.22 0.834 -0.058 0.053 0.322
Ca 0.107 0.115 0.07 -0.065 0.937
Cd 0.15 0.734 0.329 0.067 0.379
Cr 0.689 0.118 0.018 0. 654 0.137
Cu 0.847 0.326 0.116 0.107 -0.098
Fe 053 0.668 0.351 0.261 0.036
K 0.836 0.3 0.024 0.21 0.076
Mg 0.883 0. 196 0.113 0.198 0.318
Mn 0.379 0. 846 0.08 0.17 -0.093
Na 0.728 0.14 0.184 0.052 0.441
Ni 0.618 0.681 0.032 0.06 0.218
P 0.865 -0.088 0.192 0.162 0.153
Sr 0.827 0.33 0.167 0.294 0.016
Ti 0.226 0. 185 0.929 0.068 0.055
Zn 0. 665 0. 185 0.509 0.058 0.248

4 WS
ARSLE R 1CP-OES 3550 #r 1] 22 & il 7= IX

[ 29 LA 5L Y 26 FhoCE, JFFH SPSS 21. 0 X4k
PEFEATAE AR A3 HT L Ao BT . BT s R R )i
EATESAFENHEITRN Ca P K Mg Al Na
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