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Determination and Evaluation of Heavy Metal Elements in Kalimeris indica
by ICP-MS Coupled with Principal Component Analysis and Cluster Analysis
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Abstract: A microwave digestion coupled with inductively coupled plasma-mass spectrometry (ICP-MS) method was es-
tablished for the determination of heavy metal elements in Kalimeris indica from different habitats. The results were ana-
lyzed by principal component analysis and cluster analysis. Two principal factors were extracted and used to comprehen-
sively evaluate heavy metal elements from 15 batches of K. indica. The comprehensive function was F = 0. 586F, +
0. 414F, ,which resulted in the top three samples coming from Bozhou Chinese medicine market, Bozhou 2 and Xu-
ancheng, respectively. The cluster analysis results showed that the contents of heavy metals were similar by habitats. The

study indicated that ICP-MS was a quick , accurate , sensitive method to determine the contents of heavy metal elements in

K. indica.
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Table 1 ~ Sample information of K. indica from different resources

%5 RARH AT 9> SRAE M 15

No. Collection site No. Collection site
S1 ZM 3% 1 (201311 ) Bozhoul S9 JFYT. 1(201408 ) Lujiangl
S2 ZM 2 (201310) Bozhou2 S10 A 3(201409 ) Hefei3
S3 2ZM 3 (201311 ) Bozhou3 S11 Jth M (201407 ) Chizhou
4 ZM| 4(201311 ) Bozhoud S12 JF YT 2(201408 ) Lujiang2
S5 AHE 1 (201309) Hefeil S13 JE 51 (201406 ) Wuhu
S6 ANE 2 (201309 ) Hefei2 S14 ‘HIE (201311 ) Xuancheng
S7 42X 1(201408 ) Anqingl S15 HE3E 2 (201311 ) Bengbu2
S8 W 1 (201311) Bengbul

2 WA

2.1 HERAE

IR il 1 T 60 °CF T 12 h 4% 10 4315 HURE
J& e,k 70 B, ORAF T TSR, 2 . A%
PREURE i, B F R UG S aTH AR T, A 10 mL fif§
iz A1 2 mL 3 AL, 38 o O A A A e TR e A5 R
AT . THAR C A5 R I VRS , T Ak A F AU A
R IEAH B E R, 1% TER R E 25 2 50 mL 25
SR, [l B bR s Rl
2.2 ICP-MS T{ES#

ICP-MS TAESHGAM: : ST % RF1550 W, 45
BEFARA R 14.0 L/min, 3 B & i & 0. 8 L/
min, Z b gaiig 1. 07 L/min, &5 K 16.8 V, 1
57 Bk, A e i, H A ORE B B 3
UK, A BT[] 20 ms , B T R A TE 4L 3
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3.1 FofEmZk

WEHLIE 5 Cu, As ., Cd Pb 1R & b o i 45 W,
1% HNO, V% %R} 0.0.5.1.5.10.50 peg/L
FRYVRPE, WIBGE B He bR 7 W SR ie i, H 1%
HNO, BN 0.0.2.0.5.1.2.5 pg/L R4
VI, O A Y AR v 2 TEOLIR Y SE 5
AR KRB ARSI HER IR RS, 22 25 T R b
M o ARt R A 7 0k, LE AL i AL 2 1
T2 ERWRE I E 10 K, 3 AR 22 (30) XF
LAY T 2R v B BRI S A B, 25 SR BH Cu (As (Cd \Pb
53 HIHE 0 ~50 wg/L Hg £ 0 ~5 pg/L il N 2 R4
AMXR,

R2 REHZ EAXRYREHR

Table 2 Standard curve, correlation coefficient and detection limits

JC # HNARICH IZRGAIIERS AHE R EL(r) Kt R
Tested Internal Standard Correlation Detection
element standard curve coefficient limit (pg/L)
SCu 72Ge y =27758. 149x + 14968. 041 0.9984 0. 060
75 As 72Ge y =3684.519x +255.003 1.0000 0.032
4 cd 115In y = 15556. 369x +432. 009 1. 0000 0.012
02 Hg 209Bi y =41155.599x +6200. 559 0.9946 0.017
208 py, 209Bi y =194715. 134x +153791. 521 1.0000 0.044
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Table 3 The results of precision
TES;EI eliem 1 2 3 4 5 6 RSD (% )
o 11.798 10.959 11.456 11.465 11.332 10.557 3.89
5 As 10.255 9.473 9.960 9.885 9.713 9.220 3.77
4cd 11.010 10. 143 10.878 10.835 10. 403 10.093 3.78
02 g 0.011 0.010 0.012 0.010 0.011 0.010 4.29
208 p}, 13.843 12.784 13.675 13.458 13.058 12.676 3.63

3.3 ESHKE
FEALAH IR — AR SR AT AR 6 1y, ik Ty

VAT A AR PRAT B AR 0, 2 D T A LR i
HEMEAIR LK 4,

x4 EEUXBRER
Table 4 The results of repeatability

T R

Tested element ! 2 4 3 RSD (%)
#Cu 23.314 20.588 22.335 22.366 21.676 4.56
5 As 0.932 0.904 0.925 0.917 0.906 1.31
4ed 1.109 1.018 1.057 1.065 1.013 3.72
MYy 0.011 0.0105 0.010 0.011 0.010 4.76
208 pp, 6.113 5.596 6.165 5.641 6.115 4.75

3.4 miEEYERILLE
K FHBRE N A 047 USRS, 43 51 HUbR U
AV (Cu  As .Cd \Hg . Pb 23 i 4351 10 .10 .10 .1,

10 we/L) A ZS FIE P, #4213 05 3k 18 A Ak
B FRRE XA Al R A A5 0 B PEAT RS [, 1 (]
W, SRR, Frd S iy o3 M 7 12 DR G
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Table 5 The recovery of standard addition

e /\E ‘T!I - ] 51 I 327
o il T I {E N
Tested el \ M (/L) Added amount Detected amount Recovery rate RSD (% )
eslted elemen ean
. (pe/L) (pe/L) (%)
S Cu 15.346 10.0 25.663 103. 17 0.02
5 As 0.816 10.0 10.223 94.17 1.14
4 cd 0.220 10.0 9.811 95.91 1.53
22 Hg 0.050 0.4 0.396 86. 50 3.96
208 py, 7.952 10.0 17.759 98.07 4.87
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Table 6 Contents of tested elements in K. indica
- 43 JR L2 5 it Contents of tested elements (mg/kg)
No. 8y 5 A 140 0y 208 py
S1 40.61 1.08 0.42 0.12 4.45
S2 25.93 1.05 1.64 0.093 6.26
33 14.26 2.3 0.13 0.076 6.68
4 18.54 0.86 1.25 0.063 7.66
S5 30.71 1.42 0.27 0.061 8.26
S6 28.45 1.21 0.52 0.061 7.5
S7 21.12 1.29 1.62 0.062 5.28
S8 21.26 0.68 1.08 0.075 6.49
S9 17.28 2.53 0.16 0.051 4.25
S10 13.62 1.32 0.26 0.068 5.37
SI1 21.88 1.56 0.26 0.043 3.19
S12 14.10 2.76 0.19 0.038 4.58
S13 20.28 0.78 0.14 0.027 4.65
S14 30.45 0.55 2.25 0.023 2.94
S15 22.72 0.92 1.02 0.011 6.76
%7 TEBEMSIER
Table 7 The results of correlation analysis
,l,este?imem Cu As cd He Pd
Cu 1.000
As 0.414 1.000
Cd 0.500 0.636" 1.000
Hg 0.014 0.055 0.104 1.000
Pd 0.050 -0.096 0.121 0.250 1.000
T AEEAEEE OB 2 0. 05 i, A OCHE R WE
* swhen confidence was 0. 05 ,the correlation analysis is significant difference.
£ MERIEABERR Y 2 RHE
Table 8 Total variance explained
EI) GEER OR[N JiEte - AR
i Initial characteristic value After rotating sum of squares loading
compone A TEFE i FAE L TRIE mmw
Total to variance (% ) Cumulative (% ) Total to variance (% ) Cumulative (% )
1 1.938 38.762 38.762 1.905 38.092 38.092
2 1.310 26.202 64.964 1.344 26.873 64.964
3 0.932 18. 643 83.607
4 0.528 10. 560 94.167
5 0.292 5.833 100. 000
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Table 9 Factor loading matrix

. I GENL JiEHe J5 £ A
JLE Initial principal factor scores Rotating principal factor scores
Tested element
1 2 1 2
Cu 0.749 0.235 0.674 0.402
As 0.871 0.170 -0.887 -0.036
Cd 0.738 -0.409 0.813 -0.227
Hg 0.243 0.822 0.047 0.855
Pd 0.120 0.620 -0.027 0.063

B EIRTERE 5 E o N A0 7 25 5Tk ofe. DARARSS WL 100 Bl T, 2= N T 24 1T 37
FRZHARIN, A A5 7= i B AR S R B m B 7 220 2 DURCE SO =4 S 22 AR 25 5 15 0 HE 44 i
o B GV BB F =0.586F, +0.414F,, =, MZEGRE X =R D 2 b0 B G R & R A L
WA R BN R AR = e B 2 W a0 P HEERE,

®10 BHSEAFUREEEMN

Table 10  Principal factor scores and comprehensive ranking

. FsrE T ZaHs
ﬂ]\?v Principal factor score Comprehensive
o Il - v ranking
S1 1.064 2.050 1.472 1
S2 1.224 0.948 1.110 2
S3 -2.049 0.750 -0.890 13
S4 0.566 0.462 0.523 7
S5 0.113 1.491 0.551 5
S6 0.203 1.041 0.550 6
S7 0.749 -0.395 0.276 8
S8 0.792 0.553 0.693 4
S9 -1.927 -0.624 -1.388 14
S10 -0.967 -0.022 -0.576 11
SI1 -0.566 -1.084 -0.781 12
S12 2.312 -0.996 -1.767 15
S13 -0.074 -1.068 -0.4385 10
Si4 2.741 2.121 0.728 3
S15 0.668 -0.985 0.016 9
3.7 ARFMES=ESETERESN AR DGR 22 7% , >R ] SPSS19. 0 K F ik 32 13

NTHIRLEMAAR = S 2 g S PSR TR R R AR WL L T S
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Fig. 1  Dendrogram of 15 batches of K. indica samples
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