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Correlation between heavy metal elements in Curcuma herbs and their genuineness
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Abstract: Objective To study the correlation between the heavy metal elements and the genuineness of Curcum. Methods ICP-MS
technique was used to determine the difference of heavy metal elements content in 20 batches of Curcumae Rhizoma, Curcumae
Longae Rhizoma, and Curcumae Radix in different original regions and different original plants, and study the effect of water extraction
on heavy metal elements content. The relationship between heavy metals content and genuineness in medicinal materials and the
distribution change of trace elements in the decoction process from slices into the decoction were studied by systematic cluster
analysis. Results The medicinal herbs of the same origin can be grouped together, and the three medicinal herbs which were different
medicinal parts of the same original plants could be separated clearly. For the Curcumae Rhizoma from different original plants, C.
phaeocaulis and C. kwangsiensis produced from different places have more similar characteristics, and had more similar enrichment of
heavy metal elements. The content of heavy metal elements in different producing areas and different original plants tablets were
different: Cu > Pb > Cd > As > Hg; Results indicated that heavy metal element of Chinese medicinal materials in the process of
decoction had low dissolution rate, and the content of each element changed greatly after decoction. The element content of dissolution
was As > Pb > Hg > Cu > Cd, which showed that the content of Cu was greater than other elements in the original slices, but its
dissolution rate was low. Conclusion The content of heavy metals in Curcuma from different habitats was obviously different, and

it had certain regularity with the varieties of medicinal materials and distribution of producing areas. The origin environment has a
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significant effect on the enrichment of heavy metal elements, and the selective enrichment ability of heavy metal elements in different

varieties is different. Heavy metal elements distribution changes in the process of decoction from slices into the decoction showed that

the content of heavy metals in slices could have no positive correlation with that in patients with oral decoction, and each element had

low dissolution rate, which reveals the scientificity and rationality of the clinical application of Chinese materia medica into traditional

Chinese medicine decoction, and provides reference for the limited standard content of heavy metals.

Key words: Curcuma L.; Curcumae Rhizoma; Curcumae Longae Rhizoma; Curcumae Radix; original plants; genuineness; Cu; Pb;

Cd; As; Hg; ICP-MS
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Table 1 Source of samples in Curcuma
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AT, Mettler AE240 + 3732 — BT 3T R (i
[ Mettler AF]); KB T/Kl#4 (75E Millipore,
Synthesis A F)); FHE /K SPSS 19.0 Geit#ift-
2 FEEHER
2.1 HmETALE
2.1.1 B %

(D) ZFPRmH & BERR. 2. e
JriEs, MR 70 B, R, B

(2) ZMTERHE BEER. ZE. MR
Fre5 100 g, B8 fEEEETIK, i 30 min, H
& 3K, BHK 30 min, RUZLAIEL, SIFIER,
WA, WHETE, HERE, HuE, E.
2.2 FESHIORCBCH AR DT RS i s e A
Fr A 2.

R2 WURIHRRER
Table 2 Digestion procedure of microwave

SR PGP TIR/W A [E)/min S5 )/min BEEREC

1 500 0 10 120
2 700 10 15 190
3 700 15 25 190
4 500 25 45 120

2.1.3 AR AOTEAAE R0 E A R R A S %
TFEbR, A & DR IR RN E 2R 5, JmiE
SETTVE TR SOEFR S e TR, FHXUGENR
R R FIOK BT AR AR
AR, TRIE 5L\ PRSI o

R FREAER ML 0.5 g, IONTHREET, I
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2.2 FRERIERARRR RS
2.2.1 WREERIIE R EI Pb. As. Cd.
Cu b I 0ER, F 2% 0 BRI R B 2 i
Bh. 0. 1. 5. 10 20ng/mL, &4 0. 0.5, 2.5,
5.0~ 10.0 ng/mL, 4 0. 10. 50. 100, 200 ng/mL
)R B o R PR A . AR R He bRtk
T WOE R, H 10%A8 BRI FE S Hg 04 0.2+
0.5+ 1.2 ng/mL HIEW -
222 WRREBEHIE B I SURARER N
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2.3 ICP-MS JETESH

ICP-MS 52 TAESH L 3.

#*3 ICP-MS TETFSY
Table 3 Operating parameters of ICP-MS

S A
SFARTh AW 1.4
KAFEIR S step 110
WA (EA) B E/(L-min ") 0.89
HBR (B AR E/(L-min ") 13.0
AES GRS HBRE/(L-min ™) 0.7
I BN B/ (r-min ") 30
SEIRE/C 3
4 15 15 B IS TE] /ms 0.6
BB E 3
HEREX 2
BB 1) /s 0.13

24 FAEFWIE
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243 KEEREHELE HUE 0 bR dE S W E R
5K, 1HH RSD 12| & LR IIKEEE, Cu. As.
Cd. Pb. Hg RSD 73515 2.6%- 1.4%- 2.0%- 2.5%-
1.7%.
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Table 4 Method validation results

L%y AR r LOD/(ug'L™)
5Cu Y=338X107° X+348 0.999 5 0.0010
PAs Y=130X107 X438 0.999 7 0.000 7
Med Y=242X10" X+9 0.999 8 0.0020
208p Y=2.90X 10" X410 0.999 6 0.005 0
202Hg Y=231X10"*X+10 0.999 5 0.000 2
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R B S ESRECREITSENE, Bh
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19.0 GETHA A5 20 HERAS [FISRIFFEAR . 223 FIAD

=5 MATPESELZNE=ENEER n=3)
Table 5

processing drugs (n = 3)

Determination of heavy metal elements in

x6 TETEERRLZNIENESER n=3)
Table 6 Determination of heavy metal elements in dry paste
(n=3)

RES B/ (mg kg )

JRE$/(mg kg )

S Cu As Cd Pb Hg
1 5.097 0.181 0.195 0.553 0.012
2 5.215 0.139 0.156 0.274 0.033
3 5.634 0.179 0.208 0.474 0.010
4 4.967 0.144 0.299 0.337 0.007
5 4.248 0.103 0.215 1.186 0.033
6 5.241 0.125 0.144 0.378 0.034
7 5.352 0.225 0.276 0.445 0.024
8 5.462 0.215 0.304 0.457 0.033
9 6.361 0.253 0.288 0.374 0.037

10 6.412 0.145 0.213 0.434 0.008
11 7.174 0.137 0.235 0.438 0.007
12 6.732 0.178 0.246 0.316 0.016
13 6.911 0.221 0.189 0.300 0.015
14 4217 0.196 0.267 0.288 0.004
15 5.951 0.143 0.162 0.379 0.006
16 4.052 0.193 0.264 0.351 0.040
17 4.559 0.201 0.231 0.264 0.035
18 5.533 0.238 0.223 0.365 0.008
19 3.932 0.235 0.214 0.321 0.004

[\
S

4372 0.219 0.179 0.294 0.007

i Cu As cd Pb He
1 15917 1.701 0.171 2.608 0.035
2 13.740 1.560 0.085 1.141 0.101
3 9.559 2.007 0.217 2.353 0.043
4 16.153 1.475 0.157 1.210 0.025
5 10.359 1.129 0.159 2.235 0.161
6 15.240 1.250 0.246 1.187 0.104
7 15.370 1.425 0.096 1.412 0.114
8 15.460 1.215 0.204 1.632 0.133
9 16.260 1.153 0.214 1.274 0.162
10 16.240 1.162 0.113 1.721 0.024
11 17.170 1.237 0.118 1.638 0.025
12 16.630 1.315 0.098 1.291 0.062
13 16.710 1.879 0.189 1.238 0.092
14 14.450 1.421 0.267 1.188 0.014
15 15.450 1.664 0.162 1.579 0.024
16 14.750 1.293 0.264 1.251 0.044
17 14.550 1.245 0.231 1.264 0.124
18 15.130 1.654 0.223 1.260 0.027
19 13.830 1.321 0.214 1.221 0.011
20 14.570 2.014 0.179 1.295 0.021

R7T ZRPEERBFLEE n=3)
Table 7 Dissolution rate of heavy metal elements in
decoction (n = 3)
- /%
Cu As Cd Pb Hg

1 1490 44.12 4.12 22.59 15.18
2 1154 49.18 2.39 18.25 13.41
3 10.03 66.31 6.17 29.36 2543
4 18.08 56.95 2.92 19.96 19.86
5 1442 66.28 432 11.16 27.28
6 1516 52.13 8.91 16.37 15.95
7 1223 26.96 1.48 13.51 20.22
8 1525 30.44 3.61 19.24 21.71
9 14.86 26.49 4.32 19.80 25.45

10 1247 39.46 2.61 19.52 14.77

11 13.49 50.85 2.83 21.06 20.11

12 12.89 38.53 2.08 21.31 20.21

13 1192 41.92 4.93 20.35 27.80

14 18.99 40.12 5.53 22.83 19.37

15 1294 58.01 4.98 20.77 19.94

16 16.13 29.68 4.43 15.79 4.87

17 14.98 29.03 4.69 22.44 16.60

18 13.28 33.73 4.85 16.75 16.38

19 1881 30.05 5.35 20.33 14.70

20 17.23 47.53 5.17 22.76 15.50
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Fig.1 Results of cluster analysis
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Table 8 Information of type 1 elements

fﬁiﬁj\ﬁl/(mg-kg*l )
Cu As Cd Pb Hg

1 5.097 0.181 0.195 0.553 0.012
2 5.215 0.139 0.156 0.274 0.033
3 5.634 0.179 0.208 0.474 0.01
4 4.967 0.144 0.299 0.337 0.007
6 5.241 0.125 0.144 0.378 0.034
7 5.352 0.225 0.276 0.445 0.024
8 5.462 0.215 0.304 0.457 0.033
18 5.533 0.238 0.223 0.365 0.008
X+s531£0.23 0.18+0.04 0.23+£0.06 0.41+0.09 0.02+0.01

R9 F2ERRER

Table 9 Information of type 2 elements

JRESH(mg kg )
Cu As Cd Pb Hg

5 4.248 0.103 0.215 1.186 0.033
14 4217 0.196 0.267 0.288 0.004
16 4.052 0.193 0.264 0.351 0.040
17 4.559 0.201 0.231 0.264 0.035
19 3.932 0.235 0.214 0.321 0.004
20 4372 0.219 0.179 0.294 0.007
X5 4231022 0.19£0.05 0.23£0.03 0.45%0.36 0.02%0.02

F10 FBIXTEER

Table 10 Information of type 3 elements

fﬁiﬁj\ﬁl/(mg-kg*l )
Cu As Cd Pb Hg

9 6.361 0.253 0.288 0.374 0.037
10 6.412 0.145 0.213 0.434 0.008
11 7.174 0.137 0.235 0.438 0.007
12 6.732 0.178 0.246 0.316 0.016
13 6.911 0.221 0.189 0.300 0.015
15 5.951 0.143 0.162 0.379 0.006
X5 6.5910.44 0.18£0.05 0.22£0.04 0.37£0.06 0.01£0.01

0.001, ZRA G2 L. As. Cd I Pb LR &
BN, G2 RAMIKESEE 1 XA 3 2K, Hg ot
RO REEIE 3 LT 1 M5 2 2. =)
PREFRAM S Cu tHESBAMTH 2. R CutE
B REAAEAARFEFE L AR 5 1 2564 18 B () 37
MriEbrz —.

252 WA AITEFE RIS 2B
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FORFE R ES R ORI e R T g
SOy N, VRO 2 REAR BRI AE . A5 R
# 11,

THEG W 4 R G B R I S b
%, AT Z AR E 0N, 193] F=93.604, P<
0.001, ZRAHIIFENL, WL 12, HXFAFIT
FHATHM L. 45K, FR Pb 5 He WG R
EPEZERAN, H A EA R ENER.

F11 RAMTEFEEERTRIENH (x+5,n=3)
Table 11
processing drugs and dry paste (; +ts,n=3)

Content analysis of heavy metal elements in

JR & H(mg kg ")

P
Cu As Cd Pb Hg

W 5374098 0.18+0.04 0.23£0.05 0.41£0.20 0.02%0.01
T5 14884193 1.39£0.43 0.18+0.06 1.50+0.43 0.07+0.05

il

K12 FRPESBARBLEENN (x+s,n=3)
Table 12 Dissolution rate analysis of heavy metal elements

in decoction (x5 ,n=3)

TR 2R/ % F P
Cu 0.14+0.02 93.604 <<0.001
As 0.43+0.13
cd 0.04+0.02
Pb 0.20+0.04
Hg 0.19+0.05

HEL BT 50, AR, ASFEEEEE R
FHEEJEICE T ERE RN Cu>Pb>Cd>As>Hg;:
TETSESBETLRTELERN Cu>Pb>As>
Cd>Hg. IR FTEH Cu mHR M & BT
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