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Determination of nine heavy metals in Rubia Radix et Rhizoma from different
habitats of Shaanxi province by ICP-MS
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Abstract: Objective To determine the contents of nine heavy metals in Rubia Radix et Rhizoma from Shaanxi province and to
evaluate its safety. Methods Microwave digestion method used in sample pretreatment combined with an inductively coupled plasma
mass spectrometric (ICP-MS) method were applied to determine the contents of nine heavy metals, i.e. Cu, Mn, Cr, Zn, Cd, Fe, Pb, Hg,
and As in 35 samples of Rubia Radix et Rhizoma from seven wild populations in Shaannxi Province. The differences of heavy metals
contents in different habitats were compared by statistical analysis. Principal component analysis (PCA) was performed to obtain an
overview of the distribution of all samples and Pearson correlation analysis was used to determine the particular relationships among
the levels of the nine heavy metals. Results The content of each heavy metal in the 35 samples of Rubia Radix et Rhizoma was below
the detection limit and the contents of the nine heavy metals existed variation among the seven districts. Scores plot clearly separated
the 35 samples into three groups (Guanzhong, Shaannan, and Shaanbei) by PCA. Pearson correlation analytical results demonstrated
strong correlations among different heavy metals. Conclusion The developed ICP-MS method is suitable to accurately quantify the
content of heavy metals in the samples of Rubia Radix et Rhizoma. Although the content of those varies in different habitats, Rubia
Radix et Rhizoma is considered safe on the basis of the level of heavy metals.
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T2 B R 2 BRE PR Y. P RERRZG RIS, BT
TERNGERE BN R, BAT HE A 2 A2 5
. HEARE DA, AU ERNE,
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RARF L ORI B AR 257 5. (8
I 2Rl TRIE T ARV R R, ERIR S
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TCo T, AWFFCLABRIUE 7 DR 35 4 EF
PRGN SRS B, SR P AR i AL HEE
dh I8P - LB & S8 TR B (ICP-MS)
SIHTEARNE T 2544 Cuy Mn. Cr. Zn. Cd. Fe.
Pb. Hg. As 9 MEEEITRNEGE, U™

PR A 2 A SRR AR
1 mRI5EE
1.1 NE5HH

Optima™ 2100 HLEHE & 45 B T1R- i (36
Perkin Elmer /A ); ETHOS UGN MR (&
KA Milestone A7 D; BT TR (HARBEA
Ay HEVEIR ST RAE OREEZR TR A TR
NCIDR

Cu. Mn. Cr. Zn. Cd. Fe. Pb. Hg. As ]
1 000 pg/mL FrifEdE (A6t B S bnEY st 70
0, I AR R RS H TR IR SRR K
NEEAEIK: 65%MEIR (Zrtfrall, #<E BDH AF]).
1.2 #l

AHIE ST FT FH 98 AR A 2016 4E 10~11 HUR
LTPeraE 7 B AEZGMIE 35 GR D, 4
B il EH e 7 [ 24 DK A v 24 35 0 S Ui = A
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Table 1 Details of populations of Rubia Radix et Rhizoma samples in Shaanxi Province

D' SRR R FE S E HE (N) 2 (E) #4k/m
XY1~5 e 78 48 R T TS 4 X 5 34°2121" 108°43123" 402
WNI1~5 B 75 45 T P T SR I L 5 34°59'31" 109728'17" 563
BJ1~5 BRPE A EXG TR H & 5 34°03'07" 107°17'56" 1533
TC1~5 B 74 A 40 1T e 5 34°5423" 108°59'48" 726
SL1~5 BEVE A RV TR K S 5 33°41'10" 109°07'04" 990
AK1~5 B 75 45 2 e T ) FH B, 5 32°49'50" 109°22'04" 352
YAL~5 B 75 44 SE 22 T o o B 5 35°34'45" 109°15'41" 832

cordifolia L. [T AR ZE
2 Hik
2.1 fRAEA RS H

WERBCR T, Cus Mn. Cr. Zn. Cd. Fe.
Pb. Hg. As 9 FibrdEia, JSAaEREA 1 000
pg/mL, IR HABEARTRIREE, PRUERAIRE S5
BEIREEAERTITEEZ A, BRI 2.
2.2 HHiXSRIBRRREIE

ERAFREL 0.5 g B R G 60 HIf,
TNV IR R, RSB AR 8 mL,
BTl E 25 min, AT, 1%
THIFEFHEM: 10 min FHEZE 150 °C, 4EHF 2 min;
b6 )5 3 min JHEZE 200 °C, 4E¥F 8 min JHfR. cEE
o, WEIZRER, B, TEXEFERERS,
afi/KEZFE 100 mLo

2.3 ICP-MS &%

ICP-MS TAES%L: ITh%E 13 kW, AHSMEER
& 15 L/min, #FSAFEE 0.8 L/imin, B4R
# 0.2 L/min, M-8R 1.5 Lmin; MWEFM4N
RSB 10 s, ZEARIE] 1 s, AR RECT IR BL2.1”
TR G R FE R AU E s, % Bk RN E, 2
HibrRE 2R, HEREPEEE, BiAlE 2,
24 FHEFER
2.4.1 FEEERK B Cu. Mn. Cr. Zn. Cd. Fe.
Pb. Hg. As brfEVaili s FUESEHERE 6 e & &,
9 FITE M RSD {H /37N 1.9%-2.6% 1.7%- 2.5%-
1.8%- 2.5%- 2.8% 1.7%- 1.7%, FWILISHIFEH
PRI
242 EEMERE B XYS SRR 6 4y, %
HE 2,17 W iR & HEHRVAW, WE Cus Mn. Cr.
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Table 2 Calibration curves of nine heavy metal elements

T FREW S (ngL™h EVEpE: r R /(gL
Hg 0. 1. 2. 4. 6. 8 Y=0.014 326 X+0.006 2 0.9992 0~8
Cd 0. 2.5, 5. 10, 15, 20 Y=0.521 2 X+0.050 8 0.999 6 0~20
Pb 0. 2.5, 5. 10, 15, 20 Y=0.186 5 X+0.032 6 0.999 5 0~20
As 0. 2.5, 5. 10, 15, 20 Y=0.324 4 X—0.004 7 0.9999 0~20
Cu 0. 25. 50, 75. 150, 200 Y=1.1204 X+0.014 4 0.999 8 0~200
Fe 0. 25. 50. 75. 150, 200 Y=1.321 08 X+0.061 8 0.9993 0~200
Mn 0. 25. 50. 75. 150, 200 Y=1.340 5 X+0.002 2 0.999 8 0~200
Cr 0. 25. 50. 75. 150, 200 Y=0.018 8 X+0.007 4 0.999 6 0~200
Zn 0. 25. 50, 75. 150, 200 Y=2.947 0 X+0.021 6 0.9995 0~200

Zn. Cd. Fe. Pb. Hg. As I &, 9 Fic&K ) RSD
539N 2.9% 2.2%. 2.6% 2.5% 1.7%- 2.3%.
2.4%- 2.7%- 1.7%, VLA EEYE R,
243 Rt B XYS SEERES 0, 1%
M8 “2.17 WO & AV, d% Bk 9227 I
ZE, AT 0. 4. 8. 124 164 204 24 h 437l
€ Cu. Mn. Cr. Zn. Cd. Fe. Pb. Hg. As HI&
&, 9MILEM RSD H N 2.6% 2.5%. 2.7%-
2.4%- 2.9%. 2.3%-+ 2.8%. 2.6%- 2.7%, FWIFE
i fE 24 h W2FE N
2.4.4  OFEENSCRIAESE  BCCIE R XY 1 FEA 0.5
g (5 ), FERE, HIkEEMA—E&R&T
EhRUEVET, %I “2.17 ikl ahRvE I, 7 Bk
€227 WU AT E, THEASEIZ UK M EL
RIE 96.80~102.23%, RSD ¥/N T 3%.
2.5 #H&ENE

Pl “2.27 Tt 2% 76 FLAE S A A VA, W
EH Cu. Mn. Cr. Zn. Cd. Fe. Pb. Hg. As 9
FESEMNEE.
3 R554H
31 EERTENESENEER

K IR R SRR TR R BR P B X 7 ANAS [
FEHBIL 35 3 BEERE AL A Cus Mn. Cr. Zn. Cd. Fe.
Pb. Hg. As 9 MEEECHRIT TS RE, 4
WER 3. BT (2 MY R RIFREE O 2R EAT
FrifE) O, (hEZG ) 2015 FERRTRETRR: Pb<
5.0 mg/kg. Cd<<0.3 mg/kg. Hg<0.2 mg/kg. Cu<:20.0
mg/kg, As<2.0 mgkg, AJLMSH 35 pPi LM
Pb. Cd. Hg. Cu. As JGE FIEIITEARERHIVERPY,
FFETRE T 250 H 4R e A AR SR

32 AREFHtREEERTRRESHERES R

FE AN [F] 77 b ok B VG o8 R B R =
YE BAREZ AT 404, [ 3R SPSS 19.0 i3
AT B 77 2 00 dr, AR 4. SRR, AR
MR RSB TR E AR EEE R, DR
HiX () Cu 1 As Tozdieim, ~F3ME 5 A8 19.03.
1.016 mg/kg; JEHHLIX Cr A Pb 70 & i &40 B w4 »
SEIME S 0.267. 3.680 mg/kg: EZAHIX Cd Tt
=R BERE, FEMEN 0.307 mg/kg; {HFEHLIX
Mn. Zn Al Fe BiEHEE N, “FMED N
86.76 mg/kg. 86.87 mg/kg Fl 69.48 mg/kg; FiEHh
X Hg fEfg i, “F¥MEN 0.144 mg/kg.
33 MEXMSH

FHORME SN AT T2 N T 2564 IR AR i Fe
W R 2 A B A SR B AREAT 20 A, AT
e NI ) P A NGIS A (iU DO 1A ki
9 FhEE 48 0 R Z M ARG BT 700 (R 5), &
B LG B 7y 2 (R AFAE R 2 38 BT 35 A5G E . Wl Cu
5 Hg 1 As $ 2H R E PR IEAH O, HAH G R E0 7
N 0.482 (P<<0.01) #10.501 (P<<0.01); Cd 5 Fe
A Hg B EMREZEMEAAHG, HAHXRED N
-0.430 (P<<0.01) F1-0.334 (P<<0.01),
34 ERDSW

F R AT R AR R 2 A AT AR B I 2 A e D
B NI N/ DB IR R, H 2Tk 21 B R b %k
S/MH AR i P ORHR 3 A8 R AR B 010, ARt
FUR T WA 9 M EE 4 JE T B 78 BRI v AN A AR
wIRA S H TR, RE 35 4P HRE A
19 FhE SR TR S EEIE, @i SPSS 19.0 #ff
XA R EAT R b, 45 WK 6.
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Table 3 Contents of nine heavy metal elements in samples of Rubia Radix et Rhizoma
g2 5 H/(mg kg )
Cu Mn Cr Zn Cd Fe Pb Hg As
XY1 13.51 55.50 0.232 49.65 0.241 63.56 3.62 0.087 0.423
XY2 19.25 52.37 0.235 49.21 0.194 45.78 3.63 0.082 0.454
XY3 16.20 48.75 0.269 50.77 0.183 53.02 3.75 0.093 0.371
XY4 16.88 52.63 0.324 51.12 0.182 52.83 3.88 0.112 0.409
XY5 14.50 61.00 0.274 51.25 0.188 75.40 3.50 0.095 0.461
WN1 16.05 95.50 0.122 85.03 0.246 59.84 2.18 0.052 0.766
WN2 15.92 82.46 0.123 97.22 0.248 60.78 221 0.051 0.690
WN3 16.50 80.75 0.096 76.47 0.199 91.13 1.78 0.076 0.733
WN4 15.11 87.22 0.099 77.53 0.195 67.55 1.74 0.056 0.686
WNS5 11.18 87.86 0.152 98.09 0.250 68.11 2.23 0.057 0.514
BJ1 16.26 66.28 0.223 54.26 0.293 47.35 1.77 0.075 0.447
BJ2 17.16 67.91 0.222 53.75 0.252 48.32 1.80 0.060 0.468
BI3 13.43 64.15 0.221 61.30 0.308 46.50 1.74 0.074 0.425
BJ4 14.75 65.00 0.233 57.11 0.283 69.40 2.61 0.068 0.437
BIS 15.07 65.13 0.236 59.08 0.280 46.41 1.72 0.067 0.430
TC1 14.50 63.50 0.144 49.42 0.159 72.56 2.44 0.057 0.681
TC2 12.22 73.20 0.148 60.14 0.163 69.39 2.98 0.052 0.785
TC3 21.00 63.55 0.129 76.62 0.161 50.53 3.73 0.045 0.722
TC4 16.25 63.25 0.133 73.29 0.166 70.22 3.58 0.046 0.683
TC5 16.02 58.63 0.138 61.34 0.167 68.20 2.99 0.048 0.626
AK1 19.45 92.38 0.191 50.03 0.236 53.19 1.23 0.122 1.164
AK2 18.69 81.96 0.189 53.28 0.228 53.67 1.24 0.119 1.034
AK3 19.87 82.12 0.232 53.99 0.236 55.52 1.28 0.146 1.038
AK4 18.22 71.60 0.240 55.78 0.231 58.75 1.36 0.151 0.932
AKS 18.94 72.05 0.142 55.21 0.235 67.39 1.55 0.089 0.911
SL1 20.41 81.54 0.224 63.32 0.212 54.37 0.89 0.150 0.925
SL2 21.00 81.66 0.227 67.83 0.202 64.25 1.06 0.184 0.944
SL3 17.20 87.72 0.243 67.19 0.208 64.96 1.26 0.098 0.991
SL4 17.70 91.25 0.244 67.58 0.210 70.51 1.16 0.123 1.046
SL5 15.54 91.59 0.232 70.50 0.207 73.05 1.20 0.165 1.132
YAl 15.13 54.78 0.109 111.75 0.320 55.24 3.02 0.022 0.539
YA2 16.26 59.50 0.136 120.51 0.293 56.12 3.05 0.018 0.623
YA3 17.39 49.25 0.138 113.19 0.305 45.56 2.46 0.019 0.657
YA4 17.00 54.46 0.138 101.20 0.313 60.00 3.25 0.027 0.494
YA5 13.25 77.18 0.140 109.48 0.305 57.18 3.13 0.031 0.640
*4 TRFHRAFHEFIMEERESEERMEN A

Table 4 Content differences analysis of nine heavy metals among different resources of Rubia Radix et Rhizoma in Shaanxi province

&S HU (mgkg™)

Cu Mn Cr Zn Cd Fe Pb Hg As
XY 1607+223bc 54.05+4.56¢ 0.267£0.037a 5040+ 092¢ 0.19810.024¢ 58.12+1.16abc 3.68+0.14a 0.094+0.011b 0.424+0.036d
WN  1495+064c 867615752  0.11810.023d 86.87+ 1.04b 0.228+0.028cd 6948+127a 2.03+025¢ 0.058+0.010¢ 0.678+0.097 be
BJ 1533+143c¢ 65.69+145b  0227£0.007bc 57.10% 3.20de 0.283%£0.021b 51.60+£9.98¢c  1.93+0.38c 0.069£0.006¢ 0.441+0.017d
TC 16.00£322bc 64.43+£533b  0.13820.008d 64.16110.95¢d 0.16310.003f 66.18+8.89ab 3.14+0.52b 0.050+0.005¢ 0.699+0.059 b
AK  19.03+0.64a 80.02+859a  0.199£0.039¢ 53.66+ 225¢ 0.233%£0.004c 57.70+5.84abc 1.33+0.13d 0.125+0.025a 1.016+0.101a
SL 1837£2.29ab 86.75t4.94a  0234%0.009b 67.28%+ 2.57¢ 0.208+0.004 de 65.43+7.21ab 1.11£0.14d 0.144+0.034a 1.008+0.084 a
YA 1581£1.67bc 59.03£10.77bc 0.132£0.013d 111.22+ 6.96a 0.307+0.010a 54.82+548bc 2.98+031b 0.023+0.006d 0.591+0.071 ¢

ANANEFRFRRETEEE, P<0.05

Different letters means significant difference, P <0.05
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Table 5 Pearson correlations analysis among nine heavy metals in Rubia Radix et Rhizoma

JTTER Cu Mn Cr Zn cd Fe Pb Hg As
Cu 1.000 0.101 0.158 —-0.209 —0.202 —0.282 -0.318 0.482* 0.501"*
Mn 0.101 1.000 —0.128 0.003 —-0.116 0.336" -0.734™ 0.426" 0.729**
Cr 0.158 —0.128 1.000 -0.634" —0.124 —0.253 —0.076 0.643" —0.077
Zn —0.209 0.003 -0.634™ 1.000 0.519" —0.016 0.157 -0.581"" —0.070
Cd —0.202 —0.116 —0.124 0.519" 1.000 -0.430™ —0.124 -0.334" —0.256
Fe —0.282 0.336" —0.253 —-0.016 —-0.430™ 1.000 —0.059 0.091 0.239
Pb —0.318 —-0.734" —-0.076 0.157 —0.124 —0.059 1.000 -0.573" -0.684™
Hg 0.482" 0.426" 0.643" -0.581" -0.334" 0.091 -0.573" 1.000 0.574"
As 0.501** 0.729** -0.077 —0.070 —0.256 0.239 -0.684™ 0.574* 1.000

*P<0.05, WFEA; TP<0.01, WEFMK

“and ™" donates significant relationship at P < 0.05 and P < 0.01 levels

®6 IHAHER

Table 6 Loadings in first three principal components

TR PC1 PC2 PC3
Cu 0.552 —0.160 0.421
Mn 0.685 0.591 -0.035
Cr 0.372 —0.787 0.109
Zn -0.522 0.682 0.273
cd —0.413 0.249 0.727
Fe 0.184 0.411 —0.801
Pb —0.752 —0.362 —0.337
Hg 0.891 —0.299 0.043
As 0.813 0.433 0.061

ME 6 FRTLEH, 8 3 AN EHR Bit sk
153 78.45%, R BB UL K 2 BB R M5 S,
WO 3 AN FERG. Hdr, B 1 ERG (PCD &R
TR N 37.89%, 2 B R WL K H Hg(0.891)+
As (0.825). Mn (0.685) FlPb (—0.752) M58 ;
B2 R (PC2) RIATTHREE N 23.32%, FE KR
WK E Zn (0.682) F1 Cr (—0.787) HIfEE;
3 R (PC3) RETTHRE N 17.25%, FE KR
WLESRE Cd (0.727) F1 Fe (—0.801) MIfER.
RIE 35 frdrkl 9 FpE &8 e R & = E K b
ghiIR, REET 3 DN ERHE 3D BB, WK 1.
ME 1 A LUE . PCA 199 B ATA 35 Atk
A4 336,58 1 KRB PRIt X W& 21 5 0 #4 K
2 KNRE KRR TER EXGFEE )1
20 IrAPRL, 55 3 SEONR B X RS v AN 2 R )
10 1344

PC3 (17.25%)

PCI (37.89%)

-4
-2
oF
2
4
6

1 W57 3D BHE

Fig. 1 Scores of three principal components in 3-D plot

4 g

HEJRIUEW Pb. Hg. As SEANEKNE S E
M, Mk B —E'Ean KOk R, R Rk,
SEHE. BEE. NOWARG. MERGEIIREN
U, TR AR KRR R IR S
g, AR KRS DL 2 FH AR B () 18 A% 7
PE, WEZREAEEESES, AR ESE
FRFRBL RO, FF ik, 6= AR [ 2584 3470
R, NERESRESE, MhTHESESAM
GARVEZ WA, WARIEEE. ZeHARA
WO BB R L AFFFCRA (R EZGH) 2015 4
FCEESE 1) ICP-MS 53 5 T B PG A 7] [X 17 A= 6
Ziff+ Cu. Mn. Cr. Zn. Cd. Fe. Pb. Hg. As
HEFEORNEE. SRR, Bt 7 MhIX 35
B P B 258 b Pb. Hg. As. Cu. Cd 5 il
W E SR LR S R A SR E A
FAE o
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LR REH, 9 MESE LIRS ENR
FEHAN R AR R P 22 5, L DR R o 5 e
AN = b ot R T 2 S RGBSR R R,
AT B8 BT 98 B AR AR KO R R ) 4 T R R
WEER NS LETNELBE TR SEE UM X
8. Ea s, w3 NFERGr PCL. PC2.
PC3 ) Rt TiERE N 78.45%, BEMSRERE K428
o FETRT 3 AT 3D 155 B ReTE M 1K BT
RN 34, %1 46T PCL. PC2. PC3 1)
WAL, kA TIREZH e s 5 AT
B e B, Ao X R . TR A A4
JIE) 20 PR G 58 3 4042 F PCL A1 PC2 FYIE
JiTal, PC3 WIS J5 1A, 2 B i X R v A 22 FR I 10
UMl FZ/R3 (Pearson) AHIEREM M, Bk
PG P8 FL A M 9 Bl EE 4 @ J0 FATAE — 8 IIAH DR

AW FIEIS T BTG 7 ANHLIX 35 4B AR T RRE
a R 9 M SRR S BT I E o 5 H R
FL, FIONBRDUP= 95 520 (1) 5 4 8 n 2 A ] e 4
BEARHE, AR A= G R 25 2 23Rt 5%
[, AF 50285 SRt B vh o AR s R e 8, N T
T ELSE S EEHSEAIEE L.
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