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Accumulation of soil Cd, Cr, Cu, Pb by Panax notoginseng and its associated

health risk
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1 School of Chemical & Environmental Engineering, China University of Mining & Technology, Beijing 100083, China
2 Zhongguancun Science Park Open Lab of Land Contamination Assessment and Remediation, Institute of Geographic Sciences and Natural Resources

Research, Chinese Academy of Science, Beijing 100101, China

Abstract: Panax notoginseng is a traditional valuable Chinese medicine plant that can be used for the treatment of
cardiovascular diseases, inflammation, trauma, and hemorrhage. In recent years, the heavy metal pollution problem of P.
notoginseng has attracted widely attention, however studies on this regard are limited. In this study, the heavy metal
pollution of P. notoginseng and soil in Wenshan ( Yunnan, China) was investigated; the bioaccumulation and transfer of
heavy metal in P. notoginseng was revealed; and the associated health risk was evaluated. Concentrations of Cd, Cr and Cu
in soil samples fell in the ranges of 0.13—1.87 mg/kg, 71.35—273.73 mg/kg and 13.96—86.16 mg/kg, respectively. Cd
concentrations in 75% , Cr concentrations in 38% , and Cu concentrations in 50% of the soil samples exceeded the
Environmental Quality Standard ( GB15618—1995) , indicating that serious pollution existed in P. notoginseng planting
area. Shapiro-Wilk test revealed that concentrations of soil Cd, Cr and Cr were not normally distributed ( The P values of
Cd, Cr and Cu were 0.004, 0.02 and 0.03, respectively, which were lower than 1) , indicating that human activities had
caused skewed probability distribution. Nemerow index analysis indicated that the magnitude of pollution followed the order
of, from high to low, Qiubei, Wenshan, Yanshan and Maguan county. The concentrations of Cd, Cr and Pb in
P.notoginseng were 0.23—5.50 mg/kg, 0—30.57 mg/kg and 0.12—27.45 mg/kg, respectively. and approximately 81%—
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100%, 75%—100% , and 25%—63% of the herb samples exceeded the Green Standards of Medicinal Plants and
Preparations for Foreign Trade and Economy ( WM/T2—2004) or NSF International Draft Standard ( 173—2001).
Bioaccumulation factors ( BCF) of Cd, Cr, Cu and Pb were 1.51—4.01, 0.01—0.11, 0.13—0.37 and 0.11—0.37,
respectively in different part of P. notoginseng. Transfer factors (TF) of Cd, Cr, Cu and Pb were 1.23, 0.41, 1.14 and
3. 61, respectively in P. notoginseng. Different parts of P. notoginseng accounted for 13.46%—46.40% , 8.67%—24.67%
and 1.90%—14.40% , respectively, of the ingestion rates with ADI ( Allowable Daily Intake ). The correlation coefficient
between heavy metal concentration in soil and the percent of main root ingestion rates with ADI were 0.841°" (Cd),
0.789""(Cr) and 0.753"" (Cu) (The double-asterisk is used to represent P < 0.01) , respectively. This means that the
health risk of Cd, Cr and Cu in the main root of the herb increased with the increasing metal concentrations. In conclusion,

heavy metal pollution of soil and P. notoginseng in the planting area of Wenshan should not be neglected, and effective

measures should be adopted to reduce heavy metal accumulation in the herb and human health risks.

Key Words; Panax notoginseng; heavy metal; soil; bioaccumulation ; transfer; health risk

=& Panax notoginseng (Burk.) F. H. Chen J&
RELS 2 T2y ALY, X0 S R G MR R 5
RIERG PG RS BA BT,
=T 2500 T3 4ERT S =40t el R A, A
PRAZS X PREEIE I RE D ARME, (R R T IE 4 23.5°
BRFT B v v T A M X, 2 B0 A T 3R = R S
BN mEESCILN R =B DT Y24 B 400 4
A AR TR 900 U7 kg, 25 AL =LA 90%
PLE 2P ERIEAZER N =EZ2 57,

e A T Y e BRI e b AR T
fa TR IR B ) 2 — REE AR Xt 3.6
J3 hm?® (B A T QR4 AT T G R A, K
PR RIA 12.1% . BT, BRIL=MAMAH 40%
B A FH 2R, - A7 7 4 v e, P VL e Y 4
ARG P B 3K 60%—70% , 4 H T 4 )& 15 Y
EE SR AN 2 6D = m Sl MAE R 3%
A IX, AR B AE(AR) &R AT, -
HET G R T SE AR B T AR B R IX
B TCR Yk A K B m AR 2 KRR, =L
T DX - 8 o 4 J 75 e ) R H 25 ™, X =2
A4 S E R B Gy pR A T R R

BT, =L AFoE B b 7 24 I PR 4, H &
SIRIG YA TR A BB VLIRS IR R
= b iy T 3 BRI I AR R H Y T
RO RS R A A R ol SR A S Ao B AN A R
=LAl RS TS Y AT RE BRI T R IR A A
JRW I BELE S Yan S53E i AR K E (152
5 fa7n T RRAE 1= RGN R I RS A AL

H JEPPA T = RS et AR A R AU 4R
T F I = A H Al o i A RS SRR A B
RPN A e IRUBS A3 98 Bk = A 2 e, =B 4
J 15 BT o R BELR AR SR ) B B A e

ASHIFSE 8 2o e A 2 pg SO L = Ao X K
=bhrEEE TG RIAR, #Ex =-tF Cd Cr Cu,
Ph 45 <5 A B IR SORT SR BRI , R A o A
R BRERIS: | LSO S A 2800 ke = - T < s ¥ % ) Al
TRBE =L 2 2 R R AU

1 #R57EE

1.1 FESCREFRT L

75 B SC L = R DXV 5 24 S 1000—1800
m , TR G AT e AR LTI | IR B IR R 1 B, 4F 7
PR 12.8—18.1 C, FEALEEH 16 4~ S = £ Ff
FEHL R, 76 R MR BEHL R 4R = LA S 10—15 £k,
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B J5 T A SRk Pk UE AR AR U L, O FH 40 B A
THUE, PR oKk, ¥ =LA 3 il AR 2
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J5F 60 C &AM TFUET 24 h BiEHE M T = LR
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Sampling sites in P. notoginseng planting area in

Fig. 1

Wenshan county, Yunnan Province

USEPA3050B Jy ¥ 18 7& fp '™ Al 9 #F & R
HNO,-HCIO, 753 & F R & %58 7 & 5k
T (ICP-OES) Ml el i i) Cd,Cr Cu \Pb 4 Fif
HERA R, M TR O gl 4 4
R it FVRE A i 1 53 B ok 7 v 23 3l R B KA 2
Fe# 5 ( +3E . GBWO07404 ; 4 . GBWO07603 ) #1743
M, PR AR E 45 SRS Y T R ir iR 2
NG E I
1.3 Hdnab

B8 K F Microsoft Excel 2003 & SPSS 12.0 for
Windows X FHATH 7,

(1) L5 4w 15 YL 1Pk

AR I LA ZE A TG Y P B0k PR A
(IR EE BB ARME) (GB 15618—1995) 1) + 4 i
4B TR ERT SCIN = £ FbAE X 13 Cd  Cr . Cu,
Ph FREE i T

LEATE YR Bk
[Pr + PL.172
A, P, N Nemerow AT YRR, P N IS
e B = (E, P, N4 RIS P8 B R -1
o Pnp<0.7 RoRTH,TE 0.7—1 Z A &R,
FE1—2 [ @R BTG Y, 7E 2—3 S8 o TG g,
Po..>3 HEEIEY,

Py =

(2) NP RRE XU PTAT  ARFEAE i Cd L Cr Cu
Pb A9 E 45 5, 2 18 1993 4E FAO/WHO #L g
B Cd, Cu,Pb & H 2 F % A & (allowable daily
intake, ADI)60.12000.214 wg/d DL B v [ 5524 25
Cr ZAEE A RRORME 200 ng/d (LA 60 kg it) ,
IR R FHERE =LA H B RIEEAR & 10
g, PPAR AT = A A XU
HEEAR (py/d)= = EPHESREE (pg/g)x=tL

AT (g/d)
HEBEAES ADI A0 (%)=BHEBAR (pg/d)/
ADI A (pg/d)

2 #HRE5WR

2.1 SRR X A A R T Y A A T Y
[i] T

“EMEXEIEESESE LA LE 1L, |
(HIERRES B AR UE) (GB 15618—1995) ft 1 1 &

& )8 ZGbRAE AL, =B Rl XA AR RO M LAY 4

£1 FTEHSELE CA.Cr.Cu.PbiRE(n=16)/(mg/kg)

Table 1 Concentrations of Cd, Cr, Cu, and Pb in soil samples

Cd Cr Cu Pb
i Range 0.13—1.87 71.35—273.73 13.96—86.16 14.25—60.01
YA Average 0.74 151.21 47.77 29.86
#r#EZE Standard deviation 0.60 67.98 25.74 13.54
A5 5 Z B Coefficient of variation 81.96 44.96 53.89 45.34
Wi JE Z B Coefficient of kewness 1.06 0.77 0.44 1.09
I 2B Coefficient of kurtosis -0.70 -1.13 -1.59 0.45
bt * Standard 0.3 150 50 250
HFRH Over standard rate 75% 38% 50% 0

# ArifE S R RIS R bR UE) (GB 15618—1995) & brifk pH<6.5
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5 Cd . Cr,Cu V5 4%, F S H AR 253 3 75% 38% |
50% , 133 Pb MR EE XA T PR AR ME (250 mg/kg) o
EMRAF A, - 8 4 vk B R M A A A IE
Ao, WFRIZ I ZORIE T i BB, AN FF4 ]
RE R F NG ™ . AWF5E 38 1T Shapiro-Wilk
test 7> M KPR, 4R Ph B P H M 0.085 ( KT
0.05) , HE@fF & IR0, FAFME X L3 Pb 3
FORE T A B M Cd,Cr, Cu B9 P {EH 3R
0.004.0.02.0.03(¥J/NF 0.05) ,3X 3 Fi 4 & & A
A IER AR JRH A B ARG o FHBOT R E 4,
HER I A WA .
2.2 LA IX 3 E SR TS YT

PAC A HEFR 55 BT i AR 1) (GB 15618—1995) —
RERUEVE R PR AR i, 55 5 4 8 PRI TS e dE B0k
MZEA TS PR BRI a5 SRk 2 R, Irf ok
FEirh, Cd Bamiiys Y 8 B e g 31% AR BTG Y
07 44% 13940 TR | 12% R 15 i 9 ; Cr BLI05
Y BREEIS YN 38% 43% A TEH R | 19% R i i
5 Cu BLIG YL TS G 5 50% 50% M i T 9L
1M Pb WA AE T g, —Mom &, i od %

RVETHE 19 RAE HGHREE T Cu Cr W) =2k
VR AR AR AT RGN I R A
AR, = LR X I E SR & BTG GAP
(Good Agricultural Practices ) % 4% 35 + 358 iy B #)
R A3l o ) 3 AR AR = LA X R A R B, I
FEAFTE CuGBFRFRIL 50%) , 10 Cd 7 5 W KT
BRI ARSI A B, =LA X B 1B
HUA ™Y Cd (Cr . Cu SFZMEERTTH . KU,
AR P SCLL M BT 7 BE IR AN G BT & 8Tk 1 B
MTCIF 5K LA R & 5 4 B AR 24 i KB S B
SR X SR T L E AR T
YU EEASKT IR

W HTEE S R AR BUR I, AL E 5 A4 RAE
S 4 D RAE R E BTG U 1 S R G Y
SCUE 6 A SRAE R, T ASRAE S B BTG e 3
ARG Y 1 AL TER (1A ST A
H 2 AREE R AR RS Y — D
THI B 3 A SRAE R 2 AR AL T ETHRR |
1A . AW AE RSO 4 B 4 e T e e
FEMRRERI A b B>l B>l B> 5 oeH.

R2 BRERIESHER(SH(LERETHEAME) (GB 15618—1995) —ZitRifE)

Table 2 Contamination indexes of soils in sampling regions ( Use the second level criterion of Standard of Soil Environment (GB15618—1995) )

ST Yy YJUFE AF
C,Xoities ;prfng site Pea Per Pea Pry Pae I{f)l?l’;iz{ievel
o f e JEE 0.42 0.75 0.53 0.13 0.62 T

SRR SR 1.19 0.48 0.38 0.13 0.92 R

St =t Al 1.24 0.59 0.28 0.11 0.96 ek B
RITE=S RS OAE 0.81 0.75 0.57 0.07 0.69 T

#RSHAR 1.36 0.72 0.55 0.07 1.07 RREE Ye
paliF: L YEEEAR N\ 0.44 0.77 0.54 0.06 0.63 T

WREELESE 1.00 0.50 1.09 0.08 0.90 ek B

WATHLHTR 1.64 0.80 1.48 0.09 1.36 BREEE Y

JB IR AR AT 1.87 1.13 0.62 0.13 1.48 BRRET Y

CY L Vi INT) 1.83 1.40 1.13 0.09 1.51 TR Y5 Y

THEAA R IR T A 3.28 0.84 1.03 0.11 2.50 rRE T e
Fedb b B B IR A o 1.68 0.73 0.53 0.06 1.30 BTG

R e 5.57 1.64 1.62 0.16 4.25 WL

J\IE MY & 5.29 1.65 1.68 0.22 4.05 CiViRCES

TR} e 22 0, 1l 5.35 1.55 1.54 0.16 4.08 WL

JNIEWY & i 6.25 1.82 1.72 0.24 4.76 CiyiREE s

2.3 —LHEbESRE RBURG
A =L E GBI YA FES IR T (25
R K A 3R b 22 B ek AT L A R (WM/T2—

2004) ,H Cd . Cu Pb A PR AR M2 94 0.3.20.5
mg/keg, SR IR FRMEFE AR X Cr e B £ 1 PR 2 22
SRR AR SC[R] Bf 22 B8 T (NSF International Draft
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% 34 &

Standard ) (173—2001) , H: Cr FREEFRUEH 0.2 mg/
kg, AMFTE R B, =L PP AE DA AR 230 S A7 AR 3R
HPE ) Cd Cr Pb 154 (£ 3) , H iR | 4R
ZE M Cd AR F 4 A 100% . 81% . 94% . 94% , Cr
R WA 100% . 100% ,75% 100% , Pb #Fr %
350K 63% 50% 25% 38% , 1fii Cu MI¥ikbr, T4
PR SR A LB, FIAE X = EBR Cu.Zn &
T A, He A8 bR Y 8 1B # G [, B ik ekt 2y 4

HER S G AR A R I, R DR A = LR A
B Cd Pb S H 4 AR IR . LAk, BT
AT SR RS SCIR AT BR | = i AR B A 5
PR, AT 0 <5 i 5 AR XS g T =&
TR, AT 80 =L T 4 s e [ Ay 22, R
WFREE R, = LR XA bR C AR ™ Y
Cd.Cr .Pb SFHE G Jm 5 Y, XF A R K 5 R 52 5 i
IR

F3 ZERBUMESEREMBIRE

Table 3 Concentrations and exceed ratios of heavy metal in different part of P. notoginseng

. B USE/ (mg/kg) BRI/ %
i Heavy metal concentration Over standard rate

Standard/ N o P N o

(me/ke) AR S E - gt F E ﬂJr

° Fibrous root Main root Stem Leaf Fibrous root Main root Stem Leaf

4 Cd 0.3 0.36—5.50  0.21—1.30  0.23—2.07 0.29—2.25 100 81 94 94
# Cr 0.2 0.26—5.97 0.29—27.45 0.12—1.00 0.28—1.39 100 100 75 100
i Cu 50 2.17—14.29 2.62—7.01 1.82—14.56 3.54—86.17 0 0 0 0
4% Pb 5 0.00—30.57 0.00—25.34 0.00—17.06 0.00—9.62 63 50 25 38

48 g ARE AR )t R SR A B
WAL R ES IR RE R LR E ERE A
Felo AR E AR BB BCF) B B SR AN A HLAA I
WO & BB R RE 111 IR SRS A B,
=Xt 4 Cd A — R IORT s A AR T, X P
W) = BRI AR R A B AR g, 4%
BBAE Cd 9 BCF ¥k TF 1,1 Cr Cu Pb N5 /N T
1(F£4), RIBT =LERM Cd & ERE, i

FBUCTR) 9 R DEAl Ak 27 W S5 0 76 A8 0 1A N 1)
TREEN , T EAE N GEM:, iy — i
TR A o] G O A ok L AR IS A S
2L Yan S0P 5T 24 & B, = - H A B 1Y 1] 15
FEREE ST S ARBFGE P, Cd | Cu \Pb FHF5 8
FESRT 1,000 Cr WHE/NF 1, B = LR ] fg
TEAEBERDRAY Cd .Cu Pb [0 4% 2 /g

F4 ZEBRMNESENTEAEERENEERE
Table 4 The average BCF and TF of heavy metal in P. notoginseng

42 J& Heavy metals cd Cr Cu Pb
HEREBCF

Z5iAR Fibrous root 4.01£3.69 0.05+0.05 0.26+0.21 0.37+0.33
FAR Main root 1.51+1.49 0.11£0.16 0.13+0.11 0.23+0.25
2% Stem 2.49+3.24 0.01+0.01 0.15+0.12 0.11+0.23
i Leaf 2.64+3.89 0.02+0.01 0.37+0.48 0.13+0.17
Hia RETF

i3 e B T v

Aboveground concentration/ 1.23+1.28 0.410.56 1.14£0.59 3.61+3.11

Underground concentration

=4 Cd . Cr.Cu Pb 4 FhE &8 10 BCF R TF W ITE M98 BCF=C,/C R TF=C,/C, , Hh C, .C, .C, .C, oy MR/ 5 A |-

R AE YTy vk

2.4 =-LrpE 4 E ag e XS W) TR
AT LSS 2 B8 1993 4F FAO/WHO #5219
Cd.Cu.Pb & H AR HEEFESHER Cr

LA R OO G i A R S,
RV — L A TR AL AT 5 S 2 R 00 £ B X
o B2 R =LA RO B s A H A
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ADI W HLfE, 2550 &, —-EREEAL Cd, Cr,Cu,
Pb X A58 A XS 5T RRAK K K 8.67%—24.67% |
1.90%—14.40% 0.38%—0.79% ,13.46%—46.40% ,
FHEFEI N Pb>Cd>Cr>Cu, [EFH LEMRT LK, X

50
B B AR
40 [=E-3 o] IH‘

30

20

metal with ADI/%

HEEHBANE SADIME I
Percent of the ingestion rates of heavy

0 Iy
Cd Cr Cu Pb

E2 =ZtAEMULESERENES ADIRES
Fig.2 Percent of the average ingestion rates of heavy metal

from different part of P. notoginseng with ADI

25 —
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*

< 20 *

3

= 15+
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=
@E 10
He y="7.5473x + 3.1656
82 5 R2=0.7067
s * _
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«
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3
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= 06 |-
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02 Fe y=10.0031x + 0.2265
: R>=0.5682
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0
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LM X =L o B AR & ADI FL{E 24k
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Fig.3 Percent of the average ingestion rates of heavy metal from P. notoginseng with ADI
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