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FE: [ B ] W =-LFk 13 d 5 fhE4JE (Cd. As. Pb. Cr. Hg) (75 L XU BAEREXT 5 Fl e 4 )@
PEMRER, [ FiE] RERH 10 D=LRMEHAY 250 # =LAk X AR 1 5Re 5, 8 B & 2507 ik
Gl SEFIAE AR P Y 5 AT AR S, P = E AR B S R R R M 1 MR ER SRR 4 R A bR
RORERBAFERAL. (455 ] 10 R =-ERPR - E 48 HARE R Cd (75.56%)>As (40.23%)>Cr
(8.89%)>Hg (0.00%)=Pb (0.00%), bR E 4 JB A ML EIEE, 4 A RAFHUR THEETS Y, =R F A8 Ko
TSRS E 4R Cd. Cr Fl Pb, M R 4R EER R Cd (67.90%)>Cr (22.22%)>Pb (10.84%), Hi
BELEBBIRFEN Cr (49.43%)>Cd (32.05%)>Pb (3.70%), B&T Hg, =-LAEMHLTHEXT Cd. Pb, As il Cr (UE%E
AE ¥ b B, ELHh IR TR Cd R R RECIRT 1o [ 458 ] Ko REEHE TR 59,
H=EA R N RARPR 38 Cd. As 1 Cr A WA AR KU, =X BRUE IO R BN b R 58 T b -
W, Hobxt Cd M EAERE Ty it . 7EBERR = LR M AT I N A 398 T 4 I 1 W S PR 2 FH A Cd

As Fll Cr 1y 2 FH,
KR —t; EEE; BHEREG BRI
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Risk Assessment and Accumulation Characteristics of
Five Heavy Metals in Panax notoginseng

SONG Xinru', GENG Jicheng', XU Jie’, CHEN Jianjun', CHEN Jun’,
DENG Weiping*, MEI Xinyue’

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. College of
Plant Protection, Yunnan Agricultural University, Kunming 650201, China; 3. Kunming Institute Testing
Center of Geological Exploration of China Metallurgical Geology Bureau, Kunming 650201, China;

4. College of Science, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose] To evaluate the pollution risks of five heavy metals (Cd, As, Pb, Cr, Hg) in
Panax notoginseng cultivated farmland soil and the accumulation differences of these five heavy
metals in plants. [ Methods] A total of 250 P. notoginseng plants and corresponding rhizosphere

soil samples were collected from 10 different planting sites. The contents of five heavy metals in soil
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and plants were detected by inductively coupled plasma mass spectrometry, then, the exceeding rate,
enrichment coefficient, and transport coefficient of five heavy metals in the rhizosphere soil of P. no-
toginseng and the aboveground and underground parts of plants were analyzed. [ Results] The
heavy metal exceeding rate of P. notoginseng rhizosphere soil in the 10 sampling sites was Cd
(75.56%)>As (40.23%)>Cr (8.89%)>Hg (0.00%)=Pb (0.00%), the exceeding heavy metals did not ex-
ceed control value, and four sampling sites belonged to slight pollution. The heavy metals that ex-
ceeded the standard in both the aboveground and underground parts of P. notoginseng plants were Cd,
Cr and Pb, with Cd (67.90%)>Cr (22.22%)>Pb (10.84%) in the aboveground part and Cr (49.43%)>
Cd (32.05%)>Pb (3.70%) in the underground part. Except for Hg, the underground parts of P. noto-
ginseng showed a stronger enrichment ability for Cd, Pb, As and Cr than the aboveground parts. The
enrichment coefficient for Cd in both aboveground and underground parts were greater than one.

[ Conclusion | Most of the sampling sites are classified as slight pollution level, however, there is a
potential risk of exceeding Cd, As and Cr in the underground part and the rhizosphere soil of the P.
notoginseng, P. notoginseng plants accumulate these metals more in the underground part than that in
the aboveground part, with the strongest ability for Cd. It is necessary to strengthen the monitoring of
soil heavy metals and control the accumulation of Cd, As and Cr in the main medicinal parts before

39 %

selecting P. notoginseng cultivation sites.

Keywords: Panax notoginseng; heavy metal; enrichment coefficient; transport coefficient

— & [Panax notoginseng (Burk.) F.H. Chen]
JHINEL (Araliaceae) NS & (Panax) 2244 HAR
Y, T EZRETPAH, AKARFRREEFIZY
M, BRI . HMEmIhit. =
A JHRF Y E SRR BRI L 1 A W R 24 7l R e
AR, =LRE . IR E Bl
mHAE R EE Iz —. 5T,
A =L T AR G b E AR T AR 90% L
P <5 W T =1 5 I i A N RO S R S
PN TR, b E 8 = Xz P,
HlTF=LMaomMEx 5% . F5. 8. S5 8R
X EES, fnEEERR AL R B
RS ) R B = Mo - S AN [ A B )
EAEREE I A

RNEHIXC BT A, IS S S
WAL ZE S . MBARE A, T
b, S2H . A BFEFA MO E 4R A =R
8 A 5 J v YA AE SO AT PR R B =k
M LSS Qe R R B 42y Cd . Cu # Cr,
{ERPOWNCE N3 195 35wy o | /S - P
w3, B WIFILLI ) =L Ao 3 Cu,
Cd 1 As BFR KRN 64.7%. 62.7% F1 35.3%,
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Tab. 1 Information of Panax notoginseng sample fields for testing
AT FIRAPRE || o R IV
L LLhrE fefum  LHpHET  Rigke) | bR fefm LHEpHIE  i(eke)
ﬁelgs longitude and latitude  altitude  soil pH value soil organic felI:i longitude and latitude  altitude soil pH value soil organic
matter content ! matter content
Bl 23°33'N, 104°20'E 1438 6.75 34.03 i 7% 24°43'N, 103°54'E 1803 6.54 27.32
Yanshan ! : : Qujing ’ : :
Y e o By el 053 o0’
Weimo 23°46'N, 104°26'E 1499 6.70 31.59 Qiubei 1 23°53'N, 104°02'E 1819 6.83 23.41
] =
éTlT 24°39N, 104°06'E 2186 6.54 31.07 B2 esan, 0e002E 1810 6.79 4281
izong Qiubei 2
e o o 41 0nr o117
Lincang ~ 23°43N: 100°07E 2263 6.86 74.21 Yangjie1 25°27N» 103°1VE 2215 5.38 63.41
A o gt 472 - 011"
Shilin 24°48'N, 103°26'E 1884 6.43 23.39 Yangjie 2 25°27'N, 103°11'E 2215 6.26 108.22

FEHE ) = -LARRR, BRARAESCREE 25 &, 2£ 250
Mo BriE LRSS FRK e T, BEER
R, P ERIEYE, FHEE K BE;
=L AERR S B BRI RS, T 105 C R
AbFR 30 min, SRJ5T 60 C FHLT ZEfE M, B
WAL 60 Hf, BT a8 gAY,
1.2.2 fitiA 4%

KA =LA R A F 0~2 om B -3, &
A RFERCREE S A HIERES, IREBIFARNKT,
3L 50 A - BERE AL o SIBRAE b A AR R AR
PLERIE , BREEIFAEES L0, A F B h 3 E R
7, P, Hodr, 5 60 B i AR & T IE 1
B pHH S A LB & i, 3 100 H i 94L& T
W 13 4 )8
1.3 e
1.3.1 3 pH {H XA P& = e

Z: b e AN REFE AR AT Mk bR HE NY-T
1377—2007 FI NY-T 1121.6—2006"""§ill % .
1.3.2 HIEFIEME SRS 2 0E

145 Hg F1 As & & 19l R H 72k
13 Cd. Pb F1 Cr FEAIIERH (X bERk i
FES TR ) B & A B T Ik, =

LAEKE Hg & =M E 218 GB 5009.17—2014™;
FERE As, Cd. Pb Fl Cr &4l E S I GB 5009.
268—2016",
1.4 VEMTTE
1.4.1 HIEESES LN

A b 145 4 R SR PPN AR IS IR (3
PRI i A% FH b A 385 Y KU A bR v A7) )
(GB 15618—2018)", SRAE: X I 8 42 i 15 YL PP
K FHERL LA F- R B0 PN N A 27 25 G e P ki),
HH TR B R T R A R P=CYS; o
PR i TS YRS Q468 C o i 15 e 2B
WAL S, 8 i G TEMAniE . NI 254
S YAREOE TR AR Pr =/ (Phax + P?) /25
K P a WIS LR BTG YRR Pra NI
15 AR RO KM . AR B 15 AR BN i 2
CEA TG A8 BTN - A R S Y o R oy ol
4 AN 5 ANEH (R 2),
1.4.2 TEMRESETG L

=LA bR HL R 4R IR S AR 2% DBS
53/024—2017""; = -CAE KR LT 50 5 4 )8 B AR
WS % (hEZGEL ) (2020 4EHR); Cr o R MR E R
WES% GB 2762—2017",
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Tab. 2 Evaluation classification standard of soil heavy metal pollution

TG YR LA QR Rk
et single factor pollution index method comprehensive pollution index method
grade JEE. S T REER JEE. S 1T REER
pollution index pollution level pollution index pollution level
1 P<1 &7 clean P<0.7 24 safety
2 1<P<2 354 slight pollution 0.7<P<1 B 2 alert level
3 2<P<3 15 %% moderate pollution 1<P<2 195 4 slight pollution
4 P>3 # 5 Y% heavy pollution 2<P<3 #1954 moderate pollution
5 P>3 {5 4% heavy pollution
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1.4.3 MEHRE S BRICEIZ R /PP

K A=) & 45 2280 (bio-enrichment coefficient,
BEC) fil¥% iz Z %) (transport coefficient, TC) #17
o BEC SHARY) AN [RIER A 4 @ e i 5 1 8
EEBWEZ L, HTIFIAEY ISR = 4L S Fh
HERMAES), BEC>1 R HAEFEEARRT, BEC
(EBR K, RUIHE SR F LRI R, TC N
Y I E SR S ST ESR ST EZ L,
Tl b2 e IR N iR RS s iE 7 o
1.5 HdlEab 54t

SR Excel Fil SPSS 26 4341 FIAL BRA o

2 HBRESH

21 LR THIENESESE
e 3 Al —-BARPRE4E+ Heg, As. Cd.

Pb il Cr 1Y~V ¥ & #5351k 0.15. 31.73, 051,
31.80 F1 122.05 mg/kg. Hrf As, Cd #1 Cr i3
BT, (AP, BRIy
Cd>As>Cr, Cd V&M 0.10~1.35 mg/kg, Hbr
FH 75.56%, HRHBREPME 101.02%; As V55
4 4.87~87.67 mg/kg, MEFRRN 40.23%, HHFRE
FrfE 107.88%; Cr V374 63.91~280.00 mg/kg,
PR 8.89%, M FREVRE 65.06%. ATUL, A<
WFFE =L RAEHE 3 Cd 5 Y™
2.2 =LRBRIENE SRS e s

FHE 4 AT 10 ARFEHLAAR bR + 8 8 4 )
15 YRR Cd>As>Cr>Pb>Hg; 10 > RkfH
o, UASREEHAE FEEETE Y, 1 AR AT
MRS, 4 REEMAL TR, 2 1Rk
AL T, 2 A RAEHAL T2 4,

®3 ZLRETRPSHESRNSE

Tab.3 Contents of five heavy metals in P. notoginseng rhizosphere soil

it PR AR T F)

EaER ko fi =} 3 ;“ /\!:"/\" 0, A2 /9 il
o i My R RREE RREN% REEY o
(mg-kg™) (mg-kg™) (mg-kg™) standard coefficient exceeded .
heavy metal . . . percentage of exceeding
range average maximum deviation of variation rate .
of limit standard
7k Hg 0.05~0.52 0.15 0.81 0.17 113.89 0.00 0.00
fih As 4.87~87.67 31.73 90.20 28.09 88.54 40.23 107.88
% Cd 0.10~1.35 0.51 1.43 0.33 65.97 75.56 101.02
i Pb 16.13~61.97 31.80 65.90 12.74 40.06 0.00 0.00
B Cr 63.91~280.00 122.05 297.00 55.68 45.63 8.89 65.06
F4 ZCRFLEP SHESENISRIER
Tab. 4 Pollution index of five heavy metals in P. notoginseng rhizosphere soil
SEREH FA[R # V5 4 F8 4L single factor pollution index s vE YRR V5 YL
sample fields comprehensive degree of
P Hg As Cd Pb Cr pollution index contamination
A Ry L
Bl Yanshan 0.05 1.99 1.21 0.37 0.45 1.52 @Iﬁ/ﬁ‘* .
slight pollution
— o R
I B
4L Weimo 0.15 2.92 1.07 0.36 0.83 2.20 moderate pollution
5 Shi e
Jfiz% Shizong 0.02 0.30 1.22 0.19 0.80 0.94 L
alert level
EY
o e
578 Lincang 0.08 0.27 0.28 0.32 0.44 0.37 safety
. GG
Fi#k Shilin 0.03 1.27 4.43 0.69 1.87 3.35 heavy pollution
vE N
i35 Qujing 0.04 0.72 1.10 0.23 0.57 0.86 alert level
_ . wh
4k 1 Qiubei 1 0.02 0.54 0.87 0.13 0.32 0.67 safety
L BPETS Y
Ak 2 Qiubei 2 0.21 2.36 1.02 0.17 0.91 1.80 slight pollution
. - LS g
4 1 Yangjie 1 0.07 0.14 2.57 0.47 0.70 1.90 slight pollution
- . BEPETG Y
45 2 Yangjie 2 0.03 0.11 2.11 0.33 0.71 1.56 slight pollution
A E T Y
¥J{H average 0.07 1.06 1.59 0.33 0.76 1.52 BEGHR

slight pollution
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23 = tHEHfTMEESEESE

H#E S Al —-bib 130 5 R 48 A br
Ll & BRI N Cd (67.90%)>Cr (22.22%)>Pb
(10.84%), 3 FocERM &R HIH 072, 1.41
F10.95 mg/kg, 43518 HBREVRHETTEE 85.10% .
62.69% 1 16.35%; Hg Fl As S Kb, T
PR 4 SRR IR M Cr (49.43%)>Cd (32.05%)>

As (23.46%)>Pb (3.70%), 4 FiCE T80
WA 3.42. 1.15, 1.19 F1 1.50 mg/kg, 53 5 H
B 2 A 7 075 6 1 97.92% . 125.53%. 30.33% I
74.22%; Hg AMbr. BT Hg, —-tHkkHHAD
4 Foft 7 4 JR HR H BR A ARvE () 43 LS R B
FEi B L e S = I 7 B 3 B3 < A O g
3 Cd. Cr #1Pb,
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Tab. 5 Contents and exceeded rate of five heavy metals in P. notoginseng plants

PR AR UE/(mg-kg ')

HEEEASREME/ (mgkg )

HEBRE /% L PR AR A (K T 20 EL /%

fiLR limit standard average content of heavy metal exceeded rate percentage of exceeding of limit standard
heavy metal Mok T b T b T b T
aboveground underground  aboveground underground  aboveground underground aboveground underground

7K Hg 0.10 0.20 0.03 0.02 0.00 0.00 0.00 0.00

fitf As 1.50 2.00 0.33 1.19 0.00 23.46 0.00 30.33

4 Cd 0.50 1.00 0.72 1.15 67.90 32.05 85.10 125.53

1 Pb 2.00 5.00 0.95 1.50 10.84 3.70 16.35 74.22

% Cr 2.00 2.00 1.41 3.43 22.22 49.43 62.96 97.92

2.4 —LHERIE SR RREE

—-LARR 5 M E AR TS R EH KED N
YK A Hg (1.89)>Pb (0.96)>Cd (0.71)>Cr (0.63)>
As (0.41), B Hg LIAL, HAlh 4 Fh 4@ i54is R
BE/NT 1, U =LA He A =i 13, T
Cd. Pb, As Fl Cr £2 ETE =LA HLT HE,

—-EREAR M R 5 R 4R 00 E A R EHE
¥ Cd (1.70)>Hg (0.36)>Pb (0.03)>As (0.02)>Cr
(0.01), HuTHEXT 5 FheE 4 )8 1Y & 4 REHET M
Cd (2.55)>Hg (0.18)>As (0.06)>Pb (0.05)>Cr (0.03).,
Hhy b FR AN T A E A RBU Cd kK. Crix
AN, BHXF CAEERBIHRT 1, X Hg. Pb,
As Fll Cr &L RBI/NT 1, UL = -LAERR
M BRI R X Cd YA R E R . BR
T Hg, =L F#%} Cd. Pb, As 1 Cr i 5EfE
AR L o s
3 Wit

AHIFFERT 10 A~ = Bl H Y 55875 G AF 4%
TN R 44 RS TR, U714
REEHLE TR, ARERHEEHARIESE N
TSR REZEFRK, SEAMRE R T—2 Xf
PRt S M E 4 )8 (Hg. As. Cd. Pb, Cr)
TR SRS R EEE
Cd. As fl Cr Fibitn, HIFRHSEEE, 1
H Cd bR R, SHTANRE N = B 3 2 RE
X 4 R EAR R L —8 . ARFR, =B

PR BRI E 48 5 I AR E A Jm A —
H, WA EE N Cd M Cr e, Y=L
PRI 48 B ZORIE T ARS8 2 H 4, th T4k
Wah, Toki&s . B RiEIR . KAV ER
WSS Cd T RIFALESFEI5 Y, W
B, FEFPRL =L AT B M S A, A R
A=, il DAV R HERC, InsE R
B, DAREIR 3% Cd 15 4R

=X E A E B S PR TR A R
BB LA 5 5 YR A B B TR R, ST R
MELE &S HIEE SRS ERE R, A
o, =EARFAMESE S &AW B2
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T ER T RS, 5 R ARG N ST A
FELERIEAR—5L, Hrp, Cdf Cr BRI
R AR 5 AR, B, 7R R R
7 e R R B 4 %) A 25 4 it L 48 4 Bk X Cd A
Cr MR, 7EJ BIFSE b s AR R 48 —
LIS .

ANEFRAL . AN [F A DR R o AR B TR e
TR, ARG LB . — BRI 5 FE 4
B EERE M Ete h A 2R, Hdxt
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W, M= A E BRI, Kk, B
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