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Distribution characteristics and health risk assessment of heavy metals in a Panax notoginseng—soil system

WU Han', HE Zhongjun'", MENG Xi', LU Chunwei', LIANG Shewang’

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. College of Agronomy and
Biotechnology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: To explore the distribution characteristics of heavy metals in soil and plants of Panax notoginseng (Bruk) F. H. Chen in the
planting area of Yunnan, and their impact on human health, this study performed random sampling and laboratory measurements in the
Panax notoginseng production area. To assess soil pollution, the single pollution index and Nemero index methods were used, and the
presence of heavy metals was evaluated for human health risks. We found that the rates of Cu, Zn, Cd, Pb, and As were excessive in the soil
samples of Panax notoginseng planting area, where levels were 51.7%, 10.0%, 80.0%, 8.33%, and 65.0% above the standard limits,
respectively. The pollution levels of the four areas were in the following order : Honghe Yuxi > Kunming Qujing > Wenshan > Dali Baoshan.
The rates of Cd and As in the Panax notoginseng root tuber were 1.67% and 5.00% above the standard limits, respectively; however, Cu
and Pb did not exceed standard limits. The rates of Cu, Cd, Pb, and As in the Panax notoginseng rhizome were 1.67%, 5.00%, 3.33%, and

1.67% above the standard limits, respectively. Noticeably, the health risk index (HI) of the Panax notoginseng root tuber and rhizome were
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greater than the standard limit, with averages of 1.20 and 2.33, respectively. Cu had the largest contribution to the HI out of all the metals.

The comprehensive carcinogenic index(7TCR) of the two parts was also higher than the standard limit, with averages of 2.21x10™* and 2.39x

107, respectively, and Cd had the maximum contribution. The HI and TCR of the rhizome were higher than that of the root tuber. These data

indicate that the Panax notoginseng planting area suffers from a heavy metal pollution problem.

Keywords : Panax notoginseng; soil; heavy metal; risk assessment
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Figure 1 Distribution of sampling points
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Table 1 Concentration of heavy metals in soil (n=60)

VN 5 i . —
wom oo N i ERE g w aRRK b
Minimum value/ Maximum value/ Average value/  Standard deviation/ .
Heavy metal L o o o Skewness  Kurtosis Cv Over-standard rate/%
(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
Cu 12.9 186 70.9 44.4 1.13 0.51 0.63 51.7
Zn 23.9 375 116 65.6 1.47 3.17 0.57 10.0
Cd 0.09 2.68 0.87 0.64 1.09 0.75 0.74 80.0
Pb 4.14 253 493 38.5 2.92 13.1 0.78 8.33
As 10.2 223 76.5 55.4 0.90 -0.07 0.72 65.0
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Table 2 Pollution index of each sampling point

FIX Area FE A B Sample position Pc. Py, Pcs Py, Py, Pc 15 YR Pollution level
il A X (n=18) SCINRZL S /NP3 0.43 0.15 1.17 0.28 0.40 0.90 A
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JRTE S B ) 0.89 0.21 0.87 3.62 2.75 2.82 FRETG Yy
Vs HLEER £ AR E R 0.80 1.11 8.16 0.97 2.43 6.07 GHEREHS
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5 H TS SRR ER I 0.89 0.60 2.01 0.62 1.68 1.64 BRPET Y
PG L FK B RS 1.10 0.54 1.97 0.76 0.52 1.55 BRI
AR B AR R AT 1.30 0.77 0.60 0.68 1.91 1.54 RS Y
BT OB SRR £ IR 1.30 0.62 1.22 0.88 1.51 1.33 RS Y
Ui B R R B AR 0.91 0.89 0.29 0.48 7.43 5.44 HIET5Y
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Continued table 2 Pollution index of each sampling point

J X Area FE 507 Sample position P, P P Py, P Pc 75 YL Pollution level
2 s I kA B IR SS B 1.21 0.38 2.70 0.75 1.18 2.10 HhRE S
(n=14) ) B fr) BEAT 04 1 2.03 0.36 3.33 0.53 0.69 2.55 TG Y
SR EI L =R 3.64 0.63 3.94 0.62 0.48 3.08 GUERCHS
) B A fa) FELFT h U 2 3.00 0.39 5.84 0.54 0.41 437 TG
SpIX HE# g =R &k 0.51 0.20 0.75 0.09 0.41 0.59 R
REC RS DX AR L) A ST 1.98 0.45 0.49 0.52 4.50 3.37 TG
AL DX AR L € A 2.53 0.57 2.16 0.42 4.03 3.16 CINEREES
BRCRBE DX O R R R 3.31 0.76 2.55 0.60 2.05 2.68 Hh R i
Wit XA R & KR 0.83 0.37 1.04 0.25 417 3.09 Y
Wi X2 & REBAS 1.35 0.56 1.22 0.53 2.66 2.08 EUERERS
T POK AR LR 2.19 0.51 1.90 0.16 0.86 1.74 BT
R T UK BIR E R 3.62 0.63 3.31 0.26 0.82 2.83 HRETG Y
B S T A gk 2.65 0.68 3.44 0.43 0.37 2.66 Hh R i
IR LR R A 0.58 0.39 0.65 0.20 1.94 1.47 TRV L

2D TR EETS oK 6 AT BTG Yk 54
Rk 5 TG Yok A A TETRAE AR B b TR
FETG YL S DL B 5 R 92% o AR = F
A X 44 7 X TG e AKEAR R 2100 £IR R
X>E B s i IX>3Cil XS KRIRILA X . =/
B b BRI 5 A, 45 HL T I s e B L B M L K
JoT IR I A A b X ) 25 R0 BT AS HL XA
BB REAE—ENES,
22 ZEEERBIFHETEN
22,1 ZAEHURAT L 4 8 R

A DAPAR R S A 25, AW — L R AR A
S ESBEEILE3, 604 = LR AR P E
4 )8 W3 5 1 K/ A Zn>Cu>As>Pb>Cd, 43 51
12.5.3.41.0.77.0.49.0.25 mg- kg™, P73k & 4 J& 10
S35 S 1 KR /N N Zn>Cu>Pb>As>Cd, 43 Bl 8 20.6.

7.59.1.50.0.64.0.36 mg-kg ™", B bk (4 8 &
HE TR, AR =L ESEIS YN T
25 B8 2020 M [ 25 ), H Cu . Cd  Pb , As I bR fE 5>
AR20.1.5.2 mg-keg' o A LI = LHAR A Cu,
Pb & I FARUE, Cd . As BB AR 253518 1.67%
5.00%. 73k H Cu. Cd.Ph. As B # b5 & 5 5 N
1.67%.5.00% .3.33% . 1.67%., & ¥ 52095 25 B 5%
BRI =B A R FREE (W 4 R R I 42,
P Cd B AT % 4.00% , 13 1 Cd . As . Pb Fl Cu
B R AR 2R 23 51 K 24.0% . 4.00% . 20.0% F140.0%., #%
FRAFEPIE Y R I = E AR A Cd  As il AR, B bR %
SR 29.7% 32.4% 1 AEE 1 I8 A5 &k R
SRR E SR SR AR ARG B ST
A7 R FHARTRAL . UKok 5E KB, AN [ (A8 9 %
4 JE TR B R R SRR AR AN [ B

®3 ZLEMNESESEMBRE

Table 3 Heavy metal concentration and exceeding standard rate of various parts of Panax notoginseng

B Root tuber %73k Rhizoma AR Over—standard rate/%
Tom - it
Heavy metal JWE Range/ “F-#{H Average value/  JE[F| Range/  “F-#4{H Average value/  Syandard/( mg-kg") HoAf Root tuber 3% Rhizoma
(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) /
Cu 1.02~7.98 3.41+1.23 1.81~93.8 7.59+10.9 20 0 1.67
Zn 5.85~45.6 12.5+7.02 9.13~80.4 20.6+11.5 20 11.7 333
Cd 0.03~1.07 0.25+0.19 0.05~1.29 0.36+0.26 1 1.67 5.00
Ph 0.05~4.25 0.49+0.73 0.10~39.4 1.50+6.33 5 0 3.33
As 0.23~5.50 0.77+0.73 0.18~2.25 0.64+0.43 2 5.00 1.67
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B AN 4 8 AT R TR A W ISCRAAE , 3 0T B S
WY Pk ESE RS EESHER, T
FR AR A e B =L ) Cu Zn O e, AR
FrahFIE# Yo il o 50 5 ShE i X = MEk R -
P E 4 R T K AP R As BEFR R N 14.5% I\
Shy 2% TR AR R TR AR S5 AR 240 11 it FH 3 B T As G R 1R
Pro AHIFFE MIZE ST —E, 1 3k Hp AR R 5 T
PARERAL , £ FH 4 BT R A A RIS .
2.2.2 = LEERREEH

MR AP, N —JCE K F BRI ki
Zn.Cd.Pb . As 1Y E B0 KK 458 809 /0 T 1, (B2 Cu
FE 7 3 v R S0 AU T8 R 5 2,07, AR
i£0.93, B4 F 1. WHITEER , MR A ki
ZEA AR B0 XU $8 5053 51 R 1.20 F112.33, Uk B 7] BB
FEE R E SR 5 R M LR A AL BRI . e Frs sk
Hh Cd A B0 KU HE B KT 1}107, £E7E S0 XU
Pb . As P80 KU 18 5035 /N 1}107, RAEAESURE A
B o DA Z2 0 F OB AR A Sk i 254 BUR TR BN
2.21x107,2.39x 107, K T BR & bs 1f , 156 1 & FH 2
MO0 Sk A7 AE 208 KBS . % T B A0 sk, A )
4 B G Z X A A et B XU A8 Tk AR AR o T B0 KU
SR EE RN T Cu A, B v it STk R 4
3R 77.5% 17.5% , 75 3k 9 BT R 2% 53 51 88.8%
6.88% . ™ Sk FIHAR v H 4 J T 25 0 AU F5 B
BT HR A /N R Cd>As>Ph, Hor & K R sk iy
Cd, BTk R N 69.4% ., Huang FE*WF5E K BLTH T H &
FH = EAA e e i A R XU o MR B3 25D F 9 45
Rt B, FhoR X = -E A7 7 485 1) Pb L Cd 3 AR

Bro ZREAMPRENR R EH - LAERBENES
JRFEARE , KR A 251k — R 208 3
JOE, 7 224428 ) = A A 8 DA B B2 3 o IR
B F = RO A R, i R 2
MR E B BRI AT,

Wt E 3R LUA L AR R BRI KR S |
X, B FP A Cu AR Eos S T8 B K F 1, H
RELGR I R X >SCI A X . Cd G EE AU AU 5 %1
b B B h 3 R X e, As o 2R B Bl R XA
TEBUR A . FE4RTLIE H FE4 4 B X H, 3k
FALAY Cu T F 1Y AR BUR AR F8 208 K F 1, e
X > KRB 1 A X200 T3 A X > B A il A
X 4R X H Cd G 80 XS 75 BOR T 1x107,
RN BB Hh g B XS Z090] 3% 7 X >3 i X >k
PRI A X

3 #ie

(1) =B =LA X LA T o V5 Y i K,
JFHE M B T A EH R Cu.Cd. As V5 4 [0]#1, 4
ANFPE R X475 G KRR R 21000 FE R X > L W
g A X >3C R R>RELR I A X

(2) =L H M EBAL B Cu Ph & B AL TR & b
e, Cd As T itbn . P Y Cu . Cd Pb As &
TEEERAR, HLA Sk EB AL B TE YRR S TR

(3) B A S WG AR 1) 25 A B0 XU 1R 41
PIRF 1, BEMWTTEE TR Cu As R C R s 25 5
Fow KBS BT 13107, FE 5Tk 70 Cd As
FhoCE o B =L HH RN 2 Sk A7 76 VB 7R A A B XU

x4 ZEtPARES BB AEBUE X 158 R s R

Table 4 Carcinogenic and non—carcinogenic risk indexes and contribution rates of different heavy metals in Panax notoginseng

= pm TeR B SRR O T SRR S e
Panax notoginseng organ  Heavy metal HHQ CR OHTCACIOBEIIC areriosene B mﬁaﬁ
index/% index/% HI TCR
e Cu 0.93 — 77.5 — 1.20 2.21x10™
Zn 0.03 — 2.50 —
Cd 0.02 1.26x10™ 1.67 56.9
Ph 0.01 3.44x107 0.83 0.20
As 0.21 9.46x10° 17.5 429
s Cu 2.07 — 88.8 — 2.33 2.39x10*
Zn 0.04 — 1.72 —
Cd 0.03 1.66x10™ 1.30 69.4
Pb 0.03 9.60x10” 1.30 0.40
As 0.16 7.21x10° 6.88 30.2
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Figure 3 Non-—carcinogenic index and carcinogenic index of Panax notoginseng root tuber in four area of Yunnan
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Figure 4 Non—carcinogenic index and carcinogenic index of Panax notoginseng rhizoma in four area of Yunnan
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