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(1. RPER2Z%0%, KH, 6710005 2. 8K =l p A 585 TRk,
e PR X T M 2 bk P SN TR T TARSEE S, K, 404120)

T E XAE AR S R A B R AR 2 R AR B 3 6 PR 4B TR 1 B s E I E AT
RIE B EE AR X AR S s . SO DUICRAEAY 27 X TE SR AR 2 b S AR bR 4 A
SO G, I fRE AR, SRR T OO (AFS) FIHLEHE G 5 B TRk (ICP-MS) Xt
il (Cu) . # (Cd) . % (Cr) . # (Pb) . fill (As) . K (Hg) F6fELBETKIETNE, BR
AHOCBR S AR v X 5 4 S T B AT L MRV, I LA 22 5053 43 B R 28 43 W7 05 125 43 BT A [] 77 b Y A
2y SRR b T 4 o AR OGP 25 SR, W) P AR 2 b S R PR - 4 R S AT
e EMEZE R (P<0.05) , HiREHG™ M EBEZ M Cu, P ICHR & Wt bR it ; MR 775 4
FEE1 AT, FEE Cd W AR R RIS Y R, BEE ARG T ) Cu SR B A BRI E R
ER; TR IR, HESAM ESR & B m MRV HE SN A BETT R M amE =i
B, W HEE SRS B RS ARINIE 2 A RN TR EE S SN A 24 B & BTSSR
FeU BRI T TR 2 b B AR B A 48 T 4 S O A A 7 b TG B S DX S U R 5 4 Tl AR
B S, O E AR TR AL AR R S BRI S AR, DO A A YR A R R R B A TR B
KEERE EEM, 2, REFELE, ELECER, FEFUO06I%E, BERMAEE FRRIEE, B
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Comparison of 6 heavy metal contents in Paris polyphylla Smith var.
yunnanensis medicine and their rhizosphere soils from different
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Abstract The contents of 6 heavy metal elements in cultivated and wild Paris polyphylla var.

yunnanensis medicine and its rhizosphere soil from different geographical areas were determined and
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analyzed, which provided reference for the selection of suitable planting areas of P. polyphylla var.
yunnanensis. 27 samples of P. polyphylla var. yunnanensis medicinal materials and their rhizosphere
soil collected from Yunnan, Guizhou and Sichuan were selected as the research objects. Treated by
microwave digestion, 6 kinds of heavy metal elements, including Cu, Cd, Cr, Pb, As and Hg, were
determined by AFS and ICP-MS. The safety of heavy metal elements was evaluated according to the
relevant limit standards, and the correlation of heavy metal contents in P. polyphylla var. yunnanensis
medicinal materials and its rhizosphere soil was analyzed by principal component analysis and cluster
analysis. The results showed that the heavy metal contents in P. polyphylla var. yunnanensis
medicine and its rhizosphere soil from different habitats were significantly different (P<0.05), among
which the content of Cu and Pb in the herbs exceeded the standard seriously. From the single factor
pollution index >1, it could be seen that the main reason was the soil pollution caused by Cd
enrichment. At the same time, the medicinal materials of P. polyphylla var. yunnanensis had a strong
enrichment effect on Cu in soil. Principal component analysis showed that the highest and lowest
heavy metal contents of P. polyphylla var. yunnanensis medicinal materials were wild products in
Qingzhen City, Guizhou Province and cultivated products in Mangshi City, Yunnan Province,
respectively, while the highest and lowest heavy metal contents in soil were cultivated products in
Shuizhai Township, Baoshan City, Yunnan Province and Zhijin County, Guizhou Province,
respectively. The cluster analysis results showed that there was no significant difference in the heavy
metal contents of P. polyphylla var. yunnanensis rhizome and its rhizosphere soil between cultivated
and wild areas. The cultivated product P. polyphylla var. yunnanensis could completely replace the
wild products, and provide reference for the artificial large-scale cultivation and management of P.
polyphylla var. yunnanensis, so as to alleviate the shortage of resources of wild P. polyphylla var.
yunnanensis.

Keywords Paris polyphylla Smith var. yunnanensis, medicinal materials, rhizosphere soils,
heavy metal contents, atomic fluorescence spectrometry, inductively coupled plasma mass
spectrometry, bioconcentration factors.

JEFE A Paris polyphylla Smith var. yunnanensis (Franch.) Hand.-Mazz. & [ & &t EHE R Z 4 iU E AR
T, AR T 2020 4F R H 25 30, FOAR 2500 22 IR0 20 S AR B L IS e s
B LA K U0 =k 45 B HOO LB . BT . BoE . Sasse i85y A SIS 24 FAE oL B AR B
SRS A Y R EOR TR, B A U AR B K RAZ, 8 O AR R H 23 A 0, SR B A N Tk B
A TE JE

TR 2R SR A e B A () A R 4, DAHMURE 07 8 AIREE R FH A2 3] T Bk Bk 22 [ R 1 O T
FE R B, Bl 25 10 B PR A g o, DR PR s G [m) B i S B0 h 25 5 & Jm @B AR A2 1) 132 (14 DY,
H AR TR HA MR o IR B A K SRR, S EE AR E A G RN, #d—E 1) 3
B, SEes = A I REPERG 22, AT 51 R B0, f14n: Fa c 2= hn 25 3. B . 588 B 80U 80 R Xt
PR YL, P RGN 53 2R G0 5 4 BAT 16 F AR . G50 A B, AS[R] 7 b AS [ S5 85 4% 1 4 s 7%
SRR K H B M, b bt — B SR S A, S E S EEN . e E AR AR A
) Cr. As, Cd, Pb S HEJR TR T AN FFEE BRI ET Y, M EESEERsEEE T T, I,
VIFIVI & &5 Cu. As, Cr il Hg % 8 4 J8 TR & 554 0. (H B, XHE S 48 it 2 4L
TEZR 5 T8, A SR F A% 24 b8 B AR PR 1 B8 o 4 J Ju 2% A 0T LUt 9 A i

IR I, ASHIF 5% 2% A 725 96 % 1% 325 (atomiic fluorescence spectrometry, AFS) I AL JEGHE & 45 B 114 Jit
1% (inductively coupled plasma mass, ICP-MS) X JH 51 4% 24 #4 2 HAR B £ 3 94 (Cu) L BB (Cd) | %%
(Cr). #i(Pb) . fifi(As) . 5K (Hg) 55 6 P &)@ o R AT S e, X AT 2 P, Il 2t = Rl
G3MT B RS AT LU B[] 7 M Y AR 5o B A S o 4 o 22 Sk, DU VR R A S L f
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RS PR A IISRYE.

1 MRS )7 (Materials and methods)

1.1 fiAr k)

WCEE A S CHAR PR SRR SR 2R B v L SN L DU A TR0 3 DX, PRARR AR 30 L3R 1. B RAEHAE

FHRE FR 2eids CRR 3 ) 3022 s CEF 2B ) IR T AR 25 6 10—15 #k, st SRAG R )2, 12 AR %
BRI R L, RHPHRIE SRR T3, A RIEREACPAT R A 3 0, B IR &) F I 2332 URE £
B2 1 kg MR PR A 4800, 225 PR — ez g — 0ol J27 X T b 245 B4 S Fb AR S5 0N T3 PR T T AR S 6 25 ) ke
HYEE N A B RHHYIE EAE P. polyphylla var. yunnanensis. 15 28 £ 1) 5T BF L 8 A% 25 0 2 B 3043
FZARY, FH 258 oK Beve 5 i T, 78 45 C U ML 24 E, B, i 100 B 5 A B 348, 75 H
FHAS AN BRI TR T 2% B O A7 AR B 3 F AR KT, Ry ead 100 B 7, 25 H.

R AR EE RS2 S AR PR ke

218)

Table 1 Information of P. polyphylla var. yunnanensis and its rhizosphere soil samples from different habitats

A KI5 Growth mode NO. FER TR Sample source 245 Longitude and latitude
Z-GZZJ B TS HL LI 26°48'33.57"N, 105°38'57.71"E
7-GZZY SN LT 5 = B 25°59'05.46"N, 106°04'50.09"E
Z-GZLL SN A VG M e BB LR A 26°27'47.29"N, 106°59'33.64"E
Z-GZXY BN A S VU R M 2 ST - B S A A 25°00'40.74"N, 104°49'10.82"E
Z-SCHD PO B S AR E W S PR 26°23'32.68"N, 102°57'55.67"E
Z-YNSM = RIS B i 25°09'25.07"N, 103°02'31.33"E

Z-YNYM A EEN ST TR 154 24°58'38.89"N, 102°12'52.17"E

e Z-YNBSPP =T PR L TT A BH X S 24 YR A 25°02'09.58"N, 99°04'08.31"E
cultivate Z-YNBSSZ ZRA R T B X K 56 & 130 25°11'50.33"N, 99°19'15.87"E
Z-YNLL “EA R e B IeH £ Je ikt 24°32'12.82"N, 98°46'54.28"E

Z-YNMS BB MNETLR & KAKIER 24°29"24.79"N, 98°20'11.93"E

Z-YNCL AL E T BRI S 7 A 24°94'20.79"N, 99°5652.25"E

Z-YNYP A RN AT BAZ BRI BT g ZE 1) 25°21'08.71"N, 99°23'06.52"E

Z-YNYL Z A KB Z e EL s Rk 25°34'57.29"N, 99°07'29.63"E

Z-YNLJ ZEAA LT ERE VR 27°01'94.84"N, 100°22'01.55"E

Z-YNIC A REMENHEA S 26°48'42.07"N, 99°80'75.88"E

Y-GZASLG B BT P4 75 Xl B 4 26°05'42.15"N, 105°52'43.28"E

Y-GZASAD SN NP 75 X BRI 26°15'50.06"N, 106°00'35.28"E

Y-GZQZ SO St BTV BT I e AT 26°44'43.78"N, 106°22'57.08"E

Y-GZXR BN B PRGN 24 B R R A 25°3246.94"N, 105°27'35.53"E

Y-GZXY B HS VTR N2 ST L A B ED AR ) 25°00'40.74"N, 104°49'10.82"E

%jﬁ Y-SCHD PUNTAR BN 2 25 B e & PP A 26°23'43.21"N, 102°58'06.64"E
Y-YNCX =AM B A BRI FA I M 25°07'55.62"N, 101°22'30.67"E

Y-YNBSPP Z A PR LTI R BH X S AR B e A 25°02'09.58"N, 99°04'108.31"E

Y-YNCL PR UIITN =R =y N E B IEA U = ) 24°9420.79"N, 99°56/52.25"E

Y-YNYP A KEN KCF EAZ BB A 25°2127.85"N,E99°23'14.09"

Y-YNLJ Py RTINS ) A= = MR i Y 27°01'94.84"N, 100°22'01.55"E
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1.2 AR 50

EXPEC 7000 7 H B 5 55 B IR B AL CROGRH: (BOM) ey A BRA w1 ) 5 AFS-9750 74 Ji 1z 1
4306 BE T (A6 50 3% B 38 FH A 8% A BR 52 4% 2 W] ) 5 MARSG6 57 Fe A9 i 9 /i A (36 [E CEM A W] ) ; SQP
Sartorius JJ 432 — B, F K- (£8 [F Sartorius /A 7] ).

T4 B ICRE PR (1000 pg-mL™"): 4 (Cu, #IL5 GSB04—1725—2004) | 4% (Cd, #it*5 GSB04—
1721—2004) . % (Cr, #it5 GSB04—1723—2004) . 45 (Pb, It 5 GSB04—1742—2004) . fifl (As, #t=
GSB04—1714—2004) . 7% (Hg, #t'5 GSB04—1729—2004) ; N5 IC E b5 #EH (1000 ug'mL™"): 4% (Ge,
#5 GSB04—1728—2004) . ££(Rh, #t5 GSB04—1746—2004) . % (Bi, #t5- GSB04—1719—2004),
Yo A B A 048 S ORI oG s MRS L W ER IR . SRR I R A, W R 4 Lk
SR R A BR A F 5 SE e K O 5B R ARk . SEER T A TR . B RS . BEAR A B I 2 LY SR
20% FEFRIA IR 24 h, SR 5 FH KBS T 4tk w134, 25 H.

1.3 ZiMiEfR

FRIBOE FEAE TR OB K 0.20 g TR U SR THARRE N, INAVRASER 8 mL, % 3, 55 LI f% 5, &
B, BT O A, R BOE R AR R T B4 12 min B E IR SRR 2 150 °C, fRFF 10 min,
SRJT LA 8 Comin™ AR TR 2 190 °C, 135 20 min. 15 14 M 52 405, B W i B, B T IR R &
25 mL AR IR A B R AUKE F B2, FE5 R0, B 8 mL MR AN AR B T 5 DU SR £ 94 1 Ff- 5 9 LA
(] ) 45 2 .

1.4 +HEHR

3 Cu. Cd. Cr. Pb., As S5 4 & JC R TH M 775 FREVH B AR BR -8 8 R 0.20 ¢ TRIUMK
I T R FE N, AR MR 8 mL, SR | mL, % &), 35 DM, F 8o, B TR Em A0, 5k
(3 R Y AL 3 SE 28 6 min (IR FHE A 140 °C, f-5F 2 min, 85 P 10 °C-min™' B3 ETHE E 160 C,
175 5 min, FELL 15 °C-min™ B33 R THE 2 180 °C, {£:4F 15 min, HJ5 50 °C, {5:4F 10 min. 13514 i 5 4
Jei o WOHE T AR, e XUBEE P DL 120 CORF IR ¥E 20 T, B 2 50 mL 25 i IF A B R alik e 2
0B, BEAFRFIN. B 8 mL MR AMAR AN 1 mL S R0 B T 2R DU 36 £ T A S PR DA I3 1 8 28 T T 2.

+- 4% Hg JC R 715 FREUEEMAR PR B3 K 0.5 ¢ T 25 mL HEERE S, I8 1B AE &,
A 5 mL oK, #25)J5 & F K g 2 h, BUB %A 2 %0, 0 0.5 mg-mL™" H 4% FR B W 5 mL,
FEH 0.2 mg-mL™" 4% R 40 I TOE 5 B 20, 4850 )5 B30 (4000 r-min™), BBV AR . W) 645025 1
15911
1.5 JCEME

ICP-MS %k : % 1.4 kW, L& 1.224 L'min™, 5B < /& 1.0 L'min” . ¥ H S &2
14.0 L-min™', /L = B 2.0 °C, 8530 5 3 30 r-min !, SRAERE 3.91 mm, FH#5REC 10 %, 43 H7 B [A]
26 s. AFS B4 5RAT, T 1K 290 V, 2 i & 400 mL-min', SR 25 7 & 1000 L-min™", T HL i 10 mA,
HEWEL 3 IR, AT 10 s.

P S ALER S5 A, LA Ge, Rh, Bi HHWFRICE, R ICP-MS il % 2544 il 4 f 1) Cu., Cd. Cr. Pb,
As TCE VK25 i) Hg JGER, 12 H AFS Il @ L3 () He TR
1.6 WLEH A R bR

iR PRI ARUES: B 2020 4R Rit i [ 24 80 )™ R (R i 22 2 R bR B i s e PR 6 ) (GB2762—
2017) # %2 ¥, Cu<20.0 mg-kg', Cd<1.0 mg-kg', Cr<2.0 mgkg"', Pb<5.0 mg-kg"', As<2.0 mg-kg"', Hg<
0.2 mg-kg™.

1.7 AEAMAE SR LRI

HERITRE EER BCH=2iMNEERTE N & it/ h E LR TR & i x100%!"
1.8 JEE S Y BUR TN 7 ik

Z: 2 R 5T A5 4 3 pH (E Y5 [ 6.63—7.461%, AR 45 { 338 2415 Jo 1 A% FH 1458 75 e XU
FEFR1E) (GB15618—2018) " Hhi £ 6.5<pH<7.5 X 4 70 & MY PR i 4y : Cu<100 mg-kg ™', Cd<0.3 mg-kg,
Cr<200 mg-kg ™', Pb<120 mg-kg ™', As<30 mg-kg ™', Hg<2.4 mg-kg ™", Z: MR { +-EFRIEE W F ARG Y(HI/ T166—
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2004), K FH LA 115 Y A8 RO 2 25 5 15 YR BOA M TH FAE 1185 YL BUIRZEAT IO~ ) PR I
ML 2.
®2 HHEREUR SR

Table 2 Soil environmental quality grade

SR LA R YRR YK
Grade Comprehensive pollution index Class of pollution Pollution level
I Py:<0.7 G THIH
] 0.7<Pg<1.0 ek i I I
m 1.0< Py <2.0 BTG S YR AR R R R TS Y, VR AR5 4
I\ 2.0<Pg<3.0 RS Y RN (B DI REE S
v Py >3.0 EN RG] A3 Ve TS L EAR 2
B TR EOE:
Ci
P,‘ = -
S

X, P G LS, 2050 0 LG ey i ) BAITTS QAR R, s ey i B S E AN s G e i Y
YT iARE. 24 P>1 I, S5 g

LRA TS YR RO
PP

2
K, Py PLRLPS O B R 2545 15 Be 46 K0, 1 3 5T 75 e 48 KO0 7 7 Rl K B30T 95 Gt 48 20
P
19 HfEhhp

72 45 2R 2R Microsoft Excel 2010 X £ #4740 B, iz H] SPSS 22.0 B A idfa A1 32 1 3 23
FERAEIHT.

2 5B 5308 (Results and Discussion)

2.1 AR M E M2 R T 4 R T R Ao

27 Ftt Ak 55 AP AR VE EE AR 25 M 2 ] 6 PP EE 4 JE T K S AR AE W M 22 5 (P<0.05), WLER 3. BR Y-
YNCX( = B8 2B M 57 AR ) 7= 1 Hg Ak th Ak, e = b Bk il il 6 FiEE 4 IR o S EAJE TR E
25 I o Cu>Pb>Cr>As>Cd>Hg, H P A JHE A4 2541 Cu, Cd. Cr, Pb P& i s T
AR A T As R Hg 19735 9 5 5 R 5 7 M AH 25 R K. AN [R] = MU AR 25 M T R AR TS LY
0.001—290.068 mg-kg ', Horh Cu & H i, ik 290.068 mg-kg ', JGE Hg &A%, {UA 0.001 mg-kg™.
MR B F, e = b Z-SCHD (MU )18 & AR BB ) B B i & S5 &, Z-YNLL( = M4 BB
BARE ) F Z-YNMS( 2 B A T8 AR KT i) 51 4 8 & iR B 1 B A = b Y-GZQZ (5 M 48 v 4
TP A ) T4 8 B =, Y-GZASAD (5 A 2T 22 KT 3l B9 26 ) A Y-YNCX 5 48 %
IR ARG - M E AR 2 M 4R & B e T A A28 55 28 (coefficient of variation, CV) $if i 1) 2 4
X ESERR B, AR S R B, U6 A 7 M 4 A SRR B R K, S 2 R AR PO AR AR I N AR U AR
FEHL Y Cr 148 5 R B/, T As J5e K. U6 A FE A [] 7= b b 4% 7 M TR JE RS 24 64 Cr 19 B i A G SR 4,
As 115 AT B HL. %85 7= Hip Cu, Cd., Cr. Hg W78 5 R AL EF A P= () /N, Pb. As MIIAH S, A
A O AR 28 Cu. Cd. Cr. Hg & B AHAC T B AR 72 22 R B0/, P, As it 25 Rk, i —2F
RPUAFHHBERAM EER TR T EARKES.



2184 woooBE b % 40 &
R3 ORI EAE A P E SR A i (x5, n=3, mgkg")
Table 3 Content of heavy metals in P. polyphylla var. yunnanensis from different habitats( %+ s, n=3, mg-kg™")
NO. Cu Cd Cr Pb As Hg
Z-GZ7] 82.0.10+0.465 ¢ 0.093+0.004 1.386+0.050 jk 7.516+0.148 f 0.161+0.004 fghi 0.018+0.002 be
Z-GZZY 64.064+2.085 g 0.121£0.007 d 1.109+0.055 1 4.563+0.125 h 0.193+0.016 fgh 0.016+0.001 cd
Z-GZLL 128.075+0.662 ¢ 0.134+0.002 ¢ 1.711+0.032 fg 12.391+0.212b  0.126+0.016 fghij  0.013+0.003 de
Z-GZXY 72.361+£0.610 f 0.072+0.001 g 2.227+0.088 ¢ 3.257+0.154 1 0.337+0.014 de 0.027+0.002 a
Z-SCHD 178.286+2.768 a 0.102+0.001 e 2.476+£0.102 b 8.870+0.199 d 0.327+0.011 de 0.021£0.004 b
Z-YNSM 25.923+0.692 j 0.167+0.003 b 1.566+0.019 hi 3.482+0.117 1 0.070+0.005 ij 0.001+0.001 h
Z-YNYM 88.221+0.993 d 0.092+0.004 2.93540.078 a 10.555+0.142 ¢ 0.238+0.014 ef 0.002+0.001 gh
Z-YNBSPP 164.174+0.720 b 0.048+0.001 i 1.312+0.014 k 37.046+£0.678 a 0.098+0.002 ghij  0.002+0.001 fgh
Z-YNBSSZ 56.842+0.861 h 0.078+0.001 g 1.879+0.073 de 0.512+0.010 1 0.489+0.183 bc 0.015+0.004 cde
Z-YNLL 10.476+0.290 m 0.010+0.001 k 1.722+0.042 fg 1.1374£0.019 k 0.03540.004 j 0.004+0.001 fgh
Z-YNMS 20.1284+4.515k 0.011£0.001 k 1.934+0.052 d 0.466+0.004 1 0.086+0.002 hij 0.001£0.001 h
Z-YNCL 19.310+0.318 1 0.031+0.001 j 1.634+0.025 gh 1.973+0.034 j 0.572+0.064 b 0.002+0.001 gh
Z-YNYP 89.491+1.188 d 0.025+0.001 j 1.774+0.054 ef 3.260+0.015 1 0.204+0.003 fg 0.001+0.002 h
Z-YNYL 70.883+0.819 f 0.052+0.001 i 1.493+0.039 ij 8.080+0.021 e 0.382+0.009 cd 0.006+0.001 f
Z-YNLJ 80.378+£0.947 ¢ 0.062+0.004 h 1.547+0.016 hi 6.242+0.037 g 3.505+0.102 a 0.011+0.001 e
Z-YNJC 52.825+0.212i 0.204+0.008 a 1.707+0.052 fg 8.887+0.138 d 0.325+0.021 de 0.005+0.002 fg
Mean 75.494 0.081 1.776 7.390 0.447 0.009
CV/% 64.27 67.68 25.57 118.06 185.72 90.26
Y-GZASLG 86.343+£2.558 0.102+0.036 d 2.318+0.052 d 9.572+0.122 f 0.136+0.062 ¢ 0.003+0.0011 d
Y-GZASAD 27.025+1.331 a 0.077+0.001 de 1.700+0.012 f 8.718+0.059 g 0.224+0.004 bc 0.005+0.001 ¢
Y-GZQz 290.068+0.720 k 0.671+£0.013 a 1.924+0.047 ¢ 50.112+0.265 a 0.471£0.036 b 0.017+0.001 a
Y-GZXR 75914+0.511 g 0.160+0.015 ¢ 5.736+0.200 a 13.526+0.313 d 0.221+0.011 be 0.017+0.001 ab
Y-GZXY 95.4934+2.322 d 0.052+0.002 ef 3.569+0.043 b 7.369+0.145 h 0.2890+0.008 be 0.005+0.001 ¢
Y-SCHD 43.726+0.629 j 0.077+0.012 de 1.605+0.046 42.227+0.640 b 0.101+0.019 ¢ 0.001+0.001 ef
Y-YNCX 64.906+0.806 h 0.210+0.004 b 1.92140.036 ¢ 3.619+£0.112 0.084+0.005 ¢ -
Y-YNBSPP 89.359+0.913 ¢ 0.024+0.001 g 1.892+40.020 e 7.560+0.126 h 0.263+0.006 be 0.005+0.001 ¢
Y-YNCL 61.482+1.049 i 0.032+0.002 fg 3.178+0.079 ¢ 6.426+0.096 1 0.096+0.008 ¢ 0.005+0.001 ¢
Y-YNYP 116.023+0.676 b 0.032+0.001 fg 2.453+0.037 d 10.317+0.219 ¢ 0.148+0.007 ¢ 0.002+0.001 de
Y-YNLJ 100.346+0.259 ¢ 0.059+0.005 e 1.664+0.068 29.356+0.518 ¢ 2.335+£0.409 a 0.016+0.001 b
Mean 95.517 0.136 2.542 17.164 0.397 0.007
CV/% 72.74 137.04 48.61 92.83 164.32 93.91

T A R/NE TR FORTEP<0.05K V- 22 5+ .3, TRl

Note: different lowercase letters indicate significant difference at P < 0.05 level, same as below.

FRAE 2020 4F R CH [ 24 B0 RN R i 28 4 TR R b o 2 P TS e BR 1 ) (GB2762—2017) X 25 44 &
4 Jm PR B PR AERLE , TEASSLE T, BR Z-YNLL Fl Z-YNCL( =4 B 7 Bk 5 ) Higs 25 77 s sk
i Cu & Y AR, Hoh Y-GZQZ 7= Hi Cu 7 & 2 fiw i b fE FR B2 14 145 £ 27 7= b b A Z-
YNLI( 2z g 4 AR VLT AR 55 ) A1 Y-YNLI( = 5 4 I VLT B A 5 ) 1) As & B hn; A 8 N Hh Cr & &l
Fr, Hoh Y-GZXR(5t N 2~ BB A i) 1Y Cr & e f m AnifERR = 1Y 2.9 % A 66.7% 7 1l Pb & &t i
P, FLHF AR 7= i R AR A TR T AR 2 R SRR 1 Y bR T P b Cd AN He & s 45 A DG ELR.
2.2 ASIE] = M A E AR AR B A rp E 4 SR T R (1 AT

27 feAR B A A E AR PR 3 6 M E &R TR & BB E M 2E 5 (P<0.05), WK 4. Tl
HEBRIR RS PG 6 MELSE TR, ARRE WS ESBE X FHEERN
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Pb>Cr>Cu>As>Cd>Hg, Ifii A [F) B A 7= b v 4% 5 4 J8 0 R T3 % & 8 Pb>As>Cr>Cu>Cd>Hg, H gk 3%
FEHIAR R+ 3 Cu, Cd. Cr. Pb, Hg MY F-35 & iz i T 928 7= b, As (9735 8 i SOm AT 87 4 7= . AN
[F] 7= b JEL FE AR AR PR+ E 0 B & AR L Bl 0.038—249.814 mg-kg ™!, Hii Pb A & B e, 1A F)
249.814 mg-kg™, As R IR, XA 0.038 mg-kg . AR b &, FEARKT =i Z-YNBSSZ( = B & & 1L i
KFE S R ) B R S BIRE, Z-GZZICGRMN A 14 B AR5 B 48 & B Rl 75 4 = s b Y-

YNLJ 48

iR, Y-SCHD (P48 2 AR EL B AR ) B 2 S AR O SR s S [ AR 7 10 o PR AR

br+ 3R 4R S TR A R B B A 5= As 59748 5 2 50 ek, i B 4 72 #l Cu. Cd. Cr.
Pb., Hg Y78 5 R B AIC Tk 5% 7= . E— B Ui B ] r= M E S AR B H 1 & 8 S m A 2 R, i
L As F R .

x4

Table 4 Contents of heavy metals in rhizosphere soil of P. polyphylla var. yunnanensis

AN AR PR LS P R A & i (R s, n=3, mgkg )

from different habitats(z+ s, n=3, mg-kg ")

NO. Cu Cd Cr Pb As Hg
Z-GZZ) 20.515+0.145 a 1.499+0.046 b 3.883+0.018 h 29.2154+0.232 i 1.908+0.068 h 0.284+0.014 ef
Z-GZZY 4.802+0.305 fg 2.862+0.056 a 13.897+0.072 b 38.810+0.132 g 6.080+0.485 ¢ 0.458+0.090 cd
Z-GZLL 2.961+0.340 ij 0.768+0.010 d 5.882+0.951 g 78.038+1.421d 1.490+0.286 hi 0.181+0.005 gh
Z-GZXY 8.424+0.496 b 0.576+0.012 f 9.960+0.879 ¢ 32.600+0.242 h 3.832+0.274 de 0.372+0.127 de
Z-SCHD 7.643+0.076 ¢ 0.519+0.009 g 9.555+0.227 cd 29.033+0.435 i 3.335+0.063 ef 0.284+0.014 ef
Z-YNSM 6.267+0.230d 0.661+0.004 ¢ 36.797+0.540 a 99.763+0.156 ¢ 1.902+0.102 h 0.628+0.020 b
Z-YNYM 2.896+0.058 ij 0.282+0.004 i 8.248+0.097 ¢ 18.384+0.140 k 0.571£0.035 jk 0.119+0.019 h

Z-YNBSPP 5.498+0.176 ¢ 0.360+0.010 h 7.233+0.269 32.337+0.851 h 0.147+0.033 k 0.503+0.069 ¢
Z-YNBSSZ 2.585+0.089 jk 0.747+0.019 d 8.535+0.360 ¢ 32.855+0.196 h 11.569+0.602 b 2.493+0.024 a
Z-YNLL 4.788+0.323 fg 0.094+0.002 k 8.900+0.337 de 47.883£0.968 ¢ 0.280+0.018 k 0.2744+0.028 fg
Z-YNMS 2.249+0.217 k 0.069+0.001 k 8.900+0.337 j 41.039+0.354 0.132+0.106 k 0.376+0.012 de
Z-YNCL 5.167+0.159 ef 0.387+0.014 h 10.422+0.446 ¢ 249.814+0.195 a 4.204+0.056 d 0.095+0.022 h
Z-YNYP 3.141+0.198 i 0.197+0.005 j 8.090+0.860 ef 15.118+0.033 1 0.955+0.078 ij 0.088+0.001 h
Z-YNYL 4.258+0.074 h 0.296+0.004 i 5.934+0.248 g 26.514+0.275 j 2.942+0.096 fg 0.103+0.004 h
Z-YNLIJ 6.256+0.102 d 0.662+0.013 ¢ 2.657+0.055 i 17.940+0.175 k 48.144+0.564 a 0.136+0.021 h
Z-YNJC 4.682+0.221 gh 1.183+0.036 ¢ 9.991+0.865 ¢ 185.454+0.690 b 2.667+0.173 g 0.274+0.007 f
Mean 5.758 0.698 9.401 60.925 5.635 0.417
CV/% 75.01 99.15 85.19 108.39 207.50 138.27
Y-GZASLG 2.062+0.133 f 0.441+0.018 g 5.744+0.638 d 22.154+0.309 h 1.268+0.150 f 0.094+0.005 h
Y-GZASAD 2.405+0.060 f 0.885+0.013 ¢ 7.736+0.245 ¢ 82.839+0.744 d 1.994+0.107 d 0.486+0.0124 b
Y-GZQZ 3.366+0.238 ¢ 1.004+0.024 b 9.357+0.005 b 93.044+0.309 ¢ 1.870+0.124 de 0.278+0.009 e
Y-GZXR 6.250+0.315 b 0.505+0.007 £ 11.892+0.754 a 24.848+0.218 g 0.038+0.015 h 0.363+0.028 ¢
Y-GZXY 5.368+0.270 ¢ 0.753+0.010 d 7.957+0.494 ¢ 36.723+0.337 1.647+0.074 ¢ 0.304+0.013 d
Y-SCHD 7.669+0.316 a 0.707+0.009 e 4.622+0.436 ¢ 42.882+0.271 e 2.732+0.105 ¢ 0.122+0.008 g
Y-YNCX 3.701+0.033 de 0.697+0.010 ¢ 10.184+0.240 b 21.061+0.273 i 1.054+0.043 f 0.041+0.001 i
Y-YNBSPP 2.397+0.138 f 0.343+0.003 h 6.179+0.766 d 99.250+0.139 b 3.207+0.227 b 0.677+0.014 a
Y-YNCL 2.304+0.090 £ 0.081+0.009 j 7.993+0.806 ¢ 16.311+0.119 0.374+0.008 g 0.071+0.004 h
Y-YNYP 4.079+0.259d 0.111+0.004 i 9.358+0.593 b 10.454+0.110 k 0.571+0.088 g 0.088+0.003 h
Y-YNLJ 4.052+0.189 d 1.050+0.012 a 4.318+0.372 ¢ 123.114+0.156 a 71.848+0.141 a 0.244+0.007 £
Mean 3.969 0.598 7.758 52.062 7.873 0.252
CV/% 45.52 55.44 30.61 76.42 269.78 79.17
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DA S BRI AR B Y(HI/T166—2004) PPN HRE, R F5A A 15 G 8 BURIg 2 255535 G
FEBCE A e & JR T R I TIS YR, 5 R UL R 5, R TR] 7 A AR PR R 74% (97 1
Cd Hu [ 75 Y d5 8>1, ;= Hh Z-YNCL. Z-YNIC( = 548 61| B3R 35 &) . Y-YNLJ 9 Pb, Z-YNLJ, Y-
YNLIJ i) As DL} Z-YNBSSZ ) Hg B[R 15 e 48 503> 1. 77 M Z-GZZI M1 Z-GZZY (5t M 25 = BAk s
i) S5 A TG AR G T H A e, BTSSR GGR RN RIS Y PR Z-YNYM( = /8 5 T R KD
Z-YNLL, Z-YNMS, Z-YNYP( =& A FEA I . Y-YNCL(=FEE & T 2B L) M Y-YNYP( =
A K- BB A ) 25515 PR 8 <0.7 2 S5 G T HA ™ M RHS 3 LA BE TS Lok 3, DR 43 7
R AR S G F Y X A B Cd AT 2 S L, nT AR R E AR 2 AR AR K
i 3 m MR, EAJE RS, WA AR EZ NG SN R TP Cd &g me?
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Table 5 Pollution Evaluation of heavy metal in soil of P. polyphylla var. yunnanensis

P, lEE S SR
No. Pus Pollution level
Cu Cd Cr Pb As Hg evaluation
7-GZZ) 0.205 4.998 0.019 0.243 0.064 0.118 3.596 ENRCEA
7-GZZY 0.048 9.541 0.069 0.323 0.203 0.191 6.857 ENRCEA
Z-GZLL 0.030 2.560 0.029 0.650 0.050 0.075 1.854 LI RGE
Z-GZXY 0.084 1.919 0.050 0.272 0.128 0.155 1.391 RS Y
Z-SCHD 0.076 1.730 0.048 0.242 0.111 0.118 1.254 BRPET Y
Z-YNSM 0.063 2.205 0.184 0.831 0.063 0.262 1.616 LI RGE
Z-YNYM 0.029 0.939 0.041 0.153 0.019 0.050 0.680 YREY
Z-YNBSPP 0.055 1.199 0.036 0.269 0.005 0.210 0.874 ek
Z-YNBSSZ 0.026 2.490 0.043 0.274 0.386 1.039 1.831 LI RGE
Z-YNLL 0.048 0.312 0.045 0.399 0.009 0.114 0.303 YREY
Z-YNMS 0.022 0.230 0.002 0.342 0.004 0.157 0.258 LAER
Z-YNCL 0.052 1.289 0.052 2.082 0.140 0.040 1.534 LI RGE
Z-YNYP 0.031 0.656 0.040 0.126 0.032 0.036 0.476 YREY
Z-YNYL 0.043 0.987 0.030 0.221 0.098 0.043 0.718 ek
Z-YNLJ 0.063 2.208 0.013 0.150 1.605 0.057 1.634 LI RGE
Z-YNIC 0.047 3.945 0.050 1.545 0.089 0.114 2.872 TS
Y-GZASLG 0.021 1.470 0.029 0.185 0.042 0.039 1.061 BRRET Y
Y-GZASAD 0.024 2.950 0.039 0.690 0.066 0.203 2.138 RS g
Y-GZQZ 0.034 3.348 0.047 0.775 0.062 0.116 2.423 TS
Y-GZXR 0.062 1.684 0.059 0.207 0.001 0.151 1.218 BRRET Y
Y-GZXY 0.054 2.511 0.040 0.306 0.055 0.127 1.812 LI RCE
Y-SCHD 0.077 2.356 0.023 0.357 0.091 0.051 1.702 RS Y
Y-YNCX 0.037 2.325 0.051 0.176 0.035 0.017 1.673 BRRET Y
Y-YNBSPP 0.024 1.144 0.031 0.827 0.107 0.282 0.858 AR
Y-YNCL 0.023 0.272 0.040 0.136 0.012 0.030 0.201 YREY
Y-YNYP 0.041 0.370 0.047 0.087 0.019 0.037 0.271 LAER
Y-YNLIJ 0.041 3.499 0.022 1.026 2.395 0.102 2611 T

2.4 ANIR] HECEE R 2R K CHEAR s - M S Ry
R AT R A IR A ) SR, 5 A A2 ARG AR T 35 15 B AL 0 D B LA AR B S Y 25
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FEARE DL 6 FhHE 4 R C KON AR &, 4 0l 6 27 b TR E AR 25 4 FUAR PR R AT S R4 A A, A5 SR L
F 6—9. 3K 6 R, 254 6 FhEE 4 )@ A 35 o b i 8 E AR e 3 > FE Gy, FLRRIEE > 1,
RBTTHRR N 77.687%, AT 3 A~ 325 A N B AE 2 6 R EE 4 @ & i B SEAFRAE. XF a0 1,
2 Fl 3 BTEREC R 19 5353l J& Cu. As I Cr, Wi AR = HIH B M B4R S 22 SR KN FEHNER
4 Cu. As Fl Cr. 715 3 A F o541, IR T HE Y, B3R 7 T, s 1 130 s 02 Y-GZQZ, H
4.167; TR 2 1990 e i OS2 Z-YNLJ, i 3.498; £ al4) 3 1570 Fe i 92 Y-GZXR, M 3.188. £ &5 4594)
i 2 Y-GZQZ, FeflK 2 Z-YNMS; AN [FBF AR i 7= M (9 27575 435 i 1 AR 35 b

F 6 HEREZM T 6 MEGIRICR M) M

Table 6 Principal component matrix distances of six heavy metals in P. polyphylla var. yunnanensis

2 Type F 4431 Component 1 F 432 Component 2 F 4533 Component3
Cu 0.901 —0.069 -0.006
cd 0.828 -0.196 -0.096
Cr 0.047 -0.497 0.75
Pb 0.779 -0.071 -0.361
As 0.152 0.873 0.128
Hg 0.497 0.345 0.626
BF{H Characteristic value 2.376 1.176 1.109
BTHk3/% Contribution rate 39.604 19.595 18.488
1T 5THk#/% Cumulative rate 39.604 59.199 77.687

R T OEEMEAM BRI SR LR

Table 7 Main component score, comprehensive score and ranking of P. polyphylla var. yunnanensis

74 Origin F1 F2 F3 F%5; HEF Rank
Z-GZZ] 0.097 0.476 0.288 0.238 7
7-GZZY -0.074 0.555 0.006 0.103 10
Z-GZLL 0.490 —0.044 —0.041 0.229 8
Z-GZXY 0.139 0.658 1.699 0.641
Z-SCHD 0.913 0.145 1.294 0.810 4
Z-YNSM —0.644 -0.376 —0.803 -0.614 25

Z-YNYM -0.176 —0.787 0.181 —0.245 14

Z-YNBSPP 0.819 -0.336 -1.688 —0.069 11

Z-YNBSSZ -0.336 0.534 0.658 0.120 9
Z-YNLL -1.156 -0.132 -0.306 -0.695 26
Z-YNMS -1.163 -0.305 -0.352 —0.754 27
Z-YNCL -1.043 0.302 -0.510 -0.577 24
Z-YNYP —0.593 —0.204 —0.511 —0.475 23
Z-YNYL ~0.400 0.222 —0.520 -0.272 16
Z-YNLJ 0.069 3.498 0.467 1.029 2
Z-YNIC ~0.083 -0.127 -0.510 -0.196 13

Y-GZASLG -0.205 -0.600 —0.243 -0314 18

Y-GZASAD —0.624 -0.033 —0.449 —0.433 21
Y-GZQZ 4.167 —0.674 -0.814 1.760 1
Y-GZXR 0.459 -1.614 3.188 0.585 6
Y-GZXY -0.236 —0.863 0.957 -0.110 12
Y-SCHD 0213 —0.452 -1.700 —0.410 20
Y-YNCX -0.287 ~0.669 —0.666 —0.474 22

Y-YNBSPP -0.381 -0.073 —0.246 -0.271 15
Y-YNCL —0.565 —0.808 0.683 -0.329 19
Y-YNYP -0.203 —0.621 -0.174 -0.302 17

Y-YNLJ 0.806 2.328 0.112 1.025 3
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Table 8 Principal component matrix distances of six heavy metals in rhizosphere soil of P. polyphylla var. yunnanensis

M Type F 531 Component 1 E 42 Component 2 E 53 Component 3 F {534 Component 4

Cu 0.461 —0.432 —0.629 -0.092
cd 0.823 —0.199 -0.119 0.11

Cr 0.422 0.725 -0.188 -0.178

Pb 0.447 0.242 0.54 —0.532

As 0.291 —0.545 0.638 0.142

Hg 0.275 0.391 0.147 0.812

FFFEH Characteristic value 1.428 1.26 1.165 1.015
TTRik#/% Contribution rate 23.806 20.994 19.424 16.91

FIT TR /% Cumulative rate 23.806 44.8 64.224 81.134

RO EEBMRPR TN LA LT
Table 9 Principal component scores, comprehensive scores and their order of
rhizosphere soil of P. polyphylla var. yunnanensis

774l Origin F1 F2 F3 F4 F4 HEF Rank
7-GZZ7) 1.783 -2.174 ~2.773 0.017 ~0.699 27
Z-GZZY 2.400 -0.101 ~0.634 0.643 0.660 3
Z-GZLL -0.227 0.003 0316 -0.378 ~0.069 10
Z-GZXY 0.117 ~0.186 -0.820 0.111 -0.187 15
Z-SCHD ~0.092 ~0.190 -0.752 0.009 -0.255 18
Z-YNSM 1.721 2.895 -0.636 -0.769 0.942 2
Z-YNYM ~0.987 0.140 ~0.188 ~0.092 -0.318 21

Z-YNBSPP ~0.487 0.093 -0.364 0.416 -0.119 11

Z-YNBSSZ 0.685 1.409 0.912 4.068 1.632 1
Z-YNLL -0.751 0.283 ~0.180 -0.205 -0.233 16
Z-YNMS ~1.399 ~0.190 0.389 0.330 -0.298 19
Z-YNCL 0.755 0.768 1.428 -2.365 0.269 7
Z-YNYP ~1.085 0.083 -0.229 -0.131 -0.379 22
Z-YNYL ~0.889 -0.253 -0.193 -0.143 ~0.402 24
Z-YNLJ 0.056 ~2.082 1.014 0.504 -0.175 14
Z-YNIC 1.197 0.495 0.832 ~1.289 0.410 5

Y-GZASLG ~0.998 -0.076 0.021 -0.043 -0.316 20

Y-GZASAD 0.090 0.400 0.472 0.095 0.263 8
Y-GZQZ 0.342 0.321 0.288 ~0.408 0.167 9
Y-GZXR -0.156 0.288 -0.726 0.122 -0.120 12
Y-GZXY ~0.105 ~0.098 ~0.400 0.102 -0.130 13
Y-SCHD -0.128 ~0.740 -0.615 -0.235 ~0.425 26
Y-YNCX -0.412 0.067 -0.417 -0.241 ~0.254 17

Y-YNBSPP -0.348 0.561 0.840 0.222 0.291 6
Y-YNCL ~1.290 0.195 ~0.094 ~0.174 -0.387 23
Y-YNYP ~1.059 0.127 -0.439 ~0.164 -0.417 25
Y-YNLI 1.265 -2.039 2.948 -0.001 0.549 4

TEEPEIRPR 3 6 FhE 4 )8 3000 s B EEEPLERT 4 4 T, W 8 i, HUARE(E Y
>1, 2R GTHCR N 81.134%, KL, Al 4 4~ 3 523 BE B2 o7 L B MS AR B 1 1 6 Fh i 42 8 & 5 A0 S AR
SRS 1.2, 3 Fl 4 STERE KA H 4 J8@ 40 91 & Cd. Cr. As 1 Hg, Wi A [R] 72 b T T AR AR R+ 398 T
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SRR ESB KRN FERE N Cd, Cr. As fl Hg. 718 4 D F 401558, JEHEATHE, i3 9 il 41, &
AT 1455 e B e Z-GZZY, R 2.40; A 2 1553 e e 02 Z-YNSM( = i 48 s B Bk s i ), b
2.895; AL 3 50 dne i 2 Y-YNLI, o8 2.948; a4 4 1553 fnc = 19 /2 Z-YNBSSZ, iy 4.068. 25515
S3 i N E Z-YNBSSZ, fefl 2 Z-GZZ; AN[R] 7= M A= S 0 25545 403 I T AR 3 i
2.5 ARF=HEEMRAGM N ESEITRE S ERK

B R BN I B E S R TR W MERE. XY C€<0.1 BFRRIRFITTAL, C<0.5 BEARX)
ZAk, 0.5<C<1.5 i 35 J@ [a] —7KF, C>1.5 B AEXT 45, C>3 B s s 422, 3R 10 n A1, 76 16 >k
AL AN AR P R AR A H RS B A0 E 4R R A0, Co SRS 7 M B BE 7 M Z-YNLL 2 AH
XTE AR, HA TS M R R A B 4 Cd TEARIG P M Z-GZZ) . Z-GZZY . Z-YNCL. Z-YNLJ FlSFA= 7= b Y-
GZASAD. Y-GZXY (HM 45 2% SCHTEFAE 5 ) . Y-YNBSPP( = B4 A LU T T 224 B A= 5 ) L Y-YNLT 258
AL, Y-GZQZ J& —F J& Al — /K, HAr = R A XT3 4k ; Cr ZEAR KRG 7= b Z-GZZY . Z-YNSM &3 5
P4k, Z-YNL] & — & J& 7 — /K7, Z-YNMS J& 50 20 5 45, F A4y 7™ Hh J A X 33 1k s Pb 76 4% 15 7 b Z-
YNSM, Z-YNBSSZ. Z-YNLL, Z-YNMS, Z-YNCL Flf 4= 7= #f, Y-YNBSPP &5 1 %% 1k, Z-YNYM, Z-
YNBSPP( 2 F 48 4 LL T T 2R 48 AR 15 5 ) 1 Y-GZQZ. Y-GZXR, Y-SCHD, Y-YNYP J& —#J& [i]—/KF,
HA oA B4k As TER S 7 # Z-YNYM., Z-YNLL, Z-YNCL. Z-YNYP. Z-YNYL( =4 = K&
A HE ) L Z-YNIC FHEY A2 77 Hb Y-GZASLG( 53 N 45 22 Ui e 2 B EF A= ) . Y-GZASAD., Y-GZQZ. Y-
GZXY. Y-YNCL, Y-YNYP 2 A ¥t #1 1k, Z-YNBSPP, Z-YNMS & & J& [7]— /K F, Y-GZXR Z ik 71 &
£, A= s ZU35 1k, He fE 20 i g 20304k, N EAR 1, #dl = e d o i) i 48 R AL P A=
A T DRIk TR RS 24 R AR Y i b 5 P A B ) - SRR B PR e B, AN REZ LA
P B B R T A A Y BBURE.

K10 HERK

Table 10 Enrichment factors

No. Cu Cd Cr Pb As Hg
7-GZ77) 3.998 0.062 0.357 0.257 0.085 0.064
2-GZZY 13.340 0.042 0.080 0.118 0.032 0.036
Z-GZLL 43.251 0.174 0.291 0.159 0.085 0.070
Z-GZXY 8.589 0.125 0.224 0.100 0.088 0.072
Z-SCHD 23.327 0.196 0.259 0.305 0.098 0.075
Z-YNSM 4.136 0.252 0.043 0.035 0.037 0.002

Z-YNYM 30.897 0.325 0.356 0.574 0.417 0.020
Z-YNBSPP 29.859 0.133 0.181 1.146 0.668 0.004
Z-YNBSSZ 21.987 0.104 0.220 0.016 0.042 0.006

Z-YNLL 2.188 0.109 0.193 0.024 0.125 0.015

Z-YNMS 10.109 0.164 4.497 0.011 0.652 0.003

Z-YNCL 3.737 0.081 0.157 0.008 0.136 0.017

Z-YNYP 28.684 0.129 0.219 0.216 0.214 0.017

Z-YNYL 16.647 0.176 0.252 0.305 0.130 0.055

Z-YNLJ 12.849 0.093 0.582 0.348 0.073 0.084
Z-YNIC 11.281 0.173 0.171 0.048 0.122 0.020
Y-GZASLG 41.869 0.232 0.404 0.432 0.107 0.029
Y-GZASAD 11.235 0.087 0.220 0.105 0.113 0.011

Y-GZQZ 86.181 0.668 0.206 0.539 0.252 0.063

Y-GZXR 12.146 0.316 0.482 0.544 5.808 0.047

Y-GZXY 17.790 0.069 0.449 0.201 0.175 0.017

Y-SCHD 5.702 0.109 0.347 0.985 0.037 0.009

Y-YNCX 17.538 0.302 0.189 0.172 0.080 -
Y-YNBSPP 37.278 0.071 0.306 0.076 0.082 0.008

Y-YNCL 26.683 0.387 0.398 0.394 0.256 0.071

Y-YNYP 28.442 0.286 0.262 0.987 0.258 0.022

Y-YNLJ 24.762 0.057 0.385 0.238 0.033 0.064
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6 ME 4B ICE NS EIEAT RIS, ZE R LA 1. & 1(a) AT, 24 RE KT 20 B, 27 GrE B2 H
FEA R AE AL 2 K25 Hoh Y-GZQZ Bl Sy 55 12, FoAx ™ HuAe fh 81 55 T2t &1 1(b) l %0, 224 [ {E
KT 20 B, 27 I REAR B LI AE i R AR I 4 R85 Hih Z-YNBSSZ, Z-GZZJ 1 Z-YNSM 733l 5t
GRS T2 55 T ZOMEE M2, HoAy = ke 5 5 S 55 IV 2, g Rk — 2B £ 80, 29 4R
O e A AR PR Y-GZQZ; - E T 4 B i e e AR SE 7 M Z-YNBSSZ, S A AR RS L Z-GZZ).
50 IR, 4 A I mlOR ] bl )V T RS 2 b SR B AR RIS A h 2 HE B AR, RLOR
RECH AR 1 F1EF A= 7= M A3 T i — 25 3 WA 7 b YL AR 2 b4 S AR PR - 1 4 J i 5 P A e e
8 DX, X — 251 AR I A AR B A R T SR

[T S N S S U N L
Z-YNLL Z-YNYM '
Z-YNMS H Z-YNYP
Z-YNCL Y-YNCL

Y-GZASAD — Y-YNYP
Z-YNYL Z-YNYL
Y-YNBSPP H Y-GZASLG
Z-YNYP |- Y-GZXY
Z-YNSM Y-YNCX
Y-YNCX ] Z-GZXY
Z-YNIC 7-SCHD
Y-GZXY Y-GZXR
Y-YNCL H Z-YNBSPP
Z-YNYM H Z-YNLL

> Y-GZASLG H — > Y-SCHD

Y-YNYP - Y-GZASAD
7-GZZJ Y-GZQZ
7-GZZY H 7-GZLL
Z-YNBSSZ H Y-YNBSPP
7-GZLL - i Z-YNMS
7-GZXY Z-YNCL
7-SCHD = Z-YNIC
Z-YNBSPP Z-YNLJ
Y-SCHD |—] Y-YNLI I
Z-YNLJ 7-GZZY
Y-YNLIJ ] Z-YNSM h
Y-GZXR Z-GZ71
Y-GZQZ Z-YNBSSZ [

B 1 R HE S A2 (a) AR BR 13 (b) B 4 J8 A
Fig.1 Cluster analysis of heavy metals in rhizome (a) and rhizosphere soil (b) of

P. polyphylla var. yunnanensis from different habitats

3 458 (Conclusion)

(1) AN [ 7= b B T AR AR P 4 4 S L o7 25 p R & SR e Rk A KM 25, B4 i E
B2 M Cu. Cd. Cr, Pb B P34 Ea i T A3, (HAR K = HE AR 256 4 8 & 2 | TP A = b [A]
B, #kB5 AR PR £ 4 Cu, Cd. Cr. Pb., Hg V-3 & i = T H /L, As 9P 35 & s AR T4, Ak bs = s
FRERPR HHEE 4R & TR A

(2) 254 5 18 2020 4F R H 24 ) R R 48 4 B bR E A H Vs Qe B ) (GB2762—2017)
KT EE R R R, 76 27 HEE T, BRAR I = 1 = 4 e e B (Z-YNLL) f1 & 7 B (Z-
YNCL), H A= b 25 Cu & & ™ F B AR; 117 Cr. Pb Al As HAG A ER 5 7= HulB A, Horb 52 A 2 5 45
JE 22, DA SRR W I AR FIYE ) (HI/T166—2004) N PEMbRifE, B T-75 438 B> 1 k&, 48 K353
FEH B Cd AR R I 1S s SR AT AR BT A, R R A E YN P AR TP B R A ELIX

Bt N4 SR AR B AR s B 0 32 5 Y E. 25 Cu DA 3 Cd R A T T R R AR i R
SRR Y B AR, LACRIE G A 24 1Y it BT R 22 4 k.

(3) AN = b JE T AR 250 X H 38 b Cu Je 2 B B9 iy & 4 /EH, iXF Cd. Cr, Pb, As, Hg TR &
SEREIT . ERAT AT SRR, Cul As Il Cr B AR = HE B2 M B4 B SR 2R KR
FFR R 13 AN R 7 Mo AR s R i 4 Jm & 2 R E N E & Cd. Cr. As Fll Hg; JHEH
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PR 2 bF G i v ) B A B A T BT (Y-GZQZ) , R AR SR AR B 7 e A 2 T (Z-
YNMS) ; MR PR 58 G Ja 25 i di ooy )R AR 7 = B PRI T K 36 2 (Z-YNBSSZ) , A i 2 AR 7
Ho 5t M 4 B (Z-GZZY) . RIS Hr R WIR S 7™ T SRR 25 4 SR PR I T 6 ) & & 5 P A 7= ot

TG BH X 5.
2% 3 HR (References)
(1] EZ2MmZ R4 dE 24 (20204F i —B) [S]. Jb AT wb [ B 25 RH% it 2020: 271-272.

[31]

[4]

7]

[10]

[11]

(12]

[13]

[14]

[15]

National Pharmacopoeia Commission. Ch. P (2020 edition)[S]. Beijing: China Press of Traditional Chinese Medicine, 2020: 271-272
(in Chinese).
Wi ¢, TS, SR A, . ERRR A AL Lo K 2 BRSPS R S (D] T REZY, 2016, 47(18): 3301-3323.
ZHANG Y G, ZHANG J, ZHANG J Y, et al. Research progress in chemical constituents in plants of Paris L. and their pharmacological
effects [J]. Chinese Traditional and Herbal Drugs, 2016, 47(18): 3301-3323(in Chinese) .
LA HEH LIRS L 45 G LA S 0 5E (D). B W] = B 25 K7, 2020.
PEI Y F. Identification research of Paris polyphylla Smith var. yunnauensis based on multi-spectral fingerprint combined with
chemometrics [D]. Kunming: Yunnan University of Chinese Medicine, 2020 (in Chinese).
B, Wi, SRACEE, A5 R A DA TR T T HE A I S0 X VA A W PN RO S R (0] T 24, 2020, 51(13) : 3535-
3544.
YANG L, YANG M, GUO D Q, et al. Endogenous Hormone contents of the Paris polyphylla var. yunnanensis seedlings influenced by
the inoculation time [J]. Chinese Traditional and Herbal Drugs, 2020, 51(13): 3535-3544(in Chinese).
RIGEAR. off iy HIrp 2 h B 4w & ik AT 5 R PR AT 5T (D). &8 AR 5% B R ~%, 2020.
ZHU X D. Study on content analysis, speciation analysis and risk assessment of heavy metals in six common Chinese medicinal
materials[D]. Urumgqi: Xinjiang Medical University, 2020 (in Chinese).

Sk, RIRAR, AR MIRE SRR AN R RS EEH 1] MR, 2020, 14(5): 116, 122.
SHI Z W, ZHANG X D, LU Z H. Accumulation and harm of heavy metals in vertebrates [J]. South China Agriculture, 2020, 14(5):
116, 122(in Chinese) .
TRILERT, IR, UK, 5 EARZUM P E SR LA FEICR G IE K . hES S IR K, 2020, 11(1): 28-31.
ZHANG X N, SU T, PU B Q, et al. Determination and analysis of heavy metals and harmful elements in Chonglou [J]. Pharmacy and
Clinics of Chinese Materia Medica, 2020, 11(1): 28-31(in Chinese).
BT, R B, B R [E] P H [R] F 3 T 24 4 T 4 JT R 0 I g KA (D). P SR ER O R A 4 Ak 2019,
25(15):30-36.
LIRS, YUAN H Q, ZHAO F Y, et al. Determination and analysis of heavy metals of Paridis rhizoma from different localities and
pieces [J]. Chinese Journal of Experimental Traditional Medical Formulae, 2019, 25(15): 30-36(in Chinese) .
MR, BOEOY, AT DY R R R R R S e A RE DG MW (D). b [ R B 24 TN 5 04T, 2017, 17(10) £ 1315-
1318.
ZHU Y X, HUANG Y F, KE F. Study on correlation between content of polyphyllins and heavy metals in Paris Polyphylla var.
Yunnanensis [J]. Evaluation and Analysis of Drug-Use in Hospitals of China, 2017, 17(10): 1315-1318(in Chinese).
i B A e Ak e 47 IM]. Jb st Ao ol ik, 2000: 14-35.
BAO S D. Soil agrochemical analysis[M]. Beijing: China Agricultural Publishing House, 2000: 14-35 (in Chinese).
BN, I, S AL, S R [E P HH Z v 2R T R A E S 4T D). i S R T, 2020, 46(20): 229-235.
HUANG X L, HE X F, ZHOU D X, et al. Determination and analysis of 22 elements in Lycopus lucidus var. hirtus Regel from different
habitats [J]. Food and Fermentation Industries, 2020, 46(20): 229-235(in Chinese).
WE TS IR . =k e DX V& i R ) S8 o 5 J ST 8 % AL ML BRATF 5T (D] H PR i R =022 e, 2019.
LAN Q J. Study on the migration and transformation mechanism of typical heavy metals in the sediment of the Three Gorges Reservoir
Area[D]. Chongging: Chongging Three Gorges University, 2019 (in Chinese).
e A R B K bR i 2 B 4. R 3Eh ORI E : GB/T 22105.1—2008 [S1. At 5t: AR i+, 2008.
National Standardization Administration of China. Determination of total mercury in soil: GB/T 22105.1—2008[S].
Beijing: China Standard Press, 2008 (in Chinese).
R K 2 2 51 4. o [ 24 10202048 R U F8) [ST. db st o [l s 25 RH th AL, 2020: 520-522.
National Pharmacopoeia Commission. Ch. P (2020 edition)[S]. Beijing: China Press of Traditional Chinese Medicine, 2020: 520-522
(in Chinese).
Wi, TR, TR B, A TR S VB AR 1 A X EE 4 Jm U R R 2 e (1], FREEALAF, 2018, 37(4): 860-870.
YANG M, ZHANG J, SHEN Y X, et al. Effects of symbiosis of Paris polyphylla var. yunnanensis with arbuscular mycorrhizal fungi on


https://doi.org/10.7501/j.issn.0253-2670.2016.18.027
https://doi.org/10.7501/j.issn.0253-2670.2016.18.027
https://doi.org/10.7501/j.issn.0253-2670.2020.13.023
https://doi.org/10.7501/j.issn.0253-2670.2020.13.023
https://doi.org/10.7524/j.issn.0254-6108.2017081405
https://doi.org/10.7501/j.issn.0253-2670.2016.18.027
https://doi.org/10.7501/j.issn.0253-2670.2016.18.027
https://doi.org/10.7501/j.issn.0253-2670.2020.13.023
https://doi.org/10.7501/j.issn.0253-2670.2020.13.023
https://doi.org/10.7524/j.issn.0254-6108.2017081405

2192 7N 54 1t

3

40 %

[16]

[17]

[18]

[19]

[20]

[21]

[22]

absorption of heavy metals (Cd, Hg, As, Cu, Pb) [J]. Environmental Chemistry, 2018, 37(4): 860-870(in Chinese).

T, BRCE, i, A5 T AR 25 TS AR PR R A OGS T (D). P2y, 2020, 51(22) 1 5839-5849

WANG Q, WU P H, YANG M, et al. Correlation analysis between rhizome quality and rhizosphere soil factors of Paris polyphylla var.
yunnanensis [J]. Chinese Traditional and Herbal Drugs, 2020, 51(22): 5839-5849(in Chinese) .

A S FRET I I T W LR R . R PR B A 1 T S MRS A AR ME: GB15618—2018[S]. dbat: i EARHE
Ji#t:, 2018

Ministry of ecology and environment, State Administration of market supervision and Administration. Soil
environmental quality agricultural soil pollution risk control standard: GB15618—2018[S]. Beijing: China Standard Press,
2008 (in Chinese).

BRI EFE, SRASE, 4 R LR R AR ROk b S o 3 B ot T G PR RS2 IR (7). BRARA 2%, 2019, 38(9) 1 1966-1972.
MU M J, ZHOU X Q, GUO D Q, et al. Effect of growth years to the soil enzyme activities and heavy metal residue of Fritillaria
taipaiensis P. Y. Li [J]. Environmental Chemistry, 2019, 38(9): 1966-1972(in Chinese).

PRAK IS, A7 1 2%, 15 22 By, A5 AN [ R A7 BT LLAR AR 7=t - 38 K AR5 T 4 Jm Vs P ARAE (30, oK AR ST, 2015, 22(1): 310-
315, 328.

YAN Q X, HE T B, GAO A Q, et al. Heavy metal contamination characteristics of soil and buds of Lonicerae Flos in different planting
years [J]. Research of Soil and Water Conservation, 2015, 22(1): 310-315, 328(in Chinese).

RER, KRIGEF:, BERLYE, 55 AN [R] M BF A P2 2500 B R HER LT R A AR SC Do (). Wl 3 2 23l A SRRl 2%
hiZ, 2017, 37(2): 289-296

YUY G, ZHANG X D, HOU Z N, et al. Correlation analysis of inorganic elements in Salvia miltiorrhiza Bunge growing wild in China
an its soil from different places [J]. Journal of Zhejiang Sci-Tech University: Natural Sciences Edition, 2017, 37( 2) : 289-296( in
Chinese).

B, AR VK, SRS ES, A5 BT SR DL R RO o i S A e A DO v [ SE G U ) A 2R, 2017, 23(13) 1 41-
47.

YE Q Q, DU B J, ZHANG P G, et al. Relations between soil factors and active ingredient content of Fritillariae Pallidiflorae bulbus in
Xinjiang [J]. Chinese Journal of Experimental Traditional Medical Formulae, 2017, 23(13): 41-47(in Chinese).

MEEEAR, £ R R, INEH, 5. A 6 HIRALZ M KR BR - e il 4w T R & A S A G T (1) ZRP BEZS K
224, 2017, 36(1): 81-85.

MEI G L, WANG X X, SUN Y Z, et al. Determination and correlation analysis of selenium and heavy metal elements in Polygonum
cuspidatum its thiznosp here soil in Shitai county, China [J]. Journal of Anhui Traditional Chinese Medical College, 2017, 36( 1) : 81-
85(in Chinese).


https://doi.org/10.7524/j.issn.0254-6108.2017081405
https://doi.org/10.7501/j.issn.0253-2670.2020.22.022
https://doi.org/10.7501/j.issn.0253-2670.2020.22.022
https://doi.org/10.7524/j.issn.0254-6108.2019012301
https://doi.org/10.7524/j.issn.0254-6108.2019012301
https://doi.org/10.3969/j.issn.2095-7246.2017.01.023
https://doi.org/10.3969/j.issn.2095-7246.2017.01.023
https://doi.org/10.3969/j.issn.2095-7246.2017.01.023
https://doi.org/10.7524/j.issn.0254-6108.2017081405
https://doi.org/10.7501/j.issn.0253-2670.2020.22.022
https://doi.org/10.7501/j.issn.0253-2670.2020.22.022
https://doi.org/10.7524/j.issn.0254-6108.2019012301
https://doi.org/10.7524/j.issn.0254-6108.2019012301
https://doi.org/10.3969/j.issn.2095-7246.2017.01.023
https://doi.org/10.3969/j.issn.2095-7246.2017.01.023
https://doi.org/10.3969/j.issn.2095-7246.2017.01.023

	1 材料与方法（Materials and methods）
	1.1 供试材料
	1.2 仪器与试剂
	1.3 药材消解
	1.4 土壤消解
	1.5 元素测定
	1.6 滇重楼药材限量标准
	1.7 滇重楼重金属富集系数评价
	1.8 滇重楼土壤污染现状评价方法
	1.9 数据处理

	2 结果与讨论（Results and Discussion）
	2.1 不同产地滇重楼药材中重金属元素的分析
	2.2 不同产地滇重楼根际土壤中重金属元素的分析
	2.3 不同产地滇重楼根际土壤中重金属污染评价
	2.4 不同产地滇重楼药材及其根际土壤主成分分析
	2.5 不同产地滇重楼药材对重金属元素富集系数
	2.6 滇重楼药材及其根际土壤重金属元素聚类分析

	3 结论（Conclusion）

