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Abstract

Zhaotong is one of the earliest areas for artificial cultivation of Gastrodia elata in China and an
important producing area of Gastrodia elata in China. This study from Zhaotong of Yunnan area
four planting base (mark, male, Yan]in, YiLiang town) to collect soil samples, using inductively
coupled plasma emission spectrometry to soil samples As, Cd, Cr, Cu, Pb, Ni were determined. The
results show that heavy metal element content in different planting base difference to be marked-
ly, the overall performance of heavy metal content is higher than the roots of heavy metal content;
on the surface of principal component analysis shows that the factor loading quantity in the main
composition of Pb in the largest, reflecting the Pb of Gastrodia elata surface soil enrichment of
heavy metals in the impact assessment index plays a main influence factors.
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1. 5|8

RIKNZERHEY) R (Gastrodia elata blel.) )T 2E, BA B R IEE . ~FHIFFE . 45 X0 %% 1 DI
R b BB TSz 2 BB AN U R TR B KSR AT 1] AR B e 3,
RIRIEEA R A, EZE R, X 2R AR — & 197 22] BUARHT FEiE B R BB
EWPUR IR MR SRIERIER, KB T AHERE0E . B MMM, &l isE
TAE[3] e B RABRER AT FiBly 0% 51 3 B R 5 R 4R A R T2 [4]: LEA 82 A M 5 i T 1 ORI 52 1% 5]
[6]c RMKFIRFEE AT L Wb, Wrg. 22e wide. HoR WL 5. =rd. BV, 78
s, Hrh s DL SR EEEX[7]. BIEAL TSI, ZMA RIS, AT, Rt
i, BRI LG, s iR, LIEEDIEE, 20, Wb d, ARy R AT AR R R
FEIX[8], AR BT R RR 1) 3 35 SR AU AN - S SR 2% . MR AR R ) BAR SR A, P R EAL R,
R E N AR R RR f 5 X 2 — A4 [EOR R B L7 9], (R ARTEHBZG R ) id#k: RART™ 1101,
=S WG PRV, SRS, ARACRAEILTR = BLBADUI . SeM. R AE AR [10]. 2 FE 4R B
RIRFEA I AR i “AN R, BEJE . WAL BRI . SRI00E H BRER A, ORI SR, IR
S UL ARSE. A0 RERARIKRY [11].

Rl ,  DAAS[E] = HoFhiE R BRI 38 0t 5, il e Gds R T RmAENK 6 MESETER, HRH
WIETHE MRS HEGEE TR G AR B i, O RBR 1438 v B 6 J8 o0 3% 1 9 A ok B 2 b agk 5 R RR ARG
B IX, DR SRR ST, RIG st iat. HitENEDHRI G R R LIEESEE TR E
VLS

2. RIRMAEE
2.1. WIBE
BE N T ot m R aEE R, =5/, W), st =8 FAL, PN E E RS 102°52'~105°19,
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db4h 26°34'~28°40"2 8], HuBAPEEE &, ZRILK. K 267~4040 K. STEIAR 23,021 AR,
2.2. TIRHESRE

FH T T2 BT B RE i 38 50 SRR T R r @ ORGSR % R DUANAN [ Y R RR 32 ZE P A ik
Hby P AR K R 9 R BRI b L AR PR SR TR 2 DR (GR TN AL SR 3R T 15 KR (KRB b 488 . SRAF 738 R
F &G i3, A REE S IR RIS —3, LR EES FEMILEIMEFE, B EET
M N, TREEMIRD: SRR AR 2016 4F 7 H F M@ ORI L, AR Hhide i, $h Rt
Hy; REEEZ: R 2 cm FIRBRARER 15 cm. ATICEE KRR LGRS SI~S8)FEf, L 1,

2.3. BFAIFNLEE

HERHCL, HIRHNO3), mEmARHCIO,), K& AR SIS ICP-MS EHJFEE#EE 100
pg/ml: As. Cd. Cr. Cu. Pb. Nil00ml6 FZ juHRIBAMRERBHATIE . LWY-84B iR A 441
HAED (P EE), Optima8300 AU &5 0 2 5 7 KOG (EE), ME204E AL HL-1-40 R (f
E L.

24. DIRERBERGIE

K H EAR(GB/T17141-1997) 7 (P2 V28 Rk - AT 3R i il &, BART VRIS . B ELE AR 1
TP+ HERE S E TR 26 F P T2, i 100 B Al H HEF RTINS 3R 0.5
g (BERRFE A AR A T HR S ), B T i i G EARSE, IR BRI IR M AR = 1:1:1)
3ml, JRAHABIRIEE, BRI AN 1 ml, 2. BRE BN INE R, THAAE 100
BEICEM TAEAEE R, M 30 min JEIIAAEER 1 ml, 4% 30 min JF ARSI | ml, 2420 1# 60 min
JEHARTERE, AR IR BV AR, K RUE B R 100 ml AR, INZETRK B ZI R
B, b2y 2 AR A R H

2.5. HIMESRARNE
A B R & 55 58 1R 7 R S 6 1S SCHRATAE Sl s 4 AT, BRI s 2D B LA 1

Table 1. The sample information

F1 ERER

5 gt +E2

S01 PSS R 2 cm
S02 IR IE R R PR 10 cm
S03 5 e WA B R FIM 2 cm
S04 T WR I AU PR 15 cm
S05 7 A R v T 2 cm
S06 = F I HRFR 15 cm
S07 R R 21 2 cm
S08 ~HERERER PR 15 cm

A B3 dmarmmi

Figure 1. Soil sample detection procedure

B 1. IR S5
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RER S

ER: WERBIRR RS, KIEHLAT UK B ZR T T, NIRRT AT 2 B s A /AR
WP AR B o] DA, AN HIRE R Bl BB HE KT e o

3. ZRE N

LR P E 4R A B R EUR SR A Excel2010 F1 SPSS20.0 2R AT AN, 2 g I 38 H (X Rk 1 4
BEBEITRTEDN, WEE2, £ 3).

3.1. O MMEEM P REMETRNESRTRER S

K Excel2010 $I/E BT 2] /S FhE 4 JF 6K Asy Cd. Cr. Cu. Pb. Ni fEAR[FIM X 28 H HIAH <
B, (& 2). © HAdr As JTCRAABMERPR LIBRIBONAE, 755 RARPR L85 BEUK, v 28T,
W 2(a); @ Cd JoHRFEAEREARIR LIRS B im, MAERSCHIX 398, Bk AN 53 2 17 0 G A
i, WE 2(b); ® Croczm sk Rih X IS & T & T HAAA M X, WE 2(c); @ Cu iR EE
RN 3 R 3 DX 3k vy T HABAS M X, W] 2(d): ® Pb JuE £ R I X I bL H vay T HAf A Wl 3 X,
JLE 2(e); © NiJeaR7ER RHLIX & Efkm, (RN SRR, 2R, WE 20, Fit, ¥4
MrEGEIITRE TEARR, KRXW MMM X B R FEAERR, KICX BRI X Y W & .

Table 2. Contents of heavy metal elements (mg-kg ")
2 SWHSKRETEFPESETRNEE(mgke )

As Cd Cr Cu Pb Ni
KK 2 JEK 1.250 0.000 1.030 1.820 4.000 0.930
BT 2 Bk 0.600 0.000 0.990 0.430 1.860 0.380
R 2 K 0.840 0.000 0.610 0.400 2310 0.020
R 2 K 0.890 0.020 1.460 3.820 2.820 1.090

Table 3. Contents of heavy metal elements in rhizosphere soil of samples from different regions (mg-kg ")

#3. SWHSRFTEPESETRNEE(mgke )

As Cd Cr Cu Pb Ni
KRB 15 HAK 0.640 0.000 0.950 5.710 3.030 0.740
R PR 15 B2k 1.430 0.030 1.260 0.650 1.720 0.450
SHERBR 15 H2K 1.240 0.040 0.840 0.820 2.480 0.000
B RARBR 15 EK 0.000 0.000 2.970 4310 1.250 1.970
As Cd
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Figure 2. Heavy metal elements in the soil planted by Gastrodia elata in the four planting bases

E 2. INMMEESDRFEMEDENECRTRSE

3.2. F—MEEMPRXFEMETRNESRARERSH

(7] — o Bt o R BRI R LI B S B T 3 & R K A Excel2010 i, WL 3, S5REW. O £X
KX Cu GHRAERM L Z HEOKHE, i Pb S RAERR L2 HHEKILE, KGRI E)E & EHIKEm:
Cd<Cr<Ni<As<Cu<Pb, KXMPreEEREHIHE: Cd<As<Ni<Cr<Pb<Cu, SMEEIHEH
TEESETRERURELEESB TR EEL, WK 3(a): @ HEX TR L EE 2 RELZE
Pb eEFT S ILE S THECR, BN E BB, SRS EHBKER: Cd<Ni<Cu<As<Cr<Pb,
L 3(b); @ Ehig X FERE LR L EARRL)Z Po uRFT G LES T HE TR, KEEaHME,
LB T EBMKES: Cd<Ni<Cu<Cr<As<Pb, WK 3(c); @ HREHMX CunzEKIH KL ZFIHR
bt 2¥ EER AR, BTMRAITE, Cd cEMN As TR SEILFATUZIEART, MgakE, Bl
X M EEETR S SERF LZRCOAE, SEREMEESTEHMIKES: Cd<As<Ni<Cr<Pb<Cu,
FERRRE RS EHMEEE: Cd<As<Pb<Ni<Cr<Cu, WK 3(d).

3.2.1. OMMEEMPRHEREHETRNESRTRER S

R R R 2 T e 338 B0 R Excel2010 #1181, WLIE 4, S5 REH]: KSGERM L3 Pb SRS
BT IHAR R A R T R Po TR S R SRR IR Cu o E S & T AR S R i
FCutm T E; SRR ESRSE: KRR > HFRKE > SHERE > SR,

3.2.2. M MEEM P RRRGHETRNESRIRER S
FRAE T IRRAR B b - 3 S 4 R Excel2010 B, WL 5, Z555RHT: KORPr L3t Cu eR &
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Figure 3. Heavy metal elements in the soil planted by Gastrodia elata in the same planting base

E 3. F—MEEthXFEMEDENEERTRSE

THRMELS ESEILR
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Figure 4. Heavy metal content of the planting soil on the surface of
Gastrodia elata in the four planting bases

4 A HEEE AR REE LN ES BT RS E
G TSR MR L R Cu JER A s 6 B AL Cr TG 7 B T SUA A 260 2 15
Cr TE A BARIIESR AR KR > R > ARG > SRR
3.3. @ MFEESRXFMELRNNES BT RER S O

F G o AT A U B B S SRR A RUINEZ —[12]0 AHFFERI A SPSS 4] & 2 FIR 2 - 5 45 )%
TCERIEAT E RS 70T, I Kaiser-Harris #E N AR BARFAE(E KT 1 B9 FE RS [13]
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Figure 5. Contents of heavy metal elements in root-planting soil of Ga-
strodia elata in the four planting bases

5. O MEEM D RRIRFFMELIRNESCR TR E

DR P T % PR el o R RR R S B A SR AR, W E SR As. Cd. Cr. Cu.
Pb. Ni XAFICRIAT ERD T, SR WE 4~65 LU 6. H17 5 AT BIPIAMRERY KT 1, 3
HHHT 2 ANNFAE RS R R R [ LI SR u 3% E RPN IR bR Tl 3 AL, 2 AN ERA I R TTERE
ik 86.511%, RefS 2L [ R BRI L3 B & 8 oo 3 B MG 0L, WOk IAT 2 AN TR AT b, AR
6 WIHL H—EWSEE SR THEM RBELEE R T Cry Niv Cu Z 0 &N 8 —F A I, Cr>
Ni > Cu>Pb > As. HH, Cr (WFEFHMRLER — LMK, Wi H6 K BRI 3985 & 1 52 1
Ko HZFRI T BE T Pby Cus Ni SR 0 R BRR I L BTN, Pb>Cu>Ni>As>Cr. H
W, Pb MR TR AT B AESE  FR PEcR . i B RE RS BE ELULIOE S Rl SR TR M AR,
TSt A . mIE 6 b, FE5— T Cry Niv Cu R AT 0, 1 Pb M1 As #5/MF 0, Cr>
Ni>Cu>Pb>As; £ ~FERIrH, Pb>Cu>Ni>As>Cr; ZiAFH Cr. Pb R E 48 70 & (28 Ak bn
FIR iz, B Cry Pb WP EE 42 8 J0 20 2 7 Bl KRR 3 8 4 8 B R DTk R ok, g gt
S K R R R TR .

4. Fig
4.1. TEPEERBRSERESIRITEN
S i N R SEA E IR 47 AR E(HY/T1662004) (I3RS W ARMTE) .

LA S E (A WAE
_Gi
Pi= S (1)
WS TR E[14] 2 XA
1/2
PN:[%U§k+@wﬂ )

Si N i R @ 1) IR R B R AR[2] [3] (Ass Cd. Cr. Cu. Hg. Ni. Pb. Zn KN 15, 0.2, 90.
35, 0.15. 40. 35. 100 mg/kg)
DL (HIEIREE R EARE) (GB15618—1995)/5 3[4k 1, W% 7.
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Table 4. Heavy metal element correlation matrix in soil of Gastrodia elata

4. RRMEDRPES BT REX R

As Cr Cu Pb Ni
As 1.000
Cr —0.661 1.000
Cu —-0.539 0.482 1.000
Pb 0.458 —0.512 0.152 1.000
Ni —-0.629 0.902 0.691 —0.142 1.000
R LR 5 HT .
Table 5. Characteristics and contribution rates of heavy metal elements in the soil of Gastrodia elata
F 5. RRMETRDESRB T RHEESTTRE
F g R Ji EZ TR BRUT ETTRF %
1 3.09 61.796 61.796
2 1.236 24.715 86.511
R LR 5T
Table 6. Heavy metal element factor loading matrix in planting soil of Gastrodia elata®
= 6. RRETIRPES R T RE FHEER
1 2
As —0.844 0.144
Cr 0.929 —0.162
Cu 0.704 0.603
Pb —0.424 0.877
Ni 0917 0.238
PREUE: Flifr. *CRIT 2 .
By ]
107 Pb
(=]
Cu
o]
0.5
Ni
. oAs ©
470.0
2 oCr
-0.57
-1.07
—0.Il —0'.5 0.0 OI.S 1I.0
18451
Figure 6. Two-dimensional distribution of heavy metal elements in
the soil of Gastrodia elata
6. RMETIRPFESBTE_HRITHE
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Table 7. Heavy metal element pollution grade evaluation of Gastrodia elata soil in Zhaotong area

7. BEMXXKEIREERBTREESFHTMN

BT AR BT PiCTA1H)

sang  ags HRE
e ke A0
As Cd Cr Cu Pb Ni
KT 2 K 0.083 0.000 0.011 0.052 0.114 0.023 0.087 a2 h <0.7
KR 15 K 0.043 0.000 0.011 0.163 0.087 0.019 0.122 a2 h <0.7
BRI T 2 JEK 0.040 0.000 0.011 0.012 0.053 0.010 0.053 w24 <0.7
BAMEARBR 15 JEK 0.095 0.150 0.014 0.019 0.049 0.011 0.164 T4 <0.7
ShEER 2 K 0.056 0.000 0.007 0.011 0.066 0.001 0.070 sy <0.7
FREAMLFR 15 K 0.083 0.200 0.009 0.023 0.071 0.000 0.149 o <0.7
R R 2 K 0.059 0.100 0.016 0.109 0.081 0.027 0.088 Yl <0.7
HRRPR 15 FK 0.000 0.000 0.033 0.123 0.036 0.049 0.092 a2 he <0.7

M3 7 AR, S I R R A e R I R T R AR I G, P B e R T RS DL LR
BERLSURAG, HERMRIRbE LIRE S RT RS SiERKE, 5 R R R SR U

4.2. OMMEE D XFETRESR T RESITN

SR (LI AR E) (GB15618-1995), IL(#& 8), AURE: oI A B H & s ye s AR LA
HoA@d Zi A e o, KGRI TR E SR o= g EEN: FEELEE4ETEK Pb, Pn=0.087<0.7;
RIMPr LIEMELS R iR EEGN: FTEESEEHEICEK Cu, Pn=0.122<0.7; FEMERE LW ES
BICREENN: FTEREBEEHEITEPb, Pn=0.0.053 <0.7; HERRDIENESFE TR S EHBNL:
FEBELEEELEITCEK Cd, Pn=0.0.164 <0.7; HERHENES B CREEENL: FTEESEEEC
# Pb, Pn=0.0.070 <0.7; FHEMPFLIEWESE iR EEEN: FTEESEELITE Cd, Pn=0.0.0.149
<0.7; HRRMTEPESECREERN: FTEESBEEHEICK Cu, Pn=0.0.088<0.7; FHFRIEFRT
HWHELBCREEEN: FEELBESEICE Cu, Pn=0.0.092 < 0.7, BT L50%, KEMAEE
thELJELE: Cu. Pb Ml Cdo JER S HT: AEY)FEBEIEFE DA SR BRAR % HRF) S5 AR 24 F it FH A — 3 404
HENTIRFAEDRA, FE Cu LR ELE; Pb iR EEFETH /KN LIE, 1R 5 LG HUR AR LA
VIR, J5HEIX Pb [ RSN AR B E I IR B R EE LN Cd SR BRI /1,
Sl R LRI BT 22 1 AR B Cd FIRE IR, 75 5 i A Cd s 4, IR AT RE SRR T PGk = 46,
R HIB15]. WREEE16]. BRI 1715 . R, fEYxt Cd ARV E £ ST MG HLALRLRIE T &
BEAE, J5UR. WRENIRR Tk, Hb & a —wEBMESE, AR B A= 1R A PR
HESE Cd & REAE[18]. LR ES)E T Lol Sy EE i N AR BR, & m AR E[19].

5. &t

YR RCRA N, SES ARG, MRS, LIRS, B S ISR T A R
AIRKHRZR, FANEEHEASEM, RESEEEGN. EE D RS NERR TV, RFRE
S AR R LAY, AMERERZ IR, ERBAEMNHGE . MR —E XTE K 1 B 4
s BRI = X [20], Nz 5t ) ORKIT =X . BFFERMNE 7 R As. Cd. Cr. Cu. Pb,
Ni EEBIURERTTE, IR IEN RAE A 2 B A 1 R AREE i th g R s R B AT TIE. DHss
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RER %

Table 8. Soil environmental quality standards (GB15618-1995) (mg-kg ")
# 8. TIEIEREFRE(GB15618-1995) (mg-kg ™)

EEFETEE)
25 pH

Pb Cu cd Ni As
AR 5 35 35 0.20 40 15
- <6.5 250 50 0.30 40 40
6.5~7.5 300 100 0.30 50 30
>75 350 100 0.60 60 25
= >6.5 500 400 1.00 200 40

SRAT LA PR L < T 2R A PR AT R X R 7 A R - D - R T R AR SR L R
87 T EWE TSR BOAR SR AR A4 -

HEHEmHE
2% H AR B I 410 H (41661069) 81 = 44 K22 AR 1E VIR H 2016 4.
&E ik
11 hEZHS]. —&6. 2015.

[20]

Tk, KREIBFCHEREIT]. 2R 545, 2005(11): 19-22.
KW, RN, B4R, . ARPEHOR BRI [I]. DU 2501 7 5528k, 2007(1): 40-43.

Zhang, Y., Wang, C., Yu, B., ef al. (2018) Gastrodin Protects against Ethanol-Induced Liver Injury and Apoptosis in
HepG2 Cells and Animal Models of Alcoholic Liver Disease. Biological & Pharmaceutical Bulletin, 41, 670-679.
https://doi.org/10.1248/bpb.b17-00825
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