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Abstract: Panax notoginseng is a traditional medicinal plant in China with extremely high medicinal values, lead-
ing to the constant increase in market demand and expansion in planting area. The planting areas of P. notoginseng
are mostly located in regions with high soil background values of heavy metals in southwest China. In addition, the
frequent mining activities and unreasonable use of pesticides and fertilizers, lead to high heavy metals concentra-
tions in soils, which induces their uptake and accumulation by P. nofoginseng resulting in potential food safety risks
in P. notoginseng. Heavy metals accumulated in P. notoginseng can be transferred into human bodies through the

food chain, arising potential human health risks. Previous studies on P. notoginseng mainly focus on its continuous
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cropping obstacle and medicinal activity, limited information is available on its pollutant absorption and enrichment

characteristics and the associated influencing factors. Therefore, this review summarizes heavy metals (Cd, As, Pb,

Hg, Cu) pollution status in P. notoginseng growing soils and its absorption, distribution and accumulation character-

istics, with more focus on illustrating the associated influencing factors including soil heavy metals total content and

bioavailability, soil physical and chemical properties and environmental factors. The information in the review helps

to develop strategies to reduce heavy metals uptake and accumulation in P. notoginseng and provides theoretical

and technical supports to ensure its food safety.

Keywords: heavy metals; Panax notoginseng; uptake and distribution; bioavailability; influencing factor
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e A B NIRRTl ARSa T A b o J Ainfk
JIE A 247 R J ok it P 8 o 4 i Vs L T B
Wiy K, HIEEY E SR BRI 0 25 &Y, +
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WL 12.1% Y, HREW, 2 L E7 XL
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1 Cd  As 55 FZEFHARR Ml B, H
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1.1 =tHEamEH

AL R WE 1 R A S ER AR



294 s F

ooz 4R

17 4%

ARTTE 2 AR 7 Ry G B2 K

BB, B2 30 4 2 2 DOk i 5 e
RO AMRIE, =i LA R IRCE

SR IFZRIEEIRVEMAIE SR, =

=A@
Panax notoginseng

reed head (cut mouth)
=

L E SR T PP 322 B2 A ) B il ) Ak 22
SRR ATV AR IE ) (WM/T2—2004) FT ( Hh [ 24 i)
(2015)2 Hrf1 Cd  As . Pb Hg #1 Cu A7 FRAE 43 31
#03.2.5.02 F120 mg-kg™',

Panax notoginseng red seed

=it |G He As [l6d

Leaves of Panax notoginseng

Cux [

Stalks of Panax notoginseng

PR WK, PRk
Waste gas,

waste water,

waste residue

Pesticides, soil

A
KB KRR

B A/
=L As Yk AL
Fibril of Panax notoginseng Sewage, metal working

=M

JKkHg

T3 T A
Soil, industrial and
agricultural production

Highway and atmospheric subsidence

1 ZtENKESREESRRRESSH

Fig. 1 Plant diagram of P. notoginseng and sources and distribution of heavy metals

AR RRALCER AR BT 1T AR ) E 5
(Cd.As .Pb Hg Fll Cu){¥ & B85 T3 1, Bbr 304
T2, HFE 1AM, =L Cd && B RER N 0
(036 ~5.5 mg-kg™')>2£(0.23 ~2.07 mg-kg™')>Nt
(029 ~2.25 mg-kg™")>F M (0.21 ~1.3 mg-kg™)*";
2504 mg-kg " )>M (0.1 mg-kg ™) 2L (0.5 mg-
kg )>2£(0.3 mg-kg)>EM (0.2 mg-kg™)>5 1170
0.1 mg-kg )™ EARFBT (0.1 ~0.22 mg-kg™")
SZERI0.1 ~1.18 mg-kg )P As S EERIH N .
WiM@4 mg-kg™)>B11(2 mg-kg™)>FEMR (14 mg-
kg " )>M (1.3 mg-kg™)>25(0.5 mg-kg™)*!; WML (5.8
mg-kg " )>M(4.6 mg-kg™)>F (1.6 mg-kg™')>2%
(0.9 mg-kg™)P”, Pb F N AH(12.8 mg-kg™)
>2EFIM (4.6 mg-kg')>FEM (1.3 mg-kg™)>5 [
0.8 mg-kg ™)™ FHR (5.2 mg-kg)>ZEHIN (1.4
mg-kg™')>8Y 171(0.8 mg-kg™')>FE R (0.2 mg-
kg™, Hg &kl EMMZE(0.4 mg-kg™")>N

(0.2 mg-kg H'"™, FHRMZ£(0.1 mg-kg™")>M(0.06
mg-kg )P, Cu &E N B6.1 mg-kg)>F W
(52 mg-kg " )>ZE MM 3.1 mg-kg™ ), KodEF
B, = L& E S 8 & AR 22 5 B0 A FR 1
B3, RYO M TS Em T R, T
T ER AR S B 2GR A, A TR i M i
R 5 | A FE A,

BT = L&ESERERM, LR Rk k
Bl As 12.7% ~58.5%P Cd 16.7% ~50% "7
Cu 25% " Pb 5.7% " fil Hg 0% ", £ =L As,
Cd AR RHE Ry 2 th % gk 2 pis, =L 4%
AL B AEAS R R B I 4 R R bR I 4, b Cd
BFRR LI N AR (40% )>2£(20% )>FHR (13 3% )>
HFIBT 1(6.6% )™, As HFRF N 4R (66.6% )> 5
[1(33.3%)>M1(26.6%)> F H (20% )>Z5(6.6% ),
Pb bR N AR (63% )>FHR(50% )>M(38% )>2%
(25% )P ;Hg .Cu JC i H BRI,



545 4 BIEWAE LG Y h 2k =L R S R R 295

®1 =ZELEHKARTBIEERE(CAAs,PbHg ¥ Cu) FE
Table 1 Heavy metals (Cd, As, Pb, Hg, Cu) concentrations in different tissues of P. notoginseng

4 )E ST i) (mg-kg™)

HERTR Heavy metals concentration (Based on dry mass)/(mg-kg™") 225 3CHk
Heavy metals FR AR B[] 2 I References
Main root Fibrous root Snip Stem Leaf

021~13 036 ~55 - 023 ~207 029 ~225 [27]

- - - 04 0.1 [28]

02 05 0.1 03 0.1 [29]

Cd 0.11~122 - - - 021~1.18 [30]

041 £024 - - - 036 £0.25 [31]

0.10 ~122 - - - 0.1 ~1.18 32]

04 - 04 0.1 0.1 [34]

- - - 09 19 28]

21 - - 0.56 037 [18]

14 44 2 05 13 [29]

As 0.69 ~928 - - - 137 ~14 [30]

16 5.8 - 09 46 [20]

209 +1.57 - - - 408 +422 [31]

0.05 ~928 - - - 007 ~21.8 B32]

09 - - 0.6 0.6 [14]

253 306 - 171 96 [27]

- - - 25 22 28]

- - - 02 0.1 [18]

098 324 134 047 2.04 [29]

- 0.33 ~3.06 - - - 307 ~104 [30]

136+0.65 - - - 4.68+2.54 B31]

0.1 ~3.06 - - - 103 ~129 [32]

29 - 3.1 13 13 [34]

02 52 0.8 14 14 [35]

13 12.8 08 4.6 4.6 [14]

- - 0.04 - - 28]

Hg 04 - - 04 02 [18]

- 0.1 - 0.1 0.06 [29]

262 ~701 2.17 ~1429 - 1.82 ~ 1456 3.54 ~86.17 [27]

0.7 - - 0.1 02 29]

o 3.06 ~8.12 - - - 204 ~169 29]

544x1.74 - - - 824647 [31]

158 ~12 - - - 2.04 ~60.3 [32]

52 - 6.1 3.1 3.1 34]

TE = RS AR #AR

Notes:— means not detected; bold letters indicate exceeding the standard values.

HIAREGEIN R, Cd S bR R AR 5 — LA bR
SR Cd W IR E R RE ) A XU B TR &
&, Cd il A JEAK JE A =LA IR BT AR
+4E Cdi5gs, Cd Hibr BB RAT MR IR 1

~ 3 2), TG IR AL TS Tl S R 15 YK M 4
S MEAh, =k As HFRRINE S, B, =R
JUHE 12 AP L As AR R 32.4% " A
M = As %8N 0.08 ~0.46 mg-kg™' , HIMH N
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®2 ZEARFEBLESLE(CA.As,Pb Hg 1 Cu) BIRE
Table 2 Standard exceeding ratios of heavy metals (Cd, As, Pb, Hg, Cu) in P. notoginseng different tissues
HEFRE/%
FLBILE Standard exceeding ratios/% 2%k
Heavy metals FAR SR (iju} = - References
Main root Fibrous root Snip Stem Leaf

133 40 6.6 20 6.6 [29]

ad 824 - - - 64.7 30]

629 - - - 333 B31]

58.5 76.5 - - - [34]

314 - - - - [18]

As 20 66.6 333 6.6 26.6 [29]

58.8 - - - 94.1 [30]

37 - - - 482 [31]

68.3 - - - - [32]

50 63 - 25 38 [27]

- - - - - 58.8 [30]

- - - - 37 [31]

- - - - 36.6 [35]

Hg -
o - 37 B1]
- 49 [34]

- B SR ER,

Notes:— , no heavy metal standard exceeding ratios available.

02 mg-kg " AR 23 £ a R A LM 4 Bl
=L FM As BAR R E A 58.5% 5, AT AR R T 14
As 58 R R B, =L F R )
As Frit BT H R B CEMR HiHR)(0.35 ~04 mg-
kg™ vs.0.06 ~039 mg-kg 0.1 ~0.53 mg-kg™"), AN
=b As T RIRZ — R As LA 2 (19 3R T )
A HANA X b As Bl R gl i =
L EMREE As WFEZEFER, 2 i Pb FEKE
(02~17.1 mg-kg™' 0.1 ~12.9 mg-kg™"), BIr%E N
25% PRI 58.8% P WIS AR I R T AN A AR
X, A A A X =+ (3.27 mg-kg™' vs. 3.35 mg-
kg )M H A T3 (154 mg-kg™' vs. 33.7 mg-kg™")
Pb Tt L =-£ Pb {5 BRI TR AR
SRR =PI b AT 326 460 2 A B IX 3k
AN, Rl 3 K = -E v Cu B RIE T80 4 2R

1H AL T gk 2408
1.2 =-LHEJEEED BB EHE
1.2.1 =tLEL&EEESTEE

A=) & 5 Z £ (bioconcentration factor, BCF) iy
L A ] B o S ok B S R G R

L, FHFREA A7 4 W A RN & 4 5 Fh EE 4 1 g
BCF {E# A, 3 W FL 45 Ja WOSORN & 4R fig 77 i
HEEBYUEBERS ) 2 5 BCF>1 Al
BAEERED . = EARFERFRA AR 4 & (Cd .,
As Pb Hg il Cu) & 4Efie 1 F o3 B YA [R] (3=
3), Hitp BCF, B K AR (4.01)>11(2.64)>2%
(2.49)>FHA 5P, FA4(1.34)>m(1.18)% ) BCF,,
TP M. AR (0.16)> 1 (0.13)> F 2 (0.05)> 2%
(0.03)1;1H(0.15)>F#(0.08)"' . BCF,, FI N .70
M(037)>F M (0.23)>M1(0.13)>25(0.11)"", BCF,,,
FFN HHR(0.1)>1(0.05)>F A4 (0.04)>2£(0.01)"
BCF, &N . 1(0.37)>741(0.26)>25(0.15)> F 41
0.13)27,1(0.12)> FEH(0.08), =L ELEHE
RENFE 3 Fs,

i FRI DL, B4 8 Cd As Pb 1 Hg 78 =L AA]
T ) SRR AL AR — 3, o M R (AR AR
T i B ERCE i) Cu (& R B
) T AR TR, 5 ME SR T, =X
Cd & % Be J1 i o, 45 W L BCF ¥ >1, 1M
BCFp, pqpp.co W3 <1, SR W] = L W 5 WU T 4
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Cd™ 5 =& Cd #AR R mAHX N, 55 A D5
RI, = BCFqy o pp 2RI 7 >Z0AREY W] fiE 55
=LA XA AR B AR 22 F A G, S EXTE
LRI E S AT ER A BB A A KRR R
XS AN D RE A AS R g Ja L A 6, H
i =-E B E 4R A HLBLC A R 07 (ER
ATAA, L, AT IF R AS R A AN [R) AR K 4
J& S HE R THLRIATST , DUYE o 5 7R F Bk
FIASE  BRAR =L X 5 4 8 i s 4

1.2.2 =L ESEEERE

iz Z %8 (translocation factor, TF) A4 H |-
BERWESRAELRIKREZ L, TPk
YIAEAE R N R B i as e 15 BRI
T A AR RN IR E 4 IR B
BURG%is | 4 R IR NI RS i 2 A s
Ay A e b s S TR AR A
PR A AT A ) T 5 i e WS B A L ) R A
B S EESEIE RENE 4 s,

®3 ZEARFHMESE(CA.As.Pb Hg 1 Cu) E&£ Z % (BCF)
Table 3 Heavy metals (Cd, As, Pb, Hg, Cu) bioconcentration factor (BCF) in different tissues of P. notoginseng

wLRILE Bioconcentration factor = DU N
Heavy metals FAR kxS = - References
Main root Fibrous root Stem Leaf
151149 401+3.69 249+324 2.64+3.89 [27]
« 134 - - 118 [31]
0.08 - - 0.15 [31]
As
0.05 0.16 0.03 0.13 [33]
023+025 037+0.33 0.11+023 0.13+0.17 [27]
F 0.03 - - 0.13 [31]
Hg 0.04 0.1 0.01 0.05 [27]
0.13£0.11 026+021 0.15£0.12 037+048 [27]
c 0.08 - - 0.12 [31]

x4 =EAFFEERE(Cd.As,Pb Hg 1 Cu)
HIZRH(TF)
Table 4 Heavy metals (Cd, As, Pb, Hg, Cu)
translocation factor (TF) in different

tissues of P. notoginseng

R E LR % - 275 ik
Heavy metals Stem Leaf References
- - [27]
Cd
421 1.14 [29]
037 491 [29]
As
0.03 0.13 [20]
- - [27]
Pb
061 47 [29]
Hg 192 16 [29]
Cu - - -

AR AR G R i RS R IK, T
HI N 2E@.20)>1 (114 TF,, £ A, 0t
(0.130)>25(0.03)*; 11(4.91)>25(0.37)*, TF,, £

N 4.7)>250.61), TF,, KM K. 2£(1.92)>1t
(1.6)%, L] W, =-E£25XF Cd, Hg, i X} As, Pb
W BRE R (4 >1) AR E & 8 & i fi
FERL BN, kS £ S 6e, PRIk
W, =L HARMEMH - - As Fisgge h™, =
25 i) 5 RS R R s e 1 R I . Cd>Hg>
Pb>As>Cu, As>Pb>Hg>Cd>Cu, Z£(TF.=4.21)"",
H(TF, =4.91) 4 = 0l B8 5 W5 % Cd, As K 245 1
T AL AT DGR T S s AL, BRI =k
by b 56T 4 T AL

2 =ZtRKUEEEL B MEZE (Factors af-
fecting uptake and accumulation of heavy metals in
P. notoginseng)
2.1 LHEEGREES R RAAESHEY AR
2.1.1 THEESEGE

T+ SR AR S B H N = L A
B e RS EEN, S LAMEX RIS SR Rk
5 . —LAMEIX 13 Cd As Pb Hg il Cu % &
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W2 58 0.38 ~ 1.2%7 4.68 ~70.7°%% 4.22 ~
5342390 0 S6P 1 0.74 ~72.6°7) mg ke, 5
(EHEABE TR FRHEY (GB 15618—2018) " + 1 &
&)@ T bRE(Cd 0.3 mg-kg™' \As 40 mg-kg™' . Pb
250 mg-kg™' \Hg 0.3 mg-kg™' .Cu 50 mg-kg™"), A

Mo 8 22 0 =& AR R VLR 435 A 53.3% ~
75% P73 353% ~66.7% 22 6.67% 5 73.3% PV Fl
50% ~71% P W] =L FhAg + 3 4 8 75 Je i
JEE N EEES RS E A H RS AR

AR

x5 ZtHMEMTESEE(Cd As,Pb.Hg fl Cu) & E
Table 5 Heavy metals (Cd, As, Pb, Hg, Cu) content in P. notoginseng planting soils

HER S AR/ % HER S B /%
HEEITR Amg-kg™") Standard E= BN HEREIUR Amg-kg™") Standard Sk
Heavy metals Heavy metal content exceeding References Heavy metals Heavy metal content exceeding References
(mg-kg™") ratios/% Amg-kg™) ratios/%
299 - [25] 5795 66.7 [29]
534 - 271 65.59 - [28]
429 - [26] 4.68 53 [30]
o 422 - [28] As 69 ~242 - [31]
220 - [30] 70.7 353 [32]
493 6.67 [33] 51.96 - [35]
0.74 75 [25] 18.93 - [14]
12 60 [27] Hg 0.56 733 [29]
Cd 049 71 [28] 4777 50 [27]
038 62.7 [30] Cu 72.61 - [29]
092 533 [33] 0.74 71 [30]

5T, Y 4% As 1 407 mg-kg ' T & 46.8
mg-kg™ .Cd /1 046 mg-kg™' FFE 092 mg-kg™', =
LFEMR M A As (0.051 mg-kg vs. 9.28 mg -
kg™ ,007 mg-kg' vs. 21.8 mg-kg').Cd(0.1 mg-
kg™ vs. 1.22 mg-kg™',0.12 mg-kg™ vs. 1.18 mg-
kg™ )& BB, bR R 43 ik 31.4% il 68.3% |
76.5% f158.5% 5, BLAh, =-EFMW MR Pb Fi
543 Pb i B IEM (A =0.237.0226)%, L8
Serh, =LA AL Cd A bE R Cd E TR T
Thim , Bilhn, 3% Cd ¥R EE 1 10 mg-kg™' 12 30 mg-
kg ' BF, =LA AL 2R BT MR AR Cd F
4T (1.86 mg-kg™' vs. 2.81 mg-kg™ \1.75 mg-
kg™ vs.2.81 mg-kg'.2.25 mg-kg™' vs. 4.35 mg-
kg™ 191 mg-kg™' vs. 3.01 mg-kg™' .20.0 mg-kg™'
vs. 52.2 mg-kg ) WFFEIRERB, Bl 43 Cd W
wam, =L ERME ML RIS =B
IO As Frit P 4 As it 227 Filan,
M+ As<100 mg-kg™', MW As & E b+ As
N 80% , AR As it IREAK 5% , 25 As it
FAG 5% ;24 145 As>100 mg-kg™', M As & [
I 5% , MR As &t b 34% , 25 As & Fh i

28% , M As T FEAL 5% ™ BRSO B, Y 14
As Pt h 14 ~25 mg-kg B, FH As S T2
(.85 mg-kg™' vs. 0.6 mg-kg™'); M4+ 1 As &
h 64 ~124 mg-kg '}, ER As & B EIL T
(4.04 mg-kg™' vs. 76.6 mg-kg )™ FHH +HEE As
fEit As AR Hb 5% iz, 256 kF, = LIk
(1) 4 R BRI AR 2 33 DR, 2 S e DX 3k
() AT i 9/ AR5 R R AR A JE e
B kTG Y R A = L T A TS YR ) Y S
2.1.2  TIERESEWMAILE K AEYARE
W3R MR TES S A8, B RIWAEE
KA RO SRR e 3 T R 9T 5
PE IRERAT R RSN S AE ™ EERNAS
[FJEAS BA AN F 0 A W) s M F R 547y, 5% ) AR
“THE-=LT RGP, EYARGEES
J& A8 RR S Bl A MW ORI FH B AT 7 A B OV T
B EEEAA LR IEAS E R SR W T
B A B A ET ™ KIRAS (B AS A Rk
FRERZE B A R AEYIA RS TR iR, &) gAY
WL ; IS B R 45 G A ERAR S ML 45 G AR s A HLE,
BRI A RS Z A BRI B K 78
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SRR PE ISR T 5 A 7

e 4w WA Y S R e AR WA ok ki
i = LESE WIS SR R A, =L
I BERE = L s s ORI Cd AT
LA GRS G, Zra el =LA
b CAIER &= S E ALY 45 5250125
mg-kg ' )>HRHE 25(0.078 mg-kg )>HRFREL G S A
(0.062 mg-kg ™ )>HAHEEEA(0.54 mg-kg ' )>AI 2L
#:75(0.05 mg-kg )™ F WISl =LA ML X 1
e Cd B A MRS B IHAYA RS FREK
5, R, WF 98 e BH , A6 = - FhAE - 398 v it fin g AE ]
fift Cd AN A 78 K i 28 3 A8 3w AR )
ARE, S8 =L cd FRTHE, A, ZmA Sl
i =LFHE X 358 Po JES RN FRIER(21.5 mg
kg )>SHIYILES (3.9 mg-kg >R AL 4
H 939 mg-kg " )>IRIRER LS A A(6.58 mg-kg™)>
A ZZ A5 (4.08 mg-kg )P, mmA T = £+
HE Cu BN RIBER(15.6 mg-kg )>HILYLE S
(9.16 mg-kg™")>kkh E ALY LA 5(7.79 mg-kg™)>
TRIREL 4 & 25(6.58 mg kg™ )> T 3Z #1245 (4.74 mg -
kg™, Pb Cu BIERE A & S, Uk A bLE
AP AN ZE G, 3SRk, AN
HEEBNWRAVEERZZMEE LW, Hr, 14
Cd.Po AEMAMMEFEZE 4R e HE pH A
G NG 2R AR %Y R VAN TP -1
2.2 R
2.2.1 +3EpH

PR A S ) - SR AR I B T AR
WA A A A 2k, K pH AT i 1 & R i
i, PR H AR WA R, pH<6.5 B 4 B A AR
0, BT RIA, =B R IX £ 4 pH R 5.0 ~ 8.0,
HPEIRIR T (pH 6.5 ~ 7.0)i8 B A K7 pH AR Al
JEREIRGE A4S A B 45 A S 4 B TG sk v
S CE R SR EREA RIS R ST,
TR S AR pH H4.0.5.5.7.0 8.5) % E 48
R A2 | & IR RR P (pH. 5.5)fE HEAE ) Cd W
We(Fh 23.2% $2 75 2 46%)™ BRPERT, £ 39 ok
WP RA BILTT 2 B R AT b BRI H S 4 e v
G B A, DT BRI B 4 T 00 A A RpERY &
e o+ e £ FUKFE L pH HS Cd Pb ARE S
YRR MR ERY], pH i 434 ~8.30 Fh 2 5.05
~8.62, FiAA Cd.Pb g 001 ~7.82 mg-kg™ il
255 ~256 mg-kg ' B 0.05 ~0.45 mg-kg™ 1 0.28

~106 mg kg™ HELEHE FHR, KEE
As BB TARGEE & 2 BE pH T s hn, S 2oE )
As WS, Ban , -1 pH {E b 5.87 F+% 6.33 A,
=t As &HH 033 mg-kg B E 035 mg-kg ',
+ 3% pH 3l i 5 3 He BFFEAE B S5m0 H AR )
AR, TS e He AE 13 b iy i B 5% L Be
FRPESRPERT 25 3 He A 808 S 3, A9
AR TR RS AR T35 5 B SR A B
2.2.2 HHEAHLR

AL SR S A L R SR, 2
A A LA A, B AR L e B b2
A= % 4 B e O 4 5 R o0 45 B A
BAERS R LT IR AT AR 2+ EEE R Y AR,
A 0 s | [ w27 373 vl e B S A O
BORIE 2 = LAERKA S E RN AL
JEAERAEVER T 8 i 3 S 5, S A T & A 2
e EoReA, 5 S E &R RS G SEA RN, B
MRS B-AIR G AEEAY , TS
FE P B AT AT DT BRI AT ) % o 4 ) 1Y
W™ A PN A R R A B 2 5 1
e, AT EA ML AT 5 4R I s B e s A )
AR fEEEBEAEE,
2.2.3  bIERTHL SR ISR

- 4 SR A A s A AR 2%, R
[Fi) 5 225 ) = HE R 1) b 2 T R i) B 4 iR T
B, 5 L3R Sl SR RS AR ) iR R SRR
TR R L 40% , Horh AL+
43.3% , 85 v W BB A 0 AR As R BfE £ 1Y
e B X =R X 7 G T Y
Ve, BhE T IERT TR S nabRL L v =
LA 145 As BRI W, IS RIS
MY ESRE S E, W — LIRS E SR G822 R
Ko WFFERW, Fl—& A =B RE TR 4L,
Bl FARK AR, HE S S & B2, B
N, = RS F P E Ph [R]  A =E R R, =
M=t Cu.As & F) VH(111.28 mg kg™ vs
79 .18 mg - kg )P YR T A [A] 7 A e Tk HE
T AR TTREE TNV TR 7K 75 e 8 2 S 11T 7 A 1) 1 g o
SR ERIEE LR ER
2.3 R =LESERIIER
2.3.1 FhfEEE R

FEQRIE 25 44 A 7= 2 vk A Rl 1, =B R ]
VEREIG T b A R 5 Y R KR X Bl B
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ONBRI DI A TR 3, D Fs il TS Y A AR AR —
EAeE TR, — bR AT R A R A B
(good agricultural practice, GAP)FEH , BF 57 Jo /8 FE AL
A PSSR A RS = EE AR5 YA SRR
Z—. GAP S:HjErifEfl | Rt 450 ™ ]
ERVEVERRIMALSE W3 | E AT o =5 AR 7= o
BRPRUERZR . VERA TR RAT 5 R AT A A
P, I B SEBRAR M AR 7 v B vy T SEME R 2k
AR R SR A s A T AR |
2.3.2 P HbPAT EE 4 W I A

bR R A T B L T ) P W R
B, EEST 0, — - S A I e W B A T ik
WA, (8 = LA bR, — LA S
FAIE 0 et W DU RN AT A 958 K S5 W T 55 37 A e
SRR A i 7 H A BT i R T 492 ) P2 A
(MoK BR 55 5 5 A ) (GB3838—2002) — 4% Al
YR KA R I S PR AR, S IR B
it PR A T e IR T A ) P A I ER T A
W S 1EM AR v, 2 BE(GB fh 7= 3R 35 o i
ARIEM A ELY
2.3.3 sHTEBEEARER=LESRESE

= e S CH A K R A R A T
(7 A, AR A B S i - 3l R A
R FEACFIRE 598 5 4 T8 00 2 A A Rk, 1k
R — o E 4 S W e, 9, R TR A
Xof o R T 4 P R I AL A e T M R B A
i T R B - = L R VR E A B
FRFEAMG L As Cd Pb fil Cu &, Wfiif#E(E =t
X} As Cd Pb Fll Cu PyMU™ >, e Ah, 1 ek Ak
BRI AT K AE FRS FTAE 0 55 ) o0 R AR (e
WA MR S 28 RN BCAE W R A ) B A ()
BARBE = LM RSG5k %
P, B =LA I A RS YR 2 R
e L, WD S As  Cu ZE R 25 1y 8 a4k
e o FH 18 ek R 700 A5 BEG IE 55, SR, A FH 4
= QU TE S/ E 5 NS B3 s o 10 1 e w3
JE 5 Yk T i — AR
2.3.4  PHREUE N A T2

PR e = L X H B &8 B 2 A B Bk
., MR EW, =LA 2 i VRS, Pb Cd  As I
Cu & LA AN RIRE BE B REARET , FLIA K o ki 7K
RIBATARL LR = £ 85 1 As,Cd,Pb fil Hg™
I, S E BR I = L ESE SR A —

YER . =L el i A vh A 35 7 4 0 e o
HUKSA S Bl A=-CEEmITY, W e T
JR R 2R 2GR P2 B 2 AR P R AT
Cd 5 H AN & 20, 0 TR A 35 5 v il FHAS 5 40 A
B HLas 80 Cd 755, 2 rh 25 B i BT g
PE =B BEPEAT 5 = 25 AR 04 1 il 2l
BRI TH b ge e, ki TaA_FR A
B FITIE MR e KR P G w15 G,

3 %it 5RE (Conclusions and prospects)

ARSCHETRTIBEFE R, 70 A 1 L ET5 e xt =
AR | B BN s SR A2 e, AR, H I
KT =LEERIG R EE TR IR R
HRAEAR 2 (R A R, i e G B 5 o0
FCAFAE S A 28 WS BEL i it S ags 1 2 12
Yy AL A5 T TR R GEPEDT 5D LU LTS
T ] BE— 2B

(D e JE AR B =LAl DFE = EXEA
[vi]) e < i W T TG ) 6 A1 28 2 S N HEAN [ N3 A
[} P 14 23 BC ML, 3 e it b R A A R 4, FARAR
=X A S R SOR

Q)ZE SRS, T8 I 52 Wi R 2R Rl 42 AL )
Senb b W S H AT = LSRG P,
Pk = RIE AT

() b 4 R BB A 1 — L O e T H A
Yoy st G Jm A A S — D sl AP A
% 4 pH H AP E & R NI A
FIVEE 4 Jm B SF 2 MR 0, AR R
e+ ST AT Qe R R =R PO B
A ESZ MR AR, L, e+ 4w 4 ik
filt b, AR M R 4 R A AR WA S SO
i PR 2R i T < e AR A AR D W R =
4G A R AR e R R AR A
RO 18 SC B i DR 2% 2 R A =L % o 4 s Ay IR M
GICE S8
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