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Abstract In order to/énsure the safe productlon of vegetahlés in Pb- contammated farr‘rﬂand under the complex interactions of an extreme geological background area and human
activities In Southwesl China), 32 types of widely planted vegetable varieties in 1 the southwest region were collected. Correlation analysis, multiple linear regression analysis,

and other rnelhods were used to study the accumulation of Pb in soil-vegetables and the key constraints. The threshold of soil Ph ecological security in farmland in southwest
China was determined by the method of species sensitivity distribution. The results showed that w(Ph) of the soils was 47. 59-462. 38 mg-kg ™'
than that of the background value of soil Pb in Yunnan Province (90 mg-kg™"), and 68.40% of the soil samples exceeded the screening value of the “Soil Environmental
Quality Agricultural Land Soil Pollution Risk Management Standard” ( GB 15618-2018). The content of Pb in the edible parts of vegetable crops ranged from 0. 02 to 0.49

mg+kg ™", and the exceeding rate reached 20.49%. Ph concentration in the vegetables was in the decreasing sequence of leafy vegetables > roots and stems vegetables >

, which was 1. 88 times higher

eggplant vegetables > edible bean vegetables > pepper vegetables. Based on soil pH, OM, and CEC, the model of Pb accumulation in vegetables was constructed, in which pH
was the first critical factor affecting Pb accumulation in vegetables. The sensitivity index of vegetable Pb species showed that leafy vegetables, eggplant vegetables, and a small
number of frame bean vegetables were less sensitive to Ph. The soil Ph classification thresholds of the three types ( priority protection, safe use, and strict control) of areas for
vegetable safety production was <100, 100-353, and =353 mg+kg ™", respectively.

Key words: vegetable; lead (Ph) ; species sensitivity distribution method; classification; ecological security threshold
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R IEAT AT, 2 AT R W RAEW A7 7E Pb, Cd, Zn
Cu PR ILE , B IR XA FERAE Y X L
PPAFAE AR i . e T4 e b DX BN S o 138 P
T (R DI, ORI T A BRI, 2 MY R IR R
b BT S TR R SR R TR S & N T
P 1 DX A P B P 35 Y H R .lﬂi
R A FE Y e e DX S 7 M O R - B P B
RN, B s Gt

FFE H A AL A A 58 P 5 A v (GB 15618-
2018 ) H Ay JRURS: i 126 11 1T RS 87 425 i RU{EL A B
FI AR AT A5 R0 B 4 T - S o TR 9 g, ot
Bt AT & A AR H R 3 A v R A A L 338 7
i 5 A S A BB RO BE R AR B vh— b 7 1 2
W RS JEE 43 A 15 (species sensitivity distribution ,
SSD) , HERBHIE T EW A Rt . 1 A AL
PERT Wy SRR S Yy ) ORISR Z M
B BVF 20 1 SR 52 A R 15 ) R 05 s Y
L7 | P A AR P
AR, SRR BT LAAR 4 A

PRE5E e ] e 35 T 0 0 o Eﬁﬁmﬁéiﬂf‘_ﬂ

5% 4509 FI1 80941 I 5388 35 it o }_L ﬁlﬁfﬁi
B ﬁ%ﬁ&fﬂﬁﬁﬂ ﬂf*““?@iﬁ%ﬁ%?ﬂﬁi&% €d’ \f‘}ﬁizé
jﬂJizlJéz\Dﬂ{’ﬁT 3 FILA )+ 52 pH %%{HF( <6.3, 6.5
475 Flz7.5). Bl ™ Vg R R A X

mﬁﬁ¢%¢%mmnﬂﬁﬁ%ﬁﬁ%ﬁ@m5,

oAk, ORI rﬁltmﬁbk%a?ﬁ?fth B BRPER
P K - HE Ph 1 F ik, JEARR, 7E T 9 4 A
Pb A A A T T RIS, 2O TR HEWR T
YRR R IS, s e X gl R X A
ERRIX I JE G T Ph M 5 T X R g
FAEE T RS0 o o7 20 ek DL AZ3E .
FET I, AR 38 2 0 2 VY R A b T R T B X

RS N -4E Ph i N AR H AR, WF SR
MR =% Ph & 45 M PREE [N 7 K SRR A ) bl
B A3 A 2 (SSD) 22 J0 26 1 1|1 U B B R 57 2
MBS R G H 4R Ph 1 E SRR, R A&
B FARE (GB 2762-2017) H Pb 2 F BRAE (5
H250.3 mg-kg ™) HEF AT A Y HLBE SRS
A PR AR A HE Ph A S A B, DAY i
DX A FH 398 Ph PR35 5T 42t A o 19 200 10 R XU B 45 42
HERAR SRS 2K Y.

1 #M#57F*
1.1 WF5E XA
B E TN ARG T AR 24 102°08" ~ 102°37',

db4h 24°31' ~25°06', 2020 E4EEwmEZ—

A 2 A B R R B AR 7 i b R R Ak, AR ARk
. FAE . BT AL T — R Tl 3k T HoH
JRIS A AR, EE N BRI A P
XA AR 28, HRTE R Lk 155 M =B i,
Horp PRy P E IR X R R R R, ReE
MEme . Bk OEL BRI BE SE T RR 0 T
DX 110G DX S T e )1V A L g )1
P AE— K O ) A ARIE R PR, W R A A AR
LR 4 . BEIEAL T AL T2, K s
YT, A SCHFSE T AR 60. 44 hm? | Mk IE s R G
AR 2 Sk, M5 2 TR Ay e 080 1] 4 ok M B VA B AR
1900 ~2 000 mZ[a]. 30 1L 218 S s T
P B 26 BE MR PR 1K, 4R SF H<0E 14.9°C TR
L, AE YR K B2 1000, 5 em, i[: EI i}
2327.5 h. L
L2 fdpE ' 'J*f

SR 2 TR IR R P Sk S
(18 ) . HARAS ) W T (2 ) L S % (9
i), FLRBEE R R | R, B S kT
Y00 2 7 LI S cn;&ﬁﬁi .
1.3 ﬁt%&fr y & -

2020 4F 6, H A B [ K5 i H 96 /\/J\I_
D BB, Y 20 m? (4 xS o) |
BEAS/NX FENLHES 3 B 3 AT A, £ Rk FE P A
Wy EE )7 2 55 Y b A 7 DR — 350, S Bt AT B
AL 2020 4F 7 H 18 HUWSERBRH, i TR 32
FEd, 9 A 12 HIGRE I G 288 5. B RAE AL
KA LIRS 2 0.5 kg, 5 I [F N SR EAEY AL
A XA 0 ~20 em MR 48 IRAE 29 1.5 ke 1E
R AFE S 4.

B SR T B R K e T AR S AT Atk o
Uk 3 R4 L R 7K 43 B o g SR T A BEAR
BEEIE 105°C A% 30 min, ZJ57E 80°C THET &
B E TS PR R T, ME B S KR e
BB SRR i S LR B , 26 A H B B A X
07 Y - SFERE S B BR D BR FOATL AR 25 2 5k, T e
By - SRR SRS A3 Sk 20 HRD 100 H S e i, 2 T
H EH4g & H.
1.4 FESHTINE

W SRR AL T 77 R K, Cr, 0, 2
P (NY/T 112162006 ) il 72 A HLET; R 1K
W 1:2.5 M), Z 5 A pH 30 1 B8 Y TR
JE(NY/T 13772007 ) 5 - 5EFH 25+ 3¢ #i (CEC) %
FH— UL 12 T

T E )8 P AIE . 7E 100 mL HEJE ik
AR - BE(FREL4. 0 g) , 365 DTPA RBGHIY L
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Table 1  Planted vegetable name
(ES B A i L R REEAWI(A-H)
1 H3 M E 369 BRI 07-18
2 HR R E R 07-18
3 A3 SRR 07-18
4 B @51 Hi-001 07-18
e 5 23 TARBHNES 3988 07-18
6 i Hhrnz 07-18
7 e HEAFEMA 07-18
8 R 7 IR 07-18
9 A BRI 2 07-18
10 A Y 2R 07-18
11 T K EE T 07-18
12 =1 K /N T 07-18
13 E[E3 PR 07-18
=% 14 N TRFAT 25 003 07-18
15 RSk (R3S 07-18
16 UNEP S g g 07-18="
17 HAkE HAKER o718 IF
18 _KA¥ e 97-18" L
19 Jifi T PR B8R 078
20 T RS | 07-187
HiRE 21 J B JEF Tcﬁ?( 07418 &
22 | P REMG | 0718/~
= Z 3 |V, | ek MR g N . 07-18
e 24 /81 & f;ﬁﬁ 292 %Eﬁ: 4K ) = 09-12 -
- 5 J AT TRV 09-12 =
g 26 G g § vl 09712
- 27 ) e A F () 09-12 —
BHG 2% = 28 ! PR TR & - 09-12
7V 29 Lo . Wi = 09-12
& 30 ¢ A g e 09-12
i 31 T TR 4 09-12
32 g FEWBEAE T 09-12

390 125, I ASREUH] 0. 005 mol-L~'DTPA J5i2
$&2 h FEZI T (25°C) $83% 2 h, 5.0 10 min, |
THRTE AR5 I R P o (£ 30-Ph) . Al
FH HNO,-HCIO,-HF 14 2 I8 fift - S AE i, I + 4%
o (EER-P) | HEAT T s ) B AR M) T SRMs-
2586 Fsil.

FEWIRE SR 5087 R F HNO, W, 1) FH 7N A2 4
(GBWO8503c) #EA7 it # 1fill. e -8 | B A i
HEE A JE Ph i, R A B A S B TR X
(ICP-MS, Ultimate 3000-i CAP QC). 4% %% Ji 1 /i
JE 35 R ) 5K — b M) 0 A R S A o, A
i T TN 9T 25 1 R 35 7E 95% ~ 102% = ], T 28
1R 285 SR o 4 o oK
1.5 ‘EYrESERE(BCF)

AW E SRR B (BCE) (i A & il & A4 Pb
S 5 RS P SR HHRA I .

BCF = C,,,/C., (1)
Krp, C R MR P B & (mgkg™ ),

CC,.Opj]ﬁz%ﬂﬁ\Fﬁgﬁﬁqj Pb & & (mg-kg™").
1.6 SSD MG S 4 B {E n 1
MG E 428 Pb 1Y & 5 R (BCF) L85 A i
FiE BRI/ INHED |, -4 BRI p-HE AR BE 19 77 50 R, 55 1
HPMERME(P) , AT .
P =R/(N +1) (2)
Ko, PORAED FT X N B B REUE, R MR
i AK HE B AR R BONNERHES RS, N O EE
BN 8
£ Origin9. 0 H1 LA 1/BCF AL AR, P AL
b, K Log-gistic 4347 B 481G AN [R] iy Pt 52 % o
%)@ Pb (R B A i 2k, A R
y=a-[1+(x/x)"]" (3)
K, a, b Flx, BIRUESEEE ;v X R gE
A R FEREE (% ) ; » 2 1/BCF.
FHE ] Log-gistic /3B RI4LL5 11 SSD 4k, it
HIT R 80% | 50% FI 5% % 3 s Tt BT X6J o 1)
1/BCR{E"™ M5 3CHk[ 20 ) POREIVEY) Ph £ R
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PR LR E SR Ph 2R BE, AT .
Co = Cnrnp/( 1/HC,) (4)

K, ¢ AR ESLTE Ph IS TR IS HIR] 5
BB (mg-kg™") ; C,,,, WEZEIRUETIEY) Pb &5 R
B (0.3 mg-kg™") ; HC, fRFLEY 80% . 50% F115%
YEYI BT A 1/BCF {H.
1.7 Bt

K FH SPSS 22. 0 # A4 H01 Excel 2010 2 58 i1k
BB A A3 | O I R AR DG P o3 A R A [a] 15
53, 1z H Origin 9. 1 A4 22 il 49 i B0 B2 3 A
i k.

2 HR5ITR

2.1 TIPS Ph & ERRE

A0 DX AL T Ph S R 2
7N R X -4 pH B 5. 21 ~7.13 P I(E N
6.13 +0.37, LIS Mt £ 408 &, & 57 RE T
15% ,J& T 55978 %7K F. Hu &2 B892 £ M, pH
30U - IR 55 S50 T 5 ) 5% 50 T 4 TG 5 .

[ FIHLIT (M)A I 16,57 ~77.50 dokg !, P i

K40, 48 = 14,09 gk ™", ATHLIT &5 ek Hegbe A i
BERAEIR. PRS2 i AR, o HENCS. 184

1.58) cmol-kg ™", JLHEI M 0. 76 ~12. 24 cmol -kg™'. B
HRFFEZEY], Y 5 pH > 4 B, 506 LT 9 1
fEfS et 3% Ph AOTHAL . AR H 3% w (B E-Ph)
h47.59 ~462.38 mg-kg ', FHI{E K (169.52 +
21. 14)mg-kg ™', SR = M4 1€ Pb FHE (90
mg-kg ') Y 1. 88 iF. M4l ( I PRBE BT e Ak H L+
BTG QRS AR ) (GB 15618-2018) MLE , 1
FEFHA 68. 40% FF Sl A B E I TRE (R, 17. 29%
R A R R A IR s, R WAl X s E
22323 Pb 5 Y% MR AR 7 1Y B 5K 0] BEAETE Pb 5 g4
UK. 35 o (A RSP B m , T XI{E R (26. 61 +
8.97)mg-kg ™', JLFEITE 6. 56 ~53. 60 mg-kg ™' ZI[f],
I HAS T R BOH T 30% |, B A 5 8 v B AR K OF-
Al By B R IR 4 R AR IR B 0™ A A A g A
)t AT R AL TANE b 5 T Al <
e T 40 Ph HEA K, AR AT R
R LU T L & S S Rl 17
SR, AV TR A B O 25 5 R BB
FO 2 SR P 3 Ph ik g 1 — b
(S Ph P TR R, S 2 SRk I PR
ek, Hei B A U T IR 1 LA

$§E$E%”%
; ' 4|

. S fEEABUERS P AR

- Table 2 Basic physic'i;l and" chemigal properties and Pb Lontent in test soils
231 "lla e o DL o(HHERD)  w(BEPD)  o(H#PD) RN

f 5 = = /g-kg = /cmol - kg /mg-kg /mg-kg /mg-kg /%
wAME 5.21 16. 57 0.76 6.56 47.59 0.02 0.01
EINI- 7.13 77.50 12.24 53. 60 462.38 0.49 0.26
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Table 3 Stepwise regression equation of Pb enrichment coefficient
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Table 4  Classification threshold of Pb environmental quality in vegetable-producing areas
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