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W E TR AR XU g SR AR M K SR, RO BT R [RI R 8 (Cd) A (Ph)T5 3%, sE i T 8 SR 1 & 422k
7o ARSCLARAF 90% 1 5% (A% 2 b Bl S 4l AR , B FA A B0 BUS: 73 A X Cd A Ph 15 L i 5 130k AT 1 A2 77 43 X F
5P, GERFH TR CA I Ph 1 & AR R B 23.53% M1 20.59% ., RN CA WY& 4 R ES 1 pH & B B E AL KR
(P<0.05) , TXT Ph (& 5 R ECS T HEA MU & i 2 B IEADCCR (P<0.05) o JESEA/NE ST Cd 1Y = AR RE B0, Tl 22
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Zoning of cadmium and lead pollution for the safe production of facility leafy vegetables in northeast China

LI Xiang, LONG Zhen—hua, ZHU Yan-yan, YANG Yi, LI Ming—tang"

(College of Resource and Environment, Jilin Agricultural University, Changchun130118, China)

Abstract : The rapid development of the facility vegetable planting industry in northeast China has led to different levels of cadmium (Cd)
and lead (Pb) pollution in the soil, which has affected the safe production of vegetables. Based on the protection of 90% and 5% of
vegetable varieties, the safe production zoning of Cd and Pb contaminated vegetable soil was studied using the species sensitivity
distribution method. The results showed that the Cd and Pb in vegetables were 23.53% and 20.59% higher than that of the standard rates,
respectively. There was a significant negative correlation between the enrichment coefficient of Cd in vegetables and soil pH (P<0.05),
while there was a significant negative correlation between the enrichment coefficient of Pb in vegetables and the soil organic matter content
(P<0.05). Spinach and pakchoi had a strong ability to accumulate Cd, whereas Indian lettuce vegetable had a weak ability to accumulate
Cd. Pakchoi and leek had a strong ability to accumulate Pb, whereas chrysanthemum had a weak ability to accumulate Pb. The study
suggested that the Cd content in the soil for the suitable, limited and forbidden production zones of facility leafy vegetables was <0.43 mg-
kg™, 0.43~2.88 mg- kg™, and >2.88 mg- kg™, respectively, whereas the Pb content for those zones in the soil was <24.21 mg-kg™', 24.21~
392.31 mg - kg™, and > 392.31 mg - kg™, respectively. The absorption and accumulation characteristics of Cd and Pb in facility leafy
vegetables were different, and there were obvious differences among vegetable samples. Therefore, the division of suitable, limited and
forbidden production areas is of great significance for the safe production of Cd and Pb contaminated facility vegetable soil.

Keywords: facility leafy vegetables; zoning for safe production; cadmium; lead; species sensitivity distribution method
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AT AP AT R 15 it i SRRl & SR, it S
Fofu ke 1 R AR A 10% 6 A7 ) 38 B AN W 38 1K, 3t
S 24% 19 - M T ARR AL T 609% LA _E 177 {E 1 33%
DL 8RS8 i, fE g SR R B T S E B AR
FRW i B 32 AR A AR AT A A s ] Y
BA /NS A TR - R FAE g, DT S 4K % S 2
), PRI 7 8 AR AR A B 1 A AR G b DX R SR O
TR Hrip i AR 7R 2009—201 1 45 15 it i 3 FAi
THFRAEAS N OB IX M3 T L A5 DL RS, Bl A it
R B P R R, Bt S 3 R 4 T Y B SR A
M P R T DL R DR AR 38 A K i S B
4 )8 B TE 5 AT A S& TS, a3 = 4 1
R w2 < el | 20| W DN S b
| EE BTG, B0 AW A 1 L 2 A 24
FA (A5l B 3 i el A - 8 o 4 i XU s
R 1 D S 5 e | o P2 A e <)
FEESIRIGYY N CAF PO, B+ Cd
1P B W I AN S B SR R R R L A A G iR
5 CAFI P 7E - e (R LE WA R A e, g
Cd F P (A WA R A S B A ¢, b 5 1
FYPRAAE T, 4 pH A HLT A & 2 6. R 5t
REWE R PESES I pH LR EK R, 1%
A BT R N 2s b 2 IR S0 5 4 i Wi, HL
A BT 3 B ML A 3N 23 42 2F Ph (%1 f L 3 m £
v () K Ph B4 S AT 5 85 S % Ph 1 I
AR RE TG, R gt DA S o R R AR SIS D K -
FEAVE 51 56 5 T 3 G 7% JE Rt 6% i % Cd i P Y 12
WO SR BE T, Ao LA () [X sk S PR 0 3 4
o BB AN 43 X A 7= S SE R Cd A Ph V5 e - 39 Y 8% 5
L A EENIERE L.

H Al 2R A B R E A R bR R Sk
A 5 R il 2 3% (SSD) W 5% T 4 J V5 Y + e &
AR B AT X A B SR B SR A R A
AR 90% . 60% F1 30% 5 & 4 AE. | B il B Al = f&
1B 5 X1 75 A AR 8% S A e v Cd i R ST 2tk
101 5 B, AR FE R 3 Cd Y BIR R (A5 o 4 438 0 {1 5 7
TSR s AS [R] 5 A K R X P Y AR DR
Log—logistic & Y 115 /K A XF Pb ) & 4 SSD ik , FF
ML SSD #2645 Hh B ™ By FiAk = 3 X i 145 v Ph
B A . R BBURR A o A1 e — Fh G2 A
2L RETESS R 4 AE S R G B R E 45
3 BRESOR IR AN [R) A% 2 PR 3% 1 U
2257, 5 A A HEE LSRR w2 A

[ 47 M 2 AR ) A B i 2R e i 9 /N 22 7 - 38 vp Cd
1 Ph 14 4> B, 45 3 B0 P AU il £ 75 i B
LESTE N

25 BT AWEIE LA MR B X0 A R E
NG HRT B AL 32 Cd A Ph V5 G (35 i I 3% 28 5% 2 Fh
L 56 1 A B 58 X 42, i X ASOR AR - R S R
SO VAR oG e s SR 1 s g o 2R T
BLHEA TG B -, 455 AN [R) S 28R S X Cd Al
Pb (1) & 5 R E I 4 58 pH MR AL 5 19 40 ¢
P, I 4 Fof SR il 2 2 % Cd 0 Ph 5 e 35 it i 3%
FolAe 4840 4 AR 7 B AR X PR X R 7 X
3 43 A A5, LAY Ry T8 i 3 26 4 2B P AR I 4
AREHE

1 #MB5EFE

1.1 AR X

AR 75 A T3 SO0 40 A T LA 5 AR
M A e 4 JE V5 YA B DA R B X
K XIS 1 v k) BRI AT BE 52 3] Cd F1 Ph 5 YL Y
TRt 8 S AR L R SR B o SRAE XA 35 ARy
PR, J Tl I AR SR Bt 2 XU, DU 2R i 2238
K ARSI FEIAE-18~22.4 °C, AE /K 54 954.3 mm,
SRREIX A A e A M A B A A AT b X it 5
KL 3 By T IR RN S 10 ] 0345 o, 31 fa) Ao -
FERBEZE 3~4 41, R A5 F 2019 42 6 H 13119 H
Py B4 UK B TB) SR A o AR 4 8% 2% K £ 3 cd A
Ph 75 e 15 00 L5 32 35 Y 5 A 1 5 LA R it 32 K A
FIEHR MR & 1 JR ) 8 A, e BT A AR R
IR 1~6 a 1) 7 A SRR R A A5
1.2 TEMBERERAEERLE

HR A RAE XA RE 5, 2351 7 20194 6 A 4319 A
13 1 F R R AR SRR I ) - B SRR B SR
FEAAFEIESE /N AESE GRS R R SRR
I R IRLRFE SR 5 R 0~20 em ROBFE
J2 R o AR ECREE IS ST R TE R Y H
BHYERHS N, BCE T HIRFE Y, A DKAS (ARG
6 h N3z (9] 5256 % i 37 BEXHRE S b A AL Bl . R 3R
EFEEL S T IRRE A BOM R] , e 2028 RAEFE A 341

B SRR L B SRR i E R K M T
FHEA B F /K Pk 3 9k, I T S 3R 1 K 4, BRI B o
MBS K R E BT LA 105 CR 30
min, 65~70 CHE 24 h 7247, 121 0.15 mm J& J i 5 PR A7
TN
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- R A R R AR Y R T B b R
T HEEEFE, BRI ARERY, 12 mm
Je b, IRA, — #8411 mm A10.25 mm JE 0,
T 39 pH A HLE ) 7 1, PR — R | 3
0.15 mm J& Je i , T8 4@ i .

1.3 MEFE

- 4 1 # 3% vP Cd A Pb Y S 0 I E R BRI
0.1 g CRE B 22 0.000 1 g) 2L i (1) 1= 4% i B T S T8
R, A 6 mL R FE -2 mL Al iR (A4l ) -1 mL &
TR (LG sh) T 00 f AL (MARS6 ) NI fiff 5 Bk B
0.3 g(CFE 1 22 0.000 1 g) 2:f i (1) 8% S AE i B T 10 I
fift & A 10 mL A R (A 9 4l ) F 1o I8 7 A AY
(MARS6) NI i o T A 45 o5 76 180 CA& 14T m A
FEE T {45 PN T AV 22 1 mL ZE A5 I, FH 20 mL 2% il
PR VA TR VRS RE B R A RO e A & 25 mL, B
A7 0 B E IR R, R PR B 5 B R TR A (1CP-
MS 7900) 5 Cd 1 Ph {4 75 5, i o % v DL 5 A
YE AL S [GBWO07453 (GSS-24) [Fl [E F bR i i 32 b
FB[GBW10015(GSB=5) |1 720 M i 2l

3 pH I K R 2.5 1, SR pH HIIE 5
A AL I < SR P e A PR R A R AR k-

BAHERB(BCF) =5 X H 4R & & (mg-kg")/+
HEHE SRS (mg-kg )
14 Zit559Hh

{6 FH SPSS 18.0 A4 %5 Wi 4 380 i) 5040 16 4 7 85040
25 5 W E AT B A FIAE R4, 1 Or-
igin 8.5 #KAF F1| FH| Logistic 43 i 155 78 22 i #0 75 SSD iy
2k, Hofth iR B0 K05 F) F Excel 2010 JEA 7403

2 #HR51TR

21 TEBUMHREEEREESE

MR 1R LA W, 580 S % pH B YE [ R 5.85~
7.55,FXE N 6.69, —MEIE I T pH 2K 1) + 5 Fp
AL 1) 8 5 B8 ) 32 4 T ™), AH EL B 6P I8 e ik
R T AR AR O T 4 JE T Y 1) B S 0 pH A3
S350 5.61.5.14 .4.67 , AW 5% 1 - 384 i pH R =5
A B 2 MK 38 5 4 8 1 A= 08 R0k DT sk 2D i 5%
Xof T 4 I 1 W A AR, - HEAE S ALY 1
4 13.73~52.00 g- kg, F-H4I{E K 35.09 g- kg, A B
FERAE B - ERE h pH R ML 1Y) F o 24 7 G A A5
PEIAT Y 75 PR A AR T - 358 pH FIE HLR I & R L
Ui B 5T X 1398 pH A BLT Y & 0 A 32 300 A

AL ER, TR NG B0 2550
B2k w R R A0 R A LHERE S Cd B EEE N 0.27~1.55 mg-kg ™,
&1 TEpH ANRMEERERE
Table 1 The soil pH and contents of organic matter and heavy metals in soil
. HHUR Car i PR | HHUR Ca i Ph it
Number pH Organic matter/ Cd content/ Pb content/ Number pH Organic matter/ Cd content/ Pb content/
(g-kg™") (mg-keg™) (mg-keg™) (g-kg™") (mg-kg™") (mg-kg™")
1 6.70 13.73 1.27 34.90 18 6.98 30.26 0.77 37.83
2 6.65 20.48 0.71 30.96 19 6.02 28.72 0.83 35.39
3 5.98 28.28 0.67 30.55 20 6.58 31.65 0.72 36.18
4 6.46 28.63 1.22 35.77 21 6.46 32.47 0.51 30.65
5 6.71 20.95 1.55 59.01 22 6.83 28.51 0.46 34.01
6 6.40 23.04 0.50 70.18 23 6.75 49.90 0.94 41.53
7 7.28 19.32 0.44 38.47 24 6.63 52.00 1.00 40.24
8 6.66 23.97 0.58 29.77 25 6.11 45.70 1.13 67.19
9 7.55 38.40 1.12 35.01 26 5.85 40.50 0.50 50.55
10 6.98 25.72 0.84 32.39 27 5.99 39.20 0.50 19.93
11 6.83 43.52 0.94 27.82 28 7.32 46.30 0.57 17.99
12 7.21 25.49 1.22 31.12 29 6.65 41.60 0.99 51.99
13 7.24 31.54 1.31 3471 30 6.61 39.50 0.96 65.82
14 7.36 43.52 1.07 33.87 31 6.55 48.10 0.27 18.88
15 6.96 45.62 0.84 42.13 32 6.78 49.90 0.34 19.26
16 6.37 35.14 0.76 39.43 33 6.94 42.10 0.37 22.84
17 6.49 34.10 0.80 31.07 34 6.70 45.20 0.38 46.85
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SEHAME R 0.80 mg - kg Ph 1) VL B R 17.99~70.18
mg kg™, FEIIE K 37.48 mg- kg, 3P Cd R
i (R BT R A P b 3T Y KU A b )
(GB 15618—2018 ) H 1) 4 FH 1 - 438 175 Yo JXU RS i £
Y b EG A8 SR 97.06% , i B 9 X358 1N i S A= 7 AT
REAETE CA IS YL I XURS: o SR AR T 38FE i b Ph Y 5 2
By (- R it A FH b - 498 e AU 45 4
FRifE) (GB 15618—2018) 1 (1) 4 FH b 4 1875 4 XU
i LA o
22 BEARBMAMESENRKFIIESE
122 2 W1, 34/ B S v R LA b Cd 1
YU F K 0.06~0.52 mg kg™, FHI{EH M 0.18 mg-kg™';
Pb i & S IE H N 0.01~1.46 mg - kg™, *F- {8 M 0.25
mg-kg'o MRPECE ML EEFARE BT R
i) (GB 2762—2017) G ¢ Al &AL o Cd (19 7 it
FRAEAE FIRE 5 F 1 R 23.53% , P Ao & R 1 A o
AT i HE R 20.59% ik BHAEBIF 9 X I 1 98 3 b
AR SRR E SR O & Z BRI R 1Y Cd AT Ph G
Yoo XSFFCAMiE , L5 Cd 15 R AR 1 555
Y JRUBS Ui 1 E 1 i b A8 B8R o 97.06% , {H 8 2% 1]
TR Cd 18 5 2 AR AR R b L A9 20U R
23.53%; %F F Ph il &5 , 8k 1 HEAE & b Ph B 3%
A7 e 2 A FH b A 9 Y AR B 1, (H R S m] AL

i Ph [ R bR A A A9 1 3K 20.59% , 150 BH
BB X Cd 1 Ph 18 R IEA — 4, 237 450
SR A B 5 MR DY SRt 5 S 3 Cd i R AR T
R b B R b SR — 2, Ph A O A e bR
WEAH ; A /D BB S RE S P Cd AP 1 5 R AR (.
Al AR X IR pH R HLR S s S8
Herp Cd YA BCPEREAR , DT i S22 85 2 % Cd
(A R AT 5 B REEAIG , AEL 8% Jin T 8% 38 % Ph 1) i 420, L
IR RIS A R i — 5T

AN (RS S22 B S W] AR A X Cd Y13 e 4
RO INIT g - 3% 3 (51.65% ) >/N13E (35.45% ) >
L3 (33.07% ) >3 (23.43% ) >TH 5 (21.38% ) > K [
5(19.53%) >3 (14.16% ) ; %F Ph 191 55 4 2%k
KNI A7 2 7N F1 32 (1.28%) > HE 5 (1.01%) > 3% ¢
(0.91%) > i 7 3% (0.87%) > 3% (0.59%) > K [1 3
(0.50%)>1 7 (0.10%) o 73 A1, [R] i AN [ 2515 A
AN TR R R AR AR it b m] B 3% Cd A Ph 19 & 4R
EBUMARKZER XN CAMEERZBER R
KN N < 3% (63.62%) > /N 132 (57.52% ) > K
K (40.52% ) > 3% (21.47%) >AE (20.21% ) > 2 5
(15.98%) ; B 4T Ph 1 & 48 R BUL 5 R B/ NIF
Hr s PE 3 (123.07%) >/ 1138 (112.45%) > K 11 3%
(71.35%) > 7% 3¢ (58.29%) > i 3¢ (52.28%) > 4k 3¢

R BREERESERESRRY

Table 2 Heavy metal content and enrichment coefficient in vegetables

AL =4 AL (=4 AL =4 AL 2
(mg-kg')  CdBCF/% /(mg-kg') PbBCF/% (mg-kg') CdBCF/% (mg-kg') PbBCF/%

1 UNEES 0.29 22.68 0.19 0.53 18 WH1 0.41 52.94 0.03 0.07
2 UNEE ) 0.16 22.20 0.47 1.52 19 W2 0.52 62.04 0.16 0.46
3 PNEE ] 0.12 17.37 0.10 0.32 20 [LE:3 0.15 21.38 0.04 0.10
4 K34 0.19 15.71 0.11 0.31 21 UNEES 0.28 55.46 0.17 0.57
5 KEES 0.17 10.94 0.57 0.96 22 NSES) 0.25 53.95 0.16 0.47
6 KEIZE6 0.14 28.86 0.09 0.12 23 UNEE= 0.06 5.87 0.41 0.99
7 KET 0.14 31.14 0.10 0.25 24 M1 0.07 6.72 0.26 0.64
8 PNEP 3 0.20 34.07 0.20 0.67 25 W3 0.45 39.97 1.46 2.18
9 pNEEAY 0.17 15.54 0.19 0.54 26 EE S| 0.19 37.79 0.33 0.64
I NEE S 0.25 29.22 0.14 0.43 27 E[=) 0.14 28.34 0.27 1.37
IS NEE S| 0.14 14.77 0.05 0.19 28 A1 0.09 15.41 0.24 1.35
12 KRAX12 0.13 10.77 0.12 0.38 29 HIE=) 0.11 11.55 0.18 0.34
13 KRAx13 0.09 6.74 0.05 0.16 30 M3 0.15 15.53 0.61 0.93
14 KEAZ14 0.12 10.79 0.01 0.03 31 UNEE 0.09 32.67 0.72 3.83
15 KAX¥15 0.16 18.52 0.25 0.59 32 INFIZES 0.10 29.28 0.10 0.53
16 KFAZ16 0.16 20.64 0.11 0.28 33 2 0.13 35.35 0.20 0.87
17 KEX¥17 0.18 22.12 0.12 0.38 34 W3 0.1 28.23 0.12 0.25
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(51.08%) , A% 5 22 BOHE K0 W% 8% 32 b Bl 52 A B 2
PR 7Y B8 HNE 250 1R 5% Wi AN [R) T X Cd F Ph 1Y) & 42
B 1 22 57 R, TR SR 2R 8 5% = ) % P 1) ' 4E BB
1255 Cd LI, T /N PSRRI 11254 Cd Al Ph
EERR T 2 RAR AR
23 BXEERHSTEpHMANRSENMEXHE
S

M3 AT LLE Y, i3 E S Cd 1Y & E R
0 (BCF) 5+ 4 pH 2 W E M A &, B 4% pH
B, SR SO B W 4 Cds B SEXT Cd 1Y
EBEANS AR S B R A IR E
PERAOC R, LA 58K 38 pH AR 52 T i S Wi
W 4 Cd 1 35 ZE R DR 7 [l AR

M3 HAFE SRR AT Ph 1 E 4 R
5538 pH JC B E AR R, HLAR LR A BB 2 8% 58 b
Fh2s Sk, s A LA E 4R, T T 14
pH X 5% 52 & 4 Ph 152 ma 7 FHWY s S 28883 X0 Ph i
EEREE H AU SR B IEA DR B
A HLT Y R, S S S R 4R
Ph, 40 0] 6 & AW 5 o A9 1 SRR S A HILJT 5 R
= BT Ph I AE WA RO i HE T8 S X Ph Y
AR DR AR B S - A HILJTR A 1 A R i S
U YN E S A SRS VAT E iy o
24 TEARES

BN CAME LR B HEpH A BB LR,
v LIS 158 pH 1 A A8 5, 38 2 SPSS 18.0 # 4 2k1 7
K-8 BT , b S0 Ph B & 48 R AU 5 AL
JR ) G &R T LR A WL A AR
g A 75 i i SPSS 18.0 B 4 HEAT K- (i 5B 25

R3I ESEEERY ST Ep HMBIRSEMNHEXM
Table 3 Correlation of heavy metal enrichment coefficient with

soil pH and organic matter content

T H Items Cd BCF Pb BCF
pH -0.366% -0.137
A HLUFE Organic matter -0.188 0.339%

T *7E 0.05 K- (XU ) | (i ARG

Note: * significantly correlated at the 0.05 level (bilateral ).

x4 TEARES
Table 4 Typical situation of soil

B K-{H Cluster K-means

191 H Ttems
1 2 3
pH 5.99 6.65 7.21
i HLJ%i Organic matter/(g-kg')  20.25 30.04 44.44

Bro REGLNE 4 PR, NR AT LA HAFRIX
AR i A pH (R BE ALK, 43T 5.99.6.65 Fil
721 3Rl R, LT AR, K
T4 20.25.30.04 g-kg ' F144.44 g-ke! 3FPIE 5
25 BXBERBA—1L

FIFH SPSS 18.0 B 1K 34 Fifr 22 28 8% 5% ] 13
ALX Cd A1 Ph (195 5 R A0 51 5 3 pH AA LT Y
P IEAT A A B, A5 20 [ Dy A AR 1A R
2 B AN A 1Y) B B AR BB H — R B R g AR
T, DATH B - e AR P BT 22 S5 6B R AR R B Y
PGS iy (1

Cd:1gBCF=aXpH+k

Pb:1gBCF=bx1gOM+k
A pH oy 3 pH s OM oy L3 A HLIT ) &5 4, g -
kg'sa b NICRNSEL, FoR T BEVE N & 5 R B
SEMAFEEE 5 ko B, R S AP 6E Cd A P Y
AT FRAE

Cd i 7] I 75 72 N 1gBCF=-0.252pH +0.322 (1=
0.404) ; Pb /) [11J9 J5 #2 4 1gBCF=0.7331gOM-3.420 (r=
0.233) o by — 257 ok A 398 P Ak o0 SR S S
AR R B A 34 B S o il 8 A (] U AR Y 1
— A3 3 LAY - S T B R R, WK S,
WK R 17 pH=6.7 AL 5 H 13.73 g kg ' 1
Sz A 3E b XF Cd 19 BCF N 4.54% . %} Pb 1) BCF
0.53% , F| Fi Cd 119 & 4 181 U5 J5 72 1gBCF=-0.252pH +
0.322, K¢ I — 4k 21 + 3% pH=5.99 5% T 15 5 BCF=
4.54x107°03> 96D G 3 FI]FH Ph Y [0 7 # 1gBCF=
0.7331g0M-3.420 4% FHo )4 — 4k 21 A PR A % 28
20.25 g kg FF N B E] BCF=0.53% 1072029157
D7 TR R £70.322 . -3.420 S 4% i s o R R] [ 4) H
S PRV — Ak S T rh AT Z W, LA 5 S i ol DA
A

FH 22 5 W] 41 34 gt S AE 3 A B R - 30 S5 R X
Cd F1 Pb (1 5 48 R AN KB INHE T — 20, AR Fp st
KRB Cd 17 3PP —4b )5 & 48 RECE X & 4
AE T BYHEF — 30 33>/ ST 3> dE S > K 1 5>
>S5 IH—ALFTA F, 35 /N X Cd Y
B AERE IR I SN Cd 1 E ERE s . AR
PSS 2B 32 Ph 9 3 R I — b5 & B R A
B & S RE T B HE T — 35 /NS> RS> I > i 2
F>R A>T E , 50—, /N 32 R
SEXT Ph 1w AR e J7 B0, T s X Ph Y & AR RE T K
5. HIH—LETE B & LRI HEF IR A 8 4 —3, ]
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AE I T E L M2 A [ i ) X 7 <3 i 4R FE
T ZEWEHOR , 52 L HEBRAR L R R AR, I LA 55—
PP B & R AL 55, 80—kl A b S 2Ry
AL (E B UL KRB
26 ERHBRMESTMREETHE

B IR G SEah FR A — 05 A & 4 AR o K E/N
HEP T BEH P B R , THE L 20, R P

1 RIEDF N B IRk s N R AR

LA 1/BCF A b, BRITHHE AN P ARHR , F ] Lo-
gistic ZM AL AYAE Origin 8.5 15 H B4 A £k an 141 1 A
KI2, HE LA, 3 Fh A% 5t 138 th g ST Cd B
SR G P B AR — B, AN [R] g 2 % Cd 1Y ' S RE ) 22 57
2 i Fum g SRR Cd s M2 2767
B AT AT /N 3T Cd 10 & B2 RE i, ARIRH

v (I SEFIIMSERR S Cd 1 & 4R RE 1 2 R
P=R/(N+1) P &1 2 AT, 3 7 I S5 - 398 v g SR X Ph Rk
RS MEEFFRETEARERTHA—UEHNEERE (%)
Table 5 Normalized enrichment coefficients of leafy vegetables under typical situation of soil (% )
B A Cd BCF Pb BCF

Vegetables 1 2 3 1 2 3
KHEH¥1 33.91 23.33 16.99 0.71 0.95 1.26
PNEEY) 32.26 22.20 16.16 1.50 2.01 2.68
INEE ] 17.27 11.89 8.66 0.25 0.34 0.45
KHEH4 20.50 14.10 10.27 0.24 0.32 0.42
KHEHS 16.45 11.32 8.24 0.94 1.25 1.66
KEI¥6 36.41 25.05 18.24 0.11 0.15 0.20
INEE Y 64.67 44.50 32.40 0.26 0.34 0.46
KHEHS 49.80 34.26 24.95 0.59 0.79 1.05
KHEH9 37.61 25.88 18.84 0.34 0.45 0.60
KE 10 51.19 35.23 25.65 0.36 0.49 0.65
INEES0! 23.77 16.36 11.91 0.11 0.14 0.19
K12 21.49 14.78 10.77 0.32 0.43 0.57
K13 13.68 9.41 6.85 0.11 0.15 0.20
KA 14 23.43 16.12 11.74 0.53 0.71 0.95
KEIH15 32.09 22.08 16.08 0.32 0.43 0.58
K316 25.59 17.61 12.82 0.19 0.25 0.34
INEEIV 29.36 20.20 14.71 0.26 0.35 0.46
W1 92.76 63.83 46.48 0.06 0.07 0.10
W2 63.10 43.42 31.62 0.36 0.48 0.64
M 29.86 20.55 14.96 0.07 0.10 0.13
UNEES| 72.38 49.80 36.26 0.40 0.54 0.72
/NESE2 86.82 59.74 43.50 0.37 0.49 0.66
N3 9.04 6.22 4.53 0.51 0.68 0.91
s 1 9.65 6.64 4.84 0.32 0.43 0.57
JE1 42.78 29.44 21.43 1.20 1.60 2.13
1 34.91 24.02 17.49 0.39 0.52 0.69
dE3%2 28.34 19.50 14.20 0.85 1.13 1.51
MA3 32.74 2252 16.40 0.73 0.98 1.31
&2 16.79 11.55 8.41 0.20 0.27 0.35
A3 22.06 15.18 11.05 0.57 0.76 1.02
UNEEZ! 44.86 30.87 22.48 2.03 271 3.61
INESES 45.81 31.52 22.95 0.28 0.37 0.49
g2 60.54 41.66 30.33 0.51 0.68 0.90
M3 4221 29.04 21.15 0.14 0.18 0.24
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Figure 1 Sensitivity distribution curves of leafy vegetables for Cd
under typical situation of soil
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2.83+3.88)/3=2.88 mg- kg™, P [ 75 5t (1Y 5 2L 0 4 1)
H(31.54+23.47+17.62)/3=24.21 mg- kg™ F1(508.99+
381.51+286.43)/3= 392.31 mg-kg'. 4+ d Cd iy
T E<0.43 mg- kg NET X, LI CA BT 0.43~
2.88 mg kg MR IX, + 4 Cd 19 75 = >2.88 mg-
kg AR FEIX 5 24 43R Ph AU A B <24.21 mg-kg'
B IX, 3 Ph A B i 24.21~392.31 mg- kg AR
FEIX, HHER P A EE2392.31 mg-kg ! MARE X,
A FE A5 3 1 B ORI ™= X 4= 4 v Cd 1) 75 2
B e T PR B i A b R 5T g U A
FRUE) (GB 15618—2018) H Cd i 4 F 1+ 3875 4L X
I i A (L 1 A P b, A 39895 2 JRURS: 65 L ) S AL, 432
R B, P RE IR RS X R RN pH AL R, S8
b Cd IS PEREAR , (A5 32888 20 Cd I s
LEREJT N RES, B IX 3 Ph B B )N
TR TR A% FH b+ 3275 Yo XU 25 5 b o)
(GB 15618—2018) 1 Pb [ < F] Hh +- 458 5 Y JXU 55 i
TEAE , B X A 38 v Ph (1 38 A W A% € - 2R 55 I
A b A TS Y RURS 4 5 bR E ) (GB 15618—
2018) 1 Ph )4 FH Hhy 39875 G JRURS: 87 1 1) i I 1L
J DRI AT 2 AR AL X - 3 LT i A 3 T
Ph AR WA B AR 3E T B0 SR 2S5 ST P A I
WS g Ah  WE ST R WA [R] R 2 B S A ] 4 R
B e SERE T 22 AR, T I S 2 S0 W ) MR A e A
Ph, i 15 Pb £ 75 By i 32 26 B 5 1 32 25 bp 4
JEIP, B 55 AENT 5% - Ph TS Y BB ET TR ST
G5 R W]+ g Ph Y & i B E T 22 2%l 39.91
mg-kg™, K 33.70 mg- kg s B B B PR AE 124
A () 3 19 5 STk 33 it % 52 3 4 i ¥ e () B30
PG5, 24 13 pH o~ 6.5~7.5 b3 28 5% 5% 1 45
Hi Ph 5 B0 22 2 B {E R 20.55 mg-kg o LA UL Ph
Xof 3R 2 0 S 2 A A 7 I KU 38 18, PR g SR P A 2o 2

W L R R Ph TS G X 5 AR S AR 4
HA—FL,

24 438 b Cd AP A 2 B A F R X RE AR
90% MBS F AR, AT Rl KR 7 S 2gi S
gt R, — 2 e B SR S R AN S /N T SR A AR SR AR
AR 5 2R F AR R4 o F2 10 4 G A P R
A 7 S R R AR A AL AR A S RT RE AT SR 1 4 R
15, M3 Cd Al Ph A B AL T BR 7 XA R Ak
1R e AR AR T BB, A D Cd i B Ak
TR DX AN AR B SR AN S, R HET Ph
AL B DB AN B R = AR Ph /NS IESE
RS S 22 S Rl 0 S e 5 2R FH D AR
SRR T BB E R e ER A
o in AR X - 3B 3 e Cd R Ph Y B3 [
jes=sol 4 4 g i Cd A P 75 AL AR R X B 95%
H-SER B SR AL 2 Sy 4 Cd A P, K03 55 3 i il
NGy HALFIHRL, AT AR 2F e P A AR VR ) SRR L B
PERE A,

3 #ie

(1) it 3R et St L3 Cd 1) & RS
T3 pH (B 5 2 AR OCOC R X PO E R R BT
BANRM S EEBEFEHXKR,

(2) P/ Cd (1) & SERE 1 30, T 22 3%
XF Cd B & AR RE 1855 5 /N SR FNAESEXT Ph 1 5 A fig
JIHR TR 6 Ph B S SRR I RS . SRS SR
Ph 11 & 45 R B0OFE i (] 22 53 He Cd 1K, Hedh /N LS A
KEISEXS CAFIPh (& B RE A TE R R 22 5

(3) U5 X PN it S 288 S B ™ X FR )™
DX FIAR ™ X A= 3 Cd 19 7 m i R 43 51 49<0.43 ,0.43~
2.88 mg-kg ' F1>2.88 mg-kg™; Pb A 5 1 Y 20 5] My <
24.21.24.21~392.31 mg-kg ' #1>392.31 mg-kg ',

R 6 ET Log-logistic A H £k R A [E] bk I T 3 2R 32 /0 £ 18 Cd Fa Pb A 5 B11E

Table 6 The ecological thresholds of Cd and Pb in soil to protect different proportions of leafy vegetables based on Log—logistic fitting curve

1 2 3
%ﬁf p EARBEARIE AR B ek A B HHEA B
metals (mg-kg™) BCF/%  Soil ecological thresholds/  BCF/%  Soil ecological thresholds/  BCF/%  Soil ecological thresholds/
(mg-kg™") (mg-kg™) (mg-kg™)
Cd 10 0.2 69.40 0.29 47.72 0.42 34.73 0.58
95 0.2 10.29 1.94 7.08 2.83 5.15 3.88
Pb 10 0.3 0.95 31.54 1.28 23.47 1.70 17.62
95 0.3 0.06 508.99 0.07 381.51 0.10 286.43

T :P=10.95 73 BIACRBEIRY 90% 5% M3 HE S 10 13 Cd Al Ph (¥ 75 &
Note: P=10,95 indicate Cd and Pb content in soils that can protect 90% and 5% of leafy vegetables ,respectively.
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