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Abstract; To uexplore the safe utilization technology of farmland polluted by the heavy metals cadmium (Cd) and lead (Ph) and to realize the safe production of agricultural
products ,/a pot experiment was conducted to investigate the effects of two soil passivators and five foliar inhibitors on Cd and Cd-accumulation and quality of lettuce with low

Ph and Cd accumulation (KCW). The results showed that different control measures had different effects on the soil pH value of lettuce, and the application of 45 g+m ™~

biochar-based passivator had the most significant difference in improving the soil pH value, which was increased by 0. 8 units compared with that in CK. By using 72 g+m
of humic acid passivator yielded notable difference in reducing the soil pH value of lettuce. A reduction of 0. 25 units was achieved compared with that in CK. Among all the
control measures, the application of 45 g+m ™ biocharcoal-hased passivation agent had the best effect on reducing soil available Cd content, which was significantly reduced
by 53% compared with that in CK, and the application of 135 gm ~biocharcoal-based passivation agent had the best effect on reducing soil available Ph content , which was
significantly reduced hy 64% compared with that in CK. Spraying 0. 8% FAK-Zn foliar inhibitor not only had the best control effect on reducing Cd and Ph contents in the
edible parts of lettuce, which were significantly reduced by 77% and 60%, respectively, compared with that in CK, but it also significantly reduced Cd and Pb enrichment
coefficients and transport coefficients from the root to the edible parts of the lettuce. Different control measures had different effects on the nutritional quality of lettuce, and
0.4% FAK-Zn foliar inhibitor had the best effect on soluble protein. The 0.6% FAK-Zn had the best effect on soluble sugar, and the 0. 4% FAK-Zn inhibitor had the best
effect on vitamin C content. The application of biocarbon-based passivator could effectively repair lettuce soil polluted by Cd and Pb, whereas the application of FAK-Zn leaf
surface inhibitor could effectively inhibit the accumulation, absorption, and transfer of Cd and Pb in lettuce; improve the nutritional quality of lettuce; provide a theoretical
basis for safe production of vegetables polluted by heavy metals; and promote the recycling of resources and environment.

Key words: heavy metals; enrichment; lettuce; control measures; quality
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Table 2 Information of tested soil passivators and leaf surface inhibitors
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Table 3 Treatment with passivators and foliar inhibitors
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%Eﬁﬁﬂﬂﬁ%ﬁ%ﬁma‘éw <0.05); 1fi T 4b#H
X REAR AT Ph i 2 AR B eK 3
VAT 58%, FLI% (TR 'ﬁﬁﬁﬁﬁ%%ﬁ%ﬂfﬁﬂé@
<0.05). 1EME S F - B A T '?XTHEPFH
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Cd 1 Pb 2 (1 M e /).
2.4 AFIBHAEHE XA 3 Cd Fil Ph & 5 RS
e R R B FRAESEXT 3 Cd A1 Pb I
WeEr dERE T, W A R B R IR IR 45 Cd Fl Pb (1)
AE TR . AN FIALIE T A3 Cd A Ph & 4 R B
Fe4, i b 5 A E, Y g A0 38 AT
KCW Al E#8 Cd & 5 R R 3, 8 CK 3
VAR 78% , 1 0. 8% FAK-Zn M1 BHA5: 31 % [ A%
A AT AR Cd AW B R R BRCR T B Yo b
PR 2 AR AR SR Ph B AR RS, 3 CK i 2 FAIG
30%. FERH 2 Fhalifb b R OREBRE  A:
HSEAD PR i S PR AR SR ARG Cd A Ph B AR R AL B
CK Ab 34 [ W8 43 51 K 6% ~ 7% F119% ~28% (P <
0.05) , Hrfr T, AbHXFRE MR AE ST Cd & 5 R
SR E B CK W AR 7% T T, b BT AR
AR Ph B AE R EE R R E B CK B AR
28% . ANIFIHE B 1) J 5 1 A B I 2 0 n AR SR Cd

F4 REAESATARZATAE Cd i Pb E%¥§ﬁﬂﬁ§m$§$§?~§i” e ;.e-*'

WA R B CK A IR 39% ~ 46% (P <
0.05) ,MX £ Pb HERK LR EFEER(P >
0.05). FEMmETE S Fpirf miBH #2500 b B R, AS [ 8 BE 1
EDTA 441 FAK-Zn Wi R ifi BH 42 70) b #1353
FEARA 320 Cd & 5 R 8L, 55 CK A PR IR 12%
~78% (P <0.05) , v Y, &b BEXF FEAR A S ]
BB Cd B4R =R R E, B CK B K
78% . T ASIEIAEEE Y EDTA — 40 FAK-Zn 5 fh it
T B4 75 40 2 X A= SE Y Ph E R R BRI 45 A A
], P Y g Y o, A0 B 3 80 A S ) e 4
FE, A CK W 3G N 3% A1 21%, FHoAb AR B
PR ERMAERN P BERE. Y, 5 Y LT
EHINAESEM) Cd &R AL, B CK 23 m
15% F139% , T Yy 0BT A SRR Cd 84 25
T EZERE Y, Yyl YWANLEEE%F‘WEEEE%E’J
Pb B4 R A 4 W3 CK 3 PR AR 19% ’52% Al
10% .

—

Table 4 Cd and Pb enrichment coefficients=and in vivo transfer coefficients of edible parts of lettuce pnder different treatment condltlons,.--" o

R B R

ad *

Pb

IR cd f TQJM%%& —_—
- CK 0.109 +0. 0039“ / :_fg.r"isz +0.002de
Ty 0. 101 £0,001de" /& 4~ 0187 £0.0105
Ty 0.101 £0,01d " {177 £0.002h
Tes 0.102 0. 001d7 0. 166 £0. 003i
K 0. 154 +0./0024 10.265 £0.002b
r Ui, . 0.159£0.001as" - 10.237'£0:007 cd
D 0. 152 +0. 0024 F 0. 227—+0 003ef
Yo 0. 096 +0. 003d 0. 187 £0.002g
Yo 0. 086 +0. 002¢ 0.208 0. 005f
Yo 0. 086 +0. 003e 0. 240 +0. 002¢
Yia 0. 056 =0. 004 0.281 0. 006a
Y a0 0. 038 0. 002 0.228 +0. 002¢
Yk 0. 024 +0. 004h 0. 162 +0. 002i
Y, 0. 125 0. 005h 0. 187 0. 002¢
Yq 0. 151 £0. 008a 0. 111 £0. 003]
Yy 0. 114 +0. 006¢ 0.208 +0. 001f

70,541 0. 006d "
/0.528 £0.003d
01565 = 0.004¢d

40.509 +0.003d

- 0.764+0. 002ab

0.788 0. 007a
0.782 0. 010ab
0.447 +0. 143¢
0.439 +0. 009¢
0. 440 £0. 010e
0.260 0. 003f
0. 178 0. 007g
0. 150 0. 004g
0.617 £0. 002¢
0.723 £0. 004b
0.548 +0.007d

0. 695 0. 004d
0. 556"+ 0. 0065
0. 531 %0.003h *
0.491 +0. 003i 4

0.764 +0. 002b
0.718 £0. 007¢
0.713 0. 002¢
0.555 0. 004g
0.617 £0. 003f
0. 623 +0. 009f
0.552 +0.004g
0. 685 +0. 006e
0. 484 +0. 0041
0. 835 +0. 004a
0. 327 +0. 008;
0. 624 +0. 008f

D)8l 3 NEEHFEIM « bR 2z AR

2.5 A[FEIBHFESEIERS A2 SRR Cd Al Ph §e iz 2 %L

3T REFR AR AL B ) 22 5 22 (P <0.05) AR FRER AR A L, FIA

JEE B A W e A BT A SR B Cd Bz RO .35 22

F52 R

W18 ZBURAE A W ARV IR N 1Y 512 | s
REG A XA E SR W T — 8 T e i
5. AN FEIBHAE R AL FE T ARS8 Cd A Ph f5is 24K
WL 4 EFTA AL B | 55X BRAR LG, Yy A0 BT [
AR Cd #B R BE R B B CK 3 FFAK
T2%, H Y g 0B 2 REARAR SR Ph 7R R %K
5 CK W EF#AK 53% . 1H 0. 8% FAK-Zn -1 BH
PERIA AN T A SEM Cd A P f b R E ) |
HhEES.

TERFH 2 FheifbFIL B R, 5 CK A L, AR B

S, AN TGI8 B2 1) A ) e 5 Ak B0 38 85 R IR A 2R 11
Ph %32 280, 30 T A2 Ph i MR 5 )
BERS. R TRVB BE A0 S A R A B A 38 i T A= SR Cd
F1Ph 7 2285, Uh BH it S 9 R — e R R ik T
AN Cd A Ph H H R 3 ) b GRS E BT 5
Fofrov T BH 4% 700 Ab BN, 500 BEAH B, OR TRDBS Y
EDTA A1 FAK-Zn PGP i [ BH 45 590 3 4 25 P AIK
A3 Cd FN Pb s 2%k Y Ab BRI ZE N AE S
(1) Cd 1 Pb §%15 A5 Yo A Y PO L FXT A2 52
(1) Cd ¥%iz RETC W 325 5, WX A58/ Pb iz &
BN A AR



9 1

JEIBEENAT o A [RI BHLA F i X0 A 532 o B s SRR R o ) R )

5201

2.6 IR it X A 30 5 TR R

AN T P 1A BEL A2 060 A 33 5 o ST B s i) 22 5
RW(FS5). 1615 ASBHE A H R 7] 7 R (o ik
JEFEH 2.56 ~4.09 mg-g~"'. 5XFHRA L, B 0. 8%
FAK-Zn 78] BEL 45 5700 00 A 532 T ok 2 1 3 o e i 3
ARl A, HA RH 43 A B35 8 S 4R v T A SR T A R R
i, Hor 0. 4% FAK-Zn BH3 500 %45 55 A= 32 ] %
PEE A & SRR, T EA T RN 4.00
mg-g " B CK WEWIN 64% . 1T A AT
A SRR A 9. 40 ~12.97 mg-g . il
F 2 Fh 4 e Bl Ak R 5 T 7 PR MR = 8. 50% ~
44.15% , HA L)l 54 g-m ™ J& FE R X A2 3 0T v e
SRR TR A, 8 CK B 1N 44. 15%; Wit
i BEL A 500 5 AT AR R R 22, 77 % ~ 49. 62%, H:
W1 0. 6% FAK-Zn BH ¥ 550 % 3 TH A= 3% v] 35 5 B 5
RO B 5 CK W23 49. 62% . P A7 B 7 4k 2
AR ERYEER C S EEFEY 18.04 £22.39
mg- (100 g) ', 1 54 gom SRR . 72 gvm
FEFR | 0. 8% FAK-Zn Fl 4% EDTA 77 BH ¥ 51 ik B

5 CK AL, B RRAR T T a4 2% (€ 5 B [19:08.

mg (100 &) W AP 2 A 8%, H e -0, 4%
FAK-Zn FHPEFF b B0 3 45 T2 34k 4 G it Ji
e, k522, 39 mg- (100 g) 7, 4 €K E%i%f’%ﬂ
1773% 4, Yy )
T s ARRBEGTARTAMGTEEES,
" F mmemmssECcaR S

Table 5/ Content of Soluble protein, soluble sugar, and vitamin C

-"-d-

infedible parts of lettuce under different treatment conditions

e PETEE AR AR S YerEE C Eh
/mg-g ™! /mg-g ™! /mg- (100 g) =
CK 2.61 £0.37¢ 8.67 £0.45f 19.08 +0. 53 cdef
Te 2.73 +0.23ab 9.90 +0.28def  19.88 0. 17bcde
Te, 3.11 +£0.46ab 11.17 £0.57bed  21.37 +1.02ab
Tes 2.96 +0.08ab 9.40 +£0.70ef 20.83 +0.81ab
Tey 2.68 +0.30ab  12.28 £0.89ab  19.92 +0.34bcde
Tyzn 3.17 £0.09ab 11.94 +0.21abc  18.42 +0.67¢f
Tyzs 3.09 +0. 18ab 12.49 +0.48ab 18.87 +0.85def
Yem 3.17 0. 10ab 12.67 £0.58ab ~ 21.32 +0.57ab
Yo 4.04 £0.18a 12.00 £0.28abc  20.67 +0.35bc
Yews 2.75 +0.17ab 10.64 £0.63cde  18.25 +0.56f
Yk 4.09 0. 16a 11.93 +1.96abe  22.39 +0.64a
Yraxa 3.30 +0.30b 12.97 +0.06a 21.27 +1.00ab
Yiaks 2.56 +0.49¢ 11.06 £0.73bed  18.04 £1.31f
Yy 3.19 +£0.17ab 11.94 +1.67abc  20.07 +1.90bcd
Y 3.06 0. 68ab 12.33 +0.83ab  20.77 +1.00ab
Ywan 2.74 +0.60ab  12.58 £0.40ab  21.13 +0.45ab
3 i

3.1 it FH AL AR SR Cd AT P B FERE

-]

AHITFEIE I PR AS R BR BE A A=y e 2 | R TR

-

-
=

IR R ARG A A S T TP RGS Cd Rl
Pb & HAT —E W RARBCR (K 2 #11E 3) O Hs
AWy iR i 2 f w13 pH (& 1) ,1X 5
Wang %57 fiI e & 5 45 PV i 5 f 45 SR — 3 o —
75 A ) e o B R S 0 38) 52 o 43 A 15 e i) 1 e v
J&, AT LA B B [ 45 e b Y B R B, AT
RAARR - S W v o 4 R B VR B D) — )y T R
fit v T3 pH {EUR BN 4 )8 AR WA vk, AR
Jr B A O Y R BRI Ak e M T A
TR R E S B YA RS B
HWFR RN AEY BRI Z AL | R AR 1+
BB ERER (—OH, —COOH , C =0 %§) {fif§4: ¥
o Xt 4 i FL AT 5 A W B BE 7. Deng %0 fF
FERIMAEY IR FTHE REHA C=C Xt Cd By A =
FAERT, N—C =0 X} T4 9 B A 5L, Liang 577
FAFFAR H A 4 10790 0 455 0 B AT ST (i
IR AR R 9P | Zn A CdU AT S
HE BT 4 e Cd A P S REAIRBRTLEA A P
O BRSSO TG 8 71 1 2 (4R
5) , I ELA [l BETRE Aty g Ak B 5 25 R 11K 45 P
42 M VR 17 A P Ak ph s T L
RS (A 4) | EMITOR R T AT VE IR AL P
A% P U B 5T S 5 e
A S T i 8 St e A A 33 Pt
A=Wy e LU A WL B A R TR 2 2 A SR AR T L,
T2 b 8 5w 2 IR A R AR AL, i — 2P
v - o 4 e R R A N RS
3.2 MTERHAEX AR Cd A P SRR RS
ARWEFT LR, A7 i i BE A5 57 b B A XS -
HErh A RS Cd AT P S B AR R Cd A1 Pb
(IR SR B s, Horb 4% EDTA 4 i BEL #2251
X RHERA RS Cd S HERCR R B (E2) ,
X5 RIS B SY & B EDTA A] B 5 AR 1 2
Xof 453 J W WAL ) BF 5 245 R AH4BL, EDTA X Ph Al Cd
HARMRMZ GRS, A B R b 2 e i
FAK-Zn W [0 BELA2 500 0] B AT A S rT B9 Cd A Pb %
AR A (B 4 AL S ) 3 PR v g B 4% 55
WO ZMEY KRB IR TR, ek FERENSE,
XEEf TR AT LA & S A E Y G R Cd R
e, 3 R HE AR KRR it 0 AR
I F W] FEME A [] o T PR ) S AR Cd R AR
Az3k% Cd Fl Ph BYFE RS R Bd R B B I 22 5| Wit
FAK-Zn i 77 BE 4% 70 A (R 58 38 R AR A Sl & Cd
1 Pb E i, Jf Hb B3 FEAR A3 Cd #1 Pb B 4E R
BORG iz 280, ARG H T AESRARER ¢d F1 Pb & &
) ] R RS (% 4) X HPRESE D 4R
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RAARA: S 1 48 pH (25 7 i %
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g-m‘zéﬁifc%ﬁ%%@ﬂ: 43 ST - 1A 50 Cd Ml
O ) BRSSO B e, it FH A 9 e B A 790 %
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