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Passivating effects of applying heavy metal passivation agents containing zero—valent aluminum on cadmium
(Cd) and plumbum(Pb) in vegetable—soil system

HUANG Dong-feng, WANG Li-min, LI Wei-hua, QIU Xiao—xuan, LUO Tao"

(Institute of Soil and Fertilizer, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China )

Abstract ; With zero—valent aluminum, sulfur, and calcium hydroxide as the main raw materials, a few heavy metal passivating agents have
been made according to a certain weight proportion of these materials. A soil-pot trial was also conducted to investigate the effects of using
these heavy metal passivating agents on the vegetable yield, contents of cadmium and plumbum in vegetables, and their available contents in
soils. The results of "Pollution soil + chemical fertilizer" (i.e., treatment of "PS+CF") showed that the use of passivating agents would in—
crease the vegetable yield and decrease the contents of Cd and Pb in vegetables, enhance the soil pH, but reduce the available contents of
Cd and Pb in soils to a certain extent(i.e., treatment of "PS+CF+Al", "PS+CF+Al,", "PS+CF+Al;", and "PS+CF+AlL" ). Among them, the
effects of the "PS+CF+Al," treatment were comparatively the best; it could increase the vegetable yield by 32.48%, decrease the contents of
Cd and Pb in vegetables by 71.95%~74.69% and 63.36%~74.69%, respectively, and enhance the soil pH by 28.72%, but reduce the avail-
able contents of Cd and Pb in soils by 12.50% and 32.42%, respectively. X—ray diffraction analysis showed that Cd and Pb in the "PS+CF+
Al," soils mainly exist as Cd;(PO,),, Pb(PO,),, Pb,(P,0,,), Pb;0,S0,, and other insoluble forms. This is further evidence of the passivation
effect of the composite passivation agent. Therefore, heavy metal passivating agents containing zero—valent aluminum (i.e., Al;) has an obvi-
ous passivation effect on Cd and Pb in the vegetable—soil system.
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PP A ) 2 RN,

FUA, N T 3 e I AR B A2 1 T 24l
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Yy gAY Ay KO R T 5%
M FH 3 SR Ay oA D7 B A - 438 v B S T Ak R A 5
te i DL AR o« BROCERAE A AR A 10 35 1 AT 4 R
LR, BHER LS B R e ETR, ok
2N, SRR BA SR E ORI AR
B ONERE PRI AT, I, o T sk R o 22 Lk
Wy Js, BAT B R R TR , BRI R Z2 b5 e s L
g )R B ISR, G R R 7 i A A
KRR AR S A A B BAT AR R W A A, AT
A RO BRI A S5 b 835 Qe s SR, R
PRGBS 15 P S o A, AU
BT AT ARG BOK P E G R, JUHRC,
DA W82 B v S PR 252 (R A T

ABEFE SR AR AR A | AR AR SR AR
Fie— 5 JUiE L 91 A O LR 35 40 3 4 A2 5 AL )
7 i, IR T E A SR S YR T R SR Bl A B
ZHe DI/ GO P, R 5 Ak
BB WFSE Tt LR35 40 R AL R0 i =
PR, BisRiAE AR Cd FPb i K EE 4R Cd
M Ph LA SR, BN EGR IS AR
IRBLR AUHT A I &R BEAL A A R

1 #REFE

TR0 A B E AR AR B AL P = . it
R B R A A B VDR S ARl A
B ORF R U0 , S A 32 T 4 Ja 75 G i K A
A BB AR LT AR, - B ALy v e
4 AT R  pH 4.28, AL 18.75 g kg™, 4
N 1.66 g-kg™", 4> P 0.51 g-kg™, 4> K 14.39 g-kg™, # Ak
N 130 mg-kg™, AL P 26.6 mg kg™, AL K 24.89 mg-
kg™, CEC 8.15 cmol *kg™, 134> Cd 0.30 mg-kg . H
A Cd 0.20 mg-kg™, 4> Pb 88.35 mg-kg™! A RZ Pb
51.29 mg-kg'o BRI JFILLAEN 5 mm Prifi, %
Mo b T E & RS R A BALSCR RIS
TSNS R v, el £ 2 A JE TS denyik g 1
5, EaE i YKt 2 (R BT ha i) (GB
15618—1995) = ¢ /K- (B Cd=1 mg-kg™ .Pb =500
mg-kg™), Hrt Cd 2R /3 4l Cd(NOs),+4H,0,
Pb R Mraiik 77 Ph(NOs),.  Jes b 2l a0 v it
TafigoK il g5 Cd> e Ph kR 100 mg- L™ R
HEVS U, PR 4 o A E e AL B B 42
B GK, rE—E ARR bR M I A T )
PR R PR TSRS ARG T B K e 2 I
BEE Ha K, 14 d 5T E3E R, ikl
R (N E A% 32 em, N R HEA% 10 em, & 15 em),
BRI T A 7 kg

I 7 A D 3% + ORI oh R E 4
J& Cd 1 Pb); @15 4 + (B IMAMEE S JE Cd 1 mg-
kg™ .Pb 500 mg-kg™, [A] ) ; @5 Y - +4bLIE (A3 7EER
SEH4l N 180 kg+hm™ P05 72 kg-hm? K,0 90 kg-hm™,
T s @5 Y BB+ & AR 4R Bk ) 1 (AR
St 225 kg-hm™) ; @5 J £+ B+ F 40 4R ik
R 2( R BN 255 kg-hm™); © V55 ++fL B+
B 4B Bl R 3B SR 1725 kg-hm™); Di5
e A+ NE+ 5 5R E A R Bl R 4 (R AE B SRt 1755
kg-hm?), 433IFH CS.PS.PS+CF PS+CF+Al, . PS+CF+
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Al PS+CF+Aly PS+CF+Al, % 7 MU S Fon, Hirp,
ALy Ry BA S (R ) BER 5 AL S B fst AL S R Ry 4
Fim S 2:15 BRI AL ; AL ik 550 F U AL
PO TR AP AR L 3:20 BRI AL SV BiAS . i85
AR A S % BT B 2:15:100 257 TR & T .
5 2 A3 ot ) A AR A [ A 700 ZH 05 1 A i 3 0 i
LUV e i Sl

BAAEEE 3 REE . HARIE A IRE (N 46%),
AR Ry B R — % (N 10% P05 50% ) , 45 IE S S Ak 4
(K0 60% ) ; i st 453 (2 200 F ) S L SCHT R A& 46
S HORHA PR vl SR AL s Bt AN S A A S X R A A i
Lk TP B A A RS Wl Rt . g b B P
AR RO B 5 R 4 SR B R , X TR Al 5 A
FOMR AR A . B SR, 2B 1 RN
(Brassica campestris L. ssp.,?%?llf]%), F- 2015 4 11
J1 2 HE#r,2016 4 1 J 28 HIHk; 55 2 2% L
32 (Ipomoea aquatica Forsk , Z& [E X5 ), F 2016 4 4
J1 24 H#%FP,2016 4E 8 J1 16 HUSR . WA, HIHR
HTAT DA b TR AR A AR i, 23 0 o 3 o
FFIORE DN B SR IR 43 Cd A Pb &, LA 2 78
B SO 1 13 A0S Cd FA RS Pb & i, JF
X 45 b EE - FEVES T XRD (X SR ATHT ) BG5BT 1 i
HAL BN

TSR TRA PRI i R FH L A AL H R A
D5k B (K e 1:2.5) 52 pH {E ; FH 4%
PP AR E AL AR ROR T RO E 4
FHEHEE IR E 2k ARG REE I E 280 5
B 30 I E % s 1 0.05 mol - 17 NaHCO; 2
B~ R L Gk I S A s P AT R I S 3K

B BEE 4R Cd.Pb F &l R A HNOs—H,0, fif
B R S PO ORI E . 1IEE S
J& A RAS Cd P F 5l & R DTPA 12 42 - -1
o G EE RN A A AR TR [ S i
YRR H (GBW 100148 (137 A1 GBW07405-1- 1
FARED) BT ) KL AN T B AN AT i R 7 i
il THEE SR YA TR X AT
A5 o £FE XRD 43Hr BB AT < Sl AT I3
2 mm JEIRH, FREGL G 0 A 3~5 g, FHERESX
(Retsch—PM 100) 5 2 By b 2% (BT F b e 4 Jo ok
B SR JE R, B 5 B XRD 434 { (Ultima 1V,
Rigaku Corporation, H 4% )4 7l 154 b R
FH Microsoft Excel 2003 JpA 4, % SPSS 11.0 4¢
TR TGE T

2 HBRE5HMH

2.1 IMEEESEALFINBEREM=ENZIT

RIS (R 1)R M 5 PS+CF ZbBAH LL , 72 TR
Jits LRI 80 0 B 4 @ Al AL R AL 3, AT PS+CF+AL
AbFR AT i 25 4 (P<0.05 )42 56 1 /N Sy A4
PR RN 35.67% ;1 PS+CF+AL Fil PS+CF+Al, &b
T BEAR B 2 L (P<0.01) 320 2 FES SR
FEd WSk 207.18% F1 171.63% ; PS+CF+AL,
Qb B RE T 5 M (P<0.05) $EEER 2 FEZS DAY
FEiR WP R 71.56% ; M\ 2 FEERSEI AR,
PS+CF+AlL; F1 PS+CF+Al, A FIAE M B 2 (P<0.01) 1Y
B PR BT A 60.20%F1 32.48% ; 1 PS 4b
PR B SR A W7 ARG, 12 323.88 g+ 775 CS 4k
PR R e A

1 LMSRESRELTIXRIEN=ERNRMN

Table 1 Effect of applying heavy metal passivating agents containing zero—valent aluminum on vegetable yield

NSRS Gl it
viEss 7/ £ PS 5 PS+CF 7/ FEPS B PS+CF Pt/ FEPS B PS+CF
g g HAFERI % BRI g i HERI%  SER% g i HPERI%  HERI%
cs 296.67Bde 8.74 -15.16  81.41Bbed 59.45 39.53  378.08Dcd 16.74 ~7.34
PS 272.82Be — -21.98 51.06Be — -1249  323.88Dd — -20.62
PS+CF  349.66ABcde 28.17 — 58.35Bde 14.28 — 408.01CDed 25.98 —
PS+CF+Al,  373.59ABbed 36.94 6.84 65.61Bbede 28.50 1245 439.21CDbe 35.61 7.65
PS+CF+Al,  384.24ABabed 40.84 9.89 87.60Bbc 71.56 50.12  471.84BCDbe 45.68 15.64
PS+CF+Al;  474.39Aa 73.89 35.67 179.24Aa 25104 207.18 653.63Aa 101.81 60.20
PS+CF+Al,  382.04ABabed 40.03 9.26 158.50Aa 21041 171.63  540.53ABCab 66.89 3248

T P BRSO R VNG PR RN 22 5 IR 2 (P<0.01) FLE# K (P<0.05) . A,

Note: Different capital or small letters after data stand for very significant difference(P<0.01) or significant difference(P<0.05) in above table. The same

below.
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22 IMERESEHUFINEREEELE Cd M
Ph & =M

RIGEE A (K 2) KW . 5 PS+CF AbFAH L, 7E TR
Jits JLh 75 40 1 B 4 AL R Ab B PS+CF+ AL Al
PS+CF+ Aly b BRI 0] 4 I 2 1 (P<0.01) FEAIRER 1 28
INEEFIRR) Cd & &, BRI 51 71.95% Fi
42.28%; XS 1 H/NASESRR P & A B &
P (P>0.05) i) 5% i ; PS+CF+Al, .PS+CF+Al; F1 PS+
CF+AL A0 4] 1 (5 25 i1 (P<0.01 )RR A 2 ZE25.0
SR Cd i, PRI 74.69% .40.25%F1
34.99%; [6]Bt, PS+CF+AlL, . PS+CF+Al #1 PS+CF+Al,
b T4 AT A 3 Hb (P<0.01) BRARES 2 #EZs 030
B Ph &, BEARE S5 63.36% .61.92% Fil
15.84%. 1M PS AL EESIATE 42 )8 Cd A1 Pb & &3y
AEXT e 1 5 CS Ab PR P8 SR EE 42 J@ Cd FIPb % f 3
FEXF A

23 SRELEHAMAFINFHERKIRXELE pH REXR
& Cd.Pb EERHZEM

XFIE AL 2 FEBR SRR 5 0 Ak 1 9 0 HURE S My
S5 (3¢ 3)FK W . 5 PS+CF AbFHAH [b , 708t JLFh 25
FR Y 4 R Al AL R A 3 e PS+CF+AL I PS+CF+AL
Ab B 5T B, B 2 b (P<0.01) 45 5 4814 pH i, B4
AN 31.44%F1 28.72% , T FoAth 4 3 ] 11 24 S5 R
B #(P>0.05) ; PS+CF+Al; . PS+CF+Al, #1 PS+CF+Al,
BIRE B (P<0.05 ) FRAIL £ A SGE Cd &, F%
TRZA3 50 13.79% 13.17%F1 12.50% ; PS+CF+Al, &b
FRREAS A 235 Hb (P<0.01) FFAIE - 3HEE 30 Pb 1%
, PRIREN 32.42%; PS+CF+AL, Fl PS+CF+AL 4b P
BB B35 1 (P<0.05) FEAR 3384 540 Pb 1 &, %
{2510 24.74%F1 19.62% . AT I, PS+CF+AL,
1 PS+CF+AL Ab RN 5 1358 pH . FRIK A RCE
Cd 1 Pb & H ORI R A

R2 SRESEAUFMRERREESRE Cd.Pb SEMNME

Table 2 Effect of applying heavy metal passivating agents containing zero—valent aluminum on contents of

cadmium and plumbum in vegetable

YNEE I
b cd Pb cd Ph

L 5 PS+CF Gril #: PS+CF Gril # PS+CF S #: PS+CF
mg-kg™ EINERI% mg-kg™ HINER% mg-kg™ IR /% mg-kg™ IR I%

S 0.17Ee -92.11 0.08Bb -95.65 0.07Gf -935 0.24De -95.76

PS 2.13Aa 0.2 2.12Aa 13.94 1.09Aa 8.14 6.14Aa 6.73

PS+CF 2.13Aa — 1.86Aa — 1.01ABa — 5.75Aab —
PS+CF+Al, 1.83ABCab -13.8 1.77Aa -4.62 0.85Bb -15.46 5.35ABbc -6.98
PS+CF+Al, 1.86ABCa -12.46 1.83Aa -1.55 0.65CDc -34.99 4.84Bc -15.84
PS+CF+Al; 1.23BCDbc -42.28 1.78Aa -436 0.60DEc -40.25 2.19Cd -61.92
PS+CF+Al,  0.60DEde -71.95 1.51Aa -18.77 0.25FGe -74.69 2.11¢d -63.36

®3 ANESBALTIXERIKIRE LIE pH & AR Cd #1 Pb FERI M

Table 3 Effect of applying heavy metal passivating agents containing zero—valent aluminum on pH , contents of available cadmium and

plumbum in soil after harvest of vegetables

pH {H AR Cd HRES Pb
Qb3 el ‘ & PS 4& PS+CF SrBmgke! & PS 4& PS+CF P—— ‘ # PS 4& PS+CF
K% B =% KN I% HmA/% B BmAE%
cs 4.14Cc -6.54 -6.05 0.01De -99.42 -99.29 1.63Ee -99.47 -99.45
PS 4.43BCc — 0.53 0.95Aa — 22.59 307.55Aa — 3.65
PS+CF  4.41Cc -0.53 — 0.77Bb -18.43 — 296.71ABa -3.52 —
PS+CF+Al,  4.64BCc 459 5.14 0.72BChe -24.20 -7.07 223.31BCDbed  -27.39 -24.74
PS+CF+AlL,  4.59Cc 3.46 4.01 0.67BCed -29.17 -13.17 238.50ABCDbec ~ -22.45 -19.62
PS+CF+Al;  5.80Aab 30.75 31.44 0.67BCed -29.67 -13.79 251.94ABCDabc  —18.08 -15.09
PS+CF+Al, 5.68ABb 28.05 28.72 0.68BCed -28.62 -12.50 200.52CDed -34.80 -32.42
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Figure 2 Phase compositions of Cd and Pb in soil for
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Figure 3 Phase compositions of Cd and Pb in soil for
treatment of "PS+CF+Al,"
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Figure 4 Phase compositions of Cd and Pb in soil for
treatment of "PS+CF+Al,"

12000
AK:Pb:0,
| 1 B.ALO;
10000 C.AIPO,
D.Ca(PO,),
8000 E.CdCay(PO,),
E | F.Pb(PO,),
S 6000}
4000}
5 AFB Cﬁ BpreFF B B
2000 H_-mﬂil-funa P
Oi.‘....: P IR0 A
5710015 20 25 30 35 40 45 30 35 60

20/(°)
B 5 “PS+CF+AL" b3 TIRSR Sn L SR HEE
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FELU A ST A, H it ok, R
TEEARGS P S AR, X 5K 3 R INZE
A —E; @PS+CF+AL Zb3i 314 Cd . Pb FE LU
46 ¥ (40 CdALO, . PbALO, . CdPb,0s.CAPhO;) , B £
(1, K,A 1,05, KoPb:0, . KPbO,) , L& Ph(PO,),.PbFe;0,
LA, T Ph(PO,), U RS XA R
AT RS Ph A (223.31 mg-ke) i 54 (P<0.05)
fiKF PS ZbFH(296.71 mg-kg™) ; @PS+CF+Al, 4b ¥
+ 3Ry Cd.Pb E 2 DL KPby0;. K,CdP,0;7.Cd; (PO,),.
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MEEEAL G, AR H A RGEE Cd 51 (0.67
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B I ARG, X5 3 AR I A — 5 ©
PS+CF+Al, 4bF Fr 432 () Cd . Pb FEZ LA Cds(PO,),.,
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JURM B4 e AR S, R G A PR S 1) 1 S
A Cd Pb 19 3 i ORI B MR ATG, - 3 2k
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kg™ ) P 2 35 b (P<0.01) KT PS b B (L35 3), B
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3 g

3.1 SRESEHUFINTHZRENZN

H 1T 5¢ il A & 40 A B Al Ak 0 4w s
S b T RIREER 327 (A A ST i R DA o A
AR B R KB 15 Y R IE AL P (PS)
PGSR 7 i B AR, 32 R AR e Y+
)@ Cd . Pb 15 L R FE 40 , oo - S A 55 ot £ b
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Pb=500 mg-kg™), FrFEmEE s Bl —EREN
AR AZINING, 55 A S B A5, D ™ 1 37 21 B
W o T AR AE AR PR (CS) IR SR A
AR, KRR A Bl ) AR AR T KT A
R AEAENE SO T B2 R I B B i B IE B4
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