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Screening of cadmium passivator and its effect on the availability of medium and trace elements

XTAO Kun'?, TIAN Xiaohui'?, JIANG Zhenmao'?, WEI Shiqiang"*

(1.College of Resources and Environment, Southwest University, Chongqing 400715, China; 2.Chongqing Key Laboratory of Agricultural
Resources and Environment, Chongqging 400715, China)

Abstract: This study investigated the effectiveness of 18 different passivators on cadmium (Cd) activity and medium trace elements
availability in order to screen for an efficient passivator that can effectively inactivate Cd, while only having a slight impact on trace
elements availability. An indoor test method was used where the test soil was the typical purple soil in Chongqing City. The effectiveness of
these common passivators on Cd was compared, and highly effective passivators were selected to further investigate their impact on the
availability of iron, manganese, copper, and zinc at different concentrations. The results showed that the passivation effectiveness of Cd in
naturally contaminated soil with efficiencies >47% occurred in the following descending order: biochar > calcium oxide > calcium
hydroxide > silkworm fence > humic acid > zeolite, as per the recommended dosage. Furthermore, the passivation effectiveness of Cd in
highly polluted soils with efficiencies >72% occurred in the following descending order: calcium oxide > silkworm fence > biochar >
calcium hydroxide > humic acid > zeolite. Most of the inorganic passivators in this study decreased the availability of the medium trace
elements during the passivation of Cd. However, humic acid and the silkworm fence were able to maintain or increase the availability of

iron, manganese, copper, and zinc. Based on the influence of the passivator on the medium trace element availability, the recommended
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dosages of passivators were 3.2% zeolite, 1.5% humic acid, 2% biochar, 0.4% calcium oxide, 4% calcium hydroxide, and 4% silkworm

fence. As such, it is recommended that the basic soil quality is considered and the available contents to supplement microelements are

used; alternatively, other passivants may be utilized concurrently when applying passivation to treat heavy metal-contaminated soil.

Keywords: passivator; cadmium; medium and trace element; availability
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S T R KRR N HL AR S A B SRR
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AEEAL A Ok H 3 T 5% 6 XY R AR R, TE I
BEA b, DA SCHRAE S o BR3¢ B AR 50K F H
O, P R RO A R
Fe Mn &4t , {H Cu Zn it AN 2, R, B 4440 R 7E
BliAk B AR5 4 Cd 1 [R]E,  25 28 FOG A [a] = etk
SHY Fe \Mn ,Cu Hl Zn 4 R e i oo 5= A RS2 0
PUHA Ry DIz 75 bk b 22 4 ) P A R i T R 35 00
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1 #MEEFE

1.1 ket
11,1 Al - 45

MR - BERAE A F DT AUES XA b, 4338257
PR RS BRI R RS, A
SR et 20 HfiA Ao bt -3 BEAC B AR M o
T :pH 6.56, F HLE & & 25.74 ¢- kg, AT it 1.42
g kg, EBES 136 g-kg !, &8I 20.65 g- kg,
CEC 29.74 cmol - kg™, 4 Cd 7% & 0.505 mg - kg ™', 4= Fe
L4640 g kg, & Mn 5 5L 0.62 g- kg, 4 Cu % i
0.029 g-keg ™', 4= 7Zn % 12 0.086 g-kg '
1.1.2 b 51

AR S I BT SCHRHEAE Y 18 B UL 1 Bl Ak
A, Hrp e R AR 13 R, 055 5 L I A IR —
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Table 1 The types,recommended dosage and the basic physical

and chemical properties of passivators

iy i 4Cd

?;f ]ﬁﬁ Recommended  pH  Total cadmiun/
dosage/% (mg-kg™)

TR RS 2 7.86 ND

TR S 1 5.87

W — 4 0.4 6.61
Y I A AT 2 12.95

AL 0.4 12.24

WRmREs 0.4 9.63
R WA 0.8 5.62

gz 1 3 6.13

S 4 7.42

A 5 8.06
SIEAY AT 0.1

A AR 0.1
A MR 8 8.05 0.27
BHUEER AR 2 8.55 0.05

PLES 2 8.01 ND

JE AR 1.5 8.60

AL 2 7.40

b 2 8.47

I ND FR AR

Note: ND means not detected.

1.2 KA
1.2.1 {54 -3 10 &

R AT AR5 YK -3 Cd Bl RL
A, S IR R IR EE ot it A FH A 4805 e XU A8
PEFREGRAT) ) (GB 15618—2018) , il 45 1 M fin
H15 mg-ke B CAi5 Y 13, MR Cd L CA(NOS) I
WA L8, 785318 G 39 57 i R dse HH [R) 4 7K o
1) 70% ,FEZ WA TP AL 90 dJs , HAR KT 20
H 0 5 FH 35 DUAS R 3 B 38 im T4 Cd 19+
FEFNAR IS - e 2 55 5% Jm S 4 Cd 75 543 51 4.860,
0.505 mg-kg ™", 73 AhC A Cdi5 Y - IERIA I 135
1.2.2 Sk A i e X LAk

(1) &b I Fh 2 0 1%

S3 PRI 100 g ik 20 H i i 55 Cd FAS IS 38
T Z 5 500 mL By BERRrh #5381 R HERE T A 18
Bt Al R0, T R 15 AN it o Ak 3R] A S5 A S X R
(CK), B HE AT 3R Sk it A 4388 e FH B 3
BEFATIR A  E IR T E %, R RSk

FH [H] 45 7K 35t 14 70% , FH AR S5 e % 1, B H g B R 4 B
PANTEAK Ay, 5535 30 d i, 3 AR KT, 1 20 H
Je BURE DN 52 3964 2% Cd &5 8 FE % Cd AT IR 2540
9, 4% F A Cd Bl

D=(Au~Ap)/A4x100%
Kb D ABIEER % 5 Ao ARG INER AR 384 200
Cd it , mg kg s An B U INEEAL RS B8 2 Cd &%
#,mg kg,

R 0k 23 Y v UK 07 2 s e 0 2K, X O 2 1
(A AR AR BRI 5 4358 Fe \Mn , Cu Fl Zn A 513
T

()b F Rk

HRA b3 T 1 B DL At A R R s | DSk
T & (T) A e hit %8 0. 1/4T  1/2T T\ 2T 4T
8T &5 1o T 5l (IR T SCHRHE 7 F 2 19 R 91l Ak K
N INEEAETR S |, #e B[R] vk T 2= IS A, U 1
Hirp Cd B ZEZ L, K Fe \Mn  Cu 1 Zn A RS &
i, RPE A R AR EE Cd Ak, 254 X b il oo
FA R, W HA e
1.2.3 53 A e 7 i

T BEHANE B AE : 22 0 B IER A 3 i)
55 =R

H4 )8 Cd Ml Fe Mn.Cu.Zn A RSS2 5E .
F4JE CdARUZERA 0.1 mol- L™ CaCLAZHL, Fe \Mn,
Cu.Zn #3475 % 1 0.005 mol - L' DTPA 25, FRE+
HEAE AR 5.000 g T 100 mL B0, s 0 50 mL k4R
A, 75 25 CHE R 200 r-min ' B 5 R 2 h, 2
JEAE 3 000 remin” N &> 20 min, 3§ E SRR

48 Cd fil Fe \Mn . Cu . Zn )45 0 % « BUX T
Je i 100 H i i 3% 0.100 0 g THEFE L, 50
FB KR , A 3 mL HCLAT 1 mL HNOs, 55 b
AN 25 T A A 5 2 T R AR
TRRS I (300~350 °C) 1 h, JGHIA 1 mL HC10. 4K ZE 7
BEHBRR DR A AEEK, RHFERE
50 mL 25 S AFI .

H4JE Cd MBS PR H BCR B R AR-ERE,

A7 B8 ST OSBRI Y Cd
T, KA R TR 4 66 FE AU %€ Fe \Mn ., Cu\Zn
T
1.3 #iELbIE

SRR I2 FH Excel 2007 ,SPSS 18.0 #4744 7 55
G it43 b , 2K FH Duncan’ s 387 52 W 22 1 5 AS TR 4b B 22
] F) 22 5 S 2 MR TR 36, R Origin 8.0 1 T2 41
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Table 2 Selected high efficiency passivators and passivation rates

2.1 AREIZEBSEAFIT LB CARIEEHL =R AR W Cd TR
ARIRSEALARE LB CABLAL I BT, R g e e
AL ARSI R X cafosi T R i T vation
ROR2E AR (P<0.05) A HHERI G Cd 753 1 15 T 563’7’ o 886/3’
. Cd B A gy ) 0 2.39%~56.37% HI 2.97%~ 2 é?nﬂc*;%(co) 52.79ab #IP(DS) 75.77b
88.63%. (EANJR LT, 74 Cd % 5 0.075 mg- 3 ASMEEE(CH)  5239ab  AEMIFR(BD)  74.58he
kg, di 4 Cd 19 14.85% , 1 Cd {54 T3, A% Cd 4 FHODS)  5079c  AEMES(CH) 7270
TrE N 1.011 mg kg, B K N 20.80%, 15 B 4h 5 BHER(HA)  48.04c  JEHERR(HA) 72.11¢
JEAN N Cd b BRRAE 2853 34 H I RRAL (BT SR AR 45 6 A1 (ZE) 47.88¢ A1 (ZE) 72.01c

i BT

550 RERE EE , R 43 B A0 R 7E AR IS 388 R0 & Cd
15 R AL T AR Cd fr i  (BEAR 3,
it I R — U WEIR S A 2 Y A 3 X A
AR Cd &R IE R E 25 (P>0.05) 765 Cdi5 4 +
b it n i R — UG A AR B RE A H G B S 25
(P>0.05). FJLAE H, [RIF a0 Ak ) i RECH: SCRHE 7 i
T e Cdi5 Y 3 bt Cd iy B AL R — s T7E
A 3 BERH AL R 6 3 5 Cd B EEALRE
EFAHME Cdi5 Y -8 . M4 Cd Bl fb R 1 = AIC, i ik
HR I s Akl A R AN 2R 2 TR, A IS - RS Cd A g
Hh i o 9 Bl AR 6 Cd i AR 2R 4 0 T 47%
72%.
2.2 BRI CdRSRI N

7 36 4 1% 6 B A 3 5 van R At A R0 %o 1 38 Cd K

1 FAIRRE/NG “F8E3 R Duncan 2 HUE 22 5 18 25 (P<0.05) .
T
Note: Different lowercase letters in a column indicate significant

differences of Duncan multiple COmparisons(P<0.05 ). The same below.

SN E 2 s o AEAR L3 Al ik )it
PR AR HE T 4358 Cd ol PR PE IS ) 3R i S % AR
Ak b B A R 3R B Cd b 4 Cd Y Eb 1) DA X BE 1
43.24% [ % 13.94%~19.58% , % % B FEAR T 23.66~
29.30 N F 43w, AR I A A b H X BE 9 20.05% 38
2 52.71%~56.09% , 5 %F BEIE TN T 32.66~36.04 1~ H
g3 FE o Cd B AR5 A AR A SR K, Wk A
X CAIE S AR - /e AT S S A AT AR AL S
Cd ik Fr 5 Jo A AR 4k, e o a3 0o 13.29%~
15.03% #114.61%~16.39%.,

FEm Cd 5 g 3 Alifb ab BRAR F T PR P2 IS

100 [ O #sJie + 4 Background soil a
O 5 Cd 754 13 High Cd contaminated soil =
sof be be be . b be .
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X & K70 & U Red & F F RS W E &SP
SSRGS AR SIS I LI R SR
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ElALFFIZE Passivator type
ANRV/ING PR R AR [ L b A [ b B R 92 57 2 2 (P<0.05)

Different lowercase letters indicate significant differences among treatments in the same soil (P<0.05)

B 1 ZFeEibFIa cdifh &=

Figure 1 Cd passivation rate of various passivators
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Figure 2 Speciation changes of Cd in two kinds of soil

FAT A b 2 1) R A G A TR PR IS |5 U A 48.37%
F% 2 20.69%~24.57% , 3 X} B AL T 23.80~27.68 4~
A5, AT AEAR S HE T 12.67% & 2 8.17%~9.36% ,
X REREMR T 3.31~4.50 P EH 43 05 RIS S| b kb
H 19.05% 14 % 47.84%~56.88%, %% X B 84 T
28.79~37.83 A 41 o Horh  RUR B AT 1Y BRIy
AL B 22 B S

— BTN g R T RIS S o A A R A R B
A AL NR RS A R 2, T Ak i A S T
B BALFIEUE 3 Cd R & 1S TR 25 (R 76 PR
SR, TSP 4R Cd i4lifk .
2.3 BHHEAFIN LERPHMETETERENT N

Fe Mn . Cu Fll Zn % WP i L R SR AP 0075 B9 5
FUR, Y EP TR R T — KR,
W 5 MR 1) TE R AR DT R B0™ S R BT B
4 [ s e A A =5 A A RS M T
RO RGO PRETIN L 3 iR o Bk 32 2 i el
AR Cd 1A AT TP 25 28 el 728 A %Pk | 1 Fe \Min , Cu Al
Zn [F) Ry 4 Ja 5, it in B A 700 50 2 6 A R0k e AR
ANEEEm . e s ) 5 138 P Fe . Mn , Cu 1 Zn
BIA R 7 A G L 3 AR 4 B s, AT L Ak 7 %o 3
rh R R G 2K A SO (R T ) R R i el L
S HARIC R AR 57

AR - HEA S Cd 5 e - HE G 3L Fe 25 140 931
9 11.102 mg-kg ' F110.959 mg-kg™, &b F“F 5 " K F
(F3) . BHALTINT - A B Fe 75 18 (14 52 0 P HFp 2
AT Horb A T A ) R AR T 13 Fe Y
A TEAR 5 IR T 18.90% F119.07%,
e 15 Cd V5 e -3 b A BIREAR T 10.829% F119.93%, 35
NGt 2 5 WK (P<0.05, R TR 5 1 J85 A R A

A VDI RR A HLAREE AL 4R & T Fe 1A A1 72
A A B T 28.65% F119.67%, 755 Cd +35
th B4R T 23.80% F121.46% , it 25 5 % E AL
A5 0 S A A X AT A s e AN it R S A AL
Fe 8% BB AR IR BETE 10% DL T, it £ S A B3
Jiti JFF B A 3 5 38 3L Fe Y AR 7K SE-7E 9.000 mg -
ke ' DA b AR B IE F 5 Ko

AR A Cdi5 Y 1307 81 Mn 75 150 5]
$97.829.7.444 mg-kg™' A F SR, B HLER Al
L T Mn A RS L, E AR 38 43 51l &
T 3.49%(ERAREE) 22.31%, (E 1 Cdi5 g+
SRR E T 15.52% .31.73%, it £ 5 B E A R
Wy I o A1 4B AR B A 0 Min 78 AR S 3 R IR T
13.119~20.87% , 1£ {5 Cd 75 Y + 3 MK T 0.87%~
17.18% , B S Ak 5 Ab R A, I 4 Ab 30 4 Xof T 2 5
st AP A R 39 TP S (AT 2 Min B4 1 6%
fe Ao it BG4k R S - 86 AL Mn 5 A OK S 78
6.000 mg-kg™' LA I 475 J&@ F Hh 45K,

AR AN CdI5 Y 3B A AL Cu B 550 1)

R3 KEAFARSIERITRE

Table 3 The statistical standard for available content of Fe ,Mn,

Cu and Zn
RO B Bt Content/(mg-kg™)
Content classification £G4 Fe & Mn H%Cu  HZZn
and level of abundance  Available  Available Available  Available
and deficiency Fe Mn Cu 7n
—FARFEE) >20 >30 >1.8 >3.0
R (CEF) 10~20 15~30 1.0~1.8  1.0~3.0
=g () 4.5~10 5~15 0.2~1.0  0.5~1.0
Y 2R (%) 2.5~4.5 1~5 0.1~02  0.3-~0.5
FEARAIL) <25 <1 <0.1 <0.3
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Different lowercase letters indicate significant differences among treatments in the same element (P<0.05). The same below

3 ARLEEF Fe Mn.Cu.Zn BTN
Figure 3 Changes of availability of Fe,Mn,Cu and Zn in background soil
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Figure 4 Changes of availability of Fe,Mn,Cu and Zn in high Cd contaminated soil
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Table 4 The optimum amount of passivator, passivation rate and its influence on the medium and trace elements in purple soil (%)

i 13 Background soil 5 Cd V544 14 High Cd contaminated soil
BEALRIRIE SREERGI  ca by T R AT Cablifl % R 2 A
Passivator  Best applied cd Effective state change rate of medium and cd Effective state change rate of medium and
type amount passivation trace elements passivation trace elements
rate Fe Mn Cu Zn rate Fe Mn Cu Zn
A 32 66.98 — — -20.83 -35.73 86.75 — — -14.55 -16.76
JE R 1.5 48.14 16.52 14.29 9.12 21.88 72.11 46.27 46.87 4.42 45.05
ER 5w 2 56.37 -20.56 -7.88 -15.32 74.24 74.58 -1698  -3.93 -12.37 89.83
LTS 0.4 52.79 -12.58 -13.28 -10.33 -25.48 88.63 -3.49 -9.38 -8.19 -18.96
SRS 4 73.74 -2380  -1142  -18.07  -27.98 81.50 -1455 451 -13.54 3379
wib 4 61.72 29.89 34.14 -32.01 — 86.55 80.11 44.12 -38.13 —

" FR TR E A (P<0.05) .

Note: “—"means no significant change (P<0.05).
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