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Effects of different passivation materials on the remediation of copper—contaminated soil

LIU Na, XUE Zhong—jun, YE Wen-ling, HU Hong—xiang’, XU Nian, FU Xiao—fei

(Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention, School of Resources and Environment, An-
hui Agricultural University, Hefei 230036, China)

Abstract: In order to compare the effects of different passivation materials on the remediation of copper—contaminated soil, a field experi-
ment was conducted to investigate the effects of calcium—based passivation materials (apatite, lime ), organic passivation materials ( biologi-
cal humic acid agent, bioorganic fertilizer), and silicon—based passivation material (new porous ceramic nanomaterial) on the physico—
chemical properties of copper—contaminated soil, the available copper concentration of copper—contaminated soil, rape growth, and copper
uptake by rape. The results showed that the soil pH significantly increased with the application of calcium—based and silicon-based passiv-
ation materials compared with conventional fertilization (the control). Organic materials were more effective than the other two materials in
increasing the soil nutrient contents (except for soil available phosphorus). In addition, soil available copper content significantly decreased
with the application of different passivation materials (28.65%~36.66% lower than the control ), and copper accumulation in rape seeds was
effectively inhibited (33.84%~46.03% lower than the control). With the application of calcium—based material, available copper content
and copper accumulation showed the largest reductions of 36.66% and 46.03%, respectively. With the application of calcium—based materi-
als, the rape yield increased by 7.43% compared to that of the control, but the rape yield decreased with the application of organic materials
and silicon—based material. These results indicate that application of calcium—based materials (especially lime) may improve rape yield
by significantly increasing soil pH and reducing copper bioavailability in acid soil.
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FE 43 Cu s AR N 2.1%", Cu 5 Y 1 45
P51 B — R IREE TG G A ™ f s R [a]
MUH 250 . 3 Co R S Y A B WEE 75N
TR E AR SRR 4 A R A B A B B,
& JE R B AR R R B 2 4R 5 Y R RO S
Bk, H T P9 AR A AR A Can 5 3 Rk
fedE A HLRE A AR F T4 Ok i BT E 4
JE 15 g LB R B L O F AR B AL A BT Cu
15 Y A AE S 15 A WLRGE o Bade IS
T, A X 3 Cu [ B 2552 . Cui 5558
b 54 H RIS B 5T T B KA A K A W) B X Cu H]
B A AN AR AT R B s, S5 SRR
KA IS | 3 3% Cu (R B 2 . w L, AST) it
B 251 T S I R B B AL ROCRAF A 22 57 0 Jones S5
WFFE N A AE ) o 03 S i S8 2 [ A1 Cu 7% 8 g
1M Cuske 25" 5% K& PUBR A 35 it FH J5 , Cu A ¥ #:1k
I, AES AT Culs e LB E . EIRBISE
T R TRAE HLA R £ 58 Cu 3R 3E1 0 HoA 16 1k
FE EAEFZM . F35b, PRSI 58 3R I RE R XT
+ 3 Co R BRI EE J1 o 2 b R AT
AR TR AE 2 DLl AR S5 F T R R Al Ak A X
3 CuflifbAB S A RZ M, 1T )00 45 14 T AN [R] i
FEAREXT Cu 15 G - BRET AR AE & 04 5% 1) i 20 DL 3
HH 8] F SR A5 F T T3R8 5 32 T4 HLi5 GL 5 AT R JC i
SE AT, PRI 1 FH [R5 06 B B S s e Sz Bl A
FERGLAME Z R . AW LB X Cui5 ek
H 3 A B0 4, e AG 3 A FLARE L — 254tk
PARRIEA T I FH B, 38 3 oA AN ) B A pA ek x) +
SERRAL I R | A S Cu i 3 K RS
TR [ A W Cu B 5200, 255 PEAS LR Ak 44 L
FAE SRR, LI R Cu 5 Y 38 () 4l A 18 &2 41—
REAC T EE
1 #MREFE
1.1 X3 X LR

WIS XA F LB X Cudg Y& H (300567
39"N, 117°59"16"E) , ¥5 4% EEAIE FRIAM 2 -
Ui RUBL L B AR 5 % B BT AT Tl K IR 5 e, DA %

S gy — B R A e N B aE IS Y. AR
AU BRI 10 2 XU, P AR X T2 B R K RS — T
BAE. MR KR L, BRI R+
B4 Co &l W R R bR 445, %
Cu WP BTG Y, LA FRAL M o L 26 1
1.2 ikt
1.2.1 fEstitifb b At

B IR A R B AT (D EE LR 1(CAL) - 4
Y2 I KA A A Can(POL) s (OH )., BOKR i
KU, Ca/P g 1.67, K42 9 80 wm, 2B Jy 96% ., (2) 55 Kt
MEF2(CA2) : A K, FALES S E B4y, 4l
95% , WK B, 5K S A= il S AR AR RS A Bk
() FH AL B T(OMT) « “ KA RiEAR FH A= 900 5 il 12 1
L DRET =2x10° 4> g, A LT & 1 5 35 60% , KT
TEPEIEAERR>20% . (4) AL R 2(0M2) « XSGR
RS ot 54 TR AR A HLIE , N P,Os  KL0 Y L
B 2: 11, A 806 I £=0.2x10° 4~ - o, A HLIT & it >
20% , A R R Rl B 2E AT TR S VR A 28 2R FRAT TR
(5) kLM AL (ST < B 7 Z AL G KA R, F2 2R
2 SiO, FIAE R 3, L R =80 m*- o', AL FE>
30% , FLAE 53 A1 IR A TE 2540 A1 H AR HE 25 <10, Bl iR R <
30%. A HLAITCHLER > T8 2L B R HAL, A
[ Bl g s oy J2 DAL M s 45 B 2 AL B R fL 3R
AT SO et o B A A Rk b R S BE A 1 I
W22,

F2 BHREE UM RIER MR

Table 2 Basic properties of the tested passivation materials

BRAL AR 7L pH(H,0) 4> Cu/mg-kg
CAl B R I KA LA A T 8.27 2.58
CA2 WLl T S (LT e A B ) 12.89 —

OM1  HREHIHZ LM EMERAR  8.17 9.72
oM2 bt P E Y AR A R AR 8.17 5.80
SI B ERHEA R B F 10.74 17.57

T "R ARG . CALAGIERIHE 15 CA2 F53ERE AL 2;0M1 A7
HUBARL 15 OM2 A HLRE 25 ST REFER A

Note: “—"indicate can not be detected. CA1: Calcium—based materi-
al 1;CA2: Calcium—based material 2; OM1: Organic material 1; OM2: Or-

ganic material 2;SI: Silicon-based material.

F1 AU TR AE AR

Table 1 The physico—chemical properties of the tested soil

pH(H.0) HHLFi/g- ke

A A /mg - kg™

R /mg kg MR /mg - kg 4> Cu/mg-kg'  AHHLCu/mg-ke

M+ 1 5.04 23.90 112.00

50.12 219.36 236.06 100.50
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1.2.2 B

BEXAEY R i 32 (Brassica napus 1.) , 3E ] fb #h
Wl 737, B E N P SRS AR IR
T IX Z A4 50 A0, W A 2808 A I8 3 SRRk A R A
i
1.2.3 R

HERAERL K 52 A B (N P05 KO Y i & 20 5%
H15% , TR 45%) W B LA R L AT
PRE (A >46.4%) , 10 A ZHAE BB S EAL T,
1.3 R it

Fi S 5G H Y, LA LA R A LA R S A
BER Cu¥g G e B A RIS T i3 F )l . 3K
65 H B IE 6T BE (CKO FVER A6 b4 L A B A3 6 4> Ak
B, FLARG 0 A B bt Al b it i LR 3. Ak
FE3WE R S 18 /X /MK R BEHLHES , 45 /1N X T
UM 30 m*(5 mx6 m) . FEAE A A AE A9t FH & 300 ke
hm, 38 8 R 2 0905 8 150 kg - hm™, = 44 824
b 7 R B B AR AR AR . 45N X AR A it AR B
A TH A4 PO A — 2

F3 BAIB LA RIERE(-hm™)
Table 3 Application rates of passivation material in different

treatments (t-hm™)

Ib ¥ CK  CAl CA2 OM1 oM2 SI

BifEM R A S 0 3.33 5.00 10.00 33.33 6.67

2016 4F 11 7 20 H , £5/NX N T34 5 4t 25 4 Ak
RE, 3851 R 75%~95% , I F A HL 1 2 3 1 (0~20
em) DL, BABE O FE 0 TR A0 o b HES KBRS A
14%~18% , V-1 7 d J& , #EHOM 2 b o I S 46 Fh 5
4.50 kg-hm™, 3% 5 4 L35k . ST 1~3 M- [E]
WY [ 2555 BOM:, e e B ol 4~5 e, e
J£22.5 itk -hm™, 2017455 H 20 H , & /NX X
2R = HURE B RE AL IS BRI SR ST R L IS R
ST i 1D VA2 17 e o = M 2 S ST K A LI B
B, AR T A S MR S e U AR 1
PRI T8, HERFE R bR LA SRR 7
AR AT AT, 205158 1 mm F10.149 mm i f5 F
F T 4 R A RS & AL AR PR A O I
SEREML Y28 TER FPRL TRAL PR, Y, 105 CR T
J5 70 CHE AR, RS 0.149 mm i H T H 48
CuillE .

1.4 MEBREF*
AR Cu K 0.1 mol - L™ HCLIZ 2™, 324

o FEVAS 2 — v S0 FR 1 % (GB 5009.13—2017) , Z J5 —-
F R R F W5 Y T (ZEEnit=700P , 7 [ HIS
) ME Cu Fr ko KR S AT A b SR 1 0 A
it (GSS=5.GSB-26) # A7 it s #E il Jf s ik . 1
98 P I R FH R I
1.5 iRz

BRI EE ] Excel 2010 $E47 40 BiFN B 224l ,
SPSS 22.0 47 Ge 1434 , 22 5 0 3 P A 35 >R FH Dun-
can?’z,':o

2 HRESW

2.1 AESELH R R R

FH 22 4 W1, JUANEE TR A4 REXT 1 38 pH % 5% i £
TE2E5 . SXTHR(CK) A EL, CA1 . CA2 FT ST ¥ g 25 45
i 13 pH(P<0.05) , 43 542 17 0.53.0.99 #10.39. H:
CA2 43R L HE pH AR AR S B3 . T OM1
Ko+ 45 pH S0 AR X 50y, OM2 %5 CK B T 0.06 5 4
FoX BE AN [ AL A R AL B R R AR R i T R
U &t o, OMI1 S 25 82 i A AL & it (P<
0.05) , ik 26.77 g- kg™, X B4R 55 21.79% ., FLyk &
CA1.SIFTOM2, 43 5l 42 155 14.65% . 14.47% F1 8.14%;
Jite AN TRV B AL A X 384 R0 B T B 3 R ), &4
M EA SRR EZER.

AN [ i Ak R R X5 - 458 A5 A 5 e DL T 1
ARV B AR AR Ak JIE ) S 2 4 v - S R ks 1
TR AW A X B 3% B T o B A (B ST Ak B
A8) o JURMEEAE AL B 5y - SR A U e T iR R R
 OM>SI>CA . 55X, OM2 ., 0M1 il ST &g 2%
P - B A (P<0.05) , 20 SR 16.14%
12.15% F111.27% ., CA1 Kb -+ 338 35 38k s 5 0 e %t A

F4 FEAHEIXT T pH BRI E AN
Table 4 Effects of passivation materials on soil pH , organic matter

and total nitrogen content

b3 pH(ILO) HHLF/g kg 2 Rg kg
CK 5.28+0c 21.98+0.02b 2.17+0a
CAI 5.81+0.06b 25.20+0.74ab 2.06:0.06a
CA2 6.27+0.05a 22.67+0.84h 1.9420.03a
OM1 5.28+0.03¢ 26.77+1.44a 1.96+0.12a
OM2 5.22+0.02¢ 23.77+0.54ab 2.05+0.09a
SI 5.67+0.09h 25.16+1.16ab 2.00+0.11a

TE CFBME AR IE DS . Fe AN ) 5B R0R & b B A) 22 53 835 (P<
0.05). T,
Note : Mean+standard error.The different letters in table indicate sig-

nificant differences among treatments ( P<0.05). The same below.
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£250 + Z 5 be
F ol 07
e 200 2 & 2 e
&1 ] ab b ab 7] a ab
RIS0F ¢ 7 %
= Z 2
2 L 7 /)
@ 100 2 2
= 7 Z
H 50F )02 a b b 2 d .

0 % Z

CK CAl CA2 OM1 OM2 ST
Ab PR

[l —FE bR T REA R 05 4% A 3R] 22 57 .35 (P<0.05) . )
The different letters within an index indicate significant differences

among treatments ( 2<0.05 ).The same below

1 SEAL iR T SRR R S RN
Figure 1 Effects of passivation materials on soil available

nutrient contents

R (P<0.05) , 15 37.2 mg-kg™o H 1 HE H AL
M5, {LCAT,OM1 1 OM2 &b 3 K 2 30 7} s e 44,
1A ARG BE ARG o T L, CA T STXT 435 pH 52
B2, OM B I $2 5 H 43R k.

2.2 AESEFRIX LIE-MERSEF CuEENFI

P L 2 AT i P Ab Rk S 2 RIS 3 20 Cu
i (P<0.05) , AR Bl AE A4 kA 31 1R] 384 3 Cu 75
WO S . CA2 A FR B B R AIG IR B 5 K, Ry
70.88 mg- kg, K&K T 36.66%, FL YK & SI.CA1,0OM2
A OM1, HFEAR IR B2 5390 4 34.92% .34.39% .32.61%
#128.65% .

AN AR A R X6 T S8 25 3 B FORF R Y Cu MR K
SN 3 B . IS E AR Cu s 4
AN  JE R >kPRi>ZE . 50T B HLg, R R B Ak b R
47 5 24 7 I SRR X Cu W U (P<0.05) , T % 3T 3
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2 SR TR Cu B EREM
Figure 2 Effects of passivation materials on soil available

Cu content

ZERNIE K R Cu 5 M E1FF AR R IR A o #HE
Jiti AE X BT, S SEAFRE Cu 25 B [ R & 2 4 PR
(B, 11 4% Bl Ak B A B R (OM2 Ab FH R A0 ) i SE KL
Cu B KT 10 mg-kg'c HA, CALFICA2 b HET
KR Cu 5 55 F [ 3 8.23 mg - kg, 48 %) BE [ A%
46.03% , Ay FEAC IR B fe KA b 38, HOYR & OMT S,
AR 4 30 45.11% F142.69% .
2.3 ARSI #E X i 32 A K B B2

22 5 AN, AN R A AL A L COM2 BRAM ) X =k
o Y RIS (R RE FE AR VR T . CAT SR 38 3 i 32 ik
1, L BE T 18.93% o i1 =% b3+ 7R B AL A4
RHE L (B OM2 A1) J5 35 BRI . I 38 7= 7R 45 4b
PR JC B2 55, A0 CA T CA2 ib 54 ol HE 56 3 44
7= YN 7.43% ; OM2 55 % B 22 P i 45, OM 1 Al ST
Py B . AT I, CA 5 OM A ST X il 34 K
PR A5 B S bR A T
2.4 AR F R 18 pH BRI Cu Sk R Y Cu
RS HHEX ST

2% 6 0 UL, I 32 HF Cu 15 - 48 pH S 4% i 2 A
XK (P<0.01) , 5 1 5845 80 Cu 522 2 25 1 AH ¢ (P<
0.01) , W + 1 pH FIAG &% Cu ¥ X0 AR Cu i

B oz @Rk Pk .
o0
: i
2 20
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il _Ii = bed
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Figure 3 Effects of passivation materials on copper content of

various rape organs

RS FEALMEIRT i RE K AR

Table 5 Effects of passivation materials on the growth of rape

Qb PR Fi/em Mo R8T E /g - BT P REkg - hm”

CK 149.67+2.60h 70.29+8.83ab 583.33+0.00a
CAl 178.00+11.02a 79.34+1.36ab 626.67+0.63a
CA2 162.33+3.71ab 72.43+11.54ab 626.67+0.13a
OM1 160.67+5.46ab 93.11+19.61ab 416.67+0.25a
oM2 149.17+6.38b 63.93+3.33b 583.33+0.25a

SI 162.00+6.34ah 104.12+6.44a 543.33+0.38a
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Table 6 Correlations between the soil pH , soil available Cu content, rape height and Cu content of rape
pH TR Cu 32 Cu 33 Cu M3FF Cu R
pH 1
LA Cu -0.266 1

325 Cu -0.019 0.216

IHZEFE Cu -0.320* 0.228 0.678%* 1

A Cu —0.478%%* 0.779%* 0.368* 1

i 0.419% -0.361 -0.421% -0.546%* -0.474* 1

1 =18, # 3 | FR7R1E 0.05 F10.01 7K b i F AR,

Note:n=18,* and ** indicate significant correlation at the 0.05 and 0.01 levels, respectively.

M 2 bR A OC R BT A, A AL Cu T B
YA S L9 SRR Cu TE 00 o A3 A0 i e bk m B
A R Cu Rk B B K T4, H 5 43 pH & B
HIEAE (P<0.05) , 5 1 38 B 34367 Cu 7 AR
KAEX IR B 2 (P<0.05) , & B bk = AF i =2 2B K AR
o ATt A H g AR 7 o T S W v SR | R A7
(O STER T

3 e

AN EVEE AL B R X £ 3 pH SR 22 5 2, RV
5T Ay 45 S A > e LA RS MLAE L. CA2 b PR
T4 pHEE TR B3 X T REJE CA2 A B A IR M)
Jio CA1 F L i K fRAE R A K OH MM R A%+
BRI, SIA B B gt , hoFn 4R H Sio% /K
fife ™ = OH T 8 0T R i 25 42 /5 pH. OMIL XJ - 3 pH
SEURAN R, AT RE A B B S R A O, X SRR
Bl 2058 45 5 — B, OM2 Ab BT 3 pH 45 %) B [
fiX, 5ok FEFE W 3. T pHXT HIEIE ) (&
BB YA EER C pdaE" . BAAM
KM HIEA R Cu 5 pH AR F L E A (A
8 pH 50k R IR ARG, TSR E R AU
B Cu 43 J91) 2 835 AR S8 2 B AH O, 1B 398 pH 2 5
A ) T SR R BG, XI SR SE R AR R Cu 3R
BT HIAE

R ARSI W E &R Bk B
ARk, Ez + RS R AR AR RS2 M
R, BB I Kk S B RRAR A AR
SRoE, THESREE ., AU LR A R
[ 7 1438 Cu BB 1 A/INIUF AR Ay « 55 HE b o> ik B4
BESH LB, CA2 ZbBE T + 3845 81 Cu % 5 K IE
FE R, T RE S IZ AL FE T 1 pH M B E A %
A B Co™ A iU R L AR A A S A AR T TE

2 L E LR, 3% 5 Khan 220 BF9E — 30, AL
CA2, CATAbFEA %M 5E Cu vl REAFE IR A . — Jr Il
+ 58 Cu AT fE LR 1R 7 o5 B R ER A 5 — T
Il Cu™ 5 CA1 R Y Ca™ B T 38 4 J5 4 W o L 4
T CA17E H 3 MR , Cuo(POL) OH (s) UL TE A9 A
AL 251 Cu 552, LA R R B B A Cu
RPERRE T, Ho i B AR TR G Cu HLA BRI
B3, 55 AN R K 7 A2 OH 4 8 pH [] sk A= iR iR
ERVTTE W [ T —343 Cu™. AT LA R 32 2L 2 Fil
HREE S Cu RAEL G A 50 B8 43 Cu, 2L
AR - HE AR AR P i DA R AT 2 Cu i IR IR,
A5 v A S B R AL B ISR 4R Cu i
/b R BRI P S T T AN FE N 44 pH 2 = R 3
AR Cu B F A3, X T BRI H5 I A4 ) 3 2o R o
SEPCTEE TG T L3 Cu T %, t ] A 240 B b4 R
HRa Ca™ 5 Cu™ 76 TH SR 28 2% 1 5 S R B2 A, HL
Ca™ 5 3 Co™ ILVTTE , i 7F T S22 Cu o] HoAthJE
AHEAR DI B0 S Cu, A2 5 SR8 7707, A
MUA BHE Z2 500k il rh R BE HEEY K B
AR A MUT R V2 A SRS e - 3
JIM B SAL, R IAEY) i s I T
SR A AR R IR R ER A R B A T 1
kR AR VEYR RO, X SR A P R
FVRE A Ab BT T SR A SR A — B A AR
LRI R IR I v A A ML DR R K R AE
AB BRI HER A R R A K g se iy 2
FHIH . Oelofse SF I FY R BA A [A] &5 1 - A7 MLk
Xt /NFE PR TG R, W AN TR R R RS
# . Hijbeek ZE™ 5 IA N TCHLAE & DUV E Y 4B K
B A WU S A MU AN — S InEY i
1Ml Wortman PRI 58 2R BH | 6 K I S8 76 il FH A4 35 2%
RN R YRR o LRl UL, A LR R A L
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JEXAEY 7 AR —E AR A . A TR HLRIfE
FEA LT 1 3 PR A B I AR PR PR Y 52 00 A7 7E
Ze 5, HAL BT 3 BN BT A TR o 25 Bk, 45
FERPRHE Cu {5 g IR B8 5 52 BRI HT AP R
U8 A AR R B AR Cu i e S Blifb B &
RORAAES UL, A A R R — 2T .

4 #ig

(1) it P AR R A e S 25 i w8 838 pHL, AT L
BRI PR 352 i 1 pH L EAR R 1 A LT L E AL
T o

(2) 8555 A HLRIRE BE AR5 A B0 AR - S A 2%
Cu R SAFHL Cu 5 i, ] Cu fE T3-S R G
TS RE T B AR A 515 5 > e S b RS A7 LA
e

(3)EGIEAT R 3G I 1 =7 &, A HLAS R
FEFEAA RO S SR80 ™ o £33 LA, A A R
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