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Effects of Diatomite Organic Fertilizer on Cd and Zn Forms and Availability of Cd—Zn Polluted Soil

LIN Ji, CHENG Chen, HAN Ming—qiang, LI Song-xing, MA Xiao-rui", LI Yan"

(College of Resources and Environmental Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China )

Abstract: An indoor soil cultivation experiment was carried out to study the effects of diatomite organic fertilizer on the forms and the avail—
ability of Cd, Zn in soil. The results showed that the soil pH increased, the soil available Cd and Zn reduced after diatomite organic fertilizer
application in contaminated soil. Diatomite organic fertilizer application decreased the contents of exchangeable form and weakly—bound—to
organic form of Cd and Zn significantly, but increased the contents of strongly—bound—to organic form and residual form of Cd and Zn in con—
taminated soil. Statistics analysis showed that the contents of exchangeable and weakly—bound—to organic form of Cd and Zn had highly sig—
nificant relation to the content of soil available Cd and Zn (P<0.01). The contents of Mn oxide—occluded Cd had significant relation to the con—
tent of soil available Cd (P<0.05 ). Comparing the treatments of diatomite organic fertilizer with the rate of 5% and 10% soil weight, there was
no significant difference in soil pH, the contents of soil available Cd, Zn and the forms of Cd, Zn.
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77 o Tk A BRI A S, R TR R B A5 o A
PLYI BT o ke e, BhUEVE R R BT, 3,
Pl R AR AR AT A A P 57k 9 - B . 25 3 T J 3
BERT5 Y o K SRk B A P B T Y T IR ——
PR TR R 2 vl A S R R LR e A LA SR
AHUHE: o G T G A0 ok R, R B S e
TR R ST A itz — . FHAT, A S R
X —EG R RMMERE NI L, N EERE S
TG YBT3, Cd Zn T2 AR, 76 A
SRS A AT, TR 5 3 U B im e
ABEFER 2 N TR S0, WF TRk B A HLAERT Cd |
Zn ZET5 Y A BEEE &R S R AE S RSE
B R E A A Y S AB S R P S 9 i R
UALA AR LB AN

| RS

L1 iR536i% it

P -3 () SEA B IR 2 - pHS.0 A HILT
34.7 g-kg™? 4 N 1.4 g-kg™ Hlifi# N 176 mg-kg™ 4L
P11 mg kg R K92 mg-kg” .4 Cd 0.12 mg-kg™
B Cd 0.032 mg- kg™ A 7n72 mg- kg™ BRTS In
9.5 mg-kg o Ak A HLIE SR A 3k i R A A
FEEA L 322, 2R HEMC pH (B IS0 K I8 RS S
A3 R EET A, FEREAHR AL Mk T2« pH6.8, A AL T
333 g-kg' &2 N 16.0 g-kg" . 4= P89 g-kg” . 42 K 9.2
g kg 4> Cd 0.84 mg kg™ AR Cd 0.38 mg-kg™ . 4>
Zn 69.5 mg-kg™ HBRES Zn 36.1 mg-kg™,

I AN Cd Zn ] 45 CdZn 5755 4
B, AR Cd Zn RYE T3 4l Cd(NOs ), - 4H0 F
Zn(NO;),*6H,0,Cd \Zn &3 2 DM E : Cd, .Cd, 53
Bk 0.5 mg-keg? + 1 1 mg-kg™ +;7n,.Zn, 535 4250
mg-kg™ 11 500 mg-kg™ . FERTHA TR Y SL Al
b B 2 R A VUIE R, 00 T E Y
5% 10% . XY Be 7 AR P (1X IO BRI E 4
J& ANt A A HLAE , AR 3RS CK) 5 (2)Cd,+Zn,
(REERACS M) (3)Cd Zn+S5% R A HUIE (b BRI
5 M+Ds) 5 (4) CdiZn+10%7E 3+ HLIE (b FEAR 5
M+D1p);(5) Cdp+Zn, (AEFEFLS M,);(6) CdoZny+5%HiE
Eﬁiﬁ*ﬂﬂlﬂ( ﬁfﬁ’fﬁ% M2+D5) 5 (7) CdZZn2+10%E£ﬁ
TAPIEGEIAS M4Dy), L 12 K, #5500 g i
1 mm G5 [ {4 1 35 i EE 1A HLIE LCA(NOs ), 4H,0
Zn(NOs),* 6H,0 FE/M R 5] e B A BB, 8
KIS LK 73 2= AR KRR 70% , T4 7ML

PR RS I R BE AR T (25+1) Cryfa i 77
FErh, RERR 2 d 2B KR sE - HEK A, 7RI T
LRI (O d)FIREFREES 15.30.60 d RAE - 58HE A .

1.2 WK B R FiE

pH ALK L H 2.5:1) s AL H E K 1R
PRAS A MNP IE s 4 N i N A% P sl
K5 2 0L SCRR[10]; 1384 Cd Zn FHERFR TR -5
TR - = AR &, R TR 6 B I 5 0
B CdZn A 0.1 mol - L™ CaCl, {242, J5-F W kg
W,

14 Cd Zn JEAS MY E 27 Tessier SR % 41
PEBEIF I LMEIE , SRR SHE R - (1) 384 s
(AL HEKEEL ) : 1 mol- L™ MgCl, (pH 7),7K 1 L 4:1,
25 CHiz 2 h, B0 B B A BB /KoK,
ET PR ; (2)MEAHLE:0.1 mol - L™
Na,P,0, il 0.5 mol -L™" Na,SO,(pH 9.5), /K + I 10:1,
25 CHeiz 2 h, B0 5% B A A R koK,
YET BIE B IUN 5 (3) A A5 2455 75 :0.04 mol - L™
NH,OH-HCI(pH 2.0),7K £ I 10:1,25 CHE 30 min,
Bl BR A D R B AR AR T IE SR
B (O BEEHIE: E—JkE L b8 L+
KA HIR{E Hy0, 10 mL, 85 C/K Gz 1,
HEIARWrEE s, R H G, B 1k, SR)E A 1 mol - L
MgCl, $2 B[R] S 4 25 ) ; (5) Bk B 248 - R 22 ik ,
SRR PRI EZ M., FIEE CdZn FEHA
BRI EETHIE
1.3 GitaAE

K DPS [ Excel B {4751 Hrib 3L

2 HRE5HH
2.1 EEELTEVEX Cd.Zn

=AU

i 1Al %, 5 CK A EE, M, M, 40T ) 435 pH
{HI4A B3 i o 2 R, DABESREE 60 d R fil,
M, M, i) pH {H 4351143 CK T 0.63.0.41 S HLf, 22
SEYIAN R, X SR R 2 R SRR I 25 SR A
1, BRESnfR AN AT BT 52 U8 A/ - iy 12 3% pH
{8 o HF R AT RESE: , it P R4 5 1 e S L Ul
B B P, A E A 38 ML R R NHL-N,
1M NHy =N FRS A0 /E P 2R 1 580 pH (B, it FH /e
P A HLAE AT A Sk 25 4 - S % pHL{EL, 159756 60 d
1 M+Ds M, +Dyo Fll My+Ds My+Dyo ﬂ‘ﬁﬁﬁ%” e M, M,
PLE 7244 2.11 F11.83 . 1.58 DA . [REEFREE 0d
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F 1 EELEVEX Cd.Zn E/FH 11 pH EHISI
Table 1 Effects of diatomite organic fertilizer on pH of Cd-Zn
polluted soil

e FrFrmim) /d
0 15 30 60
CK 4.62dD 5.08dC 5.06dC 5.05¢C
M, 4.34eE 4.66eD 4.90eC 4.42dD
M;+Ds 6.29bB 6.65abAB 7.00aA 6.86aA
M+Dyo 6.64aA 6.72aA 6.96aA 6.53abAB
M, 4.44eDE 4.65eD 4.81eC 4.64dCD
M,+Ds 6.00cC 6.50bcB 6.74bAB 6.47abAB
M;+Dyo 6.05¢C 6.46¢B 6.48¢B 6.22bB

T« [ — 0K /NG FREA R 4355 303 b BR8] 22 S iR AR 3%
(P<0.01)B R Z K- (P<0.05) . T,

Note: The data of the same column followed by different small and cap—
ital letters indicated difference at 0.05 and 0.01 levels, respectively. The

same below.

FEE 30 d A, ASTRIEE 38 A HLAE A9 1 3% pH (B 22
SV NTE N
22 EELEUEXT Cd.Zn
EN:OEA
22.1 CAIES

AN Cd Zn [0 AR RIS IS . AL A HL
S EMESAT  BEANSRES Cd FEY
B CK AR p42 5, IF HHIE i B /M Cd . Zn F
TR R, P LRSS Cd B £ (F
2). BREGFRES 0 d 4b, i FHAE e A HLIE AT B A
A FAEAPLA Cd &, B LA P Fkik
ACd R EHEE. 5 M, A, JEFRE 60d
() Mi+Ds M +D o AbBAZH A Cd 5SS A LA Cd 4
BIFAL T 38.0% .38.0%F1 45.4% 54.5% , ELEG NI |
BRIt Cd S 4w 1 37.9% .5.3%F1 216.7% .

ERRIEESER

R2 EBEIENEXNCZn &

&5

41 Cd SHISM (mg-kg™)

Table 2 Effects of diatomite organic fertilizer on Cd forms of Cd—Zn polluted soil (mg-kg™)

FsF1E]) /d 4b3 SIS AP ERIRTELEES BEANE B S
0 CK 0.02¢C 0.26 x 10°bA 0.02 x 107dD 0.10 x 107dE 0.09F
M, 0.41bB 0.24 x 10°bA 0.12 x 10%dCD 0.96 x 10D 0.22dD

M;+Ds 0.44bB 0.79 x 10%abA 0.1 x 10%dCD 1.72 x 10°bBC 0.25¢C

Mi+Dyo 0.36bB 0.67 x 10%abA 0.08 x 10%dCD 1.21 x 107%CD 0.34aA

M, 0.91aA 1.20 x 107aA 0.51 x 107%aA 2.51 x 107%aA 0.17eE

M,+Ds 0.87aA 0.51 x 10%abA 0.21 x 10”cBC 2.03 x 102abAB 0.31bB

M;+Dyo 0.89aA 0.56 x 10%abA 0.33x 10°hB 2.26 x 107aAB 0.31bB

15 CK 0.06{F 0.19 x 10”hcBC 0.02 x 102D 0.05 x 102dD 0.06dD
M, 0.43dD 0.32 x 107%aA 0.11 x 107%C 0.72 x 107%cC 0.20cC

M;+Ds 0.32¢eE 0.28 x 10abAB 0.10 x 107%cdC 1.10 x 10%hcC 0.38bB

M;+Dyo 0.32¢E 0.12x 107%C 0.08 x 10%dC 0.96 x 107%cC 0.39bB

M, 0.91aA 0.16 x 10”cBC 0.12x 107%C 1.33 x 10°hBC 0.20cC

Mx+Ds 0.80bB 0.12x 107%cC 0.19 x 107hB 1.94 x 107%aA 0.39bB

Mx+Dyo 0.63¢C 0.17 x 10”%cBC 0.24 x 107%aA 1.87 x 107%aAB 0.58aA

30 CK 0.03eE 0.12 x 10°bA 0.03 x 107%E 0.05 x 102dD 0.09¢G
M, 0.44¢C 0.20 x 10%abA 0.11 x 10”%cdDE 0.86 x 107cC 0.19fF

M;+Ds 0.32dD 0.19 x 10%abA 0.10 x 10*dDE 1.21 x 10hcC 0.37 dD

Mi+Dyo 0.23dD 0.10 x 107bA 0.17 x 102cCD 0.92 x 107%cC 0.76aA

M, 0.86aA 0.29 x 107%aA 0.28 x 10%abAB 1.55 x 10”bBC 0.24eE

Ma+Ds 0.67bB 0.12 x 107bA 0.25 x 10°bBC 2.27 x 107%aA 0.52¢C

Mx+Dyo 0.65bB 0.14 x 107bA 0.34 x 107%aA 2.24 x 107aAB 0.55bB

60 CK 0.06eE 0.18 x 10%ahcAB 0.02 x 10%D 0.08 x 10%D 0.05¢G
M, 0.50cC 0.22 x 10”abAB 0.11 x 107%cdC 1.32 x 107dC 0.12fF

M;+Ds 0.31dD 0.12 x 10°cdAB 0.13 x 107%cdC 1.82 x 10”hcBC 0.38dD

Mi+Dyo 0.31dD 0.10 x 102cdAB 0.11 x 107%cdC 1.39 x 107%cdC 0.39¢C

M, 0.96aA 0.28 x 107%aA 0.17 x 10%cBC 1.55 x 10”%cdBC 0.14eE

M,+Ds 0.70bB 0.06 x 10%C. 0.29 x 10°hB 2.69 x 107%aA 0.49hB

M;+Dyo 0.65bB 0.04 x 107%C 0.64 x 107%aA 2.13x 10°bAB 0.56aA
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225.0%. My+Ds My+D ) AbPEXZHAS Cd SIS A LA
Cd 43 91% M, FEAK T 27.1% 32.3%F1 78.6% .85.7% ,
EEEAPA . FRIELS Cd SRS T 73.5%.374%
1 250.0% ,300.0% , 7= - 35135 (i 2 B i 25 7K
222 InJEd

MFE 3 AT LA, T S ds A A LA
A AS . BEAYLEMERERS Zn Fm3Esh
I8 Cd. Zn FAREA4R S 0, P Ag 4 2S Zn 35
U . iR AR A PR AT B S AR A A
WAEEA WA Zn 055, T RS A LA FRIES Zn &
IR, BREEFRAS 0 d AN, EALERZE B Zn B Y
I, 5 M, AbFRAH FLAS, 5555 60 d (1Y M+Ds,
M;+D, ﬂ\fﬂﬁ}ﬁ%?’& Zn 5*&%%@17& Zn 53\7”7” IK%{EET
87.0% .88.3%F 6.9% 12.5% , S L5 WA FRIE L Zn
A IARE T 71.5% .65.4%F1 60.5% 61.1% . M4+Ds.

&3 EELENEX Cd Zn

Mo+Dy A2 Zn SAAEEAH LS Zn 435158 M, REAR
T 77.5% 77.0%H1 62.9 % 64.5% , E 4546 WA Rt
B Zn SRS SRR T 72.3% 74.8%F1 43.8% 44.2%,
SR 2 K

23 FEEITBEWNEIN Cd.Zn EETLETIEFERSE
EREEENHI
2.3.1 ARAC

RIGLE KM (K 4), 5 CK A, SME Cd Zn #
AR T AR M, M, B ACE Cd &L TR
Ik LA P RE B2 15 4 T A RS Cd
()i, B5 97565 60 d AL EE My+Ds, My+D, A 80
Cd 5 M, 258 /0 T 83.3% .86.8% , My+Ds  M,+Dq 1
AR Cd EE M, 43 3180 T 68.2% ,69.3% , 25 53
RFN B EKF . BREEFRES 0 d 4h, ANlAhE i A WU
FENARES Cd SEEFALEE .

BT 1T Zn ESHIEM (mg-ke™)

Table 3 Effects of diatomite organic fertilizer on Zn forms of Cd—Zn polluted soil (mg-kg™)

KEFRaf ] /d JGBL LA WAL AR A BEAIES BRI
0 CK 7.514F 23256 0.13¢E 4.27eD 57.96¢G
M, 66.85hB 521eE 0.66dD 21.25dC 77.36eE

M,+D; 47.78dD 6.00dD 1.69hB 45.02bB 74.33fF

M+Dyo 29.79¢E. 4.63(F 1.40cC 40.62¢B 96.27aA

M, 80.28aA 11.44aA 1.42¢C 45.43bB 84.96¢C

My+Ds 67.95hB 9.62bB 2.58aA 61.97aA 78.22dD

M+D 59.98¢C 8.30¢C 2.62aA 62.82aA 85.85hB

15 CK 7.76gF 241G 0.12¢G 4.55(F 57.34¢G
M, 66.4bB 4.73¢E 0.85(F 22.45¢F. 76.90fF

M,+D; 27.42eD 4.75dD 1.47dD 48.03bB 93.16¢E
M+Dy 20.77fE 4.09fF 1.32¢E 40.88¢C 105.65aA

M, 76.65aA 11.12aA 1.50cC 36.61dD 97.65dD

Ma+D; 51.92¢C 6.53bB 2.94aA 60.67aA 98.28¢C
Ma+Dyg 47.82dC 5.65¢C 2.63bB 58.17aA 105.27bB

30 CK 8.14dD 23256 0.17¢G 5.38¢G 56.16¢G
M, 64.98hB 3.43¢E 1.79fF 23.56fF 77.56fF
M,+Ds 17.57¢C 3.28fF 4.95hB 42.09¢C 106.93dD
M+Dy 8.01dD 3.65dD 439¢C 33.66dD 122.99¢C

M, 81.79aA 11.14aA 5.01aA 30.91eF 94.68¢F.
My+Ds 21.78¢C 5.67bB 3.16dD 57.87aA 131.85hB
Ma+Dyg 19.64cC 4.61cC 291eE 51.39hB 141.01aA

60 CK 8.04dD 2.15fF 0.09¢G 3.73¢G 58.17¢G
M, 68.52bB 3.93cC 3.13fF 21.414F 74.33fF
M,+Ds 8.91dD 3.66dD 6.26dD 36.70¢C 119.30dD
M+Dy 8.02dD 3.44¢E 6.07¢E 35.41dD 119.78¢C

M, 82.71aA 11.07aA 6.57¢C 29.55¢F. 93.64¢E.
My+Ds 18.62¢C 4.11bB 12.05aA 50.92bB 134.64bB
M+D g 19.05¢C 3.93cC 9.89bB 51.64aA 135.05aA
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x4 #FEBEITEHES CdZn

AE R EANE Cd AENEIN(ng-kg™)

Table 4 Effects of diatomite organic fertilizer on available Cd content of Cd-Zn polluted soil (mg-kg™)

Rt A /d CK M, M;+Ds M;+D;o M, M,+Ds M+Dyo
0 0.032gF 0.323bB 0.114eE 0.063fF 0.601aA 0.284¢C 0.218dD
15 0.027eD 0.323bB 0.050eD 0.041eD 0.592aA 0.163¢C 0.126dC
30 0.025dD 0.294bB 0.043dD 0.033dD 0.575aA 0.144¢C 0.121¢C
60 0.026dD 0.228bB 0.038dD 0.030dD 0.534aA 0.170cC 0.164cC

T [ — AT 30K NG PR 4351378 b BRI 22 580 2 35 (P<0.0 DB 3 /K- (P<0.05) . T Il

Note: The data of the same row followed by different small and capital letters indicated difference at 0.05 and 0.01 levels, respectively. The same below.

232 R In

5 CKAHEL (3R 5), M, M, 238 138 H 2 Zn
P AN, IS ke A ALIE BE 2 PR L
BARES Zn S, 5 M M, A0 FRAH FE, 555746 60
d #J M;+Ds M,+Do I My+Ds Mo+Dyo A LA Zn &
7 W A% 94.6% .88.9% F11 85.8% .83.1% , 75 54413k
W ZKF. BRESFRSE 0 d Ab, ANFRIAE S A VLB
EARES In TRESARE.

3 g

Jite A e A WL AT 32 %5 Cd\Zn A5 Y 145
m pHE (R 1), CA MR, pH B2 1 5
& IE YA B T, 158 pH (E TR &b
IR AT G2 e BT W B RE T (o -3 P A R
BDEESE BT IECE D, IR Y0 5 48 1
W, ARG AT R, A AES Cd Zn IS RS
138 pH {EAAER 0 2 1 SRR DG, FHOC T R =y (1
HEARAS Cd)=-3.150 5x( 13 pH)+6.362 4(r=—-0.61%*,
n=28) ,y( THEA A Zn)=-0.005 2x( 3% pH)+6.288 2
(r=—0.63**,n=26), UiLH] 13 pH [EHIEEERER 4
PUIBFEAL Cd Zn Z A 150 HHEA RS Cd Zn i,
W/ G AR A R R EE AL

4R T g - BRI A Ak A el R R i
A A S A R TR AR AR AE A R, ARWESE
SRR, WSINAEEEE A HLIE T B EREAR CdZn B
B AL A AL AP Cd Zn Frig 48

R 5 EBELTEVEXS Cd.Zn

BEAPLSRGRES Cd.Zn S E(F2,%3), -
BAFIES CdZn & 5 H A RS CdZn & i
AR AT s SRR B, BB A A LA FRiE A Cd
RS HHEAYEE Cd FEZ A B E, AL
B MEANLS B EAE Cd 5 1A NE
Cd 75 F A AR d 2 Bl S 3, A OGO AR 40 ity (52
A Cd)=1.186 8x (AR Cd)+0.274 1(r=0.75%*,
n=26),y (MAZEAPLA Cd)=0.005 2x (LA Cd)+
0.001 8(r=0.37%,n=26) , y FALEELS B 7S Cd)=0.002 9x
(A3 Cd)+0.001 2(r=0.38%,n=26), 1A%
GEES BEAIE FRBEE In T RS HIEAES
In i Z A PAH SN B2 M AC s I a A LS
In 5 -HEARES In R BN B EMIE, MHXTT
TRy (BZHAS Zn)=0.211 9x (LA Zn)+
17.622(r=0.88%*,n=26) ,y(FAZEH HLZ Zn)=0.021 9«
(BRUAS Zn)+3.247 7(r=0.86%* n=26) ., K=
R ECS R EIEARIES Cd SRS R B E
TR TR SY , AR S S TS 25 A LA
C 2 - B8 v 585 P A0 R e W S 7 = R T B ASE
B SE RIS R B, A WAEE AL Zn XA YY)
TN A R AR\ SR 25 A A Cd 2k
1 AR 100 3 SR AL 1 e ol B8 i s Dl T 4 v
Cd WIEA R . 28 B, AT RIGA R e A ALAE R
Ik 138 Cd . Zn A= W43 5500 B L A6 F sk 2 T 38 e
B, MEEAHLE Cd . Zn S ARG 2 E

BERTEERE Zn QB (mg-kg')

Table 5 Effects of diatomite organic fertilizer on available Zn content of Cd—Zn polluted soil (mg-kg™)

RrEmta) /d CK M, M;+Ds M;+D;o M, M,+Ds M+Dyo
0 9.472G 190.04bB 52.80eE 34.794F 440.64aA 179.76¢C 144.58dD
15 9.57dD 153.97bB 18.73dD 18.48dD 317.28aA 56.40cC 66.54cC
30 10.18D 143.13bB 15.24dD 14.61dD 289.40aA 48.01cC 59.78¢C
60 8.50deD 149.38bB 8.02eD 16.53dD 290.67aA 41.23¢C 49.01¢C
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