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Differential Effect and Mechanism of in situ Immobilization of Cadmium

Contamination in Soil Using Diatomite Produced from Different Areas

ZHU Jian, WANG Ping” , LIN Yan, LEI Ming-jing, CHEN Yang
(College of Environmental Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract: In order to understand the difference of in situ immobilization effect and mechanism of Cd contamination in soil using
diatomite produced from different areas, the test was conducted using diatomite produced from Yunnan Tengchong, Jilin Linjiang,
Zhejiang Shengzhou and Henan Xinyang of China as modifiers to immobilize cadmium contamination in simulated soil. The results
indicated that the diatomite from all the four producing areas could effectively immobilize available Cd in soil, decreasing the available
Cd content in soil by 27.7% , 28.5% , 30. 1% and 57.2% , respectively when the adding concentration was 30 g-kg™'. Their ability
for immobilizing available Cd in soil followed the sequence of Henan Xinyang > Zhejiang Shengzhou > Jilin Linjiang > Yunnan
Tengchong. It was also found that the physical and chemical properties of diatomite played a main role in soil cadmium immobilization,
lower bulk density, larger specific surface area, more micro pores and wider distribution range of aperture were more favorable for
available Cd immobilization. The results also showed that, the diatomite could control Cd contamination by changing soil physical and
chemical properties, among these properties, pH and organic matter content were the key factors, increasing soil pH value and organic
matter content was favorable for available cadmium immobilization, while the soil water content had little effect on available cadmium
immobilization. The control of soil cadmium contamination by using diatomite to change cation exchange capacity was limited by time in
some degree. The diatomite produced from Henan Xinyang, Zhejiang Shengzhou and Yunnan Tengchong increased the soil pH value
and organic matter content, and was favorable for available Cd immobilization, while the diatomite from Jilin Linjiang showed converse
effect.

Key words : diatomite ; producing area; soil cadmium contamination; in situ immobilization; available form
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Table 1  Physical and chemical properties of the soil used in the test

FIKE/ % pH

HHLFE/g-kg™'  CEC/cmol kg ™!

3.20 4.73 1.6520 5.26
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Table 2 Main chemical components of diatomite from different producing areas

T 88 %

e Si0, AL O, Fe, 0, Ca0 Si0,/R,0; AR/ %
pagealaty 82.51 2.95 3.95 2.00 9.27 6.92
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Fig. 1 Effect of diatomite from different producing areas on available Cd in soil
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Table 3  Linear correlation analysis between diatomite adding

concentration and available Cd content in soil

7 et k R

ZHBET y= -0.0186x +10.529  -0.0186  0.9822*
FRRIGIL  y= —0.018 0x +10. 366 -0.0180  0.7620
WivTIgM  y = —0.019 6x + 10. 157 -0.0196  0.6893
WFMEE y= —0.229 2x +12. 667 -0.2292  0.9453*

1) # FoR i E MK (P <0.05)
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Fig. 2 Micro morphology of diatoms in diatomite from different producing areas
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Table 4  Physical and chemical properties of diatomite from different producing areas
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W IR 0.57 58.0 5.4 30. 564 / 115 ~ 147 1340 ~2 810
R {5 P 0.46 64.9 5.6 35.981 10 ~20 150 ~300 500 ~ 1 000
2.3 N[EFE MR BE o AR T 0 e s R R 8. 1% | 3. 1% . AN[RIFHRE T A i FRES hn 4 5K

o 28 1 5 BRI 5 )

ke BR T [ B AR RRAE R R B RE o B
e 158 Cd 5 YL e B EROR i 2338 s
BRI T AR e e 2 B e B R AR, S5 A
TINS5 - SR R G AR
A GL. PRI DL U 0 Ak 8 b %) 1 e Ak Pk
FEAE T B AR L B R N v BE R 3
T KR - I B A e B B B, i 4
8 pH {EFN 3964 HLTT 0 R Ak 5 = 7= M AS [) 1 e 31
AR —FE B RLAE.
2.3.1  ASIA]FS Mk v A 0 - A K SR A iR K
e 2% [ 28 R 52 )

U IR B8 - BB A 1 38 5 AR N, (HAS 5] 7 M
B AT A KRB I R BN — 3. RS ]
RSN E H 0 g-kg ™' HEINE 30 g-kg B, =
R ARG YE WV | T R 1 P A 1

M S KR 3. 20% N 3.56% | 3.42% |
3.46% . 3.31% , /WIS T 11.3% . 6.9% .

RS R/NET N =B oh > WL > 35 bk
7T > IR AR BH. TR sk o8 6 4 358 Bk
Wi R JBE 11 22 57 v e 5 AL AR o A 38— M o6, 1 —
PR FLAR 5341 T BE A A1) Tk 38 - $2 T I ARk
RS, SRR AR — MW 5, = B op kit
R FLAREREE T P S5 LA2 (50 ~ 100 nm) , A ] T4
fe IR HRRKBE T, 10 R A5 PR i 1 ) FLAR 23 A Y
FELG B2 3 AL (10 ~20 nm) | 4L (150 ~ 300 nm)
FIKAFL(500 ~ 1000 nm) , FLAZ 5340 40 8, A FF £
SEARFFIK A3 T 5 MG TR 7T 06 ) ik g - fLAR 43
A —VES T = i 1 vh 5T R A5 BFHZ 8], B AKX
T IERPKEETHRE S TP Z ).

RN [R] 7 b A i - B B M IS K AR R
(SR | (SR | RSO 0 W Ny NI R & S B U
10% , AN [R) 7= Hiufik i 5% 3= 498 5 7KOR A 52 A B .
A, N 6 hmT LB, IR S od FES5+
o KR BEAR B IAARC (HAR AR B 2. Mt
AT UL, i s 3 ek i K ROk P ey e 4 4
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Table 5 Effect of diatomite from different producing areas on soil physical and chemical properties
.- ki RN /g kg !
JE o ) =] = AR/ %
R e Br 0(CK) o s % 0 I %
TIKES % 3.20 3.31 3.38 3.47 3.56 11.3
SR T pH 4.61 4.89 4.95 5.02 5.15 11.7
HHL/ g kg™ 1.854 4 1.8603 1.866 1 2.065 1 2.6130 40.9
CEC/cmol -kg ™! 5.26 5.32 6.02 6.57 6.60 25.5
IR/ % 3.20 3.24 3.28 3.31 3.42 6.9
KT pH 4.61 4.43 4.40 4.38 4.31 -6.5
HHLF/ g kg ™! 1.854 4 1.8423 1.692 6 1.397 5 1.3152 -29.1
CEC/cmol -kg ™! 5.26 5.85 6.00 6.01 6.05 15.0
TIKES % 3.20 3.23 3.25 3.28 3.46 8.1
R TIEM pH 4.61 4.61 4.65 4.66 4.68 1.5
‘ AP/ g kg ™! 1.8544 1.873 1 1.9149 1.988 5 2.0247 9.2
CEC/cmol -kg ™! 5.26 6.00 6.10 6.11 6.37 21.1
KR % 3.20 3.21 3.29 3.30 3.31 3.4
T pH 4.61 4.68 4.69 4.71 4.74 2.8
" HHLF/ g kg ! 1.854 4 2.236 1 2.3805 2.7472 3.2470 75.1
CEC/cmol -kg ™! 5.26 6.36 6.41 6.45 6.54 24.3

*®6 AEFHERLIFMKE, TEANS ClEE, TEBHERZ BHEXESHT

Table 6  Correlation analysis among diatomite adding concentration, available Cd content in soil and soil physical and chemical properties

e LT v i Fi Cd & K pH AL CEC
TR i 1.000 0
HRCd & -0.9911** 1..000 0
T FIKE 0.9882" -0.795 1 1..000 0
pH 0.9998 " * -0.9893"" 0.9884 " .000 0
LT 0.958 8 * -0.9125* 0.9160* 0.9622* 1. 000 0
CEC 0.8661" -0.9199" 0.8912" 0.8571* 0.696 3 1.000 0
TSI g 1.000 0
HRCd & -0.8729 1..000 0
KT FKFE 0.9925" " 0.8123 1..000 0
pH -0.9952* " 0.8221" -0.9993** .000 0
FHHLT -0.9901"* 0.8390" -0.9952** 19929 " 1. 000 0
CEC 0.8401" -0.7628 0.798 9 0.8199 -0.7585 1.000 0
TSI g 1.0000
HRCd && -0.8304 1..000 0
WL H FKE 0.9541" -0.6311 1..000 0
pH 0.9282" -0.9644" 0.7953 .000 0
HHLE 0.9147" -0.9655" 0.7531 0.9557* 1..000 0
CEC 0.9697 -0.7225 0.9831*" 0.8742" 0.8003 1.000 0
IR i 1.000 0
HRCd && -0.9723" 1..000 0
TR B & 0. 800 2 -0.7393 1..000 0
pH 0.9959** -0.9865"" 0.7576 1.000 0
ZERiING 0.9836*" -0.9609 " 0. 6803 0.9893* " 1..000 0
CEC 0.9605 " -0.9077" 0.6405 0.9596 " 0.9882* " 1.000 0

1) * FRBEMKT(P<0.05), * = FRi B ERKT(P<0.01)

Cd [ R I AT REPEA K.
ANTR] M ek 8 b X - 3 pH(ELAY A8 KX
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W2 s B, < wa s WV IR T R 5 B

Tk #E (0 -4 pH H ETF, SN 0 g-kg ™'
BTN 30 g-kg ™ B, RS Wi, W VLIS R R AF
PEAE W £ 0 9 4% pH {h 4.61 ETFE 5,15,
4.68.4.74 43 EFHT 11.7% . 1.5% F12. 8% ,1fif
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2.3.3  AS[E]F= MR B A X 4 A AL A AR K Xt
e 2T E BRI 5 )

M5 FIH, = FE s | VLIS | i) R £ B =
i - BB A AL ARG S B0, S vk
MO g-kg HEINZE 30 g kg, RS M. WRTTIRM |
TR 5 P ORE B b 40 i+ A LT 1. 854 4
g kg 'HAINZE2.6130, 2.024 7, 3.2470 g-kg ', 4>
BT 40.5% . 9.2% . 75.1%. S5Z M, B
IR BE 38 S RN VI Ak v A B 1 3 LS
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