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1
1.1
221 ( 480.65 gke
[23]
Hg)
Hg 0.25 mm (
) 0 ~ 20 cm
0.25 mm 1 mm
Hg Hg Hg
Hg I 1
1 HRTIEMERER
Table 1 Basic properties of tested soil
pH CEC(cmol/kg) (g/ke) (g/kg) (g/kg) (g/ke) Hg(mg/kg) I Hg (mg/kg)
6.32 23.4 1.2 2.4 88.6 212.3 0.62 1.50
1 mg/ml (C,—CHV
g . — 0 € (1)
m
qe (mg/g) C. (mg/L)
Co (mg/L) V m
UPT-II-20L (2)
( 1.2.3 Hg
) pHS225 pH  ( 122 Hg o pH 6.0 5
) SHY-2A ( 15 25 35 45 C
) LD4-2A ( He
HL-2
) ( ) 1.2.4 Hg
1.2 1.2.2 H H 6.0
1.2.1 o g P ’
Hg
(FT-IR) He 15 30 60 120 180 300 600 720 min
400 ~ 4000 cm'
q: mg/g
(SEM) Hg 125 Hg He
(EDS) X 0.1g 10 ml 10 20
40 60 80 100 mg/L  Hg
1.2.2 pH Hg pH 60 25 °C
0.1g 10 ml 0.1 mol/L NaOH HNO; pH Hg
3.0 40 50 6.0 7.0 10 mg/L
Hg 25 C 1.2.6 750 um
pH pH () PVC ( 5cm 15 cm)
1.0 0124 8¢g ( I mm )400
Hg Hg g 1.3 g/em’
Hg qe mg/g PVC
750 pm
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I He ) ! 3435
2 I , . , , , ,
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200 ml ( ) Fig. 1 Infrared spectra of weathered coals before and after
Hgadsorption
3 2.1.2 - (SEM-EDS) 2
Hg SEM-EDS
30d 5 IA
) EDS C O Al Si Ca
60 C 2A 2B Hg
He 70d SEM EDS
. Hg
60 C 13.7 mg/g Hg
Hg
[24]
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. [25] )
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2
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. 51C
& zZ
= 157 = 44
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4 I 3+
1.0 =
214 O
Al c
a 14
0.54 L Algi  Hg Ca
0O 1 2 3 4 5 6 0005 10 15 20 25 3.0 35 40 45
AR (keV) HETE (keV)
2 IRHM Hg AT/E 89X ILEE SEM-EDS 53 47 [E
Fig.2 SEM -EDS of weathered coals before and after Hg adsorption
e N Hg
#*2 WM HgAIEHRLETEZREEET D (%) N
Table 2 Element percentage of weathered coals before and after Hg Hg H
adsorption Hg
C O Al Si Ca Hg
5395 3094 3.05 816 3.90 -
58.80 3429 294 150 1.10 1.37
1.05 1.00
A) ®)
1.00 o~ . 0951
) C) i
% 0.90
2 095} £
G S 085+
) 1
= 090 =
= = 0.80
0.85r 075
0.80 1 1 1 1 1 ] 0'70 1 1 1 1 ]
3 4 5 6 7 8 0 10 20 30 40 50
pH REE (C)

3 pHA)FMRE (B)X XUk B IR Mt Hg 892200
Fig. 3 Effects of pH (A) and temperature (B) on Hg adsorption of weathered coal
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Hg tlq, qe
k3[31]
2
dg, /dt = k; (9. —4,) ) 48 3 Hg
ks g/(mgmin) ¢. Hg R* 0999
mg/g ¢, t Hg mg/g ks 1.0 gHg
(2) (3) ks
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1.001 200
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160
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'\E 120
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Fig. 4 Hg adsorption kinetics (A) and quasi-secondary rate of Hg adsorption of weathered coal (B)
*3 KL Hg WM BN —RREFESH 0 100
Table 3 Parameters of quasi-second-order rate equation of Hg 10+
adsorption of weathered coal
ks g(mg/g) gl(mg/g) R 8t —o— g,
o KR 1%
0.3297 0.9990 1.0317 0.999 =Y » 9
E 6f g
224 5 £ &
Hg 5 Hg =4 o8
2 L
1 s 1 1 I . 1 s 1 97
Hg 0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Hg SR R HE C, (mg/L)
He 5 RALER Hg MIRMIZRG
Hg Fig. 5 Hg adsorption isotherms of weathered coal
qe (mg/g) C. (mg/L)
1/n  k, Freundlich
32
Hg Hg e 4 Langmuir  Freundlich Hg
6 4 Hg R 0.951  0.994
Langmuir  Freundlich Freundlich Hg
Hg
Langmuir Freundlich ke 1n
l/qezl/Qm+1/(quk1)(1/ce) (4)
ge (mg/g) Ce (mg/L) ky Hg n
qm ki Langmuir [33-35] 4
Freundlich 1/n Hg
lgg.=1/nlgC.t+1gk, )
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6 MILERFM Hg #9 Langmuir 84 (A)#A Freundlich Z8 % (B)
Fig.6 Langmuir isotherms (A) and Freundlich isotherms (B) of Hg adsorption of weathered coal
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Table 4 Parameters of Hg adsorption thermodynamics of
weathered coal Hg

Langmuir Freundlich
gm(mg/g) ki R 1/n ks R 23
8.19 3.94 0.951 0.4607 6.38  0.994 Hg
7 TA 7B
Hg
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Hg
Hg
[36] 7B 12
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= 2
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Fig. 7 Determined Hg contents in leaching solutions of soil columns
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Passivation Remediation of Hg in Farmland Soil by Weathered Coal

ZENG Wenhao', HUANG Chunyan', LI Zhen', LIAO Yang"?, MA Jun'?, ZHAO Shilin"*’

(1 College of Chemistry and Materials Science, Sichuan Normal University, Chengdu 610068, China,
2 Key Laboratory of Land Monitoring and Evaluation in Southwest China, Ministry of Education, Chengdu 610066, China)

Abstract: Weathered coal can be used for passivation remediation of heavy metals in farmland soil because it can chelate
heavy metals with its active functional groups and reduce the mobility and bioavailability of heavy metals in soil. This study
studied Hg adsorption characteristics of weathered coal and the radial migration and bioavailability of Hg in soil. The results
showed that pH had little effect on Hg adsorption capacity due to the buffering of weathered coal, the maximum adsorption
capacity was 8.19 mg/g. Hg adsorption of weathered coal was endothermic reaction, could be described well by Freundlich
equation while the adsorption kinetic could be described well by pseudo-second-order rate equation. Hg content in leaching
solution was decreased by 2.62, 1.66, 1.10, 0.70 pg/g, respectively when added weathered coal was 1, 2, 4 and 8 g into soil
column, indicating weathered coal could reduce Hg migration from soil to solution. Pot experiment further proved weathered coal
could prevent Hg migration from soil to plant, compared with CK, Hg concentration in cabbage leaves decreased by 0.14 pg/kg
and 0.09 pg/kg in treatment 1(yellow soil added weatherad coal) and decreased by 0.31 pg/kg and 0.33 pg/kg in treatment
2(yellow soil added weathered coal and Hg) when the cabbage was planted after 30 days and 70 days. Generally, weathered coal,
as an efficient, environment-friendly and cheap material, can absorb Hg in soil and prevent its migration from soil to plant without
any secondary pollution, thus provides a new strategy of the remediation of heavy metal contaminated soil.

Key words: Weathered coal; Hg; Adsorption characteristics; Bioavailability; Passivation
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