28 7 Vol.28 No.7
2015 7 Research of Environmental Sciences July 2015

. J. 2015 28(7) : 1015-1024.
SHANGGUAN Yuxian QIN Xiaopeng ZHAO Dong’an et al. Migration and transformation of heavy metals in soils by lysimeter study with field condition J .
Research of Environmental Sciences 2015 28(7) : 1015-1024.

12 2 3 2 * 2% 2
1. 712100
2. 100012
431821
0~5cm Pb.Ag.Bi.In.Sb
Sn 4a N N
D >30 cm N ;
6 . @6 4 < < < ; 0~10 cm
Pb Ag Sb Ag In Sn.
(0~30 cm) ( >30 cm) ;6 N .
98.0% 65. 1% .65.9%  56.5%. @
Pb.In  Sb Ag  Sn N
N Bi Pb
Ag.Sh Sn  Sb
© X53 : 1001-6929( 2015) 07-1015-10
A DOI: 10. 13198/j. issn. 1001-6929. 2015.07. 01

Migration and Transformation of Heavy Metals in Soils by Lysimeter Study with
Field Condition

SHANGGUAN Yuxian' > QIN Xiaopeng” ZHAO Dongan ZHAO Long® WANG Linquan'~ HOU Hong” LI Fasheng’

1. College of Resources and Environment Northwest A&F University Yangling 712100 China

2. State Key Laboratory of Environmental Criteria and Risk Assessment Chinese Research Academy of Environmental Sciences Beijing
100012  China

3. Management Committee of Qujialing District Jingmen 431821 China

Abstract: The migration and chemical transformation of Pb Ag Bi In Sb and Sn in four soils were investigated using lysimeter
experiments. The polluted soils were added to the soil surface and were exposed to the natural environment to ensure that they were at or
close to field capacity for four years. The results showed that: 1) Compared with the background values the six heavy metals did not
increase significantly in deep soil layers ( > 30 c¢m) in Primosol Isohumosol and Ferrosol after four years. The heavy metals were

significantly increased in all the soil layers in Sand soil (0435 cm) . 2) The rates of the heavy metals retained in the lysimeters were in

the following order: Sand soil < Primosol < Isohumosol < Ferrosol.

: 2014-10-09 1 2014-12-15
(41271338) - 3) Pb retained in surface soil (040 ¢m) was greater compared to
' Ag and Sb for the Primosol Ag for Isohumosol In for Ferrosol
(2011YQ14014908)
(19873 1987329002@ sohu. com and Sn for Sand soil. Proportions of 98.0% 65.1% 65.9%
* H0) (1963 and 56. 5% of the added heavy metals remained in the lysimeters
linquanw @ nwsuaf. edu. cn; @ (19639 with the Ferrosol  Primosol  Isohumosol and Sand soil

houhong@ craes. org. cn respectively. 4) The immobility fractions of the heavy metals were
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at low levels after leaching compared with background values. Pb In and Sb in the soils after leaching were mainly associated with both

carbonate-bound and metal-organic complex-bound while Ag and Sn in the soils were mainly associated with metal-organic complex—

bound H,O0, extractable organic-bound and amorphous metal oxide-bound. Bi was mainly associated with carbonate-bound and H,O0,

extractable organic-bound. Pb had greater migration risk than the other heavy metals in the Ferrosol while the Ag and Sb had greater

migration risk in the Primosol and Isohumosol. Sn and Sb were of much concern in the Sand soil.

Keywords: lysimeter; soil; heavy metal, migration; speciation
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em 10 em ( HNO,-HClO,-HF) "
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Table 1 The physiochemical properties of the soils
/em w( ) 1% w( ) 1% w( ) 1% w( )/ % pH /
( cmol/kg)
0~10 51.0 32.5 16.5 1. 19 6.1 13.5
>10 ~20 47.2 29.1 23.7 0. 68 5.9 18.1
>20 ~30 49.4 29.7 20.9 0.27 5.2 12.2
>30 ~50 49.8 22.6 27.6 0.27 5.2 11.4
>50 ~135 45.7 20.5 33.8 0.27 4.9 15.2
0~10 9.3 24.5 66. 2 1. 89 8.3 15.2
>10 ~20 15.7 16.6 67.6 1. 00 8.7 13.7
>20 ~30 20.9 36.3 42.9 1.26 8.5 31. 1
>30 ~50 21.8 36.7 41.5 1. 14 8.4 36.2
>50 ~ 135 17.2 32.5 50.5 0. 81 8.2 33.2
0~10 10.5 28.5 61.0 5.35 7.3 63.7
>10 ~20 16.8 32.6 50.6 5.21 7.8 65.2
>20 ~30 32.1 32.9 35.0 2.81 8.3 52.3
>30 ~50 30.4 42.1 27.5 1. 00 8.1 55.0
>50 ~ 135 32.2 44.5 23.3 0.61 8.0 47.4
0~135 4.4 4.6 91.0 0.02 9.1 2.9
2 . 2.
: g/( g*m”*a) ;S 1l m*; T
R=(w, —wy) xM,/M, x100% 4 a.
V=_w, —w,) xM,/(SxTxM,) 18 8
'R % ; w, 1.000 g 50 mL
mg/ke; w, 2 e
mg/ke; M, kg; (3 000 r/min 10 min) e
M, mg; V 10 mL (3 000 r/min 10 min)

2

Table 2 Eight-step sequential extraction procedure for analyzing chemical states of metals

10 mL 1mol/L NH,NO;( pH =7)

25 mL 1 mol/LL CH;CO,NH,( pH =5)

30 mL 0.1 mol/L Na,P,0,( pH =10)

20 mL 0.1 mol/L NH,OH ( pH =2)

5 mL30% H,0,(pH=2)

3 mL 0.02 mol/L HNO; +3 mL 30% H,0,( pH =2)

10 mL 2 mol/LL NH,NO;(20% HNO;)

10 mL 0.2 mol/L ( NH,) ,C,04( pH =3)

25 mL 0.2 mol/L ( NH,) ,C,04 +0. 1 mol/L. CgHgOg( pH =3)
HF-HCIO0, HNO,

25 C
25 C
25 C
25 C
85 C
85 C
25 C
25 C
95 C
160 C

4 h
6h
20 h
30 min
2h
2 h
30 min
4 h
30 min
6 h
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(3.60 £0.16) mg/ke. 0~30 cm w( Pb)
2 3 0~30
2.1 cm 6
N . w( Ag) . w( Ag) «w( Bi) «w(In) \w(Sb)  w( Sn)
w( Bi) w( In) .w( Pb) .w( Sb) .w( Sn) (0.14 ~ 7.8 ~21. 1 mg/kg w( Pb) 369. 1 mg/kg
0.30) .(0.05 ~0.61).(0.03 ~0.06) .(16.0 ~  >30 cm
34.0) .(1.80 ~3.30) .(1.10 ~4.09) mg/kg . . Lamy 7%
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Fig. 1 Vertical distributions of metals contents in lysimeters after leaching for four years
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Table 3 Ratio of metals retained in lysimeters after leaching for four years %
/em
0~10 >10 ~20 >20 ~30 >30 ~40 >40 ~ 100 >100 ~ 135
Ag 48.9 0 1.3 0 0 1.2 51.4
Bi 60. 5 1.5 4.5 3.0 11.9 6.6 88.0
In 61.3 0.3 3.0 0.3 0.8 0.7 66.3
Pb 53.8 0.6 2.8 0.9 6.3 4.2 68. 6
Sh 53.4 1.2 0 0 0 0 54.6
Sn 62.1 0 2.1 0 0 0 64.3
Ag 44.0 0.3 0 0 0 0 44.3
Bi 50.2 4.8 3.9 2.1 24.6 9.2 94. 8
In 55.9 3.0 3.0 1.3 6.3 1.8 71.2
Pb 47.8 3.0 2.3 0.9 5.1 3.5 62.6
Sh 54.9 1.9 0 0 0 5.4 62.2
Sn 57.3 2.6 3.1 1.0 5.8 2.2 72.1
Ag 84.6 0.3 5.0 0 0 0 89.8
Bi 92.5 5.0 0 0 0 0 97.5
In 81.0 2.2 7.1 0.4 3.9 1.1 95.7
Pb 83.6 4.4 9.4 0.7 4.2 0 102.3
Sh 95.0 0 5.8 0 0 0 100. 8
Sn 91.2 2.6 7.9 0 0 0 101.7
Ag 23.3 2.0 21.8 4.4 12. 4 9.1 73.0
Bi 23.0 2.5 22.2 2.6 15.6 7.6 73.5
In 24.1 2.3 19.3 3.0 15.5 7.9 72. 1
Pb 26.0 7.8 12.5 1.2 0.4 1.1 49.0
Sh 21.7 0.1 12.2 0 0 0 33.9
Sn 9.0 0.4 6.7 0.2 12.9 8.3 37.4
cm Bi.In.Pb. Sb. Sn
Ag  >30~135 cm =
>100 ~135 em 0.054 ~
>30 ~ 135 c¢cm 0.197 g/( g+ m’ * a) (0 ~ 0.076
gl( grm’+a) ]
w( ) Pb.Sb  Sn  >100 ~135 c¢m
w( ) 0 g/( g*m’+a) 3
;Ag.In  Bi
3 . Al Al
33.9% ~73.0%; Sn 0~10 ecm Sbh Sn > 100 ~ 135 cm
9.0% >10 ~100 e¢m 20. 8% . Sb Sn 0 ~100 em
>100 ~ 135 em 8.3% >100~135 ¢cm 2
. Sb 0~30 cm . Pb >100 ~ 135 em
33.9% >30 c¢m Ag Sb Sb  Sn.
Ag.Bi.In Pb 0 ~135 c¢m 2.3
4 6
w( ) w( ) 2 2 \
.4 6

4 Sh Sn2
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Table 4 Migration rates of the heavy metals in the soils g/( g*m®*a)
/em /em
0 ~100 >100 ~ 135 0 ~100 >100 ~ 135
0. 043 0.022 0.076 0
0.017 0.128 0.035 0. 094
Ag Pb
0.011 0.132 0. 034 0. 105
0.108 0. 092 0.093 0. 108
0.042 0. 005 0. 055 0
0. 060 0. 062 0. 025 0. 108
Bi Sh
0. 092 0. 049 0. 006 0.122
0.112 0.093 0. 054 0. 149
0.061 0.017 0. 065 0
0.023 0. 087 0.020 0. 086
In Sn
0. 040 0.079 0.038 0.076
0. 106 0. 099 0. 048 0.197
R ; Ag (76.1%)
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2 60 H I ’ .
E F w( Bi) . w( Sn)
s K B .
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BHHH | BHHH | BHHH | BHAH | BHHH | B HH4d
SHEER SEERQ| NHER | SHED | SHERD | SHEER (48.0% ~
Ag In Pb Bi Sn Sb
g 63.0%) (5.0% ~
O B racids B RRHELS B Al REAE 25.0%)
B 5 EE SRS O DAKTRIENLS &S B RES
O &RBEADEES B TERBREANDSEES Sn w( Sn) 10. 0%
2 0~10 cm 4 a
0~10 cm ( 3)
Fig. 2 Chemical fractions distributions of metals in Pb
the soils of 040 c¢m before leaching (7.0% ~76.0%)
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Fig. 3 Chemical fractions of heavy metals in four soils after leaching for four years
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