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47
(SS) Cd (SS+
Cd) Zn (SS+Zn) Cu
(SS+Cu) Cd Zn Cu
120 9 160
3 470 mg/kg
1 — 2009 12
1.1 2 (
L) C )
(GR)) 450 g/m> 2013 10
(0 ~20 cm)
(CK) 60 (0.25 mm)
F1 HATIBERSRAERMER
Table 1 Basic properties of soil and sewage sludge tested
pH CEC Zn cd Cu
(cmol/kg) (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
6.05 20.9 30.7 1.74 0.80 7.58 97.2 0.34 34.8
6.23 463 46.8 11.0 14.4 749 1.79 109
1.2 (50 ~ 250 pum) (5~ 50 pm)
(1 ~5 pm) (<1 pm) 2
[16] 4 [17]
F2 100g TP ERNEFRBRESH ()
Table 2 Mass distribution of soil particles in 100 g soil
CK SS ss+Cd SS+Zn SS+Cu
27.2 26.4 29.1 30.4 28.2
45.8 47.4 46.6 42.6 48.2
18.6 17.2 17.1 16.6 15.8
5.8 5.9 5.1 6.2 4.4
1.3 10 ml HNO3/HCl(v/v 11 1)
Cu Zn Cd
[Varian SpectrAA 220FS( )
220Z( )] (19
60 02¢g
1.8 g/lem®  Nal - el
(18] 1.5
0.1 mol/L NaOH 0.1 mol/L NaOH+0.1 mol/L SPSS 20.0  Micro
Na,P,0; soft Excel 2010
2
[13]
1.4 2.1
02¢g
10 ml HNOy/HCl(v/v 11 1) 3 Cu Zn Cd

10 ~20 ml
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[22-23]
CEC
[20] [21] _
[24]
£3 FERELREBRHPEE Cu. Zn, CdKE(mg/ke)
Table 3 Cu, Zn and Cd concentrations in different particle fractions
CK SS SS+Cd SS+Zn SS+Cu
Cu 39.8 442 39.5 42.7 80.4
37.8 64.3 61.5 63.6 163
27.4 17.9 14.7 20.4 29.4
55.7 68.1 61.4 64.1 87.7
62.8 71.3 69.9 67.1 92.8
Zn 80.8 102 85.8 267 85.8
78.8 137 114 561 148
25.5 35.8 28.1 122 27.7
156 170 161 383 155
250 246 216 435 205
Cd 0.23 0.26 1.25 0.27 0.30
0.35 0.52 2.66 0.50 0.45
0.13 0.16 0.40 0.20 0.19
0.32 0.36 1.36 0.33 0.46
0.38 0.42 1.48 0.34 0.39
(CK) Cu Zn Cd
SS SS+Cd SS+Zn Cu
(SS)
Cd Cu Zn
Cd Cu Zn
[27]
100
X
s = ol
| E 60 s 0D
Cu Zn Cd o YME g
R | s
1 Cu Zn Cd S
82% ~ 94%
(CK)
Cu Zn Cd 1 TEFERZFRES P Cu. Zn. Cd FEW
[26] Bt
Fig. 1 Percentages of Cu, Zn and Cd contents in different particle

(SS+Cu  SS+Zn SS+Cd)

fractions



956 47
2.2
( 2) [29-30]
[28]
Bk
100 100 e
S 80 < 80
et g OFAGERS
5 6 omss B 6 @ R
= &=
5 = w L
w YO 41 40
o | AN % :
g 20 w® 20
SS  SS+Cd SS+Zn  SS+Cu SS  SS+Cd SS+Zn SS+Cu
Sh B hsii}
HAED
100 100
S 80 SR
3 5
= 60 ohsEE S 60 oA
= =
b o
ﬂﬂ 40 SREE w0 L ORALEAS
B ELEN <HI (S35
Eﬁ RO = LS
= 20 E 20 |
0 2220 P00 F02n0r 0
SS+Cd SS+Zn  SS+Cu CK SS SS+Cd  SS+Zn  SS+Cu
Qb3 A3
2 TERRNEBRPARAREESEERMES L
Fig. 2 Percentages of different combined humus in different particle fractions
2.3 Cu
Y=0.715 6X+
3 0.245(R*=0.698 1, n = 5, P<0.05)
Cd
CK
Cu Zn Cd (31-32]
Cu Cd
[33]
[34]
CK
Cu Zn Cd



957

(1]

(2]

iy

100 ; T
S : SELHLE
3 80 : LEH L
S : RN ARIAE
lm 60 : | F 1
=2 . R HiE
HEH4() : NEE ik
X : il |
e | 111 AR RRELRRIE:
=  MANR ine BENN

9 s o g3 o=

$2388 #8883 ¥A38S

T+ Y TET I+ I

nn AN 7207207 n

wn 2w wnunwn nunwn
Qb3

3 FREKNELERFHARESTS

1. , 2000, 32(2): 79-85
1. , 2008,
21(1): 24-25

100

P D
(=) (-]

HER S RIVA (%)

100

o)
S
t

JEFEEF Cu. Zn. CAEEHELE

Fig.3 Percentages of Cu, Zn and Cd contents in different combined humus of different particle fractions

(3]

(4]

(3]

(6]

(7]

(8]

(9]

1. ,2012, 23(2): 377-382

s s 5 s s s

[J1. , 2009, 28(10):
2 042-2 049
[J1.

, 2011, 34(4): 82-87

Hwang S, Cutright TJ. Statistical implications of pyrene
and phenanthrene sorptive phenomena: Effects of sorbent
and solute properties[J]. Archives of Environmental
Contamination and Toxicology, 2003, 44: 152-159
[J. , 2009, 33(2):
164-169
Jamali MK, Kazi TG, Arain MB, Afridi HI, Jalbani N,
Kandhro GA, Shah AQ, Baig JA. Heavy metal
accumulation in different varieties of wheat grown in soil
amended with domestic sewage sludge[J]. Journal of
Hazardous Materials, 2009, 164(2/3): 1 386—1 391
Alverenga P, Goncalves AP, Fernandes RM. Organic
residues as immobilizing agents in aided phytostabilization:



958 47
(I) Effects on soil chemical characteristics[J]. Chemosphere, [23] R s s
2009, 74(10): 1 292-1 300 [J1.
[10] Greenland DJ, Ford GW. Separation of Partially Humified ,2014, 34(1): 219-228
Organic Materials from Soils by Ultrasonic Dispersion[C]. [24] Wen LS, Santschi P, Gill G, Christopher P. Estuarine trace
Transactions 8th International Congress of Soil Science, metal distributions in Galveston Bay, importance of
Bucharest, 1964, 3: 137-148 colloidal forms in the speciation of the dissolved phase[J].
[11] S S R R . Marine Chemistry, 1999, 63: 185-212
- [J]. , [25] Madrid F, Biasioli M, Ajmone-Marsan F. Availability and
2008, 29(12): 3 532-3 536 Bioaccessibility of Metals in Fine Particles of Some Urban
[12] Sollins P, Spycher G, Topik C. Processes of soil organic- Soils[J]. Archives of Environmental Contamination and
matter accretion at a mudflow chronosequence, Mt. Shast, Toxicology, 2008, 55(1): 21-32
California[J]. Ecology, 1983, 64(5): 1273—1 282 [26] Balabane M, Van Oort F, Dahmani-Muller H. Mutual
[13] . ( )M]. , 1985: effects of soil organic matter dynamics and heavy metals
40-67 fate in a metallophyte grassland[J]. Environmental Pollution,
[14] s . 1999, 105: 45-54
1. , [27] , , , s . Cd
1995, 32(2): 151-158 J1. , 2005,
[15] s s , , ) 24(3): 456459
. , 2007, [28] , .
44(5): 817-823 [J1. , 2002, 24(1): 174-177
[16] . M]. [29] , ) , ,
, 1980 [J1. ( ). 2012,
[17] Tang ZY, Wu LH, Luo YM, Christie P. Size fractionation 42(3): 253-258
and characterization of nanocolloidal particles in soils[J]. [30] s , .
Environmental Geochemistry and Health, 2009, 31(1): 7. ,2011(7): 435-437
1-10 [31] Stylianou MA, Kollia D, Haralambous KJ, Inglezakis VJ,
[18] R s S s s . Moustakas KG, Loizidou MD. Effect of acid treatment on
[J1. , the removal of heavy metals from sewage sludge[J].
2008, 45(1): 170-175 Desalination, 2007, 215(1): 73-81
[19] . [M]. [32] Liu L, Li FS, Xiong DQ, Song CY. Heavy metal
,2000: 41-43 contamination and their distribution in different size
[20] , , s , , ) fractions of the surficial sediment of Haihe River, Chinal[J].
Environmental Geology, 2006, 50(3): 431438
[J1]. , 2009, 20(11): 2 8052 812 [33] Minkina TM, Pinskii DL, Mandzhieva SS, Antonenko EM,
[21] N s R Sushkova SN. Effect of the particle-size distribution on the
cu® [J1. 2007, 26(2): adsorption of copper, lead, and zinc by Chernozemic soils
136-140 of Rostov oblast[J]. Eurasian Soil Science, 2011, 4(11):
[22] Lair GJ, Gerzabek MH, Haberhauer G. Retention of copper, 1 193-1 200
cadmium and zinc in soil and its textural fractions [34] N R

influenced by long-term field management[J]. European
Journal of Soil Science, 2007, 58(5): 1 145-1 154

[J].
, 2007, 14(7): 14-19



5 959

Effects of Continuous Application of Sewage Sludge Fertilizer
on Heavy Metal Distribution in Soil Micro-aggregate and
Organic Matter

LI Yun-feng"?, ZHOU Tong’, SHANG Zhao-cong', CHENG Miao-miao’, YANG Lu?,
LI Zhu?, LUO Yong-ming’, WU Long-hua®"
(1 Shanghai Research Institute of Chemical Industry, Shanghai 200062, China; 2 Key Laboratory of Soil Environment and
Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Soil was progressively separated into different particle sizes and into heavy fractions of organic mineral complex
by using combination physic-chemical methods. The distribution characteristics of copper (Cu), zinc (Zn) and cadmium (Cd)
combined in the different humus fractions and different particle fractions were determined after the application of sewage sludge
fertilizers (SSF). The results showed that soil heavy metal concentrations increased with the particle size decrease, but application
of SSF increased the proportion of heavy metals in fine particle, whose content increased as the concentration of heavy metal in
sludge increased. SSF allocation increased the proportion of loosely combined humus in different particles, while declining the
tightly combined humus. SSF addition increased the proportion of Cu, Zn and Cd in loosely combined humus of fine particles,
while decreasing the proportion of those metallic elements in tightly combined humus. In the silt fraction, the proportion of Cu
and Cd in loosely combined humus was increased while those metallic elements’ proportion in tightly combined humus was
declined. The proportion of Cu, Zn and Cd of variously combined humus in both fine silt sand and colloidal particles did not
change significantly. The proportion of heavy metals was correlated with the proportion of different combined humus.

Key words: Sewage sludge; Soil; Heavy metal; Particle size; Combined humus



