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(2006—2013 )

Cu.Pb.Zn.Cd.Hg.As.Cr Ni 182.5.65.3.729.6.2.1.1.4.11.5.97.5  44.9 mgekg™! 4
M GB18918-2002) Cu.Pb.Zn.Cd.Hg.As.Cr Ni
2.3%.0.5.9% 5.5%-2.9% 0.0  3.5%; Cu.Pb.Zn.Cd.Hg.As.Cr N1
7.1%1.3% 10.3% +27.4% 20.0% \0.1.6% 12.1%. Hg As
Cu.Pb.Zn.Cd.Cr Ni . 2006 Cu.Pb.Zn.Cd.Hg.
As.Cr N1 29.0% 16.5% +40.9% 9.0% 29.8% \41.8% 5.3%  23.6%.
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Abstract: To identify the concentrations variation trend and regional distribution characteristics of heavy metals in sewage sludge over China literatures
published from 2006 to 2013 about heavy metal concentrations in sewage sludge were reviewed. The results indicated that the concentrations of Cu Ph
Zn Cd Hg As Crand Niwere182.5 65.3 729.6 2.1 1.4 11.5 97.5 and 44.9 mgekg™' respectively. About2.3% 5.9% 5.5% 2.9%
and 3.5% of the samples exceeded the limits set by “discharge standard of pollutants for municipal wastewater treatment plant” of China ( GB18918—
2002) for Cu Zn Cd Hg and Ni in alkaline soils while the concentrations of Pb Cr and As were considerably below the limits. Compared with the
limits for Cu Pb Zn Cd Hg As Crand Niin acid soils the non-attainment rate were 7.1% 1.3% 10.3% 27.4% 20.0% 0 1.6% and
12. 1% respectively. There were some differences of heavy metal concentrations in sewages sludge from different regions: the concentrations of Hg and As
were higher in northern China while higher concentrations of Cd Cu Pb Zn Cd Cr and Ni were found in southern China. Compared with the results
of heavy metals in sewage sludge taken from 2006 there were a significant decrease in the concentrations of heavy metals in this study and the
concentrations of Cu Pb Zn Cd Hg As Cr and Ni decreased by 29.0% 16.5% 40.9% 9.0% 29.8% 41.8% 5.3% and 23.6%
respectively.
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1 ( Introduction) ’ @
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2013 6 N
3479 1.46 N . . N
m’e d(
2013) . ! . '
Table 1  Classification table of literatures published
/
A 5
, 5
4
( Mantovi et al. 2005; Dai et al. 2006; Perez— 2
murcial et al. 2006) . 1
1
1
’ 1
; 1
63. 1% 14. 4% 13. Environment Monitor and Assessment 1
5% 1.8% 1.8% ( Journal of Hazardous Materials 3
2009; 2003) . Chemophere 2
. : Pedosphere !
28
’ ' 1
1
A 1
. . 1
1
1
1
1
2006—2013 i
1
1
2 ( Data collection and analyze) 1
2.1 14
57 88 2
Cu.Pb.Zn. 1
Cd.Hg.As.Cr Ni 4
N (2006—2013 ) 46
CNKI Science direct 46
@ 2.2
( QA/QC) Origin 8. 0
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Kolmogorov-Smirnov  ( K-S ) As.Cr Ni 182. 5.65. 3.
SPSS11.5 Sigma plot 10.5 729.6.2.1.1.4.11.5.97.5 44.9 mgekg™".

) ] Cu.Pb.Zn.Cd.Hg.As.Cr Ni
3 ( Results and discussion)
55.7 ~2867.4.9.3 ~370.0.42.1 ~3568.3.0.4
3.1 ~39.9.0.1~15.8.0.9~61.8.10.6 ~639.0  13.
1 ~495.3 mgekg™
2. 2 Cu.Pb.Zn,
Cd.Hg.As.Cr Ni Cu.Hg.Cd Ni 100%
( p.>0.05) ; Pb.Zn. As Cr 50% ~ 100%
Cu.Pb.Zn.Cd. Hg.
2 (2006—2013 )
Table 2 Concentrations of heavy metals in sewage sludge of China ( 2006—2013)
, /(mg-kg™")
N gk | | (pH26.§3 / (pH<6.§? /
M SO pme  OM 6D py (mgks™) (mg+kg™)
Cu 84 55.7 ~2867.4 283.5 417.8  0.00 182.5 2.2 0.05 147.4% 1500 2.3% 800 7.1%
Ph 78 9.3~370.0 78.0 54.8  0.00 65.3 1.8 0.59 70.2% 1000 0 300 1.3%
n 84 2.1-35%8.3 957 739.5 0.00 729.6 2.0 077  79.9% 3000  5.9% 2000 10.3%
Cd 73 0.4~39.9 5.8 7.1 0.00 2.1 1.8 0.43 122.9% 20 5.5% 5 27.4%
Hg 35 0.1~15.8 2.8 3.8 000 1.4 24 035  105.6% 15 2.9% 5 20.0%
As 42 0.9~61.8 15.7 11.7  0.04 11.5 2.5 0.26 74.7% 75 0 75 0
Cr 64 10.6 ~639.0 136.9 126.9  0.01 971.5 2.3 0.39 92.7% 1000 0 600 1.6%
Ni 58 13.1~495.3 63.6 79.2  0.00 44.9 2.1 0.56  124.5% 200 3.5% 100 12.1%
M SD GM GSD
( » Cu Zn ( 2003)
( GB18918—2002) ( 2002) Cu Zn
( 2
3.2
(pH=6.5) (pH<6.5) N N
(pH=6.5)
Pb.As Cr ( 3). 3
Cu.Zn.Cd-Hg Ni Cu
2.3%.5.9%5.5%2.9%  3.5% > > > > > > ; Pb
Cd Zn.Ni  Hg > > > > >
Cu. (pH<6.5) 1 Zn > >
As Cd > > ; Cd
27.4% Hg.Ni.Zn.Cu Cr > > > ; Hg
20.0% 12.1% 10.3% \7.1% 1.6% Pb > > > > ; As
1.3%. > > > > > ; Cr
Cd.Ni  Hg Cd. > > > ; Ni
Ni Hg Cr .Cu  Zn > > >
(§ » > Hg
( GB2762—2012) ( 2012) ;
Cu Zn : Zn Cr :
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Ni ; Cd
Cu.-Pb Cd
Cu~Pb.Zn.Cd.Cr

Ni

Table 3 Concentrations of heavy metals in sewage sludge in different regions of China

As

3

As

/

/

/

/

N (mgekg™) (mgekg™) (mgekg™) (mgekg™) pH=6.5 pH<6.5
Cu 23 472.3 690.0 267.5 2.6 13.0% 13.0%
Pb 23 90.6 74.6 73.4 1.9 0 4.3%
Zn 23 1529.8 1027.6 1190.6 2.2 17.4% 30.4%
Cd 23 5.9 9.2 3.1 2.9 8.7% 21.7%
Hg 4 1.3 0.5 1.2 1.6 0
As 10 18.6 16.6 12.8 2.9 0
Cr 18 199.3 163.4 138.0 2.6 0 5.6%
Ni 17 93.3 131.1 53.1 2.7 11.8% 23.5%
Cu 9 376.9 341.7 271.5 2.6 0 22.2%
Pb 9 79.9 39.8 67.5 1.9 0 0
Zn 9 780.5 289.5 737.6 1.4 0 0
Cd 6 8.2 8.8 5.1 2.9 0 0
Hg 3 1.6 0.2 1.6 1.1 0 0
As 4 25.8 6.1 25.3 1.3 0 0
Cr 8 121.3 109.1 84.0 2.6 0 0
Ni 6 61.6 19.1 58.2 1.5 0 0
Cu 5 332.7 311.9 221.9 2.8 0 0
Pb 6 81.0 17.9 79.4 1.3 0 0
/n 5 405.2 43.7 403.3 1.1 0 100. 0%
Cd 8 7.1 6.1 3.3 5.1 0 62.5%
Hg 3 1.9 B 1.9 1.1 0
As 3 10. 2.5 9.9 1.3 0
Cr 4 134.5 37.6 130.9 1.3 0
Ni 3 159.7 26.1 158.2 1.2 0 66.7%
Cu 11 202.6 129.5 179.0 1.6 0 0
Pb 11 60.5 20.8 57.3 1.4 0
Zn 11 721.2 287.1 655.8 1.6 0
Cd 7 2.4 0.9 2.2 1.6 0 0
Hg 7 10.5 2.7 10.3 1.3 9.1% 100.0%
As 7 14.9 3.0 14.6 1.2 0 0
Cr 11 68.1 53.4 55.4 1.9 0 0
Ni 11 53.9 42.4 44.1 1.9 0 9.1%
Cu 4 193.6 159.6 158.2 1.9 0 0
Pb 4 101.9 109.2 72.1 2.4 0 0
Zn 4 551.7 373.7 475.6 1.8 0 0
Cd 4 3.7 4.0 2.5 2.8 0 25.0%
Hg 0 — — — — 0 0
As 0 — — — — 0 0
Cr 1 186.5 — — — 0 0
Ni 5 37.7 43.1 26.1 2.4 0 0
Cu 21 136.5 63.5 124.8 1.5 0 0
Pb 21 74.6 43.1 64.6 1.7 0 0
Zn 21 796.8 600. 8 639.1 2.2 4.8% 4.8%
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3
N / / /
(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) pH=6.5 pH<6.5
Cd 21 6.6 6.7 4.5 2.3 14.3% 28.6%
Hg 15 1.9 0.8 1.7 1.7 0 0
As 15 12.4 12.5 7.4 2.9 0 0
Cr 11 139.4 149.7 102.1 2.1 0 0
Ni 11 45.2 17.4 42.1 1.5 0 0
Cu 11 184.2 280.4 120.2 2.1 0 9.1%
Pb 4 39.3 23.0 31.9 2.3 0 0
Zn 11 604.8 240.1 569.1 1.4 0 0
Cd 4 2.3 1.8 1.6 2.8 0 0
Hg 3 2.6 1.1 2.4 1.6 0 0
As 3 16.7 3.5 16.4 1.2 0 0
Cr 11 108.4 91.8 87.6 1.9 0 0
Ni 7 31.5 5.3 31.1 1.2 0 0
( » Zn Cd 4.8% 28.6%.
( GBI8918—2002) 2002) 3.3
( pH = ~
6- 5) A Al Al
Hg N
9. 1% 7Zn Cd 4. 8% 70% ~90%
14.3% CusZn.Cd  Ni ( 2003) .
13.0% 17.4% 8.7% 11.8%.
( pH<6. 5)
Hg As Cu.
Pb.Zn.Cd.Cr Ni 13. 0% 4. 3% ~ 30. ( Aelion et al.
4% 21.7%.5.6%  23.5% Cu 2008) . 3 ( 4)
22.2% Cd Ni 62.5% 3 28.9%
66. 7% Hg Ni 100. 22.3% 13.8% 64.
0% 9.1% Cd 25.0% 8%
4
Table 4  Results of principle component analysis
2.6 32.7% 32.7% 2.3 28.9% 28.9%
2 1.5 18.5% 51.2% 1.8 22.1% 51.0%
3 1.1 13.7% 68.8% 1.1 13.8% 64.8%
5 Cu.Pb.Zn PVC ( ) Pb.Cu Zn
Hg
Cu.Pb.Zn 5
Hg . Cd. Cr Table 5 Loading of the first three principal components
Ni ; As
1 2 3 1 2 3
Cu 0.8 -0.2 -0.2 0.8 0.3 -0.2
Pb  Zn Pb 0.3  -0.7 0.1 0.7 -0.4 0.1
Zn 0.7 -0.4 0.1 0.8 0.03 0.1
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mgekg™" ( 2012) .
3.4
2 3 1 2 3
Cd 0.6 0.4 -0.4 0.3 0.7 -0.3 2009 6
Hg 0.7 -0.1 0.01 0.6 0.3 0.05 ( )
As 0.1 0.2 0.9 0.1 0.1 0.9 Cu\Pb\Zn\Cd\Hg\As\Cr N1
Cr 0.6 0.4 0.2 0.3 0.6 0.2 As  7Zn
Ni 0.3 07 o1 0.1 07 0.1 41.8% 40.9% Hg.Cu.Ni.Pb  Cd
29.8% 29.0% 23.6% -16.5% 9.0% Cr
? 5.3%.2000
Hg ( Sorme PVC
et al. 2002) Hg Pb 7n
Pb
Pb
Cd.Cr Ni S N . Heg
Ni 2006
( Sorme et al. 2006 He
2002) . As
As ( ) As
2012 2.5%x10* t
(US cd.
-2
mg-kg™' As 1.8
6
Table 6 Comparison of heavy metal concentrations in sewage sludge between 2006 and 2013
2006 ( 2009)
/ ! / !
ko ! me* 51
N kgt R (a6 (meke) ) R s s)
Cu 98 51.0 ~9592 499 257 6.5% 55.7 ~2867.4 84 283.5 182.5 2.3% 29.0% ()
Pb 98 3.6 ~1022 112 78.2 1.0% 9.3 ~370.0 78 78.0 65.3 0 16.5% ()
Zn 98 217 ~30098 2089 1235 11.2%  42.1~3568.3 84 925.7 729.6 5.9% 40.9% ()
Cd 98 0.04 ~999 18.2 2.3 6.5% 0.4~39.9 73 5.8 2.1 5.5% 9.0% ()
Hg 98 0.04 ~17.5 3.18 1.9 1.0% 0.1~15.8 35 2.8 1.4 2.9% 29.8% ()
As 98 0.78 ~269 25.2 19.7 1.0% 0.9~61.8 42 15.7 11.5 0 41.8% ()
Cr 98 20.0 ~6365 259 103 3.8% 10.6 ~639.0 64 136.9 97.5 0 5.3% ()
Ni 98 16.4 ~ 6206 167 58.8 6.5% 13.1 ~495.3 58 63.6 44.9 3.5% 23.6% ()
4 ( Conlusions)
1) 2006—2013 Cu~Pb. ; As Hg
Zn.Cd.Hg.As.Cr Ni 182.5.
65.3.729.6.2.1.1.4.11.5.97.5 44.9 mg'kg_1 3) 2006

2)

Zn>Cu>Cr>Pb>Ni>As>Cd>Hg.
Cu.Pb.Zn.Cd.Cr Ni

Cu.Pb.Zn.Cd.Hg.As.Cr Ni

29. 0% - 16. 5%
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40.9% 9.0% 29.8% \41. 8% 5.3%  23.6%

As Zn.Hg.Cu.Ni.Pb  Cd Cr
2013  Hg
2006
Cd.Hg Ni
(1963—)
“863” . 973”7 N
40 200 18
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