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Heavy metal concentrationsand their decreasing trends in sewage dudges

o China

CHEN Tonghin, HUANG Qifei , GAO Ding, ZHENG Yugi , WU Jifu  (Laboratory of Environmental Remediation, Ingi-
tute of Geogrgphic Sdences and Naturd Resources Research, Chinese Academy of Sdences, Beijing  100101)

Abgract : Andysng the reported data albout heavy metds in sawage dudges between 1994 —2001 in 60 citiesdf China, it is conduded that
Zn, Cu and O concentrations of heavy metdsin savage dudges of Chinawes veaive high while the concertrations o the high toxic metd's,
Hg, Cd, As, were lower than 20 mg/kg. The concentrations of neavy metds in 70 % o datidicd samples were found to be lower than
20 mg/kgfor As, 2.8 mg/kg for Cd, 250 mg/kg for O, 417 mg/kg for Cu, 5mg/kg for Hg, 75 mg/kg for Ni , 130 mg/kg for Pb and
1701 mg/kg for Zn, reectively. There were about 11 % of Ni , 30 % o Cu, and 45%d Znin dl the gatigica sanpleswhich had overran
the heavy metd limitsdf sewage dudge for land gpplicationin China. This suggessthat Zn was the nog primary heavy metd pollutart in sawv
age dudge in China. The overrunning percert of Znwoud be 9 % acoord ng to the new limits set by China Nationd Sandard o Pollutant Re-
lease from Sewage Trestment Hant. Because dl the heavy metd concentrations in China’ s sawage dudges were lower than the limits o US
EPA , heavy metd pollution in China caud ng from land gpplication o sawage dudges may not be a serious problem. It is d < proved thet the
heavy metd concentrations in sawage dudge have being decreased over time both in developed countries and in Chinain the lag two decades.
The average of heavy metd concentrations has being decreased by 2.7 % —4.9 % in Beijing Aty and 0. 1 %—2.4 % in Tianjing Oty. The
heavy metd limrits of China are too low that most of sawage dudges (ca. 55 %o thetotd) can not be used for land gpplication. Infact , about
51.5% of Chind s crop silswere reported to have Zn deficiency. It is suggeded that he heavy metd lintsin sawage dudge for land gpplicar
tion shoud be nodfied to pronote the sfety reuse of sawage dudges in China.

Keywor ds: sawage dudge (biosolid) ; land goplication; heavy metd ; pollutant ; environment risk
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1
(1994 —2001)
4 Ni Po O Cu Zn
, mg/kg; Zn 1450 mg/kg(  1).
1 Zr] ; OJ t O 1
Hg Cd As , mg/kg
1984 (@B4284-84) ,Hg Cd As Po
Cr n, CuNi( 1.
) n, 55 %. ,
( ) , Zn Cu
. o) 9% 12 %;
Table 1 Heavy metd concentrationsin sawage dudge o China '
, 2) ) %
) my/kg kg @B428484 ) USEPA
pH26.5 ( 1) ,70% As
Hg 33 0 9.3 2.84 0 0 0
cd 54 0.05 16.80 2.97 0 0 20 mg/kg , Cd
As 26 0.20 47.00 16.1 0 0 2.8 mg/kg O 250 mg/kg
Ni 35 10.4 374.0 T77.5 1 1 0 ,Cu 417 mg/kg , Hg
Po 55 0.6 669.0 131 0 0 5rrg/kg Ni 75 rrg/kg ,Pb
o 37 0.4 728.0 185 0 — 130 mg/kg Zn 1701 my/kg
Cu 59 28.4 3068.0 486 30 12 0
Zn 57 16.8 7384.0 1450 55 9 0 :
N 1004 2001 :Zn (1450 mg/kg) > Cu (486 my/kg)
2 194 > Cr(185mg/kg) > Pb(131 mg/kg) >
2001 . Ni (78 mg/kg) > As(16 mg/kg) > Cd
3) ( ) (3mg/kg)= Hg (2.8 my/kg) .
2002 5
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Fg.1 Fequenciesd heavy metd concentrationsin sawvage dudges of China

( 2. : Zn (1450 mg/kg) ,
Zn , . Zn Cu Cd Po 96 %
2 [41
Table 2 Heavy metd concentrations in sawage dudgesof China, UK, US and Sveden
;my/kg

Zn Cu Ni Cd Pb o Mn Mo [€5)
(1994 ) 2847 1121 201 107 900 887 397 7.7 16.5
(1994 ) 2200 700 52 12 480 380 — — —
(1994 ) 1570 560 51 6.7 180 86 384 — 10.8

Y (1994 —2001 ) 1450 486 77.5 2.97 131 185 — — —
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131 % 3500 % 587 %, 52% 44 % 8% 39 %.
2
, , Hg Cd As Pb ( 3.
b ( 4) ’
20 70 , , Hg
3 H 3
Table 3 The heavy metd concentrations in input water of a sawage tregtment plant ( 4) . 1995 )
gL d 66 % ,Pb 57 %,
Hg & O As Pb Qu Zn Hg 88 % ,Cu 70%,2Zn
1987 0.007 0.0036 0.215 0.0243 0.0749 0.042 0.160
48 % ,Cr 53 %,
1988 0.0025 0.0065 0.010 0.0217 0.0340 0.060 0.197 2.7-4.9%
1989 0.004 0.0007 0.200 0.0180 0.0428 0.061 0.162 ’ ) 0
1) < ( ) > ,
2002 5 '
1988 —999
4 [13,24,34,42,43]
0 0
Table 4 Change o heavy metd concentrations in sewage dudges of China 0.1%—2.4%
,mg/kg
Cd Po Hg Cu n o As ,
1977 8.3 100 52 372 703 207 8.25 ,
1995 2.8 43.1 6.34 112 369 97.8 —
,% 3.7 3.2 4.9 3.9 27 2.9 — ( 5) [44 45]
1988 6.8 351 10.6 624 1369 996 17.9 ’
1999 5.0 — 8.5 48 133 565 13.7 Cd
,% 1.4 — 1.1 1.2 0.1 2.4 1.3 Po )
5 6 % —8 %.
. O P ,
Table5 Heawy metd concentrations in sawage dudges of UK, US and Canada
— 17 % —18 %.
cd P Hg Qi Zn O Ni Bekkel aget 15—20
1982/1983 9 418 3 625 1205 124 59
1990/1991 3.2 217 3.2 473 889 86 37 ( 2)
% 8 6 -08 3 33 39 4.6 ) '
1983 10 500 800 1700 500 — 6]
1988 4 76 456 755 39 — .
% 12 17 13 86 11 18 — (http ://euro-
1981 B 545 — 870 130 1040 — pg eu.int)
1994 6.3 124 3.5 638 823 319 — 20
% 63 59 — 21 32 53 — ’
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2 1
4
,1983 (40 CFR Part 503) . 1993 2
( 6,
( 6) . “ ” ,
13 ” , , 2
A B2 100 /g( B 2 X
10° /gC ) , B
6 ( USEPA ,2002) 1986
Table 6 Heawy metd limitsof USin sawage dudge
for land gpplication
s ) , ) [50]

kg/hrm? kg/ (- &) my/kg mg/kg '
As a 2.0 75 4 1984
cd 39 2.0 85 39 (®B4284-84) ,
Cu 1500 75 4300 1500
Po 300 15 840 300
Hg 17 0.85 57 17 ' '
Mo — — 75 — :
Ni 420 21 420 420 (1)
* 100 5.0 100 100
n 2800 140 7500 2800

[51] ,
(6 7). ,

(@®B4284-84)
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: ‘ (sawage dudge) ” )
(biomolid) ™, (USE
PA) “ sawage dudge” “ biosolid” , sawvage dudge
( ) :
(2) Zn -
Table 7 The heavy metd limitsfor land gpplication of Europe and China
,moy/kg
55 % 7n QU Zn N O Pb Hg As
( 1, 2 1750 4000 40 400 1000 1200 25 @ —
1000 3000 15 200 1000 80 10 @ —
(B428484 ’ 800 2500 10 200 90 900 8 —
600 80 2 50 100 100 2.5 —
, @B4284-84
1 il pH=6.5 500 1000 20 200 1000 1000 15 75
il pH<6.5 250 50 5 100 600 300 5 75
' 2002 2
il pH=6.5 1500 3000 20 200 1000 1000 15 75
il pH<6.5 800 2000 5 100 600 30 5 75
, 0.49  hni 1) 2002 http : //europa. eu. int
, 2 ( ) 2002 5
51.19% .
1998 988 11— ,
78.9%, 75.6 %™
Zn
(
,Zn 3000 mg/kg(pH=6.5 ). n
9 %. ;
( )
(3
(4) ,

(5)



568 23
20 20 80 ,
) , t
[54] “ "
. ,1998
53 %2010 70 %% .

[1] . 2001 [M]. / . 2002

[2] Edward SR, Qiff I D. [M]. . 2002

[3] [31. , 2002, 22(5) :
643 —648

[4] [J1. , 2002, 22(6) : 797 —801

[5] , [J1. , 2002,
8(5) : 501 —503, 506

[6] , [J91. , 1994 , 13(4) :
158 —162

[7] ) [J1. , 1994, 17
(2) 5459

[8] [J91. , 2001, 17(2) :35—40

[9] [J1. , 2000, 16(5) :19—22

[10] [J1. , 1995, 14(5) :202 —206

[11] [J91. , 1999, 21(6) :1—5

[12] [91. , 2000, 16(3) :131—134

[13] , 1995, 10(1) :87 —2

[14] [31. , 1994, 9(3) :247 —252

[15] [J]. , 1999, 14(1) :118—22

[16] [J1. , 1999, 25(3) :13—5

[17] [J]. , 2000, 19(2) :76 —78

[18] [3. , 1997, 13(4) :1043,2-3

[19] [J1. , 2000, 11(1) :157 —160

[20] , [31. , 1997, 8(6) :
645 —649

[21] [31. , 1998, 6:45—46,
5455

[22] , WongJ W C. [31. , 1997,

17(4) :321 325



5 569

[23] , ) CQu Zn Ni [J1. , 1996, 3(2) :32—34

[24] , , ) [31. , 2001, 14
(1911

[25] , , .. [J]. , 1999, 25(6) :17 —21

[26] [3]1. , 1999, 19(4) :387 —390

[27] , . [31. , 2001, 14(4) :42—44

[28] , [J1. ( ), 199,35 (

), 217 —=221

[29] [J]. , 1999, 22(4) :359—360, 374

[30] (3. , 1999, 18(3) :44—46

[31] ' , . [J1. , 1999, 6:33

[32] [J1. , 2000, 7(3) :232 —234

[33] ' , . [J1. , 2000, 12:35—36

[34] , , . [J1. , 1999, 15(9) :58—60

[35] ' : [J1. , 2000 , 115

[36] , , . [J1. , 2000, 4:39—41

[37] [J1. , 1999, 19(2) :185—193

[38] , , .. [3]. , 2001, 21(1) :
95 —100

[39] ; ; - [J1. ,
2000, 22 , 9196

[40] , . , [J1. , 2000, 8(2) :144 —150

[41] McQah SP. Metd concentrations in dudges and il from a long—termfidd trid [J]. J Agric i, 1994, 103:25—35

[42] ( )[C]. 1980,

[43] . , .o [J1. , 1988, 7
(1) :122—8

[44] onadtartsin Environmenta Sciences. Limted UK Sewage Sudge Survey , Find Report [M]. London: Gonsultantsin Environmen-
td StiencesLtd. 1993

[45] Webber M D, NicholsJ A. Organic and meta contaminants in Canadian municipal dudges and dudge conpos[M]. Burlingion:
Wagtewater Techrology Centre. 1995

[46] Bjarne P, Kidl TN W. Srategy for land gpplication of sawage dudge in Noway [J]. i Tech, 1997, 36(11) : 283 —290

[47] , , .. [J]. , 2002, 8
(3) : 288 —291

[48] Monday O, Miched L , ThonponJ SC, & a. Didribution and movement of dudge —eerived trace metdsin sdlected Nigerian ils
[J]. J Erwiron Qua , 2001, 30(3) : 1667 —1674

[49] FangM, WongJ W C. Hfectsdf lime amendment on availahility of heavy metd's and meturation in sawage dudge conpoding [J] .
Environ Rollut , 1999, 106(1) :83 —89

[50] McQah SP, ChangA C, Pige AL, & a. Land goplication of sawage dudge: scientific pergectives of heavy metd loading limits
in Europe and the United Sates [J]. Emviron Rev, 1994, 2(1) :91—107

[51] [M]. : . 1995

[52] [A]. : )
50 [cl. : . 1995

[53] , . ) [J1. , 1998 , 5(8) :44 —47

[54] , , . [J]. , 2000, 19(1) :58—61

[55] ( )



