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Contents of Heavy Metal in Commercial Organic Fertilizers and Organic Wastes

LIU Rong-le, LI Shu-tian, WANG Xiu-bin, WANG Min

(Soil and Fertilizer Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Heavy metals in main commercial organic fertilizers and organic wastes in China were monitored and analyzed. There was
great variability in the contents of heavy metals such as Zn, Cu, Cr, Pb, Cd, Ni, Hg and As in the commercial fertilizers. On av-
erage, the contents of the above heavy metals were 732. 4, 75.4, 53.5, 36.6, 5.64, 21.0, 0.44 and 2. 96 mg * kg~', respec-
tively. According to GB18877 —2002 for organic — inorganic compound fertilizers, the number of the samples in which the con-
centrations of Cr, Pb, Cd exceed standard limitations was only 1, 2 and 9, respectively, in the total 162 tested samples. Neither As
nor Hg in the samples was over the standard limitations. However, in reference to the limitations of mature compost in Germany about
19.1% . 16. 7% .9.3% . 1.2% .67.9% .45. 1% . 10. 5% of samples exceeded the limitations for Zn, Cu, Cr, Pb, Cd, Ni and
Hg, respectively. The contents of heavy metals in commercial organic fertilizers was significantly correlated with that in the raw
organic materials (7= 0.440 ~0.9377) . The content of some heavy metals in various organic wastes increased greatly compared
with those tested in the 1990° s. The reason for causing the pollution of the heavy metals in organic wastes was complicated. Ac-
cording to the limitations of mature compost in Germany, in chicken manure, for example, the percentage of the samples exceeding
limitation for Zn, Cu, Cr, Cd, Niwas31.9%, 23.4%, 21.3%, 66. 6% and 57. 4% , respectively. In hog manure: for Zn, Cu,
Cr, Cd, Niand Hg was 58. 6%, 69.0%, 10.3%, 51. 7%, 24. 1% and 3. 4%, respectively. In cattle manure: for Zn, Cu, Cr,
Cd, Niwas4.8%, 9.5%, 2.4% , 38.1% and 21. 4% , respectively. In sheep manure: for Zn, Cd, Ni and Hg was 6. 7% ,
20.0%, 20.0% and 6. 7%, respectively. In crop straw, seed cake, wastes from monosodium glutamate, furfural and paper pro-
duction etc. the percentage of samples that exceed limitation for Zn, Cu, Cd, Ni and Hgwas 3.2%, 3.2%, 38. 7%, 22. 6% and
6.5% , respectively. In compost, for Zn, Cu, Cr, Cd, Niand Hg was 16. 7%, 8.3%, 16.7%, 83.3% , 41.7% and 16. 7%,
respectively. In chicken and sheep manure, compost and organic wastes from crop straw, seed cake, monosodium glutamate, fur-
fural and paper production Cd and Ni were the main heavy metals that excess limitations. But in hog manure Zn, Cu and Cd were the
main heavy metals that excess limitations, and in cattle manure only Cd was the main heavy metals that excess limitations. The
content of Pb in all organic wastes is below the limitation. Further studies need to be taken for establishing national standard limi-
tations not only considering the concentration of heavy metals in organic fertilizers but also considering maximum application rate and
accumulation effects of long — term applications.

Keywords: commercial organic fertilizer; organic waste; animal manure; heavy metals; content
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A, H5.6% s Ni S RGN 3.6 ~84. 4 mg - kg™ ',
Xk 21, 0mg - kg™t 1/2 P ERORES Ni & 8/ F
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Figure 1 Frequent distribution of heavy metal contents in commercial organic fertilizers
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Figure 2 Relationship between heavy metal contents in commercial organic fertilizers and that in their raw organic materials

xR ARANVHREFNEREGIETFEERENHTFHEE (ng - kg™')

Table 1 Heavy metal concentrations in commercial organic fertilizers manufactured from different raw organic materials

LURN RS FEAEL Zn Cu Cr Pb cd Ni Hg As

JE TR 5 68.7 20.0 23.2 32.6 2.3 24.6 1.2 7.7
USSR | 8 13.1 6.2 8.2 11.4 1.1 11.0 0.3 1.0
YEYIFEHF 11 69.9 20.7 37.5 16.7 1.3 19.5 0.3 3.0
pLES 14 275. 8 72.6 51.4 26.6 2.4 20.2 0.1 2.6

LRSS 7 615.0 414.7 53.5 40.0 2.7 22.0 0.5 3.6

2.2 BEREFESRIERTYPESERHNRENRR
TEFT A A HUEFEY) B 3826 Zn Cu Cd As
HOF 2 T HAL G IUR S, TxgZET Cr BY-F
Yy w7 AL E S I AR LR A YUEFEY)
TNFEFT SRFFDE RN T JAVRL BT i i 40K 75
A3ETTGJEH Cro Py Niy Hg i P38 b (36
2), Drechsel and Kunze(2001) W45 i , AN [RIA VLUK
Yy, 5 ARG ZE TP Y B A R O e T AR IR Y R

FEPIUNE A R FNHEAR S,

T EX B &SR YE ST I ESE
T TAT FH I () B BRI, AFL KR — 2 [ SR 0 E A
o 2 A [ X JIES o 4 A A TS R, %
6] 5 A HE AT T oy T 4 PR AR I ), Zead AT L
i, AFE Zn, Cu, Cr, Cd. Ni (J#BFRHE55] R
31.9% .23. 4% .21.3% .66. 0% .57. 4% ; }% 3 Zn
Cu. Cr, Cd. Ni, Hg ®Hr%5 500 58. 6% . 69.0% .
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Table 2 Concentrations of heavy metals in organic wastes (mg * kg™ 'DM)

P 5 L bR ESE RS sy s HEIE /e V58 / ke
(n=47) (n=29) (n=42) (n=15) (n=31) (n=12) (n=8)
Zn Fieni | 0.0~1017.  40.5~2286.8 42.2 ~634. 30.2 ~435. 4.3~560.7 52.0~1014.0 92.5~1539.5
M 5 656.2 7 2 103. 4 261.4 516.0
LRI 309. 5 541.8 151.9 123.4 70.2 143.8 497.5
R/ %" 262. 8 58.6 105.2 70.2 3.2 16.7 12.5
31.9 4.8 6.7
Cu FenG | 16.8~736.  10.2~1742.1 8.8~437.2  13.2~59.2  0.0~116.2 14.5~786.4 27.8~589.2
SEE Y 5 452.2 46.5 28.7 27. 4 98.9 175.0
LREIEN 91.6 452. 4 27.8 28.7 21.9 37.1 163.9
IR/ % 45.3 69.0 9.5 0 3.2 8.3 0
23.4
Cr | 4.4 ~1482. 3.8~316.3  2.6~140.2 3.3~21.6 0.9~87.7 9.9~338.4 10.1~783.5
T 9 42.8 15.2 8.0 17.1 65.6 151.2
i 98.3 17.1 10.0 5.8 7.3 32.6 75.0
WIRE /% 18.7 10.3 2.4 0 0 16.7 0
21.3
Pb FieA ] 1.8~143.3 5.1~42.8 0.8 ~50.0 2.8~23.4 3.2~137.8  8.9~130.6 19.9~334.5
I 23.3 17.4 15.7 12.4 21.9 32.6 89.2
i 19. 4 13.0 13.1 10.6 15.5 24.3 57.6
IR/ % 0 0 0 0 0 0 0
cd Fieni | 0.3~23.1 0.44~42.7  0.05~51.5 0.3~4.7 0.05~11.6 0.9~4.6 1.2~7.1
YA 3.2 4.6 3.4 1.3 1.8 2.7 3.1
i 1.9 1.7 1.1 0.7 0.9 2.7 2.7
BIR% /% 66.0 51.7 38.1 20.0 38.7 83.3 0
Ni FenG | 3.9~39.4 5.7~43.6 2.5~31.3 4.1~24.4 0.8~45.7 11.4~27.9  14.2~49.3
SEEY 20.5 16.0 14.1 12.4 14.2 19.3 32.3
LREIEN 21. 4 15.1 12.9 9.9 12.4 18.2 32.3
IR/ % 57. 4 24. 1 21.4 20.0 22.6 41.7 0
As FieA it 0.08~8.25  0.07-18.9 0.0~14.9 0.02~4.3 0.0~14.1 0.08 ~3.6 0.97 ~16.2
I 2.53 5.02 2.01 1.46 2.14 2.12 4.82
i 1.89 3.28 1.44 0.78 0. 82 2.50 3.53
IR/ % 0 0 0 0 0 0 0
Hg Fieni | 0.03~0.8  0.02~1.75 0.03~0.31  0.02~1.98 0.01~1.61  0.05~2.94  0.03~4.40
S 0.12 0.18 0.10 0.19 0.25 0. 45 1.45
e 0.08 0.08 0.07 0.06 0.1 0.16 0.90
BIR% /% 0 3.4 0 6.7 6.5 16.7 0

T R R ARAT ORI BB O AR A YUR R AR R S S A U S 2 5 T8 R L B B R,

75 U0 2 B IR [ A P R T 4 I A BRR D
10.3% .51.7% .24. 1% 1 3. 4% ; 43" Zn  Cu.Cr,
Cd ., Ni HARRIHN 4. 8% 9. 5% 2. 4% ,38. 1% I
21.4% ; 3% Zn, Cd. Ni Al Hg M8 HRR 53500
6. 7% .20.0% .20. 0% 1 6. 7% ; YEWIFEFT RS 45
BHIEFY)H Zn, Cu. Cd. Ni, Hg FEBHRZES 518
3.2% . 3.2% . 38.7% . 22. 6% F1 6. 5% ; HEAEH Zn .,
Cu. Cr. Cd. Ni., Hg W#FRE5 514 16. 7% . 8.3% .
16.7% . 83.3% 41.7% M 16.7% , {HIXSATHLIK FE
Prrb Pb S EEA RS, MK ER G RESE S
whRE, 8 MG IRFESH, A — i Zn & HE
Bo

SR A IUR TR E SR S RS A
a2 90 AFAUHIAHLL, B> E G JE AR, Wk 2, &
3. AGFEFEFET Zn Cu.Cr.Cd As Hg ¥iN4s £ , 4
F6 Zn Cu As Hg &880, SR 2EMALAK, AT fig
Je ARSI R A R ) U RS AT SR BUE SR
JIT AT T 4 e ) S A TR N, (AR, HERE
Zn . Cu.Cr 0 2 ~ 4 %,

BB S A VU YR A R oA HUIERHAY
HEAHLYPRR IR, R 0 2 R A DR S
Iz, i A HLE F 0k LA HUIE B B 3 T4l
A, L, AP A F Y RN G e
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Table 3 Concentrations of heavy metals in organic wastes collected
in early 1990 s (mg * kg™ 'DM)

R I LN Y
Zn  159.6 137.2 100.3 110.5 40.2 85.5
Cu 52,4 37.6 269 44.3 12.5 28.8
Cr 205 10.6 6.1 11.3 4.0 12.7
Pb 29.3 13.2 12.0 25.8 3.7 25.4
cd 0.5 09 1.4 25 0. 68 1.4
Ni  19.5 12,7 81 12.4 — 21.4
As 0.3 1.1 1.0 16 0.7 2.0
Hg 0.03 0.07 0.04 0.07 0.04 0.29
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