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Abstract

Massive amounts of pig manure are produced by intensive pig farm in China, and the composition of pig manure has changed much
due to the use of feed additives. However, little is known about the exact Cu (copper) feed as additives or present as contaminants in pig
feed and the residues in feces. One hundred and thirty-seven feeds and one hundred and forty-two fecal samples from 48 pig farms were
collected in Beijing and Fuxin cities in 1999 and 2005, respectively. The concentrations of Cu were in the range of 6.86-395.19 mg/kg
in the feed samples, and the mean values were in the order of weaner>grower-finisher>sow’s feeds. The high concentrations over EU
recommendations implied that excessive levels of Cu are fed on many pig farms in Beijing and Fuxin. Cu was also present in high
concentrations in feces, and concentrations were highly variable. Cu concentrations in the feces from grower-finisher and weaner pigs
were significantly greater than feces of sows. The super-intensive and small-scale farms had higher levels of Cu in feces than the middle
farms. Cu concentrations in pig feces were approximately 5-times greater than in pig feeds. Feed management in grower-finisher pigs
on super-intensive and small-scale pig farms is needed to reduce high Cu concentrations in feces and risks to soil contamination while

feces are land-applied.

Key words: copper (Cu); pig feed; pig feces; intensive pig production

Introduction

Intensive pig production systems are on the increase
in many regions of the world, although the growth rates
differ substantially. China has perhaps one of the highest
growth rates in the world (Simpson et al., 1994). In the last
two decades alone, pork production in China has increased
from 10 million tons in 1979 to 47.3 million tons in
2004 (Chinese Animal Husbandry Yearbook, 2005), and
China is currently the largest pork producer in the world,
accounting for nearly 42% of all global pork production
(Best, 2001).

Copper (Cu) is widely used in pig diets not only as
an essential micro-nutrient, but also its stimulating effect
on animal growth performance (Zivkovi¢ and Zlati¢ ,
1979; Dréau and Lalles, 1999). In general, Cu levels in
various feeds are high enough to meet the animals’ Cu
requirements. Nevertheless, it is a common practice to add
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Cu to feed rations via mineral additives in modern pig
industry (Lillie et al., 1977; Underwood and Suttle, 1999),
this additional Cu generally results in excessive Cu levels
in feed (Jongbloed et al., 1985).

Previous studies have shown that excessive dosages of
feed additives may almost completely be excreted into
feces or urine, and may subsequently lead to environmental
contamination (Zervas et al., 1990; Kirchgessner, 1993;
Livesey, 1994; Craigmill, 1994; Bolan et al., 2003; Nichol-
son et al., 2003). It is well known that most animal manure
is directly spread on the agricultural land, the contaminants
like Cu will enter the soils with manure (Zhang et al., 1994;
Han et al., 2000). Since the mobility of Cu in the soil is
extremely low, the metal can be progressively accumulated
in soils fertilized with pig manure (Livesey, 1994; Alloway,
1995). The impacts of the Cu accumulation in agricultural
soils are numerous, may include a reduction in soil fertility
and water quality. Moreover, Kong et al. (2006) reported
the significant negative effects on microbial community
function owing to the excess Cu concentrations in soil.
It has been shown that the extent of Cu accumulation in
German soil amended with pig manure was comparable
to that in agricultural areas fertilized with sewage sludge
(Wong et al., 1982; Atteia and Dubois, 1994). Kerr and
Mcgavin (1991) observed that excessive accumulation of
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Cu in pasture received Cu-enriched swine manure caused
chronic Cu poisoning in sheep.

Most intensive animal farms in China are located in
the developed or the coastal cities. The environmental
problems in these regions associated with land application
of animal manure have centered on the contamination of
groundwater and surface water with two major nutrients,
N and P (Wang er al., 2001; Gan et al., 2003; Li and
Li, 2004.). Recently, however, heavy metal and veterinary
antibiotic contaminants in animal manure have attracted
the attention of scientists in China (Cang et al., 2004; Li
and Chen, 2005; Zhang et al., 2005; Kong et al., 2006).
The extremely high concentrations of heavy metals includ-
ing Cu, As and some organic contaminants were reported
in Beijing, Jiangsu and Shandong provinces (Cang et al.,
2004; Li and Chen, 2005; Zhang et al., 2005).

The objective of this study is to quantify Cu concentra-
tions in pig feeds and feces on Beijing and Fuxin pig farms.
A comparison of differences in Cu concentrations in feeds
and feces across these two major pig producing area over
a five-year period provides an assessment of the potential
risk of excessive feeds Cu on fecal Cu concentrations.

1 Materials and methods

1.1 Study areas

Beijing, as the capital of China, has approximately 3000
large-scale pig and chicken farms (Shaoqi, 1994; Li and
Chen, 2005). In the last 20 years, the total pig manure
produced from these facilities amounted to 2.63x10° t,
reflecting an increase of over 40% (Statistic Yearbook of
Beijing, 1985-2003). Fuxin City, a typical industrialized
city located in Liaoning Province, has more than one hun-
dred years of mining history. However, the coal resource
has been getting exhausted. Livestock and poultry produc-
tion has been selected as the premier industry to improve
the local economy. Animal production has increased more
than 2-3 times in the last 5 years. The need for scientific
knowledge and public awareness of the environmental
risks from this great increase in animal production has
become more and more pressing.

Six of ten counties in Beijing and four of seven counties
in Fuxin were selected for collecting the pig feed and fecal
samples.

1.2 Sampling and analysis

Eight pig farms ranging in size from 3000 to 10000 pigs
and 30 pig farms ranging in size from 140 to 12000 pigs
were chosen in Beijing in 1999 and 2005, respectively. In
2005, 10 pig farms from Fuxin City were selected ranging
between 200 and 6000 pigs. At each farm, the feed samples
along with the corresponding fecal samples (paired of feed
and feces) were taken individually from 3 groups of pigs.
Pig groups were stratified by stage of growth and are
described in Table 1.

All feed samples were commercial or home mixes
being fed to pigs the day of each visit. Samples were
collected by taking a minimum of 20 sub-samples from

Table 1 Description of sample collection for feed and fecal materials

Pig type Beijing 1999 Beijing 2005 Fuxin 2005
Feeds Feces Feeds Feces Feeds Feces
Weaner 7 8 28 29 9 9
Grower-finisher 7 8 29 29 10 10
Sow 10 12 28 28 9 9
Total 24 28 85 86 28 28

different areas within the feed bunker. Sub-samples were
then bulked together and thoroughly mixed to provide one
representative sample of approximately 2 kg for analysis.

Fecal samples were taken directly from the floor of each
barn. A minimum of 30 fecal sub-samples were taken from
different areas of the unit floor. Sub-samples were then
bulked and thoroughly mixed to provide one representative
sample of approximately 2 kg for analysis.

The fresh feed and fecal samples were air dried in the
shade, then ground and passed through a 0.25-mm mesh
PVC sieve. A 0.5-g sub-sample of the dry powder was
weighed and digested in heated, concentrated HNO3 and
H,0O, (USEPA, 1996). Cu concentration was determined
by atomic absorption spectrometry (AAS, Vario 6, Jena
Co. Ltd., Germany). Repeated and spiked samples (GSS-1)
were added for QA/QC.

1.3 Statistical analysis

SPSS 11.0 statistical package was employed for statisti-
cal analysis.

2 Results and discussion

2.1 Cu concentrations in pig feeds

Cu concentrations showed large variation among the
feed samples (Table 2). The maximum value of 395.19
mg Cu/kg is 180 times higher than the minimum of 2.16
mg Cu/kg, which implied that the additives Cu applied
by each pig farmer differ remarkably. Weaner feeds were
found to have the highest Cu concentration in Beijing
2005 samples, but the highest Cu concentrations in Beijing
1999 samples and Fuxin 2005 samples were found for
grower-finisher. The mean values of Cu concentrations
are in the order of weaner>grower-finisher>sow, signifi-
cant differences (P<0.05) were observed between weaner,

Table 2 Concentration of Cu in pig feeds (mg/kg dm)

Min Max Mean SD
Beijing 2005
Weaner 9.50 395.19 207.96a* 83.73
Growe-finisher 11.81 283.88 159.24b 80.92
Sow 6.86 149.23 43.31c 35.55
Beijing 1999
Weaner 18.20 232.60 160.79a 90.14
Growe-finisher 12.70 287.70 130.01a 118.05
Sow 17.60 32.70 23.75b 6.70
Fuxin 2005
Weaner 108.80 256.01 191.90a 52.38
Growe-finisher 10.52 256.73 148.29a 66.12
Sow 2.16 115.44 41.05b 35.39

*Values followed by different small letter were significantly different
between pig groups at 0.05 levels.
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grower-finisher feed samples and sow feeds, indicating that
sows might get less Cu additives in their diets than the
other two groups. 30 mg Cu/kg feed for sow but 84.8-
217 mg Cu/kg feed for weaner and grower observed by
Nicholson et al. (1999) radically proved that additives
Cu were generally used as growth promoter for growing
animals during pig production (Bolan et al., 2003). The
average Cu concentration of 105 mg/kg, in Cang’s survey
(2004), was comparable to 128 mg/kg of the present study.
Hence, the general conclusion could be drawn that, the Cu
additives were widely used for pig production in Chinese
pig farm.

European Commission announced the recommendation
dosages for the use of copper in animal feeds (EC, 2003),
175 mg Cu/kg for weaner and 25 mg Cu/kg for grower-
finisher and sow were suggested. The features of the feeds
Cu concentration in each type of the pig feeds as compared
with 25 mg Cu/kg and 175 mg Cu/kg are shown in Fig.1.

More than 60% of the weaner feeds tested in the present
study, across locations and time periods, exceeded the
recommendation of 175 mg Cu/kg. Few feeds of grower-
finisher contained Cu above 175 mg Cu/kg, however, on
the basis of recommendation value of 25 mg Cu/kg for
adult pigs, at least 70% of feeds were found over the
EU recommendation. Feed samples taken from Beijing
farms in 2005 displayed the most serious excessive levels
of Cu, with 74% of samples having excessive Cu levels
compared to 57% from Beijing 1999. Among the three
pig types, feeds for the grower-finisher were the largest
group containing excessive Cu, followed by weaner, and
sows, which testified that sow is not the major additives
Cu consumer in Chinese pig farms. The high ratios over
EU recommendations in grower-finisher feeds implied that
the rich-Cu diets generally applied to growing pig both in
Beijing and Fuxin.

2.2 Cu concentrations in pig feces

Consistent with the results of feeds, the highest mean
value of Cu was found in weaner fecal samples, the or-
der of the mean values was weaner>grower-finisher>sow
(Table 3). Certainly, the significant difference of fecal Cu
displayed the same tendency as feeds Cu between the
growing pigs (weaner and grower-finisher) and reproduc-
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Fig. 1 Ratios of feeds containing Cu beyond the EU recommendation
values.
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Table 3 Concentration of Cu in pig feces (mg/kg dm)
Min Max Mean SD

Beijing 2005
Weaner 289.63 1918.17 1112.3a 424.92
Grower-finisher 138.14 2016.74 887.68b 427.89
Sow 70.13 993.74 254.74c 220.48
Beijing 1999
Weaner 57.70 1390.40 1095.75a 261.39
Grower-finisher 73.20 1218.00 505.99b 477.30
Sow 133.90 252.58 187.84bc 47.01
Fuxin 2005
Weaner 496.81 1318.33 849.09a 253.31
Grower-finisher 90.41 942.57 692.24a 347.14
Sow 49.96 705.37 266.52b 204.78

*Values followed by different small letter were significantly different
between pig groups at 0.05 levels.

tive pig (sow). Similar to the report from Cang et al.
(2004), the fecal Cu concentrations in this survey (50-2017
mg Cu/kg) were much higher than those in Nicholson’s
study in England and Wales (1999).

Fig.2 demonstrates the features of Cu concentrations
in each group of pig feces. Beijing 2005 fecal samples
showed the largest variation, especially among feces of
weaner and grower-finisher pigs. Most of weaner samples
of Beijing 2005 contained high Cu concentration, 20%
exceeded 1500 mg/kg, at least 40% were in the range of
1000-1500 mg Cu/kg, therefore, more than 60% of total
exceeded 1000 mg Cu/kg. The weaner feces of Beijing
1999 illustrated the same feature as Beijing 2005, despite
that none of fecal samples contained Cu beyond 1500
mg/kg. In contrast to weaner and grower-finisher’s feces,
the sow feces mainly contained Cu below 500 mg/kg,
except 10% of Beijing 2005 ranged from 500-1000 mg
Cu/kg. The sow’s feces can be regarded as having the
lowest Cu concentrations compared to the other two pig
groups, and the weaner’s feces appear to have the highest
fecal Cu concentrations. However, weaners excrete less
waste than grower-finisher, so weaner’s excretion is always
diluted on a whole-farm basis (LBP 1997). Accordingly,
the grower-finisher group may need particular attention,
because this group is the largest one among the pig farms,
and will excrete the main portion of the wastes. At the same
time, the rising tendency of Cu concentrations in pig feeds
and feces were found between Beijing 1999 and Beijing

>1500 1000—1500

B 500—1000

0 0—500

Feature of Cu concentration (%)

1 J
Weaner Grower- Sow Weaner Grower- Sow Weaner Grower- Sow
finisher finisher finisher

Beijing 1999 Beijing 2005 Fuxin 2005

Fig. 2 Features of Cu concentrations (mg Cu/kg) in each group of pig
feces.
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2005, which implied that the use of additives Cu has been
enhanced in Beijing.

There are no guidelines on animal manure land applica-
tion concerning Cu contaminant in China so far. Compared
to the Biosolids criteria (USEPA, 40 CFR, Part 503),
the concentrations of Cu in pig feces are far lower than
the up limits of 4300 mg Cu/kg, but six of weaner’s
feces and one grower-finisher’s feces exceeded 1500 mg
Cu/kg (the criteria for the high quality Biosolid), and
two grower-finisher’s feces contained closely to 1500 mg
Cu/kg. Although the fecal Cu was hardly comparable with
EPA standard for Biosolids, scientists still suggested the
more attention should be paid for animal feces rather
than Biosolids (Spicer, 2002; Chen et al., 2003). Because
people used pig manure as land amendment instead of
Biosolids, and they do not think about comparing the
risks and benefits of its use, and are not aware about the
risks from manure application. Furthermore, land use of
pig manure can be 40 times more than Biosolids (Spicer,
2002). Hsieh and Hsieh (1990) proved that long-term
application of pure pig and poultry manures is discouraged
in Taiwan because of the high Cu and Zn contents.

2.3 Comparison of Cu concentrations in feeds and feces
with farm sizes

As described above, there was large variation among
Cu concentrations in feed and fecal samples, indicating
the differences in the use of feed additives Cu among
farms. Thirty pig farms of Beijing 2005 were selected to
investigate the difference of Cu application and excretion
in different sizes of pig farms. The farm sizes were between
140 to 12000 pigs, 25% of the 30 farms were small-scale
operations having between 140 to 2000 pigs, and 25% were
defined as the super-intensive scale, having between 6000
to 12000 pigs, and the rest 50% were in the middle.

The super-intensive farms displayed the highest Cu
concentration in pig feeds (Fig.3). On small-scale farms,
especially for grower-finisher, the Cu concentrations in
feeds were equal to concentrations found in feeds on
the super-intensive farms. The middle sized farms can
be considered as having the lowest Cu concentrations in
feeds. The large intensive pig farms demonstrated the high
dosage of additives Cu in the feeds can be explained that,
the financial capacity may let the farmers to easily afford
feed additives. This possibility was also mentioned by
Zhang et al. (2001). As a whole, sub-optimal management
levels of farmers and short of governmental regulation will
be the keys of excessive additives Cu applying in China
now.

The Cu concentrations in pig feces showed the same
tendency as those of feeds. Super-intensive farms distinctly
illustrated the highest fecal Cu excretion compared to
the middle and the small farms. It is roughly estimated
that, 1080 kg Cu pollutants in the feces might be dis-
charged each year through a swine farm raising 10000
grower-finisher, therefore, the super-intensive pig farms
will cause potential Cu pollution hazard due not only to
the massive amounts of manure produced, but also to the
high concentrations of fecal Cu. On the other hand, small
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Fig. 3 Comparison of Cu concentrations in pig feeds and feces within
three scales of pig farms.

farms widely distribute in the rural areas, less supervision
from the government and professional knowledge might
cause the farmers oversupplying additives and abusing the
manure to the farmland. For these reasons, the small and
the super-intensive pig farms should be paid more attention
concerning the high levels of Cu in feeds and therefore
residues in feces.

2.4 The concentrated factor of Cu in pig feces

Fig.4 shows the relationship between feed Cu and fecal
Cu. The linear regression equations were derived from
the data. The regression slopes could be considered as
ratios of Cu concentrations in feces to those in feeds. The
three groups of pigs exhibit different concentrated factors
(4.69-5.01), in the order of weaner>grower-finisher>sow.
The finding suggested that different group of pigs might
absorb or excrete the additives Cu at different levels. In
other words, the more additives Cu fed to the pigs will be
excreted the more by weaner than by grower-finisher or
sow, which might imply the availability of additives Cu to
weaner is the lowest among the three types of pigs.

Many researches had been conducted to observe the Cu
excretion associated with the dietary Cu supplements. Kr-
ishnamachari and Fluorine (1987) and Miller ef al. (1991)
stated that the concentrations of metal in manure depended
primarily on the concentration in diets. Kornegay et al.
(1976) found more than 90% of Cu in pig feeds excreted in
feces, and increasing the Cu concentration in pig diet from
7-10 mg/kg to 250-370 mg/kg proportionately increased
the Cu concentrations from 59-88 mg/kg to 1330-2367
mg/kg in the manure. Similarly, Kunkle et al. (1981)
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Fig. 4 Scatter plots of Cu concentration in pig feeds and feces. Weaner: Y=5.01X, R?=0.894**, p<0.05; grower-finisher: Y=4.85X, R>=0.878**, p<0.05;
sow: Y=4.69X, R2=0.662%*, p<0.05; where Y is the concentration of Cu in pig feces; X is the concentration of Cu in pig feed.

noticed that Cu concentrations in poultry manure were
linearly related to Cu added in the diet and were typically
concentrated 3.25 times. The significantly positive linear
relationships of Cu concentrations between pig feeds and
pig feces found in this study demonstrated that fecal Cu
will linearly rise with feed Cu at the ratios of 4.69-
5.01. The good relationships of Cu concentrations between
pig feeds and feces can be used as a predictor of the
likely Cu concentrations of pig feeds from the fecal Cu
contents, where the real feed samples are not available for
inspecting.

3 Conclusions

The investigation of 48 pig farms in Beijing and Fuxin
revealed excessive Cu use in pig production. The oversup-
plying of Cu in feed additives caused Cu accumulation in
feces. Pig production in China will keep growing in the
future, the huge amounts of pig manure may represent an
important source of increasing heavy metal concentrations
in agricultural land. The soil is a sink for pollutants but it
is more difficult than water and air to clean up. Therefore,
to regulate Cu limitations in pig feeds and feces will be
necessary not only for improving the pig feeds quality but
also for guaranteeing the environmental safety.

Acknowledgements

The first author expresses her gratitude to Dr. Ze-chun
Huang, Professor Yong-guan Zhu and Professor Mark J.
Powell for their helpful suggestions, review and comments
for this manuscript and would like to thank professor
Cheng-guo Liu and his colleagues for their helping in
sampling in Beijing. The authors are very grateful for
Mr. Bin-cai Zhang, Mr. Qi Wu and Mr. Hai-tao Fu for
assistance with feeds and manures sampling in Fuxin.

References

Alloway B J, 1995. Soil processes and the behaviour of met-
als[M]. In: Heavy metals in soils (Alloway B. J., ed.).
London: Blackie Academic and Professional. 11-37.

Atteia O, Dubois J P, 1994. Geostatistical analysis of soil con-
tamination in the Swiss Jura[J]. Environmental Pollution,
86(3): 315-327.

Best P, 2001. Global trends in pig production; present and
future[J]. The Pig Journal, 47: 42-50.

Bolan N S, Khan M A, Donaldson J et al., 2003. Distribution and
bioavailability of copper in farm effluent[J]. The Science of
the Total Environment, 309: 225-236.

Cang L, Wang Y J, Zhou D M et al., 2004. Heavy metals pollution
in poultry and livestock feeds and manures under intensive
farming in Jiangsu Province[J], Journal of Environmental
Sciences, 16(3): 371-374.

Chen T B, Huang Q F, Gao D et al., 2003. Heavy metal con-
centrations and their decreasing trends in sewage sludges of
Chinal[J]. Acta Scientiae Circumstantiae, 23(5): 561-569.

Chinese Animal Husbandry Yearbook, 1980-2005[M]. Beijing:
China Agriculture Press.

Craigmill A L, 1994. Environmental food safety issues[M].
In: Cattle on the land; environmental sensitivity of beef
production (Byers F. M., ed.). College of Agriculture and
Life Sciences, Texas A & M University College Station,
Texas, USA. 153-157.

Dréau D, Lallés J P, 1999. Contribution to the study of gut hy-
persensitivity reactions to soybean proteins in preruminant
calves and early-weaned piglets[J]. Livestock Production
Science, 60(2/3): 209-218.

EC (European Commission), 2003. Opinion of the scientific
committee for animal nutrition on the use of copper in feed-
ingstuffs[R]. European commission health and consumer
protection directorate. Brussels.

Gan X H, Wang Y H, Li H, 2003. Present condition of envi-
ronmental pollution and treatment measure in animal and
poultry farming[J]. Journal of Donghua University, 29(4):
103-106.

Han F X, Kingery W L, Selim H M et al., 2000. Accumulation of
heavy metals in a long-term poultry waste amended soil[J].
Soil Science, 165(3): 260-268.

Hsieh S C, Hsieh C F, 1990. The use of organic matter in crop
production[Z]. Extension Bulletin No. 315. ASPAC Food
& Fertilizer Technology Center, Taipei City.

Jongbloed A W, Steg A, Simons P C M et al., 1985. Berekeningen
over de mogelijke vermindering van de uitscheiding aan
N, P, Cu, Zn en Cd via de voeding door landbouwhuis-
dieren[M]. In: Calculations on possible reduction of Cu,
Zn and Cd excretion via the feeding of domestic animals.
Lelystad: Institiuut voor Veevoedingsonderzoek.

Kerr L A, Mcgavin H D, 1991. Chronic copper poisoning in sheep
grazing pastures fertilized with swine manure[J]. J] Am Vet
Med Assoc, 198: 99-101.

Kirchgessner M, 1993. Trace elements in man and animals—
TEMA 8.4-21[M]. Gersdorf, Germany: Verlag Media
Touristik.

Kong WD, Zhu'Y G, FuB J et al., 2006. The veterinary antibiotic
oxytetracycline and Cu influence functional diversity of the
soil microbial community[J]. Environmental Pollution, 143:



No. 5

Contribution of additives Cu to its accumulation in pig feces: study in Beijing and Fuxin of China 615

129-137.

Kornegay E T, Hedges J D, Martens D C et al., 1976. Effect of soil
and plant mineral levels following application of manures of
different copper levels[J]. Plant and Soil, 45: 151-162.

Krishnamachari K A, Fluorine U R, 1987. Trace elements in
human and animal health (Mertz W., ed.)[M]. Vol. q, 5th
ed. San Diego, CA: Academic Press. 265—416.

Kunkle W E, Carr LE, Carter T A et al., 1981. Effect of flock and
floor type on levels of nutrients and heavy metals in broiler
litter[J]. Poult Sci, 60: 1160-1164.

LBP (Bodenkultur und Pflanzenbau) 1997. Boden-dauerboba-
chtungsflichen (BDF)[M]. Schriftenreihe der Bayerischen
Landesanstalt fr Bodenkultur und Pflanzenbau, 5/97 (ISBN
3-9805718-4-X).

LiJH, LiQ S, 2004. Study on the necessity and implementation
of cleaner production about livestock and poultry breed-
ing[J]. Environmental Pollution & Control, 26(1): 39-41.

Li Y X, Chen T B, 2005. Concentrations of additive arsenic
in Beijing pig feeds and the residues in pig manure[J].
Resources, Conservation and Recycling, 45: 356-367.

Lillie R J, Frobish L T, Steele N C et al., 1977. Effect of
dietary copper and tylosin and subsequent withdrawal
on growth, hematology and tissue residues of growing-
finishing pigs[J]. Journal of Animal Science, 45: 100-107.

Livesey C T, 1994. Contamination of animal feeds: a review of
principal causes, detection, investigation and control of tox-
ic contaminants[M]. In: Pollution in livestock production
systems (Dewi [.LAp, Axford R.EE., Marai LEM. et al., ed.).
Wallingford: CAB-International. 19-41.

Miller R E, Lei X, Ulhey D E, 1991. Trace elements in animal
nutrition[M]. In: Micro-nutrients in agriculture (Mortvedt
J. J., ed.). 2nd ed. Madison, WI: Soil Science Society of
America. 593-662.

Nicholson F A, Chambers B J, Williams J R ef al., 1999. Heavy
metal contents of livestock feeds and animal manures in
England and Wales[J]. Bioresource Technology, 70: 23-31.

Nicholson F A, Smith S R, Alloway B J e al., 2003. An inventory
of heavy metals inputs to agricultural soils in England and
Wales[J]. The Science of the Total Environment, 311: 205—
219.

Shaoqi H, 1994. Research, design and operation of a pig farm
biogas project in north China[N]. Paper presented at the
FAO-workshop on peri-urban livestock wastes in China,
Beijing.

Simpson J R, Cheng X, Miyazaki A, 1994. China’s livestock and
related agriculture; projections to 2025[R]. CAB Interna-
tional, Wallingford.

Spicer P, 2002. Fertilizers, manure, or biosolids?[J]. Water Envi-
ronment & Technology, 14(7): 32-37.

Statistical Yearbook of Beijing, 1985-2005[M]. Beijing: China
Statistics Press.

Underwood E, Suttle N, 1999. The mineral nutrition of live-
stock[M]. 3rd ed. Wallingford: CABI Publish.

USEPA, 1996. Acid digestion of sediments, sludges and soils
(Method 3050B)[S]. 2nd. United States Environmental Pro-
tection Agency.

USEPA. 1994. A plain english guide to the EPA Part 503
Biosoilds Rule[S]. EPA/8322/R-93/003.

Wang S P, Chen M R, Yu L Z er al., 2001. Research of livestock
and poultry pollution in Shanghai based on GIS[J]. Agro-
Environmental Protection, 20(4): 214-216, 220.

Wong M H, Cheung Y H, Lau W M, 1982. Toxic effects of animal
manures and sewage sludge as supplementary feeds for
the common carp, Cyprinus carpiolJ]. Toxicology Letters,
12(1): 65-73.

Zervas G, Nikolaou E, Mantzios A, 1990. Comparative study
of chronic copper poisoning in lambs and young goats[J].
Animal Production, 50: 497-506.

Zhang J H, Mu L, Guan L Z et al., 1994. The survey of organic
fertilizer resources and the quality estimate in Liaoning
province[J]. Chinese Journal of Soil Science, 25(7): 37-40.

Zhang J M, Guo L M, Fan L H et al., 2001. Study on developing
a green and pollution-free animal husbandry[J]. Chongqing
Environmental Science, 23(6): 61-63.

Zhang S Q, Zhang F D, Liu X M et al., 2005. Determination
and analysis on main harmful composition in excrement of
scale livestock and poultry feedlots[J]. Plant Nutrition and
Fertilizer Science, 11(6): 822-829.

Zivkovié S, Zlati¢ H, 1979. A review of ten years of experience
in feed additives in pig diets on large-scale farms in
Yugoslavia[J]. Livestock Production Science, 6(1): 61-66.



