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INTRODUCTION

China is the world’s largest developing country with 22% of the world population numbering
over 1.3 billion people (Cheng et al., 2011; Jiang et al., 2011). The North China Plain (NCP) as
shown in Figure 1-1 spans mainly across the provinces of Hebei, Henan and Shandong and parts of
the provinces of Beijing, Tianjin, Anhui, and Jiangsu. China has an area of 320,000 km2 and
represents the 50% and 33% share of the total Chinese wheat and maize production, respectively
(Piotrowsky and Jian, 2006).
At present, the overuse of fertilizers in the NCP contributes to environmental damage which is
indicated by the deterioration in soil and groundwater quality. Literature states that the current NCP
agricultural system is unsustainable and long-term applications of large amounts of fertilizer may
lead to soil acidification (Barning, 2008). Chinese agricultural scientists have emphasized that
agricultural development and high outputs over the past 50 years have been mainly the outcome of
the heavy external inputs, labour intensity and high rate, which are translated into high resources
and environmental costs (Cui and Kattumuri, 2010).

Figure 1-1 Location of the North China Plain (Binder, 2007).

One of the central goals of China’s national policy is focused on food security. In order to meet
the food demands of the increasing population, the food production in China has to be increased at
the same pace. China’s arable land is scarce (Piotrowsky and Jian, 2006): China has only 9% of the
world’s arable land (Fang and Fuller, 1998) with only 0.1 ha per capita, compared with the world
average of 0.23 ha per capita in 1998 (Zhu and Chen, 2002). The limitations of the arable land and
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increasing population leave the increment of crop production, Nitrogen fertilization and use of
irrigation water as the only possibilities of meeting the Chinese food demands (Binder, 2007). In
fact, in China, the introduction of high yielding varieties, for instance, rice, wheat and maize crops,
and the intensification of cropping (double and sometimes triple cropping) is widely practised (Zhu
and Chen, 2002).
The economic theories assert in the parallel growth of the Chinese population with the use of
mineral fertilizers classified as total nutrient input. However, due to the continuous increment in the
crop yields and livestock units, the total amount of available organic materials is still increasing
nowadays, but the ratio of nutrients from organic origin as total nutrient input into the cropland is
constantly decreasing, as can be seen in Figure 1-2 (Ju et al., 2005). Actually, Chinese farmers at
present do not sufficiently consider the use of organic waste, but prefer to use readily available
mineral fertilizers (Ju et al., 2005).

Figure 1-2 The nutrient input from organic manure to cropland and its percentage of total nutrient input from
both organic manure and mineral fertilizer in China from 1949 to 2000 (Ju et al., 2005).

Water availability in the Northern region is a pressing problem due to the fast rising nonagricultural water demand. The water resources of mainly the middle and lower reaches of the
Yellow River and the Huai and Hai watersheds are severely overexploited (Fischer, 2007). In fact,
the difference between renewable water supply and demand is being made up by groundwater
overpumping, lowering the water table in several areas of the NCP by 1-2 metres per year and
allowing saltwater intrusion in coastal areas (Fischer, 2007).
In another context, China, at the forefront of the livestock revolution, has experienced a more
industrialized change (Waldron, 2007), with an increment of large animal production units and of
the decoupling between the livestock and crop systems (Wang, 2011). The manure generated from
livestock farms is not exported to the crops and, indeed, the use of mineral fertilizers has become
the main nutrient source for crops in the large extension of the NCP. Urbanization and development
of animal agriculture have reached an “environmental carrying-capacity”, that is, the modern
intensive commercial pig farms, for example, are located in a narrow region with a high density of
human population and limited water resources (Chen et al., 2010). Therefore, conserving irrigation
water, reducing the Nitrogen fertilization and improving the management of animal manure and its
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export to nearby crops are among several alternatives, the most important measures in order to
reach a productive and sustainable resource use in the NCP (Binder, 2007).
In China during the years before 1979, the government rigidly controlled the production,
marketing and trade of all major agricultural commodities, including pork. Chinese farmers could
sell their live animals and livestock products either through the government procurement system, or
in local rural markets after securing a slaughtering permit (Fang and Fuller, 1998). By the end of
the twentieth century, in 1978, the People’s Republic of China faced stark trade policy choices
(Jaggi, 1996). Deng Xiaoping, a reformer, led China into a market economy with rapid economic
and social transformation (Cui and Kattumuri, 2010; Weber, 2011). The economic reform was a
response to the vital need to lift the nation from chronic food shortages and massive malnutrition.
Therefore, food security became a precursor of market-oriented reforms (Cui and Kattumuri,
2010).
With the economic reform in the agricultural sector, pig production in China started on the
path to global domination as the world’s most produced and consumed meat, in which methods of
selling, eating and producing pork began to change (Schneider, 2011). In fact, massive employment
opportunities in non agricultural sectors, especially in coastal areas, were created and, as a result,
many families who had raised pigs as a complementary sideline operation ceased livestock
production (Fang and Fuller, 1998). The main focus was turned to larger scale animal production
systems. Besides, by the end of 2001, the Chinese economy had experienced a fast growth as it
opened its trade after joining the World Trade Organization (WTO) (Chen et al., 2010), with a
rapid increase in imports and exports (Alba-Grano, 2008).
The growth of the Chinese livestock sector overall is market-driven and is a result of the
increasingly liberalized market environment and of main drivers, such as population growth, rising
incomes, urbanization, and consumer preferences, shifting toward animal products and proteins
(Waldron, 2007). Chinese consumers have decreased their intake of staple food grains and
increased the consumption of animal products, (Fang and Fuller, 1998) which have affected the
way of livestock production in China.

1.1

Pig farming in China

Pigs were domesticated in China some 10,000 years ago, and by that time, almost every rural
household in China raised at least one or two pigs each year (Schneider, 2011).
It is stated that increased human population growth and increasing urbanization will
significantly drive the demand for animal food (Devendra, 2007). In fact, the annual growth rate of
total meat consumption between 1982 and 1994 reached 8.6% in China (Devendra, 2007). The per
capita annual pork consumption in mainland China is one of the highest in the world at 33.8 kg
(Fabiosa et al., 2005).
China is the largest pork and poultry producer in the world (Xiong et al., 2010). In 2009, the
number of slaughtered pigs was three times greater than in 1980, and reached 650 million head,
representing 48% of global pig production (FAOSTAT, 2011), as shown in Figure 1-3.
In China, there are three types of pig farms based on the numbers of pigs produced on the
farm: Small (including backyard farms, <50 head), medium (50-3,000 head) and large (>3,000
head) pig farms. Chinese pig production has shifted from backyard and small farms to specialized
household (or local community) farms, as well as modern intensive farms, especially in the urban
and peri-urban areas close to big cities, such as Beijing, Shanghai and Chengdu, to serve the
growing demand of urban consumers (e.g. labour migration and urbanization) (Chen et al., 2010).
In Figure 1-4, it can be seen that in Asia in general, high concentration levels of pig densities are
mainly found around the urban centres of cities, such as Hanoi, Bangkok, Manila, and Guangzhou,
and in the area between Shanghai and Beijing (Gerber, 2005).
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Figure 1-3 China’s dominance in world pig production 1961-2009 (FAOSTAT, 2011).

Figure 1-4 Estimated pig densities in selected Asian countries from 1998 to 2000 (Gerber, 2005).
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In Figure 1-5, the population density and the number of pig farms in China can be seen. It is
clearly shown that the metropolitan areas are concentrated in the eastern (coast) and central areas of
China (Chen et al., 2010). The pig-producing regions are mainly located along the Yangtze River in
North China, and some major grain-producing provinces (Zhou and Yang, 2010).

Figure 1-5 Geographic population distribution in China; each dot represents 5,000 people (above);
geographic distribution of pig farms in China (below) (Chen et al., 2010).

Similarly, as the expansion of the feed use as feed conversion is occurring, increased meat
production has been coupled with the increasing use of cereals for feed. Among the cereals, maize,
soymeal and wheat are the main components of the pig feed rations in China, as shown in Figure
1-6 (Steinfeld et al., 2006). Furthermore, the main breeding pigs found in China include Large
White, Landrace, Duroc, Hampshire, and Pietrain, and domestic breeding pigs, as well as crossbreeding pigs. Breeding pigs are imported from Europe or North America. Actually, 12,000 heads
of breeding pigs were imported in 2008 (Zhou and Yang, 2010).
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Figure 1-6 Relative composition of the pig feed basket in selected countries (Steinfeld et al., 2006).

In another scenario, China’s rapid transition towards a more market-orientated economy in the
1980s and 1990s reduced backyard pork production to 80.7% by 1995, as an increasing number of
households began specializing in pork production. This trend towards specialized and commercial
production is likely to continue as China’s agricultural economy continues to modernize. Pig
production units have declined in number but increased in size, as shown in Figure 1-7 (Fang and
Fuller, 1998). Nowadays, smallholder farmers struggle to survive in the new market agro-economy,
while the specialized household producers and the large-scale farming operations are actively
supported by policy and investment (Schneider, 2011).

Figure 1-7 Share of total pig production by farm type in China from 1985 to 2007 (%) (Schneider, 2011).

Table 1-1 is shown in order to compile the main changes which occurred before and after the
reform in China and its effects on the pig farming systems. Furthermore, as the number of large pig
farms increase, so does the focus on them. Concerns of animal welfare, air, soil, water pollution,
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and labour have become challenging. In order to overcome the situation, the replacement of
livestock units outside the dense cities should be attempted (Chen et al., 2010).
Table 1-1 Pre-reform and post-reform of pig production in China (Schneider, 2011).

Pre-reform (before 1978)
Traditional backyard production

Farmers

The majority of the population works as
farmers, using unpaid household labour to
produce food.

Meat eaten primarily in the spring when pigs
were slaughtered for the spring festival, and
Pork & Human
marginally throughout the rest of the year.
diets
Pork has a higher fat-lean ratio. Meat was a
peripheral in diets.

Post-reform
Specialized and commercial production
Pig raising is a paid occupation, including
business executives, scientists, farmers, and
workers
Meat consumption more frequent in rural
and urban areas, but dietary inequalities
persist by class and residence. Pork is
leaner. Meat more central in diets.

Pork uses &
markets

Pork is grown and sold through contract
Most production was for household
agreements or dealers; retailed at wet
consumption, and later for local wet markets
markets, or increasingly at super- and hyperand state provisioning.
markets in cities.

Production
scale

Small-scale, dispersed production was
situated in localities throughout China.

Mid- to large-scale, using confinement
technologies and concentrating around major
metropolises.

Pig
productivity

Low productivity on a per-animal basis,
production cycle of 10-12 months.

Highly productive with time-to-market
requirement of only 5-6 months.

Pig breeds

More than 100 indigenous breeds.

Three major exotic breeds: Duroc, Landrace
and Yorkshire.

Pig feeding

Locally ocurring or produced weeds, table
scraps, crop residues, vegetables, grains,
tubors, and agricultural byproducts.

Globally sourced oilseeds and grains
manufactured into complete feeds with
vitamins, minerals and other feed additives.
Antibiotics and other growth promoters
commonly used.

Manure

Essential source of nutrients for crops
(fertilizer).

Waste that must be managed to prevent
water and soil pollution.

The recycling of the organic waste materials has declined in the last few decades due to
improper handling and storage (Ju et al., 2005) creating pollution problems. The Food and
Agriculture Organization (FAO) stated in 2006, that “the livestock sector emerges as one of the two
or three most significant contributors to the most serious environmental problems, at every scale
from local to global” (Schneider, 2011).
In the past, the traditional practices of handling and storing organic materials in rural areas has
almost disappeared as a result of the increasing labour costs, thus disrupting the close nutrient
cycles (Ju et al., 2005) and creating problems in the current Chinese agriculture. In fact, during the
early 1950s, the Chinese government largely stimulated the farmers to collect and apply the animal
residues, compost, oil cakes, plant ash, and farmland residues. As a result, the nutrients from
organic manure supplied over 90% of the total nutrients applied on the farmland.
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Today, the high Nitrogen surpluses generated in the pig farms are mainly the result of the pig
intensification, in which is not required to have a local base for feed production. Therefore, the
decoupling of feed and animal production has led to Nitrogen concentration within limited
geographical areas that exceed the limits of its efficient use (Zeng et al., 2006).
Last but not least, China does not have any standards to control contaminants in animal
manure used in land application. However, other standards related to sewage sludge and organic
fertilizers have definite values for heavy metal concentrations originating from livestock manures
(Xiong et al., 2010). In Table 1-2, a compilation of the valid environmental standards issued in
China in the fields of water quality, organic manures, fertilizers, sewage sludge, and municipal
solid waste are presented.
Table 1-2 Chinese national standards about environmental protection and livestock husbandry.
Names of Standards

Code

Environmental standards set by the State Environmental Protection Adminsitration (SEPA), with compulsory
enforcement
Sewage sludge standard for agricultural use

GB4284-84

Sanitary standard for drinking water

GB5749-85

Standards for irrigation water quality (first and second issue)

GB5084-85(-92)

Environmental quality standards for surface waters

GB3838-88

Sanitary standard for the non-hazardous treatment of night soil

GB7959-87

Control standards for agricultural application of municipal wastes (refuse)

GB8172-87

Maximum allowable concentration of pollutants in the atmosphere for the protection of crops

GB9137-88

Two standards regulating treatment and management of pollutants from livestock breeding

GB8978-1996
GB3095-1996

Discharge standard of pollutants for livestock and poultry breeding

GB18596-2001

National standard for compound fertilizer

GB15063-2001

Safety qualification for agricultural product - Environmental requirements for the origin of nonenvironmentally polluted meat and other animal products

GB18407.3-2001

National standard for organic-inorganic (MSW compost) compound fertilizer: Total nutrient contents
must be >15%, organic matter content >20%, stricter limits on HM contents than previous standards
Trade standards of the Ministry of Agriculture (MOA)
Standard for bio-microbial fertilizers

NY227-94

Environmental quality standard for pollution-free food

NY/T388-1999

Drinking water quality for livestock and poultry for low-pollution foodstuffs

NY/T394-2000

Agricultural standard for organic-inorganic compound fertilizer

NY5027-2001

Agricultural standard of the PRC for commodity organic fertilizer

NY481-2002

Criteria for evaluating the environmental quality of the livestock and poultry farms

NYxx, not published

Environmental and sanitary standard for the breeding livestock and poultry farms

NYxx, not published

Technical procedures
Technical evaluation standards of MSW composting plants

CJ/T3059-1996

Technical procedure on composting MSW

CJ/T52-93
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Case study: Pilot pig farm in Beijing

Beijing, the capital of China, has one of the most intensive livestock and poultry production
industries: Circa 3,000 large-scale pig and poultry farms can be found with limited agricultural land
to receive animal manure in the suburban regions (Xiong et al., 2010). There are 16 districts in
Beijing and livestock husbandry is mainly practised in 12 of them. Shunyi district represents a
significant share (43%) of Beijing’s total pig production and it is well placed as the dominant area
in animal husbandry (Sun, 2009).
Animal husbandry in Shunyi has a production value of 60% of all agricultural activities. The
total turnover of animal production in Shunyi is 550 million RMB, of which 330 million is from
the production of ducks. Livestock figures over the last ten years show a large increase of animals,
except for goats. According to the Shunyi government’s website, there were 188 pig farms
(including 50 farms annually producing over 10,000 pigs) and 37 poultry farms (annually
producing over 500,000 broilers, 8 of them over 1 million) in 2003. There were 23 beef cattle farms
producing more than 1,000 head per year and 3 sheep farms annually producing over 10,000
animals. There were also 47 cow-raising villages with a total capacity of 13,200 head and 31 sheep
raising villages with the capacity of annually raising 54,600 breeding ewes and supplying 200,000
sheep to the market. In addition, there are a number of slaughterhouses and meat-packing factories:
Nine for pork, two for broilers, five for ducks, and one for sheep. The area for aquatic products has
reached 30,000 mu (2000 ha), with an output of 16 million kg (Kamphuis et al., 2004).
The pig farm used as the pilot research farm is located in the Shunyi district, one and a half
hours from Beijing international airport. The location map can be seen in the Figures 1-8 and 1-9.

Figure 1-8 Map of Beijing City. The Shunyi district is marked with a red star (Guan, 2010).
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Figure 1-9 Satellite photo of the pilot pig farm in Beijing, the pig farm is marked with a red star
(Guan, 2010).

The pig farm under study has a dimension of 10 ha and an annual stock of 12,000 breeding
swine and 20,000 market pigs. The farm is composed of 56 pig barns: 28 barns can be found on the
east side of the farm and the other 28 barns are located on the west side of the farm, as presented in
the Figures 1-10 and 1-11. The whole research followed the basic structure of the pig life span; it is
the main four pig stages, i.e. gestation, farrowing, weaning, and fattening, as shown in Figure 1-12.

Figure 1-10 View of the west side of the pilot pig farm.
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Figure 1-11 Division between the east and west side of the pilot pig farm.

(i)

(ii)

(iii)

(iv)

Figure 1-12 Pig stages (i) gestation, (ii) farrowing, (iii) weaning, and (iv) fattening.
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OBJECTIVES OF THE RESEARCH

This Ph.D. thesis was developed within the framework of the International Research Training
Group: Modelling Material Flows and Production Systems for Sustainable Resource Use in
Intensified Crop Production in the North China Plain, as part of Sub-project 1.4: Evaluation of
nutrient and pollutant cycles of livestock production and manure management systems in the NCP.
The general objective of the Sub-project 1.4 was to analyse the material flows in different
animal husbandry systems and their environmental impacts dependent on the livestock farming
techniques, farms’ operability and their respective management.
The specific objectives of this research were as follows,
-

-

-

Following review of several literature sources:
Describe the pig farming in China including its main manure management systems.
Compare the Chinese and German standards and/or recommendations related to the
management of the main inputs and outputs in pig farms.
Following scheduled measurements in place:
Investigate the nutrients and pollutants concentrations in the main inputs and outputs of the
pilot pig farm.
Given specific devices:
Analyse the main aerial pollutants from the indoor and outdoor air from the pig barns.
Within the three years research period:
Actively collaborate with research partners from China and Germany in order to exchange
outcomes for the better assessment of the local pig production system and the environmental
pollution derived from the pig farming in Beijing.

This thesis consists of five manuscripts and they follow the sequence of the specific objectives
through the in-depth analysis of the pilot pig farm in Beijing.
The first manuscript reports on the first results obtained from the analysis of the pig manure,
as well as describing the pig farming techniques and management of the pilot pig farm.
The second manuscript offers a deeper insight of the pig manure and wastewater obtained
from the pilot pig farm.
The third manuscript shows a detailed compilation of the main Chinese and German
recommendations about the use of pig drinking water, feed, manure, and wastewater for
agricultural use.
The fourth manuscript describes the main air pollutants measurements performed to assess the
status quo of the air quality in the pilot pig farm, mainly caused by the manure handling previous to
treatment.
The fifth manuscript shows a description of the manure management systems in China and
Germany, and suggests the composting of pig manure as an alternative to improve the recycling of
the organic residues generated from the pig farms in China.
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STRUCTURE OF THE THESIS

The cumulative thesis consist of five manuscripts, each manuscript is published in international
peer-reviewed journals as shown below:
Manuscript I
Mendoza Huaitalla, R., Gallmann, E., Zheng, K., Liu, X.J. and Hartung, E. (2010): Pig husbandry
and solid manures in a commercial pig farm in Beijing, China. International Journal of
Biological and Life Sciences 6(2): 107-116 (published).
Manuscript II
Mendoza Huaitalla, R., Gallmann, E., Zheng, K. and Liu X.J. (2010): Composition of pig manures
and wastewaters under the gan qing fen system in China. Journal of Agricultural Science and
Technology A 1: 514-518 (published).
Manuscript III
Mendoza Huaitalla, R., Gallmann, E., Liu, X.J. and Hartung, E. (2011): Nutrients and trace
minerals in a pig farm in Beijing: Chinese and German Recommendations. Journal of
Agricultural Science and Technology A 1: 191-208 (published).
Manuscript IV
Mendoza Huaitalla, R., Gallmann, E., Liu, X.J. and Hartung, E. (2013): Aerial pollutants on a pig
farm in peri-urban Beijing, China. International Journal of Agricultural and Biological
Engineering 6(1): 36-47 (published).
Manuscript V
Schuchardt, F., Jiang, T., Li, G.X. and Mendoza Huaitalla, R. (2011): Pig manure systems in
Germany and China and the impact on nutrient flow. Journal of Agricultural Science and
Technology A 1: 858-865 (published).
The final section of the thesis discusses the main contributions of the three years’ research
performed in the pilot pig farm.
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Manuscript I: Pig husbandry and solid manures in a commercial pig farm in
Beijing, China (published)

In this manuscript, a general overview of the pig husbandry
system in a large commercial pig farm is presented.
Chemical analyses of the pig manure from a large-scale farm
in Beijing, NCP, were performed because of the data
scarcity in published studies from this type of farm. The
article describes the pig growing stages, pig breeds, housing
system, watering and feeding schemes, and the manure and
wastewater techniques employed in the pig farm.
Main nutrient contents, such as TN, AN, K, P, Ca, Mn, Zn,
Cu Cd, Pb, and Cr, found in the pig manure are discussed
and compared with international publications in order to
review whether our results were similar to those found in
other countries.
The present manuscript is an introduction to the manuscript
II, in which pig manures and wastewater obtained from five
consecutive months are compared to a greater extent.
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3.2

Manuscript II: Composition of pig manures and wastewaters under the gan
qing fen system in China (published)

In the manuscript II, the results of the chemical analyses
performed on the pig manure and wastewater collected from
a pilot farm in Beijing are presented.
The manurial system identified as “gan qing fen” or
“cleaning manure dryly” generates two main fractions, i.e.
the solid and the liquid fraction. The solid fraction or pig
manure is characterised by high dry matter and nutrients
concentrations. On the other hand, the liquid fraction,
denominated in this study as wastewater (and not urine, as
the wastewater contains water spills and feed leftovers), is
highly diluted as a result of the flushing water applied to the
floors of the pigsties after the manure collection.
The main outcomes show that elevated heavy metal
concentrations in the pig manure, such as Zn, Cu, Cr, Pb,
and Cr, are the result of their uncontrolled addition in the pig
diets. On the contrary, the wastewater presented low heavy
metal concentrations due to its dilution with the flushing
water.
The manuscript II is a pre-introduction to the manuscript III,
in which the cumulative results of the pig manure and
wastewater are compared to the valid Chinese and German
regulations and proposed recommendations within the frame
of quality and environmental compliance, in order to assess
the potential pollution impact of the current manure and
husbandry system of the pilot pig farm in Beijing.
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Manuscript III: Nutrients and trace elements in a pig farm in Beijing:
Chinese and German recommendations (published)

In the manuscript III, the data on drinking water, feed, fresh
manure, and wastewater are included in the analysis. In
order to compare the current situation of the pig farm, the
Chinese and German recommendations of these
inputs/outputs are taken into consideration. The standards of
groundwater are employed for the analysis of water quality,
as the main water source in the NCP is groundwater due to
the expansive water scarcity of the region. In fact, the results
show that the water was not contaminated. Furthermore,
mandatory and voluntary standards about feeding for pigs in
the different lifespan stages are analysed. Zn, Cu, Mn, and
As were identified as surpassing the nutrients of the diet
formulation given in the Chinese Standards.
Additionally, there is a lack of precise standards for manure
and wastewater. Therefore, the standards of urban waste and
biowaste were used for comparison as they were previously
cited in similar studies of organic residues. Similarly, the
standard for irrigation water was used to analyse the
suitability of the wastewater, in case this water could be
applied to nearby crops as an alternative taking into account
the water scarcity of the NCP.
In the manuscripts I, II and III, the status quo of the
nutrients/pollutants found in the water, feed, manure, and
wastewater (also denominated inputs/outputs) is described.
In the manuscript IV, the analysis of the aerial pollutants is
attempted and several techniques and devices are used in
order to achieve this goal.
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Manuscript IV: Aerial pollutants on a pig farm in peri-urban Beijing, China
(published)

In the manuscript IV, the results of the summer and winter
measurements of the gas concentrations and dust found in the
different pig barns are shown. The measurements were
performed inside, outside and in empty pig barns in each stage
of the pigs’ lives. Three different devices were employed and
rotated through the pig barns for the objective of the research.
The results have shown that there is a high incidence of CO2
and NH3 concentrations inside the pig barns, especially during
the summer season, which indicates a potential risk inside the
pig barns as the aeration system is quite obsolete.
Airborne particulate matter, PM was measured at two-day
intervals inside the pig barns. The highest PM concentrations
were found in the farrowing and weaning barns. The smaller the
PM concentration in the air, the more probability it can lodge
deep into the lungs, generating respiratory problems in the longterm.
The environment of action was highly polluted and it did not
allow constant measurements. In overall, the results of this
manuscript show a general overview of the aerial degree of
pollution in the pig farm.
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Manuscript V: Pig manure systems in Germany and China and the impact on
nutrient flow (published)

The manuscript V, based on the background of the
decoupling of the livestock farms and the crop land, offers a
literature review and compares the nutrient flows found in
the pig farms in China and Germany.
Different stable systems are identified in Chinese and
German pig production. In Germany, most of the pig farms
are heat-insulated stables with slatted floors and the main
organic residue generated is slurry, while, on the contrary, in
the Chinese farms, different stable and manure management
systems are identified, e.g. shui chong fen (use water to
wash the manure), shui pao fen (manure dunked in water)
and gan qing fen (cleaning the manure dryly). The gan qing
fen manure management system specifically is the most
enforced technique for the livestock farms of peri-urban
Beijing.
The manuscript V furthermore presents a general overview
of the dry matter and nutrient contents in the pig manure
originating from different management systems, and it offers
valuable information about the efficiency of dry matter and
nutrient separation of the solids from liquid manures by
mechanical techniques, such as belt systems, V-shaped floor
systems and by the manual separation practised by the gan
qing fen manurial system.
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GENERAL DISCUSSION

The main objectives of this thesis were achieved through extensive research in the sampling
site: pig farm in Beijing, China. This section reinforces the contributions of this study and
comprehensively interprets the main topics developed in the thesis’ manuscripts within the frame
of the current Chinese livestock situation. Likewise, this section highlights the research limitations
found during the execution of the field campaigns in China. Finally, it suggests recommendations
and proposes the development of future work. The general discussion section is divided in the
following sections,

4.1

Intensive pig farming

The results of the manuscripts confirm that there is a large scale pig farming practised in
Beijing, one of the most developing urban centres of China. Beijing’s livestock intensification has
several risks to the Chinese agricultural system due to: water scarcity, agricultural land shortage
and over fertilization, erosion, closeness to urban areas and industrialization.
Throughout the country, crops such as rice have been replaced by soybeans, winter wheat
and corn, and there is a trend to centralize and move the feed and meat production to the Northern
areas of China. In fact, the Chinese government support the expansion of industrial livestock in the
Northern areas and the increment of pork imports and animal feeds as there is a high demand of
livestock products throughout the country (roxanamendoza.biz.nf, 2012).
The Chinese government is trying to find a pace of the meat supply attached to the
environmental damages the animal intensification is causing to the sustainability of the agricultural
system. The dense population of pigs in the Northern areas of China strain the capacity of the land
to supply feed for the animals and to absorb their waste. Chinese officials have begun promoting
‘ecological’ modes of production that use the pig waste to feed fish or fertilise crops and use
bacteria to break down the manure. This type of ecological systems can be observed in animal
farms through the country but still many of them are small scale systems. This system is based on
bed of micro-organisms, straw, manure and rice hulls which composts wastes without leaving
behind any foul smell (roxanamendoza.biz.nf, 2012).
Although, there is an understanding of the pollution derived from the agricultural activities at
the government level, still many farmers neglect this issue and are not willing to invest in green
technologies. For instance, biogas and electricity generation are certainly a solution successfully
applied in developed countries, i.e., Germany. However, in China subsidies to biogas production
are not enough to encourage this type of treatment of residues; therefore the investment cost of
biogas generators is rather high compared to the profit it could generate as energy to the local grid.
As a fact, for more than 50 years, China has had about 2.2 million individual households using
small and relatively cheap biogas plants that can support one farmhouse gas cooker. Biogas in
China is considered as an underdeveloped market with purchase prices that do not even cover the
operational costs of high-efficiency biogas plants, thus removing all motivation for biogas
operators to run at full capacity. Although, the biogas output digestate is a valuable liquid organic
fertiliser able to replace chemical fertilisers; in China there is no interest to use the liquid fertilizer
due to the lack of available cropland near livestock clusters (roxanamendoza.biz.nf, 2012).
Concerning composting, a focused continuous improvement in compost technologies is
required to reassure the degradation of organic bacteria and avoid further contamination while
applied to horticultural crops. During composting trials in this research, it was identified large
concentrations of Zn and Cu in the composted manure that may have a further negative impact if
applied to the horticulture crops (Sino-German project, 2012).
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In general, the main threats and opportunities identified within the frame of the pig farming
system of the NCP are presented in Table 4-1.
Table 4-1 Threats to and opportunities for pig production in China.

Element
Land

Threats
Opportunities
Use of limited arable land
Decoupling of cropland and livestock farms Livestock intensification
Water
Competition for human water consumption
Groundwater
Potential contamination
Air
Harmful concentrations of pollutants
Dissemination of diseases
Manure generation Accumulation, ambient exposure
Anaerobic digestion
Composting
Farm
Regional concentration of pig farms
Research collaboration/development
Unmanageable waste generation
Farm surroundings Pollution in peri-urban areas
Reinforcement of environmental regulations
Neighbouring area complaints
Odour emissions, flies, materials runoff
Farmer
Low wages and living standard
Farmers networking/village integration
Exposure to diseases
Pig Breeds
Replacement of local breeds
Higher lean meat ratios by foreign breeds
Loss of biodiversity
Chinese Population Environmental concerns
Pollution awareness
Affordable pigmeat prices

China requires an improvement of the efficiency of the agricultural system in the NCP.
Understanding peri-urban and rural areas, reviewing agricultural policies and analysing the status
quo of livestock intensification are key issues.

4.2

Farm inputs and outputs

The rationalization of pig feeds needs of immediate attention. The supplementation of
additives should be carefully calculated and not handled based on farmers’ experience without
professional evaluation of pig nutritional requirements. For instance, as result of the
mismanagement of feed formulations, heavy metal concentrations such as Zn, Mn and Cu are
largely found in pig manures. Furthermore, maize as a main component of the feed and scarce
resource in China need to be supplied under controlled systems in order to avoid losses.
Nowadays, foreign genetic companies are increasing their export volumes of new genetics
pig lines to China. The nutritional needs of imported hybrids pigs should be carefully evaluated.
Extra feed rations cannot improve pigs’ growing levels but increase fat accumulation, which result
in a waste of resources and thus pollution within the pork production chain.
Successful IT automatic systems should be extensively implemented in order to gain
economic and environmental advantages by the efficient use of the farm resources. Nowadays, the
Chinese commercial farming need to organize the variables of the pig production system and use
real-data to make decisions for the pig chain optimization, from purchasing of inputs until slaughter
and distribution that are not included in the Chinese pig farming system. Currently, the Chinese
government aim to modernise the meat industry and improve the traceability of the food chain as
result of the last years’ outbreaks of ‘blue ear’ disease (PRRS), foot-and-mouth disease (FMD),
classical swine fever, pneumonia, Streptococcus suis, circovirus, parasites and erysipelas viruses.
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Per instance, nowadays in Beijing roughly 29,000 pigs are slaughtered on a daily basis, but only
23,000 of these are quality-assured by the government. In Shandong province, one of China’s most
important agricultural regions, the Chinese government has started an IT plan, to monitor and trace
the movement of meat across all phases of the supply chain, including farms, processing plants,
trucks and supermarkets; this IT plan has an expectation to further develop across China
(roxanamendoza.biz.nf, 2012).
Concerning organic residues management, the gan qing fen manurial system is considered to
be the most suitable manure management technique in Beijing. Beijing municipal government has
intensively supported the application of this technique based on the cleaning of the manure dryly
from the animal farms, which may be related to the best advantage generated from this system:
manure with high dry matter content (ca. 30%) that is easier to handle and lighter to transport to
biogas plants for the further generation of indoor heat in the animal farms. The gan qing fen avoid
the production of slurry but generates large amounts of wastewater, which after treatment in
aeration ponds can be utilized as irrigation water. Manuscripts I and II offer a detailed description
about this practice.
There are several health issues concerning the manure management in China. Health
concerns about farmers that have a close proximity to animals and frequent contact with manure is
highlighted as an important threat in this study. The use of protective masks during the cleaning
activities inside of the pig barns is strongly advised for the welfare of farmers. The pollution of
indoor/outdoor air of the livestock installations should be reduced in order to improve the quality of
the working environment that not only affects the health of farmers but also of pigs.
A trial as shown in Figure 4-1 was started in an attempt to find out the amount of outputs that
are generated by the pigs. Plastic sheets were fixed underneath the slats of a selected pig pen in
order to accumulate the urine and water spills generated by five piglets during 24 consecutive
hours. Due to the narrow gap (ca. 30 cm) between the slats and the floor, the collection of the fluids
was a challenging task. The outcomes of this trial were only considered as reference values.
Animal performance can only be measured over a period of weeks or months (Pond et al., 1995)
using individual crates (metabolism crates).

Figure 4-1 Trial setting for the measurement of outputs in the pig farm.
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Aerial pollutants

Aerial pollutants in pig farms are mainly generated from the animal feed and from the animal
itself (Burton and Turner, 2003). In this research, many attempts to measure the ambient conditions
inside and outside the animal facilities were performed but due to the high indoor pollution level
several devices were within weeks out of service.
Several devices used for the measurement of NH3 and CO2 concentrations in animal houses
are cited in the literature. NH3 techniques employed are mainly Dräger tubes, Kitagawa gas
detectors, Gastec tubes, solid state sensors, infrared gas analysers, titrimetry, photometry,
colourimetry, pH paper, and NOx analyser (Ni, 1998). In this study, devices such as multigas
monitors and Dräger tubes were employed. The Dräger tubes offered research advantages, as they
were inexpensive, reliable, and did not require calibration. However, the tubes can only temporarily
control the gases concentrations and it is not advised for long term measurements. The manuscript
IV offers a comparative table of the several devices found in the literature and the results obtained
from the field campaigns performed in China.
Concerning the measurements periods, it is advised that sampling times should not be longer
than two weeks, as the deposition or contamination of particles in filters might cause unreliable
results. Within the frame of this research, sampling times were no longer than 1-2 days; this was
also due to the data logging capacity of the devices and the calibration required every two working
days. Specifically, during the first feeding and cleaning time, high concentrations of dust were
detected inside the pig houses. The wet feeding (given to the sows of the gestation and farrowing
barns) generated lower dust concentrations than the dry feeding (given to the weaning and fattening
pigs).
The lack of air ventilation and airflow are two of the main reasons that lead to high indoor
concentrations of NH3 and CO2. High indoor concentrations of CO2 are the result of animal
respiration and of the high animal density per barn, while the CO2 produced by the manure release
is not accounted, as its concentration is to a lesser extent (Ni, 1998).
In the animal manure, the urea is easily hydrolysed, catalyzed by the enzyme urease and
ultimately leads to CO2 and NH3 emission. (Burton and Turner, 2003; Ni, 1998). NH3 in pig
manure mainly originates from the breakdown of urea in urine. Only a small part comes from the
breakdown of protein in the faeces. The rate at which urea is converted to NH3 depends on the
urease activity (Aarnik and Verstegen, 2007). In the pig farm of this study, the NH3 was result of
the contact of manure with urine inside the pig barns. In the barns with slatted floor, the NH3
concentration was higher than in barns with concrete floor and it might be due to the NH3.emission
from the manure rests in the slats.

4.4

Research limitations

The research was performed in a pilot pig farm in Beijing as the access to other commercial
animal farms in China was not allowed. Factors that slowed down the achievement of the thesis
objectives were mainly the old infrastructure (broken curtains, windows, inoperative fans), high air
pollution level (CO2, NH3, PM1-10), and obsolete know-how in the pig farm. Some typical features
of the pig barns are shown in the Figures 4-2 to 4-5.

76

Universität Hohenheim

Figure 4-2 Gestation pig barn characterization.

Gestation barn: An exacerbated use of groundwater for cooling the pigs during summer was
observed. There was an extensive lack of indoor air exchange as the fans were inoperative. The
double ceiling was damaged in several sections, thus generating heat loss.

Figure 4-3 Farrowing pig barn characterization.

Farrowing barn: The fans inside the barns were inoperative and there were no other means of
indoor ventilation. The urine and water spills drained through an indoor channel to end up in a
collective channel; however, as observed in the picture above, the release of fluids contained soil
remains, as the connective channel was nonexistent.

77

Universität Hohenheim

Figure 4-4 Weaning pig barn characterization.

Weaning barn: Two types of floors were found: Slats and concrete floor. Measurements of
inputs/outputs were planned in both types of floors. However, due to sudden changes by pig
farmers, pigs were transferred to different barns without previous communication, affecting the
sampling schedule which was attempted to simultaneously perform in both barn types.
In the barns with slatted floor, rests of urine and manure dropped between the slats and were
flushed with water generating a slurry, which created complications to the goals of this research, as
the attempt was to collect only fresh manure and urine and not slurry.

Figure 4-5 Fattening pig barn characterization.

Fattening barn: There was a high density of pigs per pen with ca. 250-300 pigs per barn, the
barns were characterized by an obsolete ventilation system. The existence of a hole (channel) in the
ceiling for indoor ventilation can be seen in the picture above. The holes in the ceiling were kept
open during the summer season and were closed with plastic attachments during the winter days;
further details can be found in the manuscripts I and IV. In order to measure the efficiency of this
ventilation channel, an anemometer was set close to the hole, however the device did not recorded
any values. The ad lib feeding system generated large amounts of feed spills and aerial waste, as
recorded by the dust photometer.
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In order to improve the collection of data having as pre-condition the current situation of the
pig farm in Beijing, it is recommendable: First to identify the critical points in which the sampling
could be interrupted or where the sample could be cross-contaminated. Second, persuade the
manager and farmers of the farm in order to mutually join the interest of the research, whose main
outcomes could be directly applied in the farm. Third, discuss main issues that affect the progress
of the research with the pig manager, i.e., repair fans, air channels, double ceiling and broken
windows which interrupt the ventilation flow in the pig barns. Fourth, propose easy-applicable
measures which may not only improve the profitability and sustainability of the farm but also the
welfare of the farmers, i.e., improve workers efficiency by using masks during the cleaning
activities, reduce the water consumption for cooling pigs by improving ventilation, improve indoor
pollution by repairing air channels and curtains, and fifth, reduce feed waste by improving the
knowledge of pig nutrition and formulation in the feed mills.

4.5

Final message

The gan qing fen system is a common practise in the north area of China. Specifically, in
Beijing it is promoted to expand this system which could prove to be useful to collect the pig
manure in order to fertilize adjacent crops and use it for small scale biogas production, but without
given further utilization to the liquid effluent as it there is no benefit to transport it to other
surrounding areas with small land available to find an economic return out of this liquid
fertilization as practised in western countries with large land availability and coupled croplivestock systems. The increments in food demand and feed will impose a pressure to raise the
number of animal farms and centralized cluster areas, especially in the North of China. In order to
find a suitable system that provides not only food security but also food safety in China advanced
IT systems will be integrated which in the short term may help to develop the Chinese food
industry in general into a more modernized system, attracting foreign investment and improving the
awareness of the use of high tech for the traceability of the food chain and for the recycling of
organic residues and by-products for the future sustainability of the pig farming industry in China.

4.6

Future research

The following key areas are required for future development,
-Estimate the stocking density that involves adequate eating space/pig as well as floor area/pig.
-Maintain an automatic recording system to maximize pig flow, identify problems (Gadd, 2011).
-Research and test new tools for air measurement with high durability and easy manipulation.
-Implement standards to improve animal and staff welfare.
-Quantify/describe inputs/outputs in a pig farm with a manure management system besides the gan
qing fen system.
-Proof the amount of feed, required the expected daily nutrient intake details (Gadd, 2011).
-Perform quantitative analysis of nutrient use efficiency in animal farms by means of farm-gate
nutrient balances.
A complete farm-gate balance should include the inputs of N and P via purchased feeds, animals
and bedding material and the outputs in sold animals and exported manure. The N and P surpluses
should equal the sum of N and P losses from the buildings, the farm-yard and the stored manure
(IAEA, 2008). Based on the model of Berthiaume et al., 2005; the Figure 4-6 presents a general
scheme of the main N reservoirs (urine, faeces, wasted feed, and water) and of the main fluxes in
the form of N transfer or NH3 volatilization/emission from the pilot pig farm.
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Figure 4-6 Schematic representation of total N fluxes and reservoirs in the Beijing pig farm (modified from
Berthiaume et al., 2005).

In order to perform a farm gate balance, the Table 4-2, highlights the data status of this
research which might be used for future studies.
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Table 4-2 Main data collected.

Data type
Main inputs/outputs
Pig drinking water

Source

Key attributes Availability

Self-reported from chemical analysis

Quantitative

Pig feed
Self-reported from chemical analysis
Crude protein, crude fat,
Literature review
crude fiber, crude ash, lysine,
Ca, P, Zn, Cu, Mn, As, Pb,
Cr, Hg, Cd.

Quantitative

Pig manure
TN, AN, K, P, Ca, Mn, Zn
Cu, Cd, Pb, Cr, As.

Self-reported from chemical analysis
Literature review

Quantitative

Piggery wastewater
K, P, Zn, Cu, Cd, Pb, Cr,
TN, As.

Self-reported from chemical analysis

Quantitative

2-

-

-

pH, TDS, SO4 , Cl , F , CN
-

-

-

NO3 , NO2 , AN, Fe, Mn, Cu,
Zn, Co, Mo, Hg, As, Se, Cd,
Cr, Pb, Ba, Be.

Indoor pollutants concentrations
Self-reported from own measurements
CO2
Literature review
NH3
Self-reported from own measurements
Literature review
PM1-10
Self-reported from own measurements
Literature review
Chinese techniques
Manure management
Self-observations, literature review

Quantitative
Quantitative
Quantitative

Qualitative

Feed management

Self-observations

Qualitative

Water use efficiency

Self-observations

Qualitative

Good state

Improvement appreciated

Best guess

Last but not least, the use of this information for a farm gate balance might be attempted in a
second phase within the research scope of the International Research Training Group, IRTG.
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SUMMARY

China, at the forefront of the livestock revolution, has experienced a more industrialized
change, with an increment of the large livestock farms and of the decoupling between the livestock
and arable land. The manure generated from livestock farms is not adequately exported to the crops
and, indeed, the use of mineral fertilizers has become the main nutrient source for crops in the large
extension of the North China Plain (NCP).
Meat production in China is dominated by pork, which comprises approximately 50% of
worldwide pig production. The Chinese pork sector is expected to continue its growth as a result of
the increment of meat demands driven by the economic emergence of China and by the rapid
expansion of industrial systems. Three scales of pig production can be found in China: Backyard
producers with fewer than 30 pigs a year, specialized households with fewer than 500 pigs a year,
and large operations with more than 500 pigs a year. Nowadays, only about the 10% of the pork
produced in China originates from large-scale pig operations.
The description of the pig husbandry and manure management systems in the large animal
operations of the NCP is not widely available. In order to describe the status quo of the pig
production and manurial management systems in the NCP, a large-size pig farm with a dimension
of 10 ha and an annual stock of 12,000 breeding swine and 20,000 market pigs or porkers was
selected. The farm is located in the Shunyi District, one and half hours from the centre of Beijing,
and an intensive sampling plan as far as feasible of pig manure, wastewater, drinking water, and
feed, the main pig farm inputs and outputs, was started in 2009. The sampling was performed once
a week based on the natural pig growing stages, i.e. gestation, farrowing, weaning, and fattening.
The manurial system identified in the farm was denominated as “gan qing fen” or “cleaning
the manure dryly”. In this system, the pig manure (faeces with some remains of urine) was
collected manually by scraping the mainly non-slatted floors of the pigsties twice a day, and the
floors were then flushed with water. The gan qing fen separation technique was introduced in
China during the 1990s and it is considered as an efficient technique in order to separate the
nutrients from the animal manure instead of separating them by means of mechanical systems.
The analyses of nutrients and heavy metals from the samples were determined by means of
inductively coupled plasma atomic emission spectroscopy (ICP). Total nitrogen (TN) was
determined by the Kjeldahl method. The results showed that the pig manure was characterized by
high nutrient and heavy metal contents that might be due to the solid fraction separation from the
liquid fraction under the gan qing fen manurial management system. The piggery wastewater was
characterized by very low concentrations of nutrients and heavy metals as a result of their dilution
with flushing water, mainly used for cleaning the pigsties. Manure and wastewater samples from
weaning pigs contained the highest concentrations of nutrients and heavy metals; that could be due
to the high supplementation rates of these minerals in the weaner diets. In general, it seems that the
manual daily collection of pig manure in the gan qing fen system is an efficient practice in order to
maintain nutrient contents in pig manure, but the use of flushing water should be reduced as it can
lead to further environmental pollution.
China has issued a range of environmental standards in recent years. The Chinese national
standards are adoptions of international standards and are consistent across all of China. Chinese
and German recommendations were compiled in order to compare them with the results obtained in
this study. Based on the comparisons, it is stated that pig drinking water sourced from groundwater
wells was of optimum quality as it is used for both pigs and humans. Trace minerals in pig feeds,
such as lead (Pb), chromium (Cr) and cadmium (Cd), were found to be within the range of values
given by the Chinese and German feeding recommendations. However, high mineral
concentrations of zinc (Zn), manganese (Mn), copper (Cu), and arsenic (As), mainly found in the
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weaning feed samples, surpassed the given thresholds by almost ten times. Pig manure was
compared with the German and Chinese standard for biowaste due to the nonexistence of a specific
standard for animal manure in both countries. It was observed that maximum Cd, Cu and Zn
concentration values surpassed the thresholds established in those recommendations. Similarly,
trace mineral concentrations in the piggery wastewater were compared with the Chinese standard
for irrigation water, however, it was not compared with any German standard due to the different
nature of the effluent generated from the Chinese gan qing fen manurial management system, and it
was found that Pb, Cd, Cr, Cu, and Zn did not comply with the irrigation water quotes.
Furthermore, there is a need to re-evaluate the current Chinese standards and to strengthen the
recommendations focused on the disposal, reuse and recycling of manure and wastewater of
livestock origin in general.
In order to evaluate the air pollutants produced in the pig farm, i.e. gas concentrations of
carbon dioxide (CO2) and ammonia (NH3), and particulate matter (PM1-10, inhalable, thoracic and
respirable fractions), were measured making use of four different measurement devices with
sensors: colour diffusion tubes, a portable gas measuring device, a multigas monitor, and a dust
measuring instrument. Due to the rotation of the devices in the different pig barns, the
measurements were performed at different time periods during the summer and winter months of
2010 and 2011. High dust concentrations were identified in the pig barns, especially during the
feeding and manure cleaning events inside the farrowing and weaning barns with slatted floors.
The highest NH3 concentration was recorded in the weaning barn during the summer season, while
the highest CO2 concentration was reported in the gestation barn during the winter season.
Nevertheless, the problems encountered during the gas measurements in the pig farm were
directly related to the inadequate housing layout due to the obstruction of windows, fans and air
channels for indoor ventilation, and thus the devices faced harsh working conditions. It is
recommended that the housing system should be improved with repaired windows and curtains
especially for the winter season; similarly, the repair of the fans should be attempted in order to
improve the ventilation, especially in the gestation barns.
To conclude, using the example of an intensive pig farm near Beijing, it was identified that
the main issues were the decoupling between the cropland and the pig farm, the existence of
nutrient surpluses in the pig manure originating from the uncontrolled nutrient supply into the pig
feeds, the manure mismanagement (open manure storage), a lack of infrastructure (broken curtains,
windows, inoperative fans), aerial pollutants (high indoor concentrations of CO2, NH3 and PM1-10),
extensive hand labour, and obsolete know-how with respect to resource conservation, among the
most significant.

Universität Hohenheim

6

83

ZUSAMMENFASSUNG

China, an vorderster Front der “Livestock Revolution”, erlebt einen eher industriellen
Wandel mit einem Zuwachs an großen Tierhaltungsanlagen und der Entkopplung von Tierhaltung
und Ackerfläche. Der Fest- und Flüssigmist aus den Tierhaltungsanlagen wird nicht angemessen in
den Pflanzenanbau exportiert, und sicherlich stellt die Mineraldüngeranwendung die
Hauptnährstoffquelle für den Pflanzenbau in der nordchinesischen Tiefebene dar.
Schweinefleisch dominiert die Fleischproduktion in China und umfasst ungefähr 50% der
weltweiten Schweineproduktion. Es wird erwartet, dass der chinesische Schweinefleischsektor im
Zuge der zunehmenden Fleischnachfrage und rasanten ökonomischen Entwicklung und
Ausdehnung industrieller Systeme weiter wächst. In China sind drei Größenordnungen der
Schweineproduktion zu unterscheiden: Kleinerzeuger („backyard producer“) mit weniger als 30
produzierten Schweinen pro Jahr, spezialisierte Haushalte mit bis zu 500 produzierten Schweinen
pro Jahr und größere Tierhaltungen mit mehr als 500 produzierten Schweinen pro Jahr. Derzeit
stammen nur 10% der Schweinefleischerzeugung in China von größeren Tierhaltungsanlagen.
Bisher sind wenige Informationen zu den Schweinehaltungssystemen und der Fest- und
Flüssigmisthandhabung in großen Tierhaltungsanlagen der Nordchinesischen Tiefebene verfügbar.
Um den gegenwärtigen Stand der Schweinehaltung und der Fest- und Flüssigmisthandhabung zu
beschreiben, wurde eine 10 ha große Schweinehaltungsanlage mit einem jährlichen Bestand an ca.
12.000 Schweinen zur Zucht und 20.000 Tieren zur Fleischerzeugung untersucht. Der Betrieb lag
im „Shunyi“ Distrikt etwa eineinhalb Fahrstunden vom Zentrum Pekings entfernt. Im Jahr 2009
wurde mit einer intensiven wöchentlichen Probenahme und Datenerhebung begonnen, die sich am
Produktionszyklus von der Ferkelerzeugung über die Ferkelaufzucht zur Mast orientierte. Es
wurden soweit möglich die hauptsächlichen Stoffeingänge und –ausgänge über das Trinkwasser,
Futter, die Exkremente und Jauchewasser beprobt.
Das Entmistungssystem auf diesem Betrieb wurde als “gan qing fen” oder sinngemäß als
„Trockenentfernung der Exkremente“
identifiziert. In diesem System werden die
Schweineexkremente (Kot mit Resten von Harn) manuell zweimal täglich vom zum Großteil
planbefestigten Boden geschabt und eingesammelt, anschließend wird der Boden mit Wasser
abgespült. Das “gan qing fen” System wurde in China in den neunziger Jahren eingeführt und wird
als effiziente Maßnahme zur Primärtrennung von Kot und Harn bzw. der darin enthaltenen
Nährstoffe im Vergleich zu mechanischen Verfahren angesehen.
Die Nährstoff- und Schwermetallgehalte der Proben wurden spektroskopisch mit Hilfe
induktiv gekoppelten Plasmas analysiert. Der Gesamtstickstoffgehalt wurde mit der KjeldahlMethode bestimmt. Die Ergebnisse ergaben hohe Nährstoff- und Schwermetallgehalte in den
Exkrementen, was auf die Primärtrennung von festen und flüssigen Bestandteilen durch das „gan
qing fen“ System zurückgeführt wird. Das Jauchewasser der Ställe wies wegen der starken
Verdünnung mit Spülwasser beim Ausspritzen der Buchten nur geringe Nährstoff- und
Schwermetallkonzentrationen auf. In den Exkrementproben aus der Ferkelaufzucht wurden die
höchsten Konzentrationen gemessen, die sich wohl aus der starken Supplementierung von
Mineralstoffen in der Futterration in diesem Haltungsabschnitt ableiten lassen. In der Gesamtschau
erwies sich die tägliche Sammlung der Exkremente aus den Buchten im „gan qing fen“ System als
wirksame Maßnahme, um die Nährstoffe in denselben zu bewahren. Der Wasserverbrauch für das
Ausspülen der Buchten sollte jedoch reduziert werden, da dies ebenso zur Umweltproblematik
beitragen kann.
In China wurde in den letzten Jahren eine Reihe von Regelwerken zu Umweltstandards
herausgegeben. Die nationalen chinesischen Standards sind Adaptionen von internationalen
Standards und gelten einheitlich in ganz China. Chinesische und deutsche Empfehlungen wurden
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zusammengestellt und mit den Ergebnissen der eigenen Untersuchungen verglichen. Ausgehend
von diesem Vergleich ist die Wasserqualität des Grundwasserbrunnens sehr gut für das Tränken
der Tiere als auch für den menschlichen Gebrauch geeignet. Der Schwermetallgehalt (Blei, Chrom,
Cadmium) im verwendeten Schweinefutter lag innerhalb der Grenzwerte der deutschen und
chinesischen Empfehlungen. Indes überstiegen aber die Stoffkonzentrationen von Zink, Mangan,
Kupfer und Arsen, insbesondere im Ferkelaufzuchtfutter, die Grenzwerte um fast das Zehnfache.
Die Exkremente wurden mit deutschen und chinesischen Standards für Bioabfall verglichen, da es
keine spezifischen Regelwerke für die Tierhaltung gab. Die maximalen Gehalte an Cadmium,
Kupfer und Zink überstiegen die Grenzwerte. In ähnlicher Weise wurden die Spurenelementgehalte
im Jauchewasser mit einem chinesischen Standard für Bewässerungswasser verglichen, aber nicht
mit einem deutschen Standard, da das Jauchewasser des „gan qing fen“ System nicht mit üblicher
Jauche zu vergleichen ist. Es zeigte sich, dass die Werte für Blei, Cadmium, Chrom, Kupfer und
Zink nicht mit den Eigenschaften von Bewässerungswasser übereinstimmen. Darüber hinaus wird
eine Überarbeitung der derzeitigen Standards notwendig. Die Empfehlungen zur Lagerung,
Ausbringung, Aufbereitung und Verwertung von Exkrementen und Abwässern aus der Tierhaltung
sollten verschärft werden.
Die Beurteilung der in den Ställen entstandenen Luftschadstoffe, d.h. der
Gaskonzentrationen von Kohlendioxid und Ammoniak sowie der Feinstaubkonzentration erfolgte
mit Hilfe verschiedener Messgeräte und –methoden: kolorimetrische Kurzzeitröhrchen, Multigasund Feinstaubmonitore. Da die Messgeräte zwischen den verschiedenen Ställen rotiert werden
mussten, wurden die Messungen zu in den verschiedenen Haltungsabschnitten zu unterschiedlichen
Zeiträumen in einzelnen Sommer- und Wintermonaten der Jahre 2010 und 2011 durchgeführt.
Hohe Feinstaubkonzentrationen zeigten sich in den Schweineställen insbesondere während der
Fütterungs- und Reinigungsaktivitäten der Abferkel- und Ferkelaufzuchtställe mit Spaltenboden.
Die höchsten Ammoniakkonzentrationen der Stallluft traten in der Ferkelaufzucht im Sommer auf,
wohingegen die höchsten Kohlendioxidkonzentrationen in der Wartesauenhaltung im Winter
gemessen wurden. Gleichwohl ließen sich sowohl eine schlechte Luftqualität als auch
Messprobleme insbesondere im Winter auf eine unzureichenden Luftaustausch zurückführen, da
die Stallöffnungen zum Schutz vor Kälte weitestgehend verschlossen wurden, Ventilatoren außer
Betrieb waren und die Stalllüftung unzureichend ausgelegt und funktional war. Eine Verbesserung
und Sicherstellung der Funktion der der Zu- und Abluftführung wird empfohlen.
In der Gesamtbetrachtung konnten am Beispiel einer intensiven Schweinehaltungsanlage in
der Nähe Pekings die wesentlichen die Herausforderungen und Optimierungspotenziale aufgezeigt
werden, die sich u.a. ergaben durch eine Entkopplung von Ackerland und Tierhaltung,
Nährstoffüberschüssen in Futter und tierischen Exkrementen, offenen Wirtschaftsdüngerlagern,
Mängeln an den Stallgebäuden und bei der Lüftung, viel Handarbeit beim Stallmanagement,
Wissenslücken in Bezug auf ressourcenschonende Tierhaltung.
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APENDIX
Sampling Procedures in the pig farm in Beijing
-Procedures for the sampling of the pig feed.

• Materials:
1. Spoon, gloves
2. Plastic bucket
3. Plastic freezer bag
4. Marker

• Steps:
1. Take six to eight small samples from different
places of the pig feeder or feed pile
2. Collect them in the bucket
3. Mix well
4. Pour the final sample into a plastic bag
5. Squeeze the air out of the bag, and seal it
6. Label the sample with the N of the barn and write
its origin, eg. “G” for Gestation, “F” for Farrowing,
“W” for Weaning or “T” for Fattening
7. Keep the sample in the cooler
8. Clean the sampling materials before packing

-Procedures for the sampling of the pig drinking water.

• Materials:
1. Gloves
2. Plastic jar
3. Marker

• Steps:
1. Take drinking water samples from different nipple
drinkers of the barn
2. Collect them in the jar
3. Don’t fill the whole jar with water, leave an air
space
4. Label the sample with the N of the barn and write
its origin, eg. “G” for Gestation, “F” for
Farrowing, “W” for Weaning or “T” for Fattening
5. Keep the sample in the cooler
6. Clean the sampling materials before packing
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-Procedures for the sampling of the fresh pig manure.

• Materials:
1. Shovel, spoon, gloves
2. Plastic bucket
3. Plastic freezer bag
4. Marker
• Steps:
1. Take six to eight small samples from different
places of the barn
2. Collect them in the bucket
3. Keep the manure in the bucket cool during the
collection period
4. Mix well and crash crumbles
5. Turn the plastic freezer bag inside out over your
hand, and use it as a glove to sample from the
bucket
6. Squeeze the air out of the bag, and seal it
7. Label the sample with the N of the barn and write
its origin, eg. “G” for Gestation, “F” for Farrowing,
“W” for Weaning or “T” for Fattening
8. Keep the sample in the cooler
9. Clean the sampling materials before packing

-Procedures for the sampling of the piggery wastewater.
• Materials:
1. Spoon, gloves
2. Plastic bucket
3. Plastic jar
4. Marker
• Steps:
1. Take six to eight slurry samples from different
places of the barn channel
2. Collect them in the bucket
3. Keep the slurry in the bucket cool during the
collection period
4. Mix well
5. Pour the final sample into a plastic jar
6. Don’t fill the whole jar with slurry, leave an air
space
7. Label the sample with the N of the barn and write
its origin, eg. “G” for Gestation, “F” for
Farrowing, “W” for Weaning or “T” for Fattening
8. Keep the sample in the cooler
9. Clean the sampling materials before packing
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