
 CHEMICAL ENGINEERING TRANSACTIONS  
 

VOL. 55, 2016 

A publication of 

 
The Italian Association 

of Chemical Engineering 
Online at www.aidic.it/cet 

Guest Editors: Tichun Wang, Hongyang Zhang, Lei Tian
Copyright © 2016, AIDIC Servizi S.r.l., 
ISBN 978-88-95608-46-4; ISSN 2283-9216 

A Study on the Water Pollution of Poultry and Livestock 
Breeding and the Resource Utilization of the Wastewater in 

Sonln Village 

Songyuan Zhao*a, Xiaosi Sub, Songying Zhaoc 
aThe College of Environment and Resources, JiLin University, Changchun, China 130000；JiLin Song Liao Monitoring 

Engineering Supervision Consulting co., LTD, Changchun, China 130000 
bThe College of Environment and Resources, JiLin University, Changchun, China 130000 
cInstitute of Water Resources and Environment, JiLin University, Changchun, China 130000；Municipal and environmental 

engineering School of Jilin Jianzhu University, Changchun, China,130118 
1021347679@qq.com 

Sonln Village is located in Songliao Plain and the upstream of Yitong River. The village takes non-professional 
scattered chicken-raising as the main source of incomes, and the annual raising number of the birds is about 3 
million. Large-scale raising produces a large number of organic pollutants such as feces of livestock and 
poultry, so the pollution is concentrated and difficult to handle. A large number of feces are directly poured into 
the Yitong River, causing serious harm to the environment. In this study, Sonln Village is used to study the 
environmental pollution of livestock and poultry raising industry in Sonln Village. The study focuses on the 
composting of feces of livestock and poultry, the resource utilization of methane fermentation, and the 
resource utilization of the livestock wastewater, to purify the livestock wastewater, reduce the content of COD, 
nitrogen, phosphorus and other pollutants, meet the discharge standards and reduce the water pollution on 
the surface of the earth. 

1. Introduction 
In recent years, with the rapid development of large-scale livestock and poultry breeding industry, the amount 
of the excretion of livestock and poultry and other wastes has been increasing rapidly, causing environmental 
pollution, and making the contradiction between the development of the livestock and poultry industry and the 
environmental pollution become increasingly prominent (An et al., 2015). Sonln Village is located in Yitong 
River Terrace of Songliao Plain, in which all of the 28 households of farmers take chicken raising as the main 
source of incomes, with non-professional scattered raising being the stress, the annual number of the birds is 
about 3 million. Large-scale raising produces a large number of organic pollutants such as feces of livestock 
and poultry, so the pollution is concentrated and difficult to handle. A large number of feces are directly poured 
into the Yitong River, causing serious harm to the environment (Zhao et al., 2015). 
The sewage of feces on the livestock and poultry farms is organic wastewater in high concentration, rich in 
organic matters, and it is also very suitable for composting (Motoyama et al., 2011). The methane technology 
is used for biochemical treatment. If the feces are processed with anaerobic fermentation, not only will the 
problem of environmental pollution in rural areas be solved, but also the problem of energy in rural areas will 
be solved, which is an effective way to conduct a reasonable and sustainable development and utilization of 
natural resources (Zhao et al., 2016). 

2. The situation of the water pollution in Solon Village 
Sonln Village is located on the upper reaches of Yitong River, having an average precipitation of 600mm 
annually. As for agriculture, the main crop is corn. The sample-collecting sites are set on a tributary flowing 
through Sonln Village of the upper reaches of Yitong River. A total of 9 sites for monitoring the surface water 
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are set, and the sampling sites are as shown in Figure 1 in which 1 is the downstream area; 2 is the slow flow 
area, surrounded by scattered sources of pollution; 3 is the slow flow area; 4 is the rapids area; 5 is the clean 
water, and the flow is slow; 6 is the rapids area; 7 is the polluted area of the chicken farm; 8 is the clean water, 
whose flow is slow; 9 is the irrigation water for the field; Sonln Village is located on the sampling site 7 in the 
figure. Sampling work started in May, 2016. The river water was collected using clean bottles of mineral water, 
and water samples should be 2,000ml at each sample site, and then CODcr was tested. The water samples of 
nitrogen and phosphorus were acidified to a pH value of 2 or less by adding concentrated sulfuric acid. The 
water samples of the coliforms were tested without any treatment. And the water samples were analyzed as 
soon as possible after they were collected. 

 

Figure 1: The distribution of the sampling sites 

It can be seen from Figure 2 that the content of ammonia nitrogen in most of the sampling sites is 0.5mg/L or 

less, and the content of nitrate nitrogen is 1mg/L or less, meeting the standard of Water Quality II of the 

surface water. As the sampling sites 2 and 9 had scattered sources of pollution and the irrigation water for the 
field, the content of ammonia nitrogen and nitrate nitrogen is slightly higher than that on other sampling sites. 
Sampling site 7 is a polluted area of chicken farms, and the direct discharge was conducted without any 
treatment. The measured content of ammonia nitrogen is 1mg/L or more, and the content nitrate nitrogen is 
1.5mg/L or more, belonging to Water Quality IV of the surface water. 

 

Figure 2: Contents of ammonia nitrogen and nitrate nitrogen in the water samples 

Table 1 shows the total content of nitrogen, total content of phosphorus, as well as the content of CODcr in the 
water sample. It can be seen from Table 1 that the polluting situation of total nitrogen is much more serious 
than that of ammonia nitrogen and nitrate nitrogen, especially on the sampling site 7, far exceeding the limited 
value of Water Quality V of the surface water. The total nitrogen includes compounds of organic nitrogen and 
inorganic nitrogen. The content of total nitrogen on sampling site 7 and the downstream sampling site is higher 
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than the sum of the content of ammonia nitrogen and nitrate nitrogen, indicating that the nitrogen in the water 
is mainly organic nitrogen. The reason for the analysis should be that the excreta of animals and nitrogen of 
the residual feed exist in the form of organic nitrogen compounds. The content of total phosphorus in sampling 
site 7 and the downstream exceed the limit value of Water Quality V of the surface water; the concentration of 
CODcr on the sampling site 7 is up to 1710 Lmg / , which is far beyond the limited value of Water Quality V.   

Table 1: Contents of the total nitrogen, total phosphorus and CODcr in the water sample 

 1 2 3 4 5 6 7 8 9 

Total  N（mg/L） 5.1 5.2 5 3.1 0.45 7.9 13.3 0.9 1.8 

Total P（mg/L） 0.16 0.17 0.16 0.26 0.05 0.59 1.2 0.11 0.09 

CODcr（mg/L） 245 256 246 210 9.5 430 1710 18 22 

Conliforms (104/L) 22 20 21 24 1.2 326 536 6.2 4.2 

As shown in Table 1, there are the irrigation water and the sewage from the villagers on sampling sites 2 and 

9 respectively, and the total number of coliforms increases; the total number of coliforms is up to 536
410×  / L 

on sampling site 7. The number of total coliforms on sampling site 6 is more than 106 / L, which is related to 
the location on the sampling site, which is not far from the downstream of the sewage of the chicken farm as 
well as the long-term effect of the direct discharge of sewage.  The coliforms in the sewage grow and multiply 
easily and the number is extremely high, resulting in a rapid increasing number of the coliforms in the water 
near the sewage. Table 2 shows the content of heavy metals in feces of the livestock and poultry. It can be 
seen from Table 2 that untreated feces of livestock and poultry are discharged into the environment, causing 
different degrees of pollution to soil, water and crops. The contents of Cu, Zn and As in the soil of chicken 
farms were significantly higher in Sonln Village than those without manure application in the control group, and 
the contents of Cu, Zn and As were 10, 5 and 2 times as in the control group at the highest level respectively, 
exceeding standard by 135%, 53%, 12% at the highest level.     

Table 2: Contents of heavy metals in the feces of the livestock and poultry 

Type Zn Cu As Ni Cr Pb Cd Hg 
Pig manure 1770.2 1039.4 15.76 10.98 6.6 2.45 0.51 0.05 
Fowl manure 380.6 274.2 5.03 5.47 7.09 4.9 0.74 0.05 

Cow dung 176.2 90.24 3.30 7.84 6.57 9.4 0.34 0.04 

2. Resource utilization 
3.1Resource utilization of composts 
Based on the treatment and disposal of feces of livestock and poultry and resource utilization, a small 
compost reactor is designed. Chicken manure and corn stalks are used as compost raw materials. The initial 
C / N ratio and the initial moisture content of the compost are adjusted. The ventilation and the amount of 
oxygen of the compost are controlled. The reactor composting and the outdoor composting are combined. The 
initial C / N ratio and the effects of different composting methods on the fixed composting of chicken manure 
and the crops stalks are to be ensured by studying changes of the physicochemical indexes of the composting 
process. 
Three composts are designed in the test, which are marked with P1, P2 and P3 respectively. According to the 
initial data of the chicken manure and the corn straws, the initial C/N ratios of the composts P1, P2 and P3 are 
adjusted as 14, 22 and 30 respectively. And the effects of different initial C / N ratios on the mixed composting 
of chicken manure and corn straws are studied. The experimental design and initial properties of the compost 
are shown in Table 3. The composting experiment is carried out in a laboratory-made compost reactor. The 
duration of the composting test is 32 days. Three replicates are carried out at the same time. 

Table 3: The experimental design and the initial properties of the composts 

composts chicken manure: corn straws C/N MC 
P1 3.2:1g 14 65.5(1.25) 
P2 0.94:1 22 68.4(1.16) 
P3 1:2 30 66.7(1.23) 
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Figure 3 shows the dynamic changes of composts’ temperature during the composting of chicken manure and 
corn straws. In Fig.3, 1 is the acclimation stage, 2 is the growth stage at the middle temperature, 3 is the high 
temperature stage, and 4 is the maturity stage; the process A is the primary fermentation, and the process B is 
the secondary fermentation. From Fig. 3, the dynamic changes of the temperature of the composts P1, P2 and 
P3 show a similar changing trend. Seen from the primary and secondary fermentation, the main fermentation 
stage is from 0 to 13 days, and the secondary fermentation stage is from 14 to 32 days. Most of the organic 
matters in the compost are degraded by microbes during the main fermentation stage. Composting produces 
a little energy in the secondary fermentation stage, the temperature of the composts decreases slowly, and 
the products of composts become stable and reach deep maturity. The highest composting temperature 

should reach 50 ~ 55 ℃ and maintain 5 ~ 7days, or above 55 ℃ for 3 days. 

 

Figure 3:The temperature dynamic variation of composts in the composting process 

3.2Resource utilization of methane fermentation 
Mixed fermentation of manure and straws can not only solve the problem of the shortage of raw materials in 
digesters of rural areas, but also regulate the carbon-to -nitrogen ratio of raw materials to improve the 
efficiency of the fermentation. Therefore, the mixture of corn stalks and chicken manure is used as the raw 
material for fermentation and anaerobic fermentation is adopted. Schematic diagram of the test’s devices is 
shown in Figure 4, mainly composed by three parts including the fermentation devices, gas gathering devices 
and temperature controlling devices. 

 

Figure 4: The constant temperature anaerobic fermentation devices with controllability 

In the figure, 1 is the temperature control box, 2 is the temperature sensor, 3 is the heating wire, 4 is the 
fermentation tank, 5 is the constant temperature tank, 6 is an air collector, and 7 is the cylinder. The chicken 
manure-to-corn straws ratio is set to be 2:1 and the ratio of C / N is approximately 25 : 1, which is the best 
theoretical value of the fermentation. The results show that the mixture of chicken manure and corn stalks is 

used as the raw material conducting the methane fermentation at 20-40 ℃. The fermentation liquid in which 

the ratio of chicken manure to corn stalks is 2: 1 and the concentration of the initial fermentation is 20% has 
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the largest gas production. The wastewater containing high nitrogen can be treated by the anaerobic digestion 
and the resource utilization. If it is necessary to take into account the optimum requirements between the 
maximum methane production and biodegradability, the time for anaerobic digestion should not exceed 6 
days. The ratio of BOD5 / COD and C / N of the liquid can be adapted to the requirement of the aerobic 
treatment. 

3.3 Sewage treatment system 
Livestock wastewater belongs to the organic wastewater whose biodegradability is favourable with medium 
and high concentration. The ratio of BOD and COD is high, which is easy to conduct the biochemical 
treatment. The quality of wastewater is mainly organic matters. The air flotation-biological contact oxidation 
process is adopted in the test. The waste water flows into the grids through the drain pipe of the collecting 
system, and the impurities such as the large-volume suspended solids are removed into the bio-selection 
area, then into the oxygen-poor acidification regulating tank. The wastewater after the anaerobic biological 
treatment is added to appropriate flocculant getting into the air flotation system. The non-soluble proteins, fat, 
and other macromolecular organic matter are supposed to be removed. After acidification and the flotation 
treatment, the wastewater gets into the two-stage of aerobic biochemical reaction tank, and the method of 
biological contact oxidation is used for aerobic treatment. After the two-stage aerobic biochemical treatment, 
the sewage gets into the sediment. Then the clean water flows into the clear pool, and then is added sodium 
hypochlorite to conduct the disinfection, realizing the removal of coli bacillus in the water, through which the 
discharge standards can be achieved. It can be seen from Table 4 and Table 5 that the quality of the livestock 
wastewater can reach the standard through the wastewater treatment system. 

Table 4: The quality of the inflow water 

Item PH CODcr BOD5 Suspended solids 

Indexes of the water quality 6.0-8.5 1800mg/L 900 mg/L 800 mg/L 

Table 5: The efficiency of treatment in all units and the outflow quality 

Structures Inflow 
mg/L 

COD 
outflow 
mg/L 

Efficiency

（%） 

Inflow 
mg/L 

BOD 
outflow 
mg/L 

Efficiency

（%） 

Inflow 
mg/L 

SS 
outflow 
mg/L 

Efficiency

（%） 

Pre-
processing 

1800 1620 10 900 810 10    

Flotation 1610 650 60 800 325 60 800 320 60 

Pprimary 
oxidation 

650 130 80 325 50 85 320 100 70 

Secondary 
oxidation 

130 65 50 50 20 60 100 50 50 

Discharge 
standards 

 ≤80   ≤30   ≤60  

3. Conclusion 
In this study, Sonln Village is being the research object, the situations of the environment pollution of livestock 
and poultry breeding industry in Sonln Village is investigated and studied. Using the theory of circular 
economy to control environmental pollution caused by the livestock and poultry feces, to change the harm into 
the benefit and to make its resources have a positive significance. 
(1) The analysis of 9 sampling sites shows that total nitrogen, CODcr and total coliforms are the main factors 
of pollution. And CODcr, the content of total phosphorus and the number of the coliform groups in the sewage 
discharged from the farm (sampling site 7) are all higher than the limited value of the two-class discharging 
standard, especially the number of the coliform groups exceeds 100 times. The sewage from the farms to the 
downstream water causes serious microbial contamination. 
(2) The livestock wastewater containing high nitrogen in chicken manure can be treated by anaerobic 
digestion and resource utilization. If the optimum requirements between maximum methane production and 
the biodegradability of biogas slurry are satisfied, the time for anaerobic digestion should not exceed 6 days. 
And the BOD5 / COD and C / N ratio of biogas slurry can be adapted to the requirement of aerobic treatment. 
(3) The air flotation-biological contact oxidation process is used, and the livestock wastewater can meet the 
discharge standards absolutely through the two-stage oxidation wastewater treatment system. 

473



Reference 

An J., Chen H.W., Wei S.H., Gu J., 2015, Antibiotic contamination in animal manure, soil, and sewage sludge 
in Shenyang, northeast China. Environmental Earth Sciences, 74(6):5077-5086. 

Abouelenien F., Fujiwara W., Namba Y., Kosseva M., Nishio N., Nakashimada Y., 2010, Improved methane 
fermentation of chicken manure via ammonia removal by biogas recycle, Bioresource Technology, 101, 
6368-6373.  

Motoyama M.,Nakagawa S .,Tanoue R., Sato Y., Nomiyama K., Shinohara R., 2011, Residues of 
pharmaceutical products in recycled organic manure produced from sewage sludge and solid waste from 
livestock and relationship to their fermentation level. Chemosphere, 84(4), 432–438. 

Ontserrat Z., Jorge I.P., lgnacio A.P., 2007, Study of the energy potential of the biogas produced by all urban 

waste land fill in Southern Spain．Renewable and Sustainable Energy Reviews, 11(5), 909—922. 

Garcia G.M.J, Diaz M.S., Barcelo D., 2011, Occurrence of sulfonamide residues along the Ebro River basin: 
removal in wastewater treatment plants and environmental impact assessment. Environment International, 
37(2), 462-473. 

James T., Gemmeren M.V., List B., 2015, Chem Inform Abstract: Development and Applications of 
Disulfonimides in Enantioselective Organocatalysis, Cheminform, 46(45), 9388–9409. 

Li Y.X., Zhang X.L., Li W., Lu X.F., Liu B., Wang J., 2013, The residues and environmental risks of multiple 
veterinary antibiotics in animal faeces. Environ Monit Assess. 185(3), 2211–2220. 

Pinel P., Cruickshank C.A., Beausoleil–Morrison I., Wills A., 2011, A review of available methods for seasonal 
storage of solar thermal energy in residential applications, Renew Sustain Energy Rev, 15 (7), 3341–3359, 
DOI: 10.1016/j.rser.2011.04.013. 

Singh S.N., 2013, Flow and heat transfer studies in a double-pass counter flow solar air heater. International 
Journal of Heat and Technology, 31(2), 37-42, DOI: 10.18280/ijht.310205. 

Watkinson A.J., Murby E.J., Kolpin D.W., 2009, The occurrence of antibiotics in an urban watershed: From 
wastewater to drinking water, Science of total environment, 407, 2711–2723. 

Zhao S.Y., Lu J.X., Qin J.Q., Xiao Y., 2015, Numerical Simulation Analysis of Continuous Heat Storage Using 
Different Number of Inclined Ground Heat Exchangers, Chemical Engineering Transactions, 46, 967-972, 
Doi: 10.3303/CET1546162. 

Zhao S.Y., Chen C., 2013, Simulation and Economic Analysis of the Soil Temperature Field When Concrete 
Heat Accumulation Piles Buried in Different Modes, Applied Mechanics and Materials Voles, 291-294, 
1149-1152, Doi: 10.4028/www.scientific.net/AMM.291-294.1149. 

Zhao S.Y., Chen C., 2014, Soil temperature field analysis of radial buried tube continuous heat accumulation. 
International Journal of Earth Sciences and Engineering. 7(4), 1931-1936. 

Zhao S.Y., Chen C., Zhan N.Y., 2015, Research on the influences of insulation technology by plastic 
greenhouses on working temperature in aeration tanks in cold areas in winter. International Journal of 
Heat and Technology, 32(1), 183-188, DOI: 10.18280/ijht.330125. 

Zhao S.Y., Fu Y., 2016, Research on the performance of Fiber-reinforced Energy Pile for heat storage. 
Chemical Engineering Transactions, 51, 1201-1206, DOI: 10.3303/CET1651201. 

Zhao S.Y., Zhan N.Y., Qin J.Q, Chen L., 2016, A Study on the Evaluation towards the Ecosystem of the 
Northlake Wetland in Changchun Based on PSR Models. International Journal of Earth Sciences and 
Engineering, 9(2), 606-611. 

Zheng S., Qiu X., Chen B., Yu X., Liu Z., Zhong G., Li H., Chen M., Sun G., Huang H., Yu W., Freestone D., 
2011, Antibiotics pollution in Jiulong River estuary: Source, distribution and bacterial resistance, 
Chemosphere, 82(6), 822-828. 

 
 
 
 
 

474




