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Abstract: This study focuses on the environmental pressure of waste generated from pig farming in Yen Dung district. Terrain analysis of the digital elevation model (DEM) was used to delineate the sub-basin map where pollutants accumulated. Then we combined this map with land use map and statistical data for determining the distribution of pollutant discharged sources. Based on the pollution load coefficient prescribed by the Vietnam Environment Administration, the loads from all sources, including pig farming, were estimated for entire sub-basins within the district. The results show that the pollutant load from pig farming accounts for a large proportion and creates a major pressure on the local environment. The pollutant from pig farming greatly influences the spatial distribution of pollutant loads across sub-basins. Therefore, special attention should be paid to the waste management at pig farms (households and farm) to ensure the effectiveness of the environmental protection for the communities.
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1. Introduction
Pig production has been condemned as a serious source of environmental pollution in many rural communities [1]. Provinces with high pig densities like Bac Giang have been the area of interest for many research on the pollution due to pig farming [2-4]. However, previous studies mainly focused on waste inventory and environmental quality assessment which was based on monitoring data. In fact, the pollutant is dispersed spatially in a regular manner, depending on the terrain and hydrological conditions. The spatial analysis of pollutant load is therefore widely applied in many parts of the world [5, 6]. Robinson et al. [7] conducted a global livestock distribution map for livestock management and environmental impacts at a coarse spatial resolution (1 km2); Gerber et al. [8] used national statistics to develop a livestock density map for Southeast Asia to manage the nutrient balance for agricultural land use. In Vietnam, there have been recent works focusing on the application of GIS in livestock research and livestock waste management. However, the above-mentioned research mainly refers to the statistics of cattle and poultry herds by administrative units or only considers the concentrated discharge points locally [2, 9]. The research on the spatial distribution of waste according to the topographic conditions for pollution management in Vietnam is still rarely found nowadays.
Current spatial analysis software (namely ArcGIS, BASINS) has built-in terrain and hydrological analysis tools. These tools become very useful in supporting environmental decision making, especially when they are combined with specialized statistical software [10]. The application of the above-mentioned software in Vietnam is quite new and no specific studies have been applied to animal waste.
This study aimed to apply spatial analysis to estimate the pollutant load from pig farming and identify its pressure on environmental management in Yen Dung district. The hypothesis was tested is that the pollutant source from pig farming is significantly correlated and strongly influences the total pollutant load throughout the district. The research also explained why attention should be paid to controlling pig waste in communities and promoting waste treatment at sources for minimizing its spread on a large scale.
2. Methods
Study areas and scope of the research 
The study was conducted in Yen Dung district, Bac Giang province which consists of 19 communes and 2 towns. In order to obtain the realistic model parameters, household surveys were conducted in 3 communes (Tan Lieu, Tien Dung and Quynh Son), representing communes with low (0.7 – 0.9 head/ha), medium (1.6-2.2 head/ha) and high (3.2-5.3 head/ha) pig density. The location map of the study area is shown in Fig. 1.
[image: ]
Fig. 1. Yen Dung District and 3 selected communes for household interviews.
Yen Dung is a semi-mountainous region surrounded by 3 rivers, namely Cau river, Thuong river, and Luc Nam river. The western part of the district has a high mountain range of over 216 m running through Noi Hoang, Yen Lu, Nham Son and Neo town. The remaining communes have low slopes and low-lying areas where the surface water is accumulated before discharging into river systems (Fig. 2). The hydrological flow spreads widely over the surface in the major direction from northwest to southeast.
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Fig. 2. DEM from SRTM image covering Yen Dung District.
This study focused mainly on pollutant load from pig farming, at household and farm level. However, other pollutant point sources such as industrial production facilities, services, hospitals and non-point sources (surface run-off) such as cultivation, forest, aquaculture, etc are also included for comparing and evaluating the pollutant load from different sources.
Data sources for modeling 
Data used for modeling include:
- Farm characteristics, including about pig production scale and waste treatment technologies of each household, were collected from the household interviews being conducted in 2018.  
- Statistical data on livestock production (buffalo, cow, pig, and poultry) and population were collected from Yen Dung DARD and Bac Giang Statistical office (2018). 
- Statistical data on industrial production facilities, services, businesses, and hospitals were collected from the Department of Planning and Investment of Bac Giang Province (2018).
- Satellite images, including DEM - SRTM 1 Arc-Second Global (September 23, 2014), Sentinel-2 L1C (April 9, 2018) and CNES high-resolution images (2018), were used to delineate sub-basin and update land use map.
- Yen Dung district land use map (2015) was used as a based map for updating the 2018 land use map.
- Pollutant coefficients of major polluted sources were based on the Decision No. 154/QD-TCMT [11] which estimates COD, BOD, N-total and P-total load specifically for different animal and industries and land uses.
Household interview
The interview was conducted to collect information about farm characteristics and animal waste treatment at both households and farms. A total of 90 households of 3 typical communes were interviewed. At each commune, 30 households were randomly selected. Because the district has only 9 pig farms thus we interviewed in all farms. This data was later used as inputs for calculating the pollutant load of the whole district.
Mapping and spatial analysis
Study used ArcGIS 10.3 and Basins 4.5, the US-EPA software that was developed specifically for terrain analysis [12] to create the maps as followings.
Sub-basin delineation:
According to the Decision No.154/QD-TCMT [11], the inventory of pollutant load should be carried out at the sub-basins levels. The data used to delineate sub-basin map is the DEM (SRTM 1 Arc-Second Global). Firstly, the image is filtered by the Fill-Sinks method [13] and then we calculated the flow direction and flow accumulation on each pixel using the Top-down Deterministic-8 method. The flow network from high to low levels plays an important role in determining the hierarchy of basins. In this research, we select the limit of flow detection within 100 ha (equivalent to the area of a village) to identify sub-basins using the automatic watershed delineation tool as suggested by Conrad et al. [14] and Fuliang et al. [6].
Mapping the distribution of pollutant sources:
Point sources: 
Map of household locations was created using the “Create Random Points” tool in ArcGIS. The number of points in each residential cluster of the commune was created correspondingly to the number of households from the census. Attribute information, including the number of people, livestock (buffaloes, cows, pigs, and poultry), was assigned to each household based on the survey data (mean and standard error).
Maps of farms, industrial production facilities, services, and hospitals were created using the "Add XY data" function based on GPS coordinates and the survey data.
Non-point sources:
Non-point sources were identified based on the land-use map which is interpreted from Sentinel-2 satellite image by Unsupervised Segmentation method. The post-classification was adjusted and assigned class names based on information from the high-resolution CNES image (MapsGoogle) and land use map of Yen Dung district (2015). The accuracy of the classified map was assessed using the Kapa coefficient (Jensen, 1996). Land use types in the map were then assigned pollutant run-off coefficients for calculating total pollutant load according to Decision No. 154/QD-TCMT [11].
Estimation of pollutant load:
Pollutant load is calculated for each source on each sub-basin, then aggregated for the whole study area (Fig. 3). Pollutant load from pig farming was then calculated separately for analyzing its environmental pressure as followings.
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Fig. 3. Framework for calculating pollutant load by sub-basin.
Assessment of environmental pressure derived from pig farming
The pressure of pig farming push on the environment is the pollutant that contributes to the total load at each basin. The level of contribution was verified through Bayesian statistics (BIC) as suggested by modeling experts [15-18]. The BIC is calculated as follows (Schwarz, 1978).
)
where:
- : the maximized value of the likelihood function
- x: the observed data
- n: the number of data points or observations
- k: number of estimated parameters in the model
BIC values were calculated for each independent variable (pollutant loads from separate sources) and dependent variable (total pollutant load), using SPSS 16.0 software. If the load from pig farming is more significant than other sources, the BIC value of the model must be small, R2 must be high and the significant level must be acceptable (p ≤0.1). According to the requirement of this test, data on total pollutant load was transformed by the ln function to ensure its normal distribution [19, 20]. The acceptance ranges of the model that uses pollutant load from pig farming to predict total pollutant load across the district are expressed through the value Δi = BICi − BICmin; If Δi is from 0 – 2, the model is considered authentic [21]. 
3. Results and discussion
Current status of pig farming and environmental management
Yen Dung district mainly has small-scale household pig production. In 2018, the district had 4,274 pig production households, with 82,313 pigs. There were only 9 pig farms with 7,225 heads, accounting for 8.8% of total pig production volume of the whole district [22].
Pig density in Yen Dung ranges from 0.7 to 5.3 heads/ha. The highest density is concentrated in Quynh Son commune (Fig. 4).
[image: ]
Fig. 4. Pig density by communes in 2018.
The current situation of environmental management, especially the management of animal waste in the study area, is still inadequate. Most pig waste is only partially treated by the mean of the biogas digester. According to survey data (2018), the percentage of pig households applying biogas was 63%. Biogas treatment efficiency was over 80% (reduction of post biogas COD = 81%; BOD5 = 86%). The untreated and post-biogas waste was discharged into the receiving water bodies such as fishponds, lakes and irrigation canals.
Spatial distribution of pollutant sources
The terrain analysis divided the study area into 3 sub-basins (level 1) associated with Cau River, Luc Nam River and Thuong River. Sub-basins were further divided into secondary sub-basins (level 2). By setting the network delineation threshold method at 100 hectares (approximate an area of a village), Yen Dung district was divided into 153 sub-basin level 2 (Fig.5). Each sub-basin is considered as a sink that locally accumulated pollutants from discharged sources before discharging into three river systems.
[image: ]
Fig. 5. Map of sub-basins in the study area.
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The 2018 land use map was interpreted from satellite images as shown in Fig. 6. This map was adjusted and compared with CNES high-resolution satellite images and the 2015 land use map. The accuracy evaluation provided the KAPA coefficient of 0.916. This accuracy is relatively high [23] for further analysis.
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Fig. 6. Land use map of Yen Dung district in 2018.
Based on the location of residential clusters on the land use map (2018) and statistic data, the location of households and pollutant sources are generated as shown in Fig. 7.
[image: ]
Fig. 7. Position of households created from land use map and statistics.
When overlaying the locations of discharged sources with the sub-basin map, we got the number of pollution sources by sub-basins as in Table 1.

Table 1. Distribution of waste sources by sub-basins in Yen Dung district
	No.
	Pollutant sources
	Luc Nam river 
sub-basin
	Cau river 
sub-basin
	Thuong river 
sub-basin
	All district

	1
	Number of households 
	5,566
	12,395
	20,025
	37,986

	
	Pig (head)
	10,707
	29,917
	41,689
	82,313

	
	Population (person)
	18,632
	43,722
	72,681
	135,035

	
	Other animals (head)
	17,065
	16,003
	32,216
	65,281

	2
	Pig farms (farm)
	1
	4
	4
	9

	
	Pig (head)
	300
	1725
	5200
	7225

	3
	Number of industrial production facilities
	0
	3
	33
	36

	4
	Number of businesses, services, and hospitals
	2
	11
	10
	23

	5
	Land uses run-off (ha)
	2918
	6960.2
	9151.4
	19030

	
	Number of sub-basin –level 2
	29
	58
	66
	153



Table 1 and Fig. 7 show that industrial production facilities located in the northwest sub-basin of Thuong River (Noi Hoang and Tien Phong commune) while other pollutant sources distributed sparsely over entire the district.
Pollutant load in Yen Dung district 
The total pollution load calculated according to 4 basic environmental parameters for different sources is presented in Table 2.


Table 2. Pollutant load from major sources in Yen Dung district
	Pollution load
	Parameters (ton/year)

	
	COD
	BOD5
	N-total
	P-total

	Point sources:
	
	
	
	

	Pig farming
	2338.2 (37%)
	1311.3 (38%)
	291.0 (32%)
	91.7 (51%)

	Human living
	1269.5
	672.1
	44.8
	12.6

	Other animals
	1420.2
	789.5
	279.0
	52.0

	Industry
	63.8
	21.3
	17.0
	2.6

	Business, hospitals
	4
	2.1
	2.1
	0.4

	Non-point sources:
	
	
	
	

	Land use types
	1265.8
	703.6
	276.5
	21.4

	Total pollution load:
	6362.2
	3499.8
	910.4
	180.7



According to the table above, the pollution load from pig production (households and farms) accounts for 32-51% compared to the sums of 6 main sources. It indicates that this source creates the greatest pressure for environmental management in the study area if there is no proper treatment was applied.
The distribution of pollutants over sub-basins is presented as maps in Fig. 8. In these maps, darker the color represents the higher pollutant load accumulated in the sub-basins. Particularly, the highest pollutant load concentrated in some residential areas of Tien Phong, Yen Lu, Tu Thuong, Dong Viet, Duc Giang, and Xuan Phu communes.


[image: ] Fig. 8. Maps of pollutant load distribution in Yen Dung district

Environmental pressure from pig farming 
As mentioned above, the amount of pollutants from pig production calculated according to parameters COD, BOD5, P-total, N-total accounts for 32-51% of the total load on the district. The results of statistical analysis demonstrate clearly the strong relationship between pollutant load from pig farming and total load (correlation coefficient R2 > 0.9; p = 0 for all 4 parameters).
The visual comparison among 04  maps (Fig. 9) also reveals a high consensus with statistical analysis as almost all dark color areas from the map representing total pollutant load (map A, B) are also found in the dark color from the map representing pollutant from pig farming (map C, D). The pollutant distribution trend over the map is quite similar. The only difference among maps can find in some sub-basins in Tan Lieu and Tri Yen communes. The reason for the difference is a high density of pig farms located near the residential clusters of Tan Lieu commune while there are few pig farms in sub-basins of Tri Yen commune.


[image: ]
Fig. 9. Comparison between the pollutant loads from the total load (A, B) and pig farming (C, D)

The environment pressure derived from pig farming compared to that of other sources is also analyzed through the BIC statistical analysis with two typical parameters: COD and BOD5 (Table 3). The data for BIC included dependent variables i.e. total pollutant loads (lnCOD and lnBOD5) which were predicted based on independent variables i.e. pollutant load from individual sources (Table 3).

Table 3. BIC analysis on the contribution of different pollutant sources to total load 
	Pollutant sources
(Independent variables)
	COD
	BOD5

	
	R2
	BIC
	Sig. (p)
	R2
	BIC
	Sig. (p)

	Pig farming
	0.615
	-1.295
	0.089
	0.616
	-1.304
	0.102

	Living activities (pop.)
	0.602
	-1.260
	0.573
	0.598
	-1.259
	0.583

	Other animals
	0.586
	-1.160
	0.917
	0.588
	-1.172
	0.930

	Land uses
	0.000
	-0.378
	0.900
	0.000
	-0.387
	0.901

	Industrial production
	0.027
	-0.366
	0.962
	0.000
	-0.387
	0.901

	Services, hospitals
	0.000
	-0.378
	0.900
	0.000
	-0.387
	0.901



According to the data in Table 3, only the independent variable “Pig farming” satisfies the acceptable level of statistical significance (p = 0,102). The BIC statistic of this variable is also the lowest among the variables included in the model. In this case, BICmin = BIC"pig farming" and Δi = BICi - BICmin = 0, for the case of i = “pig farming”; therefore, the model (forecasting total pollutant load from pig farming) is statistically accepted. The value of R2 > 0.6, indicates that over 60% of the variation in pollutant load among sub-basins can be explained by the variation of the load accumulated from pig farming. This result confirms that the pollutant load from pig farming has an important contribution to the environmental pressure in the study area. Therefore, special attention should be paid to control this source of pollutants for better environmental protection plan of the district.
The spatial distribution patterns of pollutant in the maps is clearly not a random trend. Within the communes, pollutant accumulated highly at the residential clusters and the farms. The pollutant load is also concentrated in low elevation sub-basins e.g. Yen Lu commune has the high load (dark color) in sub-basin near Cau river while other areas is bright color. This finding suggests that environmental management cannot be merely applied according to administrative units but needs to be area specific depending on actual load and loading capacity of the sub-basins.
Conclusions
Pollution load from pig farming estimated based on spatial analysis, using coefficients stated in Decision No.154/QD-TCM for Yen Dung district provided a result of 2338.2 (COD); 1311.3 (BOD5); 291.0 (N-total) and 91.7 (P-total) tons/year. Compared to the total pollutant load, the source of pollutant from pig farming accounts for a large proportion, from 32-51%.
Pollutant sources from pig farming influence significantly the spatial distribution of pollutant load over sub-basins. Statistical coefficient R2 > 0.6 proves that spatial variation in the pollutant load over sub-basins was due to the pollutant generated from pig farming. The statistical coefficient BICs calculated from the model that predicts total pollutant load based on pig farming also reveal that controlling pollutant generated from pig farming is the most important role in the environmental management for the district. These findings suggest that a special attention need to be paid to the waste management in pig production sector, including both household and big farm scales for ensuring the effectiveness of environmental protection at the locality.
This study focused only on pollutant load calculated based on factors stated by VEA (2019). Hazardous waste such as dead animals in case of disease has not been mentioned. Therefore, the calculated results do not fully reflect the hazardous and environmental pressure in special cases. Furthermore, factors currently being applied for estimating pollutant load equally across the district. This is also a limitation because it has not yet simulated spatial differences in waste disposal behavior of the dischargers. By applying some modern approaches such as agent-based modelling, it can solve the limitations mentioned above. It is a subject that the authors will present in another paper.
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