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1 INTRODUCTION 

In recent decades, a very intensive dairy farming system has been developed in the northwest region of Portugal, 

being responsible for the generation of important quantities of manure (Curado et al., 2008). It is recognised t hat 

one of the most appropriate manure management options is its application to the soil leading to the recovery and 

recycling of nutrients and energy. Nevertheless, the application of organic residues to soil can have important effects 

on the environment. The high fraction of available carbon, often found in manure, can greatly stimulate soil 

microbial activity, which may result in carbon losses and nitrate (NO3
-
) leaching, as well as in gaseous emissions 

(Tittonell et al., 2010). 

Manure surplus in dairy farms can be reduced by mechanical separation of the solid fraction from slurry, 

which can be composted and exported to other farms with a high demand for organic amendments (Brito et al., 

2008). Nevertheless, the dairy slurry liquid fraction also needs to be treated before discharge into receiving bodies in 

order to reduce the still high organic matter and nitrogen levels (Rico et al., 2007).  Anaerobic digestion may be a 

promising technology for treating the liquid fraction of dairy slurry, and simultaneously contribute to greenhouse 

gas emissions reduction and energy production from biogas. In addition, anaerobic digestion can also be an 

appropriate solution for farms that are not able to perform mechanical solid-liquid separation of dairy slurry, as it 

allows the conversion of organic waste into a biologically stable fertilizer or soil-conditioning agent. The problem is 

that on-farm biogas energy production from anaerobic digestion may not be economically feasible for most of the 

farms (Brown et al., 2007). 

The Portuguese Strategy for livestock and agro-industrial wastewaters points out to the adoption, of 

collective treatment solutions, whenever possible, instead of individual solutions, since they are more flexible to the 

natural variations of the dairy farming sector. Besides, it allows the treatment of higher quantities of manure, 

increasing biogas production. On the other hand, it is also referred as extremely important, the need to integrate the 

wastewater treatment components with appropriate waste and by-products management practices. 

In this context, it is important to develop and implement technically and economically feasible integrated 

solutions for dairy farming wastewaters, considering their distribution in the territory, with the purpose of 

preventing water pollution, as well as to protect the soil quality and fertility. 

Therefore, the present work aims to provide information for the definition of the most appropriate 

solutions for dairy farming wastewaters, throughout a spacial analysis based on the identification, localization and 

characterization of the management practices prevailing in dairy farms located at the northwest region of Portugal. 

 

2  MATERIALS AND METHODS 

The present study comprised the identification and analysis of 1860 dairy farms located in the northwest region of 

Portugal. The farms were geographically referred and characterized regarding the production and the environmental 

systems (Alonso et al., 2008). In this work, emphasis was put on the ability to perform the separation between the 

solid and the liquid fraction of cattle slurry, the storage capacity of the collection systems, wastewater treatment and 

valorization processes, including manure application to soil when possible. Considering the territorial density of 

dairy farms, the dairy farming wastewater pollution load and the features of the territory, critical areas were 

identified. 
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3 RESULTS AND DISCUSSION 

The results obtained from the geographical databases that included characterization and analysis of 1860 dairy farms 

located in the northwest region of Portugal revealed significant differences regarding the production and market 

strategies, as well as the physical and economical dimension. Different wastewater management options and, 

consequently, different environmental pressures could be identified according to the features of the dairy farms and 

its territorial integration. Figure 1 presents the geographical distribution of dairy farms in the northwest region of 

Portugal (a) and identification of critical areas in terms of organic pollution load (b).  

 

 a)    b) 

FIGURE 1   Geographical distribution of dairy farms in the northwest region of Portugal (a) and 

identification of critical areas in terms of organic pollution load (b).  

 

The data presented in Figure 1 (a) demonstrate a very high density of farms in certain locations resulting 

in the identification of critical areas when co-related to dairy wastewater pollution load and the features of the 

territory. In Figure 2 is depicted the geographical distribution of farms with mechanical devices for solid-liquid 

separation of livestock slurry, demonstrating a high dispersion of such farms in the territory of the northwest region 

of Portugal. The results obtained demonstrated that only 4% of the dairy farms had screw press dewatering systems, 

and therefore were able to perform the separation of the solid fraction from cattle slurry.   
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FIGURE 2  Geographical distribution of farms with mechanical devices for solid-liquid separation of 

livestock slurry, in the northwest region of Portugal. 

 

 Mechanical solid-liquid separation of slurry produced at dairy farms may be considered a beneficial 

wastewater management practice, leading to the production of nutrient-rich organic solids and a liquid phase with a 

reduced organic matter and nutrient content. Moreover, the cattle slurry solid fraction can be composted and used 

for agricultural purposes as a soil conditioning agent. The composted cattle solid fraction may also be exported to 

other farms with a high demand for organic amendments and this fact also contributes to achieve the legal 

compliance in terms of nitrogen load concerning dairy wastewater land spreading, which is, in addition, restricted to 

certain periods. In this context, the area of agricultural land of the farms was analysed, as well as the wastewater 

storage capacity of the collection systems. Figure 3 presents the percent distribution of the farms regarding the 

required wastewater storage capacity of the collection systems, considering the nutrient load of the slurry produced 

and the period where wastewater spreading is not allowed (MADRP, 2010). The wastewater storage capacity of the 

dairy farms ranged between 1 and 17980 m
3
. However, 7% of the dairy farms did not have any wastewater storage 

capacity. In 61% of the dairy farms, the wastewater storage systems were located inside the stable. Only 0.4% of the 

farms had ponds for wastewater treatment. 

 

 
FIGURE 3  Percent distribution of the farms regarding the required wastewater storage capacity of the 

collection systems. 

 

In Figure 4 is depicted the percent distribution of the farms in terms of the required area of agricultural 

land for dairy wastewater spreading, considering the permitted periods, as well as the limit in terms of nutrient load, 

of 170 kg of nitrogen per ha per year (MADRP, 2010). The results obtained from the analysis of the dairy farms 

geographical database revealed that 38 dairy farms do not have agricultural land and only 15 farms have the required 

area of agricultural land for wastewater spreading.  
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FIGURE 4   Percent distribution of the farms in terms of the required area of agricultural land for dairy 

wastewater spreading. 

 

4 CONCLUSIONS  

The results of the present study provide an approach of dairy manure management practices in the northwest region 

of Portugal in the view of an integrated strategy towards sustainable management and valorisation of dairy effluents. 

The development and implementation of an integrated solution for dairy wastewaters should consider the 

management practices prevailing in dairy farms, as well as their distribution in the territory. 

In that regard, the present study provides important information in to: 

− evaluate the adequacy and feasibility of collective or individual dairy farming residues and wastewater 

valorisation processes and technologies, considering the geographical distribution of the farms, the features 

of the farms in terms of ability to perform solid-liquid separation, the wastewater storage capacity, the area 

of agricultural land for dairy wastewater spreading and the organic pollution load; 

− to define the most appropriate location for the implementation of collective systems that may represent the 

best solution for dairy farming wastewaters, considering dairy farm available resources and general benefits 

derived from wastewater treatment and energy and fertilizers production. 
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