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1 INTRODUCTION 

Swine manure treatment is receiving an increasing attention in Europe due to the intensive and concentrated farming 

in located areas. Wastewaters produced by these farming activities are characterized by high organic and nutrient 

concentration which results in pollution problems when not treated properly. 

Despite the most traditional treatment is the aerobic technology, the high organic load inherent to 

livestock effluents often hinders the economical viability due to the intensive oxygen supply necessary to achieve 

pollutant depletion. On the other hand, anaerobic digestion is presented as an efficient and cost-effective treatment 

to diminish organic matter producing energy (methane). However, it is known that swine manure anaerobic 

digestion often results in low methane yields. This fact is mainly caused by two problems, which are the high fibre 

and water content in swine manure (Kaparaju and Rintala, 2005; González-Fernández et al., 2008) and the high 

ammonium concentration (Angelidaki et al., 1993).  Even though anaerobic processes may remove organic matter, 

nutrients remain in the effluent. 

Regarding nutrients, microalgae based processes offers a solution not only for nutrients removal but also 

for nutrients recovery. Bacteria and microalgae consortia has been used to treat several wastewaters. Both groups 

have a symbiotic relationship which involves the photosynthetic oxygen production by microalgae required by 

aerobic bacteria, while bacteria produce CO2 needed for microalgae growth. As mentioned before, in this type of 

systems nutrients removal usually takes place via uptake. Nutrients biomass uptake results in conversion to 

macromolecules such as carbohydrates, lipids and proteins (Wang et al. 2008). 

Different algae systems have been used in these last years for wastewater treatment (Ugwu et al., 2008). 

Among those systems, biofilms based have been proven to be more effective for nutrients recovery and biomass 

harvesting. However, open ponds have been extensively used due to its cost effectiveness and its easy application 

(Garcia et al., 2000).  

An in-depth study was carried out to fully understand the removal mechanisms and removal efficiencies 

of a multi-stage treatment of swine manure. Anaerobic digestion, centrifugation step and open pond oxygenated 

photosynthetically were the three consecutive stages of the treatment. The treatment was evaluated in terms of 

organic matter, nitrogen and phosphorus removal. Moreover, carbon, nitrogen and phosphorus assimilated in the 

biomass were also evaluated. 

 

2 MATERIALS AND METHODS  

Swine manure (SM) was obtained from a pig farm located in Avila (Spain). The anaerobic sludge (AS) used as 

inoculum was collected from an anaerobic digester in the municipal wastewater treatment plant of Valladolid 

(Spain).  

The multi-stage treatment included a first step of anaerobic digestion (S1). The digester was a 5 L 

completely mixed reactor operating at 25 days hydraulic retention time (HRT). Reactor temperature was set at 

37±2ºC with a water bath. Daily biogas production was quantified by water displacement. The second step was 

mechanical separation (S2) by employing a centrifugation step in order to decrease the solids content of the 

anaerobic effluent. The supernatant obtained in this later step was subsequently fed to the open pond (S3). The open 

pond was a 6 L reactor operating at 8 days HRT. 70 and 35 mg VSS/L microalgae and activated sludge were 

inoculated. The open pond was constantly illuminated using fluorescents lamps. The lightning of the reactor 

provided also heating of the cultivation medium. Daily measurements of temperature resulted in 30±2ºC. The 

culture broth was gently suspended by means of magnetic stirrers. The final effluent was collected in a settler (0.75 

L) for biomass sedimentation.        

Influents and effluents concentrations in terms of organic matter (total and soluble COD, TS and VS), 

ammonium and phosphate were analyzed periodically according to Standard Methods (APHA, 2005). Biomass 
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obtained at the end of the multi-stage treatment was also analyzed in order to estimate the carbon, nitrogen and 

phosphorus assimilated. 

 

3 RESULTS AND DISCUSSION  

3.1 First step of anaerobic digestion (S1). 

Organic matter reductions in the range of 30% and 50% for COD and TS respectively were obtained (Table 1). 

These values were higher than those obtained by Karakashev et al, (2008) who treated high strength pig manure in a 

full scale anaerobic digestion plant achieving removals of 25% for both CODs and CODt. In both studies, the low 

ratio CODs/CODt (Table 1) and the high fiber content (data not shown) in the swine manure were probably the 

factors that led to such low removals. 

 An averaged organic load rate of 0.80 g SV L
-1

 g 
-1 

with a HRT of 25 days was used. The reactor was 

working for 75 days achieving an averaged biogas yield of 0.21 L CH4 g SV added 
-1

 with a 48.9% of methane. 

Biogas yields were higher than the ones in the study carried out by Kaparaju and Rintala (2005), who reported that 

anaerobic digestion of hog manure alone produced a biogas yield of  0.13-0.15 L CH4 g SV added 
-1

. In that study, 

anaerobic digestion of hog manure alone was hindered by the high N-NH3 concentration. In our case, no N-NH3 -

mediated inhibition was detected, but, as expected, N-NH4
+
 concentration increased during the anaerobic digestion 

due to proteins break down (Table 1). 

 

TABLE 1  CODt, CODs, VS, TS, N-NH4
+, TKN in the effluents and influents for S1 and S2. Standard 

deviation is showed in brackets. 

S1 in S1 out = S2 in S2 out

CODs (g L
-1

) 4.9 (3.23) 3.5 (1.15) 3.24 (0.16)

CODt (g L
-1

) 22.2 (14.67) 15.8 (8.96) 3.86 (0.92)

VS (g L
-1

) 20.0 (4.4) 9.7 (2.7) 2.54 (0.48)

TS (g L
-1

) 26.5 (4.5) 15.3 (3.6) 6.10 (1.01)

N-NH4
+
 (g L

-1
) 1.4 (0.01) 1.81 (0.32) 1.66 (0.37)

 
 

3.2 Second stage of centrifugation (S2). 

Anaerobically digested SM had still high COD, thus a second stage was carried out in order to further remove 

organic matter. Centrifugation step removed particulate organic matter achieving an influent for the open pond (S3) 

with relatively low content of organic matter and
 
high content of nutrients. The removals of CODt and TS obtained 

during this stage were 75% and 60%, respectively (Table 1). Thus, effluent from S1 was used as feeding for S2.  

3.3 Open pond (S3). 

The last stage of the treatment was an open pond where mainly nutrients (nitrogen and phosphorus) were depleted. 

The inlet of the open pond was diluted due to the microalgae limitation with regard to ammonium high 

concentrations (González et al, 2008). In this context, different periods (L1-L4), corresponding with different 

ammonium loads were considered (Table 2).  

Ammonium was almost exhausted in all the loads even though as long as ammonium concentration was 

increased, ammonium removal mechanisms changed. The ammonia concentration of the different loads was 

calculated according to Hansen et al., (1998). In the case of L1, stripping was the principal reason for ammonium 

removal (72.4%). The high photosynthetic activity during this load was the responsible of CO2 consumption, which 

resulted in pH increase. Such high pHs pH (up to 9.5) displaced N-NH4
+
 /N-NH3 equilibrium to N-NH3 and 

produced N-NH3 stripping. The pH of L2 to L4 ranged from 6.6 to 7.9. In this context, a more equilibrated activity 

between bacteria and microalgae was obtained. An accumulation of N-NOx made clear that nitrification was taking 

place. Therefore, even though ammonia volatilization (Garcia et al., 2000) and assimilation (Wolf et al., 2007) had 

always been thought as the main mechanism for ammonium removal in open ponds, nitrification played an 

important role in L2, L3 and L4 periods (Table 2). 

 Phosphate was removed mainly by biomass uptake. However, high pH during L1 could have cause PO4
3- 

precipitation (Nurdogan and Oswald, 1995). Therefore, removal percentage presented in L1 may be not only caused 

by biological processes but by chemical precipitation as well. Removals up to 80% PO4
3-

 were achieved during the 
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three first loads. In the last period (L4), microorganisms were not able to assimilate more phosphate than 54%. The 

high load applied at that time probably was the responsible of that behaviour. These removals were high compared 

with 10% reported by de Godos et al., (2009) who worked with high rate ponds.  

 

TABLE 2  N-NH4
+ and soluble P concentration of the influent and removal of ammonium eliminated by 

stripping and nitrification through the different loads. Standard deviation is showed in 

brackets. 

% Removed by % Removed by

pH N-NH4
+
in (mg L

-1
) N-NH4

+
Removal stripping nitrification Psol in (mg L

-1
) Psol Removal

L1 9.5 185.6 (17.9) 99.9 (0.2) 72.4 - 9.7 (3.1) 79.1 (8.4)

L2 7.9 355.9 (48.4) 99.3 (1.0) 5.4 3.7 19.2 (6.4) 75.9 (11.0)

L3 6.6 496.6 (50.4) 93.8 (1.9) 0.4 23.2 25.5(5.8) 79.2 (2.1)

L4 7.6 689.0 (71.5) 88.3 (2.9) 3.2 33.9 30.4 (2.4) 54.3 (11.7)  
                  

                 Mainly heterotrophic bacteria removed COD, thus its removal depended on dissolved oxygen (DO) 

measured in the medium. As it can be seen in Table 3, COD removals decreased when organic load was increased. 

Dissolved oxygen levels averaged 8.3 and 7.3 for L1 and L2, while during L3 and L4 the OD measured was 5.5 and 

2.9 respectively, these values explained the COD removal drop. 

 

TABLE 3  Organic matter concentration and removal. Biomass uptake in terms of C, N and P through the 

different loads. Standard deviation is showed in brackets. 

 CODt in (mg L
-1

)  CODs in (mg L
-1

)  CODt Removal  CODs Removal TKN TP TC

L1 484.9 (66.7) 374.3 (86.6) 52.9 (5.6) 50.2 (6.9) 76.5 17.2 484.1

L2 816.8 (63.7) 686.4 (93.3) 57.6 (6.5) 60.2 (8.5) 75.2 18.0 471.5

L3 1181.9 (249.0) 960.1 (154.9) 46.9 (8.1) 51.8 (8.6) 82.1 22.3 457.1

L4 1806.4 (286.0) 1529.8 (291.8) 38.7 (10.9) 36.8 (12.0) 79.6 12.7 433.1

Biomass uptake (mg g DW
-1

)

 

 

                  Microalgae employ the fixed CO2 to produce carbohydrates, lipids, proteins and nucleic acids (Spolaore 

et al., 2006). Regarding nutrients, nitrogen is converted to proteins (Mitchell and Richmon, 1988) while phosphorus 

is used for the formation of phospholipids, nucleotides and nucleic acids. The biomass withdrawn presented 45% of 

carbon, 7-8% of nitrogen and 1-2% of phosphorus per dry weight of biomass. As can be seen in Tables 2 and 3, the 

higher N-NH4
+
 and PO4

3-
 added, the more TKN and TP assimilated by the biomass. In L4, the high load applied 

probably was the responsible of a reduction in biomass uptake, as mentioned before. Regarding total carbon (TC), as 

CODs and CODt loads were increased, TC uptake diminished (Table 3). This could be attributed to dissolved 

oxygen presented in the medium.  

 

4 CONCLUSIONS 

This study highlighted the great potential of combining several biological treatments for swine manure treatment. In 

the first stage, anaerobic digestion, organic matter was converted to methane. The centrifugation step removed 

organic matter as well, improving the quality of the effluent for the last stage. Finally, the open pond stage 

constitutes a cheap (solar powered) technology by which nutrients and organic matter were efficiently removed from 

the medium. Furthermore, the biomass of this last stage is a value added product which may help to offset the cost 

of the prior steps. 
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