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RECOVERY OF INDUSTRIAL WATER FROM PIG SLURRY  

BY MEANS OF MEMBRANE TECHNIQUES 

ODZYSK WODY PRZEMYSŁOWEJ Z GNOJOWICY TRZODY CHLEWNEJ  

Z WYKORZYSTANIEM TECHNIK MEMBRANOWYCH 

Abstract: Slurry that is produced during high density livestock farming requires proper utilization methods. 

Nowadays, it is mainly used as a fertilizer or as a substrate for biogas or compost production. However, these 

methods are often very limited and do not allow to utilize the total amount of produced slurry, thus it is still treated 

as a problematic waste. High water content in slurry leads to the assumption that it can be treated as  

a water source. This assumption is quite realistic if application of low and high pressure membrane techniques is 

considered. Such a solution would allow not only to recover water that could be further reused on farms, but also 

to obtain valuable concentrated nutrients solution which can be used as a fertilizer and easily transported to 

agricultural areas. The aim of the study was to determine the effectiveness of water recovery from pig slurry using 

integrated system: centrifugation/two step ultrafiltration/nanofiltration. The first step ultrafiltration was performed 

using PVDF membrane of cut off 100 kDa while the second step using PES membrane of cut off  

10 kDa. During the polishing process i.e. nanofiltration, hydrophilic composite membrane of cut off 200 Da was 

used. The effectiveness of the process was determined basing on the change of values of such parameters like: 

BOD5, COD, contents of  TOC, IC, TC, Ntot, concentrations of +

4NH , Cl–, −2
4SO , −3

4PO , Mg2+, Ca2+, K+, while 

the capacity of the treatment was determined using volumetric permeate streams. Obtained results allow to 

conclude that the proposed system can be used to recover water of an industrial quality. 
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High density livestock farming results in the production of a significant amount of 

slurry which is a mixture of animal urea, feces and water [1]. Nowadays, it is mainly used 

as a fertilizer or a substrate for biogas or compost production. In Poland, 70 mln m
3
 of 

slurry is produced every year, however only ca 21 mln m
3
 is applied for fertilizing purposes 

[2], whereas the rest is treated as a highly load waste and requires special treatment 

methods. However, except from nutrient substances, slurry contains also a significant 

amount of water (ca 90÷97%) which is usually omitted product during consideration of 

slurry management methods.  

The development and improvement of membrane processes create the possibility of 

water recovery from slurry [3, 4]. The application of low and high pressure membrane 

techniques would allow to obtain proper quality of water that could be reused on farms. The 

recovery of water would be a great advantage in areas which deal with its deficit and the 

concentrated fertilizing mixtures could be easily transported to agriculture areas. 

Materials and methods 

50 dm
3
 sample of a pig slurry was collected from a 13.000 m

3
 lagoon localized at one 

of the high density livestock farm in Silesia region. Firstly, the slurry was centrifuged for 

10 minutes with the rotational speed of 15.000 rpm. The obtained supernatant was then 
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introduced to the laboratory membrane cell by Koch (Fig. 1). The device is equipped with 

the 0.5 dm
3
 feed tank and the effective separation area of the installed flat membrane is 

equal to 28 cm
2
. All processes were carried out in the cross flow mode.  

 

 
Fig. 1. The scheme of the laboratory installation for membrane filtration by Koch 

 

 
Fig. 2. The scheme of the pig slurry treatment process in the integrated system of centrifugation/two step 

ultrafiltration/nanofiltration 

 

Firstly, 100 kDa polyvinylidene fluoride (UF-PVDF-100) membrane was used for 

ultrafiltration of the supernatant and the permeate was introduced to the second 

ultrafiltration step. The second process was carried out with the use of 10 kDa 

polyethersulfone (UF-PES-10) membrane. The polishing process applied for the treatment 

of the second ultrafiltration step permeate was performed using composite nanofiltration 
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membrane of cut off 200 Da (NF-200). All applied membranes were provided by KOCH. 

The detailed scheme of the process is shown in Figure 2. 

Following parameters were analyzed in the produced process streams: pH, 

conductivity, COD, BOD5, contents of  TOC, IC, TC, Ntot, concentrations of ions +

4NH , 

−3

4PO , Cl
–
, −2

4SO , Mg
2+

, Ca
2+

, K
+
, (Na

+
 - only in nanofiltration permeate).  COD, 

concentrations of  K
+
, −3

4PO , Ntot. and +

4NH  were determined according to Merck 

methodology, while BOD5 by means of the respirometric method with the use of the OXI 

Top WTW set. Concentrations of Cl
–
 and −2

4SO  ions were obtained during 

chromatographic analysis using ionic chromatograph DX 120 by Dionex. The content of 

particular carbon forms was analyzed using Multi N/C analyzer by Jena Analytic. 

Concentrations of Ca
2+

 and Mg
2+

 were determined by means of the classical titration 

method while Na
+
 content using flame photometer. 

The slurry membrane filtration was preceded by the determination of the volumetric 

deionized water stream under process pressure for all membranes applied. When particular 

slurry treatment processes were finished membranes were washed with deionized water and 

the volumetric stream was also measured.  

Results and discussion 

The obtained results indicated that the proposed system of integrated 

centrifugation/two step ultrafiltration/nanofiltration was sufficient for the slurry treatment. 

The improvement of the quality of treated streams was observed in every step (Table 1). 

However, finally obtained permeate did not fulfill the regulations for the drinking water 

quality [5] according to the concentrations of TOC and NH4
+
 ion, which were exceeded, 

and to the absence of Mg
2+

 and Ca
2+

 ions. 

 
Table 1 

 The comparison of parameters of treated streams 

Parameter Unit Crude slurry Supernatant Permeate 1 Permeate 2 Permeate 3 (water) 

pH - 7.36 7.69 8.1 8.17 8.6 

Conductivity [mS/cm] 5.96 5.84 5.75 5.6 0.675 

TOC [mg/dm3] 1134 671 528 381 9.7 

IC [mg/dm3] 466 437 420 370 44 

TC [mg/dm3] 1600 1108 948 751 53.7 

COD [mg O2/dm3] 7560 3785 2990 2285 13.9 

BOD5 [mg O2/dm3] 3000 2900 1500 480 n/m* 
+

4NH  [mg/dm3] 1350 1200 1478 1414 135 

Ntot [mg/dm3] 3100 2950 2950 2950 148 
−2

4SO  [mg/dm3] 199 192 185 49.8 0 

−3
4PO  [mg/dm3] 63.1 34.6 32.2 24.7 0 

Cl– [mg/dm3] 385 373 371 311 52 

K+ [mg/dm3] 820 805 790 790 180 

Mg2+ [mg/dm3] 19.2 16.8 14 11 0 

Ca2+ [mg/dm3] 100 100 88 80 0 

Na+ [mg/dm3] - - - - 41.2 

*non-measurable 
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The measurements of volumetric streams indicated that the fouling of all applied 

membranes occurred during the slurry filtration (Fig. 3). Both types of fouling were 

observed, reversible and irreversible, however the second fouling type occurred only in 

case of ultrafiltration membranes and was mostly noticeable during the first step UF 

process. The applied washing of membranes with distilled water allowed to partially 

recover the initial capacity for UF membranes, while in case of the NF membrane the  

post-process stream was even greater than the initial one. That can be explained by the 

modification of the membrane surface, which could have been caused by calcium and 

magnesium ions present in the manure as well as by organic substances. 

 

 
Fig. 3. The comparison of volumetric streams of the deionized water (before and after the process) and the treated 

slurry determined for all membranes 

Conclusions 

The presented study focused on the recovery of the industrial water from the pig slurry 

by means of the integrated system comprised of centrifugation/two step ultrafiltration 

/nanofiltration.  

Obtained results allowed to conclude that the proposed system is suitable for that 

purpose and the final permeate could be reused on farm eg for animals or farmahouses 

washing. However, the obtained water did not fullfill the regulations for drinking water 

quality as concentrations of ammonium ion and TOC were exceeded and it did not contain 

magnesium and calcium ions.  

The appearance of fouling phenomenon was observed in case of all membranes, 

however, it greatest influence on the membrane capacity was observed in case of UF 

membranes. Additionally, for these membranes both form of fouling, reversible and 

irreversible, were present. The washing of membranes with distilled water did not allow to 
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recover the initial capacity for UF membranes, while for NF membranes the post-process 

water stream was greater than the initial one. That was explained by the possible 

modification of membrane surface, probably by magnesium and calcium ions as well as the 

organic substances. 

References 

[1] Mała encyklopedia rolnicza. PWRiL, Warszawa 1964.  

[2] GUS, Departament Rolnictwa i Gospodarki �ywno�ciowej, Departament Pracy i Warunków �ycia, 

Charakterystyka Gospodarstw Rolnych w 2007 r. Informacje i Opracowania Statystyczne, Warszawa 2008. 

[3] Fugere R., Mameri N., Gallot J.E. and Comeau Y.: Treatment of pig farm effluents by ultrafiltration.  

J. Membrane Sci., 2005, 255, 225-231.  

[4] Buelma G., Dube R. and Turgeon N.: Pig manure treatment by organic bed biofiltration. Desalination, 2008, 

231, 297-304.  

[5] Rozporz�dzenie Ministra Zdrowia z dn. 29.03.2007 w sprawie jako�ci wody przeznaczonej do spo�ycia 

przez ludzi. DzU Nr 61, poz. 417. 

ODZYSK WODY PRZEMYSŁOWEJ Z GNOJOWICY TRZODY CHLEWNEJ  

Z WYKORZYSTANIEM TECHNIK MEMBRANOWYCH 

Wydział In�ynierii �rodowiska i Energetyki, Politechnika �l�ska, Gliwice 

Abstrakt: Gnojowica powstaj�ca podczas wielkoprzemysłowej hodowli zwierz�t wymaga stosowania 

odpowiednich metod utylizacji. Obecnie jest ona wykorzystywana jako nawóz b�d� te� substrat do produkcji 

biogazu oraz kompostu. Jednak�e metody te s� cz	sto ograniczone i nie pozwalaj� na zagospodarowanie 

całkowitej ilo�ci powstaj�cej gnojowicy, st�d te� wci�� jest ona traktowana jako uci��liwy odpad. Wysoka 

zawarto�
 wody w gnojowicy pozwala zało�y
, i� mo�e by
 ona traktowana jako �ródło wody. To zało�enie jest 

całkiem realne w przypadku zastosowania nisko- i wysokoci�nieniowych procesów membranowych. Takie 

rozwi�zanie pozwoliłoby nie tylko na odzysk wody, która mogłaby zosta
 ponownie wykorzystana na farmie, ale 

tak�e na otrzymanie warto�ciowych, st	�onych roztworów substancji od�ywczych, które mogłyby zosta
 
wykorzystane jako nawóz i łatwo transportowane na tereny rolnicze. Celem przeprowadzonych bada� było 

okre�lenie efektywno�ci odzysku wody z gnojowicy trzody chlewnej, wykorzystuj�c zintegrowany system: 

wirowanie/dwustopniowa ultrafiltracja/nanofiltracja. Pierwszy stopie� ultrafiltracji prowadzono z u�yciem 

membrany z PVDF o cut off 100 kDa, drugi za� stopie� z wykorzystaniem membrany z PES o cut off 10 kDa. 

Podczas etapu doczyszczania, tj. nanofiltracji, zastosowano kompozytow� membran	 hydrofilow�  
o cut off 200 Da. Efektywno�
 procesu okre�lono, bazuj�c na zmianie warto�ci parametrów, jak: BZT5, ChZT, 

zawarto�ci OWO, WN, OW, Ncał, st	�enia jonów +

4NH , Cl–, −2
4SO , −3

4PO , Mg2+, Ca2+, K+, wydajno�
 za� 

wyznaczono na podstawie obj	to�ciowych strumieni permeatów. Przeprowadzane badania pokazuj�, �e 

zaproponowany system mo�e zosta
 wykorzystany do odzysku wody o jako�ci przemysłowej. 

Słowa kluczowe: gnojowica, odzysk wody, procesy membranowe, ultrafiltracja, nanofiltracja 


