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Abstract 

 

 The objective of this research was to analyze the overall performance, especially the removal efficiency, of the 
combined plug-flow anaerobic digester (PFAD) and upflow anaerobic sludge blanket (UASB) system, at a large swine 
farm in Thailand. Eighty-four wastewater samples from the digester were collected during the observation period of 
302 days. Appropriate influent and effluent regions were selected for wastewater collection. Treatment efficiencies of 
the system were evaluated by key parameters such as chemical oxygen demand (COD), soluble chemical oxygen 
demand (SCOD), total solids (TS), total suspended solids (TSS) and total Kjeldahl nitrogen (TKN). In addition, 
microbiological parameters such as E. coli and Salmonella spp. were measured. These parameters were analyzed 
according to the Standard Method for Examination of Water and Wastewater. The average removal efficiencies of COD, 
SCOD, TS, TSS and TKN were 80.6%, 85.6%, 58.7%, 82.7% and 33.9%, respectively. For the COD removal, the solid part 
was removed by sedimentation process while the soluble part was stabilized anaerobically. The TSS removal efficiency 
was quite high, indicating that the system could separate suspended solid from wastewater. The effluent had 
dramatically lower amount of E. coli compared with the influent. The most common Salmonella serovars in the influent 
samples were Stanley, Rissen, and Anatum, respectively. Biogas production rates fluctuated due to variable organic 
inputs to the system. These results clearly indicate that the system of PFAD and UASB is capable of treating both solid 
and soluble portions of swine wastewater as well as reducing pathogenic bacteria to a certain extent. However, a 
polishing step is required to reduce organic content of the effluent in order to meet the limit set by the regulatory agency 
of Thailand. 
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Introduction 

Thailand is the largest swine producer in 
Southeast Asia, with the production of 13.07 million 
heads in 2013 (The Office of Agricultural Economics, 
2013). Environmental problems are becoming a 
worldwide concern as swine production has changed 
from small farms to large scale production. Most 
wastewater from small and medium swine farms is 
directly discharged into natural water body, 
worsening the situation of water and soil pollution. 
Large scale farms, on the contrary, generally use a 
variety of anaerobic digestion technologies to manage 
manure and wastewater. Anaerobic digestion provides 
a number of environmental and economic benefits. 
Examples of common anaerobic digestion processes in 
Thai swine farms are covered anaerobic lagoons, plug-
flow anaerobic digester (PFAD), upflow anaerobic 
sludge blanket (UASB) and combination of PFAD and 
UASB. PFAD has been successfully employed for 
livestock waste and other biological waste 
management because of its uncomplicated structure, 
low capital investment, low operational energy 
demand, minimal chance of short circuiting, moderate 
pathogen eradication, and ability to handle high solid 
stream. Nonetheless, some disadvantages of PFAD 
have been reported such as low mass transfer due to 
inadequate mixing, low treatment efficiency for low 
solid stream, thermal stratification and sedimentation 
of solids along flow path (Adl et al., 2012). UASB, on 
the other hand, focuses on improving solid retention 
time (SRT) and hydraulic retention time (HRT) in the 
digester. Solids requiring a high degree of digestion 
can remain in the reactors for up to 80 days. Soluble 
substances (e.g. sugars) dissolved in the liquid phase 

can be rapidly converted into gas which can exit the 
system within a day. Compared to conventional 
anaerobic digestion, the lengthy SRT highly improves 
biological activity while the short HRT minimizes 
reactor volume (Finstein et al., 2004). However, UASB 

digester can operate well only for low solid influent 
(Hamilton, 2014), therefore, swine wastewater with 
high solid influent requires a reduction treatment 
process, e.g. PFAD. The biogas system for medium to 
large scale swine farms in Thailand is usually 
composed of PFAD plus UASB digesters. 

To date, there is still lack of information 
regarding the actual operation of large scale PFAD 
combined with UASB digesters in Thailand. Therefore, 
the objective of this study was to investigate the 
combined system’s overall performances, especially 
the removal efficiencies and possible mechanisms, in 
the treatment of swine wastewater. The information 
provided would give better insight into the existing 
processes on farms across the country. 

Materials and Methods 

Sample collection: This study was conducted on a 
large scale swine farm that contained 930 parent 
breeders, 1,800 piglets and 6,500 finishers. The farm is 
located in Ratchaburi province. The treatment system 
is a combination of PFAD and UASB digesters, and is 
schematically illustrated in Figure 1. The digester 
system has been operated for three years. Wastewater 
was collected 14 times during the observation period 
of 302 days using the composite sampling technique. 
The total volume of wastewater sample was 6 
liters/day. 

 
 

 
 
Figure 1 Schematic diagram of PFAD and UASB with influent and effluent regions 

 
Analytical Procedures: Influent wastewater flow rate 
was measured using an electromagnetic flow meter 
(Proline Promag 50D®; Endress + Hauser Pty Ltd). 
Effluent wastewater flow rate was measured using a 
rectangular weir. Biogas flow rate was recorded using 
differential pressure flow (Deltatop D063C®; Endress + 
Hauser Pty Ltd). A flow meter (Deltabar differential 
pressure transmitter) was set up in a biogas pipe and 
was used to measure biogas production rate per day. 
Biogas volume was collected in gas bags (Tedlar®) and 
then percentage of methane was quantified using gas 
chromatography. Data of wastewater and biogas flow 
rates were operated by processing unit and read by 
ReadWin 2000 program. Oxidation reduction potential 
(ORP) was measured using ORP meter (SMWW 
2580B). 
 Quantitative analysis of key parameters (i.e. 
chemical oxygen demand (COD), soluble chemical 
oxygen demand (SCOD), total solids (TS), total 

suspended solids (TSS), total Kjeldahl nitrogen (TKN), 
volatile fatty acid (VFA) and alkalinity) was 
determined according to the Standard Method for 
Examination of Water and Wastewater (APHA, 1998). 
Furthermore, the influent and effluent wastewater 
samples were diluted (ISO 6887-1, 1999) and cultured 
using the spread-plate technique (Prescott, 2002), then 
E. coli was identified using biochemical assays (FDA, 
1998). The diluted wastewater was also cultured and 
identified for Salmonella spp. using biochemical assays 
(WHO, 1996). Determination of Salmonella serovars 
was done by a serology test (Bangtrakulnonth et al., 
2004). 

Results 

Information on the operating parameters of 
the digester was collected and is shown in Table 1. 
Wastewater characteristics of the influent and effluent 

 Combined PFAD and UASB 
digester  X  X 
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samples as well as treatment efficiencies were 
calculated and analyzed, and are shown in Table 2. The 
biogas production rate during the observation period 
(302 days) is shown in Figure 2. During the initial 
period (1-43 d) the biogas production was stable, but 
later it highly fluctuated. The average rate of biogas 
production was 1,246.05±619.41 m3/d. The 

investigation into Salmonella spp. in the wastewater is 
shown in Table 2. Salmonella spp. could not be found in 
the effluent samples. However, it was detected in the 
influent samples and was then subdivided into several 
serovars (Figure 3). The main serovars of Salmonella 
spp. detected were S. Stanley (31.33%), S. Anatum 
(24.10%) and S. Rissen (24.10%). 

 
Table 1 Operating parameters of the combined anaerobic digester 
 

Parameters Value 

Wastewater flow rate* 
 -Influent 
- Effluent 

 
186.4±39.8 m3/d** 
174.1±44.9 m3/d** 

Digester volume 5,184  m3 
Hydraulic retention time (HRT) 27.8 d 
Organic loading rate (OLR) 0.60 kg COD/m3/d 

  * Mean ± standard deviation 
  **Difference between influent and effluent represents sludge flow rate discharged from the system. 
 
 

 
Figure 2 Biogas production rate during the experimental period 
 
 
Table 2 Parameter characteristics and treatment efficiencies of the combined anaerobic digester 
*Mean ± standard deviation 

**Presented as percentage of prevalence found in wastewater samples 
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Parameters* Influent Effluent Treatment efficiencies 

pH 7.2±0.4 7.4±0.1 - 
Temperature (ºC) 31.5±3.2 32.2±3.8 - 

Alkalinity (mg/l CaCO3) 318.8±69.7 392.4±50.8 - 
ORP (mV) -324.3±4.8 -290.5±11.7 - 

COD (mg/l) 16,647.5±10,819.8 1,963.2±1,283.9 80.6±24.3% 
SCOD (mg/l) 3,558.7±1,343.3 462.4±87.1 85.6±4.7% 

TS (mg/l) 11,761.9±1,0782.2 3,399.7±1,577.2 57.3±19.8% 
TSS (mg/l) 10,653.5±10,323.4 907.1±906.8 82.7±15.1% 
VSS (mg/l) 8,903.1±8,485.8 746.8±626.3  
TKN (mg/l) 406.5±254.6 271.9±170.4 33.9±17.8% 
VFA (mg/l) - 119.8±67.8 - 

VSS/TSS 0.8±0.2 0.85±0.1 - 
COD/N (kgCOD/kgN) 42.2±15.6 12.8±13.7 - 

E. coli (CFU/mL) 13,226.1±11,329.8 271.4±158.2 94.8±6.1% 
Salmonella spp.** (%) 88.89% 0% - 
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Figure 3 Percentage of Salmonella spp. serovars in the influent wastewater 
 

Discussion 

The average flow rate of wastewater to the 
system was 186.4 m3/d. The flow rate was highly 
dependent on the number of swine in the farm at the 
time of sample collection. The number of swine present 
was, however, inversely related to market price. The 
average organic loading rate (OLR) was in the typical 
range for AD at about 0.5-0.6 kg COD/m3/d 
(Tchobanoglous et al., 2003). The average hydraulic 
retention time (HRT) in this digester (27.8 d) was in the 
normal range (20-30 d) for digesting manure 
(Luostarinen et al., 2011).                       

The temperature in the biogas system was in 
acceptable range. The optimal temperatures of 
acidifying bacteria are 32-42ºC for mesophilic bacteria 
and 48-55ºC for thermophilic bacteria. However, most 
methanogenic archea belong to the mesophilic group 
(Deublein and Steinhauser, 2008). Therefore, the 
temperature of the biogas system was suitable for 
acidifying and methanogenic communities. In this 
study, pH values of the influent and effluent 
wastewater were in the neutral range and quite stable. 
The average pH of the system was in the normal range 
of well-operated anaerobic digestion system, which is 
from 6.5 to 8.5 (Ahn et al., 2010). Therefore, anaerobic 
archea could grow in this biogas system.  

The average alkalinity of the influent and 
effluent was lower than the typical values for anaerobic 
process, which is in the range of 1,500-2,000 mg/l 
(Tuntoolavest MS and Tuntoolavest MR, 2004). 
However, the combined anaerobic process could still 
be operable in this range due to the relatively stable pH 
values. Moreover, swine wastewater usually has a high 
ammonia content, therefore it could increase alkalinity 
in the digester. It was noted that the alkalinity values 

of the effluent were higher than those of the influent 
during the observation period because denitrification 
bacteria could convert nitrogenous compounds into 
ammonia gas. When the gas reacts with CO2 and H2O, 
it can produce (NH4) HCO3, which is a buffering agent 
(Boyle et al., 1985). 

ORP measures electrical charges from 
particles called ions, and these charges are converted 
to millivolts (mV). The ORP values of both the influent 
and effluent were in the range of acid and methane-
forming communities, which could thrive over a large 
range of ORP values, -300 and -500 mV, respectively 
(Tuntoolavest MS and Tuntoolavest MR, 2004).  

The influent total solids (TS), total suspended 
solids (TSS), and volatile suspended solids (VSS) had 
intensely high average and standard variation values 
due to no solid separation practices in the farm. The 
solids came from swine feces and remaining feed in the 
pen. These solids mixed with wastewater of washed 
house and contributed significantly to the COD values. 
All solid values were in the range of those in 
conventional anaerobic digesters. Such digesters could 
receive feeding influent with TS, TSS and VSS at the 
level of 20,000-60,000 mg/l, 5,000-20,000 mg/l, and 
25,000-35,000 mg/l, respectively (Udomsinroj, 2000). 
However, the average influent TSS of this farm was 
higher than the value recommended by The Pollution 
Control Department (2007) of 4,800 mg/l for large scale 
farms that possibly have solid separation. The average 
effluent TSS was in accord with that of Kamalasing 
(2006) at the level of 260-990 mg/l. Furthermore, the 
ratio of VSS/TSS was about 0.8 in both the influent and 
effluent, indicating that the majority of suspended 
solids in the system were volatile suspended solids. 

The influent streams had high average and 
standard deviation for the COD values. The organic 

S. Stanley, 

31.33

S. Anatum, 

24.10

S. Rissen, 

24.10

S. Havana, 

7.23

S. Essen, 

3.61

S. 

Othamarsche

n, 3.61

S. 

Typhimuriu

m, 3.61
S. Agona, 

1.20

S. Derby, 

1.20



Nuengjamnong N. and Rachdawong P. / Thai J Vet Med. 2016. 46(3): 435-442.                                                     439 

 

content of the wastewater was primarily from high 
solids in the stream since influent SCOD / COD = 0.21. 
The average effluent COD of this system was higher 
than the standard effluent limit at 300 mg/l for large 
scale farm (The Pollution Control Department, 2003). 
SCOD of the influent and effluent is a key parameter 
for understanding the removal efficiency of organic 
compounds of a system. As solid COD settled in the 
settling section of the system (the entrance of the 
combined system), SCOD remained the main source of 
organics for bacterial utilization to produce methane. 
The average influent SCOD in this study was in the 
range reported by Kamalasing (2006) of 580-16,460 
mg/l. The average effluent SCOD in this study was less 
than that of Muenjee (2010) at 574.65mg/l. 

In terms of treatment efficiencies, the removal 
rate of COD was at 80.6% on average, which is lower 
than that of an anaerobic filter reactor combined with 
hybrid UASB system at 94.3% (Inpramoon, 2010) but 
still higher than that of an anaerobic digester at 62-69% 
(Tchobanoglous et al., 2003). The treatment efficiency 
of SCOD in this study was relatively high compared to 
those of previous reports at 56.1% (Maneechote, 2002) 
and 72% (Tanarat, 2005). The soluble COD portion was 
converted to biogas and resulted in complete organic 
stabilization. The treatment efficiency for TSS was 
better than TS, and was achieved by sedimentation 
process at the beginning of the combined system. 
Moreover, the average treatment efficiency of TSS in 
this study was similar to that of domestic wastewater 
using UASB at 53.8-89.5% (Ninprayoon, 1993).  

The volatile fatty acids mostly occurred 
during the second step of the anaerobic digestion. VFA 
in the effluent of the system was in the proper range of 
anaerobic process, which is 50-500 mg/l (Gelegenis et 
al., 2007). The VFA value in this observation was in 
agreement with the findings of Inpramoon (2010) and 
Muenjee (2010), who found that VFA of the biogas 
system for swine farm was in the range of 50-500 mg/l. 
It means that the condition was suitable for 
methanogenic bacteria to produce methane gas. 

The influent and effluent TKN values in this 
study were different from those reported by 
Santadsaerianan in 2002, which had the influent and 
effluent TKN of 254 and 178 mg/l, respectively, for a 
UASB system. The nitrogen removal of this study was 
similar to that of Santadsaerianan (2002) but was less 
than the TKN removal using anaerobic baffled reactor 
(ABR) to treat swine wastewater (Ruchirased and 
Chinwetkitvanich, 2008). Therefore, it is necessary to 
further treat the N remaining in the effluent of swine 
wastewater. One of the biological processes for NH4+-
N removal is the partial nitrification-denitrification 
(Campos et al., 2010). The C/N ratios in the influent 
and effluent were still higher than the optimum ratio 
for organic matter in wastewater to be used for 
denitrification at the level of 4-5 kgCOD/kgN (Henze 
et al., 1995). Belmonte and Vidal (2013) recommended 
that the anaerobic digestion was suitable for swine 
wastewater with high COD/N ratio (> 10). 

The effluent of the combined system could not 
meet the limit of most parameters (i.e. COD, TSS, TKN) 
based on the Thai standard for effluent from large scale 
swine farms. Therefore, the addition of further 

treatment processes (e.g. pond polish, constructed 
wetlands) would be required for the digester. 

The average rate of biogas production in this 
system was relatively high compared with the rate of 
700m3/d on a swine farm with 1,560 livestock units as 
reported by Suwathanachao (2000). The biogas 
production rate in the first period of the study was 
quite stable because the system had been operated 
nearly a year prior to the trial. The bacteria in the 
digester could adapt themselves for living in swine 
wastewater. The rates during 99-302 d highly 
fluctuated due to the variable organic loading into the 
system. The organic content of the stream is very 
dependent on the number of pigs remaining on the 
farm and is due to market price of pork. However, the 
average ratio between VFA and alkalinity in this 
system was 0.3±0.15, indicating an acceptable degree of 
stability since the ratio of 0.1-2.5 is considered as the 
optimum for operating the biogas system (Ertem, 
2011). The percentage of methane in the biogas system 
was 53% and was in accord with results reported by 
the Pollution Control Department (2006), which 
suggests methane percentage at the level 50% for 
general swine farms in Thailand. However, the 
methane percentage of anaerobic process from some 
swine farms could be as high as 67.6-69.5% 
(Maneechote, 2002). The methane percentages are 
dependent on many factors such as wastewater 
characteristics, digester operational parameters, and 
farm management system. 

The amount of E.coli could be greatly 
decreased in the effluent of the biogas system. This 
result is consistent with that of a previous study stating 
that E.coli could be reduced to 1.4-2.2 log MPN/100 ml 
in two types of biogas system, i.e. cover lagoon and 
fixed dome (Nuengjamnong and Muangkeao, 2008). 
However, most animal manures treated by mesophilic 
biological processes are questionable to decrease 
pathogen levels by more than 1-2 log10 or 90-99%, with 
the exception of using several treatment processes in 
series (Sobsey et al., 2006). Possible reasons for such 
reduction in the biogas system are the physico-
chemical processes, as well as natural growth and 
death of the individual pathogen other than bio-
chemical processes (Pant and Mittal, 2007). 
Sedimentation is also one of the mechanisms that could 
result in the removal of E.coli from anaerobically pre-
treated sewage (Tawfik et al., 2004).  

The prevalence of Salmonella spp. in the 
influent was 88.89% (8 samples from 9 samples). This 
result agreed with a study indicating that Salmonella 
spp. could be found generally in swine manure and 
could survive under suitable environment for more 
than a year (Misscherlich and Marth, 1984). The main 
commonly identified serovars of Salmonella spp. in this 
study were similar to the trend of previous studies in 
that the most common Salmonella serovars found in 
pigs from northern Thailand were Rissen, 
Weltevreden, Anatum, and Stanley, respectively. The 
most common serovar found in pig farm workers was 
Rissen (Padungtod and Kaneene, 2006). Serovar 
Anatum seems to be related to non-poultry food 
products and water contamination in Thailand 
(Bangtrakulnonth et al., 2004). Moreover, Sirichote et 
al. (2010) reported that the most common serovars 
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from stool samples of patients in central Thailand were 
Weltevreden, Stanley, Anatum, and Rissen, 
respectively. The prevalence of Salmonella serovars 
from several findings indicates that humans possibly 
serve as a source of Salmonella contamination for pigs.  

The prevalence of Salmonella spp. in the 
effluent was not observed. Muangkeao (2005) 
tentatively proposed that there was a competition 
between Salmonella spp. and other bacteria (i.e. 
Coliforms, Enterobacteria, E.coli) in the pre-enrichment 
media and selective media during the isolation 
method. Therefore, few numbers of Salmonella spp. 
could not increase in number in the media. 
Nonetheless, there was prevalence of Salmonella spp. in 
the influent but not in the effluent. It could be inferred 
that the removal of Salmonella spp. by the biogas was 
favorable. Pant and Mittal (2007) found that the 
elimination of Salmonella spp. by the UASB based 
sewage treatment plant was 88.5% and the overall 
percentage reduction in Salmonella spp. after a pond 
polish was 95.46%.  

In conclusion, the treatment efficiency of the 
combined PFAD and UASB anaerobic digester was 
efficient for swine wastewater with high COD/N ratio 
but inefficient for nitrogen removal. However, the 
system was capable of functioning as both settling tank 
and anaerobic digestion, and could successfully handle 
high loads of COD containing high organic solid 
portion, which is the major characteristic of swine farm 
effluent in Thailand. 
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บทคัดย่อ 

 

การวิเคราะห์ความสามารถของระบบถังหมกัแบบไหลตามยาวร่วมกบัระบบหมักแบบยูเอเอสบีใน

การบ้าบัดน ้าเสียฟาร์มสุกรในประเทศไทย 

 

จักรกริศน์ เนื่องจ ำนงค1์ และ พิชญ รัชฎำวงศ2์* 
  

วัตถุประสงค์ของงานวิจัยน้ีคือเพื่อวิเคราะห์ความสามารถในภาพรวม โดยเฉพาะประสิทธิภาพการก าจัด ของระบบถังหมักแบบไหล
ตามยาวร่วมกับระบบหมักแบบยูเอเอสบีในการบ าบัดน้ าเสียฟาร์มสุกรขนาดใหญ่แห่งหน่ึงในประเทศไทย ท าการเก็บตัวอย่างน้ าเสียจ านวน 
84 ตัวอย่างตลอดช่วงเวลาการศึกษา 302 วัน โดยเลือกจุดเก็บตัวอย่างอย่างเหมาะสมท้ังบริเวณน้ าเข้าและน้ าออกของระบบบ าบัดน้ าเสียของ
ฟาร์ม การประเมินประสิทธิภาพของระบบใช้ตัวแปรส าคัญ ๆ เช่น ค่าซีโอดี (COD) ค่าซีโอดีละลาย (SCOD) ค่าของแข็งทั้งหมด (TS) ค่า
ของแข็งแขวนลอยท้ังหมด (TSS) และค่าเจลดาห์ลไนโตรเจน (TKN) นอกจากนี้ ยังท าการวิเคราะห์ค่าตัวแปรทางจุลชีววิทยาท่ีส าคัญ เช่น 
ปริมาณอีโคไล (E. Coli) และซัลโมเนลลา (Salmonella) อีกด้วย โดยการวิเคราะห์ค่าตัวแปรต่าง ๆ เหล่าน้ีเป็นไปตามกรรมวิธีมาตรฐานใน
การวิเคราะห์น้ าและน้ าเสีย การศึกษาพบว่าประสิทธิภาพการก าจัดเฉลี่ยของซีโอดี ซีโอดีละลาย ของแข็งท้ังหมด ของแข็งแขวนลอยท้ังหมด 
และเจลดาห์ลไนโตรเจนมีค่าเท่ากับ 80.6% 85.6% 58.7% 82.7% และ 33.9% ตามล าดับ ส าหรับการก าจัดซีโอดีน้ัน พบว่าส่วนท่ีเป็น
ของแข็งถูกก าจัดโดยกระบวนการตกตะกอน ขณะท่ีส่วนท่ีละลายได้ถูกก าจัดโดยปฏิกิริยาชีวภาพแบบไร้อากาศ ประสิทธิภาพในการก าจัด
ของแข็งแขวนลอยท้ังหมดค่อนข้างสูง ซ่ึงแสดงให้เห็นว่าระบบสามารถแยกของแข็งแขวนลอยออกจากน้ าเสียได้ น้ าท้ิงออกจากระบบมี
ปริมาณอีโคไลท่ีลดลงมากเมื่อเทียบกับขาเข้า ซีโรวาร์ของซัลโมเนลลาท่ีพบในน้ าเสียขาเข้าคือ Stanley, Rissen และ Anatum ตามล าดับ 
อัตราการการผลิตก๊าซชีวภาพมีความแปรปรวนเน่ืองจากปริมาณของสารอินทรีย์ในน้ าเสียที่มีความแปรปรวนเช่นกัน ผลการศึกษาชี้ให้เห็นว่า
ระบบถังหมักแบบไหลตามยาวร่วมกับระบบหมักแบบยูเอเอสบีสามารถบ าบัดของแข็งและส่วนท่ีละลายได้ของน้ าเสียฟาร์มสุกร พร้อมกับลด
ปริมาณเชื้ออีโคไลได้ในระดับหน่ึง ท้ังนี้หากต้องการลดระดับของสารอินทรีย์ในน้ าท้ิงให้เป็นไปตามค่าก าหนดตามกฎหมายจ าเป็นต้องมีระบบ
บ าบัดอื่นเพิ่มเติม 
 
ค้าส้าคัญ: ถังหมักไร้อากาศ ความสามารถของระบบ ฟาร์มสุกร ประเทศไทย น้ าเสีย 
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