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ABSTRACT: Population growth creates demand of food industry. Rice mills are the important food industry
generating effluents of medium COD mainly containing organic content generate biological oxygen demand.
Anaerabic treatment like UASB is one of the important technology to treat rice mill wastewater. Present study was
carried out in UASB reactor having volume of 2.4 litre. The study was divided into three phasesi.e. Phase |, |l and
[l operated at 50%, 100% and 100% rice mill wastewater feed concentration at HRT of 20 hrs, 14 hrs and 10 hrs,
respectively. The pH of the reactor in phase I, Il and Il varied from 7.18 to 8.21, 6.1 to 7.22 and 6.52 to 8.04,
respectively. The Volatile fatty acid (VFA) shows a good reduction of 93%, 78% and 75% in phase |, Il and IlI,
respectively. Whereas sudge profile varied from 1.14 to 0.75, 1.25 to 1 and 0.50 to 0.1 in phase I, 1l and IlI,
respectively. This study shows COD reduction 97%, 89% and 86% in phase I, Il and |11, respectively. The COD
reduction shows a decreasing trend with increase in feed concentration and decrease in HRT. The pH and VFA
Alkalinity ratio were within the optimum range of anaerobic treatment. The optimum operating conditions resultsin
86% COD reduction even at lower HRT of 10 hrs and higher organic loading rate. The results clearly indicate that
organic loading rate applied significantly affects the COD removal efficiency of the reactor.
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INTRODUCTION

In recent past, due to growth of population the demand of agro based products was increased, which leads to
increase in Agro-industries. Rice is an important part of our diet. Food security is a critical issue in the developing
world. It is estimated that the 80% of world population uses rice as major source of calories [1]. Indiais second
largest producer of rice in the world. Being the prime cereal crop in India, rice occupies an area of 42 million ha
with an annua production of 76 million tons and contributing to nearly 42% of the total food grain production [2].
The mechanized sector of rice milling industry handles more than 45 millions tonnes of paddy annually. Few
decades ago food grains were processed at family level before cooking but due to industrialization and global
competitive market trends, it has emerged as major industrial activity in small medium sector to cater the needs of
increasing population. There are large number of mills engaged in processing/milling of rice and are spread over in
almost all state across the country. Rice is life to more than half of world’s population [3].
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Rice milling is the process of removing the husk and part of the bran from paddy in order to produce ediblerice. A
major part of total rice product is converted into sella or parboiled rice (partialy boiled at temperature 70 °C to 100
°C). Parboiled rice production generally requires alarge amount of water for soaking of the paddy. It has two simple
stepsi.e. soaking in hot water at 60-70°C for 3- 3.5 hrs and steaming for 15-30 min [4]. Approximately 1.0 to 1.2
liters of wastewater per kg of paddy is generated during soaking process [5]. The volume of effluent generated from
sella-rice mill is approximately 0.9 to 1 L per kg of paddy processed [4]. So a huge amount of wastewater is
produced in rice mill during its processing. Water pollution caused by rice mill having high levels of organic
material [6]. This wastewater can cause water pollution and odour nuisance if not treated properly.

Since many years, biological treatment has been established as a cost effective method for treatment of
industrial effluent containing organic materials. Anaerobic treatment processes are mostly preferred because of their
low energy consumption, low nutrient requirement and energy recovery in the form of methane. Among the high
rate anaerobic reactors, the UASB bioreactors are found to be much effective for treatment of wastewaters [7].The
UASB bioreactor has been applied effectively for the treatment of a variety of industrial wastewaters such as dairy
effluents [8], brewey effluents[9], solid food wastes [10] and rice mill wastewater [5].

The purpose of present study was to investigate the performance of UASB reactor for the treatment of rice mill
wastewater having medium COD/BOD at increasing organic loading rate (OLR) and decreasing hydraulic retention
time (HRT).

MATERIALSAND METHODS

Wastewater samples for present study were collected from arice mill and preserved at 4°C. The study was carried
out at room temperature in glass UASB reactor having reactor volume of 2.4 litre with length 60 cms and diameter
24 cms. Initially UASB reactor was started by adding 500 ml filtrate of biogas plant Sludge, 1000 ml  of rice mill
wastewater and remaining volume was filled with digtilled water. The reactor was then kept steady state condition
for two weeks to acclimatize the bacterial incolumn with substrate. After two weeks, 500 ml rice mill effluent were
added to the reactor on weekly basis until more than 88.46% COD reduction was achieved. When steady state
condition reached, the reactor was run in continuous mode. The study was divided into three phase i.e phase I, |1
and |11 based on increasing feed concentration i.e OLR and decreasing HRT. In phase I, Il and Ill, influent feed
concentration and HRT were 50% and 20hrs, 100% and 14 hrs and 100% and 10 hrs, respectively. The inefluent
and effluent of UASB reactor were analysed daily for their physico-chemical characteristics as per standard method
of APHA [11].

RESULTSAND DISCUSION

Therice mill effluents used in UASB reactor were yellow brownish in colour having 2080 mg/L. COD, 2570 mg/L
total solid and 840 mg/L of VFA (Table 1). The pH of rice mill wastewater was near to neutra with abundant
nutrients like nitrogen and phosphorus.

pH

As pH of rice mill effluent was 7.1, thus doesn’t require adjustment before feeding to the UASB reactor. The
optimum pH range required for anaerobic degradationis 6.5t0 8.0 [12]. Figure 1 and table 2 shows pH variation of
rice-mill wastewater after UASB treatment. The pH of the reactor in phase I, 1l and |1l varied from 7.18 t0 8.21, 6.1
to 7.22 and 6.52 to 8.04, respectively. Initially the reactor pH was dlightly acidic but it gradualy reaches to
optimum value in all phases of the study. The rise in the pH in the reactor might be due to utilization of VFA by
methanogens [13].

Total Kjeldhal Nitrogen (TKN)

Presence of nitrogen in appropriate amount in wastewater is necessary for its treatment through biological
processes. Figure 2 and table 2 shows the variation in concentration of total nitrogen. Total nitrogen of the reactor in
phase I, Il and |11 was varied from 32.2 mg/L to 3.2 mg/L, 50.4 mg/L to 14 mg/L and 57.4 mg/L to 19.6 mg/L,
respectively. The result shows a progressive decrease in TKN with increase in feed concentration.

Phosphate

Figure 3 and table 2 shows the variation in phosphate concentration. The concentration of phosphate was varied
from 12 mg/L to 2.46 mg/L in phase I, 20.11 mg/L to 6.51 mg/L in phase I, and 10.72 mg/L to 0.44 mg/L in phase
I1l. Results clearly shows that HRT has no significant effects on phosphate removal as there was negligible
difference in removal of phosphorus from phase 11 to I1l. Phosphate is a nutrient used by micro organism for its
growth. High phosphate removal may be due to the presence of the phosphate accumulating organism (PAOs)
which utilize phosphorus polyhydroxy butyrates under anaerobic condition leading to depletion in phosphate
content from rice mill wastewater [14].

International Journal of Plant, Animal and Environmental Sciences Page: 129
Available online at www.ijpaes.com


http://www.ijpaes.com/

Jitender Kumar Saini et al Copyrights@2016 | SSN 2231-4490

Sludge Profile
The VSS/TSS ratio shows the sludge profile of UASB reactor. The VSS concentration varied from 400 mg/L to 60
mg/L (85% reduction), 200 mg/L to 40 mg/L (80% reduction) and 120 mg/L to 40 mg/L (67% reduction) in phase |,
Il and I1l, respectively (Table 2). A decrease in VSS reduction was observed with increase OLR and decreasing
HRT. The decrease in concentration of VSS was observed when process moved from acidogenic to methanogenic
stage [15].

TSS was varied from 350 mg/L to 80 mg/L (77% reduction), 160 mg/L to 40 mg/L (75% reduction) and
240 mg/L to 40 mg/L (83% reduction) in phase |, Il and 11, respectively (Table 2). The VSS TSSratio varied from
1.14t0 0.75, 1.25t0 1.0, and 0.50 to 1.0 in phase I, Il and 111 respectively. From figure 4, it is clear that VSS TSS
ratio was observed decrease with time but in phase Il it increased. Lessthe VSS TSS ratio results in higher COD
reduction [16].
VFA Alkalinity Ratio
The VFA varied from 480 mg/L to 34 mg/L (92% reduction) in phase |, 454 mg/L to 102 mg/L (77% reduction) in
phase Il and 514 mg/L to 128 mg/L (75% reduction) in phase 111 (Table 2). From phase | to |1l gradual decrease in
VFA concentration was observed during the study period.
Thetotal akalinity of the rice-mill waste water was 1300 mg/L. Table 2 shows akalinity variation during the study
period. The alkalinity of the reactor in phase I, Il and 1l varied from 1150 mg/L to 350 mg/L, 1600 mg/L to 450
mg/L and 1300 mg/L to 400 mg/L, respectively. The total akalinity of the reactor shows regular slight decrease
with time. This may be due to acidogenesis followed by methanogenesis. Same pattern of alkalinity reduction was
observed by Mohan et al. [17]. It is essentid that the reactor contents provide enough buffering capacity to
neutralize any eventual VFA accumulation and thus prevent build-up of localized acid zones in the digester
[18]. Inthis process, the degradation of proteinsin the waste water by anaerobic treatment results in generation of
akalinity due to the reaction of ammonia with carbon dioxide and water [19].

The VFA Alk ratio is shown in figure 5. It was varied from 0.41 to 0.09, 0.28t0 0.22 and 0.39t0 0.32in
phasel, Il and 11, respectively. VFA akalinity ratio in al the three phases of UASB treatment was observed within
limits of operational conditions i.e less than 0.8 [20]. Result clearly shows that the performance of reactor was
excdlent as VFA/ALK ratio in al the three phases of study was lessthan 0.4 [21].

Chemical Oxygen Demand (COD)

The COD in phase I, Il and IIl was decreased from 620 to 20 mg/L, 1260 to 140 mg/L and 1280 to 180 mg/L,
respectively (Figure 6 and Table 2). The maximum COD reduction observed during the study was 97%, 88% and
86% in phase |, Il and 11, respectively. Results shows that a decrease in COD reduction was observed with increase
in influent concentration i.e OLR and decrease in HRT. Same pattern of COD reduction was observed by Sponza et
a. [22]. The decrease in COD reduction from phase |1 to 111 was very insignificant thus rice mill wastewater can be
treated at higher organic load i.einfluent COD 1280 mg/L and low HRT of 10 hrs.
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Figure-1: pH variation during the study period
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Figure-6: COD variation during the study period
Table-1: Characteristics of Rice Mill Waste Water
S. No Parameter Value (mg/l)
1 Color Yellow brownish
2 Temp. 35°C
3 pH 7.1
4 COD 2080
5 TS 2570
6 TDS 1950
7 TSS 620
8 VSS 760
9 VFA 840
10 Alkalinity 500
11 Total phosphate (PO,) 19
12 TKN 7.9
13 Sodium (Na) 17.1
14 Potassium (K) 5.4
15 Sulphate .76
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Table2: Vriation in Physico-Chemical Characteristics of Treated Rice Mill Wastewater at different HRT in

phasel, Il andll.
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S.No Parameters Phase-| Phase-l1 Phase-111
1 pH 7.18-8.21 6.1-7.22 6.0- 8.04

2 COD 620- 20 1260-140 1280- 180
3 Alkalinity 1150-350 1600- 450 1300- 400
4 Volatile fatty Acid 480- 34 454- 102 514- 128

6 Total Suspended Solid 350- 80 160- 40 240- 40

7 Volatile Suspended Solid 400-60 200- 40 120- 40

8 Tota Kjhedha Nitrogen 32.2-2.8 50.4- 14 57.4-19.6
9 Phosphate 12 - 2.46 416-1.8 2.8-.10

All the values are expressed in mg/l except pH

CONCLUSION

Anaerobic treatment by UASB reactor has enormous potential for stabilization of rice mill wastewater. The COD
removal efficiencies were more than 97%, 89% and 86% respectively in phase I, Il and 11, respectively. Present
study reveals that anaerobic treatment is good option of treatment of rice mill wastewater treatment as COD
removal of 86% was achieved even at higher organic loading rate i.e 100% influent concentration and HRT of 10
hrs. VFA and COD reduction shows same pattern during rice mill effluent trestment. The UASB reactor is highly
efficient and can successfully be employed for the treatment of rice mill wastewater.
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