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Textile dyeing industry is considered as one of the largest generators of toxic chemical wastewater in
India. Wastewaters from textile dyeing industries were studied for the decolourization and removal of
degradable organics with tapioca sago wastewater as a co-substrate in a pilot scale two-phase Upflow
Anaerobic Sludge Blanket (UASB) reactor. The UASB reactor was inoculated with seed sludge from the
anaerobic digester treating sago wastewater. The colour and COD removal efficiency was studied by
extile dyeing wastewater
olour removal
ago
wo-phase UASB

feeding the combined wastewater of sago and textile dyeing industry at different mixing proportion
(90:10, 80:20, 75:25, 70:30, 65:35) with COD ranging from 5200 to 6320 mg L−1. The maximum COD
removal was about 53.1% in acidogenic reactor (90:10 mixing ratio) and 88.5% in methanogenic reactor
(70:30 mixing ratio). In methanogenic reactor at organic loading rate of 5.6 kg COD/m3 d maximum COD
(88.5%) and colour (91.3%) removal were achieved. The value of VFA/alkalinity ratio at the outlet of
methanogenic reactor was less than 0.08, proves the process stability of the reactor. The maximum

hano
biogas production in met

. Introduction

The generation of highly coloured wastewater by the textile
yeing industry now-a-days constitutes an important environ-
ental problem. In 1978, it was estimated that around 2% of the

50,000 tons of dyes produced in the world were discharged as
rade effluents, whereas around 9% were discharged in textile dye-
ng effluents [1]. The colour in textile dye-house effluent and the
ossible problems associated with the discharge of dyes and dye
egradation products are of environmental concern [2]. The release
f coloured compounds into water bodies is undesirable because
f their impact on photosynthesis of aquatic plants, the carcino-
enic nature of many of these dyes and their break-down products
3]. Whereas in case of sago effluent possesses high COD, highly
cidic and highly organic in nature. As a result of discharge of sago
astewater depletion of dissolved oxygen is imported in the water
ources of the affected area. It also causes an increase in air pollu-
ion in terms of stringent foul odour, inorganic carbon deposit and
hange of soil matrix.
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genic reactor was achieved at 70:30 mixing ratio.
© 2010 Elsevier B.V. All rights reserved.

Several combinations of treatment methods have been devel-
oped in order to effectively process textile wastewater, decolour-
ization being one among them. For simplification, the treatment
can be classified into chemical, physical, and biological treatment.
Physical and chemical methods are costly, less efficient, have lim-
ited application and also generate huge quantities of sludge as solid
wastes which are difficult to dispose off [2]. Microbial decolour-
ization and degradation of dye is a cost-competitive alternative to
chemical decomposition processes [4]. One of the anaerobic meth-
ods available for treating both textile dye-house effluent and sago
effluent is Upflow Anaerobic Sludge Blanket (UASB) reactor. UASB
reactors belong to the group of high-rate anaerobic reactors with
a sludge bed. Granular biomass with high methanogenic activity
and excellent settling properties can be cultivated in these reactors
[5]. The limitations of UASB reactors are related to the wash-out
of biomass. In the present investigation, textile dye-house effluent
and tapioca sago wastewater at various proportions was deployed.
Advantage of combining the effluents was the pH gets neutralized,
therefore no need of adding caustic/lime. Similarly, the presence
of starch in the sago industry wastewater reduces the addition of
nutrients during the process. The sago effluent was utilized as co-

substrate to enhance the degradation of textile dye-house effluent
which is recalcitrant in nature. This paper deals with the perfor-
mance of pilot scale two-phase UASB reactor at different mixing
ratio (90:10, 80:20, 75:25, 70:30, 63:35) of sago effluent and textile
dyeing wastewater respectively.
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Table 1
Characteristics of wastewaters.

S. no. Parametersa Textile dyeing
wastewater

Sago wastewater

1 pH 12.8 4.5
2 Total suspended solids 420 640
3 Total dissolved solids 3520 1200
4 Chlorides 1520 400
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5 Sulphates 180 123
6 BOD 175 2400
7 COD 1600 6000

a All values except pH are in mg L−1.

. Materials and methods

.1. Biomass

The methanogenic granular sludge with unknown microorgan-
sms used in this experiment was procured from the anaerobic
igester treating sago effluent at M/s Perumal SAGO factory, Salem,
amilnadu, India. Before loading the reactor, granular sludge was
learly washed, filtered through a fine mesh ASTM 16 to remove
ll floating and suspended contents. The volatile suspended solids
ontent of the sludge was estimated as per the standard methods
nd found to be 60,000 mg L−1[6].

.2. Wastewater

Real untreated wastewater from sago industry and textile dye-
ng industry was collected at Salem, Tamilnadu, India. Ten samples

ere collected from each industry for duration of three months and
he mean values of the parameters are given in Table 1. The analysis
f the wastewater was carried out according to standard methods
6].
.3. Experimental setup

In order to study the operational and performance charac-
eristics of UASB reactor, a hybrid two-phase UASB reactor was

Fig. 1. Schematic diagram of t
eering Journal 166 (2011) 10–14 11

fabricated (Fig. 1). The acidogenic and methanogenic reactors were
fabricated with 1:4 volumetric ratios. The first phase was an acido-
genic reactor (300 mm inner diameter and 820 mm height) made
up of plexi-glass with working volume of 56 L and second phase
was a stainless steel methanogenic reactor (350 mm inner diameter
and 2400 mm height) with working volume of 230 L. The untreated
real effluent was fed into the acidogenic reactor followed by
methanogenic reactor. Sampling ports were provided at a spacing
of 400 mm throughout the height of reactor. The Gas–Liquid–Solid
Separator (GLSS) was attached at top of the reactor, consisted of
an inverted conical funnel at top of the water column for the col-
lection of biogas. In addition to the GLSS arrangement, a packed
medium consisting of a PVC spirals with size of 26 mm, surface area
500 m2 m−3 and void ratio 87% has been provided for a height of
200 mm located at 1770 mm from the bottom of the reactor. These
spirals will retain the biomass as well as gives a polishing effect to
the effluent. The sludge granules trapped in GLSS and the packed
media± will return to the reactor as soon as the gas entrapped
inside the granules was released. Biogas generated was measured
using wet gas flow meter. After stabilizing the reactor, studies were
conducted under the steady state conditions. At steady state the
rate of change of input to output does not change with time and also
the consistent in COD removal and maintenance of VFA/alkalinity
ratio as less than 0.4 shows the steady state condition. The reactor
was operated under room temperature (28 ± 5 ◦C) at different mix-
ing ratios (90:10, 80:20, 75:25, 70:30 and 65:35) of sago and textile
dyeing wastewater with an Organic Loading Rate (OLR) of 6.32, 6.16,
6.0, 5.6 and 5.2 kg COD/m3 d respectively. Since the two phases of
the reactor was designed on the volumetric ratio of 1:4, the aci-
dogenic and methanogenic reactors were operated at a Hydraulic
Retention Time (HRT) of 6 and 24 h respectively. The pH, TDS and
temperature of both the reactors were monitored by Programmable
Logic Control (PLC) system continuously for every 15 min.
2.4. Analytical procedures

The treated and untreated samples were analyzed for pH, COD
and colour removal, VFA and alkalinity as per Standard Methods

wo-phase UASB reactor.
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given as feed to the reactor. Table 2 point out the biogas produc-
tion (312 L/d) was high in 70:30 mixing ratio. The biogas production
for other mixing ratios 90:10, 80:20, 75:25 and 65:35 were 226,
286, 288 and 198 L/d respectively. The biogas production was sud-
ig. 2. Colour intensity of the raw effluent and colour removal of acidogenic and
ethanogenic reactor at different mixing ratios.

or Examination of Water and Wastewater [6]. Colour removal was
stimated by monitoring the Optical Density (OD) of the samples
sing UV–vis spectrophotometer (HITACHI–U2001) at 600 nm. COD
as measured by using closed reflux titrimetric method. VFA and
lkalinity was also estimated by titrimetric method. Before anal-
sis, all samples were filtered through 0.45 mm filters to remove
uspended matters.

. Result and discussion

Among the high rate anaerobic reactors the UASB reactor are
ore efficient. The success of the UASB reactor depends on its capa-

ility to retain a high concentration of immobilized active biomass
hich is capable of treating high strength wastewater.

.1. Colour removal

Colour intensity of combined wastewater was measured spec-
rophotometrically at 600 nm in terms of OD and found to be 0.222,
.258, 0.272, 0.295 and 0.318 for different mixing ratio 90:10, 80:20,
5:25, 70:30, 65:35 and 60:40 respectively (Fig. 2). Fig. 2 shows
he colour intensity of the raw effluent and percentage of colour
emoval at various stages of the process. In acidogenic reactor, the
olour removal efficiency was in the range of 34.2–49.8% and in the
ethanogenic reactor the overall colour removal efficiency was in

he range 83.4–91.8%. The colour removal efficiency remains almost
table ranging from 83.4 to 89.4% for the initial mixing ratios (90:10;
0:20; 75:25) and a maximum of 91.8% was achieved at the mixing
atio of 70:30. The reactor was stable in colour removal till the 70:30
atio beyond that the percentage of colour removal was reduced.
hus the presence of various types of dyes at low concentrations in
he influent initially not affected the metabolism of dyes. At high
oncentration (65:35) the toxicity of the dye effluent may affect the
etabolism. Further at high concentration the dye may bind over

he surface of the granule and reduce its efficiency. Senthilkumar
t al. [7] achieved 97.0% of colour removal in a 15 L capacity bench
cale two-phase UASB reactor treating a synthetic combined textile
yeing and sago wastewater at 12 h HRT. The colour removal from
cid dyeing textile wastewater using laboratory scale UASB reac-
or having a capacity of 2.5 dm3 with 17 HRT was reported with
n efficiency of 81.0–96.0% [8]. Carliell et al. [9] and Razo-Flores

t al. [10] reported that 90.0% of decolourization of reactive and
zo dyes using strictly anaerobic methane forming bacteria. Thus
he present process is more efficient in colour removal by utilizing
nother waste namely sago wastewater.
eering Journal 166 (2011) 10–14

3.2. COD conversion and removal performance

Table 2 shows the COD of the raw effluent, acidogenic reac-
tor and methanogenic reactor outlets. COD concentration of raw
effluent vary between 6320 and 5200 mg L−1, acidogenic outlet
vary from 2960 to 4000 mg L−1 and for methanogenic outlet vary
from 640 to 1200 mg L−1. With increase in the percentage of tex-
tile dyeing wastewater from 90:10 to 65:35 (sago:textile dyeing
wastewater) the COD of raw effluent decreased from 6320 to
5200 mg L−1 this is due to the low COD of textile effluent. The COD
removal efficiency for different effluent mixing proportions at 6
and 24 h HRT of acidogenic and methanogenic reactor respectively
is presented in Fig. 3. In acidogenic and methanogenic reactors
the COD removal efficiency was in the range of 23.0–53.0 and
81.0–88.5% respectively. A wide range (23.0–53.0%) of COD removal
efficiency was noticed in acidogenic phase due to a wide variation
of pH (5.7–7.9) of the various mixing ratios of effluent. At lower
concentration of textile dyeing wastewater, pH value of combined
wastewater is low, VFA conversion is faster and COD removal is
high. Similarly at higher concentration of dye, pH value of combined
wastewater becomes higher and COD removal decreases. Whereas,
in methanogenic phase the inlet effluent entering from acidogenic
reactor have a very consistent pH range between 6.4 and 6.8 which
are favourable for methanogens. Hence the COD removal efficiency
of methanogenic reactor was a very narrow range of 81.0–88.5%.
Thus the higher COD removal of 88.5% was achieved at the opti-
mum mixing ratio of 70:30 (sago:textile dyeing wastewater). In
order to improve the COD removal, the system can be operated for
a longer HRT or an aerobic process can be provided after anaer-
obic as a polishing step. Senthilkumar et al. [7] reported 96.0% of
COD removal in a 15 L capacity bench scale two-phase UASB reactor
treating a synthetic combined textile dyeing and sago wastewater
at 12 h HRT. Bras et al. [11] achieved a maximum COD removal of
90.0% at 96 h HRT with the maximum influent COD of 3000 mg L−1

in a bench scale UASB reactor treating synthetic monoazo and diazo
dye. The efficiency of bench scale UASB reactor of 1.25 L in reducing
COD was to be over 90.0% on treating real textile dyeing wastewater
with initial COD concentration of 2000 mg L−1[12].

3.3. Biogas

The biogas generation is directly related to type of substrate
Fig. 3. COD removal at different mixing ratios.



M. Senthilkumar et al. / Chemical Engineering Journal 166 (2011) 10–14 13

Table 2
Parameters monitored during the process.

Mixing ratio of real wastewater (%) HRT (h) COD (mg L−1) VFA (mg L−1) Alkalinity (mg L−1) Biogas (L/d)

Sago Textile dyeing Raw Acido Methano Acido Methano Acido Methano

90 10 24 6320 2960 1200 788 72 424 926 226
60
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80 20 24 6160 3120 9
75 25 24 6000 3280 8
70 30 24 5600 3840 6
65 35 24 5200 4000 8

enly decreases at the mixing ratio of 65:35 due to inhibitory effect
f textile dyeing wastewater. The COD stabilization in reactor is
irectly related to biogas evolution, which decreases the COD of
utlet wastewater from the reactor and provides the mechanisms
or stabilization of the biodegradable organic matter. Talarposhti
t al. [13] achieved a maximum biogas production of 160 L/g COD
onversion treating simulated textile dyeing wastewater using
wo-phase anaerobic packed bed reactor.

.4. Effect of OLR on COD and colour removal

The COD removal efficiency for different OLR at 24 h HRT is
resented in Fig. 4. The COD removal efficiency in acidogenic
nd methanogenic reactor at different OLR ranging from 6.32 to
.2 kg COD/m3 d with respect to the mixing ratio of 23.0–53.0 and
1.0–88.5% respectively. The maximum COD and colour removal
chieved at 5.6 kg COD/m3 d was 88.5 and 91.8%. As the organic
oading rate decreases from 6.32 to 5.6 kg COD/m3 d with corre-
ponding mixing ratio 90:10 to 70:30, the COD and colour removal
ncreases from 81.0 to 88.5% and 59.4 to 91.8%. Whereas from
he organic loading rate 5.6–5.2 kg COD/m3 d, the COD and colour
emoval decreases due to inhibition of higher concentration of
he textile dyeing wastewater in the feed (mixing ratio of 65:35).
nanapragasam et al. [14] achieved 96% of COD removal at a OLR of
.81 kg COD/m3 d in a UASB reactor using real combined wastewa-
er of textile dyeing and sago industries with recycling the treated
astewater. Talarposhti et al. [13] reported that the biodegrad-

ble COD decreased from 100 to 24.0% as the COD loading rate was
ncreased from 0.25 to 1 kg COD/m3d. Sandhya et al. [15] reported
hat the efficiency of COD removal decreases with the increase in
LR.
.5. VFA and alkalinity under different mixing ratio

The Volatile Fatty Acid (VFA) and alkalinity of the acidogenic and
ethanogenic reactor under different mixing ratios are shown in

Fig. 4. COD and colour removal at different OLRs.
738 84 456 935 286
744 60 502 987 288
728 56 566 966 312
722 40 594 998 198

Table 2. The VFA in acidogenic and methanogenic reactor varies
between 722–788 and 40–84 mg L−1 respectively. The VFA for
acidogenic reactor decreases as the percentage of textile dyeing
wastewater increases in the feed. This low value is due to the
increase in the proportion of high alkaline textile dyeing wastew-
ater. For all the mixing ratios, VFA in the outlet of methanogenic
reactor was less than 100 mg L−1 indicates the stability of reactor.
Speece [16] also reported that for a stable operation of a reactor the
VFA concentration should be less than the critical limits (250 mg L−1

as acetic acid). The alkalinity of acidogenic and methanogenic reac-
tor for different mixing ratio was 456–566 and 926–998 mg L−1

respectively. Alkalinity of the acidogenic reactor was less than the
methanogenic reactor due to higher production of fatty acids in this
reactor. The fatty acid formation was decreased and the alkalinity
level in the acidogenic reactor was increased as the percentage of
textile dyeing wastewater increases in raw effluent. The stability
of the methanogenic reactor was represented by the level of alka-
linity in methanogenic reactor (900 mg L−1 for all mixing ratios).
The present process is more advantages due to buffering action of
textile dyeing wastewater.

3.6. VFA/alkalinity ratio under different mixing ratio

The VFA and alkalinity separately is not a good indicator for
evaluating the process stability of the anaerobic reactor, since
total alkalinity reflects both level of VFA and bicarbonate. Under
unstable conditions increase in VFA reduced the bicarbonate result-
ing in constant total alkalinity. So the ratio of VFA to alkalinity
is the best option to monitor process stability in anaerobic sys-
tems. The changes in VFA to alkalinity ratio for acidogenic and
methanogenic reactor at different mixing ratios are presented
in Fig. 5. The VFA/alkalinity ratios were 1.3–1.6 for acidogenic

reactor outlet throughout the process, indicates the acid pro-
duction in acidogenic reactor. The outlet VFA/alkalinity ratios of
methanogenic reactor were ranging from 0.04 to 0.08 for differ-
ent mixing ratios indicates the stable operation of methanogenic

Fig. 5. VFA/alkalinity ratios at different mixing ratios.
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Fig. 6. Variations of pH at different mixing ratios.

eactor. Simpson [17] reported that the VFA/alkalinity ratio must
e of very low range for stable anaerobic digester. Parkin et al.
18], Jaganathan et al. [19] and Isik [20] reported that VFA/alkalinity
atio should be less than 0.4 for the stable operation of anaerobic
eactor.

.7. pH changes

The pH are integral expression of the acid based condition of
ny anaerobic treatment process as well as intrinsic index of the
alance between the two of the important microbial groups (aci-
ogens and methanogens) [21,22]. The pH of the raw effluent,
cidogenic and methanogenic outlet are shown in Fig. 6. The pH
f raw effluent increases with increase in the percentage of tex-
ile dyeing wastewater, this occurs due to high alkaline nature of
he textile dyeing wastewater. Thus the overall pH in both aci-
ogenic and methanogenic reactors were increased. Initial pH of
he raw effluent, acidogenic reactor outlet was 5.7–7.4 and 6.4–6.8
espectively (upto 30% mixing ratio). The pH gets increased to 8
or further increase the percentage of textile dyeing wastewater.
he pH at methanogenic reactor outlet was in the range of 7.5–8.2.
t should be noted that for a stable operational performance of
naerobic reactor the pH should be in the range of 6.5 < pH < 8.2
23,24].

. Conclusion

The results of this study indicate that biphasic UASB reactor
ould be a very feasible alternative, eco-friendly and sustainable
reatment system for textile dyeing effluent with sago effluent as a
o-substrate, produce very less organic sludge. The maximum COD
nd colour removal efficiency achieved was 88.5 and 91.8% respec-
ively at 24 h HRT at optimum mixing ratio of 70:30 (sago:dye
astewater). The maximum biogas production was 312 L/d at a
ate of 0.42 L Biogas/g COD for a mixing ratio of 70:30 (sago:dye
astewater). The optimum OLR was 5.6 kg COD/m3 d from differ-

nt OLRs with respect to mixing ratios. The VFA/alkalinity ratio at
ptimum mixing ratio was 0.04 which indicates that the reactor is
nder stable condition.

[

[
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