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ABSTRACT

Only a few textile mills in Pakistan have installed wastewater treatment plants, and even if installed,
aerobic treatment processes are hardly operational due to high energy requirements. The performance
of a pilot-scale anaerobic moving bed bioreactor was thus investigated in terms of organic removal
and biogas production as a potentially energy-efficient pretreatment of real textile desizing waste-
water. The pilot plant was operated under on-site conditions for 122 d at Kohinoor Mills Limited
Kasur, Pakistan. The temperature of the bioreactor was in the mesophilic range of 22°C-36°C, while
pH and oxidation-reduction potential were in the range of 7.7-8.0, and -580-630 mV, respectively.
The volumetric organic loading rate of the bioreactor varied 0.2-2.0 kgCOD/m?/d. Almost 50%
of chemical oxygen demand (COD) removal was achieved and COD conversion into biogas was
0.35 mimgas/kgCODmmwC + The produced biogas had a high methane content with a specific meth-
ane production of 0.26 m?® /kgCOD__ . The overall performance of bioreactor was marginally
improved when the system was running with low sulfate enzymatic desizing wastewater instead
of oxidative peroxydisulfate-treated desizing wastewater. After further optimization overcoming
unsatisfying biomass retention, high H,S formation, and possible inhibitory effects of detergents
used in the desizing process, this technology has the potential for widespread application in the
textile sector of semi-arid developing countries.
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1. Introduction

The textile industry of Pakistan has a significant impact
on the economy of the country. It is contributing about 57% of
the total export of the country and 8.5% to the gross domes-
tic product [1,2]. About 45% of the total manpower of the

* Corresponding author.

country is working in the textile industry [2]. Textile man-
ufacturing consists of dry processes (i.e. spinning, knitting,
weaving and production of the garments) and wet processes
(i.e. sizing, desizing, scouring, bleaching, mercerizing, dye-
ing, printing and finishing) [3]. Wet processes consume
large amounts of water and ultimately generate substantial
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volumes of wastewater discharged untreated to drains or riv-
ers. The wastewater generated by the wet processes is often
well beyond the National Environmental Quality Standards
(NEQS) of Pakistan [4] and contains a wide variety of pol-
lutants, for example, dyes, organic matters and other chem-
icals that can jeopardize human and aquatic life [5,6]. The
textile industry has intensified the adoption of treatment
technologies to reduce the adverse impacts of wastewater
pollutants on the environment. Stringent international stan-
dards are demanding for sustainable and environmentally
friendly practices. Pakistan’s textile sector exporting fab-
ric to international brands in developed countries need to
adopt the cost-effective technologies to meet stringent efflu-
ent standards, for example, Zero Discharge of Hazardous
Chemicals (ZDHC) guidelines [7].

In Pakistan, aerobic activated sludge processes are widely
used for textile wastewater treatment which requires aera-
tion to metabolize the suspended and soluble organic mat-
ters [8]. The organic matter in aerobic treatment is oxidized
into CO, as well as in the synthesis of new microbial cells
[9]. Due to the high organic pollutant load, the aerobic treat-
ment of textile wastewater requires high amounts of energy
for aeration and subsequently produces a higher amount of
the excess biomass. The textile wastewater from the desiz-
ing unit, which is 5%-10% of the total wastewater volume,
accounts for over 50% of the total organic load [10,11].
Regarding organics, desizing wastewater mainly contains
sizing agents that are applied to the warp yarn to protect
it against the mechanical stress during weaving. After the
weaving process, this wastewater has to be discharged com-
pletely. In Pakistan, the dominating sizing agent applied is
starch but in many cases, the sizing recipes also contain a
smaller proportion of synthetic sizing agents, mainly polyvi-
nyl alcohol, in some cases carboxymethyl cellulose or poly-
acrylates are also used. The addition of wastewater from the
desizing unit into the other wastewater streams increases
the energy demand for aerobic treatment. Pretreatment of
desizing wastewater may be a simple and more economical
strategy as compared to combined centralized textile waste-
water treatment [12] since energy consumption for aeration
and sludge generation is significantly reduced and at the
same time, energy is recovered in the form of biogas if pre-
treated anaerobically [13]. Different technologies have been
adopted to treat desizing wastewater such as Fung et al. [14]
used UV/US with hydrogen peroxide (H,O,) for organic and
color removal of desizing/dyeing wastewater. The effects
of pH, H,O, dosage and ultrasonication (US) were investi-
gated in this study. They found that the organic and color
removal increased by increasing pH and the US when the
dosage of H,O, was <0.1 mL/L. Kumar et al. [15] treated the
desizing wastewater by using coagulant with and without
catalytic thermal treatment. Without catalytic thermal treat-
ment, maximum chemical oxygen demand (COD) removal
of 58% was achieved by using 5 g/L of commercial alum at a
pH of 4. At the same coagulant dose and pH, COD removal
of 88% was achieved with catalytic thermal pretreatment
desizing wastewater. Magdum et al. [16] degraded the poly-
vinyl alcohol-containing textile desizing wastewater by aer-
obic treatment. They achieved 80%-90% of COD removal at
the aeration of 16 L/min/L, stirring speed of 150 rpm and
hydraulic retention time of 2 d. These technologies have

encountered restrictions due to high operational cost, lower
treatment efficiency and high sludge production [13].

Anaerobic pretreatment is an established technology
in industries treating effluent with high organic loads, par-
ticularly in the beverage and food industry [17]. Anaerobic
pretreatment of desizing wastewater can reduce the energy
demand as well as the sludge production of subsequent
aerobic treatment and also produce energy in the form of
biogas. Desizing wastewater is a potential source for renew-
able energy production as it contains a high concentration
of biodegradable substances. Very few studies have been
conducted on anaerobic digestion of desizing wastewater
[13,18-21], most of which are based on lab-scale reactors. In
Germany, there is one plant known for the pre-treatment of
desizing liquor at an industrial scale [22]. In Pakistan, so far
no anaerobic treatment has been used for the treatment of
real desizing wastewater.

In this study, anaerobic moving bed bioreactor (An-MBBR)
plant was chosen because in An-MBBR biofilm develops on
media retained in the system, utilizing the whole volume of
the reactor and no sludge wasted [23]. A pilot-scale An-MBBR
plant was commissioned for the treatment of real desizing
wastewater at Kohinoor Mills Limited Kasur, Pakistan. In
this textile industry, almost 60% of the total COD load is gen-
erated from the desizing unit. The pilot treatment plant was
designed, manufactured, shipped and operated under the
InoCottonGROW project (Innovative impulses reducing the
water footprint of the global cotton-textile industry towards
the UN Sustainable Development Goals) funded by the
German Ministry of Education and Research (BMBF). This
study aimed to investigate the performance of an anaerobic
MBBR in terms of COD removal and biogas production of
desizing wastewater under on-site conditions in Pakistan.

2. Materials and methods
2.1. Experimental setup

The process flow diagram of the pilot-scale An-MBBR
is shown in Fig. 1. The containerized plant was manufac-
tured by A3 Water Solutions GmbH, Germany. The anaer-
obic reactor having a volume of 1,400 L was used for the
treatment of desizing wastewater and subsequent produc-
tion of bioenergy. The system was operated from 21* June
2018 (day 1) to 26 October 2018 (day 122) at Kohinoor Mills
Limited Kasur, Pakistan. Wastewater for the anaerobic plant
was collected in a container from a drain near the desizing
wash boxes and transported to the pilot plant. After over-
night cooling, wastewater was filled through a bag filter
(pore size of 250 um) into the feed tank by using a transfer
pump (Drum pump Lutz B2 Vario, Germany). A mechanical
stirrer was provided in the feed tank to ensure the unifor-
mity of constituents. With an adjustable peristaltic pump
(Peristaltic, Series MP2-R, Germany), wastewater was con-
tinuously pumped into the An-MBBR.

Plastic carrier (Pearl®, EvU - Innovative Umwelttechnik
GmbH, Germany) having a specific surface area and den-
sity of 700 m?*/m® and 0.98 g/cm?, respectively was used as
a carrier material for the growth of biofilm. Wastewater and
carrier material were mixed inside the bioreactor with a dou-
ble impeller mixer rotating at 70 rpm. A progressive cavity
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Fig. 1. Process flow diagram of anaerobic moving bed bioreactor.

pump (Cole-Parmer MD 025-6L, Germany) was used for
the recirculation of the wastewater from top to the bottom
of the bioreactor at a flow rate of 150 L/h. Recirculation was
provided for the proper mixing of the influent wastewater
and caustic soda (NaOH) which was used for the pH adjust-
ment of the bioreactor. NaOH was pumped with a peristaltic
pump (Series MP2-R, Italy) connected with the pH sensor of
the recirculation. From the top of the recirculation column,
treated wastewater from anaerobic plant exits by overflow-
ing. Biogas generated from the anaerobic plant was dried by
a gravel filter and stored into a gas bag (BioGas Backpack, (B)
energy GmbH, Germany) having a volume of 1,200 L. Once
the biogas bag filled, it was replaced with an empty one and
collected gas was burned in a gas stove. The volume of the
gas generated from the anaerobic plant was measured by the
gas flow meter (G4-RF1, Germany).

2.2. Startup and operation of the reactor

For a startup, the anaerobic MBBR was inoculated with a
sieved and filtered emulsion of cow dung and tap water. For
this purpose, 75 kg of the cow dung was used as a source of
bacteria because no anaerobic sludge was available. During
the inoculation period of 20 d, the anaerobic plant was not fed
continuously with desizing wastewater. During this period,
organic acid production and COD reduction started within
2 d and no biogas production was observed before 16 d, indi-
cating methanogenesis had not started yet. The initial biogas
production started on day 16 which increased quickly from 9
to 66 L/d within 4 d.

Continuous feeding was initiated as soon as a signifi-
cant amount of biogas production was observed. It was per-
formed from day 21 to 122 of the operation. Table 1 shows the
operating conditions of anaerobic MBBR during continuous
operation.

Cavity Pump 'g Effluent
Pump Effluent
A - sam;')ling
N Tank ROt
Bioreactor

sampling point

2.3. Characteristics of wastewater

During the study period, Kohinoor Mills was using two
types of desizing processes (oxidative and enzymatic desiz-
ing). Out of which 80% of the produced fabric was oxidative
desized while the remaining 20% was enzymatic desizied.
Characteristics of textile wastewater had been changing
day to day or even hour to hour because of the application
of different types and composition of sizing and desizing
chemicals for the various types of fabric. So, the constituent
characterization was very difficult. The measured desizing
wastewater characteristics are listed in Table 2.

The high COD is mainly caused by sizing agents.
The surfactants used for washing off the sizing agents can
have a toxic effect on the anaerobic bacteria [24]. The high
sulfate concentration was due to the use of sodium peroxydi-
sulfate for oxidative desizing. This is of relevance as sulfate
is converted to hydrogen sulfide which has the potential to
inhibit the anaerobic process.

Table 1
Anaerobic MBBR operating conditions during continuous
operation

Time (d) Average OLR  Media filling Mixing ratio

(kgCOD/m?®/d) (% of reactor

volume)

21-50 0.58 20 Mixing 20 s after
51-66 0.96 every 20 min
67-76 0.72 Mixing 20 s after
77-110 1.07 35 every 24 h
111-122  0.70
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Table 2
Characteristics of desizing wastewater

Parameters Range Average
COD, mg/L 8,500-20,000 14,250.0
pH 9.8-12.0 10.9
Sulfate, mg/L 600-1,300 950.0
Temperature, °C 75-88 81.5
Total nitrogen, mg/L 41-212 126.5
Total phosphorus, mg/L 6.4-17.2 11.8

2.4. Analytical methods

COD, organic acid, pH, oxidation-reduction potential
(ORP), biogas production and temperature were the param-
eters tested daily and nitrogen (TN), phosphorus (TP), and
sulfate (SO2) were measured intermittently. pH, ORP and
temperature were measured by using a portable multipa-
rameter meter (HI98194, Hanna, USA). COD, organic acid,
nitrogen, phosphorus, and sulfate were measured by using
a portable spectrophotometer (DR1900, Hach, USA) and Dry
Thermostat (LT200, Hach, USA) was used for heating and
special digestion of the samples.

The volume of biogas generated from the bioreactor was
measured by the gas meter (G4-RF1, Germany) and biogas
composition was analyzed with the biogas analyzer (Geotech
Biogas 5000 Gas Analyzer, UK). For the test of pH, ORP and
temperature, samples were taken from the influent, effluent
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Fig. 2. (a) Temperature and (b) pH in influent and effluent.

and the recirculation of the bioreactor. COD was measured
from both influent and effluent samples. Organic acid,
nitrogen, and phosphorus were measured in the recircula-
tion samples and sulfate was only measured in the influent
samples.

3. Results and discussion
3.1. Influent and effluent characteristics

As compared to aerobic treatment, anaerobic treatment
is highly sensitive to environmental conditions such as tem-
perature, pH and ORP. The optimum temperature for anaer-
obic mesophilic treatment is 35°C [25]. The anaerobic MBBR
was operated under ambient temperature and no additional
heating was provided to the bioreactor. Fig. 2a shows the
wastewater temperature in influent and effluent. The first
20 d was the inoculation period of the anaerobic MBBR and
wastewater was not continuously fed into the bioreactor.
During the acclimatization period, only bioreactor param-
eters were tested. Once a significant amount of the biogas
production was observed, continuous feeding of the system
was started from day 21 and all the wastewater samples
(influent and effluent) were tested continuously. The actual
temperature of the fresh wastewater batch was in the range
of 75°C-88°C. The batch was fed into the feed tank when the
temperature reached below 45°C (after 16-20 h of the col-
lection). As depicted in Fig. 2a temperature of the feed tank
was in the range of 27.5°C-40°C and effluent temperature
was in the range of 22°C-36°C (mesophilic range).
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Anaerobic treatment is also affected by the pH of the sys-
tem, which affects the enzymatic activity of bacteria. Fig. 2b
shows the pH of the influent and effluent wastewater sam-
ples. After filling a fresh batch into the feed tank, the high
pH of the wastewater (pH of 10-11) was adjusted to 9.0-9.5
with HCL The pH in the feed tank then gradually dropped to
7.0-7.5 in a few hours due to bacterial activity. To ensure the
continuous feeding to the bioreactor, every fresh batch of the
wastewater was always mixed with the previous wastewater
in the feed tank. Due to this mixing of the fresh wastewater
batch with the remaining wastewater of the feed tank, HCIl
was only used in a few cases. The anaerobic MBBR was oper-
ated at pH 7.7-8.0 and the pH in the bioreactor were main-
tained by NaOH. The optimum pH for the anaerobic reactor
is 6.8-7.2 [26] but the anaerobic process can tolerate pH in the
range of 6.5-8.0 [25]. The bioreactor was operated at slightly
higher pH as compared to these optimum value, because at
pH 8.0, H,S and organic acid are expected to have less inhib-
iting effect on the anaerobic process [27].

After startup, the ORP value of the bioreactor was in the
range of -580 to —630 mV which is suitable for the anaero-
bic process and methane-producing bacteria (MPB) because
methanogens need an extremely reducing environment. As
it was reported in the literature that the value of ORP for the
methanogens should be lower than —-400 mV [28].

Fig. 3 shows the COD of the influent and effluent of the
bioreactor. During the study, the transfer tank was filled 25
times with desizing wastewater from the desizing drain of
the bleaching plant and transferred to the feed tank. The
level of the feed tank was maintained above 600 L, as much
as possible, to reduce the mixing of the air with wastewa-
ter in the feed tank and for the continuous supply of the
wastewater to the bioreactor. Due to bacterial activity in the
feed tank, the COD in the feed tank dropped with time. As
shown in Fig. 3, the COD of the feed tank varied from 4,200-
16,000 mg/L while it was in the range of 2,200-8,000 mg/L in
the effluent. Approximately 50% of average COD removal
was achieved as shown in Fig. 4. The nature of the wastewa-
ter coming from the textile industry changed day to day or
even hour to hour due to batch-wise processes. Downward
arrows in Fig. 3 shows the days on which a fresh batch of the
wastewater was added into the bioreactor. Sometimes the

—o—InfluentCOD O Effluent COD

18000

12000

€OD (mg/L)

] 20 an &0 B0 100 120
Time (Days)

Fig. 3. COD of the influent and effluent of the An-MBBR.

COD concentration of the existing wastewater in the feed
tank was diluted by the addition of the fresh batch having
a lower COD concentration and sometimes the fresh batch
increased the COD in the feed tank due to its higher COD
concentration.

3.2. Organic (COD) removal efficiency of An-MBBR at different
organic loading rate

Fig. 4 shows the organic loading rate (OLR) to the biore-
actor and organic removal from the bioreactor. The variation
in the OLR was due to the change in COD concentration in
the feed tank as well as the flow rate to the bioreactor. COD
of the feed tank changed due to bacterial activity and the
addition of fresh batch into the existing one. Moreover, the
feeding flow rate was changed to adjust the bioreactor load
according to bacterial activity assessed by the biogas produc-
tion and organic acid concentration (Fig. 5). The vertical lines
in the graph (Fig. 4) show the average OLRs applied to the
bioreactor during continuous feeding.

The An-MBBR was operated with 20% and 35% of the
media filling. The media filling used in this study was based
on the media filling ratio range of 20%-50% as reported in a
previous study [29]. At the time of 20% media filling, aver-
age OLR to the bioreactor was 0.58 and 0.96 kg COD/m?/d
from days 21 to 50 and days 51 to 66, respectively resulting
in average organic removal efficiency of 48% and 59%. At
the time of 35% medial filling, average OLR to the bioreac-
tor was 0.72, 1.07 and 0.7 kg COD/m?*/d from days 67 to 76,
77 to 110 and 111 to 122 respectively, resulting in average
organic removal efficiency of 63%, 50%, and 31%. During
20% media filling, at OLR of 0.58 kg COD/m?d, the bio-
reactor was still in the acclimatization phase, so the COD
removal efficiency was low. However, the removal effi-
ciency increased with time through OLR of 0.96 kg COD/
m®/d. During operation at 35% media filling, organic
removal decreased from 63% to 50% with an increase in
OLR from 0.72 to 1.07 kg COD/m?®/d. The removal contin-
ued to decrease further up to 31%. In the end, reduction in
the influent COD reduced the OLR again to 0.7 kg COD/
m?/d, which led the bioreactor to recover the COD removal
towards an increasing trend near the end of its operation.
It is noteworthy to mention here that being biological, the
anaerobic treatment takes time to adjust to the change in
operating conditions, particularly the OLR. The reduction
in organic removal, in the end, might also be due to the con-
tinuous decrease in the ambient temperature.

3.3. Organic acid and biogas production from anaerobic plant

As shown in Fig. 5, (a) biogas production and (b) organic
acid production were measured to analyze the activity of the
methane-producing and acidifying bacteria and according to
these two parameters, OLR to the bioreactor was adjusted.
On the 33" day, the organic acid concentration increased
to over 1,000 mg/L for the first time, so that the OLR was
reduced by reducing the feed flow rate. Biogas production
also reduced with a reduction in the OLR (as depicted in Fig.
5a). It was expected that the reduction in organic acid concen-
tration would be faster than the decline of the biogas produc-
tion (but the results showed the opposite). When the organic
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Fig. 4. Organic loading rate to the bioreactor and organic removal
efficiency.

acid concentration reached near to 550 mg/L, the potentiom-
eter of the feed pump was set back to the initial level and an
increase in biogas production was observed until a defect of
the feed pump. The feed was stopped for 2 d and during this
time only the bioreactor parameters (organic acid and biogas
production) were tested.

As mentioned earlier, the textile industry was using 2
types of desizing processes (oxidative and enzymatic). The
batch of enzymatic desizing wastewater was collected on
days (54, 58, 77 and 108) and fed to the An-MBBR. Biogas
production results were slightly better when the system was
running with enzymatic desizing wastewater with less sul-
fate content. The specific biogas production was 0.35 m?
gas/kgCODrcmovc 4 (measured by the total biogas production
during the pilot plant operation divided by the total COD
removed). As compared to enzymatic desizing, oxidative
desizing has higher sulfate concentration in wastewater due
to the use of hydrogen peroxide or sodium peroxidisulfate as
an oxidative desizing agent. Biogas production rose quickly
from 9 to 150 L/d within a few days. From day 1 to day 65
anaerobic MBBR was operated with 20% of the volume fill-
ing with carrier material and on day 66 carrier material was

20% media filled

35% media filled

Biogas (L/day)

Time (Days)

increased up to 35% of the bioreactor volume to increase the
biomass growth. However, there was no sufficient increase
in the biomass which might be due to high shear force
caused by the mixer which could inhibit the bacteria from
immobilizing on the carrier that was also confirmed by the
microscopic examination of the carrier. Consequently, the
mixer was set to mix for 20 s every 24 h (previously it was
set to 20 s after every 20 min). After increasing the carrier
material and reducing the mixing ratio, the biogas produc-
tion increased up to 386 L/d then decreased to 234 L/d. The
reason for the sudden decrease in biogas production might
be the increase in the pH (up to 8.5) of the bioreactor during
the night time. Furthermore, a drop in the biogas production
was observed on day 89, probably due to a decrease in the
bioreactor temperature (below 26°C) as the weather cooled
down. Before this, the temperature of the bioreactor was in
the range of 30°C-35°C (Fig. 2). On the same day, organic
acid concentration reached up to 2,400 mg/L, which might
be another reason for the reduction of biogas production.
The flow rate was reduced again to minimize organic acid
accumulation. The gas production did not rise significantly
till the end of the study may be due to the following reasons;
(a) continuous decrease in the influent COD concentration,
(b) decrease in ambient temperature, (c) the domination of
acidifying bacteria and (d) inhibition of methanogenic bac-
teria, both by H,S and surfactants, especially by fatty alcohol
ethoxylates.

3.4. Nutrient concentrations in the An-MMBR process

Nutrients are essential for the microbes for their cell
synthesis and to obtain energy. The minimum demand for
the macronutrients in anaerobic system should be between
350:5:1 (COD:N:P) and 1,000:5:1 (COD:N:P) depending on
the substrate availability [30]. To examine the potential nutri-
ent limitations inside the bioreactor, COD, nitrogen and
phosphorus were measured intermittently from the bioreac-
tor samples. Table 3 shows the COD, nitrogen, and phospho-
rus value with COD:N:P ratio. The ratio of COD:N:P varied
from 129:4:1 to 834:30:1, confirming that the nutrient concen-
trations for the anaerobic bacteria were sufficient.

20% media filled L 35% media filled

I<
— —F3— Organic Acids in Bioreactor

Cirganic acids (mg/fL)

Time (Days)

Fig. 5. (a) Biogas and (b) organic acid production from the bioreactor.
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Table 3
COD, nitrogen, and phosphorus concentrations inside the bio-
reactor

Table 4
Composition of the biogas produced during oxidative and enzy-
matic desizing

Days COD  Total nitrogen Total phosphorus COD:N:P Compound Formula Unit Oxidative Enzymatic
(mg/L) (mg/L) (mg/L) desizing  desizing

8 2,222 65.9 17.19 129:4:1 Methane CH, % 78.7 87.2

22 2,400 964 16.44 146:6:1 Carbon dioxide CO, % 9.6 5.1

30 3,192 127 14.15 226:9:1 Oxygen 0, % 1.3 0.3

35 3,774 139 17.18 219:8:1 Others - % 10.3 75

44 3,348 157 13.3 251:11:1 Hydrogen sulfide H,S Ppm 6,295 2,169

50 3,708 127 10.6 350:12:1

55 4,188 169.4 9.54 440:17:1

60 4914 1754 12.8 384:13:1 The results of this study especially COD removal and

78 4752 158 75 634:21:1 CH, content of biogas is quite similar to the results of

99 6202 212 7 56 830:28:1 full—scale 'anaerobic desizing Wastewater trea.tment Plants

106 7516 1586 8.52 882:18:1 installed in .Gerr'nany. [22]. Whllg the productlon. of bloga}s
i’ and H,S varied in this study. High H,S production in this

113 5,372 197.2 6.44 834:30:1

3.5. Biogas yield and compositions

All of the produced biogas was burned in a gas stove,
indicating a sufficient methane content. For biogas analysis,
biogas samples were taken in gas bags (Devex Multilayer
Foil Gas Bag NDEV31_1, China) from the pilot plant (one
when the system was running with oxidative desizing
wastewater and other when the system was running with
enzymatic desizing wastewater). Table 4 shows the results
of the biogas samples. Analysis confirmed that the biogas
had high methane content, most of the time the textile indus-
try was using oxidative desizing, under such conditions, on
an average 75% of methane content was produced. So the
specific methane production from the anaerobic plant was
026 m? . /kgCOD which is lower than the theoretical

methane’ removed
as

methane production value of 0.35 m? , /kgCOD
previously reported in the literature [31].

The analysis data also confirmed that H,S concentra-
tion in the biogas was very high as provided in Table 4.
H,S (unionized sulfide) is a more toxic form of sulfide for
anaerobic microorganisms that penetrates through the
cell membrane and denatures the proteins or metabolizes
enzymes by the formation of sulfide and limits the activ-
ity of MPB [32]. As it was reported in the literature [32,33],
hydrogen sulfide imposed toxicity to MPB if the level is
above 228 mg/L. H,S production can be mitigated by (i) vary-
ing the operating pH of anaerobic system, (ii) by increasing
the acclimatization period because MPB can tolerate higher
sulfide level (up to 1,000 mg/L) at longer acclimatization
period and (iii) by varying the type of organic substrate [32].
Stoichiometry of the H,S generation due to the presence of
sulfate in desizing wastewater is shown in equation (1) and
(2). For the use of the biogas in combined heat and power
plants, it requires treatment to remove the H,S before being
used to avoid corrosion.

removed

Anaerobic Bacteria

SO’ + Organic Matter S +H,0+CO, (1)

S* +2H" > H,S @)

study significantly inhibited biogas production as compared
to the results of the full-scale study.

4, Conclusions

The pilot-scale anaerobic MBBR (An-MBBR) operated
under on-site conditions in Pakistan showed that despite
relatively short adaptation time of the biomass, the organic
load of the desizing wastewater was significantly reduced
while producing biogas with a high calorific value. This
study results showed that by increasing the percent media
filling in the bioreactor and reducing the frequency of the
mixing, the performance of the bioreactor improved in
terms of organic removal and biogas production. High H,S
formation and possible inhibitory effects of H,S and deter-
gents applied in the desizing process may have contributed
to limit the total organic removal to 50% on an average.
Nevertheless, 0.35 mj  /kgCOD,_  , of specific biogas
production was achieved. The estimated specific methane
production was 0.26 m?  /kgCOD _ _ . The performance
of the bioreactor was also slightly better, in terms of biogas,
CH, and H_S production when the system was running with
enzymatic desizing wastewater which is very low in sulfate.
A cost-benefit analysis of an optimized full-scale anaerobic
MBBR pretreatment plant considering Pakistani investment,
operation, and maintenance costs is needed to demon-
strate that monetary benefits from biogas production (and
energy savings in terms of reduced aeration in a subsequent
activated sludge treatment) warrant its application in the
Pakistani textile sector.
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