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ABSTRACT

The performance of UASB (Up-flow Anaerobic Sludge Blanket) reactor was investigated in the present study for
treatment of flax retting wastewater. Batch and continuous experiments on a pilot scale were designed. The initial seed
for granules (bacteria acclimation) formed earlier was from municipal sewage treatment plant with VSS of 18 - 20 g/L.
Batch experiments proved that the sludge retention time (SRT) was 77 days. Under steady state conditions, continuous
experiments were conducted at organic loading rates (OLRs) in the range of 1.2 to 8.6 kg CODs m°-d"', where the hy-
draulic retention time (HRT) decreased from 72 to 12 hrs. The results proved that the UASB technology provides good
COD removal efficiency from 64.5% to 90.5% as COD loading rate decreased and good biogas production at proper

food: micro-organism (F:M) ratios.
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1. Introduction

Anaerobic treatment is now becoming a popular and an
established process in wastewater treatment practice since
1980’s, because of its effectiveness in treating low and
high strength wastewater and because of its economic ad-
vantages [1].

The upflow anaerobic sludge blanket (UASB) reactor
seems to be the most promising for wastewater treatment.
UASB reactor was used in the late of seventies for treat-
ing wastewater from sugar refining, breweries and bev-
erage industry, distilleries and fermentation industry,
food industry and pulp and paper industry [2].

The process is performed in one reactor; no support
medium is required for attachment of the biomass which
decreases the capital cost and minimizes the possibility
of plugging. The energy requirement is also small be-
cause there is no mechanical mixing within the reactor,
no recirculation of sludge and effluent. Gentle recircula-
tion of effluent is required to dilute too strong wastes and
to ensure proper hydraulic conditions within the reactor.
Other advantages of the UASB reactor are related to the
properties of anaerobic granules [3,4]. Microbial granu-
lation involves different trophic bacterial groups, and
physico-chemical and microbiological interactions [5].
Sludge granules are dense, multi-species, microbial com-
munities, and none of the individual species in the gra-
nular ecosystem is capable of degrading complex organic
wastes [6,7].
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In water-retting, a variety of anaerobic bacteria is pre-
sent and is considered as the primary agents responsible
for fiber release. Several species of bacteria have been
identified and investigated during retting process, of which
spore-forming Clostridium spp. have been shown to con-
tribute considerably to pectin-degrading activity and, there-
fore, retting. It is suspected that sources for retting bacte-
ria are adhering soil particles, stem dust, air, and water.
Bacterial floras are generally similar in various investi-
gations [8,9]. Despite the broad knowledge and practical
experience that have been accumulated in previous years
[1], there are still certain aspects of flax retting wastewa-
ter which require further research.

In Tanta factory for Flax and Oil production, El-Ghar-
bia Governorate, Egypt, the flax fiber is bound to outside
of the woody stem then it is impregnated in water at open
or closed rooms. The flax is retted with mesophilic tem-
perature 37°C for 7 - 10 days till pH reaches 4.5 where
fibers are separated from the woody materials by natural
degradation. The retting wastewater is discharged with-
out any treatment to main agricultural drain.

The objective of the present work is to treat the retting
wastewater resulted from the retting processes of flax in
the company by using UASB reactor system, where
treated water will be reused. Determination of the opti-
mum COD loading rates, the optimum hydraulic reten-
tion time, the removal efficiencies of COD, BOD, vola-
tile matters. The amounts of biogas produced with dif-
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ferent COD loading rates are investigated in the present
paper.

2. Materials and Methods
2.1. Experimental Set-up

A laboratory-scale anaerobic sludge blanket bioreactor
(UASB) was used. The experimental set up system is
presented in Figure 1 which consists of: 1) Glass reactor
of about 14 L volume, 45 cm height and 20 cm internal
diameter. The reactor is embedded in a water bath and is
maintained at constant mesophilic temperature (37°C); 2)
Two similar peristaltic pumps, one of them is used for
introducing the feed into the reactor, hence acting as nu-
trient pump, while the other is used for discharging of the
treated wastewater from the reactor, thus acting as har-
vest pump. The harvest pump operates automatically to
maintain the liquid level in the reactor near to the re-
quired value; 3) Level controlling system is used to ad-
just the level of the liquid in the reactor at the required
value and 4) A temperature controlling system is used to
maintain the operating temperature of the water bath at
the required level.

2.2. Wastewater Characteristics

Grap and composite samples were collected once per
month for four months from open and closed retting rooms
in Tanta Company to characterize the maximum pollu-
tion limits of retting effluents wastewater. The analyzed
parameters were total chemical oxygen demand (COD),
soluble chemical oxygen demand (COD)s, biological oxy-
gen demand (BOD), total suspended solids (SS), phos-
phorus (PO,), ammonia (NH;), hydrogen sulphide (H,S),
oil and grease and pH.

For all experiments the influent and effluent wastewa-
ter were characterized. Analysis of the bed was performed
as TS and VS, and TSS and TVSS at the end of every
experiment. The gas volume was monitored by water
displacement method.

The samples were kept in a refrigerator at 4°C to avoid
pre-digestion, but later, they were fed at room tempera-
ture. All samples were analyzed according to standard me-
thods [10].

2.3. Experimental Schedule

The experiments comprised of three parts; the first part
was concerned with the preparation of seeding sludge,
the second part was related to batch experiments and the
third part was dedicated with the studying of steady state
continuous experiments at different hydraulic retention
times and COD loading rates.

3. Results and Discussions
3.1. Wastewater Characterization

Grap and composite samples of retting wastewater were
characterized and summarized in Table 1 for open and
closed retting rooms. It is remarkable that the wastewater
is characterized by high pollution loads of COD, BOD
and SS when compared with the allowable limits to be
discharged into drain according to the Egyptian law (Law
48/1982 Decree 66, modified by decree 402/2009).

3.2. Preparation of Seed Sludge

The inoculum was flocculent active sludge obtained from
local municipal sewage wastewater treatment plant (Zenin
station).

1. Feed Tank

4. Water Bath

7. System for Gas Collection

2. Peristaltic Pump

5. UASB Reactor

3. Temperature Controller

6. Level probe

Figure 1. Pilot-scale UASB bioreactor.
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Table 1. Characteristics of retting wastewater in grap and composite samples.

Closed Retting Chamber Open Retting Chamber
Law 48/1982
Maximum . Decree 66
Grab Grab Grab Composite Composite  Limits of Grab Grap .M?XImum Modified by
Parameter Sample Sample Sample Sample #4 Sample #5 Composite Sample Sample Limit of Grap
#1 # # P P P #6 #7 Samples  Decree 402/2009
Samples
1 Lab. pH-Value 4.8 4.9 4.7 4.9 5.5 4.9 5.5 4.0 55 6-9
2 Color yellow yellow yellow yellow yellow yellow yellow  yellow yellow colorless
3 Odor retting  retting  retting retting retting retting retting  retting retting odorless
4 Turbidity 86.6 19 31 16 15 86.6 16 15 16 clear
5 COD, mg/L 4085 3574 4415 2362 1150 4415 1560 3995 3995 20
6 BOD-5, mg/L 820 600 259 334 220 820 765 2775 2775 20
7 TDS, mg/L 1876 2196 2140 1668 992 2196 992 234 992 800
8 S.S., mg/L 33 323 22 51 25 323 100 22 100 30
g Oiland Grease, 15 41 10 17 33 41 33 66 66 5
mg/L
10 Ammonia 0.26 0.18 0.68 0.27 0.19 0.68 0.19 1.6 1.6 5
jp  TowlNitrogen, ) g06 16 10 16 213 456 213 30
mg/L
1p Total Phosphorous o5y 5 53 10.57 0.56 10.57 15 6 6 1
mg/L
13 Sulfide (Sz’) 2.0 2.10 1.6 1.9 2.00 2.10 4.00 66 66 1

The seeding inoculum from local municipal sewage
treatment plant was screened through a 0.6-mm sieve to
remove the big debris and fibers before seeding. The
characteristics of inoculum are summarized in Table 2,
the reactor was seeded with 3.25 L of this inoculum. Af-
ter that, the reactor was filled with the diluted retting
wastewater, and then allowed to stand for 7 days as ini-
tial acclimation before start-up. The initial concentration
of the biomass inside the bioreactor was in the range of
18 - 20 g volatile suspended solids (VSS)/L.

3.3. Characteristics of Influents Used During
Start-up, Acclimatization and Operation
Studies

The influent retting wastewater characterization used in
the acclimatization and in batch and continuous treatment
experiments are presented in Table 3.

The characteristics of retting wastewater were fluctu-
ated considerably according to the retting feed stocks, and
operating process conditions and failures in retting sys-
tems.

3.4. Acclimatization and Batch Experiments

UASB reactor of 12 liters operating volume was used.
Ten experiments were investigated. The effect of FRWW
volume (flax retting wastewater) to seed sludge volume
ratio with different retention time was studied. The ana-
lyzed parameters were pH, COD, BOD, TS and VS.
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Table 2. Characteristics of seeding inoculum.

Parameter 1st Analyses 2nd Analyses 3rd Analyses Average
TS, mg/L 4275 4115 4355 4248
VS, mg/L 3315 3175 3400 3297

VS/TS 77.5% 77.1% 78% 77.6%

Biogas was collected and measured for all experiments.

Also during the acclimatization period the pH was kept

constant (6 - 7) as reported in literature [11,12] where the

alkalinity plays an important role in minimizing over
loading effects. The pH of the retting wastewater used
was neutralized by using calcium oxide (CaO).

The operating conditions and the results are presented
in Table 4 and described as follows:

e In the first experiment: 0.250 liters of flax retting
wastewater and 1.75 liters of sewage sludge waste-
water were used, so the total volume was 2 liters, the
rest volume of this reactor was fluid of previous mo-
lasses wastewater treated under anaerobic conditions
one year ago. The temperature was adjusted by using
water bath at a temperature of 37°C. After retention
time of two days, it was noticed that the amount of
biogas produced from the reactor was about 500 mL.
This indicates the response of wastewater to anaero-
bic treatment.

e In the second experiment: the UASB reactor was
fed with about 0.250 liters of flax retting wastewater
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Table 3. Characteristics of influents used during start-up, acclimatization, batch and continuous operations study.

Parameters Run#1 Run#2 Run#3 Run#4 Run#5 Run#6 Run#7
pH 4.79 4.9 4.9 5 49 5 5
COD (mgO,L™) 4085 2362.7 3574 1447 5104 3641 4282
BOD;s (mgO,L ™) 820 350 600 144 630 546

TS (mg-L™) 2857 1716 3134 1037 2795 2043 1233

VS (mg-L™) 1236 796 1449 356.5 1258 1452 520

DS (mg-L™") 2750 1660 2823 980 2592 1856 1130
VDS (mg-L™") 1165 760.3 1251 326.3 1147.5 1290 451.5

SS (mg-L™) 107 56 311 57 203 187 103

VSS (mg-L™) 71 35.7 198 30.2 110.5 162 68.5

Table 4. Stages and anaerobic conditions of the sludge activation and results of analyses.
No. of Exp. Fgfx\i’g"vrﬁ_'/“rglg_e T?ﬁ:g‘gg;s Gas Pﬂa‘lj_“"“"”' pH CODmglL BODmgL TS,mg/lL TV, mg/L

Influent 250:1750 6.9 2363 350 1716 796
: Effluent 2000 2 500 6.0 6120 2447
Influent 250:750 6.9 3421 2150 4230 3122
? Effluent 1000 14 4000 6.9 11606 2750 9024 3430
Influent 500:00 7.0 2363 350 1716 796
3 Effluent 500 7 2325 7.0 8830 1850 8035 2845
Influent 500:0 7.0 2363 350 4840 1870
! Effluent 1000 7 2000 7.0 5630 1123 6825 2465
Influent 1000:0 6.9 2363 350 1716 796
: Effluent 1000 7 2000 7.0 3130 451 3247 1097
Influent 1000:0 7.0 2363 350 1716 796
¢ Effluent 1000 7 1800 7.0 1565 250 3040 1060
Influent 1000:0 4.5 3574 600 3134 1450

7 Effluent 1000 5 1600 7.1 1650 275 2676 689
Influent 1250:0 4.5 3574 600 3134 1450

’ Effluent 1250 5 1800 7.1 620 180 2103 517
Influent 2000:0 4-5 3574 600 3134 1450

’ Effluent 2000 5 2400 7.1 502 156 2027 407
Influent 2000:0 4-5 3574 600 3134 1450

10 Effluent 2000 13 3000 7.1 413 90 1807 323

and 0.75 liters of sewage sludge wastewater (total
volume of the inlet feed was 1 liter). After 14 days
retention time, the gas produced was 4000 mL but the
pollution load in effluent was higher than the influent
due to using of flax retting wastewater, sewage sludge
wastewater and the presence of fluids for previous
anaerobic treatment.

In the third and fourth experiments: the UASB
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reactor was fed with about 0.500 liters of flax retting
wastewater only without the addition of sludge. After
7 days retention time, it was found that the gas pro-
duced was nearly 2.0 liter, which means that the bac-
teria in the reactor were capable to reduce the retting
wastewater loads, and the reduction of pollution loads
after treatment was started but their values did not re-
cord as it were slightly higher than the influent values.
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As proved in experiments three and four, the anaero-
bic bacteria decrease the retting wastewater pollution
loads, so six batch experiments (5 - 10) were carried
out to investigate the effect of retention time and the
influent flow rate of retting wastewater on reducing
pollution loads.

e In experiments (5 and 6): the UASB reactor was fed

with about 1 liter of of flax retting wastewater only
without the addition of sludge as in experiments (3
and 4). The pH was adjusted at 7. After 7 days reten-
tion time, it was found that the gas produced was
about 2.0 liter.
From experiments No. 3 to 6, we observed that the
reactor ended in the start up period and reached the
steady state conditions as proved from the constant
volume of gas production and the stability in reduce-
tion of the pollutants load.

e In experiments (7 - 9): the UASB reactor was fed
with about 1, 1.25 and 2 liters of flax retting waste-
water as it is (without pH adjustment), at constant
retention time of 5 days, the gas production ranged
from 1.6 to 2.4 L.

e In experiment (10): as retention time was 13 days,
the gas production found to be 3 L.

So from experiments 7 to 10 as presented in Table 5,
it is clear that the system became steady and the COD,
BOD and TV removal percentages were in the ranges of
(53.83% - 88.44%), (54.2% - 85%) and (52.5% - 77.8%)
respectively.

The most significant results of the various experiments
listed above are drawn below.

Figure 2 shows the variation of total volatile solids in
effluent stream during the start up of the UASB reactor
and the acclimatization of bacteria. It is remarkable that
the acclimatization period was achieved after 42 days
and the start up period was achieved after 70 - 77 days.

Figure 3 shows the volume of the biogas produced dur-
ing the start up of the UASB and the acclimatization of
bacteria. It is remarkable that the biogas production starts
to increase after 42 days.

3.5. Continuous Operation

At the end of the batch experiments the anaerobic bacte-
ria become active and the UASB reactor reached the
steady state, so continuous experiments were investigated
for three months, where the feed was introduced con-
tinuously at the bottom of the reactor in the central lower
part of the bed by using a peristaltic pump acting as nu-
trient pump. The effluent overflowed from the top of the
reactor into effluent collector so the liquid in the reactor
remained at constant level. The biogas generated flows
continuously through the gas line fixed in the head of the
reactor, and then collected in the measuring jar. The

Copyright © 2012 SciRes.

temperature was maintained during all experiments at 37°C.
The reactor was maintained at strict anaerobic conditions
and the performance of the reactor was continuously moni-
tored. Hydraulic retention time remained constant during
each stage until reaching the steady-state. The attainment
of the steady state was verified after an initial period (three
times the hydraulic retention time) by checking whether
the constant effluent characteristic values were the mean
of the last measurements in each stage.

The studied parameters were 1) the effect of hydraulic
retention time on COD loading rate and on COD removal
percentage; 2) the effect of COD loading rate on COD
and BOD removal; 3) the effect of COD loading rate on
gas production rate; 4) the effect of COD loading rate on
bed characteristics; and 5) the effect of food to microor-
ganism ratio on the removal efficiency of COD.

3.5.1. Effect of Hydraulic Retention Time on COD
Loading Rate and on Treatment Efficiency

The initial COD concentration was kept constant at 3574

mg/L, while the hydraulic retention time HRT reduced

step wise from 72 hr to 12 hr over seven steps.

From Figures 4 and 5 the efficiency of substrate re-
moval is a function of the hydraulic retention time and
concomitant with the organic loading rate as reported in
literature [13].

3.5.2. Effect of COD Loading Rate on Treatment
Efficiency

The COD and BOD removal efficiencies at different
loading rate were studied and presented in Figure 6. The
maximum COD removal efficiency was 90% when the
reactor was operated at COD loading rate of 1.2 kg COD/
m’-d. Whereas the COD removal efficiency did not ex-
ceed 65% as COD loading rate increased to 9 kg COD/
m’-d. These results are in good agreement with Jun Liu et
al. [14] who treated flax retting wastewater. They proved
that the COD removal efficiency was 92% at OLR 4 kg
COD/m’-d and the COD removal efficiency was 76% at
ORL 14 kg COD/m’-d.

Under similar operating conditions the BOD removal
efficiency was higher than 75% for all COD loading rate
during experimental work as shown in Figure 6, and the
maximum BOD removal efficiency was 95% when the
reactor was operated at COD loading rate of 1.2 kg COD/
m’-d.

It is noticeable that the COD and BOD removal effi-
ciencies were considered linear to COD loading rate as
illustrated by the scatter plot in Figure 6. The R? are 0.9
and 0.91 for COD and BOD removal, respectively. Fig-
ure 6 shows close relation between the COD loading rate
and COD, BOD removal. Also, from the regression
equation the COD loading rate could be predicted from
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Figure 2. Total volatile solids in the effluent stream through start-up of the system and acclimatization of the bacterial flora.
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Figure 3. Volume of gas produced during start-up of the system and acclimatization of the bacterial flora.
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Figure 6. Effect of COD loading rate on the treatment.

the percent of COD or BOD removal or vice versa.

3.5.3. Effect of COD Loading Rate on Gas Production
Rate

The gas production rate increased with increasing of the
COD loading rate (1.2 to 8.6 kg COD/m’-d) as shown in
Figure 7. The increase in gas production rate by increas-
ing the COD loading rate is mainly due to the increase in
the active organic matter available for digestion per unit
time.

3.5.4. Effect of COD Loading Rate on Bed
Characteristics

The bio-solids inside the UASB reactor can be either in
granular or flocculent form. Granulation of biosolids is
indicative of successful start-up of the process. The granu-
lar form of the sludge offers various engineering advan-
tages over the flocculent form, such as, the high solid
retention time due to its excellent settling property, pro-
viding maximum microorganisms to space ratio, and
application of higher loading rates as compared to UASB

Copyright © 2012 SciRes.
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Figure 7. Effect of COD loading rate on gas production
rate.

reactor with flocculent sludge. Hence, characteristics of
the sludge developed are of vital importance for maxi-
mizing advantages of this reactor, and affecting the pro-
cess economy.

Although, granule properties depend on the wastewa-
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ter type, in order to exercise a better control on the sludge
granulation for favorable wastewaters, it is necessary to
understand how operating conditions influence the sludge
characteristics. So far, little emphasis has been given on
the characteristics of the sludge developed under differ-
ent COD loading rates. In the present work, an attempt is
made to evaluate the effects of COD loading rates ap-
plied on characteristics of the sludge developed in the
UASB reactor. The favorable range of loading conditions
is assessed to develop sludge with good characteristics,
and hence, to obtain maximum chemical oxygen demand
(COD) removal efficiency. The sludge properties tested
under different loading rates are volatile suspended solids
(VSS) and total suspended solids (TSS).

During the study, the sludge bed (VSS) concentration
increased from the initial value of 19 g/L (1.9%) to 33
g/L (3.3%) by increasing the COD loading rate from 1.2
to 8.6 kg COD /m’-day; Figure 8 illustrates the obtained
results for the sludge properties tested under different
COD loading rates, where at steady state the bed concen-
tration increased with increasing of the COD loading
rate.

3.5.5. The Effect of Food to Microorganisms (F/M)
Ratio on the Efficiency of COD Removal

The F:M ratio can be used as a parameter for treatment
performance evaluation of UASB reactor. For flax retting
wastewater, excellent COD reduction and biogas produc-
tion were achievable at the F:M ratio of 0.3 kg COD/kg
VSS/d (more than 60% of feed COD was removed and
1.96 m*/m*-d. of biogas was produced).

Figure 9 illustrates that the removal of COD from
wastewater was at all F/M ratio as in the range of study
(re-duction of COD) moderate and decreased gradually,
because operation occurred at F/M ratio, which obeys the
declined curve due to over loading, and at F/M higher
than 0.3 (COD loading rate > 9 kg/m’-d) a sharp decrease
in efficiency was noticed as illustrated in Figure 9. Thus
at F/M > 0.3 the biomass is not sufficient for reduction of
COD.

4. Conclusion

Anaerobic treatment of flax retting wastewater in UASB
reactor was successfully achieved at HRT 16 hours and a

Bed Characteristics
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Figure 8. Effect of COD loading rate on bed characteristics.
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Figure 9. The effect of food to microorganisms (F/M) ratio on the efficiency of COD removal.
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loading rate of 6 kg CODs m>-d"". Due to high sludge
concentrations (18 - 21 g VSS/L.) a long SRT of 77 days
was achieved. The effluent of the UASB reactor needs
further treatment to remove the remaining 10% of COD
and the 25% of BOD.
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