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ABSTRACT

Wet storage of bagasse used in the paper pulp industry produces considerable amounts of liquid
wastes that can pollute the environment, particularly in the absence of the suitable treatment. Wastewater
samples were analyzed for chemical oxygen demand (COD), 5-days biological oxygen demand (BODs),
pH, total suspended solids (TSS), ash, nitrogen, phosphorus and microbial counts. Low records of
microflora of ca. 10° cfu ml™ and pH of 4.5 were estimated while concentration of organic substances
was high (COD equals 3472 mg I'). The BODs reached 2700 mgl™ which corresponded to 77.8 % of the
COD value. Nitrogen and phosphorus concentrations were almost 20 and 2 mg I, respectively
representing a poor COD: N: P ratio of 1736: 10: 1. Therefore, the optimal environmental conditions
required for biological wastewater treatment were studied. The activity of microflora in the wastewater
was enhanced which in turn stimulated the biodegradation of organic substances. The percentage of COD
reduction appeared to be depended on the COD: N: P ratio and the pH. Results showed that this ratio
should be modified to be suitable for nutrition and enrichment of microorganisms in the wastewater and
the necessity of addition of 5% activated sludge from wastewater treatment plant as a source of
acclimatized microorganisms. The best results were obtained when the COD: N: P ratio was adjusted to
1017: 16: 4, where the organic matter removal efficiency was 97%. The suspended solids in the effluent
could be reduced to 40.7 mg I, which corresponded to 8.9% of that of the influent. Maintaining the pH
constant within a range of 7 during the treatment resulted in acceleration of the COD reduction i.e 68.2%
reduction after 2 days compared to 33% without pH control. BODs was reduced to 54.9 mg 1. The
addition of a composite bacterial inoculant was efficient for COD reduction, since 80% of the COD was
degraded within one day. However, considering the final COD content, activated sludge appeared to be
more effective. The aerobic treatment of this wastewater would render it suitable to be discharged
without environmental problems. These results show that there is potential for the plant to use such a
treatment for treating its wastewater for discharge or reuse. The final water quality would be acceptable
for dilution and pulp washing applications.

Key words: activated sludge , bagasse, biological wastewater treatment, BODs COD, paper pulp
industry, wet storage.

1. INTRODUCTION period of 3-9 months. During storage, the bagasse

There are 11 facilities of pulp and paper is kept under wet conditions by spraying water
industries in Egypt producing 41 million m® of  over bagasse pile to preserve bagasse quality.
wastewater per year (Ezz, 2003). Thus, discharge Reclamation water, used to recover bagasse from
of such high gquantities without adequate treatment  storage, has a pH of approximately 4 and a
can pollute the environment. Among raw  population of acidogenic bacteria due to the
materials used for paper industry is the sugar cane acidogenic conditions under which bagasse is
bagasse (outer stalk sugarcane). It is the fibre left ~ preserved during storage. This stream also
over after extracting sugar from sugarcane. The  contains suspended organic and inorganic
bagasse obtained from the sugar mill, having 3-4 materials (Hunt and Pretorius, 2000). With the
% residual sugars is stored in the bagasse yard by  everincreasing focus on the environmental issues
wet bulk storage method (Atchison, 1971) for a  and the development of more stringent laws, the
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L MATERIALS AND METHODS

L1 Culture media

Cellulose xgar (Atlzs, 1997) wan esed for
eoumeration of the ccllutytic bacteria, i Iy
composed of (g 1"y (NHL,SO,, 0.5: KHPO,, | 0
KCL 05 MgC)8H0. 05, yeaut extract, 0.5;
ceflubose powder 10; L-sparagiec. 0.5,
0.2 CaLT;, 0.1; agar, 20 and pH 7.0. The plates

umnnmm(o-u|mmr

: peptame, 10: dentrine, 40; agae, 13 and pHl $6)
ad Copek Des Agar (Owoid, 1983) (g 1"
NaNO, 2 KCL 05; magnesium  glycerol
phesphate. 0.5, Fe SO, 001, K SO, 0.35;
wcrose, 10, agae. 12 and pH 6.8) were used The

sl moedium received um:v.s
sreptamycin. M meg
wi' and the pH was 40 tll wn—h
’u-i—hn‘a-l--ndh'-tqu
tsolated bacteria and contained (g 1) peptone, 5;
hoef extract, 5 and pH 7.0,
1.2 Samples

The bugasse wash wastewaier samples were
collected in plastic tanks froen O paper pulp
plant 3t Aswan during 1he wet Momge procest
The process flow diagram is prescated n Figeee
(1) (Covey o al, J006). Acrobs compest (cow
h).d--l-“huhhnﬁy

sumdge was incubated acrobically ke M b o
onidize any organic maner that might be present.
Irmumabitized celly (polyseed. Polybuc corporation,
Belgium) were used for the BOD, test.
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Bacteriology (1994). Colony and cell morphology,
Gram staining and catalase and oxidase reactions
were determined as well.
2.4. COD reduction

Experiments were conducted either in 500-
ml Erlenmeyer flasks or in a double walled glass
column of 14.5 cm diameter and 46.5 cm height
coupled with a pump (L/S Easy-Load Pump
Heads, Model MZ 7518-00 Cole-Parmer) with an
aeration velocity of 2.25 Liters min™. Flasks were
shaken on a rotary shaker (Cole-Parmer, model
51704-25, USA) at 100 rpm and the column was
aerated continuously. At zero time and at every
alternate day for a period of 5 - 17 days, 2.5 ml
were withdrawn for COD analysis. To study the
removal effect of aerobic compost microbial
population and aerobic sludge on COD
degradation, 50 ml of seed aqueous compost
solution filtrate were added to the column
(wastewater initial pH 4.4). After 12 days of
aerobic treatment, 20 ml of seed aerobic sludge
were added and the wastewater was treated for
another 5 days. The effect of phosphorus and
nitrogen addition on COD reduction was
investigated by supplementation of the wastewater
(the initial pH was adjusted to7.3) with NH,CI
(47.69 mg I"") and K,HPO, (33.08 mg I™*) and 5%
(v/v) aerobic sludge. To investigate the influence
of different nutrients concentrations, NH,CI
(23.13 and 76.93 mg 1) and K,HPO, (7.73 and
46.2 mg 1) were added to the wastewater
supplemented with 5% aerobic sludge. The effect
of pH was studied by maintaining the pH at 7.0 by
automatic addition of NaOH and HCI during the
treatment process and initial seed sludge was 5%.
The ability of isolated bacteria to reduce the COD
was monitored using a composite bacterial
inoculant of members of Pseudomonas,
Acinetobacter, Micrococcus, Bacillus, Aeromonas
and 2 unidentified cultures. Cultures were grown
each in 10 ml nutrient broth for 24 h, mixed
together in equal portions, inoculated (5% v/v)
into 120 ml wastewater supplemented with
nitrogen (final conc. 40 mg I™") and phosphorus
(final conc. 8 mg I"") and incubated for 7 days. To
investigate the effect of different sludge
concentrations, 5, 10 and 20 % aerobic sludge
were added to wastewater received the same
nutrients. After 7 days of treatment with the
composite inoculant or 5% sludge, 10 ml of the
wastewater-cell mixture were re-inoculated into
120 ml raw wastewater containing the same
nutrients and incubated for another 7 days. To
examine the ability of natural microflora in
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bagasse wash wastewater for COD reduction,
wastewater supplemented with nitrogen and
phosphorus (initial pH 7.0) was incubated without
addition of any inoculants. All experiments were
carried out at 25 °C. At the end of experiment,
bacterial biomass was measured by centrifugation
at 10000 rpm for 10 min and dried at 105 °C for
12 h.

2.5. Chemical analysis

2.5.1. Determination of chemical oxygen
demand
Chemical oxygen demand (COD) was

measured using the closed reflux, colorimetric
method (APHA, 1992). The tubes and caps were
washed with 20% H,SO, before use. Sample
fractions (2.5 ml) were added into COD glass
tubes and 1.5 ml of digestion solution (10.216 g
K,Cr,0;, 167 ml conc. H,SO4 and 33 g HgSO,
were added to 500 ml distilled water and diluted
to 1000 ml) was added. A volume of 3.5 ml of
sulfuric acid reagent (5.5 g Ag,SO, dissolved in 1
kg conc. H,SO,) was added down inside of tubes.
The tubes were tightly sealed with screw caps,
inverted each several times and placed in a COD
block digester (model RS32, Fisher, Strasburg)
preheated to 150 °C for 2 h. Blank and standard
solutions were treated with the same manner as
well. After digestion, the tubes were allowed to
cool to room temperature and inverted several
times and allowed the solids to settle before
measuring absorbance at 600 nm using
spectrophotometer (Model 6300 Jenway). To
prepare the calibration curve, five standards from
potassium hydrogen phthalate solution with COD
equivalents from 20 to 900 mg O/l were
prepared. The following linear equation was used
to calculate the unknown COD: y=ax+hb. The
COD decrease was calculated by the difference
between the initial COD of bagasse wash
wastewater and the final COD after the biological
treatment as a percentage (Gonzalez et al., 1997).
2.5.2. Measurement of 5-days biological oxygen
demand

Biological oxygen demand (BODs) was
measured according to APHA (1992) using
narrow-mouth BODs bottles (Nirschmann EM,
Germany) with a 300 ml capacity and with glass
stoppers. Using a wide-tip volumetric pipette, the
wastewater samples were added to the bottles.
Polyseed (Polybac corporation, Belgium) was
added at the rate of 1.1 mg seed/bottle. Bottles
were filled with enough dilution water (1 ml each
of phosphate buffer, MgSO,, CaCl, and FeCl;
solutions/l of distilled water). The initial
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dissolved oxygen (DO) level was measured using
a dissolved oxygen meter (model DO 100 series,
Cole-Parmer). The bottles were then tightly sealed
and incubated in the dark at 20 °C for 5 days.
After incubation, the final DO level was measured
and the reduction in the amount of DO during
incubation gave a measure of the BODs. The
following equation was used for calculation:
BODs (mg/l) = (D1-D2) — (B1-B2) f
p
where: D1 = DO of diluted sample immediately after
preparation (mg I™).
D2 = DO of diluted sample after 5 d incubation at
20 °C (mg I™).
P = decimal volumetric fraction of sample used.
B1 = DO of seed control before incubation (mg I™).
B2 = DO of seed control after incubation (mg I'%).
f = ratio of seed in diluted sample to seed in seed
control = (% seed in diluted sample) / (% seed in
seed control).
2.5.3. Nitrogen, phosphorus, ash, TSS and pH
determinations

Total nitrogen was determined by Kjeldahel
method (AOAC, 1995) while analysis of NOs-N
according to Cataldo’s method (Cataldo et al.,
1975). Phosphorus was determined using
photometric method according to AOAC (1995).
Ash content was determined by ignition of oven-
dried (105 °C) samples at 600 °C for 3 hrs in a
temperature-controlled muffle furnace (AOAC,
1995). Measurement of pH was done using a
standard pH glass electrode (Jenway, model 3020,
UK). Total solids (TS) were determined by drying
the sample at 105 °C for 12 h. Total suspended
solids (TSS) were estimated according to APHA
(1999) as follows: a well-mixed sample was
filtered, the residue retained on the filter was
dried to a constant weight at 105 °C and the TSS
was calculated from the following equation: mg/I
TSS = [(A — B) x 1000] / sample ml where A
equals the weight of the filter plus the residue
(mg) and B equals the weight of the filter (mg).

3. RESULTS AND DISCUSSION
3.1.Chemical and microbiological
characterization of bagasse wash wastewater
Table (1) summarizes the chemical and
microbiological analyses of the examined bagasse
wash  wastewater. The  wastewater was
characterized by low pH (4.6 + 0.2). The high
volatile fatty acid concentrations of 500-3500 mg
I and low pH of 4.5-5.5 are among the unique
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characteristics of bagasse wash wastewater
(Chinnaraj and Venkoba, 2006). When bagasse is
received from the sugar mill, it carries around 3-
4% of residual sugars and during the storage these
sugars are converted into organic acids by
anaerobic microbial reactions that take place in
the bagasse piles (Salabar and Maza, 1971). These
organic acids reduce the pH in bagasse pile and
preserve the bagasse quality, and get washed away
during bagasse washing before pulping. Also,
bagasse is stored in the wet condition by
sprinkling the water over the pile to prevent
degradation and fire hazard. The organic acids
present in the pile get oozed out and join the
bagasse wash wastewater and increase the volatile
fatty acids content and reduce pH (Chinnaraj and
Venkoba, 2006). Because of the fundamental
relationship that exists between levels of pH, it
was important to include this parameter in the
standard for industrial effluents. The average
value for chemical oxygen demand (COD) content
recorded up to 2009 (filtered) or 3472 (unfiltered)
mg 1. Low strength wastewaters are those with
COD below 2000 mg I (Kato et al., 1994).

Consequently, the examined bagasse wash
wastewater is considered a high strength
wastewater. The 5-days biological oxygen

demand (BODs) reached 1838 (filtered) and 2700
(non filtered) mg I"* representing a BODs/COD
ratios of 0.92 and 0.78, respectively. The BOD
test is very useful in determining the strength of
industrial wastewater pollutants, in terms of
oxygen that is required when discharged in natural
water courses. It is also greatly useful in assessing
the performance of industrial wastewater
treatment plants. The wastewater produced from
pulp  mill  contains  suspended  solids,
carbohydrates and lignin with COD and BODs of
76000 and 25000 mg I*, respectively (Gray,
1989). Hunt and Pretorius (2000) reported the
following quality parameters of the waste water
produced from bagasse-based pulp and paper mill
(mg I""): total COD, 7775-15775 and TSS, 1024-
5228). Lower values of suspended solids (400-
1000 mg I'") and soluble COD (2000-7000 mg 1™
were recorded by Chinnaraj and Venkoba (2006).
With respect to growth nutrients, the bagasse
wash wastewater contained 20.1 mg I total
nitrogen and 2 mg I* of phosphorus, which
represent a poor COD: N: P ratio of 1004.5: 10:
1.0. No nitrate-N traces could be detected in the
wastewater. The bagasse wash wastewater
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contained 457 mg I™ total suspended solids. The
amount of suspended solids determines the need
for, and design of primary sealing-tanks in plants
employing biological treatment processes. The
numbers of microflora were relatively low (cfu
ml: total aerobic counts, 3.8 x 10° and cellulytic
bacteria, 1.5 x 102). Examination of the colonies
developed on the nutrient agar plates revealed that
the Gram-negative short rods and Gram-positive
spore-forming bacteria predominated other groups
(each 35.3 %). Other groups included yeasts (17.6
%), molds (5.9 %) and Gram-positive cocci (5.9
%) as shown in Table (1).
3.2. Time course of COD reduction in bagasse
wash wastewater

During the first day of treatment, no
remarkable decrease in the COD content was
observed (Table, 2). This might be attributed to
the acidic reaction of the wastewater (pH 4.40 -
4.54). Acidification of a whey-containing
wastewater was found to be the rate limiting step
in the COD reduction ( Kato et al., 1994).
The microbial populations remained almost
without considerable change. As the pH rose
(from 4.54 to 7.24) after 3 days, the microbial
population doubled around 6 times and the COD
content decreased by 76.2% representing 882 mg
COD removed per liter and day. Further treatment
of the wastewater up to 7 days resulted in only
a slight decrease (4.5%) of COD. Re-inoculation
of the column with aerobic sludge led to 9.1%
more COD reduction after 17 days. Up to this
time, 89.8% of the COD was degraded. Aerobic
treatment of bagasse wash wastewater greatly
reduced its carbon content. After the aerobic
treatment, the pH rose to 8.78. However, the COD
decrease continued indicating that this alkaline pH
was not inhibitory to the microorganisms which
were able to digest more carbon. A similar trend
was noticed in experiments on bagasse based pulp
and paper mill carried out by Hunt and Pretorius
(2000) who reported an increase of pH to 9.0
during the aerobic treatment process. This might
be due to the formation of ammonium through the
microbial activities which was not further
oxidized to nitrate probably due to the absence or
inhibition of the nitrifying bacteria since nitrate
was not detected. Chinnaraj and Venkoba (2006)
suggested that the increase in pH and alkalinity
during anaerobic treatment of bagasse wash
wastewater was good indication that most of the
organic compounds were converted into CH, and
CO..
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3.3. Time course of COD reduction in bagasse
wash wastewater after addition of
phosphorus and nitrogen

The calculated COD: N: P ratio in the bagasse
wash wastewater was estimated as 1004.5: 10.1:
1. The ratio required for industrial wastewater
treatment varies, depending on the wastewater
type and the microorganisms used. Ratios of
1000: 13: 1 (malt whisky distilleries; Brown et al.,
1976), 100: 10: 2 (molases; Kargi and Eylisleyen,
1995) and 900: 5: 1.7 (olive mill wastewater; Dirk
et al., 2002) were applied. In the present study,
the ratio was modified through the addition of
12.5 mg I"* nitrogen (total concentration 32.6 mg I’
) and 6 mg I phosphorus (total concentration 8
mg I™") to the wastewater (unfiltered COD: N: P =
1306: 12.3: 3) (filtered = 759.3: 12.3: 3) at initial
pH of 7.3. Such modification accelerated the COD
decrease, where more than 95% of COD reduction
was achieved after 5 days (Table, 3).

This efficiency was 1.3 fold more than that
obtained without addition of nitrogen and
phosphorus. The biomass produced after 5 days
was 0.191 g I"* representing 0.073 g dry cells /g
COD removed. The 5-days biological oxygen
demand (BOD:s) content dropped from initial 2700
mg I* to 148.9 mg I in the effluent, indicating
that the remained COD (188 mg ) in the
supernatant after separation of the cells
represented biodegradable carbon and not
microbial cells. Total suspended solids (TSS)
dropped to 40.7 mg I which corresponded 8.9%
of that of the influent and representing 91.1%
reduction efficiency due to the entrainment and
digestion of solids by the activated sludge. Of
particular significance, is that TSS were reduced
to 1.2% of the initial COD value as was
recommended (less than 10%) for UASB reactors
by Lettinga and Hulshoff (1991). Studies
conducted by Hunt and Pretorius (2000) with
wastewater from bagasse-based pulp and paper
mill showed 93% TSS reduction in an aerobic
reactor and final TSS of ca. 165 mg I which
corresponded to ca. 1.4% of the initial COD.
They suggested that some tertiary treatments
would be required to lower the TSS levels to the
recommended 50 mg I™ for spray applications. All
biological treatment processes employed by
environmental engineers are dependent upon the
reproduction of organisms involved in the
treatment process. In planning wastewater
treatment facilities it becomes important to know
whether the wastewater contains sufficient
quantities of nitrogen and phosphorus for the
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Table (1): Chemical and microbiological characteristics of bagasse wash wastewater.
Average quality parameters Value
I. Chemical parameters (mg I™):
COD (filtered wastewater) 2009.1"
BOD:s (filtered wastewater) 1838
COD (non filtered wastewater) 3472.3"
BOD:s (non filtered wastewater) 2700
Total N (Kjeldahel N) 20.1
Total P 2.0
Nitrate-N 0.0
COD: N: P (COD filtered) 1004.5:10.1: 1.0
COD: N: P (COD non filtered) 1736.2: 10.1: 1.0
Total suspended solids (TSS) 457
Total solids (dry weight) 900
Ash content 175
AFDW™ 725
pH 46+0.2
I1. Microbiological characteristics (cfu ml™):
(100%6): Total aerobic counts 3.8x10°
Gram negative short-rods (35.3%)
Gram positive spore-forming rods (35.3%)
Yeasts (17.6%0)
Molds (5.9%0)
Gram positive cocci (5.9%)
Cellulytic bacteria 1.5 x 102
Yeasts 6.0 x 102
Molds <10
" Mean of 8 samples: ~ Ash free dry weight (a crude measurement of total organic substance).
Table (2): Time course of COD reduction in bagasse wash wastewater * .
COD remained (non filtered) Microbial counts (cfu ml™)
Time mg I % PH | Total aerobic | cellulytic | Yeasts Molds
(days) bacteria bacteria
0 3472.3 (compost addition) 100 4.40 4.0 x 10* 1.2 x 102 1.9x10* <10
1 34501 | 99.4 4.54 3.0x10* 3.6 x 10 <10 <10
3 826.4 | 238 7.24 2.6x10° 2.8x10? <10 12
5 8153 | 235 8.27 2.0 x 10° 5.8 x 10° 6.1 x 10 18
7 650.7 18.7 8.78
12 670.1 (sludge addition) 19.3
15 470.8 136
17 354.3 10.2

*COD non filtered 3472.3 (COD: N: P 1736.2: 10.1: 1.0); total N, 20.1 mg I™*; total P, 2 mg I™.

Table (3): Time course of COD reduction in bagasse wash wastewater after addition of N and P at initial pH of 7.3.
COD (mg I BODs TSS_l pH (rlr\]lof.l) Microbial counts (cfu ml™) Biomass
Time _ _ mgry | (M) g : (g IY)**
Non-filtered Filtered Total Cellulytic
aerobic bacteria
bacteria
0 h 3482.0 (100)* 2025 (100) 2700 457 73 0 9.1 x 10* 4.8x10? -
5 h| 26359 (75.7) - - - - - - - -
20h | 2402.6 (69.0) 1354.7 (66.9) - - - - - - -
26h | 22250 (63.9) 1354.7 (66.9) - - 8.6 0 1.7 x 10° 6.2 x 10° -
46 h . 1354.7 (66.9) . . 9.0 0 1.1 x 107 8.4 x10* -
3d 454.2 (18.3) 336.2 (16.6) - - 9.1 0 2.2x10’ 1.2 x 10° -
4 d| 5502(158) 279.5 (13.8) - - 9.5 0 1.6 x 10’ 1.1x10° -
5d 188.0 (5.4) 216.7 (10.7) 148.9 40.7 9.5 0 9.2x 10 1.2 x 10° 0.191

*Values between brackets are percentages COD remained; total N, 32.6 mg I™*; total P, 8.0 mg I"; COD: N: P = 435.3:
4.1: 1.0 (non filtered); COD: N: P = 253.1: 4.1: 1.0 (filtered); -, not determined.

**Dry weight.
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Table (4): Time course of COD reduction in bagasse wash wastewater as affected by different nitrogen concentrations (26.1,
32.6 and 40.1 mg I"") (initial pH of 6.7).

. . 1
;(rj;r;ws COD (mg I (filtered) oH Bacterial counts (cfu ml™)
Total aerobic bacteria Cellulytic bacteria
26.1 32.6 40.1 261 326 401 26.1 32.6 40.1 26.1 32.6 40.1
N N N NoONN N N N N N N
0 1615 (100) 1597.7 (100) 1580.5(100) | 6.7 67 6.7 | 9.5x10* 95x10" | 9.5x10* 3.3x10° 33x10° | 3.3x10?
1 1619.3 (100.3) 1653.8 (103.5) 1481.1(937) | 81 80 81 6.1 x10" 9.5 x10’ 1.1x108 8.0 x10° 2.4 x10° 4.2 x10°
2 773 (47.9) 980.2 (61.4) 470.7(298) | 83 79 84 2.0 x107 3.7 x107 7.3 x107 1.1 x10° 1.9 x10° 1.9 x10°
3 504.2 (31.2) 240.5 (15.1) 249.6 (15.8) | 8.2 8.5 8.1 1.6 x107 7.9 x107 4.5 x107 2.5 x10° 7.7 x10° 2.9 x10°
4 152.9 (9.5) 295.7 (18.5) 2144 (136) | 86 83 8.3 1.4 x107 2.5 x107 4.3x107 2.6 x10° 6.0 x10° 2.8 x10°
5 116.6 (7.2) 143.9 (9.0) 106.3(6.7) | 89 87 87
6 - 51.3 (3.2) 101.9(65) | 89 88 89

Total phosphorus concentration in all treatments is 8.1 mg I,

Table (5): Time course of COD reduction in bagasse wash wastewater as affected by different phosphorus concentrations (3.7, 8.1
and 12.4 mg I'") (initial pH of 6.7) .

Time AN\ e Bacterial counts (cfu ml™
COD (mg I'") (filtered) pH ( )
(days)
Total aerobic bacteria Cellulytic bacteria
3.7P 8.1P 12.4P 37 81 124 3.7P 8.1P 12.4P 3.7P 8.1P 124 P
P P P
0 2005.7 (100)  1597.7 (100) 1839.1 (100) 6.7 6.7 6.7 9.5x10* 9.5x10* 9.5x10* 3.3x10? 3.3x10? 3.3x10°
1 1438.1 (71.7)  1653.8(103.5) 1679.7 (91.3) 807 80 814 | 4.9x10 9.5x107 9.0x107 2.2x10° 2.4x10° 1.4x10°
2 874.5 (43.6) 980.2 (61.4) 522.5 (17.5) 828 7.9 804 | 6.2x107 3.7x107 1.0x108 8.0x10° 1.9x10° 1.4x10°
3 417.2 (20.8) 240.5 (15.1) 351.0 (19.1) 850 847 829 | 2.1x10° 7.9x107 9.6x107 5.5x10° 7.7x10° 2.4x10°
4 439.3 (21.9) 295.7 (18.5) 202.6 (11.0) 883 826 867 | 1.2x108 2.5x107 4.4x107 7.0x10° 6.0x10° 2.1x10°
5 226.6 (11.3) 143.9 (9.0) 118.9 (6.5) 890 873 889
6 110.3 (5.5) 51.3 (3.2) 168.4 (9.2) 891 879 90

Total nitrogen concentration in all treatments is 32.6 mg I,



Table (6): Time course of COD reduction in bagasse wash wastewater after addition of
nitrogen and phosphorus as affected by pH control (constant pH 7)

Time | COD(mgl?) | BODs Microbial counts (cfu ml™) Biomass**
(days) (Filtered) (mg I'")
Total aerobic bacteria | Cellulytic bacteria (g1
0 2035 (100)* 1888 7.7 x 10* 2.1x10° -
1 1818 (89.3) - 4.5x 10’ 45x10° -
2 648 (31.8) - 5.6 x 10’ 1.4 x 10° -
3 193.6 (9.5) - 7.9x 10° 7.5 x 10* -
4 154.1 (7.6) - - 7.5 x 10* -
5 59.3 (2.9) 54.9 1.8 x 10° 1.0 x 10° 0.3

*Values between brackets are percentages of COD remained; total N, 32.6 mg I'%; total P, 8.0 mg I';;
COD: N: P=254.4: 41: 1 ; **Dry weight

Table (7): Morphological and biochemical characteristics of bacterial cultures isolated during
biological treatment of bagasse wash wastewater

Isolat | lIsolate | colony | Motilit | Catalas | Oxidas Glucose Proposed genus
eNo. | dfrom | cojor y e e Oxidative | Fermentative
Gram negative short rods
1 Cel. plates Gray + + + - -
2 Cel. plates | Colorless + + + - -
3 Cel. plates Colorless + + + + -
4 Cel. plates | Colorless + + + + -
5 Cel. plates | Colorless + + + - -
6 Cel. plates | Colorless + + + - -
7 TC Gray + + + + _
8 TC Gray + + + + -
9 TC Colorless + + + - + Aeromonas™
10 TC Gray + + + R
11 TC Colorless + + + + + (gas)
12 TC Colorless - + - + +
13 TC Colorless - + - - -
Gram negative non-spore-forming thin long rods
14 Cel. plates | Colorless + + + - -
15 Cel. plates | Colorless + + + + -
16 TC Gray + + - - -
17 TC Gray + + - -
18 TC Colorless + + + - -
Gram positive spore-forming rods
19 TC + + + + + Bacillus**
Gram positive coccus-shaped cells
20 TC - + - + + Micrococcus**
*
Gram positive oval-shaped cells
21 TC + - + I -
Morphological Identification of Pseudomonas Identification of Acinetobacter
and biochemical Characteristics of isolates Characteristics of isolates
tests 3 4 7 8 12 13
Cell shape rods rods rods rods coccobacilli coccobacilli
Motility + + + + - -
O, requirement aerobic aerobic aerobic aerobic aerobic aerobic
Oxidase test + + + + - -
OJ/F glucose test +/- +/- +/- +/- +- -/-
Gelatin hydrolysis + + + + - -
NOjs™ reduction + + + + - -
Starch hydrolysis - - - - nd nd
Indol from - -
tryptophan - -
Acid from glucose + +
Citrate utilization

(+), positive result; (-), negative result; +, weak result; nd, not determined; TC, total aerobic counts plates; rod-shaped cells are straight rods.
*Mannitol (+); arginin dihydrolase (+); urease (-); gelatin hydrolysis (+); NO3™ reduction (+).

**Gelatin hydrolysis (+); starch hydrolysis (+); casein hydrolysis (+); acetyl methyl carbinol (+); citrate utilization (+).

***NOj" reduction (+); arginin hydrolysis (-); 7.5% NaCl not required for growth.
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negative rod shaped (solates were fonnd 10 belong
10 the genus Presdomonar. Two (15.4 %) isolates
could be identified as Acivershacter. One bnlate
belonged 1o the genus Aeromonsss. Cram positive
spore-forming rods (mainly Hucillus) and Gram
positive  coccusshaped  cells  (mainly
Microcnocw ) were isolated in low frequencien.

Reictlin, Aem-vm and 2 umidentified cultures.
The ascroaryanisms, when grown i pure cultines
ulilioe the e substrate comtituenis, while in
mived culture differemt conutituents sre used by
cuch canclidate.  permitiing & stable  and
complemnentary active popalation, Twe whseguent
wocilation runs wers  conducted In the maw
wastewater. In the 1ot mig e inoculant wis
efficient in the COD reduction, since co 80% of
the COD wan degraded within | day (Tuble, ¥)
Howeves, this Imogulunt did not scheve the
desimahle COD tadwction alor 6 days, since v
1% of the COD  crntent remained.  Re-
Inoculstion Clind rwa) of the growing celly meo
maw wasiewaser nesulied in | - 3% mare COD
reduction and the reduction efficiency increused
10 e VTN I s supposed that the re-inoculuted
cells are mare acclimatined and consequensly
were more efficient.
A8, Effect of sctivated sludge concentration an
the COD reduction efficlency

Ta velect \he most appropeiate shudge guantity,
theve concentrations were tested 1o 5, )0 wad
2% The bighest COD reductions efMiciencies
were obsetved  with 5% aludge (Tablo, )
However, afler 6 days uf testment, 8 positive
correlation between sludye concentration and the
persentage of decreme was obtained (Figure, ),
Re-lnoculation of the grown cells into fresh
Wwastewaser had oo remarkable effoct on the COD
reduction efficiency. Activated shadge appeared 10
be muove effective (97.5% COD reduction after 6
days) than the woluted composite  inoculum
(L0 NS

Wastewater incubated without the additlon of
wry inoculants had a poor degradation activity
towatdh COD. The COD decreused slowly anl the
reduction efficlency estimated aller 6 dayx was
12 -3 fold  lower than that with sludge or
bacterinl inoculat  (Table§), indicating  the
necessity of the  addition of scclimatized

isiem,

Finally, it could be concluded that the acrobic
treatment of the bagasse wash wastewater might
sicoossfully roduce the orgasic load w0 a
mirimum extent (mg | COD, 10.8; BOD,, 549
od TSS, 407 reduction cfficiencies
af 994, 971 and Y1 1% reapectively ) which
guanunted u substantially parified effuent, it i
strangly recommended (o adopt the COD: N P
mtlo of 1017 16: 4 to secure the proper treatment.
The US Environmental Protection Agency (HPA,
10U8)  dentified best” fucitities oo a BOD
performance criteria of achieving & 95% BOD
ceduction o u BOD efffuent Jevel of 40 myg 1"
Accarding o the Egyplinn guidolines (1994), the
dischirge criterla were (mg [ BOD,, 60; COD,
100 and TSS, M. Waslewater genersted from
bugmse washing and from the buganse yand
having relatively high COD when compared to
her wistewsier from bloach plant und paper
wachine, can be teated by snacrobic pricess
fllowed by scthvated  sludge precess.  The

bic slage b oredited for g most of
the COD while producing smaller quantities of
sludge than equivalant aerobic syvhenis, while the
serobse arage s capable of more complete COD
reduction. Another advantage of the serobu over
unserobic trestment ls the conversion of peganic
compeunds 1o CO;  whose  global  warming
potential is 21 thmex bews than CH(IPCCC, m.x
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Table (8): Time course of COD reduction in bagasse wash wastewater using composite bacterial
inoculant or different sludge concentrations (initial pH 7)

COD (mg I") (Filtered)

Time (hours or Cbompo_sitle Sludge (%) Witht?:(ftzll’l}lglgle or
days) inﬁ?gﬁt > 10 20 inoculation

1% inoculation run: -
0 1829.1 (100) 1725.2 (100) | 1806.8 (100) | 1886.1 (100) | 1934.3 (100)
17 hour 368 (20.1) 447.9 (26) 672.1(37.2) | 716.7 (38) 1108.4 (57.3)
26 hour 381.7 (20.9) 290.8 (16.9) | 623.3(34.5) | 805.4 (42.7) 723.4 (37.4)
42 hour 326.5 (17.9) 203.3(11.8) | 616.1(34.1) | 386.7 (20.5) 524.2 (27.1)
50 hour 247 (13.5) 168.7 (9.8) | 272.8(15.1) | 452.7 (24) 729.2 (37.7)
3 days 247 (13.5) 61.6 (3.6) 209.6 (11.6) | 173.5(9.2) 468.1 (24.2)
4 days - - 65.0 (3.6) 62.2 (3.3) 512.6 (26.5)
6 days 167.6 (9.2) 43.3(2.5) - 11.3 (0.6) 433.3 (22.4)
7 days - 32.9 (1.9) 10.8 (0.6) - 272.7 (14.1)

2" inoculation run:
0

1886.6 (100)

1802.8 (100)

1day 469.7 (24.9) 403.8 (22.4)
2 days 277.3 (14.7) 248.8 (13.8)
3 days 150.9 (8.0) 176.7 (9.8)
4 days 84.9 (4.5) 155.0 (8.6)
5 days 113.2 (6.0) 72.1 (4.0)
6 days 58.5 (3.1) 45.1 (2.5)
7 days - 45.1 (2.5)

Values between brackets are percentages of remained COD; total N, 40 mg 1™ and total P, 8 mg I™.
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