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’
Abstract- The Fez city is an important industrial center of Morocco. Unfortunately, its economic development activities have been accompa-
nied by a pollution caused mainly by oil mills and tanneries which effluents are discharged into the Sebou river. The most dangerous and toxic
pollutant is chromium coming from tanneries, that causes biological and physico-chemical degradation of the aquatic ecosystem of this river.
Faced to this situation, our laboratory has been engaged in looking for a simple method for reducing the pollution parameters of the synthetic
sewage of tanneries by bioaugmentation, using bacterial strains isolated from effluents of Moroccan tanneries. This is the first study that tests
the bacteria Bacillus thuringiensis, Bacillus cereus and Bacillus pumilusses for the elimination of total chromium (Crr) and Chemical oxygen
demand (CODr). The results obtained with bioaugmentation treatment show that the best yields are obtained when decreasing organic con-
centration of the synthetic effluent to a COD+ of 4 g I and the concentrations of bacteria consortium to 4%. The process allowed a highly ef-
fective treatment of synthetic tannery effluent with high purification yields of 95% for CODt and 98% for total chromium with the bacterium

Bacillus thuringiensis.
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Introduction

The Fez city developing industry does not escape the intense phe-
nomena of pollution that results. Fez demographic and industrial
growth faces a problematic of poor sanitation and limited or ab-
sence of infrastructure especially in areas of extension, what affects
in alarming way the environment of the city. Industrial effluents are
discharged directly into the Sebou river without any treatment,
causing degradation of the aquatic ecosystem which is the most
important watershed of the Morocco with a debit of 6.6 billion m3 per
year, a surface of 40,000 km2 and it deserves a 191,000 ha of farm-
land [1]. An annual volume of 120 million m3 of waste water is dis-
charged into the river system with a pollution load of 68 tons / year
in Crr [2]. If one assumes a rate of chromium precipitation of 75%,
this means that 325 kg of chromium from the medina end each day
in Fez rivers and flow directly into the Sebou river [1]. Conventional
methods for removing chromium (V1) ions from wastewater include;
chemical reduction, electrochemical treatment, ion exchange, and
evaporative recovery. Nevertheless, certain drawbacks of these
methods have been noticed, such as high cost, low efficiency, oper-
ational complexity, and other difficulties [3,4] which has urged for an
alternative process.

The use of biological materials, including living and non-living micro
-organisms, in the removal and possibly recovery of toxic or pre-
cious metals from industrial wastes, has gained important credibility
during recent years, because of the good performance and low cost

of these materials. The natural affinity of biological compounds for
metallic elements could contribute to the purification of metal-
loaded wastewater, a fact which has been already proved in many
cases and by many researchers [5,6]. However, despite the exten-
sive literature available on metal-microbial interactions and the
production of Bacillus thuringiensis based biopesticides but little
information exists on treatment of total chromium by bioaugmenta-
tion, by the use of bacteria Bacillus thuringiensis, Bacillus cereus
and Bacillus pumilus. Biological process is a promising technique
for removal of molecules with different physicochemical properties,
since it uses specific microorganisms potentially capable of biodeg-
radation. It is a procedure that improves the yield of treatment in a
purification plant with direct introduction of selected microorgan-
isms, either wild strains or genetically modified [7].

The principle of the biological treatment is based on the degradation
of organic compounds and metals present in the effluent by micro-
organisms (aerobic and / or anaerobic). Those microorganisms
exert on the other hand, a physical effect of organic pollution reten-
tion by gathering it in films or flakes. In bibliography, the treatment
of tannery effluent by bacteria Thiobacillus ferrooxidans,
Staphylococcus aureus and Vibrio sp allows a COD removal of
69%, 80%, and 87.5% and for the disposal of Crr bacteria
Pseudomonas aeruginosa, Acinetobacter sp and hirsutella sp gives
an eliminition of 87%, 90% and 70%, respectively [8]. Bacillus sp.
JDM-2-1 and Staphylococcus capitis could reduce 85% and 81% of
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hexavalent chromium from the industrial effluent [9]. In the policy of
environmental performance of industry, bioaugmentation has
proved effective in reducing sludge production, energy saving for
ventilation and improving the quality of the discharge with reduced
costs [10,11]. The aim of this work is to establish a biological pro-
cess to reduce pollution of synthetic tanneries effluent by bioaug-
mentation, using bacterial strains isolated from effluents of tanner-
ies capable of degrading organic matter and mineral matter in terms
of chromium.

Material and Methods
Purification of the Strains

The strains of bacteria were isolated from effluents of Moroccan
tanneries. The colonies are large (2-7 mm), matt or granular, and
whose form is variable. Once isolated, the strains were purified by
five successive subcultures on the isolation medium (nutrient agar).
The dishes were incubated at 37°C for 24 hours. We have isolated
three strains and identification of purified bacterial strains was per-
formed by means of molecular biology.

Identification of Isolates by Molecular Approach

Isolates were identified by molecular biology techniques. After DNA
extraction and amplification by PCR (Polymerase Chain Reaction),
The tubes containing the reaction mixture are given in the thermo-
cycler. the nucleotide sequence was determined by sequencing at
the National Institute of Hygiene in Rabat-Morocco. The molecular
identification of 16S ribosomal DNA (16S-rDNA) was used exten-
sively in bacterial phylogeny [12] by using universal primers for
bacteria [13], additional to amplified and constant sequences of
variable regions specific to the species. The three bacterial strains
L2, LK1 and B4 were identified after amplification and sequencing
of a fragment of rDNA 16 S. A fragment of a size of 440 bp corre-
sponding to the C-terminal portion of the 16S rDNA was amplified
using the primer pair:

91E (5-TCAAAK [T / G] GAATTGACGGGGGC-3 ).

13B (5-GCCCGGAACGTATTCAC-3").

The amplified products were separated by electrophoresis (1 hour
at7V.cem)in 12 | of amplification mixture on an agarose gel on 2%
and visualized after staining with ethidium bromide. The agarose
gel electrophoresis gives sufficient resolution. The two strands of
DNA amplified by PCR from different bacteria are sequenced by
sequencing at the National Institute of Hygiene in Rabat using the
same primers used in PCR amplification.

Medium Power Reactor

The reactor was powered by a 500 ml of sterile synthetic
wastewater, and incubated in continuous mode, ventilated with a
mini-compressor and continuously stirred by a magnetic bar in
which 2 ml of trace elements are added to one liter of synthetic
medium with 2% and 4% of the 4 g I and 8 g I' of CODr [Table-1].

Then we aseptically added 10 ml of pure young bacterial culture of
24h in nutrient broth of each strain isolated from the effluent of tan-
neries at 2%. A second feeding of the fermenter was carried out
with 20 ml of bacterial culture at 4% [Fig-1]. A control test was per-
formed without adding strain on synthetic medium to evaluate the
effect of aeration and agitation on the degradation of organic sub-
stance. The physico-chemical and bacteriological parameters were
determined every 2, 4, 6, 8 and 24 hours. After preliminary essays,
we chose the treatment by 24 hours due to the best performance of
treatment. The pH of synthetic medium was adjusted to 7 at the

beginning of essays by adding NaOH (0.5 N) or H2SOs(5 N) to
meet the conditions of neutrality.

Table 1- Composition of synthetic tannery effluent

Composition of Synthetic Tannery Effluent Composition of Trace Elements

Glucose 3649l FeCl3,H20 159
(NH4)2SO4 091gH H3BO3 0.15gH
MgS04,7H,0 0.025g I Kl 0.03g
FeS04,7H;0 0.02g1 MnCl,4H,0 0.12g
KH2PO4 0.088 g I NazMO4,H20 0.06 g
K2HPO4 0.09g 1 ZnS04,7H0 0.12gH
Na.COs3 0.066 g I CaClz,6H.0 0.15g
NaHCO3 0.105gH CuS04,5H20 0.03g
CaCl, 0.03g - -
1.86 g I'at a con-
KCrO4 centration of 500 mg -
I total chromium

— B

Fig. 1- Photo of the reactor at laboratory scale
Physicochemical and Microbiological Analysis

The synthetic wastewater of tanneries was conducted by three ki-
netic strains for each question for each kinetic study in fact physico-
chemical and microbiological analyzes that are based primarily on
the determination of total chromium and CODt and bacterial growth.
The samples were taken during treatment every 2, 4, 6, 8 and 24
hours.

Chemical Oxygen Demand (CODr)

The determination of Total Chemical Oxygen Demand CODr was
performed by the method of potassium dichromate. The optical
density of the sample was obtained by a spectrophotometer at a
wavelength of 585 nm. CODr values are measured using a spectro-
photometer type UV/ Visible brand Jenway 6405 [14].

Determination of Total Chromium

Elemental analysis of samples of total chromium was carried out by
plasma emission spectrometry inductively (ICP-AES).

Microbiological Analyzes

These analyzes are based mainly on the determination of microbial
growth before and after the launch of the reactor in every 2, 4, 6.8
and 24 hours.

Statistical Analysis

Due to the partition of observations into classes, we used Factor
Analysis (CVA) which is a descriptive and explanatory statistical
technique, akin to principal component analysis (PCA). This is a
linear analysis which leads to a generalized principal component
analysis on the individual class-centroids [15]. We used the soft-
ware XLStat-Pro Addinsoft leads to a graphical representation
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where, as in PCA, the correlation circle represents the factorial
design with initial observations and other spraying discriminant
classes in the system of factor axes to visualize the quality of dis-
crimination. The study of Correlation Between biomass and the
concentration of total chromium and CODr and directed by excel
2007.

Results and Discussion
Molecular Identification of Isolated Strains

To determine the taxonomic position of some bacteria isolated from
effluents of tanneries, we amplified and sequenced 16S rDNA.
These sequences were compared to sequences of database. The
program used is BLASTN 2.2.14 of the National Center for Biotech-
nology Information (NCBI). The results are as a percentage of iden-
tity [Table-2]. The molecular definition of gender states is that the
homology of the 16S rDNA should be greater than or equal to 97%.

Table 2- Strains identification and percentage of homology

Species % of homologye
BT Bacillus thuringiensis 99%
BP Bacillus pumilus 98%
BC Bacillus cereus 98%

Study of Changes in Bacterial Growth

The effluent to be treated is a synthetic wastewater simulating that
of the tanneries of Fez, whose chemical composition has a mini-
mum concentration of CODr of 4 g 11,

Survival of Strains in Synthetic Effluent at 4 g I of CODr

We determined the evolution of bacterial growth in the bioreactor
over time. The results found are shown in [Fig-2].
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Fig. 2- Change in bacterial growth at 4 g I-' of CODr to 2% (a) and
4% (b) of the bacterial inoculum

The growth of microorganisms in the tannery synthetic effluent was
monitored for 24 hours. The growth of microorganisms is maximum
at T =24 h, especially in the middle with a concentration of 4 g I! of
CODr and 4% of the bacterial strain [Fig-2]. Overall, the inoculation
of Bacillus thuringiensis is the most effective for. The number of
cells at a concentration of 4 g I'of CODt and 2% of the bacterial
strain at To was 24x104 CFU ml', 22x104 CFU ml' and 20x104
CFU ml-, respectively, for Bacillus thuringiensis, Bacillus cereus
and Bacillus pumilus . While at T = 24 h, abundances reached
96x105 CFU ml" for Bacillus thuringiensis higher than that of Bacil-
lus cereus 80x105 CFU ml' and that of Bacillus pumilus 62%105
CFU ml-'. For treatment of synthetic effluent with a concentration of
4 g I of CODr and 4% of the bacterial strain [Fig. 2], bacterial den-
sity at Towas 50x104 CFU ml' for Bacillus thuringiensis, CFU

48x104 ml' for Bacillus cereus and 46x104 CFU ml-' for Bacillus
pumilus. After 24 hours, the growth increased to 200x105 CFU ml,
132x105 CFU ml* and 126x105 CFU ml-! respectively for Bacillus
thuringiensis, Bacillus cereus and Bacillus pumilus.

The growth of these three bacteria in synthetic effluents may be due
to chromate resistance by a chromosomal mutation of the transport
system of sulfate [16]. CrOs2ions can penetrate into cells by the
same carrier enzyme as the SO4% ions: sulfate permease. When the
sulfate transport system is mutated, the sulfate ions cannot pene-
trate, nor chromate ions which can not damage the cell. there will
be in this case a resistant phenotype. This resistance mechanism
has been described in Salmonella typhimurium [16] and Streptomy-
ces coelicolor [17].

Survival of Strains in Synthetic Effluent at 8 g I of CODxy

The change in bacterial growth throughout the reactor operation
during 24 hours shows that the growth of bacteria in a synthetic
effluent concentration of 8 g I of CODy and 2% of the bacterial
strain after 24 hours for Bacillus thuringiensis was 110x105 CFU ml-
1,96x105 CFU ml* for Bacillus cereus and 84x10%5 CFU ml- for
Bacillus pumilus [Fig-3].
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Fig. 3- Variation de la croissance bactérienne a4 g ' de laDCOr a
2% (c) et 4% (d) de la souche bactérienne

While the number of bacteria to 8 g I' of CODt and 4% of the bac-
terial strain increases after 24 hours [Fig-3], it is of 380x105 CFU ml-
1,280%105 CFU ml-" and 250x105 CFU ml-! respectively for Bacillus
thuringiensis, Bacillus cereus and Bacillus pumilus. When inoculat-
ing a fresh culture medium, the cells do not multiply immediately.
This period represents the lag phase. During this phase, bacteria
carry out the synthesis of new cellular components (enzymes, co-
factors, ribosomes beginning of DNA replication, etc.).

The duration of this period is variable and depends on several fac-
tors such as age of the inoculums temperature or the composition
of the new environment. Following this period, the bacteria begin to
multiply. They fall within the exponential phase. During this phase,
the rate of bacterial growth is maximal. The bacteria split at a speed
and at a regular interval. This phase has some features for the
study of microbial species. Indeed, the population is homogeneous
and each cell has almost the same chemical physiological and
properties. The population then reached the stationary phase,
where growth is slower [18]. We can explain this growth to in-
creased organic matter (8 g I'' of CODr) and the bacterial concen-
tration (4% of the bacterial strain) that contribute to a significant
reduction of chromium (VI). Thank to their power and property che-
lating redox, organic matter is a redox active (AHox / AHred EO =
0.7 mV) [19-21].
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Organic Matter Elimination
Study of the Variation in the Concentration of CODr at an Initial
Organic Matter Load of 4 g I

The evolution of CODr depending on the concentration of bacterial
inoculum is shown in [Fig-4].
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Fig. 4- Variation of the concentration of CODr to 4 g I of COD to
2% (a) and 4% (b) of the bacterial strain

The results obtained in the case of an inoculum of 2% showed the
weakest performance since the concentration of CODy after 24
hours of treatment was 600 mg ' for Bacillus thuringiensis, 800 mg
I for Bacillus cereus and 930 mg I! for Bacillus pumilus. Treatment
with 4% of inoculum showed a strong reduction in CODr to 200 mg |
-1, 600 mg I and 830 mg I* respectively for Bacillus thuringiensis,
Bacillus cereus and Bacillus pumilus. From these results, we can
conclude that increasing the concentration of the bacterial strain
promotes the elimination of carbon pollution and that the reduction
of CODr highly depends on the concentration of the bacterial strain.
Indeed, Bacillus thuringiensis was the most performant when the
inoculum doubled, followed by Bacillus cereus and Bacillus pu-
milus.. Therefore, sufficient time is needed for the degradation and
assimilation of organic matter by micro-organisms in aerobic condi-
tions [22,23].

Study of the Variation in the Concentration of CODr at an Initial
Organic Matter Load of 8 g I

Two concentrations of bacteria were tested 2% and 4% at an initial
concentration of CODr of 8 g I'' to study the performances of the
three bacteria on the reduction of the concentration of tanneries
synthetic sewage CODr. The results are shown in [Fig-5].

By increasing the concentration of CODr to 8g I, the elimination of
CODr decreased. The concentration of synthetic sewage CODt of
tanneries to 8 g I" and 2% strain showed a decrease in CODt dur-
ing 24 hours of treatment with bioaugmentation of 8101 mg I to
1400 mg I for Bacillus thuringiensis with an elimination rate of
82.71% from 8056 mg I' to 2000 mg I'' for Bacillus cereus with a
removal rate of 75.17%, and from 8102 to 2400 mg |- with a rate of
elimination of 70.37% for Bacillus pumilus. By contrast, treatment
with a rate of 4% bacteria gave a reduction of CODt of 8010 mg I
to 1200 mg I* with a removal rate of 85% for Bacillus thuringiensis,
to 8000 mg I' to 1600 mg I with a removal rate of 80% for Bacillus
cereus and 8011-1900 mg I* with a removal rate of 76.28% for
Bacillus pumilus. We can explain these results COD~ elimination of
these bacteria by the fact that in the reactor, the organic substance
present in the synthetic sewage is oxidized by bacteria. Breathing
the oxygen produce energy necessary for bacteria that regenerate
stocks of organic substance and grow. The biological removal of

organic substance is related to reabsorption of this substance more
important than the release [24].
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Fig. 5- Variation of the concentration of CODr to 8 g I of CODt to
2% (c) and 4% (d) of the bacterial strain
Comparative Study of the Variation in Removal Rates of CODt

The quality of effluent leaving the reactor after treatment with bio-
augmentation in terms of CODr is summarized in [Fig-6].

120,00%

&~ 100,00%

ue
80,00% - o L i
I
60,00%
40,00%
20,00%
0,00%

4g/L of CODT  4g/L of CODT  8g/L of CODT  8g/L of CODT
and 2% of and 4% of and 2% of and 4% of
bacterial strain  bacterial strain  bacterial strain  bacterial strain
" BT © BC = BP

Percent removal of COD;

Fig. 6- Comparative study of the variation in removal rates of CODt
after 24h of treatment

These results show that the synthetic effluent treated with initial
loads of 8 g I" of CODr and 2% of bacterial inoculum has an aver-
age performance, because the turnover rate in this case did not
exceed respectively 82.7%, 75.17% and 70.37% for Bacillus thurin-
giensis, Bacillus cereus and Bacillus pumilus. However, for treat-
ment with initial loads of 8 g I of CODt and 4% of bacterial inocu-
lum, the rate of reduction of CODr increased significantly and re-
spectively of 85.02%, 80% and 76.28% for Bacillus thuringiensis,
Bacillus cereus and Bacillus pumilus. With culture conditions of 4 g |
-1 of CODr and 2% of bacterial inoculum, the rate of elimination for
Bacillus thuringiensis is 85.2%, 80.34% for Bacillus cereus and
77.2% for Bacillus pumilus. The highest removal rates in the CODt
are recorded in the treatment of a synthetic sewage of 4 g I! of
CODrand 4% of the bacterial strain. They are 95.14%, 85.4% and
78.55% for Bacillus thuringiensis, Bacillus cereus and Bacillus pu-
milus. Since the effluent treatment at 4 g I-* of CODr and 4% of the
bacterial strain is marked by a higher reduction of the CODt com-
pared to 8 g I. The introduction of a high concentration of CODt
does not improve the reduction. The increase in CODrcan cause
high bacterial growth which can lead to competition between micro-
organisms that can lead to decreased activity of the population
reducing chromium.
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From these results, we can conclude that the increase of bacterial
inoculum, the decrease of the tanneries synthetic sewage CODt
and the duration of the treatment promote the elimination of carbon
pollution, in other words, these data show that abatement of COD+
is highly dependent on the concentration of bacteria, organic sub-
stance (CODr) as well as processing time. In fact, enough time is
needed for the degradation and assimilation of organic matter by
micro-organisms in aerobic conditions [22,23].

Study of the Variation in the Concentration of Total Chromium

Study of the Change in Total Chromium Concentration for a
Load of 4 g I of COD1

In the reactor inlet, the concentration of total chromium is 1000 mg |-
1 for the concentration of tanneries effluent of 4 g I-* of COD1, 2%
and 4% of the strains. At the exit of the reactor, the concentration of
synthetic sewage at a concentration of 4 g I of CODt and 2% of
bacterial inoculum is 150 mg I, 178 mg I* and 200 mg I respec-
tively for Bacillus thuringiensis, Bacillus cereus and Bacillus pu-
milus, as shown in [Fig-7].

After the increase of the bacterial inoculum to 4%, the concentration
of total chromium in the reactor outlet decreased and reached 120
mg I, 160 mg I* and 190 mg I! respectively for Bacillus thurin-
giensis, Bacillus cereus and Bacillus pumilus as shown in [Fig-7].
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Fig. 7- Variation of the concentration of total chromium to 4 g I of
CODr 2% (a) and 4% (b) of the bacterial strain

According to the obtained results, increasing concentrations of bac-
teria led to a decrease in the concentration of total chromium in
tannery synthetic effluent. This can be explained by the fact that
increasing concentrations of bacteria increases the rate of fixation
of total chromium of synthetic sewage by reactor’s microorganisms.
Some authors suggest that tolerance to a high concentration of
metals in solution have certain microorganisms is associated with
the presence of extrachromosomal DNA or plasmid [25]. The metal
binding properties of Gram-positive bacteria, are largely due to the
existence of specific anionic polymers in the cell wall structure,
consisting mainly of peptidoglycan teichoic or teichuronic acids [26-
28].

Study Variation in the Concentration of Total Chromium for a
Load of 8 g I of COD1

The [Fig-8] shows the evolution of the concentration of total chromi-
um in the synthetic effluents of tanneries depending on time.

For the three bacterial strains tested, we found that the removal of

total chromium decreases when reducing the concentration of bac-
teria to 2% after 24 hours of treatment concentrations of 100 mg I,

120 mg ' and 150 mg I respectively for Bacillus thuringiensis,
Bacillus cereus and Bacillus pumilus. Treatment with 8 g I of CODy
and 4% of bacterial inoculum showed a slight increase in treatment
efficiency. The concentrations of total chromium after 24 hours of
treatment were 80 mg I, 100 mg I' and 140 mg I-' respectively for
Bacillus thuringiensis, Bacillus cereus and Bacillus pumilus. We can
explain these findings by the fact that these bacteria possess pro-
teins that have a high affinity for chromium metal. These proteins
bind specifically to the ionic form of the metal, hence, trapping it
inside the cell. So to withstand Cr (VI), there are three main strate-
gies: prevent Cr (VI) to enter the cell (mutation of the transport sys-
tem of sulfate), remove it out of the cell or reduce it Cr (Ill) [29].
Among all the tested strains, Bacillus thuringiensis seemed to have
the highest tolerance against Cr(lll), followed by Pb(ll), Cu(ll) and
Cd(I1) [30].
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Fig. 8- Variation of the concentration of total chromium to 8 g I of
CODr to 2% (c) and 4% (d) of the bacterial strain

Comparative Study of the Variation in Removal Rates of Total
Chromium

The [Fig-9] shows the rate of removal of total chromium concentra-
tions according to the CODrand strains.
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Fig. 9- Study of the variation in the rate of total chromium removal

The results obtained in the case of effluent concentration of 8 g I-* of
CODr and 2% of bacterial inoculum show the weakest performance
since the average rate of reduction of total chromium did not ex-
ceed 85%, 82.2% and 80% for Bacillus thuringiensis, Bacillus cere-
us and Bacillus pumilus, respectively. Effluent treatment with a con-
centration of 8 g I of CODr and 4% of bacterial inoculum showed a
slight increase in treatment efficiency to achieve reduction rates of
chromium of 92%, 90% and 86% for Bacillus thuringiensis, Bacillus
cereus and Bacillus pumilus, respectively. By reducing the concen-
tration of CODr to 4 g I" and increasing the rate of bacterial inocu-
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lum to 4%, the removal of total chromium was of 98% for Bacillus
thuringiensis, 92% for Bacillus cereus and 90% for Bacillus pumilus.
At a concentration of CODt of 4 g I and 2% of the bacterial inocu-
lum, the rate of reduction of chromium is 88%, 84% and 81% for
Bacillus thuringiensis, Bacillus cereus and Bacillus pumilus, respec-
tively.

From these results, we can conclude that increasing the concentra-
tion of bacteria and reducing the CODr, promote the elimination of
pollution of chromium which increases the number of proteins able
to bind chromium on bacteria. In literature, several mechanisms
have been reported concerning resistance of microorganisms to
heavy metals. For example, metals can bind to the cell wall without
penetrating inside the cell. Transport across the plasma membrane
can be reduced and a system of active transport of metals into the
interior of the cell may appear. Heavy metals may be trapped in
vacuoles, or they can be sequestered by complexation due to the
action of proteins such as metallothionein [31,32].

Elimination Kinetics

Correlation Between Biomass and the Concentration of Total
Chromium and COD~

The results show a correlation between bacterial biomass and the
concentration of total chromium and COD+[Fig-10], [Fig-11] and
[Fig-12]. The application of the first order kinetic equation aX + b,
showed that the removal of total chromium and COD+ follows this
model to all concentrations with coefficients of determination R2
acceptable from 0.84 to 0.98 [Fig-10], [Fig-11] and [Fig-12]. The
microbiological results also revealed that there is a clear inverse
correlation between bacterial growth and the concentration of total
chromium and CODr, showing that treatment with bioaugmentation
is performant.
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Fig. 10- Growth kinetics of bacteria elimination BT and Crr
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Fig. 11- Growth kinetics of bacteria elimination BC and Crr
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Fig. 12- Growth kinetics of bacteria elimination BP and Crr

Factor Analysis Discriminate of the Groups Depending on the
Concentration of CODt and Bacterial Strains

The data are quantitative variables, also called observations, meas-
ured for each physicochemical parameter, (bacterial growth, CODt
and Cry). These quantitative variables are divided into two classes,
time and the concentration of organic matter of the synthetic sew-
age, which are qualitative variables. The discriminate factor analy-
sis allowed to discriminate three large groups [Fig-13].
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Fig. 13- Factor analysis discriminate of the groups depending on
the concentration of CODr and bacterial strains

i) composed of six sub-groups (A, B, C, D, E, F) which are char-
acterized by maximum growth rates and removal performance
of the Grr and CODr especially for the three subgroups D F, G.

ii) composed of three sub-groups (G, H, 1) characterized by the
lower growth and removal performance of the Crr and CODris
lower.

iii) composed of three sub-groups (J, K, L) characterized by bacte-
rial growth more elves a sub-group (G, H, I) and in lower con-
centrations of Crr and CODt

The bacterial strains BT, BC and BP have a relatively similar growth

profile when incubated with low concentrations of CODr (group I).

The bacterial strains BT, BC, BP respond to the addition of CODt

by increasing their growth (group II).

The bacterial strains BT, BC, BP respond to the addition of COD+t

concentrations and bacterial strains by increasing their growth

(group II1).

They all respond to the addition of CODt concentrations and bacte-

rial strains by increasing their growth for all groups |, Il and IIl.
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Factor Analysis Discriminate of the Groups According to Time

The discriminate factor analysis can well discriminate groups ac-
cording to time and there is 5 main groups [Fig-14].
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Fig. 14-Factor analysis discriminate of the groups according

Group 1- containing the subgroup (10) this confirms that at this
time the different strains have little to take the same growth behav-
ior whatever the concentration of CODt and the bacterial strain.
Group 2- consists of two subgroups (12h and 14h). After 12 h all
strains have the same growth behavior, but after 14h strains grade
the same growth behavior that after 12h.

Group 3- two subgroups (14h, 16h). All strains change some be-
havior of the concentration of CODr and the bacterial strain.

Group 4- Subgroup one (18h): strains of the elimination of ex-
change CODr and growth of the bacterial strain.

Group 5- a single subgroup (24h): the strains change some behav-
ior of the concentration of CODr and the bacterial strain.

The addition of CODt and the concentration of the bacterial strains
accelerate bacterial growth for the three strains.

We conclude that the highest removal rates of CODr are recorded
after 24 hours of treatment of the synthetic sewage. The removal
rates are of 95.14%, 85.4% and 78.55% for Bacillus thuringiensis,
Bacillus cereus and Bacillus pumilus, respectively. The removal of
total chromium was of 98% for Bacillus thuringiensis, 92% for Bacil-
lus cereus and 90% for Bacillus pumilus after 24 hours of treatment
while previous studies report that Chromium resistant bacteria of
Bacillus sp. JDM2-1 and Staphylococcus capitis could reduce 85%
and 81% of hexavalent chromium from the medium after 96 h and
were also capable of reducing hexavalent chromium 86% and 89%,
respectively, from the industrial effluents after 144 h. Cell free ex-
tracts of Bacillus sp. JDM-2-1 and Staphylococcus capitis showed
reduction of 83% and 70% at concentration of 10 pg Cr(VI)/ml,
respectively [9]. Therefore, treatment with bioaugmentation using
three bacteria gives a removal rate very significant after only 24 h of
treatment what shows the performance of this treatment method.

Conclusion

Biaugmentation treatment must be a solution to the treatment of
tannery effluent. Indeed, this treatment was highly effective for
treatment of tannery synthetic effluent with high purification yields.
The results obtained after treatment with bioaugmentation show
that the performance of the process significantly increases with
decreasing the concentration of organic matter of the synthetic ef-
fluent to 4 g I of CODr and increasing concentrations of bacteria to
4%. Indeed, this process has shown a highly effective treatment of

synthetic tannery effluent with very high treatment efficiency for the
bacterium Bacillus thuringiensis. It was 95% for CODt and 98% for
total chromium. The removal rates for Bacillus thuringiensis at a
concentration of CODr of 4 g I' and 2% of the bacterial strain was
of 88% and 85% for total chromium and CODr, respectively. The
results obtained in the case of effluent organic matter concentration
of 8 g I' of CODr show the weakest performance since the average
turnover rate for Bacillus thuringiensis did not exceed 85% for total
chromium and 82.7% for CODr. Throughout the operation of the
reactor for 24 hours, we noticed a gradual increase in the pH for the
three bacteria over time. According to the microbiological study,
especially in the middle with a concentration of 4 g I* of CODt and
4% of the bacterial strain. Overall, Bacillus thuringiensis was the
most performant strain.
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