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ABSTRACT

The present study describes the optimization of environmental conditions
in colour removal by Pseudomonasoleovoransof anindustrial textile dye.
The first, a factorial design (2% was performed to screen the most
significant parameters and the second one, a full experimental design (24)
was then carried out. Decolourization of the industrial dye was negatively
influenced by tube volume and dye concentration, whichis probably rel ated
to the maximal capacity of the strain to decolourize azo dyes. The
decolourization process showed to be time-dependent. The best conditions
for dye decolourization by Pseudomonas oleovorans based on the
experimental design and economic factors were agitation speed, 0 RPM,
pH 8.5, temperature 32°C, 25% of tubevolume, initid culturesizeof 0.16 g1,
dye concentration of 50mg L-. Under such conditions, a near total
decol ourization (95.4%) was achieved after 32 hours.
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INTRODUCTION

There are over 100,000 commercially available
dyeswith over 7x10’ tonsof dyestuff produced annudly
worldwide®?, In Brazil alone, 26,500 tons are
produced®. These dyes are widely used in anumber
of industries, such astextiles, food, cosmeticsand paper
printing, with thetextileindustry thelargest consumer
of dyes™.

Considerabl e attention has been given to issues
associated with the presence of col oured compounds
inaqueouswastewater generated fromtextileindudtries.
Colour isthefirst contaminant recognisedin wastewater,
however in additionto the aesthetic problem, the dyes
obstruct light penetration and oxygen transferin bodies
of water. Without an adequate trestment, dyesarestable
and can remain in the environment for an extended
period of time®.
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Currently, the most popular methods of colour
removal from wastewaters involve physical and
chemicd processesthat canbecogtly and usudly involve
theformation of aconcentrated sludgethat createsa
secondary, highly significant disposal problem(,
Alternative, biodegradative systems based on col our
remova usingwholebacterid cdlshavebeen shownto
behighly effective.

Environmental biotechnology is constantly
expanding effortsin the biological treatment of dye-
contaminated wastewaters. Although numerous
microorganismsare capableof decolourizing dyes, only
afew areableto minerdisethesecompoundsinto CO,
and H,O 8. Under aerobic conditions, azo dyes are
not easily metabolized™. However, under anaerobic
conditions, several bacterial strains, including
Pseudomonas ol eovorans, can enzymatically reduce
theazo bondin thedye moleculeto produce colourless
by-productg®.

Thedatigtica design of experimentsisawiddy used
methodol ogy in upstream and downstream processing®
1 whichdiffersfromthedassca optimization methods.
Thefurther method includes single factor variation,
mai ntai ning other factors constant. Thismethod isnot
suitablefor multifactor optimization not only becauseit
istime-consuming but a so becauseit isunableto detect
the true optimum due to the interaction between
factorg?.

In order to avoid multifactorial problems, the
statistical design of experimentsisused. Thesedesigns
requirearelatively small number of runs per factors
dlowingtheidentification of themaostimportant variables
and optimum ranges, as well as the experimental
verification of thisidentified optimum, thedesignscan
also indicate a promising direction for further
experimentg213,

Thegpplication of experimenta designand response
surfacemethodology (RSM) intextileeffluent trestment
processes can lead to improved decolourization,
reduced process variability, time and overall costs.
Additiondly thefactor influencing the experimentscan
be identified, optimized and possible synergic or
antagonigticinteractionsthat may exist between factors
can be evaluated*®. This work describes the
optimization of environmental conditions for the
decolourization of industrial dye by Pseudomonas
oleovoransin submersecultures.

MATERIALSAND METHODS

Microor ganisms

Themicroorganismwasobtaned fromtheBrazilian
Collection of Industrial and Environmental
Microorganism (CBMAI) of the University of
Campinas, previously identified as Pseudomonas
oleovorans (CBMAI 703).

The microorganism was preserved in cryotubes
contai ning glass beads and 50% glycerol (v/v). Each
cryotube wasloaded from thesameinitial cultureand
had an average of 30 beads. Thus, it was possibleto
usethesamecell generation for al experiments®.

Dyes and ragents

Textiledyewas obtained with thekind permission
of Clariant of Brazil (Sao Paulo, Brazil). Asthedyeis
for commercia use, thecommercial name has been
omittedinthisstudy, receiving thefollowing codename:
B15 (C.I. 13390). The dye was filter-sterilised on a
0.2 umfilter (Millipore, USA) prior toadditionto sterile
culture medium. All other reagentswere of analytical
grade.

Pre-cultureconditions

For each experiment, an Erlenmeyer flask containing
20ml of Nutrient Broth (mest extract 3g-1'* and peptone
5g1't) wasinoculated with asingle glassbead fromthe
same cryotube and incubated at 28°C for 24 h when
an early sationary phaseor fina exponentia phasewas
reached.

Satistical design of experiments

Optimization of the decolourization condition
was firstly performed by a fractional statistical
design of experiments (2"?), and the studied
variablesarelisted in TABLE 1. According to the
results obtained, a second statistical design of
experiments (2") was performed aiming the best
decolourization conditions.

All the experiments were performed in anoxic
conditions (without aeration). The second experimental
design was performed with aninoculum concentration
of 0.16g-1"* and areactor volume of 25%. The studied
variablesof thesecond design arelistedin TABLE 2.
Theresults obtained were analysed in Statistica 7.0
(Statsoft, Inc., USA) statistical package>%.
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TABLE 1: Sudied parameterson decolourization under
submer seculture (2™?)
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TABLE 2: Sudied parameter s on decolourization under
submerseculture (27

Variables Levels Variables Levels

1 0+l 1 0 o+
Dye Concentration (mg ™) 30 50 70 Dye Concentration (mg ™) 40 55 70
Adgitation (RPM) 0 75 150  Time(hours) 24 36 48
Initial pH 6.0 7.0 8.0 Temperature (°C) 24 28 32
Temperature (°C) 27 32 37 Initial pH 75 80 85
Time (hours) 3 48 60  jnwhichA, ., represented theabsorbancebeforethe
Volume (%) 25 50 75 decolourization processandA. ., thevalueobtained
Inoculum (mg 1) 016 032 048  duringthethird step. Each decolourizationvauewasa

Decolourization cultures

Thedecolourization cultureswere performed in 500
ml screw-topped bottles, containing 125 ml of Nutrient
Broth (meat extract 3g-17, peptone 5g-1 and adjusted
pH = 8.5) supplemented with 50mg-1* of dye, and
inocul ated with 10ml of fresh 24-hours-old cultures
(approx. 0.16g-1** of dry weight of cells). Thebottles
wereincubated under static anoxic conditions away
fromlight at 32°C for 36 hours. Control experiments
were performed using the same medium without
microorganismsor dyes.
Deter mination of cell growth and decolourization

The samplefrom thedecol ourization cultureswere
collected and analysed following the methodology
described previoudy®. As all samples contained
biomass and dye, biomass concentration (first and

second step) and dye (third step) were evaluated as
follows

(1) ODgom OF SAMPplemixtureswithout centrifugation:
OD();OB%;E = ODg%gnm +OD23(OOnm

(2) ODgyyyy  Of SaMple supernatant (sup) after
centrifugation for 10 minutes at 10,000g:
ODZ(J)[C))nm =ODg%8nm and

(3) ODgyonm OF SAMplesupernatant after centrifugation:
ODZ(J)gnm = ODg%Snm
The biomass produced was determined by

subtracting thevalueobtained on thefirst step fromthe

va ueobtained on the second. Colour removd efficiency
was determined by thefoll owing equation:

A — A
Decolourization = —nitidl _~“Afinal )
Ainitial

mean of three parale experiments.

Decol ourization wasa so determined by wavescan,
which was performed in an Ultrospec 3000 (GE
Healthcare, USA). Sampleswere scanned from 240
to 790nm to measurethe colour remova and aromatic
compounds degradation by Pseudomonasoleovorans,
culturemediumwithoutindustrid dyewasused asblank.

RESULTSAND DISCUSSION

Factorial experimental design (27?)

The responses obtained from the 35 runs of the
factorial experimental design (2-?), and the
summarizationsof sgnificanceof thevariablesarelisted
inTABLE 3and 4, respectively. Tubevolumeand dye
concentration werethe variableswhich suffered the
grestest influence, showing negativeresponses; inoculum
concentration showed a negative response as well,
though not ashigh astheformer variables. On the other
hand, time, pH va ueand temperature showed apositive
effect over the decol ourization processof theindustria
dyestudied. Agitation showed apositiveeffect aswell,
though not gnificant.

The results for biomass production within the
decol ourization process showed that the temperature
wasthemost influenced variablewith anegative effect,
aswell asthe concentration of inoculum. ThepH vaue
and ereactor volume showed apositives gnificant effect.
Time, dye concentration and agitation showed no
significance upon biomass production, and only the
former variablehad apositive effect.

Agitation had not shown s gnificant increaseduring
the decolourization process, and therefore was not
studied any further inthiswork. The concentration of
inoculum was fixed at 0.16g-1%, as well as the tube



186

Experimental design for decolourization of textile dye by Pseudomonas oleovorans

RRBS, 3(4) December 2009

Reguler Peper ==

TABLE 3 : Conditions and results of the 2"2-factorial
experimental design selected for industrial dye
decolourization

Run temp® pH dye® agit® vol? time® Inoc’ Decolour? Biomass'

1 27 8 30 150 25 60 0.16 96.62 0.107
2 2r 8 70 0 75 60 048 69.65 0.106
3 27 6 70 150 25 60 O0.16 90.59 0.168
4 27 6 70 0 25 36 048 72.88 0.123
5 27 6 30 150 75 36 048 83.88 0.149
6 27 6 70 0 75 36 016 54.62 0.181
7 27 8 70 150 25 36 048 79.02 0.199
8 27 6 70 150 75 60 048 66.80 0.129
9 27 6 30 0 25 60 048 89.48 0.240
10 27 6 30 0 75 60 016 93.15 0.205
11 27 6 30 150 25 36 016 93.24 0.181
12 27 8 30 0 75 36 048 84.75 0.246
13 27 8 30 0 25 36 016 88.13 0.224
14 27 8 70 0 25 60 016 95.34 0.263
15 27 8 30 150 75 60 0.16 94.88 0.327
16 27 8 70 150 75 36 0.16 67.01 0.289
17 32 7 50 75 50 48 032 89.01 0.089
8 32 7 50 75 50 48 032 88.84 0.086
19 32 7 50 75 50 48 032 88.45 0.085
20 37 8 30 150 25 36 016 94.31 0.088
21 37 6 30 150 75 60 0.16 90.44 0.100
22 37 8 70 0 25 36 048 95.68 0.075
23 37 6 70 150 75 36 0.16 52.85 0.178
24 37 8 30 150 75 36 048 89.67 0.088
25 37 8 30 0 25 60 048 98.36 0.101
26 37 6 70 150 25 36 048 94.39 0.102
27 37 6 70 0 75 60 048 62.13 0.091
28 37 8 30 0 75 60 016 96.43 0.089
29 37 6 70 0 25 60 016 98.10 0.066
30 37 6 30 0 25 36 016 95.85 0.085
31 37 8 70 150 25 60 0.16 97.67 0.073
32 37 6 30 150 25 60 048 96.14 0.043
33 37 8 70 0 75 36 016 79.45 0.089
34 37 6 30 0 75 36 048 78.09 0.084
3% 37 8 70 150 75 60 048 73.79 0.082

3temper atur e (°C); °dye concentr ation (mg-l); cagitation (RPM);
dvolume (%); ¢time (hours); inoculum concentration (g-1?);
9decolourization (%); "biomass (g-1?); “central point repetitions

volume, which wasfixed at 25% based on the theory
by TABLE 3.

Umbuzeiro et d .1 and Chen et d.* inwhichthe
decrease of decol ourization based on thevolumeand
the dye concentration should be explained by therate
between overall dye mass presented inthe medium and

TABLE 4 : Estimated effects of studied parameters (t
digtribution)

Parameter Decolourization (%)  Biomass (gel™)
Temperature (°C) 46.5218° -141.763°
Initial pH 52.6789% 24.6371%
Dye (mgel™) -129.685% -9.5515%
Agitation (RPM) 4.1846 0.3984
Volume (%) -144.89% 27.569%
Time (hours) 63.5059% -18.7553%
Inoculum (gel ™) -23.3211° -406087°

aSatistically significant values (at the 95% confidence level)

TABLE 5: Conditions and results of the 2*-experimental
design selected for industrial dyedecolourization

Runs Time® Dye’ pH Temp® Decolour’ Biomass®

1 24 40 75 24 45.06 0.106
2 24 40 75 32 73.01 0.169
3 24 40 85 24 51.77 0.162
4 24 40 85 32 80.68 0.226
5 24 70 75 24 43.35 0.103
6 24 70 75 32 55.27 0.164
7 24 70 85 24 50.26 0.145
8 24 70 85 32 66.49 0.212
o* 36 55 80 28 69.26 0.204
10* 36 55 80 28 69.45 0.201
11* 36 55 80 28 69.75 0.200
12 48 40 75 24 57.82 0.140
13 48 40 75 32 85.77 0.274
14 48 40 85 24 75.15 0.224
15 48 40 85 32 85.69 0.304
16 48 70 75 24 50.78 0.145
17 48 70 75 32 87.78 0.292
18 48 70 85 24 61.10 0.258
19 48 70 85 32 90.50 0.348

atime (hours); "dye concentration (mg-1?); temperature (°C);
ddecolourization (%); sbiomass (g-I'%); “central point repetitions

TABLE 6 : Estimated effects of studied parameters (t
digtribution)

Par ameter Decolourization (%) Biomass (ge1™)
Time (hours) 130.2372% 83.82709%
Dye (mgel™) -50.0103% 7.445959%
pH 63.55008° 58.36671%
Temperature (°C) 192.1682% 84.78786°

aSatistically significant values (at the 95% confidence level)

theinitial biomass presented, which leadsto protein
production inhibition, dueto dyes genctoxicity, or to
thearomatic ringspresented in thedye, which may affect
the DNA synthesisand thereforeinhibit cell growth.
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Figurel: Responsesurfaceof decolourization of B15dyeas
afunction of temperatureand time

Full experimental design (2%

Theresponsesobta ned from 19 runsof the second
experimenta design (2%), and thesummarizationsof the
significanceof variablesarelistedin TABLE 5 and 6,
respectively. Inthisset of experiments, thetemperature
wasthemost influencing variable, with apostiveeffect
over dye decolourization; time and pH al so showed
positive effects upon the decol ouri zation process. Dye
concentration wastheonly parameter which presented
anegativeeffect, however al the parameters studied
showed statistically significant values at a 95%
confidencelevd.

All the variables studied presented a significant
effect over biomass production. Thetemperatureand
processtimewerethe variableswhich appeared to be
more significant for biomass production, athough pH
and dye concentration showed to besignificant aswell.

Temperature a soinfluenced biomass production
negatively, this could be aresult of the change from
natural temperaturefor P. oleovoransincubation™. The
decreaseintemperatureinthiscasewasquiteimportant
based on economicd issues, when decol ourization was
performed at temperatures near 28-32°C; there was
no need to warm the medium prior to the
decol ourization process,

In many systems, the rate of colour removal
increases with temperature, within a defined range
depending onthe system. Thetemperaturerequiredto
produce themaximum rate of colour remova tendsto
correspond to the optimum cell culture growth
temperature™®, in present case 28-32°C.

Culturetime positively affected dye decol ourization

—> Regulor Peper

suggesting that the medium dissolved oxygen, aswell
astheavallableoxygenwithinthetube, exertingalimiting
roleat the beginning of the decol ourization process, as
the oxygen competeswith theazo bound asan el ectron
receptor. Once extinct, and when theredox potential
wasreached, the effective dye decol ouri zation began9.

During the cell growth stage, the oxygen present
would have asignificant effect upon the physiological
characteristicsof cdls. During the dyereduction stage,
if thereisany oxygen dissolvedinthecell environment,
the oxygenwould inhibit the dyereduction mechanism.
Thiscould becaused asthe dectronsreleased fromthe
electron donorshby the cellswould preferentially used
to reduce oxygen rather than dyes?,

The pH resultssuggest that coloured wastewaters
should bebuffered to enhance colour removd. Biologica
reduction of thedyescanresultinanincreaseinthepH
due to the release of aromatic amines from the
metabolism of dyes, whichismorebasicthantheorigind
dye?. Chang et a.[*® found that the dyereductionrate
increased nearly 2.5-fold asthe pH wasraised from
5.0to0 7.0, whereasthe rate becameinsensitiveto pH
inarangefrom 7.0t0 9.5.

Dye concentration can aso influencethe efficiency
of colour removal through a combination of factors
including dyetoxicity at high concentrations, and the
ability of the enzymes involved in the process to
recognise the substrate efficiently at very low
concentrations. Indeed, thekinetic model that governs
the process efficiency of colour removal of dyes by
wholebacterial cellscan bedescribed usingasingle-
site binding model, such as the Michaelis-Menten
Modd:

Vmax [S]

" Ky +[S] @
where; visthe observed velocity of thereaction at a
given substrateconcentration[§, V. isthemaximum
vel ocity at asaturating concentration of the substrate
andK _istheMichaglis constant(®.

Wuhrmann et a .2 observed that after arapidly re-
duction of colour, therate of colour removal decreased
more rapidly than would be predicted by afirst order
reaction. Thisshould beattributed totheinitia dye ad-
sorption and mass transport within the biomass®. It
has a so been observed that the higher the dye concen-
tration, thelonger thetimerequired to totally remove
colourt,
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Response surface methodology

Toidentify anoptimumwithintherangeof varigbles
a Response Surface Methodology (RSM) was
established to propose the minimization of the number
of experiments®!. Figure 1 showstheresponse surface
graphic obtained asafunction of time and temperature
over thedecolourizationrate. A considerableincrease
in the decolourization of 1.4-fold was observed with

— 0 hours
30— =12 hours|
—— 24 hours|
—— 36 hours|
254

Absorbance

T T T T Ll
250 300 350 400 450 500 550 BOD  BSD  FOO TS0
VWavelenght (nm)

Figure 4 : B15 dye’s wavescan along the decolourization
process

theincrease of temperaturefrom 24 to 32°C, aswell
asanincreaseof 1.27-fold with theincrease of time.
Theoverall increase of theentire processwas over 2-
fold.

According to Weuster-Botz!#, the success of a
statistical experimental design for optimization of a
process depends on the randomly correct choice of
variableranges. Figure 2 shows the decol ourization
pattern asafunction of timeand pH vaue (Figure 2a),
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asafunction of timeand dye concentration (Figure 2b),
asafunction of temperature and pH value (Figure 2c)
and asafunction of temperatureand dye concentration
(Figure 2d). There was a slight increase in the
decol ourizationwiththeincrease of pH vaue, and aso
anincreaseof decolourization rate asdye concentration
decreased. The main objective of RSM was to
determinetheoptimum conditionsfor thesystem or to
determine a region that satisfied operating
specifications®.

Decolourization processof optimized culture

Figure 3 shows the Pseudomonas oleovorans’
decolourization profile beforeand after optimization of
conditions. Before condition optimization the process
took over 48 hoursto achieveadecol ourization of over
95% (colour remova of 45mg17), and after optimization
thisdecol ourization was achieved after only 36 hours.

UV-Vis scan (240-790nm) of supernatant at
different timeintervasispresented infigure4. The
authors observed that the absorbance (609nm) was
congtantly reduced d ong the 36 hoursof decol ourization
process, dso areductionintheUV spectrumwithinthe
processwas al so observed.

According to Brand & Eglintoni?1, the strong
absorbance at 200-300 nm of asolution isconsistent
for aromatic amines. Pearce et a.[?® described the
decol ourization of pigmentsby Shewanella strain J18
143, inwhich therewasareductionof itsA,__ andan
increasein UV spectrum, suggesting theformation of
high quantity of aromaticamines.

Theformation of aromatic aminesresulting from
decol ourizationisacommon problem originated from
thebiological degradation of dyes. Ulson De Souzaet
al.®¥ suggested that biological treatment should be
considered as a pre-treatment, requiring a post-
treatment for theremoval of organic compounds (i.e.
aromatic amines) remaining intheeffluent. Thisshould
not be a concern with Pseudomonas oleovorans
decol ourization of dyes, asan dmost completeremova
of UV spectrum was observed.

CONCLUSION
P. oleovorans showed to be agood decol ourizing

tool for treetment of dyes, and thedesign of experiments
aongwithRSM seemsto bean adequate methodol ogy

—=> RegUlOr Peper

to optimizethe colour removal and dye degradation.
The use of RSM improved decol ourization process
efficiency in 2-fold, and not only the dye chromophore
group dye was reduced, but the aromatic amines as
well. Thebest conditionsfor dye decol ourization based
on RSM and economic factors were pH 8.5,
temperature 32°C, 25% of tubevolume, aninitid culture
sizeof 0.16g:1?, and dye concentration of 50mg-1-tin
Static anoxic conditions.
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