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Summary

Azo dyes belong to Hie largest group of marketed col-
ourants. Removal of dyes from effluents is the major environ-
miental problem becanse certain aromatic compounds carrying
HSO3 groups resist biodegradation or are incompletely de-
Sl"ﬂ(f(‘d.

In the present study microbial rentoval of azo dye Reactive
Red 120 fromt agueons solution was investigated. Mixed bacte-
rial cuttiere previonsly acrobicall y grown in the presence of His
diye was used in static culture experiments. It was Sownd that
somie ecological factors affected dye decolourisation. The fastest
dye remnoval was obtained at 28 °C, pH = 6.8 with 0.20 volume
Sraction of eulture inoculim and by addition 0.1 volume frac-
tion of nutrient broth.

Introduction

Sulphonated azo compounds are widely used as
dyes for textiles, food, drugs and cosmetics (1,2). Azo
dyes are compounds containing azo groups (-N=N-)
which are linked to sp-hybridized carbon atoms. The
azo groups are mainly bound to benzene or naphthalene
rings, but in some cases they are also attached to aro-
matic heterocycles. The diazotization of an aromatic or
a heteroaromatic primary amine is the first of the two
reaction steps by which practically all azo dyes are pro-
duced (3).

It is estimated that about 15 % of total world pro-
duction of colourants is lost in their synthesis and proc-
essing. The major environmental problem of colourants,
therefore, is the removal of dyes from effluents. Biologi-
cal treatment, chemical coagulation, adsorption, oxida-
tion or isotope radiation have been applied for dyeing
waste water treatment (4-6).

Complete mineralization of azo dye would be an
idcal demand for decolourisation of coloured effluents.
Unfortunately, however, synthetic dyes are, with very
few exceptions, xenobiotics. The natural systems of mi-
croorganisms in rivers and lakes do not contain enzymes
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SaZetak

Azo boje pripadaju najoecoj skupini bojila prisutnili na
trzistu. Uklanjanje bofila iz cflucnata velik je problent i zastiti
okolisa jer su odredeni aromafski spojevi s HSO3 skupinaima
tesko ili nepotprno razgradijioi.

U radie je ispitana noguénost uklanjanja azo-boje »Reac-
tive Red 120« s pomocu mjesovite bakterijske kulture, pret-
liodno acrobio uzgajane na ovoj boji. Ustanovljene je da ncki
ckoloski cimbenici utjecut na razgradnju bojila. Najbre ukla-
njanje bojila postignuto je pri 28 °C, pH = 6,8 s 0,20 volumnog
ndjela bakterijskog inokuluma i uz dodatak 0,1 volummnog udje-
la Inanjivog bujona.

which are designed by nature to degrade such com-
pounds under aerobic conditions (7). Under anaerobic
conditions, such as in the digestion of sewage sludge,
dyestuff degradation at least takes place slowly. Never-
theless, there is some evidence that after a long period of
adaptation in a chemostat, it is possible to develop cul-
tures of microorganisms which mineralize selected azo
dyes (8-15). The most probable mechanism is the reduc-
tion of the azo bonds as the first step of dye removal, ie.:

Ri-N=N-Ro+4de +4H'" - R;-NH2+R>— NIl»

(Ry, Ra: variously substituted residues).

This primary degradation may either be caused by
reduction systems in the cells of facultative or obligate
anacrobic microorganisms or in higher organisms (8).
Then follows the cleavage of aromatic rings from the azo
compound under aerobic or anaerobic conditions (2).

In the present work, decolourisation of azo dye Re-
active Red 120, containing azo groups bound to benzene
and naphthalene rings, by adapted mixed bacterial cul-
ture, under the static culture conditions, was studied.
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Materials and Methods

Media

Mineral mediuni. The medium containing mass con-
centration expressed in g/L of the following constitu-
ents: 2.5 (NH,).HPO,, 1.0 KH:PO,, 0.1 MgSO, x 7H,0
and 5.0 NaCl, was prepared and autoclaved at 121 °C.
With the addition of the proper mass concentration of
dye Reactive Red 120 this mineral medium was used for
cultivation of mixed bacterial culture.

Enriched mineral medinm. This medium was prepared
by adding 0.1 volume fraction of previously dissolved
and sterilised nutrient broth (8 g/L) in 1 L mineral me-
dium and was used for the adaptation of mixed culturc
and in dye transformation assays. By addition of Agar
Bios C (20 g/1, Biolife, Milano, Italy), such mineral me-
dium was used for determination of cell counts and for
the maintenance of adapted mixed bacterial culture.

Azo Dye

Water soluble diazo dye Reactive Red 120 (Fig. 1)
synthesized by the chemical group of the Faculty of
Chemical Engineering and Technology, Zagreb, was
studied. Stock solutions of dye (; =10 g/I. and 25 g/L)
were prepared by dissolving in distilled water, and
added to the mineral medium to give final mass concen-
trations of 0.01; 0.1; 1.0; 2.0 and 5.0 g/L.

Cl
- N
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NaOsS NaOs5 SO—;N&

Fig. 1. Structure of azo dye Reactive Red 120
Slika 1. Struktura azo-boje »Reactive Red 120«

Microorganisms and Cultivation Conditions

Mixed culture able to transform Reactive Red 120
was isolated from multispecies bacterial community by
mixing filtrate of garden soil, activated sludge (sewage
treatment plant, Velika Gorica) and sludge from the
leather tanning waste water (Almeria, Zagreb). The cul-
ture prepared in this way (20 mL) was transferred to Er-
lenmeyer flask containing 80 ml. mineral medium with
final mass concentration of dye y=100 mg/L. The cul-
ture was incubated at 28 °C and pH =6.9 in a rotary
shaker (200 rpm) during 28 days. Since within that pe-
riod no significant changes in bacterial number were de-
tected, in the second run the medium was supplemented
with 0.25 volume fraction of separately prepared nutri-
ent broth (8 g/L). This stimulated bacterial growth and
after 28 h the number of cells increased from 2 x 10° to
7.5 x 10°, but no dye decolourisation was observed.

In the next experiment, inoculated mineral medium
with addition of the same amount of nutrient broth (¢ = 0.25)
and dye (y =100 mg/L) was transferred to sterilised se-

rum bottles (100 ml.) and sealed with rubber membrance
caps. The bottles were placed in a thermostat at 28 °C
without shaking. In this manner, dye decolourisation
started after 24 hours lag-phase and was completed
within 120 h. After three repeated cultivations under the
same conditions decolourisation time shortened, so that
the dye disappeared within 24 h.

Thus adapted mixed culture was streaked out on
agar plates and after incubation (28 °C for 48 h), mor-
phology of surface grown colonies was monitored and
the cells stained by Gram. Mixed culture was maintained
on agar slants containing mineral medium, nutrient
broth (¢ = 0.1} and dye (¥ = 10 mg/L). Viable cell counts
were estimated as colony forming units (CFU/mL) on
enriched mineral medium agar after decimal dilutions
and incubation at 28 °C for 2 days.

Dye Transformation Assays

Bacterial cells from agar slant were resuspended in
mineral medium with dye y =100 mg/L and incubated in
thermostat at 28 °C for 24 hours. Different volume frac-
tions (@ = 0.1; 0.15; 0.20) of prepared inoculum were then
transferred to glass tubes (20 mlL) and azo dye (y = 1.0
2.0 and 5.0 g/L) and nutrient broth (¢ = 0.05; 0.1; 0.15;
0.20) were added. The tubes were completely filled with
mineral medium and sealed with rubber caps, and incu-
bated in the thermostat as static culture at different tem-
peratures (20 °C, 28 °C and 37 °C) as described by Haug
and co-workers (2). Immediately after inoculation the
concentration of dissolved oxygen in the culture me-
dium was 5.5 mg/L (determined by oxygen meter YSI
54 A, USA). Tubes were sacrificed for every measurement,
and only as many tubes were incubated as measure-
ments were planned. Disappearance of azo dye during
transformation experiments was monitored spectro-
photometrically (spectrophotometer Cecil CE 2292, Lon-
don, Great Britain) by following the decrcase in absor-
bance at the wave length of the dye absorption maximum
(A =566 nm). Culture samples were previously centri-
fugated at 18000 g for 10 min (Beckman J2-21 M/E).
Data were converted to a concentration of azo dye
(mg/L) using calibration curve. In all experiments trip-
licate runs were made.

In order to determine the optimal conditions for mi-
crobial decolourisation of the dye Reactive Red 120, the
cffects of temperature, pH-values, volume fractions of
bacterial inoculum and nutrient broth on dye transfor-
mation were studied.

Results and Discussion

According to morphological characterization of the
mixed culture grown on mineral medium with dye ad-
dition (Table 1) it was found that this culture contained
10 morphologically different species. Nine of the ten
were Gram-negative bacteria and most of them irregu-
larly-shaped coccobacillus or bacillus. Growing under
the aerobic condition in mineral medium with the addi-
tion of dye Reactive Red 120 (shake culture) this mixed
culture did not reveal the capability of dye decolourisa-
tion. Although the addition of nutrient broth stimulated
bacterial growth, the dye was not removed during 28
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days of incubation on a rotary shaker. However, grow-
ing in the same medium under the static culture condi-
tions (in sealed tubes) this mixed culture readily decol-
ourised the azo dye. Similar observation had been
previously reported by Haug and co-workers, and Ya-
tome and co-workers (2, 9). A control experiment (with-
out culture addition) showed that no decolourisation
was observed, indicating that dye decolourisation was
the result of microbial activity. Further experiments with
single strains isolated from the mixed culture (data not
presented) showed that growing under the static condi-
tions none of the strains were able to decolourise the in-
vestigated dye separately.

Figures 2 and 3 show the effect of nutrient broth on
the kinetics of dye removal at two dye concentrations
(r=0.1 and 2.0 g/L). it was found that even 0.1 volume
fraction of nutrient broth enhanced the dye decolourisa-
tion since approximately 90 % of initial dye concentra-
tion was removed in 12 (Fig. 2) and 48 hours (Fig. 3),
respectively. For further tests 0.1 volume fraction of nu-
trient broth was added to mineral medium. The results
obtained for a higher dye concentration (y=50 g/L)
showed a similar pattern of dye decolourisation rate
(data not shown). These results are in agreement with

Tdyaf'mg L-l
tog CFU per mL
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Fig. 2. Transformation of dye (y =100 mg/1.) by mixed culture in
medium supplemented with different volume fractions of nutrient
broth (g;peculem = 0.2 at 28 °C and plH=6.8)

Slika 2. Transformacija bojila (y = 100 mg/L) s mjesovitom
kulturom u podlozi s razli¢itim volumnim udjelima hranjivog
buinna {(Pinokuluma = 0,2 pri 28°C i Pl I1=6:8)

Table 1. Morphology of bacterial colonies present in mixed culture
Tablica 1. Morfologija bakterijskih kolonija prisutnih u mijesovitoj kulturi

No. of
strains  Colony appearance
Red.br. Opis kolonije

soja

1. flat, circular, undulate, drab
plosnata, okrugla, rubovi
valoviti, sivosmeda

2 flat, circular, irregular,
rhizoid, flesh coloured
plosnata, okrugla, rubovi
nepravilni, rizoidna, boje puti

3y umbonate, circular, entire, white
srediste ispupceno, okrugla,
rubovi cjeloviti, bijela

4. umbonate, circular, entire, orange-coloured
srediste ispupéeno, okrugla, rubovi cjeloviti,
narandcasta

5. convex, circular, entire, yellow-green
konveksna, okrugla, rubovi cjeloviti,
Zutozelena

. umbonate, circular, entire, drab,
yellow-green pigment in medium
srediste ispupceno, okrugla, rubovi cjeloviti,
sivosmeda, stvara zutozeleni pigment

7. flat, circular, filamentous, flesh-coloured
plosnata,okrugla koncasta, boje puti

8. umbonate, irregular, undulate,
flesh coloured
srediste ispupdeno, nepravilna oblika,
valovita, boje puti

9. flat, circular, dentate, cream coloured
plosnata, okrugla, pilasta, blijedozute boje

10. raised, irregular, rhizoid, colourless

ispup¢ena, nepravilna oblika, razgranata,
prozra¢na

Description of the Gram
Colony size | cell morpholo staining
¥ / F &Y 5
Veligina kolonije/ ™™ Morfologki opis  Bojenje po
' stanice Gramu
7 rods S5
Stapici :
coccus .
5 2
10-15 Kkoki [
coccus i
—4 i 1
2 koki L
5 long rods G-
§ dugi stapici ’
4 short rods 3
kratki Stapici ’
4 rods o
Stapici ?
6 long rods G-
dugi Stapici !
coccus 8
& Koki e
>4 rods =
Stapici ?
rods 2
7 Stapici &
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Fig. 3. Transformation of dye {y = 2000 mg/L) by mixed culture in
medium supplemented with different volume fractions of nutrient
broth (@jpoculem = 0.2 at 28 °C and pH = 6.8)

Slika 3. Transformacija boje (y=2000 mg/1.) s mjeSovitom kul-
turom u podlozi s razli¢itim volumnim udjelima hranjivog bujona
(Pinokuluma = 0,2 pri 28 °C i pH = 6,8}
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Fig. 4. Influence of different culture inoculum volume fractions on
the dye (= 2000 mg/L) removal from medium (@nutient broth = 0.1
at 28 °C and pl = 6.8)

Slika 4. Utjecaj razlicitih volumnih udjela inokuluma (y = 2000 mg,/L)
na uklanjanje boje iz podloge (@pujons = 0,1 pri 28°C 1 pH =6,8)

the ones previously published (2,8) in which the rate of
dye removal by mixed bacterial community was consid-
erably enhanced in the presence of glucose and yeast ex-
tract.

A series of experiments conducted with the addition
of different volume fractions of mixed culture inoculum
showed that ¢ =0.2 was optimal for the dye removal.
During the first 24 hours exponential bacterial growth
was observed and after that the cell counts were con-
stant over 72 h. Since oxygen depletion in medium was
observed after the first 4 hours of incubation and exten-
sive decolourisation was demonstrated after 24 hours
(Fig. 4), it scems justified to propose that the reduction
of azo bonds of Reactive Red 120 was the result of the

microbial activity of facultative anacrobes present in
mixed culture.

As shown in Figures 5 and 6, the rate of the dye
decolourisation was dependent on the temperature and
pH of the medium used for its removal. Applying 2.0 g/L
of azo dye in mineral medium the kinetics of decolour-
isation was not significantly different at 28 °C and 37 °C.
However, at 20 °C it was evidently slower (Fig. 5). When
lower dye concentrations were used (up to 1.0 g/1.) no
prolonged time for dye decolouristion was observed at
20 °C (data not shown). In practice, effluents from dye
manufacturing plants containing higher dye concentrations
(e.g- 7.0 g/L) would be firstly treated by a physico-
chemical process such as flocculation (16), and the re-
maining dye content (0.5-1.0 g/L) by microbial activity.

A significant difference in the kinetics of dye decol-
ourisation could be noted when dye transformation was
performed in the buffered mineral medium, pH = 5.4 to 9.2
(Fig. 6). It was evident that in the kinetics of dye decolour-
isation there was no significant difference in the range
between pH = 6.8 and pH = 8.1. At pH =9.2 dye removal
was prolonged and lasted 120 hours and at pH =54 dye
removal was not observed at all during the 144 h (data
not shown). It was also observed that at pH = 5.4 bacte-
rial growth was poor, which was in agrecement with the
results reported by Ogawa and co-workers (10).

In summary, according to the literature (7) the abil-
ity to degrade azo compounds aerobically has been re-
stricted to a few bacterial strains which utilise certain
carboxyl-substituted structures. On the other hand, it has
been known that various biological systems possess the
ability to cleave the azo bonds by reduction under an-
acrobic conditions (17). Some intestinal bacteria (Profeus
vnlgaris, Streptococes facealis) were also found to reduce azo
compounds (18,19} and utilise them as carbon source and
energy. However, it has been also reported (20,21) that
microorganisms can bring about chemical alterations of
sulphonated and chlorinated aromatic or aliphatic com-
pounds without deriving sufficient carbon and energy
for growth from these reactions. This fortuitous process
has been called co-metabolism or co-oxidation, and is
thought to reflect a lack of substrate specificity of some
of the microbial transport mechanisms and enzymes.
Clearly, for co-metabolism to occur the bacteria must ob-
tain the bulk or all of their carbon and energy from other
substrates. In addition, some of the authors (2,18) study-
ing the reduction of azo dyes by bacteria noticed the ex-
treme lack of specificity of the azo reductase system.

Although the mechanism of sulphonated azo dye
Reactive Red 120 transformation was not the subject of
this paper, the results obtained indicate that adapted
mixed bacterial culture was able to transform this com-
plex synthetic dye under the static conditions. It appears
that the addition of nutrient broth stimulated respiratory
activity of cells, thus rapidly depleting the medium of
oxygen and enabling decolourisation of azo dye. This
also suggests that facultative anaerobes present in mixed
culture were responsible for the azo dye transformation.
Furthermore, a mutualistic interaction between the
members of mixed culture was essential for dye decol-
ourisation.
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Fig. 5. Dye removal (y=2000 mg/L) from medium by mixed
culture at different temperatures and pH = 6.8 (@00l = 0.15,
Puutrient broth = OJ)

Slika 5. Uklanjanje boje (y = 2000 mg/L) iz podloge mijesovitom kul-
turom pri razliciim temperaturama vz pH = 6,8 (@iokuluma = 0,15,
Phranjivog bujona = 0.1)
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Fig. 6. Dye removal (y = 2000 mg/L) from medium by mixed cul
ture at different pH and 28 °C (@i 0culum = 0-15, @uutsient broth = 0.1)
Slika 6. Uklanjanje boje (= 2000 mg/L) iz podloge mjcSovitom
kulturom pri razlicitim pH-vrijednostima i 28 °C (@iokuiuma = 0,15,
Phranjivog bujona = 0,1)

[t is tempting to speculate that relatively fast decol-
ourisation (24-48 hours) of relatively high dye concen-
trations (up to 2.0 g/L) in comparison with the publish-
ed data (8,10) was due to the mixed culture activity and

azo dye structure. According to literature (9,14) chemical
structure of azo dyes also affects the process of decol-
ourisation. Thus, dye containing naphthalene rings is
more rapidly decolourised than dye containing only
benzene rings.
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