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Biological treatment of red bronze dye through anaerobic process
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Abstract

Industries that are ever increasing are major contributors to environmental pollution due to inappropriate waste handling. Textile
wastewater contains mutagenic and carcinogenic chemicals which are harmful to natural phenomenon of receiving water
channels. Therefore, textile wastes should be treated before discharging in the environment. Treatment of red bronze dye was
investigated in the upflow anaerobic bioreactor. Varying dye concentrations (40~325 mg/L) were treated by adjusting primary pH
at neutral. The performance of reactor was judged by conventional process parameters like pH, turbidity, dissolved oxygen (DO),
electroconductivity (EC), total dissolve solids (TDS), removal efficiency, and chemical oxygen demand (COD). The maximum
removal efficiency occurred at 150 mg/L dye concentration with addition of 50 ml of biomass. The pH of the water remained
basic, COD removal ranged between 60 and 91%, and the maximum removal was done at 91%. EC and TDS were also low

indicating good dye removal efficiency of the reactor.
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Introduction

Economic growth is vigorous to nation’s development; im-
proper disposal of industrial wastes is the root of environmen-
tal damages (Gnanapragasam et al. 2010; Sarayu and Sandhya
2012). Dumping of dye industrial wastes into different envi-
ronmental compartments badly affects the equilibrium and
integrity of ecological systems. The textile industrial waste-
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waters cause turbidity and affect photosynthetic microbiomes
in addition to being genotoxic, mutagenic, and carcinogenic;
these dyes are quite damaging to the health of biota (Tahir
et al. 2016). Textile industry consumed a large volume of
water and producing a vast amount of toxicity to water bodies
(Gong 2016). Muda et al. (2013) investigated the characteris-
tics of textile industry wastes which involved the extended
sequence of multifaceted actions during the processes from
raw materials up to final products. Although these industries
increased the economy by creating job opportunities; unfortu-
nately, these also cause enormous water pollution. The tech-
niques used in the treatment of these wastewaters employ
toxic chemicals which are hazardous for human and aquatic
as well (Muda et al. 2013). Need to discover new techniques,
which could be proficient of eliminating the toxicity and de-
colorization of dye industry’s wastewater, are highly desired
(De Jager et al. 2014). Wastewaters of dye industry contain
sturdy color, high temperature and pH, chemical oxygen de-
mand (COD), and recyclable ingredients. After treating the
effluent in upflow anaerobic sludge blanket (UASB) reactor,
there was significant reduction of COD and decolorization.
The effluent was further treated and showed a final reduction
of 92% of COD (Babu et al. 2011). Lu and Liu (2010) de-
scribed the dyes which contaminated the environment and
aquatic life due to improper treatment of its effluents, and they
also studied the biodegradation of dyes and its complex
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structure. So it is necessary to remove the dyes (Lu and Liu
2010). Two kinds of bacteria acidogenic and methanogenic
play significant role in color removal in textile industries
(Sarayu and Sandhya 2012). MTCC 1360 showed 87 % de-
colorization of the azo dye Rubine GFL (45 mgL™) within
96 h at 30 °C and pH 7.0 under static circumstances, with a
substantial decrease of COD (68 %) and total organic carbon
(59 %) (Waghmode et al. 2012). Gnanapragasam et al. (2010)
investigated the removal efficiency of COD and dye by using
upflow anaerobic sludge blanket for the treatment of waste-
water of textile (Gnanapragasam et al. 2010). Senthilkumar
et al. (2011) studied the COD and decolorization of textile
dyeing industry by varying the concentration with COD rang-
ing from 5200 to 6320 mg/L (Senthilkumar et al. 2011). An
efficient and economical, wastewater treatment system was
generated for the treatment of textile dye, which should be
efficient and cost effective (Venkatesh et al. 2017). Very few
information is available on the treatment of textile dyes by
biological methods alone. The main objective of this study
was to explore suitability of anaerobic treatment for golden
dye by calculating the removal efficiency of golden dye using
anaerobic treatment method to find low cost removal method
of golden dye from wastewater.

Experimental setup
Sludge collection

The sludge sample used in the current study was collected
from the anaerobic treatment unit of a local wastewater treat-
ment plant. The mixed culture of anaerobic microorganism
used in this experiment was obtained from the Lijiao
Wastewater Treatment Plant, Guangzhou, China. The sludge
was gray in color, with volatile solids to total solids ratio of 0.7

Fig. 1 The schematic diagram of
a laboratory scale UASB reactor
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showing its greater ability of biodegradation of organic
compounds.

UASB and synthetic wastewater

A laboratory scale anaerobic UASB (upflow anaerobic sludge
blanket) reactor was constructed for treatment process of gold-
en powder. The experimental setup has been shown in Fig. 1.

UASB influent tank connected with peristaltic pump with a
pipe, which was further connected with anaerobic sludge re-
actor. One effluent outlet was connected with recycling peri-
staltic tank which was used to recycle water into the anaerobic
reactor for effluent collection. Seven-liter solution in the in-
fluent tank was used, and the 1st peristaltic pump was fixed at
1.7 rpm which pumped only 4 ml of water in 1 min. After
getting pumped from sludge bed, water was pumped out by
recycle peristaltic pump which was fixed at 5.1 rpm (double
the speed from the 1st pump). The concentration was taken as
5 mg/L, 10 mg/L, 15 mg/L, 20 mg/L, and 25 mg/L up to 50
mg/L. Continuous 20-day process was taken to observe its
characteristic and treatment capacity through anaerobic reac-
tor. After every 24 h hydraulic retention time (HRT), the sam-
ples in triplicate were taken for analytical procedure.

Synthetic wastewater

Commercially obtained red bronze (RB) dye is normally used
in printing has been shown in Fig. 2. The pH was adjusted by
used 0.1 M H,SO,4 or KOH.

Analytical procedures

Solvents were purified and dried by the standard methods
(Hussain et al. 2017). All the analytical procedures used were
the standard methods for water and wastewater analysis prior
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Fig. 2 Structure of red bronze dye

to and after the treatment according to standard procedures
(Zhao et al. 2016). The pH of the wastewater was measured
with a pH meter (Orion). The dissolved oxygen (DO) was
detected by LDOTM portable rapid checking instrument
(HACH, USA). Turbidity meter and electroconductivity meter
were used to measure the turbidity and EC
(electroconductivity) respectively. The model of spectropho-
tometer (PERSEE TU1810) was used to find out the removal
efficacy and COD.

Results and discussion

In this study, UASB reactor was used with different dye con-
centrations. The influence of anaerobic sludge in terms of dye
and its color removal was calculated. The results were
assessed on the bases of pH, turbidity, electric conductivity,
and dissolved oxygen, percentage removal efficiency of dye,
and COD removal.

Difference in pH of treated and untreated water

The pH of water is not static; it changes with the passage of
time, and it even changes many times in a single day with the
addition or removal of any pollutant. When there is any
change in pH, it affects the ability of anaerobic microbes, so
fluctuations in the pH, specifically rapid variations, are very
harmful.

In different concentration of dye in wastewater, fraction of
changes was noticed in treated water (shown in Fig. 3). pH of
the water remained basic even after treating with anaerobic
sludge which does not harm or produce toxic compounds that
cause damage to soil or living organisms.

Turbidity of wastewater

Turbidity causes interruption of sunlight into water thus af-
fecting quality of H,O badly. Wastewater could be comprised
of suspended solids, which entails numerous dissimilar sizes
of particles. Figure 4 shows influent containing dye concen-
tration had variation in turbidity as the dye quantity has in-
creased turbidity in influent sample. Comparatively effluent
contained lesser amount of dye concentration; as a result, the
value of turbidity also decreased which indicated better qual-
ity of water.

Changes in electric conductivity

The TDS (total dissolve solids) and EC have adjacent associ-
ation. Higher dissolve solids in the wastewater will increase
the rate of the EC. Figure 5 shows relative lesser conductivity
value of effluent as compared to influent which showed that
the removal efficiency of the dye-caused lowering of EC
values.
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Removal efficiency of dye from wastewater

The influent and effluent dye concentrations of anaero-
bic bioreactors reactors were measured using UV-V
spectrometer (Gnanapragasam et al. 2010). The removal
efficacy was in the range of 75-94% at 24 h HRT for
several ratios of waste reprocess. Figure 6 shows that
dye removal efficiency after treatment. At low concen-
tration, value was at its maximum and dye removal
decreased by increasing concentration, but overall re-
moval treatment efficiency is appreciable.
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Dye concentration (mgL™)

COD removal from wastewater

The removal of COD in UASB under anaerobic conditions
(HRT 24 h) for 20 days was presented in Fig. 7. It was evident
that very high-rate COD removal occurred in the UASB.
Considering low strength of municipal wastewater, influent
COD was fed around 250 mg/L. The effluent COD after anaer-
obic treatment was in the range of 30 to 45 mg/L. The removal
efficiency (RE) remained always was very high (90%) through-
out the treatment process. The enactment of the reactor was
recorded based on the COD removal efficacy. Differences of
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COD concentration were recorded during initial and final
phases; during phase one, the removal efficiency of COD was
40 to 50 mgL™!, while final last phase effluent COD concentra-
tion was noticeably high as compared with the first phase and
attributed to the alteration of microbes to the textile wastewater.

Discussion

This work involved the golden dye treatment by anaerobic
biological process using UASB reactor. Dye treatment by bi-
ological technique is cost effective with maximum dye remov-
al is environment friendly as compared with other physical
and chemical methods. Treatment through UASB reactor is

10 20 30 40 50 60
Dye concentration ( mg/L )

not well established although this technique is progressing day
by day. UASB reactor shows effective results for dye removal;
removal efficiency at low concentration was maximum up to
98%, as the concentration increases removal efficiency de-
creases up to 92%. Many researchers compared the aerobic
and anaerobic treatment of azo dyes (Pandey et al. 2007,
Barathi and Indra 2015). Mixed cultures of the potential
strains effectively decolorized the dye contaminated effluent
time period of 2448 h (Palani et al. 2012). Haidera et al.
(2018) introduced diverse intermittent phases during the con-
tinuous operation of UASB reactor and COD and color re-
moval rates of 67.0% and 77.8% were achieved (Haidera
et al. 2018). The application of mesophilic anaerobic systems
to color removal of sulphonated mono- and di-azo dyes with
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ethanol as electron donor was investigated (da Silva et al.
2013). Couras et al. (2014) examined stability period, which
involved the disruption of continuous operation of reactor in
same operation condition under different time during the con-
tinuous (feeding) period (Couras et al. 2014). Higher stability
of the biological process presented good prospect for applica-
tion to decolorization of dye.

Amaral et al. (2014) conducted a research on UASB to
remove color and chemical oxygen demand (COD) from ac-
tual textile wastewater. The experiment was done for 335 days
and divided into three phases with total HRT varying from 21
to 14 h. This showed high sulfate levels diminish the dye
reduction. Removal efficiencies of 30% and 96% for the
UASB and the reactor system were recorded respectively
(Amaral et al. 2014).

Ong et al. (2005) evaluated the decolorization of methy-
lene blue (MB) by an upflow anaerobic sludge blanket
(UASB) reactor. The reactor was operated under batch con-
dition with total treatment volume of 3 1 and operation time
of 24 h per batch. They concluded that the color of MB
disappeared within a few minutes after entering into the
UASB reactor due to reduction by anaerobic biomass
(Ong et al. 2005).

UASB reactor is time effective biological technique by
which treated effluent was collected within 24 h, and the
removal efficiency is also under acceptable range.
Although the pH of the stock influent and effluent was
basic at small concentration (5 mg/L), as the concentration
increases (50 mg/L), influent become acidic which can be
harmful, but after treatment, it becomes basic. UASB reac-
tor shows possible result of the removal of suspended
solids, turbidity, and decolorization of the solution. The
mechanism of the dye removal should be investigated fur-
ther; however, it is speculated that anaerobic microbial
consortia in the UASB might have degraded dye during
hydrolysis process and subsequently stabilized in
methanogenesis.

The experiment showed the decolorization of basic, reac-
tive, and direct dyes by pre-treated Typha angustifolia Linn, a
narrow-leaved cattail. By doing the treatment from this plant,
pH of the dye solution has little influence on the elimination of
active dyes and the efficiency range from 96 to 98% over the
range of pH used. The removal efficiency of reactive and
direct dyes was affected by pH, which was highest at pH 3
for 98% for direct dyes and 95% for reactive dyes (Inthorn
et al. 2004).

Different methods have variant results and analytical pa-
rameter, but the major concern is agricultural lands as these
influents damp directly into the water reservoir that is feed to
the agriculture sector which then cause many problems to
crops and the people who eat them. UASB is an effective
technique, which can remove these type of solids in less
timing more effectively.

@ Springer

Conclusion

The result of this study showed that synthetic wastewater con-
taining red bronze dye could be effectively treated by UASB
reactor at different concentration varying from 10 to 60 mg/L.
It investigated the removal efficiency at low concentration is
maximum up to 98%, as the concentration increases removal
efficiency decreases up to 92%. In UASB reactor, the decrease
of chemical oxygen demand (COD) and color removal were
60% and 85% respectively. A final reduction of COD of 91%
was observed. UASB reactor is time effective biological tech-
nique by which treated effluent was collected within 24 h, and
the removal efficiency is also under acceptable range.

Funding information This project is financially supported by the
National Natural Science Foundation of China (U1701243 and
51572089), the Research Project of Guangdong Provincial Department
of Science and Technology (2016B020240002 and 2017A090905029),
and the opening foundation of the Jiangsu Key Laboratory of Vehicle
Emissions Control (NO.OVEC 044).

References

Amaral FM, Kato MT, Floréncio L, Gavazza S (2014) Color, organic
matter and sulfate removal from textile effluents by anaerobic and
aerobic processes. Bioresour Technol 163:364-369

Babu BR, Parande AK, Kumar SA, Bhanu SU (2011) Treatment of dye
effluent by electrochemical and biological processes. Open J Saf Sci
Technol 1:12-18

Barathi S, Indra AP (2015) Decolorization, degradation, and toxicologi-
cal analysis of textile dye effluent by using novel techniques — re-
view. Int J Sci Res Manage 3(2):2118-2136

Couras CS, Louros VL, Grilo AM, Leitao JH, Capela MI, Arroja LM,
Nadais MH (2014) Effects of operational shocks on key microbial
populations for biogas production in UASB (upflow anaerobic
sludge blanket) reactors. Energy 73:866-874

da Silva MER, Firmino PIM, dosSantos AB (2013) Reductive
decolourisation of sulphonated mono and diazo dyes in one-and
two-stage anaerobic systems. Appl Biochem Biotechnol 170:1-14

De Jager D, Sheldon MS, Edwards W (2014) Colour removal from textile
wastewater using a pilot-scale dual-stage MBR and subsequent RO
system. Sep Purif Technol 135:135-144

Gnanapragasam G, Senthilkumar M, Arutchelvan V, Sivarajan P,
Nagarajan S (2010) Recycle in upflow anaerobic sludge blanket
reactor on treatment of real textile dye effluent. World J Microbiol
Biotechnol 26(6):1093—-1098

Gong XB (2016) Advanced treatment of textile dyeing wastewater
through the combination of moving bed biofilm reactors and ozon-
ation. Sep Sci Technol 51(9):1589-1597

Haidera A, Khana SJ, Nawazb MS, Saleema MU (2018) Effect of inter-
mittent operation of lab-scale upflow anaerobic sludge blanket
(UASB) reactor on textile wastewater treatment. Desalin Water
Treat 136:120-130

Hussain G, Abass N, Shabir G, Athar M, Saeed A, Saleem R, Ali F, Khan
MA (2017) New acid dyes and their metal complexes based on
substituted phenols for leather: synthesis, characterization and opti-
cal studies. J Appl Res Technol 15(4):346-355

Inthorn D, Singhtho S, Thiravetyan P, Khan E (2004) Decolorization of
basic, direct and reactive dyes by pre-treated narrow-leaved cattail
(Typha angustifolia Linn.). Bioresour Technol 94(3):299-306



Arab J Geosci (2019) 12: 415

Page 7 of 7 415

Lu X, Liu R (2010) Treatment of azo dye-containing wastewater using
integrated processes. In: Biodegradation of azo dyes. Springer,
Berlin, pp 133-155

Muda K, Aris A, Salim MR, Ibrahim Z (2013) Sequential anaerobic-
aerobic phase strategy using microbial granular sludge for textile
wastewater treatment. In: Biomass now-sustainable growth and
use IntechOpen

Ong SA, Toorisaka E, Hirata M, Hano T (2005) Biodegradation of redox
dye methylene blue by upflow anaerobic sludge blanket reactor. J
Hazard Mater 124(1-3):88-94

Palani VR, Rajakumar S, Ayyasamy PM (2012) Exploration of promising
dye decolorizing bacterial strains obtained from Erode and Tiruppur
textile wastes. Int J Environ Sci 2(4):2470-2481

Pandey A, Singh P, Iyengar L (2007) Bacterial decolorization and degra-
dation of azo dyes. Int Biodeterior Biodegradation 59(2):73-84

Sarayu K, Sandhya S (2012) Current technologies for biological treat-
ment of textile wastewater—a review. Appl Microbiol Biotechnol
167(3):645-661

Senthilkumar M, Gnanapragasam G, Arutchelvan V, Nagarajan S (2011)
Treatment of textile dyeing wastewater using two-phase pilot plant
UASB reactor with sago wastewater as co-substrate. Chem Eng J
166(1):10-14

Tahir U, Yasmin A, Khan UH (2016) Phytoremediation: potential flora
for synthetic dyestuff metabolism. J King Saud Uni-Sci 28(2):119-
130

Venkatesh S, Venkatesh K, Quaff AR (2017) Dye decomposition by
combined ozonation and anaerobic treatment: cost effective technol-
ogy. J Appl Res Technol 15(4):340-345

Waghmode TR, Kurade MB, Kabra AN, Govindwar SP (2012)
Biodegradation of Rubine GFL by Galactomyces geotrichum
MTCC 1360 and subsequent toxicological analysis by using cyto-
toxicity, genotoxicity and oxidative stress studies. Microbiology
158(9):2344-2352

Zhao X, Xu H, Shen J, Yu B, Wang X (2016) Decreasing effect and
mechanism of moisture content of sludge biomass by granulation
process. Environ Technol 37(2):192-201

@ Springer



	Biological treatment of red bronze dye through anaerobic process
	Abstract
	Introduction
	Experimental setup
	Sludge collection
	UASB and synthetic wastewater
	Synthetic wastewater
	Analytical procedures

	Results and discussion
	Difference in pH of treated and untreated water
	Turbidity of wastewater
	Changes in electric conductivity
	Removal efficiency of dye from wastewater
	COD removal from wastewater

	Discussion
	Conclusion
	References


