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Removal of crystal violet from aqueous solutions using an aerobic granular sludge system
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Abstract

The paper presents a set of comparative tests to evaluate the inhibitory effect of crystal violet on the
respiration rate of microorganisms in conventional activated sludge and aerobic granular sludge. The tests
were performed in similar conditions with the only variable of the type of sludge tested. The results
emphasized that the aerobic granular sludge is less susceptible to the toxicity induced by crystal violet. The
concentration of crystal violet that inhibits by 50% (CEso) the respiration rate of sludge microorganisms was
determined to be, for the specific test conditions, 22.39 mg/L for the conventional activated sludge and 33.88
mg/L for the aerobic granular sludge. The paper also assesses the biodegradability potential of crystal violet
from aqueous solution, in the presence of sodium acetate as co-substrate in a lab-scale sequential biological
reactor with aerobic granular sludge. The experiments showed that most of the crystal violet is being
initially absorbed in the matrix of the granules during the first minutes and subsequently is being removed
with efficiencies above 95% within a treatment cycle of 8 hours.
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INTRODUCTION

Crystal violet (CV) or gentian violet, also known as methyl violet 10B or hexamethyl pararosaniline
chloride, is a triarylmethane dye used as a histological stain and in Gram's method of classifying
bacteria. Crystal violet is a toxic and inhibitory substrate, with a high capacity to penetrate the cell
walls of microorganisms and has antibacterial, antifungal, and antihelmintic properties [1, 2].
Crystal violet class dyes are also widely used in the textile industry, paper printing, detergents,
leather staining, additive in poultry feed, etc. [3, 4].

However, due to poor management of wastewater containing CV from industries, this pollutant is
frequently detected in surface waters [5].

Since its use comes with the responsibility of dealing properly with the effluents containing crystal
violet dyes, during the last 30 years many treatment technologies have been developed tested, and
applied including physical, chemical, and biological techniques [6-8]. Most of the used treatment
processes include wet air oxidation, catalytic processes, biochemical processes, biological
processes, and physical adsorption for the removal of dyes from the aquatic environment [9-11].
Since most of the dyes, including crystal violet, have high toxicity and low biodegradability, most
biological treatments are focused on technologies such as biosorption [12-14] and very few studies
are addressing the biological degradation of the pollutant in systems using either specific strains of
bacteria such as Agrobacterium radiobacter [15] or Bacillus sp. [16], either different strains of
fungus such as white-rot fungus Phanerocheate chrysosporium [17] or Pleurotus ostreatus [18].
There is limited data on the occurrence, fate, and impact of crystal violet dyes on wastewater
treatment processes and sludge viability. Some studies are reporting the use of waste-activated
sludge powders as adsorbent materials for crystal violet removal from wastewaters [19, 20].

This study focused on assessing the potential impact of crystal violet on the microorganisms of the
activated sludge by assessing comparatively the CEso concentration of crystal violet inhibiting the
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respiration of conventional and aerobic granular sludge. Furthermore, a set of biodegradation
experiments were performed to assess CV biodegradation potential in a lab-scale aerobic granular
sludge sequential biological reactor.

EXPERIMENTAL PART

Activated sludge inhibition tests

Activated sludge inhibition tests were performed according to SR EN ISO 8192:2007 Water quality
— Test for inhibition of oxygen consumption by activated sludge for carbonaceous and ammonium
oxidation to assess the concentration of Crystal violet inhibiting by 50% the respiration rate of
activated sludge and the difference in CEso of crystal violet for conventional activated sludge and
aerobic granular sludge. The tests were run comparatively using the same experimental conditions
on two different types of sludges: conventional activated sludge and aerobic granular sludge. The
experimental conditions included for both experiments a set of test samples with different
concentrations of Crystal Violet ranging from 10 to 50 mg/L. Tested concentration series were as
follows: 10, 15, 20, 25, 30, 40, and 50 mg/L, respectively.

The conventional sludge was sourced from a municipal wastewater treatment plant while the
aerobic granular sludge was sampled from a lab-scale sequential biological reactor (SBR) fed with
synthetic wastewater based on acetate as a carbon source. Both sludges were washed and prepared
according to standard before use. Experiments were performed at room temperature (22°C + 2°C),
under stirred conditions (multiple magnetic stirrers) while the dissolved oxygen concentration was
monitored every 30 minutes for 180 minutes using the oximeter WTW Oxi 320 with CellOx325.
Oxygen consumption rates in each sample, biological control, and abiotic control were calculated
according to standard based on the oxygen concentration measurements while the (CEso)
concentration of crystal violet inhibiting by 50% the respiration rate of the sludge was estimated by
interpolating on the graph according to standard procedure.

Discoloration experiments

The experiments were designed to assess the potential of using a wastewater treatment system with
aerobic granular sludge operated in sequential biological conditions to evaluate the discoloration
potential of Crystal Violet in a lab-scale treatment system in the presence of co-substrate (sodium
acetate).

The experiments were performed in a 5 liters column type reactor (figure 1) fitted with a
programable logic controller (PLC) able to ensure the filling-reaction-settling-discharge steps of the
SBR operation according to the following time sequence: filling - 10 min, aeration - 455 min,
settling - 5 min, emptying - 10 min.

The bioreactor was fed with an adapted synthetic medium [5] containing: 2 g/L sodium acetate, 0.2
g/L NH4CI; 0.08 g/L KoHPOs3 « 3H20; 0.02 g/L CaCly; 0.03 g/L MgSQO4 « 7H20; 0.02 g/L FeSOg -
7H20. The influent was spiked with Crystal Violet in concentrations of up to 15 mg/L. The
sequential bioreactor was tested for water with dye in increasing concentration but below the
determined CEso.
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Fig. 1. a) Logic diagram of the sequential micropilot installation, b) The overall image of the
reactor during feeding

RESULTS AND DISCUSSION

Activated sludge inhibition tests

The evolutions of oxygen concentration in all test and control samples, for each of the tested
variants, are presented in figure 2. For the tests on conventional activated sludge, the oxygen
consumption rates ranged from 2.49 mg/Lh for the biological control sample to 0.27 mg/Lh for the
sample with the highest concentration of crystal violet (50 mg/L).
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Fig. 2. The evolution of dissolved oxygen concentration for each of the test samples and controls
for activated sludge inhibition
(a — results for conventional activated sludge; b — results for aerobic granular sludge)

There was a gradual decrease in the rate of oxygen consumption in the test vessels with increasing
concentration of crystal violet and thus an increase in the percentage of respiratory inhibition with
increasing concentration of the test compound, from 6.5 to 92% (figure 3a). On the other hand, the
experiment performed in similar conditions on aerobic granular sludge showed oxygen
consumption rates ranging from 2.52 mg/Lh for the biological control sample to 1.03 mg/Lh for the
sample with the highest concentration of crystal violet (50 mg/L) corresponding to respiration
inhibition rates from 2.7 to 60% (figure 3b).
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The effective concentration that inhibits by 50% the respiration rate of microorganisms in activated
sludge (CEso), for the case of crystal violet depends on the nature of the activated sludge tested
being 22.39 mg/L for the tested conventional activated sludge and 33.88 mg/ L, respectively, for the
aerobic granular sludge (figure 3).
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Fig. 3. Comparative representation of inhibition rate of crystal violet on the respiration of activated
sludge (a - conventional sludge; b - aerobic granular sludge)

Discoloration experiments

Immediately, during feeding and after initial mixing we may observe that most of the crystal violet
of the influent is being absorbed in the matrix of aerobic sludge granules. Analyzing the images
presented in figure 4, we can appreciate that the processes underlying the discoloration of
wastewater with crystal violet are both physical, initially by adsorption and absorption in the matrix
of aerobic sludge granules, and biological, as emphasized on one hand by the fact that the color of
the granules returns to the initial yellow-brown color within a few hours, and on the other hand by
the evolution in time of crystal violet concentration in the reactor and the residual concentration in
the final effluent.

a) b) c)

Fig. 4. Stereomicroscopic images of granular aerobic sludge. a) Control before feeding with

Crystal Violet, b) Immediately after feeding with Crystal Violet, c) After 8 hours, at the end of the
treatment cycle

The evolution in time of crystal violet concentration was monitored hourly for two operating cycles
of the sequential bioreactor with granular sludge. The initial concentration of crystal violet in the
influent was 10 and, respectively 15 mg/L. The volume of influent added was 2 L representing an
SBR exchange ratio of 50%. In both cases, the treatment response was similar (figure 5), which
highlights the adaptability of granular sludge to the toxic substrate at this level of concentrations.
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Granular sludge is less susceptible to Crystal Violet toxicity because most of the microorganisms in
the granular biomass are not exposed to the high levels of pollutant concentration existing in the
influent. The aerobic granules have an excellent ability to discolor the Crystal Violet dye. In the
presence of sodium acetate as co-substrate, significant decolorisation and removal efficiencies
above 95% have been observed.
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Fig. 5. Evolution in time of Crystal Violet concentration (a);
Comparative concentration of Crystal Violet in the effluent and influent (b)

CONCLUSIONS

Even though inhibition tests were performed in similar conditions, the CEso of crystal violet in a
system with aerobic granular sludge is approximately 50% more than the CEso of the same pollutant
for a system with conventional sludge. Thus, the microorganisms of aerobic granular sludge are less
susceptible to the toxicity of influent pollutants than the suspended/floc microorganisms in
conventional sludge. The high tolerance of aerobic granules can be exploited in the development of
compact wastewater treatment systems with high concentrations of dyes and sudden variations in
loadings. Crystal violet at concentrations of up to 15 mg/L is readily biodegraded in an aerobic
granular sludge SBR system in the presence of acetate as co-substrate within a treatment cycle of 8
hours.
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