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Abstract 

The purpose of this work was to evaluate the heterogeneity and diversity of algae according 
to an aquatic environment polluted by Remazol Red Brilliant dye. Methodology followed 
Winogradsky columns technique, which describes a microecosystem in a glass container. 
Two columns were prepared: one control and another with Remazol Red Brilliant dye 
simulating a contaminated environment. The experiment was under illumination to provide 
light energy to photosynthetic organisms and alteration in two columns were observed and 
quantified: algae development and color changes. Results demonstrated that pH remained 
constant in control column; however the initial pH changed in contaminated column. A higher 
pH observed at the bottom after 48 days showed microbial activity in dye biodegradation, 
which was corroborated by minor absorbance value at Remazol Red Brilliant peak (541.5 
nm). Moreover, control column presented higher algae growth since the beginning owing to 
the dye absence and 12 different families were identified in two Winogradsky column. This 
analysis concluded that, despite the greater diversity found in B, algae biomass production 
was much smaller compared to column without the dye. Therefore, Remazol Red Brilliant 
presence would affect the food chain in aquatic environments and consequently causes an 
ecological imbalance by the textile effluent impact. 
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1. Introduction 

Human activities including the discharge of effluents rich in nutrients promote aquatic 
ecosystems eutrophication (Tundisi and Matsumura-Tundisi, 1992; Biggs, 2006). Effluents 
from textile industry could make wastewater toxic (Robinson et al., 2001). In these cases 
water is unfit for human consumption and causes ecosystem imbalance within any living 
being a link in the food chain, even small such as the phytoplankton (Rocha, 1992). 

Algae like phytoplankton are the basis of many food chains in the role of primary producers, 
but in excess can also seriously affect water quality (Rocha, 1992) because some species 
produce toxic substances (Beyruth et al., 1992). Algae are organisms of varied nature, as they 
may belong to Plantae, Metazoa or Bacteria kingdoms (Brusca and Brusca, 2003; Bicudo and 
Menezes, 2006). These organisms have wide distribution, being present in almost all rivers 
and lakes, and provide a large number of species which are important in the organic matter 
production in ecosystems (Klaine and Lewis, 1995). According to Bicudo and Menezes 
(2006), algae are organisms with characteristics, ecology and behavior so distinct within each 
other that make hard their identification. 

Measuring pollution in aquatic environments, algae are 50% more sensitive to contaminants 
compared to organisms commonly used in toxicological tests (Klaine and Lewis, 1995). 
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For preservation and maintenance of aquatic ecosystems and reservoirs to supply the 
population, an important tool is to understand the wastewater effects in algae community 
when they are released, such as industrial effluents. 

In this context, Winogradsky column appears as a technique to evaluate these effects in 
aquatic microbiota. Within the column, microorganism’s growth, such as the algae, and their 
preferential distribution can be checked (Pigage, 1985). Contamination effects in aquatic 
ecosystems can be inferred by knowing the phytoplankton constitution (Pérez, 2008). Thus, 
environmental studies in this field can be applied to treat industrial effluents, as the ones from 
textile factory. 

Sulphonated vinyl reactive dyes (azo chromophore group N = N) represent about 60% of the 
dyes used in textile industry (Catanho et al., 2006). These compounds are soluble in water 
and usually have high concentration in wastewater discharge (reaching up to 50%) 
representing the dye percentage that do not fix in textile fibers (Al-Degs et al., 2000). 

The aim of this study was to evaluate the effect of a simulated textile effluent on 
phytoplankton by Winogradsky columns, which deal with a microecosystem in a glass 
container composed of soil (taken of the river bottom), water and nutrients. 

2. Experimental 

2.1 Winogradsky Column 

Two Winogradsky columns were prepared using glass containers of 7 L measuring 50 cm X 
20 cm X 20 cm (Figure 1). As substrate for these columns was used Atibaia river soil near 
from a petroleum refinery (REPLAN, Petrobrás – Brazil). The water was collected from 
Ribeirão Claro near form a water treatment station input (Rio Claro, SP – Brazil). 

 

Figure 1. Winogradsky column diagram 
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First column was labeled as “control” (A) containing 500 g of soil (mud), nutrients and 5.0 L 
of water. Second column named “contaminated” (B) presented 500 g of soil, nutrients and 4.5 
L of water more 0.5 L of simulated textile effluent. 

According to Sousa et al. (2012) the simulated textile effluent was composed of distilled 
water, sodium chloride (10,000 mg L-1), sodium carbonate (1,320 mg L-1) and Remazol 
Brilliant Red dye (200 mg  L-1), which belongs to reactive dyes class (Figure 2). This 
solution showed intense dark red color and pH 3.5. 

 

 

 
Figure 2. Molecule of Remazol red brilliant dye 

Nutrients were added for 100 g of soil used in the Winogradsky column according to 
Anderson and Hairston (1999) with adaptations: Na2CO3 (0.2 g), Na2SO4 (4.5 g), K2HPO4 
(0.5 g), (NH4) 2SO4 (0.5 g) and plain paper/cellulose (0.5 g). 

The experiment was also kept under illumination. An incandescent lamp (60 W) was placed 
behind the columns, providing light for the photosynthetic processes. Furthermore, a sheet of 
paper was maintained to block the top half of the column to evaluate the light incidence and 
its influence on the microorganism development and heterogeneity. Finally, all columns were 
covered to prevent insects breeding especially Aedes aegypti, very common in Brazil. 

2.2 Sample analysis 

During the experiment, modifications in the columns were observed such as: algae 
development and color change. These physical-chemical and microbiological analyses were 
done just after seven weeks, when the photosynthetic population was stabilized, i.e. there 
were no more alterations, in three column regions: top, middle and bottom. Besides, it was 
analyzed: pH, absorbance at 541.5 nm (Remazol Brilliant Red dye absorbance peak) and 
algae identification. 

Samples were collected close to column walls using a spatula attached to a glass rod and a 
100 mL volumetric pipette and conditioned in test tubes. Subsequently, water and ethanol 
70% were added and sample tubes were kept at low temperature to prevent degradation 
(Bicudo and Menezes, 2006). Algae identification was done due to this group was more 
affected by effluent color because being photosynthetic organisms. 

Algae were identified using the taxonomic keys by Bicudo and Menezes (2006) and the 
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materials (spatula and pipette) were different for each column in order to avoid contamination 
between them. 

3. Results and Discussion 

3.1 Algae Development 

Since the beginning of the experiment, algae growth was observed especially in middle part 
of column A (control), which had the highest light incidence due to dye absence. Moreover, 
the water was still blurred because the soil had not completely decanted. 

At 10th day, there were more intense algae profusion in A, instead of this development was 
less pronounced in B (contaminated). In both columns, algae have only been found in 
illuminated part and covered the entire middle of column A. Furthermore, red bacteria 
appeared in the column A substrate. 

After 20 days, the turbidity in A became more evident, while B remained transparent. This 
fact indicated the effect of dye presence in algal growth. Additionally, algae layer formed on 
the wall which received direct light incidence shown to be thick and massive in A, while it 
was thin and formed mostly by points in B. 

At 25 days, algae growth had intensified in column A, but in B was less pronounced. 
Nonetheless, it was observed that the solution became clearer at the bottom of column B, 
indicating metabolic activity in dye biodegradation. 

At 30th day, column A presented algae located in regions without light incidence. On the other 
hand, there was a froth formation at the top of B that revealed microbial metabolism again. 
Besides, turbidity differences between the two columns were still noted. 

After 30 days, changes in columns had decreased, only showing significant changes at 42th 
day when turbidity in A reduced and both columns became translucent. Moreover, there was a 
profusion of filamentous algae in the middle of A. In column B, the forth presence at top and 
the clearly region at bottom (7 cm) still indicated continuous metabolic activity by microbiota. 
At the same time, algae development on the walls of both columns was uniform. 

Finally, after 48 days experiment was stopped and the samples were collected for analysis 
(pH, absorbance and algae identification). 

3.2 Physicochemical Properties 

The water in Winogradsky columns was analyzed by physicochemical methods to evaluated 
pH changes and color removal according to incubation time and different regions in the 
columns. 

In column A, pH remained constant at all points. However, in B the initial pH was 5.00 and 
after 48 days changed to: 4.94, 5.02 and 7.00 for top, middle and bottom of the column, 
respectively. Therefore it was observed higher pH value at the bottom, which showed 
increasing microbial activity in the column according to its depth. 

Absorbance analysis was performed only in column B due to dye presence. The absorbance 
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measure in Remazol Red Brilliant peak (541.5 nm) at top and bottom was about 0.925 a.u. 
and 0.890 a.u., respectively (Figure 3a). In Figure 3b, a zoom at 541.5 nm wavelength was 
presented and results revealed dye degradation in bottom region of column B.  
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Figure 3. a) Absorbance of the columns, b) Zoom in 541.5 wavelengths 

3.3 Identification of Algae Families 

Taxonomic keys permitted the identification of 12 different algae families in the two columns 
(A and B). The number of genus found in each family is shown in Table 1. 
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Table 1. Algae identified on Winogradsky columns phytoplankton and periphyton 
 

 Number of Genus 

Family Column A Column B 

 Top 
Middl

e Bottom Top 
Middl

e Bottom

Bacillariophyceae 0 3 1 2 4 3 

Chamaesiphonaceae 0 0 0 1 1 0 

Chlamydomonadaceae 0 0 1 0 0 0 

Chroococcaceae 0 3 2 0 3 0 

Desmidiaceae 0 0 0 0 0 2 

Merismopediceae 0 0 0 0 0 1 

Microcystaceae 0 1 0 1 1 1 

Nostocaceae 0 1 0 0 0 0 

Phormidiaceae 0 1 0 0 0 1 

Pseudoanabenaceae 0 1 0 0 0 0 

Volvocaceae 0 0 1 0 1 0 

  

Data in Table 1 demonstrates a greater variety of genus in column B. In spite of this, the 
biomass amount (considering only algae) found in B was much smaller compared to column 
A. 

Nostocaceae incidence only in A was an indicative of the pollution effect presented in B, 
because this algae family generally not occurs in contaminated environments due to require 
clean water for its survival (Bicudo and Menezes, 2006).  

Nevertheless, Desmidiaceae organisms were just found in Wynogradsky column B owing to 
these organisms are common in low pH waters (Reviers, 2006) and can survive in a wide pH 
range, as 3.0 to 7.0 (Hoek et al., 1995).  

Chlamydomonadaceae has preference for river substrate and appeared significantly at the 
bottom of A. This family was not found in B because belonged to photosynthetic green algae 
group and its growth was affected by low light penetration (Reviers, 2006). 

Microcystaceae is normally associated to environments with low light incidence, which 
explain its presence at the top of B and absence at the top of column A (Reviers, 2006). 
Besides, Microcystaceae algae are related to eutrophic environments (Tundisi and 
Matsumura-Tundisi, 1992), but results in Table 1 were not conclusive to confirm this since 
this phenomenon occurrence in areas with many Anabenaceae organisms (Beyruth et al., 
1992). 

The family with more genus representatives in both Winogradsky columns was 
Bacillariophyceae, which are generally photosynthetic diatoms but heterotrophic species can 
be found (Parra and Bicudo, 1995; Bicudo and Menezes, 2006). At the same time, these algae 
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are an important primary producer with greater distribution, just after bacteria (Parra and 
Bicudo, 1995). Bacillariophyceae appearance at the bottom of B may indicate the presence of 
heterotrophic algae, however their identification by optical microcopy was hard owing to 
most of pigments and structures can lose their shape quickly after water removal (Parra and 
Bicudo, 1995). 

Futhermore, Bacillariophyciae species are continental water bioindicators and can be used to 
monitor these environments (Reviers, 2006). Their presence in column B revealed that 
Remazol Red Brilliant was not highly toxic, but affected the photosynthetic capacity and 
developments of other algae families as shown in Table 1. 

4. Conclusion 

The results of the two Winogradsky columns (A and B) indicated that Remazol Red Brilliant 
did not show a high toxicity to algae owing to not inhibit the growth of Bacillariophyceae. 
However, the dye presence influenced in development of algae commonly found in 
continental waters as Nostocaceae. Consequently, water turbidity and color in Winogradsky 
column with Remazol Red Brilliant avoided light incidence and prevented photosynthesis 
processes by algae. Besides, organisms that preference acidic pH, such as Desmidiaceae ones, 
occupied the vacant niche left by families more sensitive to pollution. 

The presence of Microcystaceae across column B may indicate eutrophization, but by itself is 
not a conclusive fact. Moreover, the adverse environment caused by dye contamination in B 
represented a dominance loss of species that needs good lighting as Nostocaceae, enabling 
the other algae growth. 

Nevertheless, despite the greater diversity found in contaminated column (B), algae biomass 
production was much smaller compared to column without the dye (A). Therefore, Remazol 
Red Brilliant presence would affect the food chain in aquatic environments and consequently 
causes an ecological imbalance by the textile effluent impact. 
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