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Abstract 

In the framework of the CRP IPEN has worked on the irradiation and toxicity assessment for 

the improvement of dyes standard solutions and real complex effluents (textile) in order to 

achieve recommended quality for reuse of treated effluents during the process as well as for a 

suitable environmental discharge. Three different types of effluents were submitted to 

irradiation including standard solution of two reactive dyes (Remazol Black B - RPB and 

Remazol Orange 3R – R3AR). It was also identified that different chemical formulas of these 

reactive dyes can contribute to a higher toxic charge during effluents discharges. In general 

the toxicity control was carried out on crustaceans and luminescent bacteria but a lot of 

experiments were performed with the aquatic snail Biomphalaria glabrata, this last biological 

assay was developed at “Instituto Butantan (USP, SP)”. Irradiations and measurements with 

UV spectrophotometer resulted always on less colored effluents and most often on less toxic 

liquid residues, after irradiation. Percentage of reductions for toxicity and color depended on 

the effluent source and the radiation doses applied varied from 1 to 10 kGy. The decoloration 

of remazol black B and orange 3R  solutions was effective for 1kGy and 2.5 kGy which is a 

relatively low dose and may contribute to a suitable cost for irradiation technology. Since the 

possibility of different formula of dyes be present at environment exist, the toxicity was 

measured for all of them and it was noted that vinylsulphone form was the worst in terms of 

effects for V.fischeri ( Black B 133%)  and D.similis (Orange 3R). Regarding biological 

effects of these remazol dyes after irradiation, this same dye solution resulted at 60% removal 

only for V.fischeri (not for daphnids) and when treated with 5 kGy and 10 kGy.  Irradiation of 

real textile BVT effluents resulted in good colour removal but the acute toxicity reduction 

varied widely 97% (0.5kGy), 54% (2.5kGy) and 19% (1.0kGy), BTV1 – BTV3.  The 

chemical effluent required higher radiation doses to reduce toxicity (20kGy up to 40kGy). 

1. Objective of the research 

To apply irradiation on effluents for reducing toxicity and achieve suitable conditions for 

industrial reuse. The Electron Beam Irradiation applied for textile effluents is very related to 

decolorization of wastewater and reduce biological effects (toxicity and mutagenicity). 

2. Introduction 

The reuse of water is part of obligation and management for several industrial water use in 

Brazil. Textile activities are important water user, dischargding hard variation of contaminants 

on their final effluents due to the variety of chemical which are used during textile 

manufacture. 

In the “Manual de conservação e reuso de água para a industria” the textile reuse of water is 

possible if color < 5 UH, hardness < 25 CaCo3, Mn – 0.01 < Mn < 0.05; pH: 3.5 – 10.5 

(except for starching process); 100 ppm and 5  ppm for TDS and SS, respectively
1
. 

In general the color is apparently the worst irregular number for effluent reuse in textile 

activities and the reactive dyes are widely applied for cotton benefits. Reactive dyes are 
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termed chemically as colored compounds with a functional group capable of forming a 

covalent bond with a suitable substrate. In terms of chemical structure, colorants may either 

be inorganic or organic compounds (both groups natural or synthetic).While pigments consist 

of small particles that are practically insoluble in those media in which they are applied, dyes 

are applied to various substrates (textiles, leather, paper, hair etc) from a liquid in which they 

are completely,  or at least partly, soluble. 

When classified according to dyeing method (coloristic approach), they can be distinguished 

between anionic, direct or disperse dyes, depending on whether these substances are used for 

dyeing protein, cellulose or polyamide fibers. It should be mentioned that certain chemically 

reactive dyes can be used for different substrates, while others (with the same type of 

chemical structures) are suitable for a single substrate only
2
.  

At IPEN Electron Beam irradiation has been studied for reactive dyes and for textile effluents 

and both authors reported important reduction on general color
3,4

. The sources of real 

effluents used during the project was presented at Table 1. 

TABLE 1 – SOURCE OF EFFLUENTS RELATED TO DYES AND IRRADIATION STUDIES AT IPEN 

Item Origin / Specification   Reference  

Site 1 Vicunha – SP (textile ) Higa, 2010 

Site 2 Suzano – Dyes manufacture Higa, 2011 

Site 3 Suzano/SABESP CNPq  Report 

 - Standard solutions Pinheiro, 2011 

The reactive dyes are very important product in Brazil because they are suitable for cotton 

dying. National cotton production was 1.015.000 tons in 2010, approximately.  According to 

literature about 10% to 15% of dyes are lost to environment while and after dying processes. 

The textile effluent may contain dyes at three different chemical arrangements: 

sulphatoethylsulphone, vinylsulphone and hydroxyethylsulphone. About 60% of all reactive 

dyes have the azo group (-N=N-) as chromophore combined with different types of reactive 

groups (e.g. vinylsulfone and chlorotriazine)
3
. The dyes are usually marketed as 

sulphatoethylsulphone form. During the dyeing of cellulosic fibers, the increase of pH 

(alkaline) and temperature in the dye bath promotes readily release of sulphato group to form 

the reactive vinilsulphone which then binds covalently by nucleophilic addition with ionized 

hydroxyl groups of the cellulose. However, vinylsulphone can react with hydroxyl group in 

water and promotes hydrolysis generating the hydroxyethylsulphone form.  This form is non 

reactive and cannot bind in cellulose fiber or be used further.  Once dyeing is completed, the 

dye material is washed-off several times to remove unfixed and/or hydrolysed dye. This hot 

dyeing process usually has little unreacted dye in it. However, in the cold pad process the dye 

bath, which is done at room temperature, the reaction of the dye with the OH is very slow. 

The left-over dye bath is not exhausted but rather contains much unreacted dye in various 

forms of reaction. If  neutralized to pH 7 the half-life of the vinyl form can be very long, e.g. 

46 years for the vinylsulphone dye C.I. Reactive Blue 19 at 25
 0

C. Another source of 

unreacted dyes in the wastewater is the practice of disposing excess dye formulation in the 

wastewater. The wastewater generated is characterized by intense color, high BOD and COD 

values owing to the presence of soluble and insoluble organic residues from both reactive 

(vinyl) and hydrolysed forms of dye, as well as form bleaching treatments and dyeing 

auxiliaries. 
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The structural aspect of the two studied are presented at Figure 1. Both are reactive dyes 

which were submitted to irradiation and toxicity assays. The other samples were real effluent 

according to Table 1.  

 

Fig. 1. Black B (133%, Dystar) and Orange 3R(133%, Dystar), structural formula. 

The final effluent from SABESP SUZANO (sanitation company - Suzano WWTP) is a 

product (treated wastewater) not allowed for reuse due to their characteristics with several 

toxicants out of standard fixed numbers and related residual toxicity. Residual color is one of 

them. 

3. Materials and Methods 

The methods for toxicity assays were standardized for a Brazilian Comite, ABNT (Associação 

Brasileira de NormasTécnicas), based on ISO methods and taking into account Brazilian 

species and environmental conditions. The assays with B. glabrata followed specific 

methodology, according to the specifications given at Table 2. Irradiations were carried out at 

batch conditions, fixing the machine energy at 1.4 MeV for all the experiments, at Dynamics 

EB Accelerator.  

TABLE 2. LIVING-ORGANISMS EXPOSED TO REACTIVE DYES AND METHODS 

Organism End-point Methodology 

Daphnia similis Imobility (48h) ABNT/ISO 

Vibrio fischeri Luminescence lost 

(15 min) 

ABNT/ISO 

Biomphalaria glabrata Death (48h) and 

genotoxicity 

KAWANO, 1992 

3.1.1. Biomphalaria glabrata assays 

The Biomphalaria glabrata (Mollusca, Gastropoda) adult/pigmented snails were reared under 

laboratory conditions for several years (at Instituto Butantã). The snails were maintained at 25 

± 2 °C, 18h light photoperiod, in plastic aquarium (50x23x17 cm) with dechlorinated tap 

water and continuous aeration and they were fed with ad libitum lettuce leaves.  

The acute toxicity assays were performed with five different concentrations of dyes  (three 

replicates). For each replicates, 10 adult snails with shell diameters of 10-18 cm and 3-6 

months of age were exposed to the dyes for 72 h. Room temperature 25 ±2 °C and 18/6 light-

dark circle were kept constant. After exposure, snails were washed and observed for 7 days to 

quantify the number of death organisms. A negative control group was maintained in 
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dechlorinated tap water under the same experimental conditions and the test was valid if the 

death rate was less than 10% in this group. Median lethal concentration was obtained from the 

Trimmed Spearman-Karber method (Hamilton et al, 1977) and the results were expressed in 

mg L
-1 6,7

. 

Embryos Assays: pieces of plastic were placed on the aquarium water surface to collect the 

egg masses. The embryos were analyzed and separated according to developmental stages 

(blastula, gastrula, trocophore and veliger) (Kawano et al, 1992). Egg masses damaged or 

with high rates of natural mortality and malformation were not used in the experiments. 

At least 100 embryos of each stage were exposed to different concentration of the dyes for 72 

h at 25 ±2 °C. At the end of exposure, egg masses were washed and observed for mortality for 

7 days. The malformed embryos were also counted and considered dead, since it would 

become non-viable embryos. A negative control group was maintained in dechlorinated tap 

water under the same experimental conditions. LC50 was calculated using the Trimmed 

Spearman-Karber method (Hamilton et al, 1977) and the results were expressed in mg L
-1

. 

4. Results and discussion 

The efforts carried out for identification of three different chemical forms of the dyes is confirmed by 

the position of bands and migration into the chromatografhy paper. The B.glabrata assay revelead this 

organism as the less sensitive to the exposed dyes when compared to the others and no genotoxicity 

was obtained for 1.0 g.l
-1

 for both reactive dyes
3
. 

Paper chromatography was used to identify the bands and changing formula for the dyes 

(hydroxy, sulphate or vinyl form), showed as Fig. 2. 

 

Fig. 2. Paper chromatography for remazol black (a) and for remazol orange 3R (b): 

migrations from left to right indication hidroxi; to sulphate; to vinyl forms. 

When Biomphalaria glabrata snail was exposed to the reactive dyes only RPB solutions 

resulted on genotoxic  effect but at very high concentrations (2.0 g.L
-1

), Regarding toxicity it 

was also noted very low sensitivity of this specie to the reactive dyes and there was no 

meaning to use irradiation for those given dyes concentration. 

4.1.1. Irradiation effects on toxicity for RPB and R3A dye solutions (sulphates) 

The toxicity results of both reactive dyes evidenced that the orange R3AR was more toxic 

than the black B for both organisms and for a good reduction on this biological effect it was 



 

44 

necessary 5 and 10 kGy for V. fischeri assay. The same did not happen when D. similis were 

exposed to irradiated samples for RPB dye.  

 

Fig. 3. Comparison of acute toxicity effects for dyes solution before and after EB irradiation 

(Black B and Orange 3R - 133%, Dystar). 

When irradiation was applied to BTV effluents radiation doses lower than 5kGy were enough 

for general improvement (color and biological effects), on the contrary the ACD samples 

required from 20 to 40 kGy radiation doses. Nonetheless reasonable variation on the efficacy 

values can be noted (Table 3).   

TABLE 3 – TOXICITY REDUCTION ON INDUSTRIAL SAMPLES INDUCED BY EB IRRADIATION  

Dose (kGy) 

Toxicity removal 

(%) Sample Code 

20 0 ACD01 

20 97.9 ACD02 

40 83.5 ACD03 

40 60.0 ACD04 

40 83.3 ACD05 

0.5 97.42 BTV01 

2.5 54.75 BTV02 

1.0 19.24 BTV03 

For general discussion it was observed that irradiation is an effective technology for color 

removal on effluents. Due to the great structural diversity of dyes it is necessary to combine 

techniques for its degradation. Taking into account that 80% of all reactive dyes belong to the 

class of azo compounds (-N= CH-), these type of chemicals will always be present in 

effluents from textile. Until 2003, the global colorant market was estimated at USD 12-13 

billion and more or less equally distributed among organic dyes, organic pigments, and 

inorganic pigments: 132 distinct chemical structures were presented by Zollinger and their 

different synthesis and also 176 examples of carbonyl colorants, main representative by 
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quinones, antraquinones and indigo dyes, followed by sulfur dyes, fluorescent brighteners. 

Due to this wide diversity of products it is not always possible to characterize effluents only 

by chemical analysis and  toxicity assays may confirm if a given treatment result in a less 

toxic effluent allowing us to calculate the toxic charge removal for a given process 

technology. 
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