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Abstract
Studies on the effectiveness of removing colored impurities from wastewater after dyeing process obtained from five dye-
ing plants located in the Lodz region in Poland were performed as well as a comparative spectrophotometric analysis of 
wastewater before and after treatment, in the visible range of absorption of 350–750 nm, attributed to dyes from different 
groups and with different structures of chromophoric systems. It was found that the method of calculating differences in 
the total areas under the curves of absorption from the range of 280–800 nm cannot determine precisely the effectiveness 
of color wastewater treatment. The method using a normalization procedure of the relevant spectra and the analysis of their 
partial differences proposed in this work allows to describe the efficiency of the process more precisely and indicates the 
class of synthetic dyes used in dyeing processes, giving the opportunity to the selection of appropriate procedures for their 
removal or disposal. By analysis of II-derivative of absorption bands, amount of colored components in the wastewater and 
the effects of physicochemical and biological treatment have been identified. This made it possible to determine the class of 
the colored impurities remaining in the wastewater.

Keywords Colored wastewater treatment · Differential analysis · Normalization of spectra · Spectrophotometric analysis

Introduction

Dyes are a large group of compounds used in many indus-
tries. They are synthetic organic and organometallic com-
pounds, having in their structure aromatic rings and the azo, 
nitroso, chinoid, polyene, etc. groups, which causes their 
breakdown and removal from wastewater and the environ-
ment to be very difficult. Removal of dyes from wastewater 
involves the use of numerous, often combined methods like 
biodegradation, coagulation, adsorption, oxidation and fil-
tration. Due to imperfection of dyeing processes and side 
reactions (e.g., hydrolysis), from 2 to 50% of the dye may 

be lost in the dyeing processes and released to wastewater 
(Houk et al. 1991; Maćkowska et al. 2000).

Dyes mainly used in the textile industry are derived 
from diverse application groups (technical classification): 
acid metal complex, cationic, direct, reactive, disperse, vat 
and pigments. Soluble dyes used in the bath methods are 
generally derived from acetoacetic acid arylide, 1-phenyl-
3-metylopirazolon-5, naphthols, arylmethane and anthraqui-
none (Colour Index International 1999). Dyeing processes 
are multistage, periodic, continuous and semi-continuous. 
Beyond dyes, a number of adjuvants (detergents, leveling 
agents), and inorganic compounds and acids are used in dye-
ing processes.

Effluents from plants using natural and synthetic dyes in 
the technological processes are a significant problem. In par-
ticular, synthetic colors have a strong negative impact on the 
environment, due to their “visibility” and the potential harm-
fulness. Dyes contaminating the water impede processes of 
assimilation of carbon dioxide by acting as a color filter for 
the light essential for photosynthesis. Moreover, as a result 
of decomposition, they can form potentially carcinogenic 
and mutagenic compounds. Precise identification of these 
compounds is often impossible, because they are usually 
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difficult to obtain by chemical synthesis. Therefore, it is also 
difficult to test their toxicity.

Colored wastewater treatment processes mainly focus 
on “discoloration,” which is not always synonymous with 
purification. Effective color wastewater treatment meth-
ods have been developed for years allowing for a substan-
tial reduction of pollution both by biological and phys-
icochemical methods (McKay 1963; Banet et al. 1996; 
Chang and Kuo 2000; Kumar et al. 2006; Arora et al. 
2007; Dafale et al. 2008; Kalaf 2008; Onat et al. 2010). 
Their disadvantage is the selectivity, i.e., efficacy relative 
to the specific types of dyes. In the case of other dyes, 
they are not very effective (Hou and Zhang 2011; Beltran-
Heredia and Martin 2008; Li and Guthrie 2010). There-
fore, treatment methods of colored wastewater should be 
individualized and appropriate to the type or the chemical 
structure of the dye.

A popular method of controlling the purity of colored 
wastewater is a spectrophotometric analysis in the extended 
UV–Vis range (280 to 800  nm). In the visible range 
(350–700 nm), synthetic dyes absorb radiation in propor-
tion to the concentration according to the Lambert–Beer law 
(Brode et al. 1952; Bhattacharyya and Sarma 2003; Hamada 
et al. 1985; Tunç et al. 2012; Saeed et al. 2009; Scarminio 
and Kubista 1993). Study of the effectiveness of removing of 
a single dye from a solution involves comparing the absorb-
ance at the maximum absorption for a particular dye. In the 
case of mixtures of different dyes, like in the real wastewater, 
efficiency of the process can be determined by comparing 
the area under the absorption curves before and after the 
cleaning process and after the processes following treatment, 
for example, centrifugation of sedimentation.

Testing the composition of wastewater from dyeing 
industry is important to check the effectiveness of treatment 
methods. The research on the COD, chloride content, pH 
value, suspended solids content, dry residue and amount of 
dissolved substances and color and suspension reduction 
degree in the wastewater from dyeing plants was described 
in a separate article (Names of the authors 2016). The aim 
of this study was to determine the effectiveness of treatment 
processes of colored wastewater coming from the textile 
industry, taking into account not only quantitative but also 
qualitative differentiation. The composition of wastewater 
determines the need for specific procedures of the physico-
chemical and biological treatment, as the commonly used 
synthetic dyes are decomposed according to unequal mecha-
nisms and under different conditions. The use of universal 
purification procedures does not always lead to expected 
results from the point of view of the quality parameters of 
treated water (Kyzioł-Komosińska et al. 2009; Majewska-
Nowak 1986).

Samples of colored wastewater were collected in 2016 
from five dyeing plants of various sizes and of different 

types of dyed fabrics and dyes used. The locations of the 
plants are shown in Fig. 1.

Materials and methods

Wastewater samples

The test samples were collected from 5 dyeing plants located 
in the Lodz region, Poland (Fig. 1). Two samples were taken 
from each dyeing plant—a raw wastewater sample (before 
treatment) and the other one after the treatment in the on-site 
treatment plant. Before the analysis, the wastewater sam-
ples were stored in 1  dm3 polypropylene bottles at 4 °C and 
measured within two days. The samples were sedimented 
for half an hour and centrifuged (2500 RPM, 10 min.) or 
not (to assess the effect of centrifugation, see Results and 
discussion) before spectrophotometric analysis.

Spectrophotometric analysis

For tested wastewater samples, spectra of raw sewage (R) 
from five dyeing plants I–V were recorded on the device 
Hitachi U-2800, using a dedicated program UV HITACHI 
SOLUTIONS, analyzing of absorption changes in the wave-
length range 280–800 nm at Δλ = 2 nm. Then, the same anal-
ysis was performed for samples after the treatment process 
(T) and also for samples after centrifugation of raw (RC) and 

Fig. 1  Location of the studied dyeing plants in the Lodz region
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treated sewage (TC). The area under the plot was calculated 
for each spectrum to determine the degree of color reduction 
after purification. Results were presented as residual color 
(percent of the color of the raw sample).

Numerical analysis

For the purposes of the analysis, the scope of investigation 
was narrowed down to the visible range of 350–750 nm. 
The spectrum of the analyzed wastewater after treatment 
was subjected to normalization with respect to the spec-
trum of raw sewage for λmax in the range of 350–750 nm.

Normalization was carried out for λmax of raw sewage 
(R, absorbance AR) and tested wastewater (X) in accord-
ance with the relation α = AR/AX where AX is the absorp-
tion of centrifuged wastewater (RC), treated wastewater 
(T) or treated and centrifuged wastewater (TC). Normali-
zation was done so that the absorbance values at λmax for 
both spectra were equal (ΔAλmax = 0). Then, the differential 
spectrum was obtained by subtracting the analyzed spectra 
from each other (Fig. 2).

The efficiency of the purification process was assessed 
by comparing the areas (S) under the curve in the ranges 
of 350–750 nm, by the formula: for raw sewage (SR), raw 
and further centrifuged (SRC), treated (ST) and purified 
and further centrifuged (STC): S1 = SR − SRC, S2 = SR − ST, 
S3 = SR − STC (see sections “Dyeing Plant I–V”).

The differences in the areas of the normalized spec-
tra of treated and centrifuged wastewater were calculated 
according to the formula (for ΔAλmax = 0):

where λ1, λ2…. λn are the wavelength for spectra after nor-
malization for ΔAλmax = 0.

The shape of the spectra indicates the nature of impuri-
ties remaining after the purification process and the area 
under the differential curve is proportional to their quantity. 
The locations of the minima of the component spectra (for a 
single impurity) were calculated from the second derivative 
of the function A = f(λ).

Method of quantitative analysis of multicomponent mix-
tures, without knowledge of the component spectra, is based 
on a separation of the overlapping bands in the tested spec-
trum. This derivative method is used for accurate analysis of 
spectra of mixtures by spectroscopic methods UV–Vis, IR, 
Raman. The derivatives are obtained by calculation from the 
individual experimental data points. For the second deriva-
tive, the values of d"A/dλ" are zero at the inflection points of 
the absorption spectra according to the rule of differentiation 
at the position of λmax. A minimum value is obtained, which 
in turn makes it possible to locate the absorption maximum 
very precisely. It allows to assess the number of individual 
absorption bands, which are assigned to individual compo-
nents of the mixture, and the location of their λmax in the 
spectrum of the examined solution. Analysis of the second 
derivative is a good method of analysis, independent of the 
scale on which spectra are recorded. It is recommended as 
a standard procedure for the spectra recorded as a wave-
length-dependent linear function (Antonov and Stoyanov 
1995; Antonov and Nadeltcheva 1996, 2000; Antonov 1997; 
Antonov and Petrov 2002; Wojciechowski et al. 2014).
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In order to improve the signal-to-noise ratio of the absorp-
tion bands, the second-order Savitzky–Golay numerical 
method for 5 measuring points was used. This method can 
reduce measurement noise without reducing the quality of 
information. Simplicity is a consequence of the good signal-
to-noise ratio in the original spectra curves. In the curve of 
the second derivative, a good resolution can be obtained 
with regard to clearly detectable negative peaks that can be 
used for estimation of the number of overlapping bands as 
well as their positions. This procedure results in a smoothed 
spectrum (Savitzky and Golay 1964; Steinier et al. 1972).

Calculations were performed using the program Origin 
Pro v.8.6.0 (OriginLab Corp.).

Results and discussion

Dyes from different manufacturers and belonging to different 
groups were used in the dyeing plants tested. They absorb 
light from the entire range of UV–Vis, from the green-and-
yellow (approx. 380 nm) to blue and violet (620–700 nm) 
and contain typical chromophore systems in their chemi-
cal structure, known for many years. Modifications of their 
structure change their application and functional properties 
(Colour Index International 1999). Spectrophotometric anal-
ysis indicates that the tested dyeing plants most often dye 
fabrics in shades of purple and blue. First, the location of 
the absorption maxima of the tested sewage samples in the 
range of 350–750 nm was determined (Table 1). This range 
includes the visible range of absorption, in which usable dye 
forms absorb (exception—optical brighteners).

The standard method of analysis covers the range of 
200–800 nm, that includes ranges invisible to the human: 
200–380 nm and 700–800 nm. Security requirements dictate 
the need to remove any colored impurities from wastewa-
ter, since they affect not only the aesthetics of waterways, 
but also impede the process of photosynthesis of aquatic 
plants acting as natural dissolved filters. Products of their 
decomposition, generally colorless, may also be harmful. 
They may have mutagenic and carcinogenic properties, espe-
cially when they were formed in the reactions of compounds 

belonging to the A1class of hazard of MAK III (substances 
definitely known to be cancerogenic in humans) or come 
from unknown manufacturers or importers (Christie and 
Standrino 1990; MAK Value List 1994).

The numerical analysis of the absorption bands used in 
this work allows to identify in detail the composition of the 
wastewater and the share of each of the individual dyes, 
mainly from the point of view of color. It also allows to 
assign them to the appropriate group (acid dyes, direct, 
reactive, etc.). Identification of dyes and their usable class 
also allows to select a suitable and effective method of their 
disposal.

For the selected value λmax, spectra of samples of the 
tested solutions were normalized so that the absorbance val-
ues (A) at λmax are equal (Fig. 1). Then, the corresponding 
values of the function A = f (λ) were subtracted from each 
other in the whole range of the analyzed spectrum.

The applied procedure of spectra normalization allows to 
determine the impact of all processes: centrifugation, phys-
icochemical and biological methods on the effectiveness of 
wastewater treatment. Colored wastewater treatment can be 
analyzed for selected process independently or as a result 
of all employed operations. This is important given that the 
dyes or their mixtures do not decompose in the standard, 
uniform biological procedures and every time they require 
appropriate modifications of treatment methods. Synthetic 
dyes, in definition, must be durable in the process of use, 
therefore in the natural environment they do not have natural 
antagonists and their aerobic degradation is slow. Anaerobic 
processes are more effective, but they are difficult to apply 
in wastewater treatment practice.

First, calculations of efficiency of the wastewater treat-
ment process in the range of 200–800 nm were made and 
then they were correlated with the results for a selected range 
of visible light of 350–750 nm. This calculation method 
did not analyze the specific absorption and the change in 
absorbance (A) of various forms of dyes, analysis concerned 
changes in the whole spectral range. The calculation results 
are presented in Table 1.

Then, the analysis of the second derivative of the absorp-
tion bands was performed. This analysis aims to identify the 

Table 1  The degree of 
purification (as a residual color, 
in %) of colored wastewater in 
dyeing plants I–V calculated by 
spectrophotometric analysis

λmax—wavelength of max. absorption in range 350–750  nm, 2—raw wastewater centrifuged (RC), 3—
treated wastewater (T), 4—treated wastewater centrifuged (TC)

Plant Range 280–800 nm λmax (nm) Range 350–750 nm

2 3 4 2 3 4

I 47.23 54.46 34.62 557 41.99 35.41 17.76
II 93.68 58.91 52.98 490 95.97 56.61 52.47
III 75.33 81.49 60.25 584 74.85 52.36 34.77
IV 77.25 30.30 26.83 570 76.76 21.85 19.25
V 83.63 83.89 74.41 574 82.59 87.71 75.57
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dyes used and their colors. It allows to estimate the amounts 
of the colored components or various forms of dyes by cal-
culating the second derivative of the absorption bands and 
to specify the location of hidden absorption bands (minima 
of the function d"A/dλ") which determine the color of the 
components of colored wastewater (Table 2).

In this work, the effectiveness of color wastewater treat-
ment processes by physicochemical and biological methods 
with additional centrifugation after the treatment was exam-
ined. For this purpose, the spectrophotometric analysis of 
raw wastewater in the visible range 350–750 nm before and 
after purification was made. In addition, by analyzing the II-
derivatives, the qualitative composition of treated wastewa-
ter was determined (by designating the absorption maxima). 
The results are shown in Table 2; an exemplary method of 
analysis is shown in Fig. 2.

Analysis of the composition of colored wastewater 
from selected plants

Dyeing Plant I

The dyeing processes in Plant I apply dyes belonging to 
the groups: reactive for wool and cotton, acid, disperse 
and cationic for synthetic fibers of brands such as Synezol, 
Bezactive, Remazol, Procion, Dianix, Serilen, Isonyl, Eco-
nyl, Gryfalan, Lanasol, Astrazon and Yoracryl. The dyeing 
process also uses accompanying substances as salt, acetic 
acid, hydrogen peroxide, hydrosulfite, ammonium sulfate, 
ammonia and caustic soda. Fabrics are dyed most often in 
shades blue and purple.

The dyeing plant has its own on-site treatment plant using 
flow tanks where the temperature parameter is averaged by 
heat recovery and the pH parameter—using hydrochloric 
acid.

The process of centrifugation of raw sewage does not 
change the qualitative composition of color impurities. The 
changes are related to their concentrations, probably due 

to adsorption on the particles surface. Second-derivative 
absorption bands A = f(λ) for not centrifuged and centrifuged 
wastewater are of similar shape and have very similar values 
λ of hidden absorption bands (Fig. 3b). A significant differ-
ence ΔS of raw and centrifuged sewage indicates significant 
contamination by the suspensions, also colorful. Mechani-
cal cleaning (in settling tank) followed by centrifugation 
can remove more than 80% of pollutants (Table 1). Only 
centrifugation of raw sewage removes these impurities by 
almost 58%.

The mechanical cleaning reduces the concentrations of 
all colored impurities, especially dyes absorbing in the range 
up to λmax = 557 nm. This dyeing plant is characterized by 
a very high discharge of colorful wastewater with signifi-
cant content of suspensions (Table 3). The very process of 
centrifugation of raw wastewater can remove most of the 
insoluble impurities. Even after the purification process, a 
considerable amount of suspension remains in the waste-
water, and centrifugation reduces the impurity content by a 
further 18% in relation to the non-centrifuged treated waste-
water (Table 1).

This may be due to the presence of poorly water-solu-
ble dyes (i.e., disperse dyes) from a palette of yellows and 
greens of λmax < 562 nm. In the area λmax > 562 nm, a small 
change in color is observed. Only the dye(s) absorbing at 
about 690–700 nm has been removed from the wastewater 
in a larger amount (Fig. 3b). The analysis of changes in d"A/
dλ" = f(λ)) indicates a considerable share of red and blue 
dyes in the wastewater.

Dyeing Plant II

Dyes belonging to the following groups were used in the 
dyeing processes in Plant II: reactive, acid, direct and dis-
perse dyes of brands such as Novacron, Solophenyl, Lanasol, 
Remazol, Serilen, Hollactive and Holcron. The dyeing pro-
cesses also used accompanying substances, such as soaps, 

Table 2  Location of the 
absorption maxima of raw or 
treated wastewater calculated by 
second derivative of absorption 
bands (e.g., Fig. 3b)

R—row wastewater, T—treated wastewater

Plant Absorption maxima λ (nm)

I R 422 482 559 615 678

T 378 436 562 610 675
II R 406 528 651

T 390 483 522 627
III R 391 430 482 522 621

T 516 563 640
IV R 437 478 524 621

T 377 423 469 516 560 602
V R 378 452 568 614

T 379 460 570 615
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transporters, reducers, hydrogen peroxide, ammonia, caustic 
soda and softeners.

The dyeing plant has a mechanical sewage treatment plant 
that uses the processes of filtration, sedimentation, neutrali-
zation and heat energy recovery.

The dyes from the violet and blue-violet palette are used 
the most in the examined plant.

The centrifugation process removes approx. 4% of color 
from raw wastewater (Table 1). A large change in color 
intensity is observed after physicochemical treatment and 
it concerns dyes with λmax < 500 nm and λmax > 560 nm, i.e., 
dyes of shades of red and purple. In terms of the chemical 
structure, they are sulfonic derivatives of α- and β-naphthols 

and aminonaphthols used as acid-coupling components. The 
smallest effectiveness of the treatment was found for dyes 
with shades of yellow-green and green (λmax 500–560 nm) 
and among dyes belonging to the palette of blues (Fig. 4a).

Although the concentrations of dyes change, the qualita-
tive composition of colored wastewater before and after the 
treatment is the same, as evidenced by the spectral char-
acteristics (Fig. 4b). This indicates that most of the dyes 
are soluble dyes used for dyeing of natural fibers by bath 
methods. The lower efficiency of the physicochemical treat-
ment combined with centrifugation (see Table 4—the sum 
of differential areas is proportional to the efficiency of the 
treatment) indicates an increase in the concentration of dye 
in the wastewater, so the effectiveness of these two processes 
is lower than that of the treatment itself. Disaggregation of 
dyes may be the cause (Wang 2000). This is not evident in 
the decrease in the total absorbance of the sample (Table 1) 
due to the content of hard settling suspensions. The normali-
zation of the spectrum and the analysis of the differential 
spectra make it possible to compare the changes in colored 
impurities concentrations.

Dyeing Plant III

The dyeing processes in Plant III used dyes belonging to the 
groups: acidic and metal complex for wool, multifunctional 
reactive dyes for cotton and disperse dyes like Lanasyn, 
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Fig. 3  a Differential spectra of raw (R) and treated wastewater (T), with (C) and without centrifugation (TC) in the Plant I and b second-deriva-
tive absorption bands

Table 3  Changes in the share of color impurities in the wastewater 
after purification processes and centrifugation in Plant II (area under 
the differential curve)

S1 = SR − [SRC]; S2 = SR − [ST]; S3 = SR − [STC]
SR, SRC, ST, STC—the area under the absorption curve of raw waste-
water, centrifuged raw wastewater, treated wastewater and centrifuged 
treated wastewater, respectively. The sum is calculated using absolute 
values

Range (nm) RC T TC
S1 S2 S3

350–562  − 25.21  − 257.97  − 390.51
562–750 41.41 38.19 60.66
Sum 66.62 296.16 451.17
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Nysolan, Drimaren, Synezol, Kimsoline for polyester. The 
dominant color of dyeing is purple. In dyeing processes, the 
accompanying substances are also used such as dispersants, 

wetting agents, UV stabilizers, enzymes, adhesive and stiff-
ening agents, hydrosulfite.

The plant uses an open horizontal flow sedimentation 
tank to treat colored wastewater.

Wastewater treatment at the Plant III allows to remove 
contaminants from wastewater with an average efficiency 
(Table 5). The largest share in the palette of dyes used is 
purples with λmax ≈ 560–620 nm and with good solubility. 
The centrifugation removes about 30% of impurities from 
raw wastewater and 20% from the wastewater treated by 
physical method. As in the case of sewage treatment at the 
Plant II, centrifugation of treated wastewater increases the 
concentration of the dyes with λ > 584 nm, which could be 
the result of the disaggregation or desorption.

It can be observed in Fig. 4a, as in other cases described 
in this paper, that the centrifugation of raw sewage removes 
solid contaminants by approx. 25% (Table 5), while a sig-
nificant change in the color of wastewater is not observed 
(Table 5 and Fig. 5b). Only physical and chemical treat-
ment allows to remove most color impurities from the solu-
tion in shortwave range; centrifugation reinforces this effect 
(approx. 18%), which indicates the presence of additional 
adsorbents in solution, derived from the decomposition of 
dyes or their aggregates.

Shades of purple and blue dominate among the dyes 
used with λmax localized at about 620 nm. The treatment 
efficiency of the investigated wastewater is high. It con-
tains mostly soluble dyes and content of suspension does 
not exceed 6%. Only the dyes absorbing in the range 
570–620 nm cannot be easily removed by physical meth-
ods. As in Plant I, this is most likely due to the use of sol-
uble dyes in the red palette, which are azo derivatives of 
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Table 4  Changes in the share of color impurities in the wastewater 
after the purification processes and centrifugation in Plant I (area 
under the differential curve)

* 1) [STC] in the range of 350–380  nm ΔS =  − 2.08, 380–490  nm 
ΔS = 5.90
Description of abbreviations is given in Table 3

Range (nm) RC T TC
S1 S2 S3

350–490  − 8.11 16.56 *1)
490–560 0.16  − 4.34  − 3.50
560–750  − 8.76 37.71 27.29
Sum 17.03 58.61 38.77

Table 5  Changes in the share of color impurities in wastewater of the 
Plant III after the treatment processes and centrifugation (area under 
the differential curve)

*1)  [ST] in the range: 584–642  nm ΔS =  − 4.54, 642–750  nm 
ΔS =  − 14.55
*2)   [STC] in the range: 584–678  nm ΔS =  − 8.68, 678–750  nm 
ΔS =  − 1.39
Description of abbreviations is given in Table 3

Range (nm) RC T TC
S1 S2 S3

350–584 8.23 153.74 204.29
584–750  − 21.70 *1) *2)

Sum 29.93 172.83 214.36
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sulfonaphthols. Second-derivative analysis indicates that the 
dye with absorption maximum at the λmax = 584 nm con-
sists of two forms with a batho-shifted absorption maximum. 
This dye is more resistant to treatment than the basic color 
contamination of wastewater (with λmax = 620 nm). In the 
range of dyes that are discharged with the wastewater to the 
treatment plant, there are also o-hydroxyazo dyes. The form 
responsible for long wave absorption can be a hydrazone 
form that differs from the azo form, i.e., in use resistance. In 
analyzed case, it is less susceptible to physical and chemical 
processes. In this case, purification procedure different from 
the standard one should be applied, before possible re-use 
of treated wastewater.

Dyeing Plant IV

In the dyeing processes in the Plant IV, typical and addi-
tional finishing were used as bleaching, washing, refining 
and digital printing of knitted and woven fabrics. The types 
of applied dyes are not known. The plant is characterized 
by the most advanced technology among described, and the 
amount of wastewater discharged into the sewage system 
is over  75m3/h. The treatment plant consists of the follow-
ing modules: wastewater expansion tank, a tubular heat 
exchanger, pH correction and coagulation, a three-stage 
reactor without an anaerobic chamber, ozonation and sta-
bilization of excess sludge. As the only one, this plant has 
a biological module of wastewater treatment. The domi-
nant color of dyeing is purple. In the treatment Plant IV, 
the composition of wastewater and their properties differ 

significantly from the others. Centrifugation of raw sewage 
removes about 23% of suspensions and dyes with λmax above 
570 nm, namely blues and violets. Only the process of phys-
icochemical and biological treatment leads to remove the 
residual dyes in the field below 570 nm. The efficiency of 
purification decreases when the physicochemical and bio-
logical processes are followed by additional centrifugation 
(Table 6). This may be due to aggregation or adsorption on 
biological material. The resulting aggregates may disinte-
grate during centrifugation, leading to an increase in the 
concentration of remaining colored impurities in solution (as 
a result of desorption from the biological material).
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Fig. 5  a Differential spectra of raw (R) and treated wastewater (T), with and without centrifugation process in the Plant III and b second-deriva-
tive absorption bands

Table 6  Changes in the share of color impurities in the effluent after 
the purification and centrifugation processes in Plant IV (area under 
the differential curve)

*1)  [SRC] in the range: 350–394  nm ΔS = 0.12, 394–570  nm 
ΔS =  − 1.19
*2)  [ST] in the range: 570–628  nm ΔS =  − 0.83, 628–750  nm 
ΔS = 11.46
*3)  [STC] in the range: 570–628  nm ΔS =  − 0.88, 628–750  nm 
ΔS = 11.88
Description of abbreviations is given in Table 3

RC T TC

Range (nm) S1 S2 S3

350–570 *1) 25.25  − 19.79
570–750 56.62 *2) *3)

Sum 5.71 37.53 32.55
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Analysis of second derivatives of wastewater absorption 
curves before and after treatment indicates a significant 
change in the concentrations of color compounds in the 
solution (Fig. 6). For this plant, a high efficiency of waste-
water treatment by physicochemical and biological methods 
is observed (Table 1). A clear decrease in the concentration 
relates to a compound with λmax > 628 nm (Table 6). Other 
colored impurities ranging below 628 nm are removed from 
the solution almost equally, resulting in a marked change of 
color on close to gray. The process parameters are therefore 
chosen optimally to the current conditions and the chemical 
composition of the colored wastewater.

Centrifugation of the biologically treated wastewater 
causes a slight increase in the concentration of the dyes 
at λ < 570  nm (3,5%) and the decrease for the dyes at 
λ > 620 nm, i.e., from a palette of blues and purples.

Dyeing Plant V

The dye-work V is the smallest of the tested dyeing plants 
and dyes fibers like Lycra, microfiber, stretch and uses metal 
complex dyes and acid dyes: Lanasyn, Holegal. Accompa-
nying substances are soap, fixing agents, pH adjusters. The 
dominant color of dyeing is purple, as in other investigated 
plants.

The wastewater from the dyeing process is pre-cleaned on 
sieves. During the second stage, it goes to the settling tank 
where the coagulation process with aluminum sulfate takes 
place. The wastewater after the dyeing process is stored in 
the Plant V in an overgrown, poorly maintained clarifier. 
Analysis of changes in the composition of the wastewater 

discharging into the sewage system indicates low effective-
ness of treatment processes. The solids content of the raw 
sewage is approx. 17.5%. After the purification process, 
approx. 12% can be removed additionally by centrifugation 
(Table 1). The composition of wastewater after purification 
in terms of color impurities is similar to that of raw sewage 
(Fig. 7b); the minor changes are observed only in the range 
of λ up to 574 nm (Table 7), i.e., for dyes from a palette of 
yellow and green. Reds, blues and purples are practically not 
removed; their concentration (for dyes with λmax < 574 nm) 
even increased (Fig. 7a, b).

The data in Table 1 show that in dyeing plant V both the 
raw sewage centrifugation and the physicochemical treat-
ment process are ineffective. In addition, the second-deriv-
ative analysis shows that the composition of the wastewater 
and concentrations of colored impurities do not change dur-
ing wastewater treatment and the raw sewage and treated 
sewage have a similar color. The maximum reduction in 
the absorbance value in this case (in the treated and subse-
quently centrifuged wastewater) is about 25%.

Conclusion

The composition of colored wastewater from five selected 
dye-works that use synthetic dyes for dyeing natural and 
synthetic fibers in their production was examined. The range 
of colors used covered the entire spectrum of visible light, 
the dyes came from various manufacturers and importers. 
The analysis was performed using the spectrophotomet-
ric method, examining the wastewater before and after the 
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treatment process using physicochemical and, in one case, 
biological methods. Using the second-derivative spectra, the 
basic components of colorful sewage and the position of 
their absorption maxima were identified. This allowed to 
determine the effectiveness of the methods used, also in rela-
tion to the group of dyes. This is important in the treatment 
process, as there are no universal methods for removing dyes 
from wastewater. They require different processes depending 

on their chemical structure which determines their color and 
application. The standard spectrophotometric method covers 
the range of 200–800 nm. In this study, it was limited to the 
visible range 350–750 nm, wherein an absorption of light by 
dyes used for dyeing natural and synthetic fibers is observed. 
The areas under the curves of absorption A = f(λ) (Table 1), 
which is the general measure of the degree of contamination 
of wastewater, differ in these two ranges by 2–9% (except 
for the Plant III). The proposed analytical method allowed to 
identify the component of pollution and assign it to a specific 
color and the used class of dye. It was found that the centri-
fuging process, both before and after treatment, changes the 
composition of colored wastewater. The magnitude of these 
changes depends on the type of applied dyes, their belonging 
to the corresponding class (i.e., acid, direct, disperse dyes, 
etc.) or on the presence of dyes in the poorly soluble form 
under the specified conditions. Values described are spe-
cific for the sewage treatment plant and depend on the type 
of wastewater. In general, it can be noticed that dyes with 
reduced solubility in blue and green colors with λmax above 
550 nm are used in the dyeing plants tested.

Analysis of the second derivatives of the absorption 
bands of mixtures allows the identification of hidden absorp-
tion bands of individual dyes and their tautomeric forms. 
This relationship is characteristic for the particular discharge 
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Table 7  Change in the share of color impurities in the wastewater 
after the treatment process and the centrifugation in the dyeing plant 
V (area under the differential curve)

*2)  [SRC] in the range: 350–530  nm ΔS =  − 4.87, 530–574  nm 
ΔS = 0.03
*2)  [ST] in the range: 350–418 nm ΔS = 2.59, 418–574 nm ΔS = 1.26
*3)  [STC] in the range: 350–466  nm ΔS = 2.88, 466–574  nm 
ΔS =  − 0.89
Description of abbreviations is given in Table 3

RC T TC

Range (nm) S1 S2 S3

350–574 *1) *2) *3)

574–750  − 1.43  − 4.98  − 6.87
Sum 6.33 8.82 10.34
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of pollutants. The composition of wastewater, however, is 
variable depending on the type and complexity of the pro-
cess of dyeing. This analysis is based on the separation of 
bands overlapping in the analyzed spectrum and allows to 
evaluate the amount of absorption bands and the position of 
λmax of components. This method can be used regardless of 
the spectrum registration range.
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