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Abstract: The objective of this study was to evaluate the adequacy of wastewater treatment stages used to treat wastewater from the 
textile industry in relevance to irrigation water standards. Results showed that primary and secondary treatment stages that are applied at 
the textile factory are not enough to meet the standards and that tertiary treatment is required. Two different processes a destructive removal 
process and a physicochemcal process has been applied. The Fenton process was selected among the advanced oxidation processes, aiming 
to destroy organic compounds remaining after the activated sludge treatment. The Fenton process was capable in removing about 65% of 
the COD left after the biological treatment, and the adsorption process on the other hand removed about 50% of the COD left after the 
biological treatment. More than 95% and 40% of Pt-Co colour unit has been removed by both the Fenton or adsorption process, 
respectively. The electrical conductivity values were dropped to about 2300 µS.cm-1 after adsorption process only and to about 180 µS.cm-1 
after adsorption and nano-filtration and 56 µS.cm-1 after adsorption and reverse osmosis combined processes. The electrical conductivity 
values were increased after the Fenton process due to iron addition etc. during the oxidation process, but decreased to about 250 µS.cm-1 
after Fenton and nano-filtration and 48 µS.cm-1 after Fenton and reverse osmosis combined processes. Laboratory studies showed that 
advanced oxidation methods combined with membrane technology are appropriate methods to achieve the required standards. 
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1. Introduction 
Water shortage is an important issue in the Mediterranean 

region. Future projection with regard to climate change represents 
higher risks to the water resources. In order to overcome this 
problem new strategies are continuously developed and applied at 
different scales. To prevent the overuse of water resources in the 
agricultural and industrial sectors, the reuse of water in these sectors 
is practiced in recent years. Since the agricultural sector is the major 
consumer of water, the reuse of treated wastewater for irrigation is 
widely applied. The quality of the irrigation water can relatively be 
lower when compared with the water quality required for industrial 
and domestic use. However, it was also reported that application of 
treated wastewater can have some short and long term effects like 
salinity and pathogen microorganisms (Sjoukes, 2015). Salinity 
problem occurs if salt accumulates in the crop root zone to a level at 
which the plant is not able to sufficiently extract water resulting in 
reduced crop growth. Besides reduced crop growth and plant 
damage by sodium, chloride, boron, other problems regarding high 
nitrate, carbonate, bicarbonate, aluminium, iron levels in the 
irrigation water quality may occur. General parameters used in the 
evaluation of agricultural water quality are total dissolved solids 
(TDS), electrical conductivity (EC), temperature, colour, turbidity, 
hardness, suspended solids, calcium, magnesium, sodium, 
carbonate, bicarbonate, chloride, sulphate, sodium adsorption ratio 
(SAR), boron, trace metals, heavy metals, nitrate-nitrogen, 
phosphate phosphorus and potassium. The water quality becomes 
more important in regions with high temperatures and low relative 
humidity, the so-called arid zones, because of increased salt 
accumulation in soil. Several irrigation water quality standards have 
been developed by the Food and Agriculture Organization (FAO) 
(Table 1) and the International Standard Organization (ISO16075-
4:2016) to avoid potential effects on the human health and the 
environment. The World Health Organization (WHO) suggests 
appropriate wastewater treatment options to attain the necessary 
irrigation water quality. Besides issues like the salinity and/or 
toxicity tolerance of crops, other future dynamics related to soil and 
groundwater quality require continuous research and monitoring. 
Especially, some persistent organic and inorganic compounds that 
are not easily degraded in the environment and water treatment 
units may build up in future and result in long term effects. The 
adequacy of industrial wastewater treatment level needs to be 
questioned in case of agricultural re-use.  

 

 

 

Table 1: Guideline values for evaluation of water quality for irrigation. 
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As known the raw wastewater characteristics does not only 
change between industrial sectors but also within a specific 
industrial sector. For instance, the wastewater characteristics of the 
textile industry changes according to the textile in concern, quantity 
of water and chemical components used within the process (Ghaly 
et al, 2014). Table 2 and Table 3 reflect the differences in water 
consumption and dye types in the textile industry. Wastewater 
characteristics of three different textile factories studied within the 
project are presented in Table 4.  

Table 2: Water requirements with regard of textile fiber in process  
Process Requirements in Litre/1000 kg of product 

Rayon Acetate Nylon Acrylic/ 
Modacrylic 

Polyester 

Scouring 17000- 
34000 

25000- 
84000 

50000-
67000 

50000-
67000 

25000-
42000 

Salt bath 4000-
12000 

-- -- -- -- 

Bleaching -- 33000-
50000 

-- -- -- 

Dyeing 17000-
34000 

34000-
50000 

17000-
34000 

17000-
34000 

17000-
34000 

Special 
Finishing 

4000- 
12000 

24000-
40000 

32000- 
48000 

40000-
56000 

8000-
12000 

 

Table 3: Dye types used for different types of fibres 
Fibre Dye type Unfixed dye, % 
Wool and nylon Acid dyes/reactive dyes for wool 

Pre-metallised dyes 
After chromes 

7-20 
2-7 
1-2 

Cotton and Viscose Azoic dyes 
Reactive dyes 
Direct dyes 
Pigment 
Vat dyes 
Sulphur dyes 

5-10 
20-50 
5-20 

1 
5-20 
30-40 

Polyester Disperse 8-20 
Acrylic Modified basic 2-3 

 
Table 4: Wastewater characteristics of three different textile factories 

 
Wastewaters are to be treated before discharge and the 

conventional treatment involves primary and secondary treatments 
and nowadays tertiary treatment steps depending on the discharge 
environment and/or aim of end use. Advantages and disadvantages 
of these physical, chemical and biological treatment methods are 
given by Hai et al. (2007) in detail. A typical treatment sequence, 
can be seen in Fig. 1, is generally not enough to meet the irrigation 
water standards. Thus to protect future soil and groundwater quality 
tertiary treatment is required. Methods used in the tertiary treatment 
step generally involve advanced treatment method and/or 
membrane technologies (Fig. 2.). 

 
Fig. 1 Conventional wastewater treatment scheme  

 
Fig. 2 Wastewater treatment scheme involving tertiary treatment step 

The objective of this study is to evaluate the adequacy of 
wastewater treatment stages used to treat wastewater from the 
textile industry in relevance to irrigation water standards. The study 
also aims to determine appropriate treatment techniques that enable 
the removal of persistent organic compounds and ions to meet the 
required irrigation water quality values. 

2. Materials and Methods 

2.1. Textile Wastewater 
The raw textile wastewater samples were taken from a textile 

industry located in Tekirdağ Turkey. Different reactive dye colours 
and various chemicals were used during various treatment stages 
resulting in the complex composition of textile wastewater. The 
wastewater samples were taken after the biological treatment unit of 
the wastewater treatment plant (WWTP). All samples have been 
kept at 4°C and have been used after sand filtration. The 
characteristics of raw textile wastewater are presented in Table 5. 
 
Table 5: The characteristics of raw textile wastewater  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2. Treatment techniques 
Within the project the wastewater that was collected after 

biological treatment was treated with the advanced chemical 
oxidation (Fenton) or adsorption process in order to remove 
constituent that could have not been removed during the biological 
treatment. Both techniques have been run as continuous reactor 

Parameter Range Mean 
pH 7.5-8.2 7.8 
EC (µS.cm-1) 1602-2200 1841 
COD (mgL-1) 87.8-141.0 109.0 
TOC (mgL-1) 18.41-37.65 28.72 
Color (Pt-Co) 120-165 141 
F− (mgL-1) 0.418-1.200 0.632 
Cl− (mgL-1) 171.3-260.9 215.1 
NO3

− (mgL-1) 0.309-0.720 0.524 
SO4

2− (mgL-1) 190.5-307.7 188.5 
PO4

3− (mgL-1) 0.235-0.486 0.317 
Na+ (mgL-1) 264.7-389.9 335.3 
K+ (mgL-1) 1.440-2.588 2.111 
Mg2+ (mgL-1) 4.030-4.890 4.476 
Ca2+ (mgL-1) 12.91-14.51 13.87 
Al (mgL-1) 0.136-0.390 0.256 
As (mgL-1) 0.004-0.005 0.005 
Be (mgL-1) 0.015-0.015 0.015 
B (mgL-1) 0.446-1.049 0.398 
Cd (mgL-1) - - 
Cr (mgL-1) 0.054-0.099 0.073 
Co (mgL-1) - - 
Cu (mgL-1) 0.002-0.122 0.089 
Fe (mgL-1) 0.063-0.246 0.162 
Pb (mgL-1) - - 
Li (mgL-1) 0.073-0.388 0.262 
Mn (mgL-1) 0.053-0.087 0.067 
Mo (mgL-1) 0.077-0.154 0.128 
Ni (mgL-1) 0.008-0.008 0.008 
V (mgL-1) 0.086-0.108 0.108 
Zn (mgL-1) 0.008-3.136 1.977 

139

INTERNATIONAL SCIENTIFIC JOURNAL "MECHANIZATION IN AGRICULTURE" WEB ISSN 2534-8450; PRINT ISSN 0861-9638

YEAR LXIV, ISSUE 4, P.P. 138-140 (2018)



systems. The peroxide and iron (II) catalyzer concentrations used 
were 10 mM and 2 mM, respectively. The reaction time was 10 min 
for the Fenton process. Natural clay (425-600 µm) was used in the 
column study. Before use in the adsorption experiments, the clay 
was crushed and sieved into different grain sizes. Adsorption 
experiments were carried using natural sepiolite and real textile 
wastewater. The influence of contact time (5-1440 min; clay (<425 
µm), adsorbent dosage (10-150 g/L; clay <425 µm) and grain size 
(<425, 425-600 and 600-1180 µm) was determined earlier. 

 
2.3. Analyses 
The performance of treatment techniques were evaluated by 

differences in chemical oxygen demand (COD), colour (Pt-Co unit), 
electrical conductivity (EC) and pH. COD, representing organic 
compounds that can be chemically oxidized, were analyzed 
according to closed reflux method described in APHA-AWWA-
WPCF (1998). The colour was measured as platinum cobalt unit at 
465 nm using HACH Lange DR6000 UV-VIS spectrophotometer. 
pH and EC were determined with Thermo Scientific Orionstar 
A215 pH and conductivity meter. The anions were analyzed by ion 
chromatograph (IC) and the cations and metals were determined by 
using inductively coupled plasma spectrometer (ICP-OES). 

 
3. Results and Discussion 

Results showed that primary and secondary treatment stages are 
not enough to meet the standards and that tertiary treatment is 
required (Table 6). The activated sludge treatment process in use at 
the factory only enables the removal of easily decomposable 
organic compounds, generally leaving organic molecules behind 
that are more persistent in the environment. As the textile uses 
many types of dyes and other chemical constituents in the scouring, 
bleaching, dyeing etc. processes it can be assumed that these 
persistent organic compounds are more of industrial origin. Thus, in 
case of agricultural use these compounds may accumulate in the soil 
and finally leach to the groundwater. To avoid such a long term 
effect additional water treatment techniques are needed to be 
applied before use.  

In this study, the Fenton process was capable in removing about 
65% of the COD left after the biological treatment, and the 
adsorption process on the other hand removed about 50% of the 
COD left after the biological treatment. More than 95% and 40% of 
Pt-Co colour unit has been removed by both the Fenton or 
adsorption process, respectively. The electrical conductivity values 
were dropped to about 2300 µS.cm-1 after adsorption process only 
and to about 180 µS.cm-1 after adsorption and nano-filtration and 56 
µS.cm-1 after adsorption and reverse osmosis combined processes. 
The electrical conductivity values were increased after the Fenton 
process due to iron addition etc. during the oxidation process, but 
decreased to about 250 µS.cm-1 after Fenton and nano-filtration and 
48 µS.cm-1 after Fenton and reverse osmosis combined processes. 
Changes in the ionic constituents in the textile wastewater after 
treatment can be seen in more detail in Table 6. 

Membranes are expected to remove target compounds 
depending on the pore size of membrane. In this study nano-
filtration (NF) was applied to see how much of larger divalent ions 
like calcium sulphate can be removed. As smaller monovalent ions 
like sodium chloride are not hold by the NF, reverse osmosis (RO) 
was applied. RO is known to remove all smaller and larger ions in 
the solution. RO can be applied directly to pre-treated wastewaters. 
However, to prolong the life time of RO membrane, micro and 
ultra-filtration membranes are in place before the RO membrane 
unit.  In this study, a destructive removal process the Fenton process 
was applied to reduce the contaminant level in the wastewater 
which will in turn lower the strength of concentrate obtained from 
the RO unit. Membrane technology work like filtration and 
therefore always generates a concentrate that will need to be 
processed before final discharge. Using a destructive process like 
Fenton enables a deterioration in the fouling of membranes and thus 
prolong their life time. 

Table 6: The characteristics of textile wastewater after treatment 
 RO F+RO ADS+RO ADS+NF 

F (mg/L) 0,019 0,014 0,109 0,077 
Cl (mg/L) 5,813 6,783 5,135 38,352 
Br (mg/L) 0,017 0,016 0,008 0,067 
NO3 (mg/L) 0,892 2,147 0,569 0,414 
SO4 (mg/L) 0,974 3,483 1,053 4,549 
PO4 (mg/L) 0,087 0,018 0,038 0,012 
Na (mg/L) 8,791 8,683 9,408 34,34 
K (mg/L) - 0,045 - 0,020 
Ca (mg/L) - - 0,156 - 
Mg (mg/L) - - - - 
B (mg/L) 0,364 0,360 0,406 0,587 
Al (µg/L) - - 1,029 1,518 
As (µg/L) 4,720 4,685 4,758 4,761 
Ba (µg/L) - - - - 
Be (µg/L) 15,79 15,77 15,78 15,80 
Bi (µg/L) - - - - 

Cd (µg/L) - - - - 
Co (µg/L) - - - - 
Cr (µg/L) - - - - 
Cu (µg/L) - - - - 
Fe (µg/L) - - - - 
Hg (µg/L) 42,11 45,50 44,47 40,00 
Li (µg/L) 29,81 29,72 29,98 31,44 
Mn (µg/L) - 2,107 - - 
Mo (µg/L) - - - - 

Ni (µg/L) - - - - 
Pb (µg/L) - 5,798 - - 
Sb (µg/L) 18,42 - 85,29 522,0 
Se (µg/L) 6,035 6,743 6,318 7,002 
Si (µg/L) 43,78 20,46 175,1 955,6 
Sr (µg/L) 7,587 7,101 19,15 8,141 
V (µg/L) - - - - 
Zn (µg/L) - - - - 

 

4. Conclusion 

Laboratory studies showed that conventional treatment 
techniques are not sufficient in achieving irrigation water standards. 
Membrane technology is needed as a polishing step capable in 
removing ions that may cause in salt accumulation. The use of a 
destructive removal process like the advanced oxidation process 
enables degradation of larger organic molecules that may be 
persistent in the environment. Fenton combined with membrane 
technology are appropriate methods to achieve the required 
standards, also capable in prolonging the life time of membranes. 
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