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Abstract. In this study, first of all, removal of dyestuffs from the wastewater ,which is biologically treated but 
colour removal is not achieved, was investigated by chemical coagulation (FeCl3, FeSO4 and Al2(SO4)3 
coagulants), Fenton oxidation (different volume of peroxide and Fe+2)  and ozone oxidation(1 gr/h ozone dose) 
methods. According to the experimental results, maximum color removal efficiencies were determined as 67%,  
68 %,  57 %,  95% and 66% (Pt-Co), respectively. Furthermore, since investigated plant’s wastewater is treated in 
Sequencing Batch Activated Sludge System (SBASS), biological treatability studies were run without/with using 
different adsorbent materials such as Waste Aluminum Sludge, Granular Activate Carbon (GAC) and Poly 
Aluminum Chloride (PACl). In these studies, while maximum colour removal efficiencies were determined as 
38%, 62% and 44% (Pt-Co) for above mentioned adsorbents, respectively, the study without adsorbent addition 
was only found  as %13 (Pt-Co). By the way, the cost assesment  based on  COD and  Colour removal efficiecies 
for all methods were estimated. According to this, while the the minimum tretament cost  is obtained  for Fenton 
oxidation method,  the maximum treatment cost  was observed  for  ozone oxidation method for only  66% colour 
removal efficiency .  
Keywords: Color removal from wastewater, Chemical coagulation, Adsorbents for biological treatment, Fenton 
oxidation, Ozone oxidation. 

1.INTRODUCTION 

Effluent from textile industries contains 
different types of dyes, which because of high 
molecular weight and complex structures, shows 
very low biodegradability [1] and high colour. 
Especially most of  dyeing chemicals contain 
heavy metals either in free form in effluents or 
adsorbed in the suspended solids are either 
carcinogenic [2, 3] or may result in harmfull 
effects to children even before birth, while some 
others may cause allergic reactions in some people 
[4]. Typical characteristics of textile industry 
wastewater generally include a wide range of pH, 
COD, dissolved solids and strong colour, which 
may be comparable to moderate municipal 
wastewater [5]. However, the major problem is to 
remove strong colour from wastewater due to the 
residual dyes. Typically, around 20 to 40% of the 
initial dye load is wasted and present in the 
effluent, because of dye hydrolysis [6,7]. Chemical 
treatment processes such as adsorption, 
precipitation, coagulation and chemical oxidation 
are commonly used to remove dyestuffs from the 
textile wastewater [9]. However, there is no single 
economically and technically viable method to 
solve this problem and usually two or three 

methods have to be combined in order to achieve 
adequate level of colour removal [10,11]. Although 
these chemical treatment processes might be 
effective for color removal but they consume high 
energy and chemical agents. Chemical waste is 
also generated from these processes. However, 
color substances(dyestuffs) in the textile 
wastewater are a kind of refractory organic matter, 
and it can be biodegraded or utilized as carbon and 
energy sources of the microorganisms [12,13]. 
Many researchers were [14,15] interested in 
biological treatment processes due to low cost and 
absence of chemical waste production. They 
usually focused on the biological treatment of 
textile wastewater containing disperse dye because 
it is commonly used in the textile factory 
especially, cotton and silk [16,17]. On the other 
hand, direct dye is commonly used in the printing 
process of the textile industry and most of the 
printing process-textile factories belong to the 
small factory group (homemade textile products) 
[18,19]. But, little research work on the application 
of biological process, especially SBR or GAC-
SBR system for treatment of textile wastewater 
containing direct dyes has been reported. It was 
found that bio-sludge of the aerobic treatment plant 
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could be used as the adsorbent for direct dyestuff 
[20]. The intensity of colour depends upon the 
number of groups. Compounds of benzene 
containing chromophore radicals are called 
chromogens. Usual chromophores are ethenyl, 
carbonyl, imino, thiocarbonyl, azo, nitroso, nitro 
and usual auxochromes are amino, carboxylic, 
sulphonyl and hydroxyl [21]. To be a dye, a 
compound must contain not only the chromophore 
groups, but also the additional group(s) 
calledAuxochrome(s). These auxiliary groups are 
responsible for imparting the property of 
electrolytic dissociation i.e., the separation of the 
dye molecule into its components or atoms and to 
form salts with either acid or alkali. They can also 
belong to the classes of reactive, acid, basic, 
direct,mordant, disperse, pigment, vat, anionic, 
sulphur and disperse dye [22]. Anthraquinone dyes 
possess wide range of colours in thewhole visible 
spectrumand constitute the second most important 
class of textile dyes after azo dyes, which are used 
to give blue, green and violet colours [23,24]. 
Chemical methods for colour removal from 
wastewater  mainly involve use of coagulants 
(FeSO4, FeCl3, FeSO4 + Hydrogen Peroxide (H2O2) 
and  oxidising agents such as ozone (O3). 
Coagulation of dye-containing wastewater has been 
used for many years as main treatment or 
pretreatment due to its low capital cost [25; 26]. 
However, the major limitation of this process is the 
generation of sludge and ineffective decolourisation 
of some soluble dyes [25, 27]. Further, the sludge 
production can be minimised if only a small volume 
of highly coloured effluent treated directly after the 
dyeing bath [26]. The chemical additives that are 
normally present in the textile wastewaters provide 
hindrance to the colour removal. If interfering 
chemical additives are absent in the textile 
wastewater except colour causing dyes, then less 
coagulant dosage might be required which in turns 
will reduce the sludge production. In general colour 
removal decreases with increase in dye concentration 
and dye solubility [28;29]. Therefore, re-evaluation 
of optimum conditions for coagulation of different 
types of dyes is necessary. Moreover, the 
effectiveness of the coagulation can be improved by 
appropriate selection of coagulant, flocculant aids, 
optimization of process parameters such as pH, 
dosage of coagulant/flocculant aids, mixing time, 
settling time, etc. 

Ozone is widely used advanced oxidation 
process (AOP’s) because of its high reactivity with 
dyes and good removal efficiencies [30]. However, 
it is also been reported that ozone is not efficient in 
decolourising nonsoluble disperse and vat dyes 
which react slowly and take longer reaction time 

[31,32]. The decoulorisation efficiency also 
depends upon the pH. As the pH decreases, 
ozonation of hydrolysed dyes (Reactive Yellow 84) 
decreases [33, 34]. As compare to ozonation, 
Fenton  method is relatively cheap and also 
presents high COD reduction and decolourisation 
efficiencies [35]. The main drawback is high 
sludge generation due to the flocculation of 
reagents and dye molecules [11; 36]. Most of the 
AOP’s for textile wastewaters are highly expensive 
and its effectiveness varies widely with the type of 
constituents present in the textile wastewaters. 
Also, from the several reports it is observed that 
the in some cases, at certain conditions, these 
technologies give very attractive results, however, 
in some other cases, their application has been 
reported not worthy considering the cost and 
complexity involved in these technologies. 

Another most popular method for colour removal 
is adsorption method based on the affinity of various 
dyes for adsorbents. It is influenced by physical and 
chemical factors such as dye-adsorbent interactions, 
surface area of adsorbent, particle size, temperature, 
pH and contact time [25,37]. The main criteria for 
selection of adsorbents are based on the 
characteristics like high affinity, capacity of target 
compound and possibility of adsorbent regeneration 
[38]. Activated carbon is most commonly used 
adsorbent and can be very effective for many dyes 
[39]. However, efficiency is directly dependent upon 
the type of carbon material used and wastewater 
characteristics [11]. By teh way, Poly Alüminium 
Chloride (PACl) is also more effective adsorbent 
matter used in textile industry wastewater treatment  
removing both the colour and COD. The optimum 
dosages of it  needed for treating reactive dye 
solutions were higher than those of disperse dye 
solutions. PACI was more effective than alum and 
MgCl; a smaller quantity of PACl (150 to 1000 mg/L) 
was sufficient to remove >99% of colour and 90.6 to 
96.3% of COD from the dye solutions under 
optimum conditions [40]. 

So, on the base of all above facts, the objective 
of this paper is to analysis of various chemical 
technologies developed for decolourisation of 
wastewater for an industry, mainly processsed 
(dyeing, printing and finishing exct.) synthetic  
based fabrics (such as polyester, silk, cotton, nylon)  
located in Çorlu town of Tekirda . Although this 
industry treats the wastewater, which have a strong 
colour due to the used dyestuff,  in a Sequencing 
Batch Activated Sludge System (SBASS), since the 
decolourisation can not be achieved with this system, 
an offensive colour still observed in the effluent of 
tretament system. So this paper focused on  that to 
determine best available colour removal approcah 
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considering treatment and investment cost for  the 
biologically treated/non treated textile finishing 
wastewater by chemical coagulation (FeCl3, FeSO4 
and Al2(SO4)3 coagulants), Fenton oxidation 
(different volume of peroxide and Fe+2)  and Ozone 
oxidation (1 gr/h ozone dose) methods.  

 
2. MATERIAL AND METHODS 
 
2.1.  Plant description 
 
This study was carried out in a textile plant 

WWTP, which has  an Sequencing Bench Activated 
Sludge System, located in  Tekirda . Dyeing and 
printing operations are implemented on polyester 
(%30,1), silk (fabric 11,9%, fabric as scarf 5,5%) and 
Polyester fabric (Scarf) printing and  miscellaneous  
printing (coton, nylon fabrics) ( 52,5 %) in the plant. 
WWTP (Waste water treatment plant) of the 
investigated plant is composed of physical and 
Sequencing Bench  Activated Sludge System (SBR) 
which has 5 000 m3/day treatment capacity and 
25 days sludge age. Existing aeration tanks had 
been designed to be able to increase this capacity to  

3400 m3 since they are prefab. COD and colour 
removal efficiencies of this system are about 60-70% 
and 10-12% , respectively. The main problem of this 
system is decolourisation of WWTP effluent to the 
standart level determined for textile industry, 
discharged wastewater to receving bodies, in 
Water Pollution Control Regulation  in Turkey 
[41]. WWTP flow schema are  given in Table 1 
and  Figure 1, respectively.  

 
2.2.  Conventional Characterization 
 
Characterization studies were carried out at 

WWTP effluent  more than  three months and 
involved three different representative samples. 
Wastewater that used in all experiments were taken 
from WWTP effluent while raw wastwwater were 
used in lab- scale bilogical treatability and 
adsorption experiments. The removal efficiencies 
were determined in terms of Colour and COD. All 
measurments were done according to  standart 
methods [42]  except Colour. Colour measured 
according to both EN ISO 7887 method and Pt-Co 
methods [42,43]. 

 
 
 
 
 
 
 
 
 

Figure 1. WWTP flow schema of 
investigated plant 

 
 
 
 
 
 
 

 
 

2.3.  Experimental procedure 
 
Coagulation and fenton oxidation experiments 

were done  with  Jar Test  Apparatus (6 cell) for 
500 ml wastwater samples (Figure 1). FeSO4.7H2O, 
FeCl3.6H2O ve Al2(SO4)3.18H2O were used  as a 
coagulant which have analytical grade . First stage 
of the study,  optimum pH were determined and 
then optimum coagulat dosages were designated  
adding different coagulact dosage to  the samples. 
After 5 min rapid mixing at 100 rpm and  30 min  
slow mixing were done, chemically treated  

samples were hold  1 hr settling. COD and  Colour 
measurements were done on the upper phase of 
settled samples. pH was measured using WTW 
330® pHmeter during sampling period. Ozone 
experiments were carried on a  LAB2B Degremont 
Technologies-Triogen model lab-scale ozone 
generator with a capacity which has 2 g/h with 
ambient air, 4 g/h ozone with dry air and  10 g/h 
with pure oxygen for  2 lt sample. Ozonation 
experiments were conducted at a feed gas flow rate 
of 2194 mg O3/L-h. The ozone gas is supplied 
through a porous plate situated at the bottom of the 
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stainless steel reactor which  dimensions were 5.2 
cm across the radius and 51 cm in length with an 
effective volume of 4 L, and the volume of the 
wastwater added into reactor was 2 L. The ozone 
dosage (mass of ozone consumed per unit of mass 
of SS) is controlled by changing the ozone feeding 
time. Besides the ozone concentration in the feed 
and outlet gas flow to and from the ozone reactor is  
passed through two sequential  washing bottle (250 
ml) contains KI (20%). The amount of ozone in the 
effluent  gas, (O3)eff, was measured by taking 
samples from the KI trap at the end of the 
experiment and titrating the iodine in the samples 
with Na2S2O3 according to APHA (2005) 
Standard Methods [42]. Aerobic treatability 
experiment was conducted in lab-scale batch 
systems, in a 3 glass beakers, which the 
dimensions were 17 cm across the radius and 30 
cm in length, with an effective volume of 2 L and 
the initial MLVSS (Mixed Liquid Volatile 
Suspended Solid) concentration and F/M ratio  
were kept 6900 mg/l  and 0,5, respectiveley same 
as in the aeration tank of SBASS of investigated 
plant (Figure 1). This system were kept at constant 
temperature (20 ± 0.5oC). Aerobic reactors were 
continuously fed with air pump (Tetra Tec APS 
400 with double outputs)  in addition to being 
mixed by magnetic stirrers to keep the dissolved 
O2 concentration above 2 mg/L. While feeding 
wastewater taken from inlet of the WWTP as raw, 
aclimated activated sludge was provided from 
SBASS aeration tank of the WWTP. All reactors 
were run until at steady state conditions. After then, 
every reactor was operated at different sludge ages 
(15, 20, 25 days same as the SBASS aeration tank)  
to be able to see the effect of sludge age on colour 
and COD removal efficiencies. pH of the aerobic 
system was kept at 7.0 ± 0.5 using NaHCO3 as 
well as an appropriate acid or base solution (0.1 N 
HCl or NaOH), if necessary. In addition, oxygen 
uptake rate (OUR, mg/L/h) measurements were 
conducted on day 0 and day 20 with an oxygen 
meter (WTW OXI DIGI) to assess the viability of 
activated sludge mixed liquor. System was 
supported by Tunçmatik UPS 2400 to be 
impervious to cutoff electricity.  Adsorption 
experiments were carried out on the lab-scale 
biological reactor , which is the best results 
obtained from aerobic treatability experiments in 
terms of colour removal efficiency, with GAC, 
PACl and waste aluminium sludge occured  from 
an Aluminium wastewater treatment plant 
(filterpress unit). While GAC and PACl were used 
as technical grade, aluminium waste sludge 

samples were used after it is dryed and then 
pounded following to pass it through a sift with 0,1 
mm mesh. Adsorbent matter amounts were 
determined as 1 g/l considering the study carried 
out by Kapdan and Karg  [44]. After then, to see 
the removal efficiecy increase, one more study was 
carried out with the 1,5 g/l adsorbent matters’ 
dosages. 

 
3. RESULTS AND DISCUSSION 
 
3.1. Raw and SBR effluent  characterization 

assesment 
 
The average raw wastewater and SBR effluent 

characteristics, which based on COD, pH and 
Colour, of investigated plant are given in Table 1. 

Table 1 shows that raw wastewater 
characteristic value for COD is in the order of 
literature values reported to be approximately 240-
5100 mg/L [45]. pH value shows not strong basic 
character and compatibles with the literature [46]. 
Colour values exhibit 50% lower absorbance than 
literature values reported to be  1,4 for synthetic 
textile wastewaters [47]. It is tought that this is due 
to the investigated plant has excess rinsing steps 
and the raw wastewater gets dilution in terms of 
colour parameter. When the SBR effluent values 
are assessed, this values shows approximately 10% 
lower removal efficiencies determined in the 
literature for activated sludge system. Furthermore, 
colour removal have been  achieved about 58 % 
same as reported in the literature [47]. 

Table 1. The average wastewater characteristics of 
investigated WWTP 

Paramet
er Unit 

Concentration 
(mean ± std.dev) 

Raw WW SBR 
Effluent

COD          mg.L-1 788+ 92 245+ 28
pH              - 9.2+0,5 8,3+ 0,4

Colour 
 

         Pt-Co 231 + 12 179 + 11

 
Abs

 

410 nm - 0,38 
445 nm (7 m-1)* - 0,35 
525 nm (5 m-

1 )* - 
0,33 

 620 nm (3 m-1)* - 0,23 
  Mean abs. 0,77 0,32 

Consequently, above results show that although 
effluent colour value satisfy the Water Pollution 
Control Discharge Standarts of Turkey ( 280 Pt-Co 
for 2 hr composite wastewater, 280 Pt-Co for 24 hr 
composite wastewater), these values are not 
convenient with 120 Pt-Co and 110 Pt-Co 
determined for Ergene Discharge Limits, respectively 
[41]. Furthermore, when European Union countries 
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standarts are considered, instead of Pt-Co, the real 
colour force is determined as the wavelengts at which 
is observed maximum absorbence such as 436-525-
620 nm. So, in this respect,  both raw water and SBR 
effluent abosrbance values are also above on the 
standart determined in Wastewater Treatment 
Regulation of Federal Environmental Ministery of 
Germany (2001) and requires advanced treatment for 
colour removal [47]. 

 
3.2. Coagulation and Fenton Oxidation 
 
The COD and  Colour removal efficiecies for 

optiumum conditions of Coagulation and Fenton 
oxidation methods  has been shown in Table 2 and 
Figure 2, respectively. Figure 2 shows that, 
maximum color removal efficiencies were 
obtained for FeCl3, FeSO4 and Al2(SO4)3 
coagulants) and Fenton oxidation (different 
volume of peroxide and Fe+2) as 67%,  68 %,  
57 % and  95%  (Pt-Co), respectively.   

Table 2. Optiumum conditions for Coagulation and 
Fenton oxidation methods 

 

 

 
*Neutralization was done with asidic and basic wastewaters 
occurred from aluminum anodizing process 
Figure 2. COD and  Colour removal efficiecies for Coagulation 

and Fenton oxidation methods 
According to these results, in terms of both 

Colour and COD removal efficiencies, Fenton 
oxidation methods were found the best method for 
SBR effluent of investigated plant. In the literature, 
in terms of colour removal, Fenton oxidation 
efficiencies had been also found 92% and 97% 
same as in the literature  results [48]. But, this 
method has some disadvantages on the stage of  
implementation since it wil require both many 

chemicals such as acid, base, peroxide, Fe+2...exct. 
and two times pH equalization. Furthermore, 
although colour removal efficiencies of 
coagulation methods have lower than Fenton 
oxidation method, all used coagulants satisfies the 
110 Pt-Co value, determined for Ergene river, 
except Al2(SO4)3. 

 
3.3. Ozonation 
 
According to Ozone oxidation experiment 

results, 110 Pt-Co value can be satisfied with the 
0,36 g/l utilized ozone at 45 min contact time. This 
results was not found competible with the literature 
value reported as 25 gr O3/m3  (the optimal value, 
if the balance between colour removal and 
operation costs is taken into consideration) by 
Soares et. al.[49]. Furthermore,  COD removal can 
not be achieved unlike the other methods. Since 
the aim of this study to evaluate the colours 
removal methos, COD removal efficiency will not 
as important as colour removal. But if water reuse 
will be done after decolourisation, COD removal 
efficiecy will has an importance. 

 
3.4. Aerobic Treatability 
 
Biological treatability studies were run 

without/with using different adsorbent materials 
such as Waste Aluminum Sludge, Granular 
Activate Carbon (GAC) and Poly Aluminum 
Chloride (PACl).The COD and  Colour removal 
efficiecies for aerobic treatbility methods has been 
shown in Figure 3. 
 

 
**Neutralization with Waste Alum Sludge, ***GAC, ****PAC 

Figure 3. COD and  Colour removal efficiecies for for aerobic 
treatbility methods   

In these studies, while the best colour removal 
efficiencies were determined at 20 days and sludge 
age as 38%, 62% and 44% (Pt-Co) for above 
mentioned adsorbents, respectively, the study run 
without adsorbent addition was only found  as %13 
(Pt-Co). Although colour removal efficiency 
increase with the biological system utilized  
aluminium sludge and PACl as an adsorbent, 110 
Pt-Co value unfortunately can not be satified. 

Coagulants 
Optimum Condition  

determined in this study 
            pH              Dosage (mg.L-1) 

FeCl3          7,5 400  
FeSO4          11 600 
Al2(SO4)3          7,5 600 
Fe+2

 + H2O2          3,5 (75 + 80) 
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Furthermore, it is observed that while colour 
removal efficiency  increases with  the added high 
amount adsorbent matter, the pH value decreases. 
But, this decrease is found discharged limit 
interval. It is obvious that, since biological systems 
have low tretament cost and prefered by most of 
textile plants, enhancement of these systems’ 
efficiency will provide to decrease in the cost of 
chemical treatment system following biological 
treatment. So, adsorbent matters added into 
biological system provide to increase in the system 
efficiency. In this respect, it is important that 
although aluminium sludge, used in this study, 
provides the colour removal efficiency from 13% 
to 32-38% level, this level belows determined for 
the GAC and PACl alternatives. In this respect, 
this study shows parallel results with the literature 
determined for GAC and PACl. But, there is still 
need future studies focused on how the activated 
sludge characters will be effected and whether 
does it will has inert character at the long operating 
period. Cost assesment  for every  methods  should 
be made to decide the best suitable methods for 
investigated plant.  So, in this study, the cost 
assesment  containing  COD and  Colour removal 
efficiencies show that while the the minimum 
tretament cost  is obtained  for Fenton oxidation 
method,  the maximum cost  was observed  for  
ozone oxidation method for only  66% colour 
removal efficiency . Furthermore, if an assement is 
done in terms of  investment cost, while  fenton 
and  and all coagulation method has the same value, 
ozone  method   requires  25 times  more costly. 

 
4. CONCLUSION 
 
Biological systems have low tretament cost and 

prefered by most of textile plants, since 
enhancement of these systems’ efficiency will 
provide to decrease in the cost of chemical 
treatment system following biological treatment. 
So, in this study, the following results had been 
found for investigated plant: 

 
1. The average raw wastewater and SBR 

effluent characteristics, which based on COD, pH 
and Colour, show that although effluent colour 
value satisfy the Water Pollution Control 
Discharge Standarts of Turkey ( 280 Pt-Co for 2 hr 
composite wastewater, 280 Pt-Co for 24 hr 
composite wastewater), these values are not 
convenient with 120 Pt-Co and 110 Pt-Co 
determined for Ergene Discharge Limits, 
respectively [41]. Furthermore, when European 
Union countries standarts are considered, instead 
of Pt-Co, the real colour force is determined as the 

wavelengts at which is observed maximum 
absorbence such as 436-525-620 nm. So, in this 
respect,  both raw water and SBR effluent 
abosrbance values are also above on the standart 
determined in Wastewater Treatment Regulation of 
Federal Environmental Ministery of Germany 
(2001) and requires advanced treatment for colour 
removal [47]. 

2. In terms of both Colour and COD removal 
efficiencies, Fenton oxidation methods were found 
the best method for SBR effluent of investigated 
plant. But, since this method will require both 
many chemicals such as acid, base, peroxide, 
Fe+2...exct. and two times pH equalization on the 
stage of  implementation, it can be say that colour 
removal efficiencies of coagulation methods 
( especially with FeCl3) are the most suitable 
advanced treatment method for this wastewater 
which satisfies the 110 Pt-Co value, determined for 
Ergene river, except Al2(SO4)3. 

3. Ozonation experiments show that,  if water 
reuse will not be done after decolourisation, this 
method gets costly and will not be suitable for 
colour removal purpose. 

4. Aerobic treatability experiments 
without/with adsorbent matters added to biological 
system show that adsorbent matter addition 
provides an increase in the system efficiency. The 
best colour removal efficiencies were determined 
at 20 days sludge age and 1,5 gr/l adsorbent 
dosages as 38%, 62% and 44% (Pt-Co) for above 
mentioned adsorbents, respectively, while the 
study run without adsorbent addition was only 
found  as %13 (Pt-Co). Furthermore, it is 
important that although aluminium sludge, used in 
this study, provides the colour removal efficiency 
from 13% to 32-38% level, this level belows 
determined for the GAC and PACl alternatives. In 
this respect, this study shows parallel results with 
the literature determined for GAC and PACl. But, 
there is still need future studies focused on how the 
activated sludge characters will be effected and 
whether does it will has inert character at the long 
operating period. 

5. If an assement is done in terms of  
investment cost, while  fenton and  and all 
coagulation methods have found at the same levels 
except  ozone  method. Ozonation cost was found 
25 times  more costly according to the other 
methods.  

 
As a result, fenton oxidation and coagulation 

(with FeCl3) methods were found  the best 
advanced treatment  methods for investigated 
textile plant when we consider investment cost, 
operational cost, colour and COD removal 
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efficiencies. But, since the low pH requirement of 
fenton oxidation reactions and pH neutralisation 
must be done after this reaction, it didn’t found 
important difference between the fenton oxidation 
and coagulation  (with FeCl3) methods obtained 
the same colour removal efficieny both in terms of 
investment cost and operational cost. For this 
reason, it can be say that coagulation (with FeCl3) 
method is the most suitable advanced treatment 
method for this wastewater since the application 
conditions are easier than fenton oxidation method.  
But, it is obvious that there is still need future 
studies which will focus on both amount and 
characters of chemical sludge occured from 
coagulation (with FeCl3)  method. 
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