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cation exchange capacity 80 meq/100 g and C/N ratiol8: 17.

INTRODUCTION

An increase in the demand of textile products propor-
tionally increases wastewater which making it one of the main
sources of water pollution in worldwide. Various type of textile
dyes, auxiliary products, dispersing agents, humectant agents
used in textile processing at several stages. Large amount of
wastewater is produced in dyeing step in the finishing process
is a major environmental problem in the textile industry [1].
Wet processing includes preparation, dyeing and finishing that
produces high consumption of water chemicals and dyes. Textile
wastewater contains high concentrations of total suspended
solids, colour, biological and chemical oxygen demand. Commonly,
dyeing and rinsing processes generate about 90-130 m® waste-
water per ton of product [2].

Wastewater produced in textile processing usually
containing complex structure of different persistent pollutants,
such as dyes, solvents, fats, surfactants, waxes, salts, oils, soaps
and metals and a major risk for the environment and ecosystems
when discharged improperly in water bodies [3].

Literature revealed that many studies were done on
coagulation/flocculation process [4,5] for treatment of textile
wastewater. Moreover, other treatment methods like adsorption
[6,7], membranes [8-10], electrocoagulation [11,12], advanced
oxidation process (AOP) [13,14] and biological processes
[15,16] have been used to remove textile dyes reported in
literature.
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It is significant that use of advanced oxidation process
(AOP) can degrade complex organic compounds that are
difficult to remove by conventional methods due to formation
of highly oxidizing species such as hydroxyl radicals. Huang
et al. [17] presented that for treatment of industrial effluents,
advanced oxidation processes have become most promising
technology near future.

Fenton and photo-Fenton reactions have been the most
widely used techniques among all AOPs [18]. The production
of highly oxidizing species is enhanced by applying ultraviolet
light on Fenton reactants, supporting sustained chemical reactions
as well as an increase in efficiency compared to other AOP-based
methods for the degradation of different recalcitrant pollutants
[19]. However, for improvement of wastewater treatment and
to minimize cost different combinations of chemicals can be
applies at once [20].

Sludge obtained from wastewater treatment plant would
need proper treatment and reuse to protect environment. Usually,
less toxic sludge can be converted into compost and use as bio-
fertilizer. Composting has been known as one of the most cost
effective and environmentally sound alternate for organic
wastes recycling [21].

In current study, a treatment system based on advance oxid-
ation process that includes Fenton process, Fenton reagents along
with natural coagulants and Electrophoto Fenton process were
applied to degrade total organic matter and removal of colour
from real textile wastewater. Furthermore, the sludge obtained
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from the process was characterized and after metal removal used
as substrate for compost with mixing of biomass.

EXPERIMENTAL

Sampling was made from two different textile industries
of Punjab, Pakistan. Wastewater was treated by advance oxidation
process. The sludge obtained from treatment was firstly made
free from metal by using modified digestion methods and then
converted into compost. Chemicals used in experiment viz.,
H,0, (30 %), HCI, FeSO,-6H,0, H,SO., (98 %) were of analytical
reagent grade.

Treatment of textile wastewater with advanced oxidation
process

Fenton process: To optimize process, about 300 mL of
textile wastewater was treated with Fenton reagents by changing
dose rate and at various pH (T1 to T3). With acidic pH, oxidation
process enhanced production of OH®, so treatment of dye in
textile wastewater proceeded very fast. Treatment T-3 to T-6
contain same amount of wastewater with various dose rate of
FeSO, i.e., 35-140 mg and 5 mL of H,O, and with 0.5 mL
H,SO..

Fenton reagents with natural coagulants: Textile waste-
water was treated with natural coagulants in combination with
Fenton reagents. T-7 to T-11 textile wastewaterwas treated
through various natural coagulants along with Fenton reagent.
Natural coagulants that used in experiment include M. Oleifera
seed (Moringia), rice husk, bagass, chick pea and wheat stalks.
Whereas in treatment T-12 to T-17, 140 mg FeSO,, 5 mL H,0,
(30 %) and 0.5 mL H,SO4 to maintain pH > 2.

Electrophoto Fenton process: Electrolysis was done with
sacrificial iron anode and carbon cathode for wastewater treat-
ment. To aid oxidation process added 5 mL of H,O, in treatment
T-18 to T-21. Treatment was done by using UV lamp at pH 2
and 6 and at different current density (100, 200 mA/cm?). In
treatment T-18 to 21, electrophoto Fenton processes were
applied at 300 mL samples of textile wastewater. The results
of colour and TOC were calculated after 10-16 h.

Treatment of sludge

Isolation of metals: Characterization of textile sludge
revealed that copper, iron and aluminum were found higher in
amount. Acid and thermal digestion was applied to textile
sludge for isolation of metals.10 % HCI and H,SO, were used
for treatment (T-22 to T-24) of metal isolation from sludge. In
thermal treatment, sample was treated in carbolite furnace at
650 °C for 3 h.

Compost from sludge: The metal free sludge was used
to prepare compost with mixing of dry leaves, bagasse and micro-
bial source was either sewerage sludge or cow-dung. These
composts were prepared after 60-90 days in treatment T-25 to
T-28. To check the feasibility of possible energy recovery metal
free textile sludge was mixed with coal after grinding and
passed through a sieve size of 125 um.

The percentage reduction of colour, TOC and metals was
calculated by using eqn. 1:

R = R,-R

P

£ %100 (1)

i

where, R, = percentage reduction, R; = Initial reading and Ry =
Final reading.

Physico-chemical analysis: The colour of samples before
and after treatment was measured by, Tintometer (LOVIBOND
PFX 995). The path length of cell used for colour determination
was 100 mm. Before measurement sample were filtered to prevent
turbidity. Estimation of heavy metals was carried out on Atomic
Absorption Spectrophotometer (Polarized Zeeman Hitachi 2000).

Total organic carbon (TOC): Total organic carbon can
be estimated by volumetric and calorimetric methods. However,
the most common procedure involves reduction of K,Cr,0O;
by organic compounds and subsequent determination of the
unreduced dichromate by oxidation-reduction titration with
ferrous sulfate. This method is referred to as Walkley-Black
method [22]. In this method, weighed amount of sample is heated
with 1 N K,Cr,O; and H,SO, at 150 °C. Then sample is titrated
with 0.5 N FeSO, in presence of Ferroin indicator. The calcu-
lation was done by eqn. 2:

(meq. of K,Cr,0O, added —megq. of FeSO, used)
Weight of sample

TOC = x0.336 (2)

RESULTS AND DISCUSSION

Treatment of textile wastewater with advanced oxida-
tion process: Textile wastewater is intensely colour and has a
high value of TOC due to presence of organic dyes. Advanced
oxidation process is effective to mineralized organic compounds
present in aqueous medium. Intense colour in textile waste-
water is due to organic dye used in textile industry [23]. These
were used separately and in combination with different natural
coagulants viz., M. Oleifera, bagasse, rice-husk, wheat stalk
and chick pea at different pHs.

In treatments T-1 to T-6 different dose rate of FeSO,-6H,0,
H,0, and H,SO. were applied at pH 2 and 6. The maximum
removal was found in case of T-6 that is 87 % TOC and 56 %
colour at dose rate of 140 mg FeSO., 5 mL H,O, (30 %), 0.5
H,SO, at pH 2 for treatment of 300 mL of textile wastewater
(Table-1). At pH 6, removal was satisfactorily in T-3 i.e., 86 %
TOC and 49 % colour at 140 mg FeSO., 5 mL H,0, (30 %)
without addition of H,SO.. Ferrous sulphate helps to produce
OH’ free radical from H,O, which oxidize organic dye very
fast [24]. It was observed that at low pH 2, oxidation reaction
further became fast and effective. As Fenton process is more
effective at lower pH [25].

Treatment T-7 to T-11 was done with Fenton reagents and
natural coagulants i.e., M. Oleifera, bagasse, wheat stalks, rice
husk, chick pea after grinding and passing through sieve 250
wm particle sizes. From Table-1, it was revealed that M. Oleifera
seeds have given better results out of all natural coagulants
(colour 80 % and TOC 48 %). In case of bagass good results
(colour 76 % and TOC 46 %) was found at dose rate 140 mg
FeS0O,-6H,0, 5 mL H,O, (30 %), 0.2 g bagasse at pH < 5. In
treatment T-12 to T-17, textile wastewater was shaken with natural
coagulants along with the addition of 0.5 mL sulphuric acid. It
was observed that there was no further decrease in colour and
TOC when we added the acid with natural coagulants.

Table-2 represents electrophoto Fenton process for treatment
(T-18 to T-21) of textile wastewater. Electrolysis was done with
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TABLE-1
TREATMENT OF TEXTILE WASTEWATER BY FENTON REAGENTS,
COMBINATION OF FENTON REAGENTS AND NATURAL COAGULANTS

Mean
Treat- Reduction  average noe
.. colour (Pt- . reduc-
ment Treatment conditions Tk in colour  value of tion
No# (%) TOC (%)
(%)
T-0  Original Sample 1980 — 6.95 —
Fenton reagents
T-1 35 mgFeSO, + 1 mL H,0, (30 %) pH 6 1227.6+5.7 38 5.28 24+1.7
T-2 70 mg FeSO, + 3 mL H,0, (30 %) pH 6 594+4.9 70 3.82 45427
T-3 140 mg FeSO, + 5 mL H,0, (30 %) pH 6 277.2£1.5 86 3.54 49+1.9
T-4  35mgFeSO, + 1 mL H,0, (30 %) + 0.5 mL H,SO, (Conc.) pH =2 871.2+4.5 56 4.44 36+1.3
T-5 70 mg FeSO, + 3 mL H,0,(30 %) + 0.5 H,SO, (Conc.) pH =2 435.6+3.1 78 3.34 52+3.4
T-6 140 mg FeSO, + 5 mL H,0, (30 %) + 0.5 H,SO, (Conc.) pH =2 257.442.2 87 3.05 56+3.5
Fenton reagents and natural coagulants without acid
T-7 140 mg FeSO, + 5 mL H,0, (30 %) + + 0.2 g M. oleifera, pH < 5 396+2.1 80 3.61 48+1.2
T-8 140 mg FeSO, + 5 mL H,0, (30 %) + + 0.2 g Bagasse, pH < 5 475.242.3 76 3.75 46+1.4
T-9 140 mg FeSO, + 5 mL H,0, (30 %) + 0.2 g Rice husk, pH <5 455.4+5.3 77 3.82 45+1.5
T-10 140 mg + 5 mL H,0, (30 %) + + 0.2 g Wheat stalk, pH < 5 495+4.7 75 3.89 44+1.2
T-11 140 mg + 5 mL H,0, (30 %) + 0.2 g Chick pea, pH < 5 495+2.3 75 3.89 44+£1.9
Fenton reagents and natural coagulants with acid
T-12 140 mg FeSO, + 5 mL H,0, (30 %) + 0.5 mL H,SO, (Conc.) + 0.2 g M. oleifera, pH<2  415.8+2.3 79 3.68 47+2.3
T-13 140 mg FeSO, + 5 mL H,0, (30 %) + 0.5 mL H,SO, (Conc.) + 0.2 g Bagasse, pH <2 475.242.1 76 3.82 45+2.4
T-14 140 mg FeSO, + 5 mL H,0, (30 %) + 0.5 mL H,SO, (Conc.) + 0.2 g Rice husk, pH <2  475.2+2.3 76 3.82 45+1.2
T-15 140 mg + 5 mL H,0, (30 %) + 0.5 mL H,SO, (Conc.) + 0.2 g Wheat stalk, pH < 2 495+2.1 75 3.82 45+2.8
T-16 140 mg + 5 mL H,0, (30 %) + 0.5 mL H,SO, (Conc.) + 0.2 g Chick pea, pH <2 495+2.3 75 3.89 44+1.8
T-17 140 mg FeSO, + 5 mL H,0, (30 %) + 0.5 mL H,SO, (Conc.) + 0.2 g M. oleifera, pH<2 396+3.9 80 3.68 47£1.9

sacrificial iron net anode and carbon cathode along with UV lamp
on 300 mL of wastewater with addition of H,O,. Electrolysis
was also proceeding with and without UV lamp at pH 2 and 6.
It was observed that at low pH, oxidation process not only become
fast and also time saving with less production of sludge. It
was observed from Table-2 that the reduction percentage of
colour and TOC was slightly greater with UV lamp than in
electrophoto-Fenton without UV lamp. Maximum reduction
of colour and TOC (91 % and 57 %, respectively) were found
with treatment having 200 mA/cm?, UV lamp, 5 mL H,0,, pH
2 at 10 min for 300 mL samples of wastewater. This process gave
better results within 10-50 min as compared to Fenton process.

The main advantage of electrophoto Fenton process produced
less amount of sludge with high TOC removal. This is due to
higher production of OH® redicals resulting from the greater

photon intensity supplied [26]. Electrophoto Fenton reaction
is followed by equation 3:
Fe(OH)** + hyv —— Fe?* + OH’ 3)

Electrophoto Fenton was very effective and time saving
but expensive as it needs energy [27]. From Tables 1 and 2, it
was observed that H,O,, FeSO, and natural coagulants gave less
reduction of colour and TOC. However, maximum reduction
in colour and TOC were observed when treatment was done with
electrophoto Fenton process.

Treatment of sludge: Textile sludge contains high amount
of Cu, Fe and Al (145, 331,102 mg/kg) (Table-3). Fig. 1 shows
that maximum isolation of metals was found in case of thermal
digestion at 650 °C. It was also observed that 10 % sulphuric
acid was found effective to leach out metals Cu, Fe and Al at
58, 61, 60 % respectively as compared to HCI (Table-3). Acid

TABLE-2
TREATMENT OF TEXTILE WASTEWATER WITH ELECTRO-PHOTO FENTON PROCESS
Treatment Treatment conditions Mean average value Colour Mean average ~ TOC reduction
No# Pt-Co /Hazen reduction (%) value (%) (%)
Original sample 1980 - 6.95 =

T-18 100 mA/cm? + UV + 5 mL H,0, + pH 6 + 50 min 237.6 £2.1 88 3.33 52

T-19 100 mA/cm* + UV + 5 mL H,0, + pH 2 + 15 min 198 +1.3 90 3.19 54

T-20 200 mA/cm?* + UV + 5 mL H,0, + pH 6 + 40 min 217.6 £1.5 89 3.68 53

T-21 200 mA/cm* + UV + 5 mL H,0, + pH 2 + 10 min 1782 +1.2 91 2.98 57
TABLE-3

EXTRACTION/ISOLATION OF METALS FROM TEXTILE TREATED SLUDGE

Treatment No# Metals in sludge Copper (%) Iron (%) Aluminum (%)
T-22 Extracted metals % (10 % HCI acid digestion) 56 59 55
T-23 Extracted metals % (10 % H,SO, acid digestion) 58 61 60
T-24 Extracted metals % (Thermal digestion 650 °C) 59 62 63
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TABLE-4
CHARACTERIZATION OF COMPOST FOR DIFFERENT PROPORTIONS OF
SLUDGE, COW DUNG, BAGASS, SEWERAGE SLUDGE AND DRIED LEAVES

Treatment No# Proportions N (%) P (%) K (%) OM (%) CEC meq/100g C/N
T-25 T+CD+B 25 0.032 0.336 82.34 44 19.05
T-26 T+SS+B 2.7 0.036 0.445 81.30 64 17.34
T-27 T+CD+L 2.8 0.038 0.470 87.55 70 18.05
T-28 T+SS+L 2.9 0.042 0.481 91.27 80 18.17
T = Textile sludge, CD = Cow dung, B = Bagass, SS = Sewerage sludge, L = Dried leaves
il mCopper =Iron = Aluminium REFERENCES
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Fig. 1. Copper, iron and aluminum reduction by use of various digestion methods

leached maximum percentage of metals from sludge, further
increase in acid percentage did not effecton leaching of metals
and sulphuric acid gave better isolation of metals from HCl
(Table-1). Thermal digestion was found good for isolation of
metals as compared to acid but it is expensive method. The isolated
metals can be utilized in electroplating or other purposes after
separation.

Metal free textile sludge was subjected to prepare compost
in order to adopt environmentally friendly practices. Table-4
revealed that four different types of compost that were prepared
by mixing metal free textile sludge with leaves, bagass, cow
dung and sewerage sludge were used for microbial load. It was
observed that better compost was prepared (T-28) by dry leaves
and sewerage sludge as far as composting parameters were
concerned (OM 91.27 %, CEC 80 meq/100 g and C/N ratio
18:17) as shown in Table-4.

Conclusions

¢ Fenton treatments, 0.2 m L (0.25 N) FeSO,-6H,0, 5 mL
H,0, (30 %), 0.5 mL H,SO, gave best reduction of colour 87
9% and TOC 56 % at pH 2 as free radical was more effective at
this pH. M. oleifera was found to be best out of five other
natural coagulants to reduce colour dye intensity. These natural
coagulants lower pH of the medium; hence treatment was
effective without acid addition.

* Electrophoto-Fenton process is highly effective (colour
91 % and TOC 57 % reduction) and time saving but need energy.
With an increase in current density time became further less
for equivalent results in colour and TOC reduction.

* Thermal digestion isolates higher percentage of metals
from textile sludge, but it was more expensive due to energy
consumption. Among acid digestion 10 % H,SO, was found
more effective to leach maximum metals as compared to HCI.

* The analysis of compost showed that dry leaves, sewage
sludge and textile sludge produced better compost as compared
to bagasse.
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