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ABSTRACT
The voluminous amount, toxic nature and restricted land area for disposal makes

environment management of chemical sludge generated from Common Effluent Treatment
Plants (CETPs) for textile dyeing and printing process wastewater a major challenge. These
sludges are classified as hazardous waste as per the Indian  rules and uncontrolled disposal
of this waste poses significant risk and adverse impact on health, aesthetics and the
environment. Therefore finding a suitable management option requires an extensive
characterisation for all physico-chemical parameters and heavy metals so that a suitable
option can be selected for the disposal assessment. Textile chemical sludge in the present
study was collected from four CETPs treating textile wastewater from a large group of small-
scale textile dyeing and printing clusters in Balotra and Pali in Rajasthan and Manikapuram
and Mannarai CETPs in Tirupur in Tamilnadu. The sludges were examined for different
physico-chemical parameters including heavy metals to devise a plan for its management.
The characterisation data indicates that sludge is alkaline in nature with high electrical
conductivity values. There is high variability in values of Total organic carbon (TOC) ranging
from 1.23 to 17.83 % and calorific value ranging from Nil to 2066.33 Kcal/Kg. Most of this
data was found to be comparable with the literature data value. The concentrations of heavy
metals Cr, Ni, Cu, Pb, Zn, Cd and Co when compared with the Indian rules reveal that all the
heavy metals are less than the regulatory limits for all the sampling sites. This indicates that
sludge is non-hazardous in nature and various other options can be explored for its suitable
management other than the conventionally used options like landfilling. The Indian rules
classify these textile sludges under hazardous category whereas the present analysis reveals
the non-hazardous nature of sludge as all analytes of concern are within the specified limits.
Thus the Indian Hazardous Waste Management rules further needs reconsideration regarding
this aspect.
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Textile industry involves processing or
conversion of raw material/fabric into finished
cloth involving various processes/ operations
and consumes large quantities of water and
produces extremely polluted waste effluents.
Textile effluent contains both inorganic and
organic substances in dissolved, colloidal or
suspended forms and is typically coloured due
to the presence of residual dyestuffs. Hence
various physical, chemical and biological
methods are used for the treatment of textile
wastewater depending upon its characteristics.
The suspended and dissolved solids and ones,
which are added during the wastewater
treatment process, are separated in the form
of settleable solids called sludge1. Depending
upon the physical, chemical and biological
treatment given to the wastewater, they are
classified as chemical sludge and biological
sludge. Generally, physico-chemical (primary)
treatment is most commonly used for
satisfactory removal of colour from textile
effluent. Different coagulants like alum, ferrous
sulphate and lime are effective for colour and
organic removal from textile wastewater2.
According to Grau3, coagulation prior to
biological treatment might be advantageous for
alkaline wastewaters. The physico-chemical
treatment leads to the generation of large
quantity of chemical sludge, which is inorganic
and non-biodegradable in nature. The dyestuff
present in the wastewater gets precipitated in
the form of settleable sludge slurry in the
presence of coagulants such as lime and
ferrous sulphate. The chemical sludge from the
textile industry contains inert solids, polymer
solids , precipitated dye products, metal salts
and other  chemicals. It is considered as a
hazardous waste as per Hazardous Waste
(management and handling) Amendment Rules
2003 (Schedule I, category No. 24) due to the
presence of objectionable materials such as
metals and toxic chemicals such as surfactants
and chlorinated organics4. The two aspects that
are of great environmental concern are the

quantity and toxicity of chemical sludge.
Quantitatively, it is estimated that 0.5 kg of
sludge is generated per KL of effluent
containing colour intensity of 1000 Hz units on
Co-Pt scale; thus a textile unit processing 3-4
tons of yarn or fabric is liable to generate
50 Kg of sludge per day5. The composition of
wastewater, chemicals used, and treatment
units mainly determine the amount and
properties of chemical sludge.
          The improper management of sludge and
its dumping on the ground leads to many adverse
effects. It can contaminate surface and ground
water, affect public health, affect atmosphere
due to odour problems and can also cause land
degradation. Therefore, keeping in view the
hazardous nature of sludge and voluminous
quantity, management  of chemical sludge
(handling, treatment and disposal) is a huge
problem. An economic and environmentally
safe sludge management and disposal method
is required to address this crucial problem.
Study Objectives

The main objectives of the present
study were to collect the textile sludge from
CETPs of textile industries and to examine it
for various physic-chemical parameters
including heavy metals to know the basic nature
of waste so that a suitable treatment option can
be adopted for its disposal.

MATERIAL AND METHODS
Collection of chemical sludge samples

Chemical sludge was collected in the
form of semi-dried cakes (Fig. 1 and Fig. 2)
from the dumping sites of four CETPs. 5 kg of
grab sample of each sludge was collected in
wide mouth polypropylene jars and
consequently the samples were refrigerated at
4 ºC for storage. These sludges are generated
after the physico-chemical treatment of textile
wastewater. Samples were collected from
CETPs at Balotra in district Barmer and Mandia
in district Pali in Rajasthan and Manikapuram
and Mannarai in Tirupur in Tamilnadu.  Balotra
and Pali, have a number of small-scale cotton
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and synthetic textile dyeing and printing
processing industries. The industrial complexes
in these areas have around 767 industrial units
in Pali and 600 in Balotra. Tirupur, a small town

about 50 km away from coimbatore, is one of
the well-known places in hosiery and knitwear
manufacture in International market. It has 2500
knitting and stitching units, 300 printing units,

Fig. 1 :   Semi- dried sludge in drying beds of CETPs

Fig. 2 : Chemical sludge from four sampling sites
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Fig.  3 : Location of sampling sites in India

Table 1 : Details of  industries surveyed

Sampling site No. of 
processing units 

Type of 
treatment 

KL/d of effluent 
treated in 

CETP 

Amount of sludge    
generated 
(tonnes/d) 

 
Balotra  CETP 

 
 
 
 

Pali CETP 
 
 
 

Tirupur CETP 

 
600 cotton, 

mainly dyeing 
and printing 
767 cotton, 

 
mainly dyeing 
and printing 
Nearly 800 

 
bleaching and 

dyeing 

 
Chemical and 

biological 
 
 
 

Chemical and 
biological 

 
 

Chemical 

 
13,925 KL/d 

 
 
 
 

16,000 KL/d 
from 2 CETPs 

 
 

42,550 KL/d 
from 8 CETPs 

 
55.76 tonnes/d 

 
 
 
 

130.58 tonnes/d 
 
 
 

184.598 tonnes/d 

 

100 embroidery units and 200 units catering to
compacting, raising and calendaring. These
were representative of the treatment plants for
the treatment of combined effluent from the
small-scale clusters of textile dyeing and printing
units. The location of sampling sites is indicated

in Fig. 3. The details summarising these
selected sampling sites, number of  textile units,
treatment, amount of wastewater generation
and amount of sludge generated summarised
in the Table 16,7.
Characterisation of sludge
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The chemical sludges were
characterised for various physico-chemical
parameters such as moisture content (%), dry
solids (%), volatile solids (%) and calorific
value, total organic carbon (%) and heavy
metals. The heavy metals of concern are Cd,
Pb, Zn, Co, Cr, Cu and Ni. These heavy
metals were selected to be analysed on the
basis of literature survey of characterisation
data of textile wastes. Table 2 presents
different physico-chemical parameters being

analysed in chemical sludge and the analytical
protocol used.
Moisture content and dry solids (%)

Moisture content (%) and dry solids (%)
were measured by drying the sample at 105 ±
1ºC in hot air oven for 24 hours (APHA 2540
G). The difference in weights before and after
drying gives the moisture content. The dry solids
(%) were calculated from the values of moisture
content (%) .
Volatile solids and fixed solids (%)

Table 2 : Analytical protocols for chemical sludge sample analysis

Parameter Re                                         Reference Method  No. 

pH CPCB solid waste manual (2002) - 

Conductivity CPCB solids waste manual (2002) - 

Moisture content (%) and dry 
solids (%) APHA standard methods (1998) 2540 G 

Volatile and fixed solids (%) APHA standard methods (1998) 2540 

Calorific value Bureau of Indian Standards (BIS) IS:1350 ( part11)-1970 

Total organic carbon (%) Walkley Black method (1935) in 
CPCB solid waste manual (2002) 

 

Specific gravity & Density APHA standard methods (1998) 2710 F 

Heavy metals 
(Cr, Cu ,Ni, Cd, Zn, Co, Pb) 

APHA standard methods (1998) 
3030 D & E & 

3111 A & B 

Hexavalent Chromium International organization for 
standardization (ISO) 

ISO 11083 :1994 

 
Volatile solids (%) and fixed solids (%)

of dried sludge were determined by igniting
the sample at 600 ± 5 ºC for 3-4 hours8. The
difference in initial and final weight of dried
sample represents the volatile content of the
sample. The fixed solids (%) were calculated
from the values of volatile solids.
pH

20 g of sludge was mixed with 100 ml
of distilled water for the 1:5 suspension and
this solution was stirred continuously in a
shaker for 1 hr and then was allowed to settle
and the supernatant was used for the pH

measurements as per the method in CPCB solid
waste manual. pH was measured in the
suspension at 25 ± 1ºC  using glass electrode pH
meter (Systronics, mpH system 361).
Conductivity

The same suspension was prepared as in
the case of measurement of  pH  and conductivity
measurement was done in the supernatant of the
suspension as per the method in CPCB solid
waste manual (2002)9.
Calorific value

The calorific value of the dried samples
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were measured using bomb colorimeter Model
(by Toshniwal brothers ) using BIS method
(IS:1350 ( part11)-1970)
Total organic carbon

% Organic carbon in the form of  %
easily oxidizable organic carbon was
determined by method in CPCB waste
manual 10.
Specific gravity and density

The specific gravity was measured in
marked flask as per APHA  method  No. 2710
F by taking the ratios of the masses of equal
volumes of sludge and distilled water at  4ºC
and density is expressed as total mass per unit
volume of the sludge sample.
Heavy metals

First of all, digestion of sludge was
performed to reduce interferences by organic
matter and to convert metal associated with
particulates to a form (usually the free metal)
that can be determined with atomic absorption
spectrometry. Transferred 1 g of  sludge sample
in a beaker. In a hood, added 50 ml of distilled
water, followed by 5 ml of conc HNO3, and
covered with a ribbed watch glass to minimize
contamination. The solution was slowly heated
on a hot plate at 90 ± 5 ºC  to the lowest volume
possible (10 to 15 ml) before precipitation
occurs. Continued heating and adding 50 ml
distilled water and conc. HNO3 as necessary
until digestion is complete as shown by light
colour, clear solution. Didn’t let the sample dry
during digestion. Finally added, 50 ml of distilled
water and 5 ml of 30 % hydrogen peroxide
and again heated on hot plate to lowest possible
volume (10 to 15 ml). Washed down flask or
beaker walls and watch glass cover with
distilled water and filtered. Transferred filtrate
to 50 ml volumetric flask and with two 5 ml
portions of water, adding these rinsings to the
volumetric flask. Cooled, diluted to mark and
mixed thoroughly. Took portions of this solution
for required metal determinations in Atomic

Absorption spectrophotometer (Analytical Jena,
AAS 5L). Final concentrations of heavy metals
were calculated in mg/kg on dry weight basis.
The heavy metals, which were determined,
were Cu, Zn, Ni, Co, Cr, Cd and Pb8.
Hexavalent Cr

Hexavalent Cr was analysed in the
chemical sludge by ISO : 11083 method. Firstly
alkaline digestion of sludge was performed to
solubilize both water insoluble and water soluble
Cr(VI) compounds in solid waste samples,
followed by colorimetric analysis of the
digestate at 540 nm.

Quality Control samples were also run
along with the unknown sludge samples. QA/
QC consisting of calibration blank and mid-point
QC samples interspersed with every ten
unknown samples. The back calculated
concentrations of these QC samples were
found to be within 5 % of the nominal value
indicating good precision and accuracy of the
analytical results.

RESULTS AND DISCUSSION
The results of  physico-chemical analysis

of different chemical sludges is given in the
Table 3. As evident, the properties from
different common effluent treatment plants
varied widely among different sampling sites.
The textile chemical sludge was found to be
light green to dark green in colour and was
odorous in nature. The values of physico-
chemical parameters obtained in this study are
compared with the literature data. The pH of
sludge, which is alkaline in nature varied from
8.02 to 9.0, is comparable to the average value
range given in the literature11,12. The electrical
conductivity value was reported to be as high
as 11.5 to 11.6  in a study reported by Ansari
and Thakur5. The electrical conductivity values
indicate the presence of high concentrations
of ionic compounds in the sludge. The electrical
conductivity values in the present study (2.12
to 6.63 ) are lying slightly below the literature
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data range (11.5-11.6). The total dry solids in
the sludge are varying from 33.35 % to 94.60%
and volatile solids are 34.30 % to 48.37 % of
the total solids giving a rough approximation of
amount of organic matter present in the sludge
sample and the rest being inorganic (fixed)
solids and most of the dissolved organic
components are led to the biological treatment
unit. The sludges used in the literature were of
different moisture content varying from  4.6 to
94.6 % and volatile content was found to be in
the range of 24.2 – 80 %, while in one case the
volatile content was found to be high as 80 %
as reported by Bhalerao et al, owing to the
high quantity of organic chemicals in the raw
materials. The values of volatile solids and fixed
solids also in present study are again
comparable to the literature data. The calorific
values were found to be as low as negligible to
as high as 2066.33 Kcal/Kg. The range of
values mentioned in the literature is varying
from negligible to 495 – 498 Kcal/Kg  as
reported by Bhalerao et al, and Ansari and
Thakur. The high value of calorific value in pali
sludge might be due to the presence of high
concentration of certain organic chemicals in
different wet processing stages. A large
variation was also found for Total Organic
Carbon (TOC) ranging from 1.23 % to  17.82%
comparable, the large variation in TOC is owing
to the different types of chemicals and wet
processes in industries of Balotra, Pali and
Tirupur. The specific gravity and density are
comparable with that of the literature data1,5.

The studies also focussed on heavy
metals such as Cu, Ni, Cd, Pb, Zn, Co and Cr,
which are commonly found in the textile effluent
due to the usage of dyes and other chemicals.
The presence of metals in textile mill effluents
is of concern because of its toxicity to aquatic
and mammalian species. The possible sources
of metals are: incoming fibre, water, dyes and
chemical impurities. Some dyes include metals
as an integral part of the dye molecule. The

metal part is very essential to the dye’s
performance as a textile colorant. The
concentrations of the heavy metals from the
four sampling sites are given in Table 4. The
concentrations of heavy metals are compared
with the different standards such as those given
in the Hazardous Wastes (Management and
Handling) Amendment Rules, 2003, given in
Table 4. The values obtained for all the heavy
metals in the present study are towards the
higher range, when compared with the
literature, except in case of hexavalent
chromium which is found to be below detection
limit, whereas in literature it was found to be in
the range of  4.7-14.00 mg/kg on dry weight
basis.  The concentrations of all heavy metals,
including chromium species i.e. Cr (III) and
Cr (VI), the latter being more toxic; are within
the regulatory limits for all the four sampling
sites. When compared with the lilerature
values13 the concentrations of heavy metals
were found to be towards the higher side. These
values when compared with the regulatory
limits given in hazardous waste rules, were
found to be within the limits indicating that the
sludge is  non- hazardous in nature. Hence this
sludge should be explored for possibility of reuse
and recycling using some suitable technology
rather than disposing in landfill, which is having
too many limitations. This also emphasises the
fact that according to Indian Hazardous waste
management rules, the sludge is considered as
a hazardous waste, but in this case after
characterisation for the requisite parameters,
the concentrations indicate the non-hazardous
nature of sludge. Therefore, it is suggested that
Hazardous waste management rules should be
reconsidered in such cases especially for ETP
sludges and depending upon the individual case,
after the initial characterisation and assessment
studies, the industrial waste of concern should
be classified as hazardous or non-hazardous
and according to that suitable management
option should be selected.



Journal of Environmental Research And Development            Vol. 2 No. 3, January-March 2008

337

Ta
bl

e 
4 

: 
H

ea
vy

 m
et

al
 c

on
ce

nt
ra

tio
ns

  
(m

g/
kg

 o
n 

dr
y 

w
t. 

ba
sis

) 
in

 c
he

m
ic

al
 s

lu
dg

e 
fr

om
 f

ou
r 

sa
m

pl
in

g 
si

te
s



Journal of Environmental Research And Development            Vol. 2 No. 3, January-March 2008

338

Table 5 : Comparison of present study data with literature data

Parameter 
    Present study                 

range 

Literature range* 

 

 pH 

 Electrical conductivity (mS/cm) 

 Moisture Content (%) 

 Dry solids (%) 

 Volatile solids (%) 

 Fixed solids (%) 

 Total Organic Carbon (%) 

 Calorific value (Kcal/Kg) 

 Specific gravity  

 Density (g/cm3) 

 Cd (mg/kg on dry wt. basis) 

 Cu (mg/kg on dry wt. basis) 

 Zn (mg/kg on dry wt. basis) 

 Ni (mg/kg on dry wt. basis) 

 Co (mg/kg on dry wt. basis) 

 Cr (III) (mg/kg on dry wt. basis) 

 Cr (VI) (mg/kg on dry wt. basis) 

 Pb (mg/kg on dry wt. basis) 

8.02 -  9.0 

      2.12 -  6.63 

      5.40 – 66.65 

     33.35 – 94.60 

     34.30 -  48.37 

     51.63 – 65.70 

       1.23-17.82  

     Nil – 2066.33 

     0.84 – 1.07                                    

    843.80 – 1065.40 

       4.248 – 5.409 

   39.806 – 389.831 

  73.480 – 386.939 

  23.729 – 88.745 

  12.119 – 13.559 

  32.004 – 316.326 

        BDL 

 20.314 – 52.044  

      6.8 -   9.4 

     11.5 -  11.6 

       4.6 -  94.6 

       5.4 -  95.4 

     24.2 – 80.0 

     20.0 – 75.8 

      12 

      495 -  498 

      0.86 - 2.4 

      1110 -1120 

      0.10 - 396 

      9.9 – 57.48 

     0.65 – 306 

     0.68 – 0.42 

     2.29 – 6.61 

     4.7 - 199 

     4.7 – 14.00 

     0.50 – 27 

 CONCLUSION
The chemical sludges are obtained after

physico-chemical treatment of combined textile
wastewater in the selected four CETPs in
India. These CETPs are basically catering to
the textile industries involved with dyeing and
printing wet processes. These were
characterised for different physico-chemical
parameters and heavy metals. It is generated
in huge quantity and is being labelled as
hazardous sludge as per the Hazardous Waste
and Management and Handling (Amendment
rules, 2003), which makes the sludge

management process further important.
Therefore, an economically sound and
environmental-friendly solution is required for
its safe disposal. The characterisation data
indicates the alkaline nature of sludge having
high conductivity, volatile solids varying from
34.30 to 48.37 % and a large variability in the
values of total organic carbon (1.23 to 17.82
%) and calorific value (Nil – 2066.3s3 Kcal/
kg). The heavy metals (Cu, Ni, Cd, Co, Cr, Pb,
Zn) concentrations were compared with the
limits provided in Indian hazardous waste
(management and handling) rules indicates that
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all heavy metals was found to be within the
regulatory limits in all the four sampling sites
showing the non-hazardous nature of sludge.
This is contrary to the fact that this sludge is
considered under hazardous category in Indian
Hazardous Waste Management Rules 2003
which needs further reconsideration and it is
suggested that  depending upon the actual
characterisation data, the sludge should be
considered as hazardous or non- hazardous and
should be treated and disposed accordingly.
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