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ABSTRACT

Several small scale industries have formed cooperatives and established Common Effluent Treatment
Plants (CETP) to treat wastewater in India. The wastewaters are subjected to primary treatment in the
industry and thereafter discharged to be further treated at the CETPs. The management and treatment
costs are shared by the member industries. The CETP under study is situated in North Western part of
Rajasthan in Pali district. Pali has about 989 synthetic and cotton textile printing and dyeing units. The
member industries generate wastewater containing a variety of chemicals, dyes, acids, alkalis besides
other toxic heavy metals. In this study, performance of a CETP of capacity 1.5 Million Gallons per day
wastewater from synthetic textile mills was evaluated. Four criteria viz. design, operation, mainte-
nance and administration was deployed to evaluate the overall performance of CETP. Design data was
collected from each unit operation of the CETP and adequacy of design was assessed using a scoring
method. Actual operational efficiency of the CETP was evaluated by collecting samples (16 in all) at
each stage of treatment. All samples were analyzed for 16 physico-chemical parameters. Administra-
tion capability and adequacy of maintenance systems were evaluated using questionnaires and by
conducting staff interviews. The overall performance of the CETP was evaluated considering all the

dimensions and accordingly recommendations were made for improving the performance.

INTRODUCTION

Textile industry is the largest industrial employer in
the country, contributing to 6% of GDP (Gross Do-
mestic Product), 16% of export and about 18% of in-
dustrial production. The textile industry plays an
important role in Indian economy. It contributes to
9% of excise collection, 30% of export revenue and
18% of employment in industrial sector. It is one of
India’s largest foreign exchange earners, accounting
for 12% of the country’s total exports. Since global
trade in textile and clothing is expected to reach US$
600 Billions in 2010 from the level of US$ 356 Bil-

lions; there is an urgent need to augment our textile
production capacity. At the same time, it is very es-
sential that the environmental problems associated
with industrial development are properly addressed
to sustain both industrial as well as economic growth.
The index of production for the textile group of in-
dustries shows mixed trend. There is a significant
increase in textile products (18.6 %) and cotton tex-
tiles (10.2%). Only a marginal increase in jute and
other vegetable fiber textiles (2.7 %) is witnessed, while
wool, silk and man made fiber textiles have declined
(-0.1%). 40% of the industrial wastewater generated
in India comes from small size industries. With the
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adoption of the Water Act, those small size indus-
tries have in theory the obligation to treat their efflu-
ent in order to reach pollution concentration respect-
ing the minimum acceptable standards laid down
by the State Pollution Control Boards. Nevertheless,
the size of these facilities makes the installation of a
standard effluent treatment plant (ETP) unaffordable.
Therefore, public authorities have taken the initia-
tive to promote CETP schemes, allowing small in-
dustries to gather in order to treat jointly their efflu-
ents. The CETP concept was originally promoted by
the Ministry of Environment and Forests in 1984. The
first CETP in India was constructed in 1985 in
Jeedimetlha near Hyderabad, Andhra Pradesh, to
treat waste waters from pharmaceuticals and chemi-
cals industries. In 1999, 82 CETPs had been setup in
12 states around the country. Although CETPs are
mainly seen as a means to take advantage of scale
economies, these schemes also act as subsidies from
public powers to small industries in order to allow
them to respect the standards. It has been clearly
shown that compared to individual ETPs, CETPs are
more cost effective in reaching the effluent concen-
tration standards (Pandey and Deb,1998) and
(Sankar, 2001)

Several methods of cost distribution for CETPs
are being practiced world wide. In India the distribu-
tion is as such: state subsidy of 25%, central subsidy
of 25%, entrepreneur’s contribution of 20%, and loan
from financial institutions of 30% of the total project
cost (e.g. any nationalized bank, State Industrial Fi-
nancial Corporation etc.). If the CETP Co. does not
desire to have loans from financial institutions/
banks they may augment the same out of their own
resources/contributions, i.e. the entrepreneurs would
then contribute 50% of the project cost. Central assis-
tance up to 25% of the total cost of the CETP would be
provided as a grant to the CETP. In the other parts of
the world various other systems of cost distribution
exist such as Quantity Method, Quantity — Quality
method, Malz Formulation, Fukashiba formulation,
Roman Formulation, Chemtech Formulation, Gradu-
ated Payment Formulation, and Flecksedar Method-
ology (Pandey and Deb 1998) , (Mathur et al. 2005)
and ( Raj et al. 2004)

The CETP in the case study is located in Pali
which is in the North-Western State of Rajasthan of
India. Pali district is situated on the banks of river
Bandi. The total area of this town is about 12,387 Sq.
kms. There are around 989 dyeing and printing units.
There are 3 CETPs (I, Il, 111) in operation in Pali and

one is in planning stage (1V) (Mathur et al. 2005). The
CETP of Mandia Road was constructed and com-
missioned by NEERI in May 1997. Dyeing and print-
ing of cotton fabrics in the major activity of this in-
dustrial complex besides other activities such as
desizing, mercerising, kiering, bleaching etc. This
CETP is based on physico- chemical followed by aero-
bic biological treatment.

MATERIALS AND METHODS
Design of CETP

The effluent treatment plant is a combination of
physico-chemical followed by aerobic biological
treatment (Fig 1). The plant consisted of following
primary and secondary treatment unit operations:
Sump well, Equalization basin, Chemical dosing tank,
Primary clariflocculator, Activated sludge basin, Sec-
ondary clarifier and Sludge drying bed. The capacity
of the existing CETP is about 1.5 MGD.

Treatment process

The treatment plant is based on physico-chemical
treatment followed by biological treatment. The com-
bined wastewater is collected in a sump well. The
wastewater from sump is being continuously taken
up into equalization basin to neutralize qualitative
irregularities. The wastewater from equalization ba-
sin is treated by ferrous sulphate as chemical coagu-
lating agent. Concentrated sulphuric acid of 98%
purity is added for pH adjustment, whenever needed.
These chemicals are added from chemical dosing
tanks. The contents are held up for 60 seconds in
this tank. Ferrous sulphate helps in coagulation and
flocculation of colloidal material which is mostly re-
sponsible for colour in the wastewater. The agglom-
erated flocculated material along with wastewater
enters into primary clarifier. The colloidal material
along with some of inorganics are removed in pri-
mary clarifier by coagulation, and sedimentation. The
precipitated material comes out as sludge slurry and
is finally dried up on sludge drying beds. The clari-
fied liquid enters into activated sludge basin and is
treated by acclimatized micro-organisms. The treated
effluent from activated sludge basin is then passed
through a secondary clarifier to settle waste sludge.
Part of the waste sludge is recirculated to activated
sludge basin in order to maintain required MLSS.
However, the remaining sludge along with sludge
from primary clarifier is sent to sludge drying beds
for disposal. The clear treated effluent from second-
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ary clarifier passes through the drain which finally
disposes into the river. Sludge drying beds are pro-
vided at CEPT area. Thissludge slurry from primary
clarifier along with remaining sludge slurry from
secondary clarifier is taken together for dewatering
on sludge drying beds. The dried sludge is finally
disposed off according to State Pollution Control
Board recommendation. The filtrated is finally taken
back into activated sludge basin for further treatment.

Evaluation of design eactors

The primary objective of this phase is to determine
design adequacy of CETP and explore whether sig-
nificant improvements in treatment can be achieved
without major capital expenditures. Each unit op-
eration was analyzed for design and point score was
awarded to the unit operation. The design adequacy
was assessed based on overall score. The design
score of each unit operation was then computed us-
ing a program to obtain the final point score for each
of the 3-4 crucial evaluation parameters. The final
point scores were compared with the bands of point
range (also given) and the unit operations were ad-
judged Type 1, 2 or 3. Type 1 unit operations are those
where design is adequate but there are major prob-
lems related to operation, maintenance and admin-
istration. Type 2 units are the type where marginal
capacity of the unit operation can inhibit good per-
formance and the plant needs physical improvement.
Type 3 units are one in which major unit operations
are inadequate and require major construction work
to improve the performance.

Evaluation of operational factors

The major units were also evaluated for their perfor-
mance by taking 3 samples from each unit operation
viz. inlet, middle and outlet. These 16 samples were
analyzed for about 16 parameters. All samples were
analyzed within 24 hrs of their arrival and stored
below 8 C till then. All samples were analyzed as per
Standard Methods of Examination (APHA-AWWA-
WPCF, 1989). The parameter values indicate opera-
tional efficiency of a particular unit operation and
could be corrected to improve performance. Its major
benefit is that it optimizes the capability of existing
facilities to perform better and to treat more waste-
water.

Evaluation of administrative factors

The evaluation of administrative performance - lim-
iting factors is subjective. Anidea of the budget, rev-
enue budget etc. can provide some insight, as budget

is one of the limiting factors. Improving working con-
dition, lowering costs, and other similar goals could
be perused within the realm of first achieving ad-
equate performance. Administration can be judged
by the following criteria:

Excellent reliably provide adequate wastewater treat-
ment at lowest reasonable cost; Normal: provides best
possible treatment within financial constraints; Poor:
spends as little as possible with no consideration for
achieving adequate plant performance. Another area
in which administrators can significantly, even in-
directly, affect plant performance is through personal
motivation by training, awards etc. Administrators
can be evaluated on the basis of operator training
man hours, operator salaries, and their influence on
operator morale. The competence of the management

staff is also an important criterion.
Evaluation of maintenance factors

General information on maintenance was gathered
during the data collection phase. However, the evalu-
ation of maintenance performance - limiting factors
was done through observations and discussions re-
garding the reliability and service requirements of
equipment critical to process control and thus per-
formance. Observation and documentation is neces-
sary in the approach used to evaluate emergency and
preventive maintenance practices. Important aspects
are examination and verification of spare parts in-
ventories, record keeping systems and work order
procedures etc. Preventive maintenance schedules,
predictive maintenance schedules, breakdown ser-
vice efficiency, availability of spares, stand-by avail-
ability are some of the indicators of adequate mainte-
nance which were tracked.

RESULTS AND DISCUSSION

Evaluation of design of CETP

Each CETP has a number of performance limiting
problems that are unique to that facility. However, it
is important to establish whether minor design
changes, process adjustments, operator training and
appropriate administrative actions would lead to
improving plant performance to the desired level or
amajor facility upgrade would be necessary. Table 2
gives the important parameters for each unit opera-
tion, their calculated evaluation parameters, point
score for each parameter and its point range. Based
on the above, the units are characterized as Type 1, 2
or3.
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Equalization tank has a capacity of 1808m?3. It is
rectangular in configuration. HRT provided is 12.7
hour which is sufficient to take care of the fluctua-
tions in the incoming waste water for mixing of the
different streams. 3 agitators of 15 HP each are pro-
vided. Mixing power provided is less for the given
capacity Overall this unitis of Type 1.

Lime tank is of capacity 30.6m3. 10% slurry of the
lime is prepared. One agitator is provided for mix-
ing. Capacity of the lime tank is 180% of the required
capacity. Thistank s of Type 2. Dimensions of lime
tank Il are same as that of lime tank I. This tank is
also of Type 2.

Ferrous sulphate dosing tank is of capacity 27.30 m?
.10% slurry of FeSO, is made. One agitator is pro-
vided for mixing 2 HP, which is less than required as
per the capacity of the unit. This unitis of Type 2.

PolyelectrolytetTank capacity is 10m3, which is 196%
of the required capacity. Polyelectrolyte isadded asa
coagulant. Power provided for mixing is 2 HP Ca-
pacity and mixing provided is as per the requirement
and this unitis of Type 1.

In flash mixer, different chemicals are mixed to
treat the wastewater. HRT provided is 162 second
which is sufficient to achieve good mixing of chemi-
cals. Power provided for mixing is 2 HP Capacity
and mixing provided are as per the requirement and
this unit falls under Type 1.

Clariflocculator consists of clarification zone and
flocculation zone. Clarification zone is circular in
configuration. HRT provided is 10.5 hrs, which is
sufficient to achieve proper settling. Surface overflow
rate is 40m®/m2/day, which is greater than the speci-
fied limits. Retention time provided for flocculation
zone is 3703 seconds. Data on power provided for
flocculation is not available Overall, clariflocculator
unitis of Type 1.

Activated sludge tank capacity is around 9000 m?.
Nine no. of agitators with 100 HP are provided for
aeration. Organic loading rate is 0.06 kgBOD/m3/d
and oxygen availability is 9.257 kgO, /kg BOD. HRT,
organic loading rate and oxygen availability are all
as per the requirement and this unit falls under Type
1.

Secondary settling tank Sludge from the aeration
tank is passed to settling tank for settling. Capacity
of the tank is 1742 m® and it is circular in configura-
tion. HRT of the unitis 12.28 hrs, which is sufficient
to achieve good settling of sludge.

Sludge drying beds (SDB) are eight in number - four
for chemical sludge and four for biological sludge.
Total area the beds is 3840 m® area provided is
126.35% of the required area. Sludge drying bed is of
Type 1. Sludge drying beds for biological sludge are
20% of the required area. This SDB is of Type 3.

Equalization tank, polyelectrolyte tank, flash
mixer, clariflocculator, aeration tank, secondary set-
tling tank, and sludge drying beds for chemical
sludge are of Type 1. Lime tank (1,I1) are of Type 2and
sludge drying bed of biological sludge is of Type 3.

In many ETPs treating textile mill effluents, the
mode of treatment is anaerobic followed by aerobic.
This system is attractive as it is cost-effective and en-
vironment friendly (Moosvi and Madamwar 2007) ,
(Weber and LeBeof 1999) , (Bortone et al. 1995) and
(Georgiou et al. 2005) . Biological treatment is sensi-
tive to several parameters. Mutagenic compounds are
formed in aerobic treatment (APHA-AWWA-WPCF,
Standard Methods for Examination for Water and
wastewater, 1989) and (Umbuzeiro et al. 2005) . Azo
dyes cause mutagenicity and carcinogenicity (Alves
de Lima et al. 2007). Dye carriers can also be highly
toxic to the biomass activity (Alaton et al. 2006).
Nonyphenol is toxic to aquatic life (Servos et al. 2003).
Many dyes contribute to toxicity to all stages of life
(Navarro et al. 2001) and (Rozzi et al. 1999). High
total dissolved solids (TDS) interfere with oxygen
transfer necessary for biological metabolism and
thereby affecting the efficiency of the activated sludge
process. High TDS effluents are more sensitive to hy-
draulic shock loads and prone to process upsets
(Pophali et al. 2003).

Another method of removing colour and Chemi-
cal oxygen demand (COD) of textile mill effluents is
electrochemical oxidation (Zainal et al. 2006). Oper-
ating current density of 3.1-4.8 mA cm2is recom-
mended for the treatment of textile mill wastewaters
having TDS around 7000 mg/L for reduction of TDS
(Chandramowleeswaran and Palanivelu, 2006). TiO,
photocatalysis is also a promising technology for
treating textile mill COD. Photo Fenton is more ca-
pable of decolourization and decreasing COD than
TiO,coupled oxidizer (Lin and Chen, 1997).

Operational performance of the CETP

pH of the common drain and sump was 13 and 11
respectively. It reduced to 7 in the equalization tank.
However, a pH of 8 - 8.5 is maintained in the flash
mixer. The pH reduced again in the clarifier to 7 and
remained around 7 - 8 in the aeration tank. Itwas 8
inthe secondary clarifier and the outlet. Figure 2 gives
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the change in pH, COD, BOD, Total solids, Total dis-
solved solids, Total suspended solids, Alkalinity and
Total hardness within the unit operations in the
CETP.

Chemical Oxygen Demand (COD) of the common
drain was 1160 mg/L and was 640 mg/L in the
sump well. It reduced to about 600 mg/L in the equal-
ization tank. A further reduction in COD to about
450 mg/L was observed in the primary clarifier. COD
reduced to about 400 mg/L in the aeration tank and
to 360 mg/L in the secondary clarifier. COD of the
final outlet was 320 mg/L.

Biochemical Oxygen Demand (BOD) of the com-
mon drain was 420 mg/L and that of the sump well
was 260 mg/L. Itreduced in the equalization tank to
175 mg/L which further reduced to about 100 mg/L
inthe primary clarifier. However, BOD again showed
a higher value of 300 mg/L in the primary clarifier
outlet and the aeration tank which reduced to about
70 mg/L. BOD was 150 mg/L in the final outlet.

Total solids (TS) were 7600 mg/L in the common
drain and 6100 mg/L in the sump. TS increased
slowly from this value to about 8825 mg/L in the
flash mixer and remained at about 8500 mg/L in the
primary clarifier. TS increased from 8000 mg/L to
about 14,000 mg/L showing an MLSS of 5000 - 6000

mg/L. TSreduced again in the secondary clarifier to
7000 mg/L. TS of the outlet was 9300 mg/L.

Total dissolved solids (TDS) in the common chain
are about 7100 mg/L and that in the sump about
6100 mg/L. Itincreased to 7000 mg/L in the equal-
ization tank with a further increase to 7600 mg/L in
the flash mixer. It reduced to 7800 mg/L in the pri-
mary clarifier and to 7000 mg/L in the aeration tank.
TDS in the secondary clarifier was 7100 mg/L and
in the outlet, it was 7000 mg/L.

Total suspended solids (TSS) in common drain
was 470 mg/L and in common sump as 265 mg/L. It
increased in the equalization tank to about 1000 mg/
L and further to 1200 mg/L in the flash mixer. TSS
reduced to 500 mg/L in the clarifier, but increased to
about 7000 mg/L in the aeration tank. Drastic reduc-
tion to 320 mg/L was observed in the secondary clari-
fier. TSS in the final outlet was only 22 mg/L.

Total hardness in the common drain was 800 mg/
L and in the sump, 180 mg/L. It remained at about
500 mg/L in the equalization tank. An increase in
hardness was observed to 650 mg/L in the flash mixer
followed by a rise to 760 mg/L in the primary clari-
fier. It decreased to 600 mg/L in the aeration tank.
Hardness in the outlet was 500 mg/L.

Calcium hardness continued to increase from 70

Table 1. The characteristics of the CETP influent and pollution control board standards for effluent from Textile

Industry

Sr. No.Parameter

Concentration, all in mg I*

Concentration, all in mg I*

except pH except pH (CPCB website)
1. pH 13 5.5-9.0
2. COoD 1160 100
3. BOD 420 30
4, Total Solids 7602 250
5. Total Dissolved Solids 7126 -
6. Total Suspended Solids 476 -
7. Total Hardness 800 -
8. Calcium Hardness 74 -
9. Calcium 29 -
10. Magnesium 17 -
11. Chloride 2127 -
12. Salinity 3840 -
13. Alkalinity 130 -
14. Ammonia 0.7 -
15. Phosphate 0.029 -
16. Sulfate 750 -
17. Total residual chlorine - 1
18. Oil and grease - 10
19. Total Chromium as Cr - 2
20. Sulphide as S 7.3[22] 2
21. Phenolic compounds as C.H.OH - 1
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Fig. 1 Flow sheet of CETP showing all the unit

operations.

List of sampling point locations

Influent from the common drain
Sump well

Outlet of grit chamber or inlet of equalization tank
Equalization tank

Outlet of the equalization tank
Flash mixer dosing tank

Flash mixer

Inlet to Clariflocculator

9. Middle of Clariflocculator

10. Outlet of Clariflocculator

11. Inlet of aeration tank

12. Aeration tank middle

13. Aeration tank outlet

14. Middle of secondary clarifier
15. Outlet of clarifier

16. Outlet of unit 1l

NG ~LNE

mg/L to 200 mg/L in equalization tank, 400 mg/L
in the flash mixer and 500 mg/L in the primary clari-
fier. Calcium hardness decreased thereafter in the
aeration tank to 280 mg/L and in secondary clarifier
to 250 mg/L. Itwas 250 mg/L in the final outlet.

Figure 3 gives the change in Calcium, Calcium
hardness, Magnesium, Chloride, Salinity, Phosphate,
Sulfate and Ammonia with the unit operations in the
CETP. Calcium remained in the range of 16 - 29 mg/
L. It increased in the equalization tank to about 90
mg/L and to 160 mg/L in the flash mixer. It contin-
ued to increase in the primary clarifier to about 200
mg/L. Calcium reduced in the aeration tank to 110
mg/L and remained at 100 mg/L in the secondary
clarifier and the outlet.

Magnesium concentration increased from 33 mg/
L to 80 mg/L in the equalization tank and remained
inarange of 50 - 100 mg/L in subsequent units. Mag-
nesium was 50 mg/L in the outlet.

Chlorides were high in the drain (2127 mg/L) and
in sump well (1700 mg/L). Chlorides increased to
2100 mg/L in the equalization tank and increased
further to 2300 mg/L in flash mixer and then 2500
mg/L inthe primary clarifier. Chlorides remained at
about 2000 mg/L in the aeration tank and secondary
clarifier. Chlorides in the outlet were 3000 mg/L.

Salinity in inlet was 3000-3800 mg/L which re-
mained at 3800mg/L in the equalization tank and
increased to 4200 mg/L in the flash mixer. It remained
in the range of 3300 mg/L to 4200 mg/L in the re-
maining units. Salinity in the outlet was 6000 mg/L.

Phosphate in the inlet is 0.007 - 0.029 mg/L and
increased to 0.052 in equalization tank. A reduction
in phosphate concentration was observed in the flash
mixer followed by an increase in the clarifier to about

Eco-1



PERFORMANCE EVALUATION OF ACOMMON EFFLUENT TREATMENT PLANT (CETP) 117

Table 2. Design evaluation sheet for all unit operations.

Evaluation Parameter Point range Point Score Total Score Remark
Configuration Equalization
0Oto5 0 16.46 Type-1
HRT -10 to 15 15
Mixing -10to 10 1.46
Chemical House
Lime Tank-I
Capacity -10to 10 9.21 10.47 Type-1
Mixing 5t05 1.27
Lime Tank-I1
Capacity -10to 10 9.21 10.47 Type-1
Mixing 5t05 1.27
FeSO, Tank
Capacity -10to 10 4.02 5.68 Type-2
Mixing -5to5 1.66
Polyelectrolyte Tank
Capacity -10to 10 9.84 14.84 Type-1
Mixing -5to5 5
Flash mixer
Configuration 0-10 0 15.00 Type-1
HRT -10 to 10 10
Mixing -5to5 5
Primary clariflocculator
Clarification Chamber
Configuration -10-10 7 12.27 Type-2
HRT -10 to 15 15
SOR -15to 10 -10
Depth at weir -10to 10 0.27
Flocculation chamber
HRT -6 to 10 10 10.00 Type-1
Power -10to 10 0
Aeration tank stage |
HRT -6to 10 10 30 Type-1
Organic Loading -6 to 10 10
Oxygen Availability -10to 10 10
Secondary clarifier
Configuration -10to 10 7 35.67 Type-1
HRT -10 to 15 15
SOR -15to 10 10
Depth at weir -10to 10 3.67
Sludge Drying Beds
Sludge Handling Capacity -10to 25 22.27 22.27 Type-1
Sludge Drying Beds (Biological Sludge)
Sludge Handling Capacity -10to 25 -10 -10 Type-3
TOTAL POINT SCORE 158.87

0.05 mg/L. It increased further to 0.09 mg/L in the
aeration tank, but reduced to 0.04 mg/L in second-
ary clarifier and outlet.

Ammonia was in the range of 0.05 - 0.7 mg/L
which increased to 1.25 - 1.7 mg/L in the equaliza-
tion tank. However, a decrease in ammonia concen-
tration was observed in the flash mixer to about 0.2

mg/L which reduced to 0.06 mg/L in primary clari-
fier. Ammonia concentration in rest of the units could
not be analyzed due to interference.

Sulphate in the common drain was about 750mg/
L. Itremained in a narrow range of 600-800 mg/L in
the various ETP units.

Alkalinity was about 150 mg/L in the inlet and
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remained between 100 - 180 mg/L in the ETP.
CONCLUSION

Performance evaluation of the CETP based on de-
sign, operation, administration and maintenance
was carried out. Most of the units are designed well.
Some improvements like better mixing in equaliza-
tion tank, modifications in SOR in the clariflocculator
can be achieved by changing operational parameters.
The FeSO, tank has inadequate capacity and mixing
which therefore needs improvement. Existing biologi-
cal sludge drying beds are only 20% of the area re-
quired and therefore need further construction.

The COD and BOD in the outlet exceeded the stan-
dards for effluents from textile industries. The aera-
tion tank needs to improve in terms of performance.
This can be achieved by improving the biomass in
the aeration tank and increasing the HRT. Other stan-
dards were met by the treated effluents.
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