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 ABSTRACT 
Textile industry is one of the water intensive industry and now facing water scarcity problem due to increasing civilization, 
industrialization and depleting natural water resources. Municipal treated wastewater is a drought proof source which can be 
utilized for processing of textiles and reducing water scarcity. This paper reveals that Municipal wastewater further treated 
through pilot plant is technically suitable for usage in textile wet processing. Suitability of this pilot plant water is analyzed 
through statistical methods like Analysis of variance (ANOVA) and paired T-test methods.  Analysis of variance (ANOVA) allows 
to test quality of pilot plant water and its usage in textile wet processing. This research paper focuses on Anova method and 
Paired T-test method for monitoring performance of pilot plant water in textile wet processing. 
Keywords: Analysis of variance (ANOVA), paired t-test, k/s values, pilot plant water. 

1. INTRODUCTION 
Continued population growth, contamination of both surface and ground waters, uneven distribution of water resources, 
and periodic droughts have forced water agencies to search for innovative sources of water supply as well as recycle, 
reuse and reduce the water. Use of highly treated wastewater effluent, which is now discharged to the environment from 
municipal wastewater treatment plants, is receiving more attention as is reliable source of water. Waste water reuse is 
viable option, but water conservation, efficient use of existing water supplies, and development of the new water 
resources are alternatives that must be evaluated. The study has been carried on treated municipal wastewater which is 
retreated with appropriate treatment using pilot treatment plant. This retreated water is used for textile wet processing. 
Technical and statistical analysis has been carried out to check suitability of treated water for processing. Technical 
suitability has been checked by comparing values with I.S. standard. Statistical suitability has been verified with Anova 
method (Two factors without replication) and paired T –test (Paired two samples for means) [1]. 

2. METHODOLOGY 
Pilot treatment plant was prepared and treatment was given to treated municipal wastewater. Figure No. 1 Shows 
photograph of pilot treatment plant [2]. 
 

 
Figure 2: Photograph of Pilot Treatment Plant 
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In pilot plant experimentation parameters of inlet and outlet are studied like Total Dissolved Solids, Total Hardness, Oil 
and Grease, PH, Chlorides, Nitrates, Sulphates, Aluminium, Alkalinity, Iron, Manganese, Chlorine, Suspended solids, 
Electrical conductivity, Colour, Odour, Most Probable Number (/100 ml.) and Chemical Oxygen Demand. Outlet 
parameter values are compared with (IS 201:1992) for textile wet processing. All values found suitable for textile wet 
processing.  Textile processing units are using tap water or ground water in processing of fabric. Comparison is carried 
out between use of pilot plant water, tap water and ground water in processing of cotton fabric. Use of treated water from 
the pilot plant in textile processing along with various dyes has analyzed through various laboratory tests. Table No.1 to 
14 shows various parameters studied. Experimentation was carried out for eight days using pilot plant. Values observed 
day wise are shown below. 

 

 

 
 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 7, July 2014   ISSN 2319 - 4847 
 

Volume 3, Issue 7, July 2014 Page 244 
 

 

3. EXPERIMENTATION AND ANALYSIS  
From above parameters, here detailed study of parameter total hardness is carried out. Testing of hypothesis and 
estimation are the two important parts of statistical inference. Here Statistical techniques like ANOVA and Paired t-test 
method are used to analyze the treatment quality. M.S. Excel Software has been used for statistical analysis. 
3.1 T-Test: Paired Two Sample for Means 
A paired t-test looks at the difference between paired values in two samples, takes into account the variation of values 
within each sample, and produces a single number known as a t-value [6]. It can be found out how likely it is that two 
samples from the same population (i.e where there should be no difference) would produce a t-value as big, or bigger, 
than yours. This value is called a p-value. So, a t-test measures how different two samples are (the t-value) and tells how 
likely it is that such a difference would appear in two samples from the same population (the p-value). Using the 
Significant (2-tailed) value, it can be determined that whether the Correlation is a significant one or not. Null hypothesis 
(H0) and alternate hypothesis (H1) are two types of hypothesis. The Null Hypothesis is that the Correlation Coefficient is 
zero (or close enough to be taken as zero), and we reject this at the 5% level if the significance is less than 0.05. Here 
calculations are shown for Total hardness in Table No.15 where P(T<=t) two-tail for hardness is 6.05919E-09 which is 
less than  level of significance 0.05. T- stat value is 33.01206861which is positive value denotes that outlet values of Total 
hardness  have decreased significantly if compared with their inlet values. 
 

Table No15: Total Hardness (mg/l) inlet and outlet value of pilot plant 
Description Inlet  Value Outlet value 
Mean 248.625 23 
Variance 329.9821429 33.71428571 
Observations 8 8 
Pearson Correlation -0.047404307  
Hypothesized Mean Difference 0  
df 7  
t Stat 33.01206861  
P(T<=t) one-tail 3.02959E-09  
t Critical one-tail 1.894578604  
P(T<=t) two-tail 6.05919E-09  
t Critical two-tail 2.364624251  

3.2 K/S Value and its Importance: The Kubelka-Monk Theory  
When the light that is shined on a sample, as from the light source of a spectrophotometer, some is reflected back to the 
instrument detector, some is absorbed by the colorants in the sample, and some of it is scattered in all directions within 
the sample [3]. For samples with opacities greater than 75%, the Kubelka-Monk equation defines a relationship between 
spectral reflectance (R in %) of the sample and its absorption (K) and scattering (S) characteristics, as follows:  
K/S = [1-0.01 R]2 / 2[0.01R] K/S values for the sample measured are calculated separately for each wavelength read. K/S 
may only be calculated for measurements made in a reflectance mode. K/S is a spectral data type, meaning it is calculated 
and displayed for each measurement wavelength by using software. K/S grows to infinity as reflectance decreases to zero, 
so the software may not display a K/S value for a particular wavelength or wavelengths if the reflectance is very low. The 
reactive dyes is adopted widely for its wide chromatograph, gorgeous luster, lower cost, easy operation, good performance 
in the wet friction fastness, drying stuff after dyeing, and so on. The K/S value is one of the key values in reflecting the 
surface luster shade of the dyeing products. Researchers Jiang et al. estimate the K/S value of the dyed dyes is estimated 
by using the nerve network method. It shows the feasibility of the artificial nerve network applied to the reactive dyes 
dyeing [5]. Color value, used in calculating colorant strength, is a single numerical value related to the amount of light-
absorbing material (colorant) contained in a sample and is usually based on spectral data. Color value may be calculated 
by any one of three acceptable methods. The color value which results from one method may not agree with any other 
method. The choice of method is usually dependent on the nature of the sample and the need to obtain a color value [4].  
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3.3 K/S values of fabric dyed with various types of water 
Cotton fabric dyed with Reactive Red M8B using various types of water with different percentage shade as shown in 
following Table  No.16 and Graph No. 2 

Table No.16 Dye Category: COLD BRAND  Type of Dye: REACTIVE RED M8B 
 

Sr.
No. 

Percentage 
Shade 

Fabric sample dyed with 
Ground water Tap water Pilot Plant Water 

1 0.5 10.5847 11.5326 11.1308 
2 1.0 14.5782 15.4554 16.1548 
3 1.5 20.2458 21.5648 22.6528 
4 2.0 22.1145 23.5487 24.2358 
5 2.5 27.4455 27.2568 28.2546 
6 3.0 32.2244 32.4589 33.5568 

 

 
Graph No.2 : K/S values of fabric dyed with various types of water 

 
3.4 Anova: Two-Factor without Replication 
From above table it is clear average k/s values of all dyed fabric samples using treated water from pilot treatment plant 
are greater than k/s values of other dyed fabric samples using municipal tap water and ground water.  Improvement in 
k/s values found in all fabric samples which are processed with recycled wastewater. Three types of dye brands used in 
the experiment i.e. Cold brand dye, Hot brand dye and Remazol brand dye show same improvement in k/s values. Total 
dissolved solids (TDS) and hardness values are important for better dye fixing on fabric. Total dissolved solids and 
hardness of pilot plant water are found smaller than ground water and municipal tap water. K/s values increases with 
increase in percentage shade of dye. K/s values of cotton fabric dyed using pilot plant water are found higher than other 
two samples. Low  TDS values and hardness values is the basic reason behind better k/s values of cotton fabric dyed 
using pilot plant water. This result shows that there is ample scope of using pilot plant water in textile wet processing. 
Here sample calculations for Dye Reactive red M8B have been shown in Table No.17. Similarly Anova is implemented 
on other parameters and results are discussed below. 

Table No.17 Anova: Two-Factor without Replication for REACTIVE RED M8B 

 
In Table No. 17 for Dye Reactive red M8B average k/s value for fabric dyed using pilot plant water is 22.66426667 which 
is greater than other k/s value of fabric dyed using Ground water and Tap water i.e. 21.19885 and 21.96953333. P-values 
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for % dye shade is 6.18164E-13 and P value for water samples is 0.000855679, which are less than 0.05 which is level of 
significance. Similarly F-values for % dye shade is 902.5489358 and F- value for water samples is 15.53562215 which 
are positive shows that there is significant change in k/s values with increase in dye percentage. 

4. RESULTS AND DISCUSSION 
4.1 Performance of pilot treatment plant 
Pilot treatment plant was prepared for treating wastewater of WWTP at Ichalkaranji in Maharashtra. Experimentation 
conducted with Pilot treatment plant which provides following results shown in Table No18. Parameter discussed here 
i.e. Hardness values between 223 mg/l to 270 mg/l. Hardness values of treated water from Pilot treatment plant are 
ranging between 18 mg/l to 31 mg/l. Similarly following Table No.18 shows various ranges of values for other 
parameters before treatment of wastewater and after treatment by pilot treatment plant. 
 

Table No.18: Performance of pilot treatment plant 
Sr.  
No. 

Parameters Range of 
values 

of wastewater 
 from WWTP 

Range of Values  
after treated in 

pilot plant 

Limits for 
Textile wet 

processing *(IS 
201:1992) 

1. Total Dissolved Solids mg/l 845 to 930 402 to 457 < 500 
2. Total Hardness mg/l 223 to 270 18 to 31 < 50 * 
3. Oil and Grease mg/l 73 to 92 0 < 1 
4. PH 6.90 to 7.14 6.76 to 7.09 6.0 to 8.5* 
5. Chlorides mg/l 55 to 78 41 to 59 < 100* 
6. Nitrates mg/l 0.0124 to 0.027 0.0111 to 0.0154 < 0.50 
7. Sulphates mg/l 73 to 91 49 to 62 < 100* 
8. Alkalinity mg/l 153 to 233 123 to 150 < 150* 
9. Suspended solids mg/l 56 to 123 0 < 5 

10. Electrical conductivity  (µmhos/cm) 0.73 to 1.01 0.46 to 0.74 - 
11. Aluminium mg/l 0 0 0.1 
12. Iron mg/l 0 0 0.25* 
13. Manganese mg /l 0 0 0.1* 
14. Chlorine mg/l Below 0.1 0.1 to 0.25 0.1 to 0.2 
15. Colour Yellowish Colourless 20 Hazen Units* 
16. Odour Pungent Odourless - 
17. Most Probable Number (/100 ml.) 82 to 126 0 - 
18. Chemical Oxygen Demand mg/l 56 to 89 12 to 25 < 50 

From pilot plant experimentation it is clear that, treated wastewater from pilot plant is suitable for cotton textile wet 
processing. The potential to use treated municipal wastewater as a water supply for industrial use is of interest as a way 
to conserve water resources while supporting economic development. Using treated municipal wastewater in industries 
will help to reduce ground water depletion by providing an alternative supply for non-potable water uses and to provide a 
reliable and potentially optimum cost water source for industries. Above Table No.18 gives values obtained in 
experimentation using pilot treatment plant and its comparison with I.S. Standards. 
4.2 Anova: Two-Factor without Replication 
Analysis of variance (ANOVA) allows testing for differences in the means of several different groups or populations. 
ANOVA tests the null hypothesis that the means for all of the groups are equal. 

Table No.19 :average k/s values of all dyed fabric samples 
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From above Table No.19 it is clear that average k/s values of all dyed fabric samples using treated water from pilot 
treatment plant are greater than k/s values of other dyed fabric samples using municipal tap water and ground water.  
Improvement in k/s values found in all fabric samples which are processed with pilot plant water. Three types of dye 
brands used in the experiment i.e. Cold brand dye, Hot brand dye and Remazol brand dye show same improvement in 
k/s values. Total dissolved solids (TDS) and hardness values are important for better dye fixing on fabric. Total 
dissolved solids and hardness of pilot plant water are found smaller than ground water and municipal tap water. K/s 
values increases with increase in percentage shade of dye. K/s values of cotton fabric dyed using pilot plant water are 
found higher than other two samples. Low  TDS values and hardness values is the basic reason behind better k/s values 
of cotton fabric dyed using recycled wastewater. This result shows that there is ample scope of using pilot plant water in 
textile wet processing. 
4.3 P-Values and F- values for various dyes and water samples 
P-values of all dyed fabric samples using treated water from pilot treatment plant are smaller than 0.05 and F values for 
all samples indicate that there is significant change in k/s values when used different dyes and water samples. Following 
Table No.20 shows P value and F values for percentage dye shade and water sample. 

Table No.20: P-values and F-values 

 
4.4 T-Test: Paired Two Sample for Means 
A paired t-test compares two samples in cases where each value in one sample has a natural partner in the other. The 
concept of paired samples is covered in more detail in the pages on choosing a t-test. A paired t-test looks at the 
difference between paired values in two samples, takes into account the variation of values within each sample, and 
produces a single number known as a t-value. It can be found out how likely it is that two samples from the same 
population (i.e where there should be no difference) would produce a t-value as big, or bigger, than yours. This value is 
called a p-value. So, a t-test measures how different two samples are (the t-value) and tells how likely it is that such a 
difference would appear in two samples from the same population (the p-value). Using the Significant (2-tailed) value, it 
can be determined whether the Correlation is a significant one. The Null Hypothesis is that the Correlation Coefficient is 
zero (or close enough to be taken as zero), and we reject this at the 5% level if the significance is less than 0.05. 
Following Table No.21 t-stat value and P(T<=t) two-tail values for all parameters. 
 

Table No.21 :t-stat value and P(T<=t) two-tail values 

 
 
In above Table No.21 all parameters P(T<=t) two-tail values are less than 0.05 and  t- stat values also are positive. T 
values with positive sign denote that outlet values of all parameters have decreased significantly if compared with their 
inlet values. This shows that there is significant difference in outlet and inlet values of treated water from pilot treatment 
plant. 
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5. CONCLUSION 
In case of Anova method P-values of all dyed fabric samples using treated water from pilot treatment plant are lesser 
than 0.05 and F values for all samples indicate that there is significant change in k/s values when used different dyes and 
water samples. Similarly in case of T-Test: Paired Two Sample for Means used for above all parameters, P(T<=t) two-
tail values are less than 0.05 and  t- stat values of all parameters are positive. T –stat values with positive sign denote 
that outlet values of all parameters have decreased significantly if compared with their inlet values. This shows that 
there is significant difference in outlet and inlet values of treated water from pilot treatment plant. Paired T-Test and 
Anova are statistical methods of analysis which are used for analysis shown satisfactory results. Similarly above all 
parameters were assessed for technical suitability also and found within expected range of values as per I.S. specification 
(I.S.201:1992). Results and discussions carried out here conforms the technical and statistical suitability of treated 
municipal wastewater from pilot treatment plant for textile wet processing. 
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