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ABSTRACT 
Column studies were carried out to evaluate the effectiveness of treating raw textile and dye 
effluent through mono and mixed columns (different grades) of vermiculite. It was found 
that mono column, colour was removed to a maximum extend of 61.0% in the first pore 
volume in treatment T<sub>1</sub> (RVG<sub>2</sub>) which was the highest. But incase 
of mixed-column T<sub>2</sub> (50% RVG<sub>2</sub> + 50% RVG<sub>5</sub>) 
recorded the maximum color removal of 71.0% in the first pore volume upto 3<sup>rd</sup> 
pore volume there was a general decreasing trend of colour removal of 40% in all the 
columns. In case of removal of cations vermiculite column leaching units retained about 20 
to 40% cations in the mono and mixed column experiments, which was evident from the 
decrease in the concentrations of these ions in the leachate of the first pore volume. The 
retention of colour and cation (Na, Ca and Mg) in general followed a common pattern for all 
the treatments either in mono (or) mixed columns, where in a maximum adsorption was 
noticed in the first pore volume and it followed a linear decreasing trend in second pore 
volume, but at the third pore volume, the leachate was with a meager differences with 
references to various pollutants when compared to that of the original pollutant load. 
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INTRODUCTION 
 Water pollution is a world wide 

phenomenon and is one of the most serious 
problems confronting mankind today. With 
the rapid growth of industries in India, 
pollution has increased tremendously. 
Economic growth by industrialization 
through aims at more jobs, more food and 
more consumer goods has some other 
adverse effects which may pollute the 
environment. 

Textile industry is one of the important 
industries in India, which earns considerable 
foreign exchange through the textile export. 

The effluent from these industries pollutes 
the environment when the untreated effluents 
are discharged into the river streams or on 
land. The textile and dye effluent contains 
considerable amounts of sodium, calcium, 
magnesium, sulphate with excess colour 
affecting its aesthetical value, besides it 
inhibits photosynthetic activity of aquatic 
biota by reducing the penetration of sunlight, 
besides their direct toxic effects on the biota 
of the receiving waters1. Among various 
industries, textile industry ranks first in the 
usage of dyes for the colouration of the fibre. 
Today, more than 9000 types of dyes have 
been incorporated in the colour index. 
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Due to low biodegradability of dyes, the 

conventional biological treatment process is 
not very effective in treating dye industrial 
wastewaters. It is usually treated by physical 
or chemical processes which are costly and 
cannot effectively be used to treat the wide 
range of dye wastewaters. Adsorption on 
activated carbon (ARC) has been adopted, as 
tertiary treatment in various types of 
industries because of its excellent adsorption 
capability2. However, it use is limited by its 
high cost3. In this context, vermiculite 
mineral with its high cation exchange 
capacity and reactive surface area was 
scientifically evaluated for its potential to 
substitute the activated carbon could be cost 
effective and economically feasible treatment 
method. Column studies were carried out to 
assess the suitability of raw and exfoliated 
vermiculite grades obtained from Tamil 
Nadu Minerals Ltd., Chennai, India, for the 
removal of specific pollutants from textile 
industrial effluent. 

MATERIAL AND METHODS 
The textile and dye industrial effluent 

collected from a dyeing unit at 
Telugupalayam, Coimbatore, Tamil Nadu, 
India, was analysed for its physical and 
chemical properties following the standard 
procedures. 

Raw vermiculite comprising of 
aluminium / iron / magnesium / silicate 
mineral mixtures, is excavated as a mineral 
composed of thin layers. Exfoliated 
vermiculite is obtained by heating the raw 
vermiculite to temperatures upto 1000°C. 
These vermiculite are graded accordingly to 
specific sizes. 

Column lysimeter studies 

A mono and mixed column experiments 
using selected raw (RVG) and exfoliated 
vermiculite grades (EVG) was carried out 
using PVC pipes of 5 cm diameter and 50 cm 
long (height). The bottom of the pipe was 
fitted with a filter paper (Whatman No. 1) 
and a wire mesh (0.1 mm), which were 
tightly wrapped to hold the weight of 
different grades of vermiculite. At the 
bottom, the treated effluent (leachate) was 
collected through a funnel. 

Mono and mixed vermiculite columns 

Four selected grades of vermiculites 
(RVG 2, 3, 4 and EVG5) were gently packed 
in the PVC pipes of required height in the 
column which exhibited varied bulk densities 
ranging from 0.95 to 1.48 g cc-1 with four 
replications adopting factorial completely 
randomized design. Four treatments with 
mixed grades of vermiculite (RVG2 mixed 
with equal quantity of RVG3 (T1), RVG4 
(T2), EVG5 (T3) and RVG5 (T4)) were gently 
packed to required column height which 
exhibited varied bulk densities ranging from 
1.61 to 1.98 g cc-1. 

Calculation of pore volume 

To calculate one pore volume, the weight 
of the columns packed with mono and mixed 
grades of vermiculites saturated with textile 
industrial effluent was substracted from its 
original weight. The columns were leached 
based on pore volumes and leachates 
collected from three pore volumes were 
analyzed for pH, EC, TS, sodium, sulphate, 
calcium and magnesium following standard 
methods. 

RESULTS AND DISCUSSION 
The analytical results of the raw textile 

and dye effluent is furnished in Table 1. The 
effluent was alkaline with high EC (15.6 
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dSm-1), TS (9980 mg L-1), sodium (320 mg 
L-1) with lower contents of sulphate (23.0 mg 
L-1), calcium (48.0 mg L-1) and magnesium 
(16.5 mg L-1). 

Table 2 records the analytical results of 
the both raw and exfoliated vermiculite 
grades. The adsorbent materials were 
alkaline in nature which could be due to the 
presence of associated carbonate rock 
impurities the reaction of which normally 
alkaline. The bulk density, total surface area, 

particle density and CEC were the highest in 
RVG2 when compared to that of the other 

grades could be the extent of removal  
of specific pollutants from the textile and dye 
 effluent. Mono and mixed columns (Table 
3a, 3b and Table 4a, 4b) followed a general 
trend wherein a maximum adsorption was 
noticed during the first pore volume and it 
followed a linear decreasing trend at second 
pore volume, but at the third pore volume, 
the leachate was with meager differences  
with reference to various pollutants  
when compared to that of the original 

pollutant load 

Table 1 : Physico-chemical characteristics of raw textile and dye effluent. 
Table 2. Physical and chemical properties of different grades of raw and 

exfoliated vermiculites 

S.No Particulars Unit RVG 
2 

RVG 
3 

RVG 4 RVG 5 EVG5 

1. Bulk density gcc-1 1.00 0.73 1.38 1.38 0.49 

2. Particle density gcc-1 2.50 2.00 1.82 1.61 0.68 

3. Total surface area gm-2 42.0 26.2 19.2 25.4 38.9 

4. pH  9.06 9.22 9.44 9.15 8.61 

5. EC (d Sm-1) 0.03 0.07 0.04 0.02 0.10 

6. Cation exchange 
capacity 

Cmol 
(p+) kg-1 

112 104 98.8 92.4 84.5 

(Mean of three replications) 

S.No Characteristics Chrome tan effluent 

1. pH 7.79 

2. EC(d Sm-1) 1.50 

3. Total Solids (mg L-1) 952 

4. Colour 3.00 

6. Sodium (mg L-1) 182 

7. Sulphate (mg L-1) 80.3 

8. Calcium (mg L-1) 130 

9. Magnesium (mg L-1) 64.9 
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RVG-Raw vermiculite grade 
EVG-Exfoliated vermiculite grade 
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It was found that in mono vermiculite 
columns, the colour was removed to a 
maximum extent of 61.0 per cent (RVG2) in 
the first pore volume which was the highest. 
But incase of mixed columns, T2 (RVG2 + 
RVG5) recorded the maximum colour 
removal of 71.0 per cent in the first pore 
volume. Upto 3rd pore volume there was a 
general decreasing trend of colour removal 
the mean being 40 per cent in all the 
columns. The colour was removed by 70 per 
cent from textile and dye by vermiculite from 
wastewaters4. 

 Incase of removal of cations, 
vermiculite columns retained about 20 to 40 
percentages of cations in the mono and 
mixed columns, which was evident from the 
decrease in the concentrations of these ions 
in the leachate of the first pore volumes. The 
overall negative charge of the anions was 
balanced by cations that occupy the channels 
within the clay lattice structure5. The better 
performance of RVG2 both in mono and 
mixed columns with reference to adsorption 
of various pollutants could be due to non 
specific and specific adsorption6. Moreover 
the high CEC (112 cmol (+) kg-1) of RVG2 
among the raw and exfoliated vermiculite 
grades could be responsible for the higher 
adsorption potential for this particular grade. 

CONCLUSION 
 The efficacy of colour removal from 

the textile and dye industrial effluent by 
mono and mixed columns of vermiculite was 
maximum of 44.0 per cent in mixed columns 
(RVG2 + RVG3), whereas the mono columns 
were less efficient (20 per cent in RVG2). 
The general trend with reference to the 
retention and removal efficiency of various 
cations and anions by mono and mixed 

vermiculite columns was that the maximum 
removal was during the first pore volume 
which was followed by a linear trend at the 
second pore volume and the least was at the 
third pore volume. Hence it is inferred that 
RVG2 + RVG3 mixed vermiculite column 
could be utilised as a substitute for activated 
carbon in tertiary treatment of wastewaters. 
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