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Removal of lindane from wastewater using liquid-liquid extraction process
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Pesticide pollution is a serious problem being faced. Harmful levels of pesticides are found in the water
which is used for daily purposes. In the event of such a scenario, this paper presents a working solution
for bringing down the Pesticide levels in the water to safe levels by using the method of liquid-liquid
extraction. The experimental liquid-liquid equilibrium data on pesticide-water-solvent ternary mixtures
at a temperature of 288.15 K are presented here. The pesticide used here is a chlorinated hydrocarbon
called lindane found in the water (underground, land), beverages and foods. The solvents used are
Petro-ether-Chloroform (1:1), Ethylene di chloride and n-hexane. The equilibrium generation diagram,
triangular diagram, tie lines and bimodal curves as well as the distribution coefficient have been deter-
mined and reported. The petro-ether-chloroform was found to be the right solvent for the separation of
lindane from wastewater because of high selectivity (25.36) and distribution coefficient (4). The extraction

process is simulated into ‘C’ language.
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INTRODUCTION

Lindane (1, 2, 3, 4, 5, 6 — hexachlorocyclohexane,
v-HCH) is a broad-spectrum organochlorine pesticide. It
is a Persistent Organic Pollutant (POP), potent carcinogen
and teratogen and classified by the World Health Organi-
zation (WHO) as ‘moderately hazardous’ and permissive
limit in drinking water is 2 ug/l. Residues of lindane have
been detected in drinking water sources and beverages
as well as in foods!. The chemical analysis of branded
packaged drinking water (commonly known as mineral
water) conducted by the Center for Science and Environ-
ment, New Delhi, India, has revealed that bottled water
of all the major brands contain high doses of pesticide
residue?. Lindane is used as an insecticide on fruit and
vegetable crops (including greenhouse vegetables and
tobacco), for seed treatment and in forestry. It is also
used as a therapeutic pesticide (e.g., in the treatment of
scabies) in humans and animals. Several countries have
restricted the use of lindane. Lindane enters water from
direct application for the control of mosquitoes, from
use in agriculture and forestry, from precipitation and,
to a lesser extent, from occasional contamination of
wastewater from manufacturing plants. Normal levels in
precipitation are 0.4-155 ug/L, but levels up to 43 ug/L
have been measured in India®.

Lindane has been listed as a pollutant of concern to
EPA's Great Water Program due to its persistence in the
environment, potential to bioaccumulation, and toxicity
to humans and the environment®.The major effects
noted from oral exposure to lindane in humans are on
the nervous system, liver, kidney, immune systems™ ©.
In animal studies from chronic oral exposure to lindane
effects on the blood i.e. decrease in the number of red
and white blood cells>”’. Also, decreased sperm count,
increased testicular weight from oral exposure to lin-
dane in animal. Disrupted ovarian cycling and reduced
ovulation rate were reported in female animals exposed
to lindane by gavages™ ®.

Many researchers have used various methods for
lindane removal from water such as the adsorption®**!,
chemical degradation*™¥, bioremediation'®. Bagasse fly
ash has been used by many researchers for the removal
of lindane from water® . Jovan and co-workers have
used organo-zeolites for the removal of lindane from
water includes use of microwave irradiation, degradation
with NaOH-modified sepiolite® and addition of hydrogen
peroxide?. Many researchers have demonstrated the use
of microbial cultures for the bioremediation of lindane."
These methods could have several operational constraints,
especially for the treatment of drinking water. For exam-
ple, the addition of strong chemicals to drinking water
supplies may not be acceptable. Adsorption of lindane
on porous inorganic/organic material poses problem
of the disposal of the adsorbed lindane. The important
considerations in the use of a microbial processes for
lindane degradation are, (i) the slow rate of biodegra-
dation requiring a long period of time (24-100 h), (ii)
possible pathogenic effects of the microorganisms used,
and (iii) incomplete degradation of lindane resulting in
more harmful degradation products. Among all these
methods the liquid-liquid extraction is a simple and
popular method here used for the removal of lindane
from the water. No studies are available concerning the
liquid — liquid extraction process for removal of lindane
from aqueous solution or wastewater. Hence, yet it is not
known about the use of solvents as well as the removal
of lindane by the extraction process.

When the liquid solution and an insoluble solvent
are brought into intimate contact, the constituents of
the liquid mixture are distributed between the phases
resulting into some degree of separation and then are
separated from one another based on density difference.
In liquid - liquid extraction, the main driving force is
the distribution coefficient. This is conveniently shown
on the distribution diagram, where the point (E, R)
lies above the diagonal y = x. In the physical sciences,
a partition — (P) or distribution coefficient D) is the ratio
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of concentrations of a compound in a mixture of two
immiscible phases at equilibrium. Hence these coefficients
are the measure of the difference in solubility of the
compound in these two phases'. Hence the distribution
coefficient is defined as the following equation.
D = Cy/Cy (1)
Where, C;; is the solute concentration in the extract
layer and Cy is the solute concentration in the raffinate
layer. Similarly the distribution coefficient (D) also de-
fined in terms of the mass fraction ratio of the solute
in raffinate (X;) and extract (X;;) by using the following
equation.
D =X, /Xy 2)
Also, the selectivity (K) is an important parameter
for choosing a solvent for the extraction process. The
selectivity is a measure of the effectiveness of the ex-
traction solvent for separating the constituents of feed.
If the selectivity is equal to unity, then separation by
extraction is not possible!®. It is determined by using
the following equation.
Ki,j = [X;/ Xj]E IX;/ Xj]R (3
Where, K;; is the selectivity of i component with re-
spect to j component; X is the mass fraction of i and j
component in extract (E) and raffinate (R) phase.

MATERIAL AND METHOD

Material

petro-ether, chloroform, n-hexane and ethylene di-
chloride (EDC) were supplied from Qualigens chem.
Ltd, Mumbai. The physical and chemical properties are
listed in Table 1. The pesticide is lindane, a y-isomer
of benzene hexachloride manufactured and supplied
by IFFCO and its structural formula is shown in Fig. 1

a

a

Figure 1. Chemical structure formula of lindane

Table 1. Physical and chemical properties of solvents and lindane

and typical properties are also shown in Table 1. The
experimental points that define the solubility curves
were determined by an equilibrium cell equipped with
a magnetic stirrer and an isothermal outer beaker as a
jacket to the set up. The inner temperature of the cell
(20°C) was measured within an accuracy of + 0.5°C by
mercury thermometer.

Method

The 500 ml beaker was filled with heterogeneous water-
pesticide mixture prepared by weighing in an electronic
citizen balance. The solvent was added by means of
a burette. The end-point was determined by observing
the transition from a clear solution to the cloud-like
appearance (cloud point titration). This pattern was
convenient for providing the water-rich side of the curves.
On the other hand, the data for the solvent-rich side of
the curves were obtained by titrating the pesticide-solvent
mixture with water until turbidity appears. Composition
determinations were accurate to *.005 mass fractions.
The solubility of water and solvent were determined by
applying a synthetic method. A weighed amount of the
first substance was introduced into the cell; the second
was added until permanent heterogeneity was observed.

The tie line data determinations were obtained using
the equilibrium apparatus described above. A variety
of mixtures i.e. pesticide (lindane), solvents (n-hexane,
ethylene dichloride, petro-ether and chloroform) and
water were prepared for an experimental purpose. The
cell was filled with each of these mixtures and vigorously
stirred for 1 hour under isothermal conditions. After the
stirring was turned off, the contents were immediately
introduced into the separating funnel. After complete
separation of the phases, a suitable amount of each layer
was recovered for analysis. The chloride contents of the
sample were determined by volumetric back titrating
the raffinate layer with NH,SCN solution using alum
as an indicator. The end point of the titration occurred
when a faint reddish colour appeared. Several check
determinations on the samples showed the accuracy of
the method was within +0.2 of the mass fraction. The
distribution coefficient of lindane determined by using
eq. (2) for solvents such as n-hexane, ethylene dichlori-
de and petro-ether-chloroform. The mass ratio was 1:1
for the preparation of the mixture of petro-ether and
chloroform which are used as a solvent.

Property n-Hexane "’ Ethylene dichloride (EDC) ' Petro -ethe(r1-_1c)h|oroform Lindane "2
Molecular CoHrs CHCl- CH,Cl CoHe-O- CoHs and CHCs CoHeCls
Molecular weight 86.183g/g-mol 98.96 g/g-mol Avg. Mol. Wt. 91.4 g/g-mol 290.85 g/g-mol
Appearance Colourless liquid, Colourlhess viscous liquid, Colourless liquid Colourless solid
ygroscopic
Sdou_r . Gasoline like smell Characteristic odour Greasy petroleum smell Odourless crystal
escription
Vapour Density 2.97 g/l 3.5¢g/l - -
gﬁgz‘gy and 0.6548 g/ml, liquid 1.253 g/ml, liquid 1.165 g/ml, liquid 1.85 g/ml, solid
Melting point —95° C (178 K) —35° C(238 K) 6.55°C (279.5 K) -
Boiling Point 69° C (342 K) 83.48°C (356.48 K) 80.74°C  (353.74 K) 323.4°C  (596.4 K)
Viscosity 0.294 cP at 25°C 0.79 cP at 20°C 1.02cPat17°C 10 mPa
Solubilit In water 9.5 mg/L at In water 0.87 g/100ml of water Water immiscible, ethanol In water 7.3 — 7.8 mg/L at
y 20°C at 20°C miscible 20°C
Refractive index 1.375 at 34.4°C 1.4448 at 20°C 1.423 1.5299 at 123°C




RESULTS AND DISCUSSION

The ternary liquid-liquid equilibrium curves were shown
in Figs. 2 to 4 for the systems lindane — water — n-hexane,
lindane — water — EDC and lindane — water — petro-
-ether-chloroform respectively. The effectiveness of the
solvent for the separation of water and solution of lindane
pesticide into its components is measured by comparing
the ratio of lindane to water in solvent rich phase to that
in the water rich phase at equilibrium. The selection of
the solvent in the extraction process is very important.
So, these 03 solvents were chosen due to the properties
of the solvents (Table 1) such as the stability, less water
solubility and high selectivity. For all useful extraction
operations the selectivity must exceed unity, the more so
better. The selectivity of the n-hexane, EDC and petro-
-ether-chloroform were found as 15.74, 9.81 and 25.36
respectively by using eq. (3). It is not necessary that the
distribution coefficient be larger than 1, large values are
very desirable since less solvent will then be required for
the extraction. The distribution coefficients of these three
systems were determined from Figs. 2 to 4. These figure
shows that the solvent rich phase, i.e. the extract phase
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Figure 2. Ternary liquid-liquid equilibria (mass fraction) for
pesticide (lindane) + water + n- hexane (solvent)
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Figure 3. Ternary liquid-liquid equilibria (mass fraction) for
pesticide (lindane) + water + ethylene dichloride
(solvent)
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Figure 4. Ternary liquid-liquid equilibria (mass fraction) for
pesticide (lindane) +water + petro-ether- chloroform
(1:1)

removes the lindane from water. The lindane concentration
in terms of mass fraction in the extract phase was higher
by using the solvent is petro-ether-chloroform (1:1). The
distribution coefficient is found 4 for this solvent. The
n-hexane and EDC gives fewere distribution coefficients
such as 0.5 and 0.25, respectively. It means these solvents
give the lesser performance for the removal of lindane
from water. Hence the petro-ether-chloroform (1:1) is
the better solvent used for the removal of lindane from
the water and the separation reaches up to 96%. Due
to a high selectivity and high distribution coefficient, the
petro-ether-chloroform is a suitable solvent found for the
removal of lindane from water by the extraction process.
From the cited literatures, the adsorption process is ef-
fective only with lower concentration. The bioremediation
and degradation processes are very complicated and useful
only at controlled parameters such as temperature. The
extraction is a very simple, useful and alternative process
used for the removal of lindane from industrial wastewater.
Simple simulation programs were developed for the de-
termination of distribution coefficient in ‘C’ language and
shown in Appendix-I. The distribution coefficient of the
petro-ether-chloroform was determined by this program
and found 4.32 which is nearly equal to the experimental
value. Hence, the computer program can be used easily
for the selection of solvents for extraction process by
comparing the distribution coefficients of various solvents.

CONCLUSIONS

Lindane is a very hazardous pesticide detected in drin-
king water sources, beverages and foods. It is removed
from water by using the liquid-liquid extraction process.
Choosing the solvent for better extraction is important.
Hence 03 solvents such as n-hexane, ethylene dichloride
and petro-ether-chloroform were used for the extraction
process. The distribution coefficients were determined for
each system and found the petro-ether-chloroform suitable
solvent for the extraction of lindane from water and the
separation reached up to 96%. The distribution coefficient
was found 4. Also, the generalized program in ‘C’ language
gives a wide application in choosing a suitable solvent for
a particular extraction process. The generalized program
is very obvious and can be used by user efficiently.
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Appendix-I
/* SIMULATION OF LIQUID-LIQUID EXTRACTION*/
#include <stdio.h>
#include <conio.h>
#include<math.h>
void main()

float i,m,m1,m2,m3,w1,w2,w3,e,r,me,mr,mce,mcr,ce,cr,de,d
r,Ewt=74.08,ne,nr,D,Xe, Xr;
int ch;

EXTRACTION * * * \n”);
printf(‘\n=========================
===============\1");
printf(“\n\n1.Solubility Curve Data “);
printf(“\n\n2.Calculation of Distribution Coefficient”);
printf(“\n\n3.EXxit”);

printf(“\n:=================
======================\n");
printf(“\nEnter choice :=");

printf(“\n:::======================
================\n");

scanf(“%d”,&ch);

switch(ch)

case 1:

printf(“\nEnter masses m1 m2 & m3”);
for(i=1i<=12;i++)

scanf(“%t%f%t”,&m1,&m2,&m3);
//calculation of total mass of solution//
m=ml+m2+m3;
printf(“\nTotal Mass := %f\n”,m);
//calculation of mass fraction of components//
wl=ml/m;
w2=m2/m;
w3=m3/m;
printf(,,\nWeight of Componenets wl := %f”,wl)
printf(,,\nWeight of Componenets w2 := %f”,w2);
printf(,,\nWeight of Componenets w3 := %f”,w3);
}
break;
case 2:
/[calculation of mass of layer//
printf(,,enter the value of de,e”);
scanf(,,%t%1”,&de,&e);
me=de*e;
printf(,,enter the value of dr,r”);
scanf(,,%t%1”,&dr,&r);
mr=dr¥r;
//calculation of concentration of solute//
printf(,,enter the value of ne”);
scanf(,,%t”,&ne);
ce=ne*Ewt;
printf(,,enter the value of nr”);
scanf(,,%t”,&nr);
cr=nr*Ewt;
//calculation of mass of solute//
mce=(e*ce)/1000.00;
printf(,,\nMass of Solute in e := %f”,mce);
mer=(r*cr)/1000.00;
printf(,,\nMass of Solute in r := %f”,mcr);
//calculation of weight fraction of solute//
Xe=mce/me;
Xr=mcr/mr;
printf(,,\nWeight Fraction of Solute in e:= %f”,Xe);
printf(,,\nWeight Fraction of Solute in r:= %t Xr);
//calculation of distribution coefficient//
D=Xe/Xr;
printf(,,\nDistribution Coefficient := %f”,D);
if(D>=1)
printf(,,\nBest solvent for the extraction operation”);
else
printf(,,Doesn’t suits for the extraction operation”);
break;
case 3:
exit(0);
}

}while(ch!=3);



