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ABSTRACT

Realease of lead onto the soils as a result of agricultural and industrial activities may pose a
serious threat to the environment. A laboratory soil column experiments were conducted to
determine the extent of Pb leaching from soil percolated with influent that contained the
surfactant alkylbenzenesulphonate. The results of Pb breakthrough curves (BTCs) showed that
more pore volumes of influents were required to reach the relative concentration ratio of 1
(CICo=1) for the two soils namely sandy loam soil and clay loam soil treated with the influent
alkylbenzenesulphonate. The concentration of Pb in the column effluents of soils percolated with
0.0IM KCI in 0.01% alkylbenzenesulphonate and with 0.01IM KCI in 0.05%
alkylbenzenesulphonate were significantly less than those percolated with 0.01M KCI with the
same volumes of effluents collected. This clearly indicates that the anionic surfactant
alkylbenzenesul phonate which are negatively charged have strong affinity for Pb*? in soils and
stabililzed in soils and thus reduced lead mass leached from the soil columns. Further it is
observed that the characteristics of soil components related to Pb adsorption affected the
adsorption as well as desor ption process and subsequent mobility of Pb in soil environment.
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INTRODUCTION

Lead, Zinc, Copper, Cadmium are commonly encoudteezardous heavy metals and are in the
EPA'’s list of priority pollutants [1]. Main sourseof lead into environment and soils are the
manufacture of storage batteries, pigments leaslsglaining ,metal electroplating, painting ,
coating, smelting, petrochemical, plumbing fuelshotographic materials, matches and
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explosives. Apart from this , lead is also usednsecticides, plastic water pipes, beverages,
ointments and medicinal concoctions for flavouramgl sweetening . These industries discharge
lead into the environment without adequate treatrffn The current Environmental Protection
Agency (EPA) standard for lead in waste water dridking water is 0.5 and 0.05 mgL
respectively[3]. Lead has both acute and chrorfeced in humans. It may cause anemia , head
ache, chills, diarrhea and reduction in haemogldbmmation. Lead poisoning causes, severe
damage to kidneys , nervous system, reproductisesy liver and brain[4 ].

Heavy metals in soils present in five forms, Exadeable, carbonate, Fe — Mn oxide,organic and
residual fractions[5]. The adsorption of heavy rhetams by soil particles involves cation
exchange, specific adsorption, organic complexataoml co-precipitation mechanisms [6].
Heavy metals are highly persistent in soil withideace time in the order of thousands of years.
Excessive accumulation of heavy metals can haveteteus effects in soils fertility, affect
ecosystem functions and constitute a health reséinimals and human beings[7]

The leachabillity or mobility of heavy metals & soil mainly depend on biogeochemical

processes such as adsorption and dissolution velineein turn affected by soiIHpionic strength
and composition of the soil solution, the clay andyanic matter content of the soil and the
amount of kind of heavy metals in the soil [8,911012,13,14]. The leaching agents with p
adjustor and surfactants may be added to theh water for the enhanced metal removal from
soil[15]. Among these , surfactant enhanced remokhkavy metals appears to be an attractive
method since surfactants are low cost and bioaddpe and hence they would not accumulate
in soils.

The aim of the present study was to determine xiene of leaching Pb(Il) from soils that were
amended with influent containing the anionic sudat, alkylbenzenesulphonate under saturated
moisture conditions using column experiments andttmly the Pb(Il) adsorption capacity of
both soils and the associated breakthrough poihthe amount of Pb(ll) as influenced by
alkylbenzenesulphonate in soil columns.

EXPERIMENTAL SECTION

Materials and Methods:

The two types of soils namely sandy loam soil dag tbam soil were collected to 40cm depth
of soil profiles. The sandy loam soil (fine, loamgijliceous, Isothyperthermic, Typic
Ustorthents), was collected from Merlapaka villdgeated in Yerpedu mandal of Chittoor
District of Andhra Pradesh India (lies betweefi3B3and 1340" North latitude and 728" and
7928" East longitude), and the clay loam soil (Fine, Stioe Iso-hyperthermic, Vertic,
Hapylustepts) was collected from Ramachandrapuriagéi located in Ramachandrapuram
mandal of Chittoor District of Andhra Pradesh, mdilies in between 37" and 1831 North
latitude and 783"and 7937 East longitude).

Each soil was air dried and ground to pass thraugh- mm sieve and stored in plastic bags
before use. The selected physical and chemicaleptiep of the two soils are listed in table 1.
Soll pH was measured in 1:2.5 (w/v) soil / water suspemsiBlectrolytic conductivity (EC) of
the soils samples was determined in saturatioraeixtiby using systronics conducting bridge
305. Organic carbon content was determined byWaékley-Black’'s wet combustion method
[16]. The free CaC@content of soil samples was determined by treatwegsoil with known
volume of standard HCI and back titrating the uduseid with standard alkali using
bromothymol blue as an indicator [17]. The cajlsie and non-crystalline forms and the form

236



K. Seshaiah et al J. Chem. Pharm. Res,, 2011, 3(3):235-242

bound to organics of Fe, Al, and Mn in soils werdracted with Citrate — Bicarbonate —
Dithionite (CBD) [18,19], 0.2M Oxalate — Oxalic dci(pH 3) [19] and 0.1M Sodium
pyrophosphate (pH 10) [20,21] respectively and m@teed by atomic absorption
spectrophotometer.  Total nitrogen content vsisnated by modified Kjeldhal method using
sulphuric salicylic acid mixture [22]. The sandlt siand clay contents, cation exchangeable
bases were determined by using standard methoatsl [€ad content in soil was extracted with
con.HNGQ and HCI digestion method and quantified by usitgrfadzu atomic absorption
spectroscopy AA-6300.

Table1: Some selected characteristics of the Soils®

: - Clay loam soil of Sandy loam Soil
Soil Characteristics Ramachgndhrapuram Villageof Merlgpaka village
Texture Clay loam Sandy loam
Sand % 43.7 66.30
Slit % 28.2 5.27
Clay % 28.1 8.43
Bulk Density g/m 1.47 1.249
Particle Density Mg m 2.46 2.47
Water holding Capacity % 38.51 41.11
Volume Expansion % 17.35 6.73
L.O.l % 5.85 6.35
Organic Carbon ( g ko 13.84 10.76
Total Nitrogen % 0.071 0.049
C/N ratio 10 8.98
CaCQ % 1.30 3
PH 7.7 7.86
EC dsnt 0.020 0.23
CEC Cmol(p)Kg" 24.47 16.87
Sio, % 80.40 78.38
Fe0; % 2.18 5.72
AlL,O; % 9.57 10.96
Total Lead content (mg Ky 40.61 36.33
CBD extractable Fe (g Ky 4.98 3.96
CBD extractable Al ( g K9 0.98 0.69
CBD extractable Mn (g K3 0.18 0.14
Oxalate extractable Fe (g Kg 54.6 44.7
Oxalate extractable Al (g KY 9.34 6.02
Oxalate extractable Mn (g Ky 5.08 3.20
Na- Pyrophosphate extractable Fe ( gKg 5.96 8.46
Na- Pyrophosphate extractable Al( gKg 2.01 1.86
Na- Pyrophosphate extractable Mn ( g¥d 0.36 0.24

a Each measurement or determination is the mean of three replicates and the standard deviation for each data is

Alkylbenzenesulphonate surfactant:

Alkylbenzenesulphonate was collected from Exodetetsy industry Kodur, Kadapa district,
Andhra Pradesh, India. 0.01% Alkylbenzenesulphoreatd 0.05% alkylbenzenesuphonate

within 5% of each mean.

solutions were prepared from the stock reagent.

Lead nitrate Solution:
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Stock solution (1000 mg/L) of Pb (llI) was prepalsddissolving Pb(Ng). in deionized double
distilled water. Working standards were prepanggtogressive dilution of stock metal solution
using deionized doubled distilled water.

Soil Column leaching studies:

Borosilicate glass columns (18 mm inner diames) mm in length) were used in the
experiments . A 1cm layer of glass wool was appirethe bottom of the columns. Each glass
column was packed with 50g of sandy loam soil ofl&f®aka village or 50g of clay loam soil of
Ramachandrapuram village and on the top anoth&-veashed glass wool layer was applied..
The soil columns were saturated from the bottonin Wi01 M KCI. After saturation the soils
were leached with 0.01M KCI until the input andmuttsolutions had the equal concentration of
electrolytes, which was 16 pore volumes for samdyn soil and 11 pore volumes for clay loam
soil. The influent solution was then changed toQ.DLM KCI in 0.01% Alkylbenzenesulphonate
with Pb concentration of 50 mgL(2) 0.01M KCI in 0.05% Alkylbenzenesulphonate with
concentration of 50 mgt (3) 0.01 M KCI with Pb concentration of 50 mg (4) 0.01M KCl in
0.01% Alkylbenzenesulphonate (5) 0.01M KCI in 0.0B%ylbenzenesulphonate or (6) 0.01M
KCI only. During the leaching period of the soill@mns, the water head of 2cm height was
maintained manually for every 2-3 days. All treatiisewere conducted in duplicate. The column
effluents were collected for 3-4 days. The volurné®ffluents (V) were recorded and the Pb
concentration in the effluents were determined wite atomic absorption spectrophotometer
Shimadzu AA-6300. Relative concentration (g/Qvas calculated as the ratio of the Pb
concentration in effluent to the Pb concentratiorinfluent. The pore volumes {yof sandy
loam soil, clay loam soil were 28 érand 30 cm respectively. This was calculated from the
difference of weights between water saturated amh-olried soil columns. The water contents
at saturation of sandy loam soil column and clayrcsoil column were 0.68 ¢rand 0.84 crh
respectively. Based on the volumes of soil coluntims,bulk densities calculated were found to
be 1.249 gcmi for sandy loam soil and 1.47 génfor clay loam soil. In order to study the Pb
adsorption capacity of both soils and the assatilateak through points of the amounts of Pb as
influenced by alkylbenzenesulphonate in soil colapfbconcentration of 50 mig™ in (1) 0.01

M KCI, (2) in 0.01 M KCI in 0.01% Alkylbenzenesulphate and (3) in 0.01 M KCI in 0.05%
alkylbenzenesulphonate was prepared in the infloésbil column leaching experiments. The
breaks through curves (BTCs) were plotted usinatirked concentration (C/ versus fractional
volume (V/\,), where V is the cumulative drainage volume agds\pore volume.

RESULTSAND DISCUSSION

Soils:

Both soils, one collected from Merlapaka villaged aanother from Ramachandrapurm village
were slightly alkaline and their texture was safmim and clay loam respectively. The organic
‘C’ content of the two soils were not high (Table T'he total Pb contents in sandy loam soil of
Merlapaka village and clay loam soil of Ramchandram village were 36.33mg Kgand 40.61
mg kg' respectively . Without concerning, whether thestailine and non-crystalline forms or
the form bound to organics of Fe, Al and Mn, theusmce of the amount extracted was Fe > Al
> Mn. Moreover, the non-crystalline from of Fe, &hd Mn was the highest amount extracted
among the three forms for both soils. However, pkder the amount of Na-pyrophosphate
extractable Fe, the extracted amounts of the tfmees of Fe, Al, and Mn of clay loam soil of
Ramachandrapuram village were higher than thossanfly loam soil of Merlapaka village.
CEC, % organic carbon, % Total Nitrogen, exchangehhses, % CaCGO% slit, % clay,except
% sand of clay loam soil of Ramachandrapuramgellavere higher than those of sandy loam
soil of Merlapaka village
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The effect of Alkylbenzenesulphonate surfactant on Pb mobility in soils.

Both sandy loam soil columns of Merlapaka villagadaclay loam soil columns of
Ramachandrapuram village were leached with 0.01MlI K€ 0.01 M KCI in 0.01%
alkylbenzenesulphonate or 0.01M KCI in 0.05% alkylbenesulphonate. The effect of
alkylbenzenesulphonate on the leaching of Pb fray loam soil of Ramachandrapuram village
is shown in Figure 1. Concentration of Pb in thiuehts of soil columns treated with 0.01M
KCI, and 0.01M KCI in 0.01% alkylbezenesulphonatd 0.01 M KCI in 0.05%
alkybenzenesulphanate was almost the same up td Bgmore volumes (V/Y~ 12) (Figure 1).
However, after 12 pore volumes, Pb concentratiorthe effluentin 0.01M KCI treatment (
control) was higher than that of 01M KCI in 0.%1 alkylbenzenesulphonate treatment which
was a little higher than that of 0.01 M KCI in 0.96 alkylbenzenesulphonate treatment . After
26 pore volumes, significant difference in concatidn of Pb in effluents between 0.01M KCI
treatment, 01M KCI in 0.01% alkylbenzenesulphonéteatment, 0.01M KCI in 0.05%
alkylbenzenesulphonate treatment was observed higher concentration of Lead in the
effluent of 01M KCI treatment than with the otheo treatments (figure 1).

6 —

T esme=() 01M KCltreatment
5 — es@e=() 01M KCIl+ 0.01% ABS treatment
4 0.01M KCI + 0.05% ABS treatment

Accumulated Pb in effuents (mg)

0 10 20 30 40

Figurel: Theaccumulated Pb in the effluents of clay loam soil column leached with 0.01M KCI in absence
and in the presence of alkylbenzenesulphonate (ABS).

The changes in the trends of accumulated Pb irettheéents of sandy loam soil columns of
Merlapaka village leached with 0.01 M KCI or 0.0K(I in 0.01% alkylbenzenesulphonate or
0.01 M KCI in 0.05% alkylbenzenesulphonate werdedént from those of clay loam soil
columns of Ramachandrapuram village (Figures 2 AndFrom the beginning of 18 pore
volumes, Pb concentration in the effluent of 0.0K®I treatment (control) is higher than that of
in .01M KCl in 0.01 % alkylbenzenesulphonate whiehs little higher than that of 0.01M KCI
in 0.05 % alkylbenzenesulphonate treatment (Figlre

For the leached pore volumes around 21 to 24 signif difference in the amount of Pb
accumulated between the two soil columns leachéd w01 M KCI, 0.01M KCI in 0.01 %
aklylbenzenesulphonate and 0.01M KCI in 0.05 % lakkyzenesulphonate were observed. From
near 32 pore volumes, the Pb concentration in flleeat of 0.01 M KCI treatment was
significantly higher than in the effluent of 0.01KACI in 0.01% alkylbenzenesulphonate which
was a little higher than 0.01M KCI in 0.05% alkytlzenesulphonate. These results clearly
indicated that the input of the anionic surfact@hiilbenzenesulphonate retarded the mobility of

239



K. Seshaiah et al J. Chem. Pharm. Res,, 2011, 3(3):235-242

Pb in soil. Further as the concentration of alkglbenesulphonate increased, the mobility of Pb
in soil also decreased. The reasons for the abmvel tis due to that lead strongly bound to
organic and mineral components of the soil. Hatseckeachability is very low. In the presence
of anionic  alkylbenzenesulphonate leachabilitylezfd further decreases as Pb is bound to
anionic alkylbenzenesulphonate which was stroaglorbed in the soil components.

esme=() 01M KCltreatment
5 — em@==() 01M KCIl+ 0.01% ABS treatment
0.01M KCI+ 0.05 BS treatment

Accumulated Pb in effuents (mg)

T T T T T T
0 10 20 30 40

VIV,

Figure2: Theaccumulated Pb in the effluents of sandy loam soil column leached with 0.01M K CI in absence
and in the presence of alkylbenzenesulphonate (ABS).

emme=() 01 M KCl+ Pbtreatment
qem®e==s() 01M KCI+ 0.01 % ABS + Pb treatment

1.2 - 0.01M KCIl+ 0.05 % ABS + Pb treatment -

Relative Concentration C/C

VIV

[

Figure3: The Pb breakthrough curves of clay loam soil column treated with 0.01% and 0.05% concentration
of alkylbenezenesulphonate influent.

The adsorption of Pb by the two soils and ri&bility of Pb in the soil columns were
analysed by the breakthrough curves (BTCs) of Psoihcolumns. The Pb BTCs of the two
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soils showed that the added Pb in influent canelt@ned by soil components to some extent.
For both soils, the added Pb was leached out inesffs, when the influent used.

|=—me=) 01M KCI|+ Pb treatment
1.2 |emw®e==) 01 M KCIl+ 0.01% ABS + Pb treatment
- 0.01 M KCIl+ 0.05 % ABS + Pb treatment

Accumulated Pb in effuents (mg)

Figure4: The Pb breakthrough curves of sandy loam soil column treated with 0.01% and 0.05%
concentration of alkylbenezenesulphonate influent

was above 16 porevolumes (Figures 3 and 4). THaédkthrough point (C/&1) for clay loam
soil of Ramachandrapuram village treated with itiffient of 50mg [ Pb and 0.01M KCI
was 40 pore volumes, while the G/@as only 0.5 at near 36 pore volumes for soil colu
treated with the influent of 50 mg*LPb in 0.01M KCI in 01 % alkylbenzenesulphonated an
while the C/G was only 0.5 at near 48 pore volumes for soil eolutreated with the influent of
50 mg L* Pb in 0.01M KCI in 05% alkylbenzenesulphonatehisTindicates that in the absence
of anionic surfactant alkylbenzenesulphonate Ieaitlitg of lead is more compared to its
leachability in the presence of the added alkylkeeezulphonate.

The Pb breakhrough point (C/G=1) was near 46 pore volumes for sandy loam soil of
Merlapaka village, when treated with the influefit56 mg L* Pb and 0.01 M KCI and while
C/Co was only 0.5 ahear 40 pore volumes for sandy loam soil of Meikapsillage when
treated with influent 50 mgtPb and 0.01 M KCl in 0.01% alkylbenzenesulphon@t€, was

0.5 at near 52 porevolume while treated with influeof 0.01M KCI in 0.05%
alkylbenzenesulphonate, This clearly indicates thatonic alkylbenzenesulphonate shows
negative effect on the leachabillity of Pb from #wél column . It can be attributed that lead can
form complexes with alkylbenzenesulphonate, thesaplexes may be strongly adsorbed by
soils matrix and has low mobility. As the concetitna of alkylbenzenesulphonate increased in
the soil the leachabillity of lead decreases.

CONCLUSION

The soil column leaching experiments showed tHat addition of alkylbenzenesulphonate in
the influent decreased the Pb concentrationsdretfiuents of the two soil columns. Moreover
Pb BTC s showed that more pore volumes were redjdor the soils treated with influent that
contained alkylbenzenesulphonate than those ®rctiresponding soils treated with influent
that contained no alkylbenzenesulphonate to réfaehelative concentration ratio of (C/Co) .
The result obtained thus implicate that alkylmresulphonate immoblilzes the mobility of Pb
in the soils and decrease the risk of ground wetetaminated by Pb originated from Pb
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containing soils in the presence of alkylbenzen@sadate surfactant released from urban waste
water.
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