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ABSTRACT

Bio-adsorbents derived from leaves, stems or barks of Phyllanthus Neruri, Moringa Tinctoria and Azadiracta Indica have
been probed for their sorption abilities towards Nitrate ions using simulated polluted waters. At low pH values, these sorbents
show affinity towards Nitrates. The physicochemical parameters such as pH, time of equilibration and sorbent concentrations
are optimized for the maximum removal of Nitrates. Methodologies have been developed to extract good quantities of
Nitrates. Percentage of extraction with stems powders are found to be more than the respective leaves powders. Optimum
time of equilibration and sorbent dosage needed are found to be less for stem powders than the corresponding leaves powders
and further, more then 80.0% percentage of extractions are found with stem powders even at 1.0 hr equilibration time.
Common cations present in waters, have synergistic effect on the percentage of extraction while other common anions,
except sulphate, have marginal effect. The procedures developed are found to be successful with real samples of industrial
effluents and polluted lakes.
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INTRODUCTION

Nitrate is one of the potential pollutants present in water bodies when nitrogenous compounds are completely oxidized by
aerobic degradation [1-5]. More concentrations of nitrate in drinking waters cause Methemoglobin in infants. In the
intestinal tract of infants, bacteria converts the nitrate ion to nitrite ion, which reacts with a wide range of secondary and
tertiary amines and amides to produce p-nitroso compounds, most of these compounds are potent Carcinogens. In stomach
where acidic conditions prevail, the reactions occur quite rapidly affecting the ability of blood cells to absorb oxygen. This
causes slow suffocation of the infants, which may lead to death. Because of the oxygen deprivation, the infant will often take
on a blue or purple tinge in the lips and extremities and hence the name, blue baby syndrome [6-9].

There are many sources identified as potential source of nitrogen contamination. They are both natural and anthropogenic
origin [1-4]. Anthropogenic sources, most often, cause the amount of nitrogen compounds in waters to rise to dangerous
levels. Improper disposal of waste materials, human and animal sewages, industrial wastes related to food processing and
munitions, accidental spilling of nitrogenous materials and leakage of Septic tanks are some of the examples [5]. Ground
water contamination is usually related to the density of septic systems. In densely populated areas, septic systems turn to be
major local source of nitrogen compounds to the groundwater. Another potential source of nitrate contamination is the run
offs from the agricultural fields using excessive fertilizers in the nearby areas and from the leaches of manure stores.

Due to harmful biological effects [6-9], United States Environmental Protection Agency has fixed health advisory level of
nitrate at 45 ppm [4, 10].

Many efforts have been envisaged by the various groups of researchers [6,11-20] throughout the Globe in reducing
nitrogen-nitrate concentration in polluted waters by evoking physicochemical phenomenon such as lon Exchange [21-23].
Biochemical de-nitrification [24-26], Reverse Osmosis [22, 27], Electodialysis [28] and Catalytic denitrification [29].These
methods have one or other disadvantages and more over, these methods involves complicated procedures and expenditure.
A universally acceptable procedure is still eluding the researchers.
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Increasing research interest is being envisaged during the recent past, in evolving procedures using bioprocess of
microorganisms and bio-adsorbents derived from flora and fauna materials in controlling the polluting ions. These bio-
processes along with other chemical processes are proving to be potential alternative to the existing methods of detoxification
and for the recovery of toxic and valuable ions from industrial discharges/ polluted waters [30-33]. These biological
approaches have shown interesting results, which have stimulated continuous and expanding research in this field [34-51].
Our research labs are also making efforts in this aspect of pollution control methods and some successful procedures
developed have been reported to the Literature [52-56].

In the present work, sorption abilities of thermally activated bio-adsorbents derived from leaves and barks/ stems of some
plants have been explored with an object of controlling the concentration of nitrates in the polluted waters by optimizing
various physicochemical parameters such as pH, time of equilibration and sorbet concentrations.

MATERIALS AND METHODS
A: Chemicals: All chemicals used were of analytical grade. Stock solution of Nitrate of concentration of 500 ppm was
prepared and it was suitably diluted as per the need.

B: Adsorbents: Diverse adsorbents of flora origin were used in this work. But leaves or barks or stems of Phyllanthus
Neruri, Moringa Tinctoria and Azadiracta Indica have been found to have affinity towards nitrates.

Leaves or stems/barks of Phyllanthus Neruri, Moringa Tinctoria and Azadiracta Indica were freshly cut or scraped from
the plants, washed with tap water and then with distilled water. The leaves were then sun dried. The dried leaves were
powdered to a fine mesh of size: < 75 microns and then, they were activated at 105 ° C. Thus, obtained powders were used for
study.

C: Adsorption experiment: Batch system of extraction procedure was adopted [36, 37, and 57]. Carefully weighted
quantities of adsorbents were taken into previously washed one 1it/500 ml stopper bottles containing 500mi/250ml
of potassium nitrate solution of predetermined concentrations. The various initial pH values of the suspensions were adjusted
with dil.HCI or dil. NaOH solution using pH meter. The samples were shaken vigorously in mechanical shakers and were
allowed to be in equilibrium for the desired time. After the equilibration period, an aliquot of the sample was taken for
Nitrate determination. Nitrate was determined spectrophotometrically [4, 58]. NOs; was reduced quantitatively to NO,™ using
Cd-reduction column. The obtained NO, was determined by diazotizing with sulfanilamide and coupling with N-(1-
naphthyl)-ethylenediamine dihydrochloride to form highly colored azo dye and O.D. measurements were made at 543 nm
spectrophotometrically. O.D value of un-known solution was referred to standard graph (drawn between O.D and
Concentration) prepared with known amounts of Nitrate by adopting method of Least Squares to find concentration of Nitrate
in unknown solutions.

D: Effect of interfering ions:

The interfering ions chosen for study are the common ions present in natural waters, viz., Phosphate, sulphate, fluoride,
Chloride, Carbonate, Calcium, Magnesium, Copper and Zinc. The synthetic mixtures of nitrate and of the interfering ions are
so made that the concentration of the interfering ion is maintained at five-fold excess to Nitrate ion concentration. 500 ml of
these solutions were taken in stopper bottles and then correctly weighted optimum quantities of the promising adsorbents (as
decided by the Graph Nos.: A, B and C) were added. Optimum pH was adjusted with dil. HCI or dil. NaOH using pH meter.
The samples were shaken in shaking machines for desired optimum periods and then small portions of the samples were
taken out, filtered and analyzed for Nitrates. Percentage of extraction was calculated. The results were presented in the
Table: 1

RESULTS AND DISCUSSIONS
The percentage removal of Nitrate was studied under various parameters with adsorbents derived from leaves or stems/barks
of Phyllanthus Neruri, Moringa Tinctoria and Azadiracta Indica. The results are presented in the Graph No: A: 1-3; B: 1&2;
C:1&2 and Table No. 1 &2.
The following observations are significant:
1. % of extractability increases with time for a fixed adsorbent at a fixed pH and after certain duration, the
extractability remains constant, i.e. an equilibrium state has been reached (vide Graph Nos:A:1-3)
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2. pH sensitivity: The % of extraction is found to be pH sensitive. The percentage of extractability of Nitrate decreases with

the increase of pH for a fixed adsorbent concentration. (Vide Graph No. : A: 1-3; B: 1&2).
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As for example, in the case of leaves powders of Phyllanthus Neruri , the maximum extractability is found to be : 18.6%
at pH:10, 25.8% at pH:8; 51.3% at pH:6; 65.8% at pH:4 and 97% at pH:2. In the case of Moringa Tinctoria, the
maximum extractability is found to be : 28.5% at pH:10, 31.8 %at pH:8; 40.2% at pH:6; 59.2% at pH:4 and 86.0% at
pH:2. Azadiracta Indica leaves powders exiract to an extent of: 24.6% at pH: 10, 39.2% at pH: 8; 56.7% at pH: 6; 72.5%
at pH: 4and 99.0% at pH: 2.

With the stem/bark powders, the extractability at pHs: 10, 8,6,4 and 2 is found respectively to be:19.9%, 27.8%, 46.5%,
87.2% and 100% for Phyllanthus Neruri; 31.8%, 36.6%, 54.8%, 80.9% and 94% for Moringa Tinctoria; 29.6%, 44.8%,
61.7% 82.9%, 100.0% for Azadiracta Indica.

3. The extraction of Nitrate is found to be more in the case of stem/bark powders as sorbents than powders of leaves.
Further, the time needed for maximum removal of Nitrate is also found to be less in the case of stem/ark powders than
powders of leaves. Good extraction more than 80.0% have been observed with all the sorbents derived from stem
powders even at 1.0 hr of equilibration (Vide Graph No.A:1b,2b and 3b).

The maximum extractability of Nitrate is 97% percent at pH: 2 after an equilibration period of 5 hrs for Phyllanthus
Neruri leaves powders while with its stem powders, the extractability is found to be found to be enhanced to 100% at
pH:2 after an equilibration period of 5 hrs (vide Graph No.A:la &b). With leaves powders of Moringa Tinctoria, 86%
of extraction of for Nitrate is found at pH:2 at an equilibration period of 6 hrs while with its bark powders, 94% of
extraction is found at pH:2 and equilibration period of 5hrs is found to be adequate (vide Graph No. A: 2b &b).
Azadiracta Indica leaves powders are found to remove 99% Nitrate at pH: 2 after an equilibration period of 5 hrs while
with its bark powders, the % of removal is found to be 100% at pH: 2 at equilibration period of 5hrs (vide Graph
No.:3a&b).

4. When percentage removal is studied with respect to adsorbent dosage at fixed optimum pH: 2 and at optimum

equilibration times, the graphs increase up to certain dosage and from then onwards plateaus are obtained (vide Graph
Nos. C:1 & 2).
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With powders of leaves, the optimum sorbent dosage is found to be 1.5g/lit for Phyllanthus Neruri and Azadiracta
Indica and 4g/lit for Moringa Tinctoria(vide Graph Nos::C:1&2). With the powders of stems/barks, the sorbent
concentration needed is considerably low. The sorption concentrations needed at optimum conditions of pH:2 and
equilibration time are found to be 1 g/lit for Phyllanthus Neruri and Azadiracta Indica and 2g/lit for Moringa
Tinctoria(vide Graph Nos::C:1&2).

5. Effect of Interfering ions:
The extractability of Nitrates in presence of Sulphates is markedly affected. Phosphate, Chlorides, Fluorides and
carbonates have marginal effect. Cations envisaged synergetic increase in the percentage of extraction.

DISCUSSIONS

With the available data, it is not possible to propose sound theoretical grounds for each observation as further probe is needed
on the surface morphology. It is beyond the aims of this work. However, the behaviors may be accounted for the pH
sensitive dissociation nature of surface functional groups present in these biomaterials namely —OH-/-COOH . These groups
dissociate at high pH values imparting negative charge to the surface and thereby a thrust for cations prevails on the surface.
But as the pH decreases, the functional groups get protinated endowing positive charge to the surface which results in thrust
for anions at the surface at low pHs. Nitrate being an anion is adsorbed by these materials at low pHs and thus results in
higher % of removal. As pH increases, the deprotination occurs and hence the affinity of the adsorbent towards the Nitrate
decreases and thus resulting in low % removal of Nitrate ions.

The decrease in the rate of adsorption with the progress in the equilibration time may be due to the more availability of
adsorption sites initially and are progressively used up with time due to the formation of adsorbate film on the sites of
adsorbent and thus resulting in decrease in capability of the adsorbent.

Applications:
The methodologies developed were applied to the real samples of diverse nature, and the results were presented in the Table
No: 2. It can inferred that the procedures developed are remarkably successful.

CONCLUSIONS

a) Bio-adsorbents derived from leaves, stems or barks of Phyllanthus Neruri, Moringa Tinctoria and Azadiracta Indica
have been probed for their sorption abilities towards Nitrate ions.

b)  Extraction conditions such as pH, sorbent dosage and time of equilibration have been optimized for the maximum
removal of Nitrates.

c) We claim 97%, 86% and 99.0% removal of Nitrate with the powders of leaves of Phyllanthus Neruri , Moringa
Tinctoria and Azadiracta Indica respectively from synthetic waters at pH: 2 and at optimum equilibration times and
sorbent dosage.
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d)  With the stems powders of Phyllanthus Neruri , Moringa Tinctoria and Azadiracta Indica, the % of removal of
Nitrate is found to be 100.0%, 94.0% and 100.0% respectively at optimum conditions of extraction.
e) Percentage of extraction is more in the case of stem powders than with their respective leaves powders. More than
80.0% extraction is noted even at equilibration time 1.0 hr with all the stem powders of present study.
f) Sorbent dosage and time of equilibration needed for effective removal of Nitrates is found to be less for stem
powder than with the corresponding leaves powders.
g) Fivefold excess of cations like Ca®*, Cu®*, Zn*'and Mg*" are synergistically increasing the extraction. Sulphates is
effecting the % of extraction markedly while CI", carbonates, fluorides and phosphates (H,PO, /H;PO, ionic forms
at pH: 2) marginally effect the extraction at the optimum conditions cited in the Table: 1.
h)  The procedures developed are found to be remarkably successful with some real sample of industrial effluents and
polluted lakes.
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Table No. :1:  Effect of interfering lons on the Extractability of NITRATE with different Bio-sorbents:
Percentage Extractability of Nitrate in presence of fivefold excess of (250
Maximum ppm) interfering ions at optimum conditions: Conc of Nitrate: 50 ppm
S.No | Adsorbent | Extractability at
and its | optimum SO~ | PO |ClT | CO& | F ca* cu” | zn* | Mg*
concentrati | conditions
on
Powder of | 97.0%;
1 Phyllanthus | pH: 2, 50 s | o) o gss |35 |gas | o015 | 975 985 [995 |99.0
Neruri sorbent dosage: 1.5
leaves gm/lit
Powder of | 100.0%;
2 stem of | pH2 50 s eag 1 g75 a5 853 |925 |982 | 973 |986 | 995
Phyllanthus | sorbent dosage:
Neruri 1.0gm/lit
powder of | g6.005
oringa H:2, 6.0hrs
3 Tinctoria pH-2, 0. . 625 | 815 79.5 | 86.1 929 | 86.8 87.3 | 89.3 90.7
| . Sorbent dosage: 4.0
eaves: .
gms/lit
Powgler of 94.0%
Moringa pH:2 50 hrs;
4 Tinctoria L ..~ | 635 |821 85.3 | 83.7 90.1 | 955 96.5 | 975 98.5
: Sorbent dosage: 2.0
stems: .
gms/lit
5 . hrs; Sorbent | 68.5 | 84.4 845 | 85.2 87.8 | 99.5 99.0 | 985 100.0
Indica ) .
| dosage:1.5 gms/lit
eaves
ems | of | 1000%
6 Azadiracta | PH2 50 s 1675 1804 J g3, 1908 1955|1000 | 1000 |100.0 |100.0
. Sorbent dosage: 1.0
Indica .
gms/lit
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TABLE NO.2: % OF EXTRACTABILITY OF NITRATES FROM DIFFERENT POLLUTED WATERS WITH
BIO-SORBENTS DEVELOPED IN THIS WORK

% of Extractability of Nitrites
Sample 1: Sample 2 Sample 3 Sample 4 Sample 5

Bio-Sorbent Found to | Found to Found to have Found to | Found to
have have 845 ppm of have have
55 ppm of | 65 ppm of Ni.trate 68.5 ppm | 102.0 ppm of
Nitrate Nitrate of Nitrate | Nitrate

Leaves powder of  Phyllanthus

Neruri

:at pH:2; Equilibration time: 5 hrs | 85.5% 88.5% 87.5% 81.5% 80.5%

and sorbent concentration: 1.5

gms/lit

Stems powder of Phyllanthus

Neruri :

at pH:2; Equilibration time: 5 hrs | 90.5% 88.5% 86.5% 89.5% 90.5%

and sorbent concentration: 1.5

gms/lit

Leaves powder of Moringa

Tinctoria 76.5%

:at pH:2; Equilibration time: 6 hrs ' 75.5% 76.5% 84.5% 82.4%

and sorbent concentration: 4.0

gms/lit

Stems powder of Moringa

Tinctoria 86.5%

:at pH:2; Equilibration time: 6 hrs ' 87.9% 88.5% 90.5% 88.0%

and sorbent concentration: 2.0

gm/lit

Leaves powder of Azadiracta

Indica

:at pH:2; Equilibration time:5 hrs | 88.1% 86.0% 91.2% 93.8% 91.2%

and sorbent concentration: 1.5

gms/lit

Stems powder of Azadiracta

Indica  -at pH:2; Equilibration | g 5o, 90.5% 92.0% 92.5% 96.5%

time: 5 hrs and sorbent

concentration: 1.0 gms/lit
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