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ABSTRACT

Powders of leaves and barks of Phyllanthus niruri , Annona squamosa, Calotropis gigantean,
Tridax procumbens , Morinda tinctoria and Azadirachta indicdave been found to have strong
affinity towards ammonia . The sorption abilities of these bio-products in controlling the
ammonia pollution in waste waters have been studied with respect various physicochemical
parameters such as pH, sorption concentration and equilibration time. % of removal of ammonia
is pH sensitive and also depends on sorption concentration and time of equilibration. More than
90% of ammonia can be removed using these bio-sorbents at pH: 5 and at optimum equilibration
time and sorbent concentrations. The minimum sorbent dosage needed for the maximum removal
of ammonia is found considerably less for barks powders than for powders of corresponding
leaves. Anions like Chlorides, FIuorld&s ul g)hate Phosphate and Carbonates are interfered
marginally while cations like Ca?* Zn**and Mg®* interfered to some extent and
however, the % of extractability of ammonla has never come down 70.0%. The adoptability of
the methodologies developed in this work are tested with diverse samples collected from
industrial effluents and naturally existing polluted lakes and it is found that the procedures are
remarkably successful.
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INTRODUCTION

Ammonia is present in most waters as a result ef diological degradation of nitrogenous
compounds [1-4]. Common sources of ammonia polutneclude industrial wastes, agricultural
input and sewage effluents. Ammonia nitrogen disgém from these sites, subsequently gains
entrance into water resources and causes threafjuatic life. Other potential sources of
Ammonia pollution are the animal feeds, food &des, cleaning agents and effluents from the
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industries manufacturing fibers, plastics, explesivwaper, and rubber; Further ammonia is also
a metabolic by-product of fish [5]

Ammonia is a serious toxicant to aquatic organianmtis recognized in as an important factor to
be considered when establishing water quality aitor freshwaters [3,6JAmmonia exists in
water either in unionized ammonia (B)Fbr ionized ammonia (NH) depending up on the pH
and temperature conditions. The toxicity of ammotoaaquatic organisms is due to the
unionized fraction (NB) of ammonia. Ammonia causes headache, insomnigseaa diarrhea
and a failure in glucose tolerance in animals andchdn beings.[7-9]. There is evidence that
ammonia targets cardiac tissue [10,JAfmonia causes metabolic toxicity and interferences
with energy metabolism in the brain [12]. It isteoag cell poison and can cause damage to the
gills of fish even at levels of 0.25ppm. Other ded®us effects of ammonia pollution include
accelerated eutrophication of lakes, dissolved emydepletion in receiving waters and fish
toxicity [7].

The maximum limit of ammonia set by the Europearso&gtion for drinking water is
approximately 0.5 ppm and also a guide level i®gigs 0.05ppm [13, 14The raw water with
high ammonia concentration must therefore be tdebtfore it reaches the consumer and also
the wastewater discharge into the receiving water.

The most widely used methods for removing ammoroanfwastewater are air stripping, ion
exchange, and biological nitrification and de-fitation.[15]. Biological nitrification and
denitrification methods are limited to a minimunp@m of concentration due to the formation of
undesirable chemical compounds. The ion exchandgeau® [16-21hre preferred over the other
methods since they are stable, suit automationcaradity control and are easy to maintain.
Clilnoptilolite zeolites are used in the controlashmonia [21].

Recent interest is also focused on the using Miex@aradiation for the control of ammonia [21-
25]. New concepts of microbial treatment procedsesthe removal of ammonia have been
discussed by Schmidt | et al (2003)[26]. M.S. Celilal (2001) studied the removal of ammonia
by natural clay minerals fusing fixed and fluidizeeld column reactors [27].

These methods involve large expenditure and sostigations are being made to explore the
sorption potentialities of bio-wastes of flora af@una origin as alternative methods in
controlling pollution [28-32]. V. Parimala et. &2(07) investigated the removal of ammonia
using low cost agricultural wastes [32]. Duck we¢®a8], neem productf29] and low cost
agricultural wastes [30, 32] have been exploredtfa removal of ammonia from polluted
waters. These methods based on the use of wastgialgias bio-sorbents are proving to be
potential alternative to the existing costly methdéar the removal of ammonia.

The endeavor of the present work is to explorestivption potentialities of thermally activated
powders of leaves and barks of some plants in olliny the concentrations ammonia in
polluted waters by studying the sorption charastes of these bio-sorbents under various
physicochemical parameters such as pH, sorbentotiation and time of equilibration.
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MATERIALSAND METHODS

(A) Chemicals: All chemicals used were of analytical grade.

1. 500 ppm stock solution of Ammonia was prepareddigsolving suitable amounts of
Ammonium chloride in double distilled water andsistably diluted as per the need.

2. Nessler's reagent: 35gs of Potassium lodide andMErcuric Chloride were dissolved in
100 ml of double distilled water with constant rstig until a slight red precipitate remains. To
this , solution of NaOH (120gms of NaOH + 250 rhtlouble distilled water ) was added and
made up to 1lit with double distilled water. Alitmore Mercuric Chloride solution was added
until there was a permanent turbidity. The mixtwas allowed to stand for one day and decant
from the sediment. The solution was kept in stoppelark colored bottle.

(B) Adsor bents:

Thermally activated powders of leaves, stems okdaf many plants have been employed in
this work. It is found that leaves, stems or baoksPhyllanthus niruri, Annona sguamosa,
Calotropis gigantean, Tridax procumbens, Morinda tinctoria and Azadirachta indica have been
found to have affinity towards ammonia and heneernttethodologies presented here, pertain to
these sorbents only.

Phyllanthus Niruri Annona sguamosa

Tridax procumbens Morinda tinctoria Azadirachta indica

Phyllanthus Niruri is a herbal plant belonging toylPanthaceae family and is found in Central
and Southern India; it is found to have many thewsip values in curing jaundice, diabetes,
dyspepsia, ulcers, sores, swellings, ophthalmia @mwdnic dysenteryAnnona squamosa is a
small well-branched shrub that bears edible Sradlled sugar-apple; belongs to Annonaceae
family and grows well in lower altitude€alotropis gigantean is a species of Calotropis, native
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to South Asian countries and it belongs to Apocgaacfamily. It is a large shrub growing up to
3-4 meters tall and it possesses wound healingtyabilridax procumbensis a species of
flowering plant in the daisy family and is best wmas a widespread weed and pest plant. It
grows in tropical, subtropical and mild temperatgions worldwide. It possesses medicinal
uses especially for diabetic treatment. The oraliatstration of leaf extracts at doses of 200 mg
kg™ lead to a significant blood glucose reduction.sThiid the foundation to study the active
compounds of such anti-diabetic plants that arparsible for the hypoglycemic activities. It
also proves the traditional claim of Mandesh regidgth regard tolridax procumbens for its
anti-diabetic activity [33]Morinda tinctoria, commonly known aéal or Indian Mulberry is a
species of flowering plant and belongs to Rubiadaagly and is native to South Asia. It is an
evergreen shrub growing to 5-10 m tall. The plaréxitensively cultivated in India and its leaves
and roots are used in traditional system of medicas astringent, deobstrent, emmengogue and
to relive pain in the gout [34]. It is reported lave anticonvulsant activity [35Mzadirachta
indica, or Neem Tree, is an evergreen tree native tohlfeast Asia and it belongs to Meliaceae
family.

Sorbent Prepatration: The leaves or stems or barks of PhyllanthusmNjriiridax procumbens,
Morinda tinctoria, Azadirachta indica, Annona squamosa and Calotropis gigantea werercut
scrapped freshly, washed with tap water, then distilled water and then sun dried. The dried
materials were powdered to a fine mesh of size ¢ #hd activated at 1% for 4 hrs. in an
oven and then these were employed in this work.

(C): Adsorption experiment :

Batch system of extraction procedure was adopted [1, 15, 36]. Carefully weighted quantities
of adsorbents were taken into previously washet/30D0 ml stopper bottles containing
500ml/250ml of Ammonium Chloride solution of préelenined concentrations. The various
initial pH values of the suspensions were adjusted dil. HCI or dil. NaOH solution using pH
meter. The samples were shaken in mechanical shé#eml desired period and after the
equilibration period; an aliquot of the sample wasen for Ammonia determination. Ammonia
was determined by using Nessler's method specttopteirically [37].

(D) Estimation of Ammonia:

An aliquot amount of ammonium chloride solution viaken in a 50ml volumetric flask. To it
1ml of Nessler’s reagent was added, mixed wellwsas allowed to stand at least 10min at room
temp in a diffused light. The solution was dilutedhe volume and mixed well. Optical Density
of the orange-brown color was measured at 525 nainsiga reagent blank using U.V and
visible Spectrophotometer (of Systronics make).usTtobtained O.D Value was referred to
standard graph (drawn between O.D and Concentjapogpared with known amounts of
ammonia to find concentration of unknown solutions.

(E) Effect of Interferinglons:

The interfering ions chosen for study are the comnuams present in natural waters, viz.,
Sulphate, Nitrate, Chloride, Phosphate, Fluoridesrbonate, Calcium, Magnesium, Copper ,
Zinc and Nickel. The synthetic mixtures of Chromigvi) and one of the interfering ions were
so made that the concentration of the interfermusimaintained dtive fold excess than the
ammonium ion concentration. 500 ml of these sohgiwere taken in stopped bottles and then
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correctly weighed optimum quantities of the promgssorbents were added. Optimum pH was
adjusted with dil. HCI or dil. NaOH using pH metdhe samples were shaken in shaking
machines for the desired optimum periods and thersamples were filtered and analyzed for
Ammonia. % of extraction was calculated from théadabtained. The results are presented in
the Table No. 1.

(F)Applications of the developed bio-sor bents:

The adoptability of the methodology developed witle new bio-sorbents in this work for

removing ammonia is tried with some real sewageserft samples of some industries and
natural samples. For this purpose, samples werectedl from the effluents of Paper pulp
industry at Rajahmundry, Sugar industry at Tadepadem and Dairy form at Guntur in Andhra

Pradesh. Further, three samples were collectedifégrent polluted lakes in Bapatla mandalam
of Guntur District of Andhra Pradesh.

Then these samples were subjected to extractioArfanonia using the bio-sorbents developed
in this work at optimum conditions of pH, equiliiom time and sorbent concentration. The
results obtained were presented in the Table 2.

RESULTSAND DISCUSSION

The leaf and stem/bark powders of Phyllanthus Niruri , Tridax procumbens, Morinda
tinctoria, Azadirachta indica, Annona squamosa and Calotropis giganteare been found to
have affinity towards ammonia. The percentage k&inof ammonia is studied under various
parameters viz., pH, time of equilibration and abdsat dosage, with these bio-sorbents. The
results obtained are presented in the Graph NG:@5.B: 1&2; C: 1&2 and Table No. 1&2.

POWDER OF STEM OF PHYLLANTHUS NERURI

POWDER OF PHYLLANTHUS NERURI LEAVES Ammonia conc:50ppm
Ammoniaconc:50ppm Sorbent conc:1.0g/lit
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POWDER OF ANNONA SQUAMOSA LEAVES
Ammoniaconc:50ppm
Sorbent conc:1.5g/lit
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POWDER OF TRIDOX PROCUMBENS LEAVES POWDER OF STEM OF TRIDOX PROCUMBENS
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POWDER OF MORINGA TINCTORIA LEAVES POWDER OF BARK OF MORINGA TINCTORIA
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The following observations are significant:

1. % of extractability increases with time for a fixadsorbent at a fixed pH and after certain
duration, the extractability remains constant, ae. equilibrium state has been reached (vide
Graph Nos:A:1-6)

2. pH sensitivity: The % of extraction is found to peEl sensitive. The % of extractability of
ammonia increases with time and decreases withinitrease of pH for a fixed adsorbent
concentration. (Vide Graph No. : A: 1-6; B: 1&2).

As for example, in the case of leaves powders gfl&fthus nerui, the maximum extractability
is found to be: 18.2% at pH: 10; 24.3% at pH: 9544 at pH: 8; 63.8% at pH: 6and 97% at pH:
5. In the case of leaves powders of Annona Squnmibsanaximum extractability is found to be
: 21.8% at pH:10; 38.6% at pH:9; 48.3% at pH:84%7.at pH:6and 95% at pH:5. With the

leaves powders of Calotropis Zygantia, the exafaitity is found to be: 19.2% at pH: 10, 48.6
%at pH: 9; 59.1% at pH: 8; 68.3% at pH: 6and 85&9%H: 5. Tridox Procumbens leaves
powders are extracted to an extent of: 25.7% atli130.2% at pH: 9; 42.8% at pH: 8; 63.8%
at pH: 6and 88.0% at pH: 5. In the case of Morimgatoria the extractability is found to be

19.8% at pH:10;37.3% at pH:9; 40.1% at pH:8 64.6%Ha6 and 84.0% at pH:5. In the case of
Azadiracta Indica the maximum extractability is fduto be 21.8% at pH: 10; 37.4% at pH: 9;
58.2% at pH: 8; 76.7% at pH:6 and 95.0% at pH:5.

With the bark powders, the extractability at pH8; 9, 8 ,7 ,6 and 5 is found respectively to be
20.8%, 29.3% , 48.5% , 73.8% and 100% for Phtikas nerui; 25.2% 40.1%; 58.7%, 80.2%
and 98.0% for Annona Squmosa; 26.3%,59.2 %; 67.B88% and 91.0% for Calotropis

Zygantia; 33.5%, 39.2%, 44.4%, 74.8% and 95.0%Tiedox Procumbens; 25.7%, 41.8%,

58.2%, 68.4% and 89.0% for Moringa Tinctoria; &f@5%, 39.3% , 62.8% ,80.9% and

100.0% for Azadiracta Indica

3.The extraction of ammonia is found to be moré¢hm case of bark powders as sorbents than
powders of leaves. Further, the time needed forirtmax removal of ammonia is also found to
be less in the case of bark powders than powdetsavks. As for example , the maximum
extractability of ammonia is 97% percent at pH:fteraan equilibration period of 6 hrs. for
Phyllanthus Neruri leaves powders while with igskbpowders, the extractability is found to be
found to be enhanced to 100% at pH:5 after anlibeation period of only 5 hrs. In the case of
powders of leaves of Anona Squamosa, the % of eatrdity is found to be 95% at pH: 5 after
an equilibration period of 6 hrs while with its kgvowders the extraction increased to 98% at
pH:5 after an equilibration period of only 5hrs.Wieaves powders of Calotropis Zygantia, 85%
of extraction of ammonia is found at pH:5 at anidgnation period of 6 hrs while with its bark
powders, 91% of extraction is found at pH:5 anquiléoration period of 5hrs is found to be
adequate. Tridox Procumbens leaves powders arel fiauremove 88% ammonia at pH: 5 after
an equilibration period of 6 hrs while with itsrkgowders, the % of removal is found to be
95% at pH:5 at equilibration period of 5hrs. M@anTinctoria leaves powders are found to
remove 84% of ammonia at pH: 5 after an equilibraperiod of 6 hrs but its stems powders are
found to remove 89% at pH: 5 after an equilibrag@miod of 5hrs. In the case of Azadiracta
Indica leaves powders, % of ammonia removal is dotenbe 95% at pH:5 after an equilibration
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period of 6 hrs while with its bark ashes, 1009mowal is observed after an equilibration
periods of 6 hrs at pH:5.

4. When percentage removal is studied with respeatisorbent dosage at fixed optimum pH: 5
and at optimum equilibration times, the graphsease up to certain dosage and from then
onwards plateaus are obtained Vide Graph Nos. QL &

Ammonia Conc:50ppm Ammonia Conc:50ppm
Equilbration time:6hvs8pH: Equilibration time:Shrs&pH:5 "‘3:"“ P"‘;“d“h"f
' ! hyllnthus Horuri
Pasedor of Phylanthus 1 .
120 _’_N:,\u,io((,:v?s i =H=Stem Powider of Tridox
]
e Pouder of Tidoe 7 100 Procumbens .
Procumbens | eaves 0 Bark Povider of Moringa
Ew Tinctoria
,g Powder of Moringa £
g Tinctoria Leaves <6 etk Pavider of
g i Povudler of Acadiracla “0- Mradactainica
N ndica eaves E Ll e S Paticer of Ao
g —+— Powder of &nnona 0 n Stynosa
2 Squamosa Leaves g Stem Pawder of
g Pavider of Calotropis : I (elolropis 7igantia
Y Zigantia Leav 0
g I e o 005 115 2 25 335 445 555 ¢
0005 1 15 2 25 3 35 4 45 5 55 § &

Sorbent Concentration g/Iit
Sorbent Concentration,g/lit . '
Sorbent Concentration Vs % of removal of Ammonia sofheﬂt cUnCeﬂtmlUﬂ VS % 0' fEmUVal Uf Ammoﬂla
Graph No.C:1 Graph No.C2

With powders of leaves, the optimum sorbent dosagmund to be 1gm/lit for Azadiracta
Indica, 1.5¢/lit for Phyllanthus Neruri and Ano8gquamosa, 4grms/lit for Calotropis Zygantia
, Tridox Procukmbens and Moringa Tinctoria (vide@h Nos::C:1&2).

With the powders of barks, the sorbent concenmatieeded is considerably low. The sorption
concentrations needed at optimum conditions of & equilibration time are found to be is
found to be 1 gm/lit for Phyllanthus Neruri, AnoB8guamosa, and Azadiracta Indica, 2gms/lit
for Moringa Tinctoria , 3 gms/lit for Tridox Bcumbens and 3.5 gms/lit for Calotropis
Zygantia (vide Graph Nos::C:1&2)

D: EFFECT OF INTERFERING IONS:

The extractions of Ammonia in presence of fivedf@xcess of the common ions found in
natural waters, namely Chloride, Fluoride, Sulphathosphate, Carbonate, Calcium,
Magnesium, Cupper and Zinc ions have been studitdtire successful adsorbents at optimum
conditions of pH:5 and time of equilibration andtsnt concentration as given in the Table 1.
The results are presented in the Table 1.

The following observations are significant:

a. Cations namely, G4 CuU*, zr**and Md" ions are interfering with the % of extraction to
some extent but in no case, % of extraction hasedostow 70.0%

b. Anions of the present study viz., Chlorides, Fldes, Sulphate, Phosphate and Carbonates
are found to marginally affect the % of extractpibf Ammonia under optimum experimental
conditions.
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TableNo: 1: Effect of interfering lons on the Extractability of Ammonia with different Bio-sorbents:

Maximum % of Extraction of Ammoniain presencefive fold excessof interferingionsat optimum conditions:
,\i Adsorbent and its concentration Extractability at conc. of ammonia: 50 ppm
opimumeconditions | o2 | No2 | oo | pog | F | co? | ca | Mm@ | aw | zn? | N
oy
1 | Powder oPhyllanthus niruri leaves:1.5 gms/lit pH?’;'%/‘(’)'hrs %00 | 932m| 932%| 80.1%4 931d6 924% 756% 84.0%  80/0% 09E. 87.0%
0,
2 Powder Annona squamosa leaves ;1.5gms/lit pH%S.gé)hr 90.1% | 92.1%| 93.09 93.1% 92.0% 89.9% 83.1% 80J0% 59%§. 83.0%| 80.0%
0,
3 | Powder ofCalotropis Zygantia leaves; 4.0 gms/lit pH_855'g/o°hrS 83.20% | 84.1%| 81.2% 820% 81.0% 80.1% 80.19%9.6% | 76.0% | 73.1%| 75.29
0,
4 Powder of Tridax procumbens leaves .0gms/lit pH%&gé)hrs 87.1% | 86.1%| 86.29 87.0% 86.5% 87.3% 79.0% 74|0% 19%5. 72.0%| 75.3%
0,
5 Powder oMorindatinctoria leaves; 4.0 gms/lit pH'584.%/8 hrs 81.0% | 80.0%| 83.09 81.4% 822% 81.4% 72.1% 75|1% 0%3. 71.2%| 70.5%
0,
6 | Powder ofzadirachtaindica leaves;4.0 gm/lit pH_955'g/o°hrS 92.1% | 93.0%| 91.2% 92.1% | 90.0% | 93.2% | 86.1% | 81.8%| 82.1% 805% 81.5%6
o7
7 Powder of barks oPhyllanthus niruri1.0 gm/Iit pH'lSOO’E?g)’hrs 95.1% | 94.0%| 95.09 96.0% 91.2% 94.0% 82.0% 75|5% 09%8. 71.9%| 72.0%
0,
8 | Powder of barks ofnnona squamosa ;1.0 gmlit pH,958§g’hrs 94.2% | 92.0%| 91.2% | 94.1% | 92.8%| 93.0% 87.1% 815% 74d% 79.2% 784%
0,
9 Powder of barks o€alotropis Zygantia; 3.5 gms/lit pHgsl'g/Shrs 90.2% | 89.2%| 86.29 87.1% 88.1% 86.6% 70.8% 72|1% 0%Q. 72.0%| 76.1%
oy
10 Powder of barks offridax procumbens 3.0gms/lit pH'%S'.gé)’hrs 90.1% | 92.0%| 93.19 90.0% 89.0% 88.1% 78.6% 71|6% 0%4. 71.5%| 76.2%
0,
11 | Powder oMorindatinctoria leaves; 2.0 gms/lit pH%Q'gg’hrs 87.2% | 87.0% | 82.0%| 86.09% 87.0% 86.0% 70.1% 74.0% 70/0% 09%1. 79.9%
12 Powder olAzadirachta indica leaves;1.0 gm/| 100.0%, pH:5,.,5.0 h | 95.0% | 96.5% | 98.1% | 96.0% | 92.1% | 94.0% | 78.1% | 76.0% | 78.2% | 82.2% | 83.8%
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Table No.2: % of Extractability of Ammoniain Diverse Samples

Bio-sor bents

% of Extraction of Ammoniain diver se Samples (actual Conc. of Ammoniais shown in parenthesis)

Sample:1:
Paper pulp Industry
at Rajahmundry, A.P.

(12.5 ppm)

Sample:2:
Sugar Factory effluents
at Tadepalligudem in A.P.
(21.5 ppm)

Sample:3:
Dairy farm effluents
in Guntur,A.P.
(14.5 ppm)

Natural polluted Lake samples:
in Bapatla mandalam of A.P.

Sample-4
(21.5ppm

Sample-5
(18.5 ppm

Sample-6
(15.8ppm

Leaves powder of Phyllanthus Niruri
:at pH:5; Equilibration time:.6 hrs and
sorbent concentration: 1.5 gms/lit

93.0 % 94.2%

90.2%

96.1%

95.1%

94.2%

Leaves powder of Annona squamosa .
:at pH:5; Equilibration time: 6 hrs and
sorbent concentration: 1.5 gm/lit

93.1% 91.8%

92.0%

91.1%

93.0%

90.0%

Leaves powder of Calotropis Zygantia
Equilibration time: 6..0 hrs and
sorbent concentration: 4.0 gms/Iit

:at pH:5;

81.2% 82.1%

80.2%

83.0%

84.0%

82.1%

Leaves powder of Tridax procumbens
at pH:5; Equilibration time: 6.0 hrs and
sorbent concentration: 4.0 gm/lit

86.1% 87.1%

85.2%

86.5%

86.2%

85.5%

Leaves powder of Morinda tinctoria
Equilibration time: 6..0 hrs and
sorbent concentration: 4.0 g/lit

at pH

82.0% 83.0%

81.5%

80.4%

82.7%

83.2%

Leaves powder of Azadirachta indica
at pH:5; Equilibration time: 6.0 hrs and
sorbent concentration: 4.0 gm/lit

91.1% 92.0%

90.2%

92.1%

93.0%

92.0%

Bark powder of Phyllanthus Niruri
:at pH:5; Equilibration time:.5 hrs and
sorbent concentration: 1.0gms/lit

94.5% 93.8%

94.2%

94.6%

93.9%

92.2%

Bark powder of Annona squamosa .
:at pH:5; Equilibration time: 5 hrs and
sorbent concentration: 1.0 gm/lit

93.2% 91.0%

90.2%

93.1%

91.8%

93.8%

Bark powder of Calotropis Zygantia
Equilibration time: 5..0 hrs and
sorbent concentration: 3.5 gms/Iit

:at pHj

89.2% 88.2%

85.2%

89.1%

88.6%

87.8%

Bark powder of Tridax procumbens
at pH:5; Equilibration time: 5.0 hrs and
sorbent concentration: 3.0 gm/lit

93.1% 93.0%

94.1%

92.0%

92.0%

93.2%

Bark powder of Morinda tinctoria
Equilibration time: 5..0 hrs and
sorbent concentration: 2.0 gms/lit

:at pH:

86.2% 85.0%

83.0%

87.2%

86.5%

87.4%

Bark powder of Azadirachtaindica
at pH:5; Equilibration time: 5.0 hrs and
sorbent concentration: 1.0 g

95.0% 96.5%

98. 1%

98.0%

99.1%

98.1%
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The scope of the present study does not permistibksh sound theoretical grounds for each
observation made and infact, detailed investigatiane needed to account for the observations.

However, the sorption characteristics of the adsaidfor ammonia may be generally viewed as
follows:

« Ammonia exists in agueous solution as either amamnon (NH;") or ammonia gas depends
upon the pH of the solution. Below pH: 9.25, thedominant species is NHand above pH:
9.25, ammonia, NElis considerable. In the present work, studies are made in the pigea
from 5 to 10.

» Lingo celluloses like leaves and barks have weakaiffinity in the pH range of interest i.e.
from 5 to 10. As pH decreases from 10 to 5, thaliegum shifts towards the formation more
and more NH species,, and thus formed positively charged specget exchanged to the
sorbents and thereby progressively increasing thef%xtraction. At high pH values, the
predominant species is Nknd the species being neutral ugsinfluenced by the electrostatic
thrusts prevailing on the surface of the sorbedtlamnce, % of extraction decreases.

Applications:

The Applicability of the methodologies developadhis work have been tested with respects to

the real samples of diverse nature, collected froensewages/effluents of Paper pulp industry,

Sugar Factory and also in natural polluted lak€ke results have been presented in the Table
No: 2.

It is inferred from the Table No. 2 that the sorisedeveloped in this work are successful in
removing Ammonia at optimum conditions of pH, edudtion time and sorbent dosage. %
removal of Ammonia is found to be: 90.2% to 96.48th leaves powder of Phyllanthus Niruri
and 92.2% to 94.5% with their ashes ; 90.0% to%3nith leaves powder of Annona squamosa
and 90.2% to 93.8 % with their ashes; 85.2% to ®/wWith the leaves powder of Tridax
procumbens and 92.0% to 94.1% with their ashe<t9%8Q0 83.2% with the leaves powder of
Morinda tinctoria and 83.0 % to 87.4% with theihes; 90.2% to 93.0 % with leaves powder of
Azadirachta indica and 95.0% to 99.1% with their ashes, 80.2% to 84.0% with the leaves
powder of CalotropisZygantia and 85.2% to 89.2% with their ashes.

CONCLUSION

* The importance of bio-adsorbents such as leavedarks in removing/controlling Ammonia
from polluted waters is brought to the lime light.

* 97.0%, 95.0% , 85.0% , 88.0%, 84.0%, and 95.0%eafoval ammonia are found with
powders of leaves dPhyllanthus Niruri , Annona squamosa , Calotropis Zygantia , Tridax
procumbens, Morinda tinctoria and Azadirachta indica respectively at pH:5 , equdiion
time of 6.0 hrs and at optimum sorbent concentnatio

* 100%, 98.0%, 91.0%. 95.0%, 89.0%and 100% of extrastof ammonia are observed for the
powders of stems/barks Bhyllanthus Niruri , Annona squamosa , Calotropis Zygantia , Tridax
procumbens, Morinda tinctoria and Azadirachta indica respectively at pH:5 at equdilon
time of 5.0hrs and at optimum sorbent concentration
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* The minimum sorbent dosage needed for the maximemmoval of Ammonia is found
considerably less for barks than for powders ofdéea

* Interference:

Anions like Chlorides, Fluorides, Sulphate, Phosphand Carbonates showed marginal
interference while cations like €a Cu*, Zr**and Md" interfered to some extent . However,
the % of extractability of Ammonia never comes do#@0%.

» The methodologies developed in this work with thigecent bio-sorbents are found to be
remarkably successful.
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