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ABSTRACT

The bio-sorbents derived from leaves of Achyrantteg®era, Hsibisuc rosa-sinensis and Tribulus tdrighave
been studied for their sorption nature towards amiaofrom polluted waters with respect to various
physicochemical parameters such as pH, sorbentergration and equilibration time. The conditions foaximum
removal of Ammonia from polluted waters have bgaimozed. The interference of common anions andmrsithat
present in natural waters on the % of extractioraofmonia under optimum conditions has been studtiézifound
that anions like Chlorides, Fluorides, Sulphate,oBphate and Carbonates have marginal interferendilew
Cations like C&, Mg*, CU*, Zrf*and NFf* interfered to some extent. The adoptability of nhethodologies
developed in this work are tested with diversemas collected from industrial effluents and matly existing
polluted lakes and it is found that the proceduaes remarkably successful in removing the subsahathounts of
ammonia from waste waters.
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INTRODUCTION

Anaerobic biological degradation of nitrogenous terapresent in wastes waters causes the contaomnattiwater
bodies with ammonia. Ammonia is toxic and it causeadache, insomnia, nausea, diarrhea and a failglacose
tolerance in animals and human beings. [1-9]. thcks the cardiac tissues [10, 11] and also caosgabolic
toxicity by interfering with energy metabolism inet brain [12]. Aaquatic life is also disturbed daehe presence
of ammonia in water bodies and ammonia is recogn&estrong cell poison and can cause damage wilthef
fish even at levels of 0.25ppm. Accelerated euticgitfon of lakes, depletion of dissolved oxygeniater bodies
and loss of valuable aquatic species due to dexiieadissolved oxygen are other deleterious effeE@mmonia
pollution [7].

The potential source of contamination water bodigs to nitrogenous matter are public, industrial agricultural
wastes [1-4]. Aanimal feeds, food additives, clagragents and effluents from the industries manufexg fibers,
plastics, explosives, paper, and rubber are som#eofworth mentioning sources. Further ammonial$® a
metabolic by-product of fish [5]

The maximum limit of ammonia set by the Europeaso&gation for drinking water is approximately 0.5np and

also a guide level is given as 0.05ppm [13, e raw water with high ammonia concentration ntistefore be
treated before it reaches the consumer and alseaktewater discharge into the receiving water.
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Air stripping, ion exchange, and biological nitcdition and denitrification are the more conventianathods in
practice [15].Biological nitrification and denitrification methedare limited to a minimum 5 ppm of concentration
due to the formation of undesirable chemical conmgsu The ion exchange methods [16-&H preferred over the
other methods since they are stable, suit automatiml quality control and are easy to maintaininGiitilolite
zeolites are used in the control of ammonia [21].

Recent interest is also focused on the using Miex@aradiation for the control of ammonia [21-25¢viNconcepts
of microbial treatment processes for the removahirmmonia have been discussed by Schmidt | et &3)2(26].

M.S. Celik et al (2001) studied the removal of amiaoby natural clay minerals using fixed and flaitl bed
column reactors [27].

These methods involve large expenditure and scstigagions are being made to explore the sorptaprgialities
of bio-wastes of flora and fauna origin as altémgammethods in controlling pollution [28-32]. V. faala et. al
(2007) investigated the removal of ammonia using kst agricultural wastes [32]. Duck weeds [28em
products[29] and low cost agricultural wastes [30, 32] have begplored for the removal of ammonia from
polluted waters. These methods based on the useasite materials as bio-sorbents are proving to diengial
alternative to the existing costly methods for i@oval of ammonia.

The endeavor of the present work is to explorestimption potentialities of thermally activated pessl of leaves
and barks of some plants in controlling the conegiains ammonia in polluted waters by studying soeption
characteristics of these bio-sorbents under varnuysicochemical parameters such as pH, sorberdeotration
and time of equilibration.

EXPERIMENTAL SECTION

(A) Chemicals: All chemicals used were of analytical grade.
1. 500 ppm stock solution of Ammoniavas prepared by dissolving suitable amounts of Amiom chloride in
double distilled water and is suitably diluted &s fhe need.

2. Nessler's reagent:35gs of Potassium lodide and 4% Mercuric Chlorid®e dissolved in 100 ml of double
distilled water with constant stirring until a dligred precipitate remains. To this, solution @ (120gms of
NaOH + 250 ml of double distilled water ) was adidend made up to 1 lit with double distilled watgfittle more
Mercuric Chloride solution was added until ther@sva permanent turbidity . The mixture was allotgestand for
one day and decant from the sediment. The soluwtamkept in stoppered dark colored bottle.

(B) Adsorbents:

Thermally activated powders of leaves and theieasif many plants have been employed in this woik.found
that leaves or stems or their ashes @éfchyranthes asperaHsibisuc rosa-sinensis and Tribulus terrestris/e
been found to have affinity towards ammonia anccbghe methodologies presented here, pertain s therbents
only.

TPibulus terrestrs L

Achyranthes aspera Hsibisuc rosa-sinensis Tribulusterrestris
Fig 1: Plants showing affinity towards Ammonia
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Achyranthes aspera a species of plant in the Amaranthaceae faummilgl is distributed throughout the tropical
world and it has medicinal and therapeutic valuesrther, it has religious sanctitity and it is d$e Hindu rites.

Hsibisuc rosa-sinensigs an ever green flowering shrub belongsMalvaceae familyand is grown throughout
tropics and subtropics.

Tribulus terrestriss a flowering plant in the family of Zygophwleae and is grown in warm temperate and
tropical regions. It has medicinal values and idely used in traditional medicines.

Sorbent Preparation

The leaves ofAchyranthes aspera, Hsibisuc rosa-sinensis anduluib terrestriswere cut or scrapped freshly,
washed with tap water, then with distilled wated dhen sun dried. The dried materials were powdévea fine
mesh of size < 75 p and activated at®0%or 4 hrs. in an oven and then these were ereplaythis work. Further,
the leaves of the said plants were burnt to ashesheir ashes were also used as sorbents in trls w

(C) Adsorption experiment:

Batch system of extraction procedure was adopt@eé8F}. Carefully weighted quantities of adsorbents wefen
into previously washed | 1it/500 ml stopper bottlesntaining 500mI/250ml of Ammonium Chloride sotuti of
predetermined concentrations. The various infildlvalues of the suspensions were adjusted wittH@l or dil.
NaOH solution using pH meter. The samples were eshak mechanical shakers for a desired period éed the
equilibration period; an aliquot of the sample walsen for Ammonia determination. Ammonia was deteet by
using Nessler’'s method spectrophotometrically [36].

(D) Estimation of Ammonia:

An aliquot amount of ammonium chloride solution waken in a 50ml volumetric flask. To it 1ml of Né=x's
reagent was added, mixed well and was alloweddndsat least 10 min at room temp in a diffusedtligtne
solution was diluted to the volume and mixed w@lbtical Density of the orange-brown color was meaedat 525
nm against a reagent blank using U.V and visiblecBpphotometer (of Systronics make). Thus obthi®eD
Value was referred to standard graph (drawn betw@é&h and Concentration) prepared with known amowfits
ammonia to find concentration of unknown solutions.

(E) Effect of Interfering lons:

The interfering ions chosen for study are the comrians present in natural waters, viz., Sulphatiraté,

Chloride, Phosphate, Fluorides, Carbonate, CalcMagnesium, Copper, Zinc and Nickel. The synthetixtures
of Ammonia and one of the interfering ions werarsde that the concentration of the interfering im@sntained at
five fold excess than the ammonium ion concentrati@. rdl of these solutions were taken in stoppedédxotind
then correctly weighed optimum quantities of therpising sorbents were added. Optimum pH was adjustth

dil. HCI or dil. NaOH using pH meter. The samplesrg shaken in shaking machines for the desirednopti

periods and then the samples were filtered and/zedifor Ammonia. % of extraction was calculateshirthe data
obtained. The results are presented in the TableddNo

(F)Applications of the developed bio-sorbents

The adoptability of the methodology developed vitie new bio-sorbents in this work for removing amiaois

tried with some real sewage/effluent samples ofesordustries and natural samples. For this purszsaples were
collected from the effluents of Paper pulp indusityRajahmundry, Sugar industry at Tadepalligudech Rairy

form at Guntur in Andhra Pradesh. Further, thremmeas were collected at different polluted lakesBapatla

mandalam of Guntur District of Andhra Pradesh.

Then these samples were subjected to extractiodifi@monia using the bio-sorbents developed in thiskwat

optimum conditions of pH, equilibration time andtsent concentration. The results obtained wereepttes in the
Table 2.
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RESULTS AND DISCUSSION

The powders of leaves and their asheddfyranthes aspera,Hsibisuc rosa-sinensis and Tribulus terrestigve
been found to have affinity towards ammonia. Thecgage removal of ammonia is studied under variou
parameters viz., pH, time of equilibration and ablsat dosage, with these bio-sorbents. The resbliined are
presented in the Graph No: A: 1-3; B: 1-3; C: 18 & Table No. 1&2.

The following observations are significant:

1. % of extractability increases with time for a fixedisorbent at a fixed pH and after certain duratibe
extractability remains constant, i.e. an equilibrigtate has been reached (vide Graph Nos: A: As3jor example
with activated leaves powder Athyranthes aspera as adsorbent, the % of extrnaetiqoH: 5 is found to be 33.2%
at 30 min of equilibration, 45.3% at 60 min, 55.5690 min and 60.4% at 120 min, 70.8% at 150 m&4% at
180 min 85.7% at 210 min 90.0% at 240 min or ab@ee Graph No. A: 1.a). Similarly with activategaves
powder of Hsibisuc rosa-sinensis the % of extomcat pH: 5 is found to be: 23.1% at 30 min, 32.8%60 min,
40.2% at 90 min, 52.1% at 120 min 60.7% at 150 ®&3% at 180 min 79.9% at 20 min , 88.0% at 240 ami
above (vide Graph No. A: 2.a). At pH: 5 % of extiat has been found to be 35.1% at 30 min, 43.3%0atin,
50.2% at 90 min, 57.4% at 120 min 64.6% at 150 74ir5% at 180 min 84.0% at 210 min or above foratéd
leaves powder of Tribulus terrestris (vide Grap® N: 3.a).Similar observations have been found tithashes of
above activated leaves and the results are predenteide Graph No's. A: 1.b, 2.b and 3.b.

2. pH sensitivity: The % of extraction is found to be pH sensitiVhe % of extractability of ammonia increases
with time and decreases with the increase of pHaffixed adsorbent concentration. (Vide Graph Na. 1-3; B: 1-
3). The optimum pH has been found to be 5.

As for example, with the leaves powdersAahyranthes aspera as adsorbahe maximum extractability is found
to be: 32.0 % at pH: 10; 45.0% at pH: 9; 50.0%Ht §; 60.0% at pH: 7; 70.0 % at pH: 6; and 90.0%15. With
the Ash ofAchyranthes aspera leavehe maximum extractability is found to be : 39.8%pH:10; 52.0% at pH:9;
60.3% at pH:8; 67.4% at pH:7; 75.6% at pH:6 and 94%H:5. At equilibration pHs: 10, 9,8, 7,6 and%,of
maximum extraction has been found to be respdgtig@2.2%, 43.6 % ,53.1% , 61.3% , 70.8% and 88.0%h the
activated leaves powder bisibisuc rosa-sinensisand 39.7%, 52.2% , 60.8% , 69.8% , 78.8% and%4ith the
Ash of Hsibisuc rosa-sinensigaves as adsorbent. With Adsorbent derived ffoiloulus terrestriseaves powder,
the extractability is found to be 34.8% at pH:10;3% at pH:9; 61.1% at pH:8.; 72.6% at pH:7; 78&%H: 6 and
84.0% at pH:5 and with the Ash ®fibulus terrestrisleaves the maximum extractability is found to 9130 at
pH: 10; 54.4% at pH: 9; 66.2% at pH: 8; 75.7% atHt81.2% at pH: 6 and 90.0% at pH:5.

3.The % of maximum extraction of ammonia is found&omore in the case of Ashes as sorbents than pswéle
leaves at the optimum conditions of pH, time ofildgation and sorbent dosage. Moreover, the optirtime of
equilibration needed for maximum removal of ammasialso found to be less in the case of Ash thamders of
leaves. As for example, the maximum extractabitifyammonia is 90% percent at pH: 5 after an equaitibn
period of 240 min with the sorbent concentratior2aj/lit for Achyranthes aspera leaves powders avhiith its
Ash, the extractability is found to be found todsghanced to 95% at pH: 5 after an equilibrationogleof only 180
min with the sorbent concentration of 1.5 g/l.tHie case of adsorbent derived from leaves of Hsiligsa-sinensis,
the % of extractability is found to be 88% at pHafier an equilibration period of 240 min with tBerbent
concentration 1.75 g/lit for activated powder whiiéh its Ash the extraction has been increase@4d¥ at pH: 5
after an equilibration period of only 180 min armtgent concentration 1.25 g/lit. With leaves povedei Tribulus
terrestris, 84% of extraction of ammonia is fourtdpl:5 at an equilibration period of 210 min andbsmt
concentration of 2.0 g/lit while with its Ashe€)% of extraction is found at pH:5, equilibratioaripd of 180 min
and with sorbent concentration of 1.25 g/lit.

4.When percentage removal is studied with respeeidsorbent dosage at fixed optimum pH: 5 and atmypti
equilibration times, the graphs increase up toagertiosage and from then onwards plateaus arenebtailhe
optimum sorbent dosage needed for the adsorbentgedefrom ashes is less than their respective rbdsts
derived from raw powders of the leaves. As for eplanwith powders of leaves of Achyranthes aspdra,
optimum sorbent dosage is found to be 1.75gm/lilemvith their ashes only 1.5g/lit is adequateoptimum
conditions of pH:5 and equilibration times (videa@h Nos: C-1). The optimum sorbent dosage is faonbe
1.75gm/lit for Hsibisuc rosa-sinensis leaves powdehile 1.25g/lit for their Ashes at optimum cdmhs of
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equilibration (vide Graph Nos::C-2). With Tribultesrestris leaves powders, the optimum sorberagmss found
to be 2.0gm/lit while with their ashes is foundo®:1.25g/lit at the optimum conditions of equidibon (vide Graph
Nos::C-3).

D: EFFECT OF INTERFERING IONS:

The extractions of Ammonia in presence of fivefektess of the common ions found in natural wateasyely
Chloride, Fluoride, Sulphate, Phosphate, Carbor@2d&ium, Magnesium, Copper and Zinc ions have stedied
with the successful adsorbents at optimum conditmfrpH:5 and time of equilibration and sorbentaantration as
cited in the Table 1. The results are presentdiderrable 1. The following observations are sigaiit:

a. Cations namely, G4 Mg®, CU*, Zr**and Nf*ions are interfering with the % of extraction e extent

but in no case, % of extraction has come below%1.0

b. Anions of the present study viz., Chlorides, Fldes, Sulphate, Phosphate and Carbonates are found t
marginally affect the % of extractability of Ammaniinder optimum experimental conditions.

DISCUSSION

The scope of the present study does not permitabksh sound theoretical grounds for each obsiervanade and
infact, detailed investigations, are needed to aettor the observations.

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

« Ammonia exists in aqueous solution as either amumrion (NH,") or ammonia gas depends upon the pH of the
solution. Below pH: 9.25, the predominant speesH,” and above pH: 9.25, ammonia, NI considerable.In
the present work, studies are made in the pH rémoge5 to 10.

» The adsorbents derived from Lingo celluloses hagaknon affinity in the pH range of interest i.eorh 5 to 10.
As pH decreases from 10 to 5, the equilibrium shifivards the formation more and more Nbpecies, and thus
formed positively charged species get exchangetth@éosorbents and thereby progressively increafing?% of
extraction. At high pH values, the predominant ggeds NH and the species being neutral is uninfluenced by th
electrostatic thrusts prevailing on the surfacthefsorbent and hence, % of extraction decreases.

Table No: 1: Effect of interfering lons on the Exractability of Ammonia with different Bio-sorbents

Maximum % of Extraction of Ammoniain presence five fold excess of interferingionsat optimum conditions:
SN Adsorbent and its Extractability at Conc. of ammonia: 50 ppm at pH:5
. concentration optimum
conditions SOZ | NOZ Cl- PO F CO% Ca** Mg* Cu® Zn** Ni%*
POWder Of 900%’ 820 0, 0, 0, 0, 0, 0, 0, 0, 0,
1 Achyranthes aspera pH:5, 240 min % 83.2% | 84.2%| 87.0%4 86.0 825% 67.5% 74.0% 680% 0%3 66.0%

leaves:2.0 gmsl/lit

Ashes of Achyranthes 95.0%
2 aspera leaves iy . 83.1% | 84.0%| 85.09 88.19 92.0% 895 83.1% 80p% 59%8 83.0% | 80.0%)
. . pH:5, 180 min
;1.5gms/lit
Powder of Hsibisuc 88.0%:
3 Rosa-sinensis pH:5 '24((;Ymin 79.2% | 81.4%| 83.7% 86.59 85.2% 813 67.1% 738% 6%7 62% 65.4%

leaves:1.75 gms/lit

Ashesof Hsibisuc

0,
4 Rosa-sinensis leaves 94.0%

pH:5, 180 min 82.6% | 83.2%| 84.6% 87.29 91.8% 88.0p0 82.4% 79PR% 697 82.1% | 78.9%)

;1.25gms/lit
Powder of Tribulus 84.0%:
5 terrestris leaves:2.0 pH:5 l21((;ymin 78.2% | 80.0%| 82.8% 86.0Y 84.1% 8036 65.8% 723% 8%5 61.2% | 64.2%
gms/lit s
Ashesof Tribulus 90.0%
6 terrestris leaves pH:5 :.I.80 min 81.8% | 82.4%| 84.19%9 87.19 90.2% 84.6p6 80.9% 77.6% 29%3, 81.2% | 77.6%
;1.25gms/lit o
Applications:

The Applicability of the methodologies developadhis work have been tested with respects toghbsamples of
diverse nature, collected from the sewages/effai@ftPaper pulp industry, Sugar Factory and atsonatural
polluted lakes.The results have been presented in the Table No: 2
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It is found that the sorbents developed in thiskname successful in removing Ammonia at optimumditions of
pH, equilibration time and sorbent dosage. % reof@&mmonia is found to be: 90.2% to 96.1% withaves
powder of Achyranthes asperand 92.6% to 98.1% with their ashes ; 81.2% to ®4wdith leaves powder of
Hsibisuc rosa-sinensis and 85.5% to 88.2 % witlir thehes; 80.4% to 83.2% with the leaves powdéeFridfulus
terrestris and 83.9% to 85.5% with their ashes

Table No.2: % of Extractability of Ammonia in Diverse Samples

% of Extraction of Ammonia in diverse Samples (actal Conc. of Ammonia is shown in parenthesis)
Sample:1: Sample:2: Natural polluted Lake samples:
Paper pulp Sugar Factory Sample:3: in Bapatla mandalam of A.P.
Bio-sorbents Industry effluents Dairy farm effluents in | Sample-4 Sample-5
at Rajahmundry,| at Tadepalligudem in Guntur,A.P. (21.5ppm) (18p5 Sample-6
AP. AP. (14.5 ppm) rﬁ) (15.8ppm)
(12.5 ppm) (21.5 ppm) pp
Powder of Achyranthes aspera leaves 92.0 % 93.2% 90.2% 96.1% 95.1% 94.2%
concentration:2.0 gms/lit
Ashes of Achyranthes aspera  leaves 93.8% 94.4% 92.6% 98.1% 96.0% 95.2%
concentration:1.5gms/lit
Powder of Hsibisuc Rosa-sinensis leaves 84.2% 81.7% 81.2% 83.0% 84.0% 82.1%
concentratio:1.75 gms/lit
Ashesof Hsibisuc Rosa-sinensis leaves 86.7% 86.8% 88.2% 86.5% 86.2% 85.59
concentration:1.25gms/lit
Powder of Tribulus terrestris leaves 82.1% 83.0% 80.5% 80.4% 82.7% 83.2%
concentratio:2.0 gms/lit
Ashesof Tribulus terrestris leaves 85.2% 84.6% 85.5% 84.6% 84.3% 83.9%
concentration:1.25gms/lit
CONCLUSION

» The importance of bio-adsorbents such as leavesbarikt in removing/controlling Ammonia from polldte
waters is brought to the lime light.

* 90.0%, 88.0% and 84.0% of removal ammonia are fauittd powders of leaves @&chyranthes asper#jsibisuc
rosa-sinensis and Tribulus terrestris; and 9%,094.0% and 90.0% with their ashes respectively pH: 5,
equilibration time respectively of 240 min, 240 m#10 min for powders of leaves and 180 min foirthshes at
optimum sorbent concentration.

» The minimum sorbent dosage needed for the maxinemoval of Ammonia is found considerably less fdress
than for powders of leaves.

* Interference:

Anions like Chlorides, Fluorides, Sulphate, Phosplend Carbonates showed marginal interferenceevdaitions
like c&*, Mg*, CU#*, Zn**and NF* interfered to some extent . However, the % ofamtability of Ammonia is
found to be considerable. The methodologies deeelap this work with the different bio-sorbents &wand to be
remarkably successful.
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