ISSN : 0974 - 7451 Volume 7 | ssue 2

Snviconmental Science

Tradve Sreience Inc. A Tndian W
—=  Qurrent Research Peaper

ESAIJ, 7(2), 2012 [47-56]

Barks or stems and their ashes of some herbal plants as sorbents
in removing phosphates from waste waters

M .Divya Jyothi, K.Rohini Kiran, K.Ravindhranath*
Department of Engg. Chemistry and Post Graduate Chemistry, Bapatla Engineering College, BAPATL A-422101, Guntur
Dt.,A.P, (INDIA)
E-mail : ravindhranath.sta@yahoo.co.in
Received: 24" February, 2011 ; Accepted: 1% March, 2011

ABSTRACT KEYWORDS
Exploring the use of bio-sorbentsin controlling the phosphate pollution in Phpsphate;
waste waters is one of the main areas of present research on pollution Pollution control;
control methods. In the present work, stems or barks and their ashes of Bio-sorbents.

Phyllanthus neruri, Pongamia pinnata, Annona squamosa. Cassia
occidentalis are found to have strong affinity towards Phosphate ions. A
thorough investigation has been made in optimizing the various physico-
chemical parameterssuch as equilibration time, pH and sorption dosage for
the maximum extraction of phosphates from waters. It is found that % of
extraction of Phosphate increases with time and increase of pH for afixed
adsorbent. With stem powder of Phyllanthus neruri the maximum extract-
ability isfound to be 90%while with its ashes the extractability increasesto
98.0% under the optimum experimental conditions of pH: 10 and after an
equilibration period of 5 hrs. Similarly, under the experimental conditions
pH:10 and optimum equilibrationtime of 5 hrs, the maximum extractability is
found to 87.0% with Pongamia pinnata bark powder and 95.0% with its
ashes; 98.0% with powder of stems of Annona sguamosa and 100% with
its ashes; 89.0% with powders of stems of Cassia occidentalis and 92.0%
with its ashes. Anions like Chlorides, Sulphates, Nitrates, Fluorides and
Carbonates marginally effected the % of maximum extraction at the optimum
conditionsof pH and equilibration time while cationsviz., Ca?*, Mg?, Cu?,
Zn?*, Fe** and Ni?* ions at concentration of 500 ppm are synergizing the
extraction of phosphate and thereby % of removal of Phosphateisincreased
further. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION reational and economical benefits of clean water bod-

ies. Thestormwater runoff containing el evated levels

Phosphorous pollutionin natural watersisthreat-  of phosphorouscan disrupt the balance of nutrientsand
ening our ecosystems and deteriorating thequaity of  lead to the proliferation of algae and aquatic weeds;
our water suppliesand moreover, itisspoilingtherec-  such unrestrained growth often resultsinlowering the
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dissolved oxygen contentswhich causelossof aquatic
life 43, Thisisespecially truein urban and suburban
environmentswherewidespread fertilizer useand the
accumul ation of yard debris, often occur near impervi-
ousaurfacesthat channe nutrientsto surrounding aguatic
ecosystemsandinthedow movingriversor in surface
waters. Itisdesirableto reducethe “total phosphorus”
inmunicipal wastewatersfrom below that of 2ppm.

The sourcesof phosphorus pollution include con-
centrated animal feeding operations(CAFOs), agricul-
tura fertilizers, garden products, erosion and presence
of common detergents and food residuesin domestic
sewages. So the Global awarenesstowardsthe Phos-
phate problem has come and different governments
started i ssuing Phosphate A ctsto control the pollution.
Many countries, making law and legidation to control
phosphatelevelsin environment and infact, the Swit-
zerland hasbanned the use of phosphatesinindustries
and detergents.

Theliterature survey indicatesthat traditionaly the
phosphateisremoved by chemical precipitation'? 45
21,41 Biological trestment methods coupled withactive
dudge processes are thoroughly being investigated in
controlling the problem of Phosphate pollutionandin
fact anumber of patentsexist inthisregard® 717,233
%, Biomass, a@ther initsnativestate, or chemicaly modi-
fied, hasbeen suggested as an optionto capture water
pollutantsand nutrients. Wood processing resdues(e.g.,
sawdust, bark) and agricultura resdues(e.g., corncobs)
have been targeted because of their availability and low
value 61528 Studied the Phosphorusremoval from
aqueous solutionsusing iron coated natural and engji-
neering sorbents. Use of aqueousplantslikewater hya
cinth hasbeen studied in controlling the pollution® 12 13
18,20,24-26,30-32 gtudied theremova of Phosphorousus-
ingchemicaly modifiedlignocd lulosesmateriad™. Re-
viewed recent advancesin removing phosphorousfrom
waste water and its future use as fertilizer*s, Used
cationized milled pine bark as an absorbent for
oththophosphate anions. Activaed red mud has been
used to remove phosphates from agueous sol utiong?
20.40.42 Studied the phosphate removal by refined as-
pen wood fiber treated with carboxymethyl cellulose
and ferrous chloride’®!, Studied the simultaneousre-
moval of metal ions Cu?*, Fe*, and Cr** with anions
SO, and HPO,> using clinoptilolite.
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Biomass appearsto necessitate chemica modifi-
cation and needsfurther dwelinginthisnovel aspect of
research.

Bio-sorbent are proving to be potentia source of
devel oping methodsto control pollutantsin natura wa:
tersand these sorbent are endowed with natural inher-
ent sorption capabilitiesand at times, they may need
activation by somechemicd treatment.

The present work endeavorsto explorethe sorp-
tion abilitiesof someof thewaste materiasof floraori-
ginin effecting the phosphate removal from polluted
water.

MATERIALSAND METHODS

Chemicals
All chemicalsused wer e of analytical grade

Stock solution of Phosphate was prepared by dis-
solving 0.21979 of potassium di hydrogen phosphate
in double distilled water and is made up to 1 lit. Its con-
centration is500ppm. It is suitably diluted as per the
need.

Sodium molybdate solution

12.5g of Sodium Molybdatewasdissolved in 500m
of 10N. H,SO,

Hydrazinesulphatesolution

1.5gms of Hydrazine Sulphate solutionwasdis-
solvedin 1lit of doubleditilled water.

Adsorbents

Diverse adsorbentsof flora origin were used in this
work. Themethodol ogy herewith presented isonly for
thebio-adsorbentsshowing interesting results. Theplants
Phyllanthus neruri, Pongamia pinnata, Annona
squamosa and Cassia occidentalis were found to be
sensitiveto Phosphateionsconcentrations.

Phyllanthus neruri isherb and is best known by
the common names are Stonebreaker, Chanca Pie-
dra, Seed-Under-Leaf andintelugu “Nela Usiri” It is
awidespread tropical plant and is commonly found in
coastal aress. Itisarelativeof the spurges, belonging
to the leaf flower genus of Family Phyllanthaceae.
Pongamia pinnata is one of the few nitrogen fixing
plant to produce seeds containing 30-40% oil. Ac-
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cording to Lewis(1988), this speciesmay eventually
betransferred to genus Millettia. It isoften planted
asan ornamental and shadetree. Thisspeciesiscom-
monly called pongam, karanga, or aderivation of these
nams. Annona squamosa isasmall well-branched
treeor shrub that bearsediblefruitscalled sugar-apple
and bel ongsto species of thegenus Annona, member
of the family Annonaceaec and grows at lower
altitudes making it the most widely cultivated. Cassia
occidentalisis a very leafy malodorous tropical weedy
shrub whose seeds have been used as an adulterant
for coffeebe ongsto Caesal pini aceae (Gulmohar) fam-
ily.

The stems or barks of Annona Squmosa,
Ponganuia pinnata, Phyllanthus neruri and Cassia
Occidentaliswere cut or scrapped freshly. The ob-
tained plant materia swere washed with tap water and
thenwith distilled water. Then the pieces of stems or
barkswere sundried. Then dried stems were pow-
dered to afinemesh of size: lessthan 75 micronsand
thus obtained powderswere activated at 105°Cina
oven and were employed in thisstudy. Further, these
barks/stemswere burnt to ashes and these asheswere
also used in thiswork.
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Adsor ption experiment

The Batch system of extraction procedure was
adopted® 132, \Weighted quantities of adsorbentswere
takeninto previoudy washed 11it/500 ml stopper bottles
containing 500ml/250ml of potassium di-hydrogen
phosphate solution of predetermined
concentrations. The various initial pH values of the sus-
pensions were adjusted with dil. HC1 or dil . NaOH
solutionusing pH meter. The samples were shaken vig-
orously in mechanical shakersand werealowed to be
inequilibriumfor thedesired time. After theequilibra-
tion period, andiquot of thesamplewastaken for Phos-
phate determi nation. Phogphatewas determined spectro
photometricdly by “Molybdenum Blue”” method™.

Estimation of phosphate

Andiquot amount of Phosphate samplewastaken
ina50ml volumetricflask. Toit 5 ml each of molybdate
solution and hydrazine sul phate sol ution were added
successively and the solution wasthen diluted to the
volumeand mixedwell. Theflask wasimmersedina
boilingwater bath for 10min, removed and cooled rap-
idly. Theflask was shaken and adjusted the volume.
Blue color was devel oped. Optical Density was mea-

TABLE 1: Effect of interferinglonson the Extractability of PHOSPHATE

Maximum Extractability of phosphate in presence 500ppm of interfering ions at optimum conditions

SNo Adsorbent E;trc)a(;??nblijlri;y pH and equilibration time
Con%iti ons S0/ NO;~  CI FF COs¥ ca®* Mg* cu* zn* F& N
Stem Powder 90.0% 86.5% 88.5% 84.7% 85.6% 884% 925% 91.5% 94.5% 95.0% 97.0% 96.0%
1 of Phyllanthus pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10; pH:10,
Neruri 5.0hrs 45hrs 4.0hrs 20hrs 25hrs 4.0hrs 4.5hrs 3.0hrs 2.5hrs 2.5hrs 2.0hrs 2.5hrs
Bark Powder 87.0% 83.6% 83.9% 81.6% 821% 86.3% 91.3% 92.2% 94.5% 95.8% 97.3% 96.0%
2 of Pongamia pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10; pH:10,
Pirnnata 5.0hrs 2.5hrs 5.0hrs 3.5hrs 45hrs 25hrs 25hrs 2.5hrs 3.0hrs 3.0hrs 2.0hrs 3.0hrs
Bark Powder 98.0% 89.1% 89.4% 90.1% 91.8% 945% 99.2% 99.1% 100% 100% 100% 100%
3 of Annona pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10 pH:10, pH:10; pH:10,
Squamosa 5.0hrs 45hrs 1.5hrs 4.0hrs 2.0hrs 3.0hrs 2.0hrs 45hrs 3.5hrs 2.0hrs 2.0hrs 2.0hrs
Stem Powder 89.0% 85.4% 83.2% 84.1% 850% 856% 93.8% 922% 96.2% 97.8% 97.3% 96.2%
4 of Cassia pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10; pH:10,
Occidentalis 5.0hrs 20hrs 30hrs 25hrs 3.0hrs 20hrs 3.0hrs 2.0hrs 2.0hrs 25hrs 2.0hrs 3.5hrs
Stem Ash of 98.0% 925% 935% 94.2% 958% 96.6% 985% 99.0% 100% 100% 100% 100%
5 Phyllanthus pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10; pH:10,
Neruri 5.0hrs 25hrs 20hrs 35hrs 25hrs 20hrs 35hrs 20hrs 2.0hrs 25hrs 20hrs 3.5hrs
Bark Ash of 95.0% 93.1% 94.2% 95.7% 96.9% 96.0% 97.3% 99.7% 99.1% 99.2% 97.3% 98.4%
6 Pongamia pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10; pH:10,
Pinnata 5.0hrs 35hrs 30hrs 25hrs 1.5hrs 25hrs 3.0hrs 25hrs 25hrs 2.0hrs 2.0hrs 3.0rs
Bark Ash of 100.0% 96.3% 96.4% 97.0% 98.5% 98.0% 100.0% 100.0% 100.0% 100.0% 100% 100%
7 Annona pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10; pH:10,
Squamosa 4.0hrs 30hrs 20hrs 25hrs 35hrs 3.0hrs 15hrs 1.5hrs 2.0hrs 3.5hrs 2.0hrs 3.0hrs
Stem Ash of 92.0% 88.0% 89.0% 89.1% 904% 91.2% 93.8% 94.6% 100% 100% 100% 100%
6 Cassa pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10, pH:10; pH:10,
Occidentalis 5.0 hrs 20hrs 1.5hrs 2.0hrs 35hrs 1.5hrs 25hrs 35hrs 2.0hrs 25hrs 2.0hrs 2.0hrs
——— Spoivonmental Science
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sured at 830nm against areagent blank using U.V and
Visible Spectrophotometer (Systornics make). Thus
obtained O.D Valuewasreferred to standard Graph
(drawn between O.D and Concentration) prepared with
known amountsof Phosphate by adopting method of
Least Squaresto find concentration of Phosphatein
unknown solutions.

Effect of Interferinglons

Theinterferingionschosenfor study werethecom-
monionspresent in natural waters, viz. Sulphate, fluo-
ride, Chloride, Nitrate, Carbonate, Calcium, Magne-
sium, Copper, Zinc, Ferrousand Nickel. The synthetic
mixtures of Phosphate and of theinterferingionswere
so madethat the concentration of theinterferingion
was maintained at 500ppm. 500 ml of these solutions
weretakenin stopper bottlesand then correctly weighted
optimum quantitiesof the promising adsorbents(asde-
cided by the Graph Nos.: A, B and C) were added.
Optimum pH wasadjusted with dil. HCI or dil. NaOH
using pH meter. The sampleswere shakenin shaking
machinesfor desired optimum periods and then small
portions of the sampleswere taken out, filtered and
analyzed for Phosphate. % of extraction was calcu-
lated from thedataobtained. Theresultswere presented
intheTABLE: 1.

RESULTSAND DISCUSSIONS

The percentageremoval of Phosphatewas studied
under various parameterssuch astimeof equilibration,
pH andinterferingionswiththefour plant materialsand
their ashes. Theinteresting results obtained are pre-
sented in the Graph No: A: 1-8; B: 1-4; C: 1-4 and
TABLENo.:1.

Thefollowing observationsare sgnificant:

Effect of equilibration time

With the powders of barks/stems, percent of ex-
tractability increaseswith timefor afixed adsorbent at
afixed pH and after certain duration, the extractability
remains constant, i.e. an equilibrium state has been
reached. In other words, therewill not be any further
adsorption after certaintimeof equilibrationtime (vide
GraphNos.A: 1-8). Asfor example, theminimumtime
to bedlowed for maximum extraction are2hrsat pH:2;
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3hrsat pH:4; 4 hrsat pH:6 and 8; 5hrs at pH:10 for
bark powders of Annona squamosa and sameisthe
trend in other bark/stem powdersa so. With the bark
ashes of Annonasguamosa, theminimumtime needed
for attaining the equilibrium stateswasfound to be 2
hrsat pH:2; 3hrsat pH:4 and 6; 4 hrsat pH:8 and 10.
The sametrend was noted in other ashesalso. It may
be noted that the equilibrium statewasreached quickly
inthe case ashes of barksthan with bark powders.

Effect of pH

AspH increases, the maximum extractability of
Phosphate at optimum equilibrationtimes, isincreas-
ing for afixed adsorbent concentration (vide Graph
Nos:B:1-4). Asfor example, inthecase of Phyllanthus
neruri, themaximum extractability isfound to be 30.4%
at pH:2; 48.5% at pH:4; 64.5 % at pH:6; 81.2% at
pH:8 and90.0% at pH:10 after an equilibration pe-
riod of 5 hrs. In the case of Pongamia Pinnata, the
maximum extractability isfound to be 23.7% at pH:2
; 43.8% at pH:4; 56.1% at pH:6; 74.7% at pH:8 and
87.0% at pH:10 after 5hrs. In the case of Annona
Squmosa, the maxamimum extractability isfound to
be 24.1% at pH:2; 35.9% at pH:4; 58.6% at pH:6;
67.7% at pH:8 and 98.0% at pH:10 after 5 hrs. Inthe
case of CassaOccidentalisthe maximum extractabil-
ityisfoundtobe22.1%at pH:2; 33.5%at pH:4;54.1
% at pH:6; 66.5% at pH:8 and 89.0% at pH: 10 after
5hrs.

In case of ashes of braks or stems, the % of ex-
traction of phosphate was found to more than with
bark or stem powders. With the sashes of stems of
Phyllanthus neruri, the maximum extractability isfound
tobe32.5% at pH:2; 50.7% at pH:4; 67.6 % at pH:6;
84.3% at pH:8 and 98.0% at pH:10 after an equili-
bration period of 5 hrs. In the case of Pongamia
Pinnata, the maximum extractability isfound to be
25.8% at pH:2 ; 46.9% at pH:4; 59.2% at pH:6;
75.8% at pH:8 and 95.0% at pH: 10 after 5hrs. Inthe
case of Annona Squmosa, the maxamimum extract-
ability isfound to be 24.2% at pH:2; 36.4% at pH:4;
59.7% at pH:6; 69.8% at pH:8 and 100.0% at pH:10
after 4 hrs. In the case of Cassia Occidentalis the
maximum extractability isfound to be224.2%at pH:2;
35.6% at pH:4;54.2 % at pH:6; 67.7% at pH:8 and
92.0% at pH: 10 after 5hrs.
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STEM POWDER OF PHYLLANTHUS NERURI
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BARK ASH OF ANNONA SQUAMOSA
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When percentageremova was studied with respect
to adsorbent dosage at fixed optimum pH: 10 and at
optimum equilibrationtimes, the Grgphsincreaseup to
certain dosage and from then onwards aplateaus are
obtained. Theoptimum dosageisfoundto be 1.5grms/
lit for powdersof semsof PHYLLANTHUSNERURI
and barksof ANONA SQUAMOSA; 2.0gramg/lit for
bark powders of PONGAMIA PINNATA and stem
powdersof CASSIA OCCIDENTALIS, (vide Graph
Nos.:C:1and 2).

With ashes, the optimum dosageisfoundtobe 1.5
g/lit for barks/stems of ANONA SQUAMOSA and
PHYLLANTHUS NERURI; 2.0grams/lit for
PONGAMIA PINNATA and CASSIA
OCCIDENTALIS(videGraph Nos. : C: 3and 4).
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Effect of Interferingions

Theextractability of phosphateionsin presence of
500 ppm of thecommonionsfound in natural waters,
namely Chlorides, Fluorides, Sulphates, Carbonates,
Nitrates, Calcium, Magnesium, Cupper, Ferrousand
Zinc ions has been studied with these successful
adsorbentsat optimum conditionsof extractability. The
resultsare presented inthe TABLE: 1. Thefollowing
observationsaresgnificant:

1. Theextractabilityismargindly affected inthepres-
ence of 500 ppm of anions chosenfor study viz.,
Chlorides, Sulphates, Nitrates, Fluoridesand Car-
bonates at the optimum conditions of pH andtime
of equilibration. time. (VideTABLENos: 1)
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2. Inthepresenceof cations, remarkable synergetic
effect isseen in enhancing the maximum extract-
ability of phosphates by the stem or bark powders
and their ashes. Asfor example, with Bark pow-
dersof Phyllanthusneruri, % of extractionis90.0%
a pH:10after 5hrsof equilibrationtime. Butinthe
presence of Ca?*,Mg*, Cu?*, Zn*, Fe?*and Ni#,
the % of extraction of phosphate is enhanced to
92.5%, 91.5%, 94.5%, 95%, 97.0% and 96.0%
respectivey with varyingequilibrationtimeslessthan
5hrs. (videTABLE No.1: itemNo.1). Itisto be
noted that the equilibration timefor the maximum
remova of phosphateisaso atained quickly inthe
presence of the said cationsthan without the cat-
ions. The sametrend was observed in the case of
remaining stem or bark powerdsof interest. (vide
TABLENo.: 1).

3. Withthebark or semsashesas sorbents, the pres-
enceof the subject cationsmarkedly increased the
% of extraction of phosphate. Asfor examplethe
extractability of phosphateis 98.0%at pH:10 with
the ashes of stemsof Phyllanthus neruri but inthe
presenceof of C&#*, Mg?, Cu?*, Zn?*, Fe?*and Ni?*
% of extraction of phosphateisenhanceto 98.5%,
99.0%, 100%, 100%, 100% and 100 % respec-
tively (videTABLE No. 1. item No.5). Thesame
trend was observed in the case of remaining
adsorbentsof interest. (videTABLENo.: 1).

DISCUSSIONS

Withtheavailabledatait isnot possibleto account
theoretical groundsfor theeach observation andit needs
further degp thorough study with regard to surface char-
acteristics of the sorbents, their sorption nature with
respect to the adsorbates using more sophisticated in-
struments and methodol ogiesand it isbeyond theaims
of thiswork . However from the available datait can
beinferred that phosphateis showing moreaffinity to-
wards the sorbents choosen for study with higer pH
values . H,PO, is a tribasic acid with pK =2.15;
PK.:7.20;pK,: 12.3 yielding three series of salts,
NaH,PO,, Na,HPO, and Na,PO, when it is neutral -
izedwithanacid. Theacid vs. basetitration curveshows
three stepswith two inflexionsat pH4.5 and 9.5; the
firstinflexion, correspond to theformation of NaH,PO,
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and second corresponding to Na,HPO, and the third
inflexion pointisat pH: 12.35which cannot be detected
directly by meansof acolored indicator.

Thebarksor semsbeingalingo celluloses’ materi-
alshavethefunctional groups OH-/COOH and their
ashes, being the oxides of some heavy metal ionsand
silica, contain surface “—O-* From the pK values of
phosphoric acid and the nature of thefunctiona groups
it issupposed that the sorbents have affinity towards
the phosphatesat higher pH vaues. Thisisreflectedin
theincreasein % of extractability withincreasein pH.

Further, naturaly occurring adsorbents chosen for
study containtracesof metal ionslikeMg, Ca, Fe, Cu.
Thedivaent meta ionsform satswith of HPO,* which
aresparingly solubleinwater. Hence, at high pH val-
ues, theHPO,* forms sparingly solublesaltswiththese
cation impuritiespresent inthe powdersof leavesand
barks. Most of these precipitatesaregel atinousin na-
tureand are being trapped in the matrixes of the bio-
adsorbents and thusresulting in theincrease of % re-
mova of Phosphate. Thisismoresointhecaseof ashes,
which are oxidesof somemetd ions.

The decrease in the rate of adsorption with the
progress in the equilibration time may be dueto the
moreavailability of adsorption Stesinitidly and arepro-
gressively used up with time due to the formation of
adsorbatefilm onthe sitesof adsorbent and thusresult-
ingindecreasein cagpability of the adsorbent.

The observationsmadewith respect totheforeign
ionsarea so conforming asper the expected nature of
extraction. % of extractability ismarginaly affectedin
the presence anions chosen for study viz., Chlorides,
Sulphates, Nitrates, Fluorides and Carbonates. With
Cations, the % extraction of Phosphateisincreased.
Thiskind of synergic effect may be dueto theforma-
tion of sparingly soluble gelatinous precipitates metal
phosphateswhich aretrapped or occulted in the matrix
of the sorbents.

CONCLUSIONS

1. Theimportanceof bio-adsorbents: ssemsor barks
of Phyllanthus neruri, Pongamia pinnata,
Annona squamosa and Cassia occidentalis and
their ashesin controlling Phosphatein polluted wa:
tersisbrought tothelimelight.
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2. % of extractability of Phosphate increaseswith
timeand pH for afixed adsorbent. With bark pow-
der of Phyllanthusneruri themaximum extractability
isfound to be 90% whilewith its ashes the ex-
tractability increasesto 98.0% under the optimum
experimental conditionsof pH: 10 and after an
equilibration period of 5 hrs. Similarly, under the
experimental conditions pH: 10 and optimum
equilibrationtimeof 5 hrs, the maximum extract-
ability isfound to 87.0% for Pongamia pinnata
bark powder and 95.0% with its ashes; 98.0%
for powder of stems of Annona squamosa and
100% with its ashes; 89.0% with powders of
stems of Cassiaoccidentalis and 92.0% with its
ashes.

3.  Theminimum dosage sorbent and minimumtimeof
equilibration needed for the maximum removal of
phosphateisfound belessfor stems/barks ashes
than for sems/barks powders.

4. Inteference: Anions like Chlorides, Sulphates,
Nitrates, Fluoridesand Carbonatesmarginaly af-
fected the % of extraction at the optimum condi-
tions cited in the TABLE:1. while cations viz.,
Ca',Mg*, Cu?, Zn?*, Fe**and Ni" ions at con-
centration of 500 ppm are synergizing the extrac-
tion of phosphate and thereby % of removal of
Phosphateisincreased.
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