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ABSTRACT

Beetroot was used to clean water contaminated by methylene Blue (MB).
Parameters such as particle size of fibers, initial concentrations, pH of the
solutions and rates of effluent were studied to optimize the conditions of
removal dyes from industrial wastewater. It has been observed that the
efficiency of dyesremoval increaseswhen fiber’s size decreases (from 100
to 50 microns). The pH value to remove maximum of methyleneblueis6.5.
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(SDS).

Adsorption parameterswere determined using both Langmuir and Freundlich
isotherms. The chemical modification of fibers by an anionic surfactant
such as sodium dodecyl sulfate (SDS) increases the efficiency of the dye’s

elimination two times.

INTRODUCTION

Dyeshavelong been usedin dyeing paper and pulp,
textiles, plagtics, leather, cosmeticsand food industries®.
Color stuff discharged from theseindustries poses cer-
tain hazardsand environmentd problems. Colored com-
pounds are not only aesthetically displeasing but a so
inhibiting sunlight penetration into the stream and &f -
fecting aguatic ecosystem(?. These dyessuch asmeth-
yleneblue (MB) ared so harmful to aquaticlife. MB
dye causes eye burns, which may be responsiblefor
permanent injury totheeyes of human and animals. On
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inhalation, it can giveriseto short periodsof rapid or
difficult breathing, whileingestion through themouth
produces aburning sensation and may cause nausea,
vomiting, profuse sweeting, menta confusion, and pain-
fule4,

Removing color from wastewater can bedonevia
severa methodsnamely chemicd, biological and physi-
ca®9,

Chemicd methodsuse coagulation or floccul ation™®
combined withflotation and filtration, preci pitation-floc-
culation, dectroflotation, ectrokinetic coagulation and
ozonation!* to removecolor.
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Biologicd color treatment utilizesfungi, bacteriaor
other biomass (either dead or alive) and iswidely ac-
cepted dueto itseconomical advantage. Recently, work
has been carried out over different biological aterna
tivesfor the adsorption of variousdyes. For example
Sargassum muticum algag*3, marinegreen algaUlva
lactucal®®, and Chara aspera agag'¥, have been
tested for removal of methyleneblue.

Physical methods often applied are either using
membranefiltration or adsorption techniques. Various
treatment systems have been devel oped using activated
carbon asthe sorbent!*®. Researchers have studied the
production of activated carbon from palm-tree cobg,
plum kernel¢, cassava peel*”, bagasse*d, jute fi-
bert™, rice husks??, olive stones?Y, date pitd?, fruit
stonesand nutshel|§%1 and bamboo activated with po-
tassium hydroxide (KOH) and carbon dioxide
(CO,)™. Theadvantage of using agricultural by-prod-
uctsasraw materialsfor manufacturing activated car-
bon isthat these raw materia s are renewable and po-
tentially lessexpend veto manufacture.

Whilecarbon has been used successfully toremove
dyesfromsolution, itis, however, expensive. Alterna
tive, cheaper sorbent materials such as bark!®, rice
husk!?d, cod , bentonite clay, cotton waste’?"?, biogas
slurry waste?? moss®, banana pith®¥ and coconut
husks*2 have been used with varying degrees of suc-
cess.

The present work deal swith the adsorption of MB
by beetroot fibers. M odified beetroot fiber wasby SDS
was used to increase the hydrophobic characteristicsin
order toincreasethe efficiency of MB removal from
contaminated water.

MATERIALSAND METHODS

Chemicalsand reagents

Methyleneblue (MB) supplied by Sigma-Aldrich
(M) Sdn Bhd. Beetroot fibers were collected from
Bekaa (Lebanon), was used as an adsorbate after pu-
rification by ionizedwater. Thefiberswerecut into small
pieces, air-dried and powdered in a grinder. The
samplesobtained werefirst sieved through 2100 pm
seveand thenthrough a50 um sieve Sodium Dodecyl
Sulfonate SDSwas supplied from Fischer Scientific Co.
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Thefiber powder was soaked in distilled water
for 24 hrs at room temperature, and air-dried then
stored for use. Doubledistilled water was employed
for preparing all the solutions and reagents. All re-
agents used for the preparation of solutionswere of
anaytica grade.

Instruments

The UV absorption measurementswere performed
on aShimadzu UV- 1650 PC. With 10 mmquartz cells
wereused for spectrophotometric measurements. The
concentration of methyleneblue solution, after and be-
fore adsorption was determined using adouble beam
UV spectrophotometer (Shimadzu, Japan) at 664 nm.
It wasfound that the blank (water filtered through the
beetroot fibersdid not exhibit any absorbanceat this
wave ength and d so that the cdlibration curvewasvery
reproducibleand linear over the concentration range
used inthiswork. ThelR spectrumwasrecorded ona
FTIR spectrometer (UNICAM).

Preparation of themodified fibers

20g of fibersweretransferred into a Beaker 500
ml containing 100 ml of aqueous SDS st solutionwith
2.9g.L*. The mixture was then heated at 50°C and
dirredfor 4 hours. After filtration thefiberswerewashed
by distilled water severd timesthen dried at100°Cfor
24 hours.

Column procedures to remove TDS and heavy
metals

The column congisted of aPlexiglastubing (30cm
height, ¢ 4.0 cm) perforated at the bottom and con-
nected to apumping system. In order to assure homo-
geneity and reproducibility of theresults, the column
was filled by 30 g of fibers. The material was com-
pressed inside the column to reach adensity of 0.4 g/
cubic centimeter. Theflow rate of liquid was4GPM
(galons per minute) at apressure of 15 PSI. Also, we
proceeded with the passage of 50 mL of solution,
through the biomassfilter and we have made about 10
passagesfrom thesameinitia solutionto study the satu-
ration of fibersby metal cations.

Methylene bluesol utionsof different concentrations
(1000 ppm, 300ppm, 200 ppm 100 ppm and 50 ppm)
were prepared. The pH values were adjusted by the
addition of aqueousHCI.
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RESULTSAND DISCUSSION

FTIR for beetr oot and SDS-besetr oot

Thenatura fiberscontain severa chemical func-
tionslike hydroxyl, carboxylic, aldehyde, ketoneand
C=N asshown inthe FTIR of thefibersin figure 1.
Thesechemical functionswill play animportant rolein
thegrafting of SDS mol eculesand the subsequent com-
plexation of M B dyeon the surface of fibers.

Thefibersmodified by sodium dodecyl sulfonate
show shift of somelinesand apparition of mew linesas
shown in figures 2 and figure 3 Beetroot-SDS with
peaks.

Effect of pH on theretention efficiency

Tostudy theinfluenceof pH onretention of beetroot
fibersefficiency, wefiltered asolution of BM (100ppm)
through thefilter at different pH startingfrom1.5t0 7.

The solutionswerefiltered through the biofilters
under thesameconditionsof massfilter and thevolume
of theMB solutions.

Theoptimal pH for the maximum of remova was
at pH =6.5.

Evolution of theUV-visibleabsor ption spectr a of
methylenebluesolution (100 ppm), filtered by un-
modified beetr oot fiber

Treatment of water polluted by M B using beetroot
fibers has been tested by monitoring the evol ution of
MB beforeand after filtering the solutions by thefibers.
Theinitial concentration of theMB was 100 ppm.

Spectrum showsamaximum absorptionhasi
= 664nm with an A = 1, 11 absorbance.
50 ml of BM wasfiltered through 20 g of beetroot un-
modified fibers. Recovery after filtering solution hasbeen
tested by spectrophotometry.

Figure4 representsthe evol ution of the M B spec-
tra based on the number of passages from 1 until 5
(MB zeroisthe spectrum of theinitia solution).

Asshown inthis spectrum, morethan 98% of the
MB wasdiminated after thefirst filtration.

Per centage of retention of BM 100ppm by beet
fibersnon-modified according to the number of
passages

TheMB amount retained by thebiofilter hasbeen
determined inaquantitativeway by measuring after each
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passage the absorbance of thefiltrateat 664 nm. The
resultsare presentinfigure5.

Thisfigureshowsthat thefirst passeimination was
99.6% whileat the 5" passagethebiofilter isstill effi-
cient and decreased dightly to 95% asdiminationrates.

According to the results observed abovethebio
filter hasyet important MB eimination efficiency andits
saturationisstill very far. Thisled ustowork at higher
concentration of MB.

Retention efficiency of M B 1000 ppm by beetr oot
fibersinfunction of thenumber of passages

To study the saturation of the beetroot fibers, solu-
tions of MB (1000 ppm) were filtered through the
beetroot fibers. Figure 6 shows changes of the per-
centage of retention of MB 1000ppm filtered through
thefibersaccording to the number of passagesof BM.

We notethat after 6 passages, the effectiveness of
theretention of thebio filter decreases 97%to 72%.

Size effect of the beetroot fiberson theretention
efficiency of MB (1000 ppm) in function of the
number of passages

Thissection ded swith the size effect of thefibers
on theretention efficiency of theMB. MB solutions
(1000ppm) werefiltered through the beetroot fibers
under the same conditions as section 4-3 except vary-
ing thesizeof fibersusing 100 and 50 micron.

TABLE 2summarizestheretention efficiency of MB
(1000 ppm) by thefibersinfunction of thesizesand the
number of passages.

According to thefigure 7, we observethat 50 mi-
cron-gzedfibershaveagrester retention efficiency than
those 100 micron fibersand than normal sizefibersla-
beled XL. Effectiveretention fibers 50 micron after 6
passagesis 87 %, which of 100 micronfiber is80 %
whileone XL fiber decreasesup to 72%. Therefore,
theparticlesizeof fibersisanimportant factor influenc-
ing on theretention of theBM.

Retention of MB 1000 ppm by beetroot XL, 100
and 50 micron using modified fibersby SDS( So-
dium dodecyl sulfonate),in function of thenumber
of passages

Thefibers XL, 100 and 50 micron are modified
according to the method mentioned in the section 2-3.
Then, MB 1000ppm sol utionwasfiltered through these
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COCHN, CC
sicohol, ether, exiers

oH Aldetrydes, ketones,
carboxylic acids, esters

\ carboxyic acds c=n

Figurel: FTIR Spectrum of Beetr oot fiber showingdifferent
chemical functions

Figure2: FTIR Spectrum of Beetr oot fiber showing different
chemical functionswith peacks

B bance

Figure3: FTIR Spectrum of Beetr oot fiber modified by SDS
showing different chemical functionswith peacksshift lines
and new linesattributed to theattachmentsof SDSchains

modifiedfibers.

TABLE 3illustratestheretention efficiency of the
fibers modified according to the number of passages
andthesizesif thefibers.

Theresultsof retention efficiency of fibersmodified
by SDS are shown infigure 8, After 6 passages; the
elimination of M B 1000ppm wasremarkabl e capacity
ranging from 100% and 99% with the 50 microns. With
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Figure4: UV-visble Spectraof M B beforeand after filtration
by unmodified beetr oot fibers
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Figure5: Percentageof retention of M B at 100 pm by non

modified beetr oot in function of passagenumber s
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Figure 6 : Retention efficiency of MB 1000ppm filtered

through thebeetr oot fiber saccor dingtothenumber of pas-

sagesr etention per centage

thefibers 100 micronsthe capacity of eimination was
ranging between 100 % and 95%, for modified XL fi-
berstheefficiency wasranging from 99to 83%. There-
fore, smaller modified fibers have better retention of
M B (1000ppm).

Effect of the modification of the by SDS on the
retention efficiency of M B 1000ppm

The comparison between theretention efficiencies

———y  Snoivonmental Science
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Figure7 : Retention efficiency of M B by different sizes of
fibersin function of number of passages( XL, 100 microns,
50 microns)
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Figure9: Evolution of theretention capacitiesof modified
and unmodified fiber s(50 micr ons) of M B (1000ppm) in func-
tion of number of passages

of thesame size of fibers (50 wm) but different types.
Thefirst type was modified by SDS and the second
typewasunmodified

After 6 passages of M B (1000 ppm) through 20g
of fibers 50 um, the capacity of eimination was87%,
whilethe capacity of themodified fibersby SDSreaches
the 90% after the 6th passage.

Effect of residence time on the effectiveness of
theretention

Thesameprocesswas gpplied during all our expe-
riences. A volumeof 50 ml of BM isfiltered through a
mass 20 g of fibers. Filtration is done either by free
filtrationt, . -=20minor byforcedfiltrationusinga
special pumpt, ciaion = 1 MiNute. Figure 10 shows

that if the efficiency of retentionismuch better if the
resident timeincreases.

Adsorption isotherms

Twoimportant physochemica aspectsfor theevau-
ation of the adsorption processasaunit operation are
theequilibrium of theadsorption and thekinetics. Equi-
librium studies givethe capacity of the adsorbent. The
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Figure8: Evolution of retention of M B by modified fiber sat
different szes(XL, 100pm, and 50pm) in function of number
of passages
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Figure 10 : Percentage of retention of MB 1000ppm by
beetr oot fiber sin function of resident time (20 minutesFree
filtration ; 1 minute forced filtration by special pump)

equilibrium rel ationships between adsorbent and ad-
sorbate are described by adsorptionisotherms, usually
the ratio between the quantity adsorbed and that re-
maining in solution at afixed temperature at equilib-
rium. There are two types of adsorption isotherms:
Langmuir adsorption isothermsand Freundlich adsorp-
tionisotherms.

(@) Langmuir isotherm

TheLangmuir adsorptionisothermisoften used for
adsorption of a solute from a liquid solution. The
Langmuir adsorptionisothermisoften expressed as.
Q.=X_KC/(1+KC)
where, Q, isthe adsorption density at the equilibrium
solute concentration C_ (mg of adsorbate per g of ad-
sorbent). C_ isthe concentration of adsorbatein solu-
tion (mg/L). X isthe maximum adsorption capacity
corresponding to compl ete monol ayer coverage (mg
of solute adsorbed per g of adsorbent). K is the
Langmuir constant related to energy of adsorption (L
of adsorbent per mg of adsorbate). The above equa-
tion can berearranged to thefollowing linear form:

Snoivonmental Science
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TABLE 1: Summarizesthewavelenghtsin both spectra of
modified and non-modified beetr oot fibers

No Beetr oot Beetroot modified fibers
Lines  wavelenghtscm™ wavelenghtscm™
1 3523 3523
2 3397 3364
3 3282 3282
4 2920 2926
5 1701 1731
6 1638 1627
7 1616
8 1430 1430
9 1243 1320
10 1239 1239
11 1106 1139
12 1101
13 1057 1046

TABLE 2: Retention efficiency of M B by beetroot fibers:
normal fibers(XL), 100 pm; 50 pm

% of % of % of
Number retention of retention of retention of
of MB by the MB by the MB by the
passages beetr oot beetr oot beetr oot
fibers fibers100 pm  fibers50 pm
1 97 98 99
2 86 94 96
3 80 92 95
4 73 88 90
5 72 85 89
6 72 80 87

TABLE 3: Retention efficiency of modified fiber sat different
sizes(XL, 100 pm, and 50 pm)

% of MB % of MB % of MB
Number retention retention retention
of using using using
ASSA0ES modified XL modified modified
passag fibersby  fibersby SDS fibersby SDS
SDS (100 microns) (50 microns)
1 99 100 100
2 95 98 99.5
3 92 97 99.3
4 90 97 99.2
5 85 96 99
6 83 95 99

CJQ,=UX K+CJ/X_

Thelinear form can beused for linearization of ex-
perimental data by plotting C/Q_ against C_. The
Langmuir constants X and K can be evauated from
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y = 0.03889x + 10322
R%=0.9942

0 200 400 600 800 1000 1200
Ce ppm

Figure 11a: Adsorption Langmuir isotherm of modified fi-
bers50 pm

a5

3 *

25
2
15
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Figure1lb: Adsorption Freundlich isotherm modified fibers
50 pm

the dopeand intercept of linear equation.

(b) Freundlichisotherm

TheFreundlichisothermistherdationship describing

the adsorption equation and is often expressed as:

Q=K C2

where, Q, isthe adsorption density (mg of adsorbate
per g of adsorbent). C_isthe concentration of adsor-
bateinsolution (mg/L). K, and naretheempirical con-
stants dependent on several environmental factorsand
nisgreater than one.

Thisequationisconveniently usedinthelinear form
by taking thelogarithmic of bothsdesas:
InQ,=InKf+1/nInC,

A plotof InC_againstInQ, yieldingastraight line
indi catesthe confirmation of the Freundlich isotherm
for adsorption. The constants can be determined from
thedopeand theintercept.

(c) Method used for adsor ption test
Themethod used for the adsorption testsfor dif-
ferent methylen blue concentrationsisasfollows.
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TABLE 4: Experimental resultsof retention capacitiesobtained for different sizesof fiber smodified and unmodified

MB removed MB removed by 100 MB removed by 50

MB removed by MB removed by MB removed by
XL modified 100 micros 50 microns

Passages by XL fibers micronsfiberseach micronsfiberseach fibers each modified fibers fibers each
each passage passage passage passage each passaqe passage
1 48 49 49,5 49,5 50 50
2 43 47 48 475 49 49,75
3 35 46 47,5 46 48,5 49,65
4 30 44 45 45 48,5 49,6
5 28 42,5 44,5 35 48 49,5
6 22 40 435 30 47 49,5
7 18 28 30 25 30 48
8 15 20 25 15 20 47
9 12 15 22 15 15 37
10 10 15 20 12 15 35
11 10 10 20 10 10 35
Total mass (mg) 271 356,5 395 330 381 500
Total Mass of
rem('\)/'vgggg)g of 135 178 19.75 165 19.05 25
fibers
(1) 20gof fibersasan adsorbent weretransferredinto  inthe TABLE 6.

acolumnand different concentrationsof MB were
filtered through the column.
For each concentration, the MB was filtered
through themodifiedfiber severa timesuntil com-
plete saturation of thefilter fiber. The concentra-
tionsthat has been tested were 1000, 850, 750,
600 and 400 ppm.
Q. wasdetermined and C /Q_vsC_and InQ_vs
InC_wereplotted.
TheLangmuir constant X _ (maximum adsorption
capacity) and the Freundlich constant K, were obtained
fromthelinear equations. Thevauesaresummarizedin
TABLE 4. The Langmuir and Freundlich plotsare pre-
sented infigure 11aand 11b respectively.
For both isotherms model we observed that the
estimated adsorbed quantitiesof theM B arefitted.
We have sdlected modified fibers (100 microns) to
study Langmuir and Freundlich equationswherethe
maximaof retentionsand the concentrationsat the equi-
libriumweresummarizedin TABLE5.
The Langmuir and Freundlich isothermsare pre-
sented inthefigure 11aand 11b.
Langmuir constant Xm (Maximum capacity of ad-
sorption) and Freundlich constant Kf were obtained
usingtheir linear equations. Theresultsare summarized

2

3

In thetwo models Freundlich and Langmuir, the
amount absorbed by fibersprovides acceptablelinear-
ity which confirmsthe accuracy of our experimental
results.

CONCLUSION

In this study, unmodified and SDS-modified
beetroot fibers have been tested for theremova of MB
from polluted water. Themodification of fibersusing
SD S hasbeen shown to enhancetheremoval capacity
compared to theunmodified fibers. Remova of MB
from polluted water ishighly pH dependent and the
best resultswere obtained a pH 6.5. Theremova effi-
ciency wasfound to increase significantly with thede-
crease of fiber size. The modified beetroot fiberspre-
sented a higher efficiency compared to both the un-
modified beetroot fibers.

Theisothermsof both Freundlich and Langmuir
were established and they described theremoval pro-
cessindicating favorable elimination of MB from pol-
luted weter.

Thisremova mechanisminvolveseither complex-
ation by chemical functionsof fibersand adsorption by
electrostatic Van Der Wadl sinteractions. The presence

Snoivonmental Science
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TABLE 5: Maximaof retentionsand the concentr ationsat
theequilibrium

Ceppm Qe CelQe LnQe LnCe
1000 19.05 52.49 2.947 6.9
850 16.5 43 2.8 6.74
750 145 39 2.6 6.6
600 115 31 2.44 6.38
400 7.6 21 2.028 5.99
100 7.1 14.08 1.96 4.6

TABLE 6: Congtantsof Langmuir and Freundlich modified
fibers50 microns

Aqueous solution L anamuir constants Freundlich
of MB 9 constants

Xm K 2 2

Parameters R K In R
(mg/g) (L/mg) !
245 0.0037 0.9942 1.016 0.4089 0.98
; _ y = 0.4089x +
Equations y =0.0389x + 10.322 0.016

of the chain of dodecyl sulfonate increases the
hydrophobecic charateritics and then the efficiency of
theMB remova.

REFERENCES

[1] O.Gulnaz, A.Kaya, F.Matyar, B.Arikan; J.of
Haza.Mat., 108, 183-188, (2004).

[2] W.T.Tsai, C.Y.Chang, M.C.Lin, S.F.Chien,
H.F.Sun, M.F.Hsieh; Chemo.J., 45, 51-58 (2001).

[3] D.Ghosh, K.GBhattacharyya; Appl.Clay Sci., 20,
295-300 (2002).

[4] J.Avom, JK.Mbadcam, C.Noubactep; Carbon, 35,
365-369, (1997).

[5] GM.Waker, L.R.Weatherly; Environmental Pol-
lution, 99, 133-136, (1998).

[6] J.M.Chern, C.Y.Wu; Wat.Res., 35, 4159-4165
(2001).

[7] T.Robinson, B.Chandran, PNigam; Environment
International, 28, 29-33, (2002a).

[8] V.K.Gupta, I.Ali, D.Mohan; J.of Coll.and Inte.Sci.,
265, 257-264, (2003).

[9] Pavel Janos, Hana Buchtova, Milena Ryznarova;

Wat.Research, 37, 4938-4944 (2003).

J.J.M.Orfao, A.l.M.Silva, J.C.V.Pereira,

S.A.Barata, |.M.Fonseca, PC.C.Faria, M.F.R.Per-

eirg; J.of Coll.and Inte.Sci., 296, 480-489 (2006).

[10]

Jamil Rima et al.

353

=== Epvironmental Poliey Amnalysis

[11] J.Avom, J.K.Mbadcam, C.Noubactep, PGermain;
Carbon, 35, 365-369 (1997).

M.E.Rubin, P.Rodriguez, R.Herrero, J.Cremades,
|.Barbara, M.E.Sastre de Vicente; J.Chem.Tech-
nol.Biotechnol., 80, 291-298 (2004).

A.El Sikaily, A.Khaled, A.El Nemr, O.Abdelwa-
hab; Chem.and Ecoal., 22, 149-157 (2006).
K.S.Low, C.K.Lee, B.L.Toh; J.Sci.& Technal., 2,
85-92 (1994).

R.A.Davis, J.K.Harmut, M.M.Clemus; Chern.and
Ind., 1, 327 (1973).

F.C.Wu, R.L.Tseng, R.S.Juang; J.Hazard.Mater.,
69, 287-302 (1999).

Rajesh Warisivargj, S.Sivakumar, P.Senthilkumar,
V.Subburam; Bioresour.Technol., 80, 233-235
(2001).

W.T.Tsai, C.Y.Chang, M.C.Lin, S.F.Chien,
H.F.Sun, M.F.Hsieh; Chemo., 45, 51-58 (2001).
S.Senthilkumaar, P.R.Varadarajan, K.Porkodi,
C.V.Subbhuraam; J.Colloid.Interf.Sci., 284, 78-82
(2005).

N.Yalc, V.Sevinc; Carbon, 38, 1943-1945 (2000).
A.H.EI-Sheikh, A.PNewman; J. Anal.Appl.Pyral.,
71, 151-164 (2004).

B.S.Girgis, A.A.ElI-Hendawy; Micropor.Mesopor.
Mater., 52, 105-117 (2002).

A.Aygun, S.Yenisoy-Karakas, |.Duman; Micro-
por.Mesopor.Mater., 66, 189-195 (2003).
B.H.Hameed, A.T.M.Din, A.L.Ahmad; J.of
Haza.Mat., 141, 819-825 (2007).

H.M.Asfour, A.Fadal, M.M.Nassar, M.S.EL-
Geundi; J.Chern.Tech.Biotechnol A, 35, 21-27
(1985).

S.S.Nawar, H.S.Doma; Sci.Tota Environ., 79, 271-
279 (1989).

VJ.PPoots, GMc Kaym |J.Healy; Water Res., 10,
1061-1066 (1976a).

VJ.PPoots, GMc Kay, |J.Healy; Water Res., 10,
1067-1070 (1976b).

C.Namasivayam, R.T.Yamuna; J.Chl.Wt.Tech.
Biotechnal., 53, 153-157 (1992).

C.K.Lee, KS.Low; Perlanika, 10, 327-334 (1987).
C.Namasivayam, N.Kanchana; Perlanika J.Sci.&
Techal., 1, 33-42 (1993).

[32] K.S.Low, C.K.Lee; Perlanika, 13, 221-228 (1993).

[12]

[13]
[14]
[15]
[16]

[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]
[27]
[28]
[29]

[30]
[31]

e Snoivonmental Science
A ndian ﬂowumé



