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Abstract: In this work we used flower waste biomass as a biosorbent to remove Cr from tannery effluent through
column experiments. The sorption capacities of biosorbent (Fine, coarse and rough grades) were also evaluated by
employing chemical pretreatments viz., sodium hydroxide, acetic acid, glutaraldehyde and hydrogen peroxide. The
order of percentage removal of Cr using the above pretreatments was: 10% hydrogen peroxide < Raw powdered-
FWB < 2% Gluteraldehyde < 10% Acetic acid < 0.1N sodium hydroxide. Among the different grades of biosorbents
used, fine grade adsorbed more Cr (70 %) than that of coarse (64%) and rough (62 %) sorbents. The removal per-
centage of Cr from tannery was analyzed by using Atomic Absorption Spectroscopy, the functional groups which are
responsible for adsorption was examined by Fourier Transform- Infrared Spectroscopy and the amorphous behav-
iour of FWB facilitating metal biosorption was indicated by the X-ray diffractogram. This study showed that pre-
treated flower waste biomass is a potential sorbent of Cr, which could be successfully used to reduce the Cr content
in tannery effluent.
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INTRODUCTION not economically feasible, because of high costd an
expertise required to implement and sustain theaspe
tion. A conventional pretreatment method followsd b
biological processes makes it uneconomical. Biosorp

The increase of industrial activities by human kivas
intensified stress and several contamination proble
to the environment, which has resulted in detetemta 5, js 4 potential attractive technology for rerabuf

ecosystems. Now a days, heavy metals are considerqg, v metal ions that utilizes low-cost biosorbents
major environmental contaminants and one of thet mos(Fourest and Roux, 1992). Adsorption at a solidi-sol

toxic poIIu_ta}ntZ due to ;hgw perbs_ls(tjenceo;nl;_rlw_em\rlnm tion interface is an important means for contrgllthe
ment, mainly due to their no biodegradability, WhiC oot of pollution due to metallic species of isttial

results in potential prol_alems for_ public health (¥&  ofj ents. Most of the biosorbent materials contain
et al., 2012). Leather industry is one of the greatesty,ional groups (Carboxyl, hydroxyl and etc.) twit
contributors towards the economy (.)f the nationt s | " proteins, polysaccharides and cellulose as major co
one Of. thg Olde.St and most practiced ma}nufacturln tituents. Metal uptake is believed to occur thioag
!ndu_s.trles n India. The leather manufacturing pssc sorption process involving the functional groupsnme
IS d|\_/|ded Into thre_e sub—pro_ces:_:,es: preparal@yest,  4ioneq above (Hasar, 2003). Modification of a bissa
tanning and crusting. Tanning is the process of-con using different pretreatment methods such as hgatin
verting protein of the raw skin into a flexible asth- 5 5cjaving, freezing, drying, boiling and chemical
ble material and a large number of different tagnin o o-corment showed enhancement or reduction in
materials and methods have been employed. The MOgqa) hiosorption (Bhattit al., 2008) as well. Hence,
commonly used tanning material is chromium. Cr i o,dy has been under taken to explore theitibss

formls (;]rossk-_llnks_ betweendthe cr?lla_ger: f'bfes- AS aity of utilizing the flower waste biomass for adgtion
result the skin gains a good mechanical resistaate, ¢~ from tannery effluent.

extraordinary dyeing suitability and a better maist

resistance in comparison with skins treated witheve MATERIALSAND METHODS
table substances (Dantas Netal., 2004).

At present two methods of Cr recovery are practioed
tanning industry: direct recycling which involvelra-
tion of the waste water followed by chemical préeip
tion of Cr as chromic hydroxide; other methods in-
clude electrochemical, ion exchange, membraneiltr
tion and electro coagulation. The above processes a
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Chemicals: All reagents used in this study were of
analytical grade. Sodium hydroxide, glutaraldehyde
acetic acid, hydrogen peroxide, sulphuric acidriait
acid, per-chloric acid were obtained from Merck lhi
Chromium atomic absorption spectrometer standard
solution (1,000 mg/L) was purchased from Fluka
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chemicals. All glassware and polypropylene flasisdu
were overnight immersed in 10% v/v Hil@nd rinsed
several times with distilled deionised water (DDW).
Biomass collection and preparation: The Flower
Waste Biomass (FWB) was obtained from locally
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Ci (mg/L) andC; (mg/L) are the initial and final metal
concentrations.

Fourier transform- infrared spectroscopy (FT-IR:
The potential of chromium binding sites as well as
functional groups in the biomass were examinedgusin

available flower markets and was extensively washedan FTIR spectrometer (Shimadzu) equipped with

with distilled water to remove particulate material
from its surface, and oven dried at°60for 72 hrs.
Dried biomass was ground well using Willey mill.&h
dried biomass was sieved through Octagon sieve
(OCT-DIGITAL 4527-01) to obtain homogenous bio-
mass with desired particle size [Rough (5 mm), €@ar
(3 mm) and fine (2 mm)].

Tannery effluent: Effluent coming out from tanning
process (chrome tan liquor) was collected from ceram
cial tanning industry at Dindigul and stored € 4with-
out pre-treatment.

Treatment details:

T,- Raw powdered flower waste biomass (FWB)

To- Pretreated (FWB) with 0.1 N Sodium hydroxide
T Pretreated (FWB) with 10% Acetic acid

T4 Pretreated (FWB) with 2% Gluteraldehyde

Ts- Pretreated (FWB) with 10% Hydrogen peroxide
Pre-treatments: For chemical treatments, 5 g of raw
powdered biomass of different grades separatelyesoa
in 100 mL of respective reagent for 1 hr as repokg
Jayabalakrishnan and Mahimaraja (2007). After gagtr

highly sensitive pyroelectric detector (DLATGS).
Translucent discs were prepared by pressing the sam
ples with KBr (spectroscopic grade) where a sample/
KBr ratio ~ 1/100.

X-ray diffraction (XRD) analysis: X-ray diffractome-

ter (BRUKER, axs, D8 Advance) was used to determine
the crystallinities of the pristine, pretreated ahcbmium
adsorbed FWB. The scanning scope and scanning speed
were 10-90and 0.02 min—1, respectively, using Ca K
radiation operated at 40 kV and 40 mA.

RESULTSAND DISCUSSION

Characterization of the tannery effluent and flower
waste biomass: Tannery effluent and FWB were char-
acterized and the results are given in table 1.

The tannery effluent has very low pH (3.5), high EC
(33.6 dS/m) and TDS (79,800 mg/L) and also contains
huge Cr content (2,947 mg/L) (Table 1). It showet th
more amounts of soluble salts are present in tfa- ef
ent. The characteristics of tannery effluent varysid-
erably depending upon the size of the tannery, éhem

ments the biomass was extensively washed with DDWeals used for a specific process, amount of watedu

and filtered thoroughly. Finally the resulting biass was
oven dried at 60°C for 48 h to constant weight.

Column experiment: The column experiment was
carried out by using locally fabricated glass catuof
50 cm height and 5 cm internal diameter (Fig.1)e Th
wire mesh (0.1 mm) and filter paper

and type of final product produced by the tannery.
Various physical and chemical treatments were agdpli
to enhance the Cr adsorption by the FWB, and aseri
of experiments were carried out with the raw and
treated flower waste biomass. The pH of chrome tan-
nery effluent (treated) was increased due to thattr

(Whatmann No.1) was placed at the bottom of eachment with adsorbent. The pH of the influent (rafiuef
column. The head space of the column was closed usent) was 3.5 which upon treatment increased up to

ing a rubber cork with a glass tube insert foraaitlet.
The bottom of the column has a closed end. Thesbutl
was connected to a conical flask for the collectidn
treated sample. The tannery effluent from the veser
was allowed to pass through the column upward @t co
stant flow rate. The effluent flow rate was staddzad to
get maximum pollutant adsorption. The flow rate was
maintained uniformly throughout the experiment. The
treated effluent was collected in a conical flask.

Atomic absorption spectroscopy (AAS): The amount

of total chromium in the effluent was determined by
digesting the sample with triple acid mixture (Mitr
Sulphuric and Per-chloric acid in the ratio of 2)2n a
hot plate for about 12Q for 2 hrs. The concentration of
Cr in the digests was measured by Atomic Absorption
Spectrophotometer (AAS, Varian Spectra AA 200) gisin
air- acetylene flame (USEPA, 1979). The adsorptibn
Cr from tannery effluent is calculated by the diffece
between initial and final concentration. The adtorp
percentage is also calculated by using the formula,

% sorption = (¢- )/ C; x 100

74 % (T), 50 % (T), and 43 % (7). In all the experi-
ments, the pH varied from 3.8 to 6.4 due to various
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Fig.1l. Schematic set-up of the glass column used in this
study (Sumathi et al., 2005 Analytical method for the de-
termination of Cr.
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Table 1. Physico-chemical properties of tannery effluent
and flower waste biomass.

Flower waste

.No. Parameter Tannery

S .
biomass

1. Colour Bluish green Brown

2. pH 35 7.18

3. EC (dS/m) 33.6 1.62

4. TDS (mg/L) 79,800 -

5. TSS (mg/L) 570 -

6. I)Ota' Cr(mg/ ;947 0.08
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Fig. 2. Influence of flower waste biomass on pH of the
tannery effluent.

a5

20 |

% Reduction
[ w w
w (=] w

[~
o

[
wn

T3 T4 T5

Treatments
‘ ——"ough —M—Coarse —.—fme|

T2

Fig 3. Influence of flower waste biomass on EC of the
tannery effluent.
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Fig. 4. Influence of flower waste biomass on TDS of the
tannery effluent.
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Fig. 5. Influence of flower waste biomass on chromium
content of tannery effluent.

pretreatments. Among the five treatments and three
grades of FWB, Pretreated- FWB with 0.1N Sodium
hydroxide performed well to bring the effluent pklan
neutral (Fig.2). The pH of the solution was found i
creased after adsorption from its original valusoal
reported by Jayabalakrishnan and Mahimaraja (2007).
The removal of metal ions from aqueous solution by
adsorption depends on the pH of solution, surface
charge of biosorbent, solution chemistry of metals,
activity of functional group in the biomass, thegoke

of ionization and the species of adsorbate (Sag.,
2003). Due to high proton concentration at lower, pH
metal ion biosorption decreases due to the positive
charge density on metal binding sites, i.e. hydnoge
ions compete effectively with metal ions for binglin
The negative charge density on the cell surfacthef
biosorbent increased with increasing pH due to alepr
tonation. The metal ions then compete more effeltiv
for available binding sites, which increased the- bi
sorption and sorption decreased at lower pH values
(Salimet al., 1994).

Contradictorilythe EC of the effluent gets reduced to
the tune of 21 to 42 % (Fig.3). This is due to adso
tion of salts on the surface of the biomass. Wiaeav
tions were observed in pH and EC between influent
(raw effluent) and effluent (treated effluent) dte
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Fig. 6 FT-IR spectra of flower waste biomass (FWB) (a),
Before (T2) (b) and after (T2+Cr) (c) Cr loading.

1200



V. Davamanit al / J. Appl. & Nat.

e |
Wy
= § - T FWE
L] e = =t
o
-
£ ™
i e FWE+HaoH(T )
N
- "\u_\__h_ — T.-o-ﬂr
Ao - i .
T Ll Ll Ll T T T
10 i} 3 4p Eie] =l bit] ] 50
Z& (gegree)

Fig. 7 X-ray diffractogram of flower waste biomass
(FWB) , Before (T2) and after (T2+Cr) Cr loading

treatment with adsorbents in columns.
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tially reduced the TDS content (Fig.4). The redurti

of TDS in industrial effluent by using herbal plant
partsviz., Vetiver root, Indian gooseberry bark, lemon
peel and peanut husk were also found to reduce the
dissolved solids effectively (Ebrahimet al., 2011).
The percentage of chromium biosorption by flower
waste biomass is varied from 60 to 75%. Among the
treatments flower waste biomass pretreated witiN 0.1
NaOH (T,) registered highest removal of 74.49% fol-
lowed by 10% Acetic acid treatment 3fT66.37%
(Fig.5). This might be due to the presence of more
number of active sites on the biomass surface: Irre
spective of the treatments, fine grade flower waste
biomass adsorbed more number of chromium ranging

Tannery effluent has higher amount of total dissdlv from 63.32 to 77.91%. This is due to higher surface

solids (TDS) (79,800 mg/L), this might be, due he t
presence of more amount of soluble salts. The chemi
cal modification of the flower waste biomass substa
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area to volume ratio and cation exchange capacity
(CEC) of biomass.
In all treatments, removal of chromium varied dae t
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Fig. 8. SEM images of flower waste biomass (FWB) (a), FWB+ 0.1N NaOH (T2) before Cr loading (b), after Cr loading (c)

and high magnification of Cr loaded (d).
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the surface and also the binding sites createdhby t ment compared to alkali. The assessments seemingly
chemical pre-treatments. From this column adsamptio are in agreement with observations recorded in the
studies the highest adsorption of Chromium wascase ofA. niger (Kapoor and Viraraghavan, 1998) and
achieved under pretreated- FWB with 0.1N SodiumMucor rouxii (Yan and Viraraghavan, 2000) awrd
hydroxide and the fine grade has the greater removafumigatus (Salehet al., 2009). It could possibly be
than the other forms of powdered biomass. Chemicakxplained in terms of Hions binding to the biomass
modification of the biomass with NaOH enhanced theafter acid treatment being responsible for the cédo
metal binding capacity. Metal ion binding was rapid in adsorption of heavy metals. This indicated that
indicating that the metals were probably adsortwed t acids destroyed the absorbing groups and theitip®si
the cell walls of the plant tissues. As indicatedvp ions (H) may covalently bonded to the absorbing sur-
ously, there have been very few reports on emptpyin faces. Bux and Kasan (1994) have suggested that,
biosorbents for effluents; of which Tobin and Roux higher the biomass electro negativity the greatardvbe
(1998) usedMucor meihi biomass to remove chro- the attraction and adsorption of heavy metal cation
mium from tanning industry effluents. Thus, the remaining Hons on the acid pretreated bio-
The percentage removal is in the increasing order omass may change the biomass electro negativityifires
flower waste biomass pretreated with 10% Hydrogenin a reduction in biosorption capacity. In contrasthat,
peroxide < Raw powdered-FWB < 2% GluteraldehydeHuang and Huang (1996) have been reported that acid
< 10% Acetic acid < 0.1N Sodium hydroxide. Assess-pretreatment can strongly enhance the adsorptjmacity
ments revealed that the flower waste biomass exposeof Aspergillusoryzae mycelia.

to alkaline supplements/salts exhibited signifibant Comparison of the FT-IR spectra of native (Raw
higher biosorption efficiency in comparison to un- FWB), Pre-treated with 0.1N Sodium hydroxide)(T
treated biomass. Whereas some of the pretreatmentnd tannery effluent treated biomass+Qr) revealed
induced reduction in uptake efficiency and capacfty that, the peaks indicating the involvement of C=0,
the adsorbents as compared to control (untreated bi NH and -OH groups (Fig. 6). The assignment of a spe
mass). It was previously observed that dried bi@mas cific stretching frequency for a functional groumasv
generally acts as ion exchange resins and itsrhiogp  unfeasible because the adsorption bands of a yaniet
capacity depends on the available charges on thguce  functional groups are overlap and shift, depending
face that bind to the biosorbent metal ions. Wisgrea their molecular structure and environment. These
chemical treatments can be used to enhance thd met8hifts in absorption positions may be caused due to
uptake capacity of the biomass, which led to refova different factors involved in that. These includé)
hiding or exposing chemical groups that bindingerr  the physical state (2) electronic and mass effetts
change with the adsorbed metal ions (Satedh., 2009).  adjacent substitutes (3) conjugation (4) intra-roolar

In current research work, an increase in biosamptioCr and intermolecular hydrogen bonding and (5) ring
(V1) ions was noticed as a result of alkali preiments  strain (Mohanet al., 2006). Although some inference
particularly NaOH. Similar enhancement in metabpt  can be made about the functional groups from IR-spe
capacity of the fungal biomass regarding alkaltrpeg-  tra, the weak and broad band do not provide any au-
ment was recorded by Yan and Viraraghavan (2000); E thentic information about the nature of materidlke
Sayed and El-Morsey (2004) and Dasl. (2007). It IR spectrum of FWB indicated weak and broad peaks
could be due to modifications of the cell wall caments  in the region of 4000-400 crh Approximate FT-IR

by chemical pretreatmnets. The modification of lisn  band assignment indicated the presence of carbonyl,
probably destroys autolytic enzymes that causdfipatr  carboxylic acids, and phenols. The 1800-1540"cm
tion of biomass and remove lipids and proteinsagk  bands were associated with C=0 stretching mode in
the reactive sites (Muraleedharan and Venkobachararbonyls and carboxylic acids, while 1440-1000"cm
1990). On the contrary, Kapoor and Viraraghava®&l9 band was assigned to the C-0O stretching and O-Hben
reported 45% decline in adsorption of Ni(ll) iongedto  ing modes such as phenols and carboxylic acids. The
treatment with NaOH. They stated that deprotonationaromatic stretching band assigned by around 2980-29
should theoretically reduce metal retention. Redndh cmt.

adsorption efficiency and capacity of adsorbent ttue The band around 3270-3344 ¢nis the N-H stretch-
rest of treatment could be results of more affinitpctive  ing of aromatic compounds. The band at 1650%cm
chemical groups to the cell wall components ofdtle  and 1592 cit corresponds to carbonyl stretching vi-
sorbent. Hydrogen peroxide, gluteraldehyde andicacet bration of amide considered to be due to the coetbin
acid pretreated FWB had slight improvement in Gpso effect of double bond stretching vibrations and NH
tion. Gluteraldehyde treated FWB was better thaifrdyy  deformation band for FWB, ;Tand Tannery Effluent
gen peroxide, due to cross linking structure withitm treated with } respectively. The intensities of these
functional groups. bands on FWB increases due to the pre-treatmeht wit
Presently, recorded reduction in sorption capadfityio- 0.1N Sodium hydroxide () and decreased with the
sorbent for metal ions was evidenced due to a@ttgat-  loading of Cr from tannery effluent. In raw FWB the
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peaks were obtained at 3298,2916,1652,1439 and 109%hanges as a result of chromium binding withint sur
cm* for N-H stretching, C-H stretching, N-H bending face of the pretreated FWB were done with SEM. It
(Primary amines), C-H bending (alkanes) and C=Ooffers topographical and elemental information o t
stretching respectively. In pre-treated FWB,)(Tthe  samples virtually. The SEM images provide modifica-
intensity of the peaks enhanced and also somesshifttion of the samples at different stagés., FWB (Ty),
occurred in their wave numbers due to increasimg th T, (before Cr loading) and ,¥Cr (after Cr loading).
numerous improvements in those functional groupsThe surface of the raw FWB was completely changed
present in the FWB. So, the peaks were obtain¢lteat after the loading of Cr (Harst al., 2006). The surface
region of 3452, 2916, 1652 and 1107 tnThis en-  morphology of the native FWB as shown in Fig.8a. |
hancement in functional groups might be increase th is evidenced that (fig. 8), the pretreatment enbarice
adsorption. After loading of Cr in the column pess,  surface functionalization as modification of its- ar
the intensities of the peaks were very much reducedrangement like sheets of multi layergayuz et al.,
because of the hydrogen ions which were present ir2006). The adsorption / sorption behavior increases
the some of the functionalities are replaced byviEn due to its porous nature of after pre-treatmente Th
the presence of CgOions. Spectra analysis after Cr remarkable physical disintegration obtained dueldoa
biosorption showed that, there was a substantial deing of Cr and that resulting in the emergence otnpr
crease in the wave number of asymmetric stretcbing sions and rough surface (Onwukgal., 2011). Ac-

the carboxylic C=0 double bond from 1096 to 1042 cording to Fig. 8c, it revealed that, tfigkes like mor-
cm* in normally. Not only for the raw FWB, had the phology due to the loading of Cr on the pre-treated
pretreated (J) showed the decrease in the frequenciesFWB (Reyaet al., 2013)

1107 to 1042 cit as well. This result indicates that, .

the carboxylic acid groups were likely responsitae Conclusion

binding Cr by biosorbent. The groups C-OH and C-OColumn experiments were used to assess the efectiv
—C involved in Cr binding to some extent. Peakt#&n  ness of biosorbent (flower waste biomass) in remgvi
region of lower wave numbers (under 800°Ymap-  Cr from tannery effluent. The biosorbents pretréate
peared as a broad peak and this could be attridated with chemicals showed that among these, the petre
N containing bioligands. It is evidenced that frm®  ment 0.1 N sodium hydroxide treatment adsorbed more
previous results, the functional groups which can a Cr (75%) than other treatments. Among the biosor-
sorb metal ions are of the type OH, NH, COO- andpents, irrespective of the pretreatments fine gradie
CO. Any changes in molecular and crystalline struc-sorbed more Cr (70%) than coarse (64%) and rough
ture of the adsorbate due to biosorption would fgi®v  (62%). This study has, therefore, demonstrated that
valuable information. In general, well-defined pgak easily available low-cost biosorbents could be used
are observed for the crystalline material, whereasreduce chromium present in the tannery effluent.
amorphous materials show hallow peak. The XRD
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