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Abstract

The study reports biosorptive removal of uranium(VI) water contamination by a wild epiphytic orchid plant: Vanda tes-
sellata. This orchid plant was chosen based on abundant availability and adsorption efficacy. In batch mode operation the
maximum uranium(VT) adsorption capacity was found as 416 pg g~! of dry biomass. The optimum pH for adsorption was
neutral (7), and the equilibrium time was 15 min at 30 +£5 °C temperature. The adsorbent properties were characterized by
SEM, EDS, and FTIR techniques. The effects of various variables like pH, initial ion concentration, biosorbent dose, contact
time, and temperature on the adsorption process were studied. The Langmuir isotherm showed better agreement (R*=0.987)
to describe the adsorption process, and the adsorption process followed pseudo-second-order kinetics. The thermodynamic
study showed the endothermic, and spontaneous nature of adsorption in a feasible manner. The adsorbent can be used for
developing a remedial method for uranium contamination in the water.
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Introduction

Uranium is a naturally occurring radioactive element and
is toxic both chemically and radiologically. The chemical
toxicity of water-soluble uranium supersedes its radiological
toxicity. Uranium can be present in soluble form in water,
and the water-soluble uranium is considered hazardous to
the living beings on ingestion. On being metabolized, the
uranium(VI) can enter the bloodstream and can cause dam-
age to different body parts, especially to the kidney [1, 2].
The safe limit of uranium in drinking water is 30 ug L™! in
terms of chemical toxicity [3] and 60 pug L™! in terms of
radiological toxicity [4]. Uranium is reported as ubiquitous
in the environment [5]. High chemical toxicity and universal
abundance of uranium in groundwater is a matter of concern
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as it is hazardous to the health of residents of a contaminated
area.

The hazards of water-soluble uranium to human health
have fueled the interest in developing methods for the
removal of uranium from contaminated water in the recent
decades. The solid-phase extraction method is considered a
primary choice for extracting metals from water because of
the ease of application and processing safety. Thus, several
solid-phase extraction methods have been developed, but
most of them have used synthetic chemicals or chemically
treated biomaterials as adsorbate [6—13]. Use of various
novel compounds [14], complexing agents [15], nanomate-
rials [16-20], silica [21], silica nanoparticles [22, 23], and
nano-size particles of metal oxides [24] have been reported
with varying degree of efficiency. Yet most of the reported
methods are either uneconomic or suffer from a possible
hazardous waste byproduct. It was also noted that most of
the reported methods operate at been applied to uranium
solutions of high concentration [25], which could not be well
efficient for uranium contamination at a low level.

The maximum concentration of uranium in underground
water was reported as 770.1 ug L™ in India [26-30], 840 g
L~!in Canada [31], 267.8 ug L~! in Nigeria [32], 92.02 ug
L' in Switzerland [33] and 800 ug L~! in Finland [34]. The
above levels encouraged us to develop a new method for
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removing uranium from underground water, which should
be cost-effective and efficient at a low concentration of ura-
nium, preferably at neutral pH. Hence, this paper presents a
detailed and systematic study for uranium removal from ura-
nium contaminated solution and natural underground water
by dried biomass, derived from an orchid plant Vanda tes-
sellata. The candidate plant was chosen after a preliminary
study with various other locally available plants for their
ability to adsorb the soluble uranium from water. The other
studied plants showed least ability to remove the soluble ura-
nium except the Vanda tessellata. The literature study also
indicated the presence of carbonyl functional groups [35] in
the Vanda tessellata. As the carbonyl functional groups are
known to cause strong coordination bonding with uranium
ions [36], hence we focused on the detailed study of the
orchid derived biomass based uranium removal study. Previ-
ously also, the Vanda tessellata has already been reported by
us, as an effective biosorbent for removing lead and arsenic
from water [37, 38] with good efficiency.

Experimental
Apparatus

The Vanda tessellata derived biosorbent was characterized
by SEM (ZEISS EVO Series Scanning Electron Microscopic
Model EVO 18) and EDS (INCA 250 EDS, X-MAX 20 mm
Detector). The infrared spectra were recorded with FTIR
Spectrometer (Thermo Fisher Scientific, Nicolet Is10, Madi-
son, USA, equipped with a DLaTGS temperature stabilized
detector). Uranium concentration in solution was examined
by LED Fluorimeter, LF-2a of make QUNATALASE.

Reagents

Uranium stock solution of 100 mg L~!' (ICP-
MS-66 N-0.01X-1 Uranium) was used to prepare uranium
solution of different concentrations. Analytical grade
(AR) chemicals viz. nitric acid, sodium pyrophosphate,
orthophosphoric acid and sodium hydroxide were used in
the experiments.

Preparation of the biomass from Vanda tessellata

The orchid plant, named Vanda tessellata was selected for
this study based on a preliminary elimination of other locally
available plants. The candidate orchid plant was collected
from the forest area of central east Chhattisgarh. This plant
species is available in Chhattisgarh and distributed through-
out south-east Asia [39]. The orchid plant was manually col-
lected from the trees in the forest. It was then washed to
remove dust and other foreign particles and dried in sunlight
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for 30 days, followed by in hot air oven at 80 °C for six days.
Dried biomass was then grounded in a blender and screened
through 150-micron mesh. The sieved biomass powder was
safely stored in a sterile environment till its further use.

Pre-leaching of biomass

Biomass powder (< 150-micron) was pre-leached by 1:1
HNO; for 3 h and then filtered through Whatmann filter
paper no. 42. Filtered biomass was then washed with double
distilled water till washing was found neutral. The resulting
neutralized biomass was dried in a hot air oven at 50°C,
overnight.

Adsorption experiment

Adsorption of uranium(VI) was carried out in batch experi-
ments initially at pH 7. Procedurally, about 100 mL of
100 pg L~ uranium solution was treated with 0.1 g of
leached biomass of particle size <150 um and stirred by
a magnetic stirrer for 15 min in a beaker. The solution was
separated from adsorbate by filtration with Whatmann filter
paper (42). The concentration of uranium in the filtrate was
determined by a LED Fluorimeter, which is the instrument
considered as the most accurate and reliable instrument for
the determination of uranium in aqueous solution, even at
a very low concentration of 0.1 pug L~ [40]. The amount of
uranium adsorbed on the biosorbent was calculated as the
difference between uranium concentration in the solution,
before and after adsorption.

The following formulae calculated the percentage
removal of uranium, solid-phase uranium concentration
(Adsorption efficiency) as g, (ug g~') and distribution coef-
ficient as K (L g7'):

(C-C)
%Removal = — x 100 D
C,—C)
qde = (sz xV 2
C,—C
k=G2G) v 3)
C; M

C, and C; are initial and final uranium(VI) ion concentra-
tion in solution (ug L), respectively, M is the amount of
adsorbent used (g), and V is the volume of solution (L) [41].

The batch experiments were carried out at different pH
(1-13), different contact time (1-120 min), and differ-
ent temperatures (283 K to 333 K) in 100 mL of 100 ug
L~! uranium(VI) solution with 0.1 g of the adsorbent.
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Experiments were also carried out with different initial ion
concentration (10-500 ug L™") in 100 mL volume.

Quality assurance and quality control

Standard uranium stock solution of 100 mg L~! (ICP-
MS-66 N-0.01X-1 Uranium) was used to conduct experi-
ments and calibration of the instrument. Standard lab acces-
sories viz. micropipettes, analytical balance, etc. were used
for preparing uranium solutions of different concentrations.
A standard addition method was adopted to overcome the
matrix effect. The average of four readings was taken for
each measurement. The results obtained within+ 10% stand-
ard deviation was accepted. Triplicate experiments were
conducted for each measurement. Uranium concentration
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dust-free environment.

Characterization of biomass
FTIR analysis

FTIR spectra of biomass treated with control sample (Con-
trol biomass) and the biomass treated with uranium(VI)
(Uranium(VI) exposed biomass) were examined to iden-
tify the functional group of the biomass responsible for
uranium(VI) adsorption. FTIR spectra of control biomass
and uranium(VI) exposed biomass are given in Fig. 1a, b.
The spectra of control biomass indicates a decrease in inten-
sity and slight shifting in the position of the band, which
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Fig.1 FTIR of a control biomass b uranium(VI) exposed biomass
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highlights the uranium(VI) abstraction without causing a
change in the structure and composition of biomass.

Control biomass gave a strong and sharp peak at
3340 cm™! due to N-H asymmetric stretching vibration of
the protein group is broadened and shifted to 3337 cm™! in
uranium(VI) exposed biomass. The band at 1628 cm™! in
control biomass highlights the presence of N-H in-plane
bending (amide II band) vibrations due to primary amide
group was found to be shifted to 1631 cm™" in uranium(VI)
exposed loaded biomass.

A weak absorption band at 1239 cm™" in control bio-
mass was consistent with the asymmetrical C—O-C stretch-
ing vibration of the ether group. This band was found to be
shifted to 1235 cm™! in uranium(VI) exposed biomass. Fur-
ther, a distinct peak was observed at 720 cm™!, due to the OH
out-of-plane band in the control sample. This peak disap-
peared in the uranium(VI) exposed sample, which explains
the complexation of OH with uranium(VI) ions. FTIR study
indicates the involvement of N-H, O-H, and C—O-C groups
in the adsorption of uranium(VI) ions. Thus, the compari-
son between FTIR spectra of uranium(VI) exposed biomass
and control biomass elucidate that nitrogen or oxygen atom
coordinate with uranium(VI) ions [42, 43].

Scanning electron microscope (SEM) study

SEM is considered as most reliable method to study the
changes in the surface or physical structure of solid sub-
stances. SEM images of biomass treated with control
sample (Control Biomass) and the biomass treated with
uranium(VI) (Uranium(VI) exposed biomass) are given in
Fig. 2a, b. The micrograph of controlled biomass indicates
the presence of a heterogeneous porous structure of the
biomass surface. It is reported [44, 45] that ionic species

Fig.2 SEM of a control bio-
mass b uranium(VI) exposed
biomass
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like U022+ are adsorbed by plant-based bio sorbents like
rice stem due to the interaction of UO,*" with the func-
tional organic groups like the hydroxyl group, carbonyl
group, silicon oxygen bond (Si—0), and phosphorous oxy-
gen (P-0) etc.

Similarly, the probable ionic exchange of hydrogen ions
with uranyl ions and diffusive filling of voids in biosorb-
ent are attributed as the cause of filling of the voids thus
disappearance of pores in the biomass [46].

In our experiment also a significant change in the mor-
phology of uranium(VI) exposed biomass was observed
which can be attributed to the possible reaction of the ura-
nyl ions with the functional groups viz. N-H, O-H, and
C-O-C groups (presence of such groups as established by
FTIR analysis) and the filling of resultant products leading
to the disappearance of surface voids.

Energy-dispersive X-ray spectroscopy (EDS) analysis

EDS study of biomass before and after adsorption of
uranium(VI) Vanda tessellata biomass was carried out to
confirm the incorporation of uranium(VI) ions on to the
adsorbent. Energy-Dispersive X-ray spectra of the biomass
before and after adsorption of uranium(VI) are given in
Fig. 3a, b, and their percentage composition is given the
Table 1. EDS of biomass before adsorption indicates the
presence of C, O, Al, Ca, and Fe elements in the biomass.
The EDS of the biomass after adsorption shows appear-
ance of an additional peak of uranium. This appearance
of a new peak, characterized as uranium, confirms the
adsorption of uranium onto the biomass. Thus, the EDS
study corroborates the results obtained by FTIR and SEM
study results presented in the preceding paragraphs.
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Fig.3 EDS of a control bio-
mass b uranium(VI) exposed
biomass
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Table 1 Elemental composition of control and uranium(VI) exposed
biomass (obtained from EDS)

Elements Biomass before adsorption ~ Biomass after adsorption
of Uranium(VI) of Uranium(VI)
Weight % Atomic % Weight % Atomic %
C 58.1 65.07 56.42 63.73
(¢} 41.16 34.61 42.19 35.78
Al 0.09 0.04 0.14 0.07
Si 0.51 0.24 0.57 0.28
Ca 0.05 0.02 0.17 0.06
Fe 0.09 0.02 0.28 0.07
U - - 0.23 0.01
Total 100 100 100 100

Results and discussion
Effect of pH on the adsorption

To determine the optimum pH range for adsorptive action
of the biomass batch experiments were carried out at dif-
ferent pH (1-13). The percentage removal of uranium(VI)
as a function of pH is shown in Fig. 4. Initially, percentage
removal was found to increase with the pH of the solu-
tion until pH 7, after that, percentage removal gradually
decreased, indicating good agreement with similar studies
[47, 48]. The maximum percentage removal of 97% was

obtained at pH 7. With the increase in pH of the solution,
the abundance of H' ions decreases, and hence the num-
ber of uranyl ions to be adsorbed on the surface increases
[49]. At the same time, with increasing pH till 7, the ten-
dency of uranyl ions to form hydrolyzed ions increases,
which should get better adsorbed on the adsorbent sur-
face. However, after pH 7, the uranyl ions tend to precipi-
tate rather than adsorbed [11], and hence the percentage
removal decreases after pH 7. Therefore, the optimum pH
for adsorption by Vanda plant biomass is 7, which can be
applied to remove uranium(VI) from potable water. Hence,
this is a positive aspect of the uranium removal method.
It is thus better than many reported methods for removal
of uranium in which acidic pH was desired [46, 50-55].

Effect of contact time

To examine the contact time effects, about 0.1 g of biomass
was added to 100 mL of 100 pg L~! uranium(VI) solution
at pH 7, at 30+ 5 °C temperature and the contact time was
varied from 1 to 120 min. The observed effects of contact
time are shown in Fig. 5. It was found that the percentage
removal increases with the increasing contact time, and the
equilibrium is achieved within 15 min after the contact. The
uptake of uranium(VI) remains almost constant after 15 min,
suggesting a fast adsorption process by the biomass. Adsorp-
tion of uranium(VI) by using this biomass is quick as com-
pared to other adsorbents [48, 56, 57].

@ Springer
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Effect of temperature

To understand the effect of temperature on uranium(VI)
adsorption the experiments were carried out at 283 K,
293 K, 303 K, 313 K, 323 K, and 333 K temperatures. The
graph prepared from the experimental data is shown in
Fig. 6. This shows that percentage removal increases with
temperature and it becomes constant after 303 K, or nearly
at about room temperature.

Effect of adsorbent dosage
The effect of adsorbent dose (0.01 to 0.3 g) on the removal

of uranium was studied under standard conditions (pH-7,
contact time of 15 min, initial uranium concentration C;(U)

@ Springer

Contact time (min)

as 100 ug L~! present in 100 mL volume, and temperature
between 30+ 5 °C). The results obtained are presented in
Fig. 7. This figure shows that percentage removal of ura-
nium increases with increase in adsorbent dose till 0.1 g,
which can be due to an increase in the number of active
sites at the surface of the adsorbent. The adsorption effi-
ciency shown in the secondary axis in Fig. 7 indicates that
highest uptake capacity was obtained at a minimal dose
of 0.01 g of biomass. Which projects adsorbent-solution
ratio of 1:10 (mg: mL) is appropriate under the set of the
test condition.

Maximum percentage removal was obtained at 0.1 g of
biomass. On increasing the adsorbent dose after 0.1 g, the
percentage removal remains constant.
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The effect of initial ion concentration was elucidated by
performing batch experiments at different initial ion con-
centrations (10—500 ug L™"). Experimental data obtained
is shown in Fig. 8, which shows that the percentage
removal increases with an increase in initial ion concen-
tration till 100 ug L™!. After this the increase in adsorbate
concentration decreases the adsorption efficiency. This
behavior appears to be due to the saturation of active sites
of the adsorbent. On the other hand, secondary axis data
of Fig. 8 indicates that the uptake capacity of adsorbent
increases with an increase in initial ion concentration; it
is because with increasing initial ion concentration the
driving force increases, which overcomes the mass trans-
fer resistance between solid and liquid phases.

To study the effect of volume on percentage removal,
0.1 g of biomass was added to different volumes of 100 pg
L~! uranium solution (100 mL to 1000 mL). The volume
dependence of percentage removal is shown in Fig. 9. The
results show that percentage removal decreases with the
increase in volume. The graph plotted between volume and
uptake capacity of biosorbent shown in Fig. 9, indicates
that the uptake capacity of adsorbent increases with an
increase in volume. Hence, biosorbent can perform effi-
ciently, even on a large adsorbate volume.
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Adsorption isotherm study
Langmuir and Freundlich adsorption isotherm models

were applied to evaluate the experimental data. Langmuir
isotherm linear equation is shown in Eq. (4)

@ Springer

Ce/q. = 1/bQy + C./Q, 4

where ¢, is the amount of metal ion adsorbed by biosorb-
ent (ug g7'), C, is equilibrium concentration in solution (ug
L™, Q, is maximum adsorption capacity (ug g~'), and b
is Langmuir constant (L ug™'). A plot of C, versus C./q,
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Fig. 10 Langmuir isotherm for uranium(VI) adsorption onto
Vanda plant biomass, pH=7, time=15 min, 7=30+5 °C, vol-
ume = 100 mL, adsorbent dose=0.1 g

Table 2 Langmuir and Freundlich constants

Langmuir model Freuidlich model

R? Qp(ugg™)

0.987

b(Lpgh R Ke(ugg™ n

416.6 0.057 0919  26.01 1.6

(shown in Fig. 10) yields a straight line with a correlation
coefficient of 0.987. It suggests that experimental data is
indicating good agreement with the Langmuir isotherm
model. The Q, and b were calculated by the slope and inter-
cept of the graph (shown in Table 2). Maximum adsorption
efficiency (Q,) of 416 pg g~ ! was obtained by Langmuir
adsorption isotherm.

Separation factor or equilibrium parameter, R; . the fun-
damental characteristic of Langmuir

isotherm was calculated by the Eq. (5)

Ry =1/(1+bC,) )

where b is the Langmuir constant (L pg™"), and C; is the
initial ion concentration (ug L™"). R, values were found
0 <R, <1, which indicates the adsorption of uranium(VI)
on to Vanda biomass is favorable. R, value decreases with
increasing concentration (shown in Fig. 11). The lower
value of R; for higher-level indicates that adsorption is more
advantageous in higher concentrated uranium solution taken
in this study [50].
Freundlich isotherm linear equation is shown in Eq. (6)

Ing, =InKg+1/nlnC, (6)

n and K are constants, calculated from the slope and inter-
cept of the graph plotted between InC, and Ing,. Calculated

0.7

0.6

0.5 1

0.4 — »
] N\
0.1 - \

n
] \I\__..\.
0.0+

T T T T T T T T

—
0 100 200 300 400 500
C, (ngL")

Fig. 11 Graph plotted between R; and initial ion concentration (Cy),
pH=7, time=15 min, 7=30+5 °C, volume=100 mL, adsorbent
dose=0.1g

values are given in Table 2. R? value (0.987) indicates that
experimental data is showing good agreement with the
Langmuir isotherm model. While experimental data is also
having satisfactory agreement with the Freundlich isotherm
model, R? (0.919) but the value of K obtained from Freun-
dlich isotherm model is not showing consistency with exper-
imental data (given in Table 3) meanwhile the adsorption
efficiency obtained from Langmuir isotherm model shows
perfect agreement with experimentally obtained data.

Thermodynamic study
Thermodynamic parameters: Gibbs free energy (AG?),

enthalpy (AH®), and entropy (AS°) have been calculated by
the Egs. (7), (8), and (9) and given in Table 4.

AG? = AH? — TAS° (7)
AG’ = —RTInK 8)
—InK = AH°/RT — AS°/R ©)

where K is the distribution coefficient, AH? is standard
enthalpy (kJ mol™!), AS® is standard entropy (J mol~! K™'),
T is the absolute temperature (K), R is the gas constant
(8.314 I mol™' K™"), and AG® (kJ mol™") is standard Gibbs
free energy.

Values of enthalpy change (AH®) and entropy change
(AS®) were calculated by the slope and intercept of the graph
plotted between 1/T and InK (shown in Fig. 12).
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Table 3 Experimentally

: . . Experimentally obtained data
obtained adsorption efficiency

Initial concentration C, (ug L™")
Adsorption efficiency ¢, (ug g71)

10 25 50 100 200 300 400 500
9.5 239 481 97 1854  260.6 3226 3793

Table 4 Thermodynamic parameters for uranium removal on to
Vanda biomass

AH® (kJ AS° (1 AG° (kJ mol™")
mol ™) mol™' K1)

283K 293K 303K 313K
414 178.49 -9.06 —10.85 —12.63 —14.42

The positive value of AH indicates the endothermic
nature of adsorption, and positive values of AS® suggests
an increase in randomness in the surface during adsorption
processes. The halving of positive values of AH? and AS°
indicates that the adsorption reaction is product favorable
after a specific temperature. The graph plotted between
temperature and percentage removal shows the maximum
percentage removal at 303 K and then remains constant.
The adsorption reaction is favored as AG® decreases with
the increase in temperature [52]. Also, the negative value of
AG" shows the spontaneous nature of adsorption.

Kinetics of adsorption

To assess the kinetics of uranium(VI) adsorption onto the
Vanda plant biomass adsorbent, experimental data was
applied with a pseudo-first-order kinetic model and pseudo-
second-order kinetic model.

Linear expression of the pseudo-first-order model and
second-order model can be given as Eq. (10) and (11),
respectively

Pseudo-first-order equation : In (qe - qt) =lIng.—kit (10)

Pseudosecond-order equation : t/q, =1/ kzqg +1t/q. (11)

where ¢, and g, are the amount of uranium(VI) ion adsorbed
(ug g71) at time ¢ (min) and at equilibrium time, respectively,
k, (min~') and k, (g pg~' min~"') are pseudo-first-order and
second-order sorption constants respectively.

It can be interpreted from the graph plotted between #/g,
versus ¢, that the experimental data shows good agreement
with the pseudo-second-order model with a correlation value
of 1. Values of g, (amount of uranium adsorbed at equilib-
rium time), k (rate constant for pseudo-first and second-order
model) are given in Table 5.

Validation and application of the Vanda tessellata
based biosorbent

The proposed method was applied to natural uranium con-
taminated ground water samples. Ground water samples
were collected from Rajnandgaon district (Koudikasa vil-
lage) of Chhattisgarh. Ground water sample no. 1 and 2 were

InK

3.8

y = -4984.8x + 21.469
R?* = 0.8449

¥ T . T : T ' T " T v T v T Y T
0.00315 0.00320 0.00325 0.00330 0.00335 0.00340 0.00345 0.00350 0.00355

1/r

Fig.12 Plot of In K versus 1/T for uranium(VI) adsorption (pH=7, adsorbent dose=0.1 g, volume=100 mL, initial uranium concentra-

tion=100 pg L™!, T=30+5 °C) by Vanda plant biomass
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Tablg 5 Kinetic Parameters for R? Rate constant (k) q. (calculated) q. (experimental) (ug g_l)
uranium adsorption on to Vanda (g g™
biomass
Pseudo-first-order 0.483 0.0015 (min~") 1.077 97.00
kinetic model
Pseudo-second- 1 0.17 (g ug~! min~?) 97.087
order kinetic
model

Table 6 Ground water sample analysis taken for validation of pro-
posed method

Parameter Groundwater Groundwa-
sample 1 ter sample
2
pH 6.9 7.1
TDS (mg L™ 627 417
EC (uS cm™) 1279 850
ORP (mV) 29.8 19.8
Fluoride (mg L™") 0.5 0.7
Chloride (mg L™ 151 72
Nitrate (mg L™") 38 36
Sulphate (mg L) 54 36
Phosphate (mg L™1) BDL BDL
Total hardness (mg L") 440 310
Calcium hardness (mg L™") 310 215
Magnesium hardness (mg L") 130 95
Total alkalinity (mg L") 250 200
Carbonate (mg LY 25 BDL
Bicarbonate (mg L") 225 200
As (mg L7 BDL BDL
Pb (mg L7Y) BDL BDL
UugL™ 18.3 13.6
% Removal of uranium by Vanda 95% 94.2%

tessellata biomass

BDL Below detection limit

collected from latitude 20.7251, longitude 80.72892 and
latitude 20.67407, longitude 80.7718 respectively. Stand-
ard sampling and analysis protocols were adopted. The ura-
nium concentration and associated water quality parameters
of water samples were analyzed by the standard procedures
[58] (results shown in Table 6).

To validate the results of Vanda tessellata based biosorbent
lab study obtained as above, we conducted uranium adsorp-
tion experiments, in natural ground water samples found con-
taminated with naturally occurring uranium. The biomass
was applied to the natural water samples in triplicate samples.
Briefly, about 0.1 g of biomass was added to 100 mL of 100 pg
L~! uranium solution at pH 7, at 30 + 50C temperature and
the contact time of 15 min. It was observed that in both sam-
ples removal of uranium was more than 94%. A good agree-
ment between the data obtained with synthetic and the natural

samples validate the proposed method for uranium removal
from natural samples.

Conclusion

This study reports a systematic investigation on the adsorp-
tion properties of the orchid plant Vanda tessellata. Various
adsorption properties, optimum ranges of various param-
eters, kinetics, thermodynamics, and mechanisms of adsorp-
tion are is reported. The orchid Vanda tessellata is identi-
fied as an efficient adsorbent for removing uranium from
the aqueous medium at pH 7. The optimal removal can be
reached in 15 min at a small dose of biomass. It was noted
that the increasing concentration of uranium(VI) decreases
the removal percentage. Experimental data showed good
agreement with Langmuir adsorption isotherm (R*>=0.987).
This indicates that the adsorption by Vanda tessellata bio-
mass is predominantly a monolayered adsorption process.
Using the Langmuir adsorption isotherm the maximum
adsorption capacity was calculated as 416 pg uranium(VI)
per gram of biomass. FTIR study indicates the involve-
ment of N-H, O—H, C-O-C groups in the sorption of ura-
nyl ions. The negative Gibbs free energy (— 12.6 kJ mol™")
at optimum temperature 303 K and positive enthalpy;
(AH=41.4 kJ mol™!) indicate that the adsorption process
is spontaneous and endothermic. The pseudo-second-order
kinetic model showed a relatively high correlation coefficient
(R*=1) value, describing good applicability of the adsorp-
tion dynamics. Sucessful application of the studied biomass
on some naturally uranium contaminated samples obtained
from village Koudikasa in Chhattisgarh state, validates the
efficacy of the biosorbent in treating natural samples also.
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