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Table 1. Physical and chemical properties of bentonite and nanobentonite (NB) studied
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Figure 1. a) Image is taken from a nanobentonite (NB) adsorbent by transmission electron microscopy (TEM)

b) Graph obtained from a particle measuring device
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Table 2. Results of Analysis of Variance (ANOVA), Effect of Experimental Treatments on Cadmium Uptake

at Different Times

Sources of changes df MS F Value Prob > F
adsorbent 1 6.03608 131.3737 <0.0001**=
Humic acid 2 583.41053 6348.889 <0.0001#*
time 6 0.29393 1.0662 0.3894"
time x humic acid xadsorbent 12 1.98615 3.6023 <0.0002%*
Adsorbent x humic acid 2 32.20842 350.5020 <0.0001 %=
Adsorbent x time 6 1.62908 5.9094 <0.0001 #*
Humic acid x time 12 1.63931 2.9733 0.0017#

O sxeme NS g 0o )00 5 ) o) zohw ;o (6 1o Sme Gl 5 4y s g sk s
#, =%, and === indicate level of significant difference of ns, 0.05 and 0.01, respectively
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Figure 2. Effect of time on cadmium uptake in the presence and absence of humic acid (Hu)
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Figure 3. Effect of time on adsorption of cadmium by bentonite (B) and nanobentonite (NB) adsorbents
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Table 3. Interaction of time and humic acid (Hu) on adsorption of cadmium by bentonite (B) and nanobentonite
(NB) adsorbents (mg. kg™?)

tim

10 20 30 60 120 240
adsorbent
B-Hu0 1283™m 1186 ™" 1077" 1273™m 1276 ™ 1235mn 1163 mMn
NB-Hu0 1848 1845 2013 1985kl 2010 20791 2007
B-Hu100 1950« 2156 243510 2203 N 1973M 2079 ik 2047 ik
NB-Hu100 23549 23839 23779 23469 2667°¢ 2705¢ 2573¢
B-Hu500 44112 44782 44892 443272 4232°¢ 4254 be 43162
NB-Hu500 38591 38974 39011 39074 39224 39261 39774
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Table 4. Results of parameters of kinetic equations

adsorbent Pseudo-first-order Pseudo-second-order
Qe Ki R? RMSE Qe K, R? RMSE
(mg.g")  (g.mg™. min?) (mg.g")  (g. mgt.min™)

B-Hu0 - - - 1.25 1/68 0.99* 0.11

NB-Hu0 0.20 0.02 95'54 2.26 2.09 0.39 0.97"* 0.09

B-Hu100 - - - 2.30 0.95 0.99"* 0.30

NB-Hu100 0.60 0.04 95'79 0.38 2.75 0.15 0.99"* 0.17

B-Hu500 - - - - 4.21 0.30 0.99"* 0.27

NB-Hu500 0.06 0.05 0.95" 4.87 3.93 2.16 1 0.01
adsorbent Elovich Parabolic Diffusion

a B 2 Kaif 2
(mg.gimin) (mg.gh R RMSE € g giminwy R RMSE

B-Hu0 - 149.25 9.4x10%™  0.09 1.2 4x10° 0.03"™ 0.15
NB-Hu0 5.66 x108 13.21 0.75" 0.04 1.82 0.03 0.34"™ 0.05
B-Hu100 . -111 3x1075"ms 0.20 2.18 -8x10°3 0.02"m 0.20
NB-Hu100 4.7x108 8.37 0.69" 016 221 0.05 0.80"™ 0.16
B-Hu50 . -14.03 0.58" 0.13 454 -0.03 0.66"™ 0.07
NB-Hu50 - 52.08 0.87" 0.01 3.9 6x10°3 0.72" 0.01
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Presence of Humic Acid

Sara Shahedi!, Amir Fotovat™, Reza Khorasani®, Akram Halajnia*

(Received: August 2020 Accepted: April 2021)

Abstract

Heavy metals pollution is one of the major environmental concerns in the world, as these metals are
a threat to humans, animals, and plants due to their toxicity. Clay minerals which are a major
component of the soil, play an important role in the absorption of various contaminants in soil and
water. Bentonite (B) and its modified forms have a much higher capacity to adsorb toxic metals than
other clays. This experiment was accomplished in a completely randomized design in a factorial
arrangement with three replications. The experimental treatments consisted: time (5, 10, 20, 30, 60,
120, 240 min), B and nanobentonite (NB) adsorbents (2 g I'*) and humic acid concentrations (0, 100
and 500 mg I'%). The results showed that humic acid increased Cd adsorption by B and NB in different
times. The highest amount of Cd adsorption by B adsorbent was 4370 mg kg recorded in 500 m I
humic acid treatment and the lowest amount of adsorption was observed in the absence of humic acid
1134 mg.kg* by bentonite adsorbent. Semi second-order kinetic model was significantly fitted to Cd
adsorption by B and NB in all of the humic acid concentrations (R? for all three levels of humic acid
in bentonite adsorbent and treatment of 100 mg.I" humic acid in nano bentonite adsorbent was 0.99,
for treatment of zero and 500 mg It humic acid was 0.97 and 1.00, respectively). The results of
current study showed that humic acid could markedly promote the Cd adsorption by adsorbents,
which had a greater effect on the adsorption of B than NB.
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