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Isotherm and Thermodynamic Studies of the Biosorption of Humic Acid from
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Activated charcoal was prepared from pine tree sawdust by chemical activation by means of phosphoric acid (PSDP)
that was used for Humic acid bio sorption from aqueous medium. The influence of humic acid initial concentration, sorbent
mass, and solution temperature on sorption process was investigated. Langmuir and Freundlich isotherm models were used
to analyze the equilibrium sorption data. The maximum adsorption capacities of PSDP obtained from Langmuir were 170.9,
182.1 and 209.6 mg/g at 25°C, 45°C and 65°C, respectively. Humic acid adsorption onto PSDP was spontaneous, favorable
at higher temperature and endothermic in nature. Activated charcoal from pine tree sawdust proves to have high capacity
adsorptive to natural organic compound (humic acid).
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Introduction
Water is extremely important and is a lasting
element for human survival. Clean and healthy water
ensures elimination of compounds that causes bad
smell, taste and color. The color in crude water
generally owes to the color of organic matter
(principally fulvic acid and humic acid), combined
with soil humus fraction, according to the World
Health Organization.1 Humic acid is the fraction of
humic compounds that are soluble above pH 2 in
water.2 The molecules of humic acid are complex and
contain various functional groups, such as phenol,
ketone, carboxylic, quinonyl, amino, ester and
hydroxyl.3 Humic acid's molecular weight is between
1 to 5 kDa. The most abundant functional group
responsible for charging humic acid in medium
molecules is the carboxylic and phenolic groups.4
During water purification, halo acetic acids and
trihalomethanes are formed due to the reaction of
humic substances with chlorine. Humic substances
helps in increasing the transportation of heavy metal
and organic pollutants through the binding with humic
acid, which results in growth of bacteria and
uncomfortable taste and color.5 It must avoid its
impact on human health. Thus, natural organic
matters must be eliminated from water before the
——————
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chlorination process.6 Conventional techniques are
widely used to eliminate humic substances such as
coagulation,7 ion exchange,8 advanced oxidation
process,9 membrane filtration10 and adsorption.11 Its
low cost, simplicity, high-efficiency and ease of
regeneration make adsorption one of the most
effective methods. There are many sorbents used to
remove humic substances from aquatic environments
such as commercial activated biochar,12 resin,13
chitosan,14 iron oxides,15 graphene oxide16 and nano
graphene.3b The above sorbents are effective, but
expensive, and costs for higher quality are greater.
Therefore, researchers need to find sorbents that are
more efficient and cheaper. Sawdust is a promising
low cost and available natural lignocellulosic sorbent
that can be used in pollution removal from wastewater
such as colors,17 phenol18 and heavy metals.19
However, most of natural sorbents have low
capacity for adsorption, which is a main restriction to
use the min processes of water treatment.
Nevertheless, the chemical modification can be
conducted to elevate the adsorptive capacity of
sorbents through adding other functional groups to the
sorbent surface or via elevating their porosity. In
present work, pine tree sawdust was modified by
phosphoric acid treatment followed by pyrolysis at
600°C to obtain pine sawdust activated charcoal
(PSDP). The physico-chemical properties of prepared
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sorbent were performed using several analytical
techniques. The efficiency of PSDP for humic acid
removal was studied. The influence of sorbent dose,
humic acid initial concentration and temperature were
examined. The findings from adsorption of humic
acid on PSDP were modeled using isotherms and
thermodynamic models.

repeated three times of batch experiments were
obtained.
The removal rate (R%) was calculated using Eq. 1
and the adsorption capacity, Qe (mg/g), was assessed
from the following Eq. 2:
%

100

Materials and Methods

… (1)
… (2)

Preparation of Adsorbate

All chemicals and reagents used throughout this
work were of analytical grade. Humic acid stock
solution (500 mg/L) was prepared by dissolving the
desired amount of humic acid (sodium salt) in 100 mL
of deionized water. Different initial concentrations
(50–500 mg/L) of humic acid were prepared from
stock solution by dilution with deionized water.
Preparation of Activated Charcoal

Pine tree sawdust was initially washed with
deionized water to eliminate surface dust and dirt.
After drying in an oven at 120oC for 72 h, it was
ground and then 30 g were impregnated in 50 ml of
80 vol. % phosphoric acid and left for 24 h. The
impregnated solid was oven dried at 80oC overnight.
The dried sample was placed into the tube of a tubular
electric furnace at 2.5 °C/ min up to 600°C for 100
min. Pine sawdust-based activated charcoal (PSDP)
sample was gradually cooled to room temperature. It
was then washed with hot deionized water until the
pH of wastewater become neutral followed by drying
in an oven at 120°C for 24 h.
Characterization of Activated Charcoal

The BET surface area of the PSDP was measured
using nitrogen sorption at 77 K utilizing (NOVA
1000e Quantacrome, USA). Chemical properties of
PSDP were determined using Fourier Transform
Infrared Spectroscopy (FTIR-100, Shimadzu) in
4000–400 cm−1 range and KBr disk.
Adsorption Experiments

Adsorption experiments were carried out using
various weight (0.05–4 g/L) PSDP to 10 ml of
different concentration (50–350 mg/L) of humic acid
solution in 50 mL flask. The flasks were shaken in
water-bath shaker at 250 rpm and 25oC. Adsorbent
was separated by using Whatman 44 membrane
filters. The concentration of humic acid was analyzed
using UV-Vis Spectrophotometer (Perkin-Elmer
model 550S) at max = 375 nm. The mean values of

where C0 and Ce (mg /L) is the humic acid initial
and final concentration respectively, V(L) is the
solution volume and M (g) is the adsorbent mass.
Results and Discussion
Characteristics of Prepared Activated Charcoal

The BET surface area and total pore volume of
PSDP is 999 m2/g and 7.385e−01 cm3/g respectively.
FT-IR spectrum of PSDP (Fig.1), shows peaks at
3401 and 1080 cm−1 due to the OH vibrations which
indicate the existence of surface hydroxyl groups.
The presence of a peak at 3401 cm−1 might be
because of both free and hydrogen bonded OH
groups. The triplet in peaks detected in the range
(1200–1000 cm−1) results from superposition of
C – OH bond vibrations. Triple bonds and other
restricted forms of functional groups were typical
for absorption peaks at the range (2377–2310 cm−1).
Approximately, the peak at 1685.7 cm−1 is commonly
resulted from the stretching C = O vibration in
ketones, lactones, aldehydes and carboxyl groups.
This peak might be slightly overlapping with an
aromatic C=C ring stretching vibration peak at
1556.6 cm−1.
Factors Affecting the Removal Process
Effect of Sorbent Mass

The sorbent mass is a significant factor for
increasing humic acid adsorption. The effect of
sorbent mass in the range 0.5–4 g/L was studied and
the findings are shown in Fig. 2.
Initially, removal percentage raised rapidly as
adsorbent dose increased but the capacity for
adsorption (Qe) reduced. The humic acid removal
percentage was increased and decreased sorption
capacity for PSDP which owing to the availability of
higher active sites onto surface of sorbent causing
from the elevation of mass and conglomeration of the
sorbent.20
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Fig. 1 — FT-IR spectra of prepared activated charcoal

Fig. 2 — Effect of sorbent dose uptake and % of removal on
humic acid adsorption. Experimental conditions employed (V)
=10 mL; pH=3.5; (M) =0.05–4 g/L; (C0) =100 mg/L; (T) =25°C
Effect of Humic Acid Initial Concentration

The effect humic acid initial concentration on
adsorption performance was examined, and the
findings are presented in Fig 3. The humic acid
percent removal efficiency decreased when its initial
concentration raised from 50 to 350 mg/L while the
adsorption capacity decreased. By keeping constant
all other parameters under the highest optimal states.
The reason was that active binding sites are reduced at

Fig. 3 — Influence of initial concentration on the equilibrium
uptake(qe)and % of removal on humic acid adsorption.
Experimental conditions employed (V)=10mLpH=3.5; (M) =1
g/L; (C0)=50-350 mg/L; (T)=250C

high initial concentrations but at humic acid lower
concentrations is easier to bind to the PSDP because
the binding area for humic acid is adequate.3a,21
Equilibrium Adsorption Isotherms

Equilibrium adsorption isotherm studies are
important for understanding the interaction between
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the sorbates and sorbent in the aqueous medium.21,22
Equilibrium adsorption isotherm can be attained from
a plot of Qe (mg/g), which is the quantity of humic
acid adsorbed versus Ce (mg/L), which is the
concentration of humic acid after adsorption
(Fig. 4).The isotherms are classified in four main
isotherms groups according to Giles classification.23
The humic acid adsorption isotherm is L type
isotherm. The L type isotherm proposes that adsorbate
and solvent are weakly competitive for adsorption
locations.24 This reveals that humic acid is strongly
adsorbed onto the PSDP sorbent.

adsorption intensity and adsorption capacity,
respectively. The Freundlich and Langmuir plots are
shown in Fig. 5, and their parameters in addition to
correlation coefficients (R2) are tabulated in Table 1.
From Table 1, The R2 value of Langmuir isotherm

Adsorption Isotherms

Adsorption isotherms are utilized to explain the
reaction of adsorption among sorbent and adsorbed
material at equilibrium. The adsorption experimental
data were assessed using Langmuir and Freundlich
isotherms models that expressed as follows:
Langmuir equation25
… (3)
Freundlich equation26
… (4)
where Ce (mg/L) is the humic acid concentration
after adsorption, Qe(mg/g) is the amount of humic
acid adsorbed at equilibrium, KLan (L/mg) is constant
associated to adsorption free energy and QMax (mg/g)
is theoretical maximum humic acid adsorption
capacity. In the Freundlich adsorption isotherm, n and
KFre (mg/g (L/g)1/n) are the constants relative to

Fig. 5 — Adsorption isotherms plots of humic acid onto PSDP
with the Langmuir adsorption model (a) and the Freundlich
adsorption model (b)
Table 1 — Adsorption isotherms parameters of humic acid onto
PSDPat different temperatures

QMax (mg/g)
KLan (L/mg)
R2

Fig. 4 — Equilibrium adsorption isotherms of humic acid on to
PSDP

KFre(mg/g (L/g)1/n)
n
R2

25°C
Langmuir
170.9
0.028
0.997
Freundlich
21.3
2.6
0.963

45°C

65°C

182.1
0.04
0.978

209.6
0.05
0.988

30.4
3.04
0.970

39.8
3.1
0.984
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was more than Freundlich isotherm. Thus, the humic
acid adsorption on to PSDP well defined by the
Langmuir isotherm. The calculated QMax of PSDP for
humic acid were 170.9, 182.1 and 209.6 mg/g at 25oC,
45oC, and 65oC, in that order. Values of n are greater
than one, which represented a favorable adsorption of
humic acid on PSDP.27 The adsorption capacities,
QMax elevated as temperature elevation for PSDP
indicating an endothermic adsorption.28
Adsorption thermodynamics
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Comparison with other sorbents

Humic acid adsorption capacity onto PSDP must
be contrasted with other sorbents to justify
the weight of it as an effective sorbent. The QMax
values for humic acid adsorption on various
sorbents are contrasted to our sorbent and are
presented in Table 3. PSDP exhibited higher
QMax than other sorbents, which reflected that
PSDP could be a talented sorbent for humic acid
removal.

Thermodynamic parameters including enthalpy
(ΔH°, kJ/mol), free energy (ΔG°, kJ/mol), and entropy
(ΔS°,J/mol K) for humic acid adsorption onto PSDP
were computed according to the eq.29
… (5)
∆

∆

∆

∆

… (6)
∆

… (7)

Where T (K) is the absolute temperature, R is the
gas constant (8.314 J/mol K) and K° is the
equilibrium constant. ΔH° and ΔS° values were
calculated from the slope and intercept of Van’t Hoff
plot of log K° vs. 1/T (Fig.6) and ΔG° values are
from Eq. (7). Thermodynamic parameters values are
recorded in Table 2. The humic acid adsorption onto
PSDP is feasible and spontaneous due to the negative
ΔG° values. Reduction in ΔG° value as temperature
increases from (298 to 338K), representing that the
adsorption process was encouraging at high
temperature. The positive value of ΔH° confirmed that
the adsorption reaction was endothermic in nature.
The value of ΔS° was positive which revealed that
PSDP prefer humic acid.30

Fig. 6 — Vant's Hoff plot of humic acid adsorption on PSDP
carbon
Table 2 — Thermodynamic parameters of humic acid adsorption
onto PSDPat a different temperature
Temperature
K
298
318
338

Ko
(L/g)
4
6.04
12.18

ΔGo
kJ/mol
−3.468
−4.758
−7.025

ΔHo
kJ/mol

ΔSo
J/mol K

22.89

55.19

Table 3 — A comparison of humic acid adsorption capacities by various sorbents
Adsorbent
Activated carbon from rice husk
Metal-modified silica
Metal-modified silica
Pillared bentonite
Chitosan
modified pumice stone withsulfuric acid
Activated sludge
rice husk ash
aminopropyl functionalized rice husk ash
PSDP
n.a.: not available

Capacity (mg/g)
21–45
1.5–3.6
0.2–3.6
537
57.14
65.75
2.4
2.7
8.2
170

Adsorption conditions
Humic acids
Fluka (sodium salt)
Wako (purified)
Nordic (purified)
Aldrich (sodium salt)
Aldrich (sodium salt)
Merck Organics
Aldrich (sodium salt)
Aldrich (purified)
Aldrich (purified)
Serva (sodium salt)

Reference
pH
5
n.a.
n.a.
4
3.5
3
4.4
6
6
3.5

31
32
32
33
34
3a
35
36
36
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Conclusions
Phosphoric acid activated pine sawdust charcoal
(PSDP) was prepared and used in humic acid
biosorption from aqueous medium. Phosphoric acid
activated PSDP surface area increased up to 991.14
m²/g and the FTIR spectra revealed that PSDP carbon
has different functional groups which increased humic
acid adsorption. The Freundlich isotherm model
defined the adsorption process with high correlation
coefficient R2, more than the Langmuir isotherm
model. Langmuir maximum adsorption capacities of
PSDP were 170.9, 182.1 and 209.6 mg/g at 25oC,
45oC, and 65oC, respectively. From thermodynamic
data, it was found the adsorption process was
spontaneous, favorable and endothermic. Thus,
present study results indicate that PSDP can be
efficiently applied humic acid removal from aqueous
solutions.
Acknowledgment
This work was supported by Researchers
Supporting Project number (RSP-2020/100), King
Saud University, Riyadh, Saudi Arabia.
References
1

2

3

4

(a) Doulia D, Leodopoulos C, Gimouhopoulos K & Rigas F,
Adsorption of humic acid on acid-activated Greek bentonite, J
Colloid Interface Sci, 340(2) (2009) 131–141; (b) LorencGrabowska E & Gryglewicz G, Adsorption of lignite-derived
humic acids on coal-based mesoporous activated carbons, J
Colloid Interface Sci, 284(2) (2005) 416–423; (c) Han S, Kim
S, Lim H, Choi W, Park H, Yoon J & Hyeon T, New
nanoporous carbon materials with high adsorption capacity
and rapid adsorption kinetics for removing humic acids,
Micropor Mesopor Mat, 58(2) (2003) 131–135; (d) Yang K &
Fox J T, Adsorption of humic acid by acid-modified granular
activated carbon and powder activated carbon, J Environ Eng,
144(10) (2018); (e) Siswanta D, Farida F, Zunaim D &
Aprilita N H, Adsorption of HA (humic acid) using sulfuric
acid-crosslinked chitosan/pectin polyelectrolyte complex film,
J Phy: Conf Ser, (2019) 1156, 012003.
Wan Ngah W S, Hanafiah M A K M & Yong S S, Adsorption
of humic acid from aqueous solutions on crosslinked chitosan–
epichlorohydrin beads: Kinetics and isotherm studies, Colloids
Surf B Biointerfaces, 65(1) (2008) 18–24.
(a) Soleimani H, Mahvi A H, Yaghmaeian K, Abbasnia A,
Sharafi K, Alimohammadi M & Zamanzadeh M, Effect of
modification by five different acids on pumice stone as natural
and low-cost adsorbent for removal of humic acid from
aqueous solutions — Application of response surface
methodology, J Mol Liq, 290 (2019), 111181; (b) Jayalath S,
Wu H, Larsen S C & Grassian V H, Surface adsorption of
suwannee river humic acid on TiO2 nanoparticles: A study of
pH and particle size, Langmuir, 34(9) (2018) 3136–3145.
Chen W, Qian C, Liu X-Y; Yu H-Q, Two-dimensional
correlation spectroscopic analysis on the interaction between

5
6

7
8
9
10

11

12

13

14

15

16

17

18
19

humic acids and TiO2 nanoparticles, Environ Sci Technol,
48(19) (2014) 11119–11126.
Kim H-C, Park S-J, Lee C-G, Kim S-B & Kim K-W, Bacterial
attachment to iron-impregnated granular activated carbon,
Colloids Surf B Biointerfaces c74(1) (2009) 196–201.
Jonglertjunya W & Lertchutimakul T, Equilibrium and kinetic
studies on the adsorption of humic acid by activated sludge
and Bacillus subtilis, Songklanakarin, J Sci Technol, 34(6)
(2012) 669–677.
Jin P, Song J, Yang L, Jin X & Wang X C, Selective binding
behavior of humic acid removal by aluminum coagulation,
Environ Pollut 233 (2018) 290–298.
Levchuk I, Rueda Márquez J J & Sillanpää M, Removal of
natural organic matter (NOM) from water by ion exchange – A
review, Chemosphere 192 (2018) 90–104.
Zhong X, Cui C & Yu S, Identification of oxidation
intermediates in humic acid oxidation, Ozone Sci Eng, 40(2)
(2018) 93–104.
Song L, Zhu B, Jegatheesan V, Gray S R, Duke M C &
Muthukumaran S, Effect of hybrid photocatalysis and ceramic
membrane filtration process for humic acid degradation, in
Water Scarcity and Ways to Reduce the Impact: Management
Strategies and Technologies for Zero Liquid Discharge and
Future Smart Cities, edited by M Pannirselvam, L Shu, G
Griffin, L Philip, A Natarajan & S Hussain (Springer
International Publishing: Cham) 2019, 95–113.
Huang Y, Chen H & Han G, In Research on the Adsorption of
Humic Acid on Pyrite Surface, Light Metals 2018, Cham,
2018// edited by O Martin (Springer International Publishing:
Cham) 2018, 197–202.
Murray A & Örmeci B, Competitive effects of humic acid and
wastewater on adsorption of Methylene Blue dye by activated
carbon and non-imprinted polymers, J Environ Sci 66 (2018)
310–317.
Wang J, Zhou Y, Li A & Xu L, Adsorption of humic acid by
bi-functional resin JN-10 and the effect of alkali-earth metal
ions on the adsorption, J Hazard Mater, 176(1) (2010) 1018–
1026.
Dehghani M H, Zarei A, Mesdaghinia A, Nabizadeh R,
Alimohammadi M, Afsharnia M & McKay G, Production and
application of a treated bentonite–chitosan composite for the
efficient removal of humic acid from aqueous solution, Chem
Eng Res Des 140 (2018) 102–115.
Li D, Wu C, Wang Y, Jiang S, Li S, Liang J & Zhang W,
Enhanced treatment properties of iron oxide amended sands
coupled with polyelectrolyte to humic acid, Water Environ
Res, 90(2) (2018) 136–143.
Baek C, Yoo H J, Lee W-N, Lee M & Min J, Elimination of
humic acid from aqueous sample using zinc oxide/graphene
oxide-coated microbeads, J Nanosci Nanotechnol, 18(9)
(2018) 6360–6363.
Doltabadi M, Alidadi H & Davoudi M, Comparative study of
cationic and anionic dye removal from aqueous solutions using
sawdust-based adsorbent, Environ Prog Sustain Energy, 35(4)
(2016) 1078–1090.
Larous S & Meniai A-H, The use of sawdust as by product
adsorbent of organic pollutant from wastewater: adsorption of
phenol, Energy Procedia 18 (2012) 905–914.
(a) Joseph L, Jun B-M, Flora J R V, Park C M & Yoon Y,
Removal of heavy metals from water sources in the developing
world using low-cost materials: A review, Chemosphere, 229

IBRAHIM et al.: ISOTHERM AND THERMODYNAMIC STUDIES OF THE BIOSORPTION OF HUMIC ACID
(2019) 142–159; (b) Alidadi H, Dolatabadi M, Davoudi M,
Barjasteh-Askari F, Jamali-Behnam F & Hosseinzadeh A,
Enhanced removal of tetracycline using modified sawdust:
Optimization, isotherm, kinetics, and regeneration studies,
Process Saf Environ Prot 117 (2018) 51–60.
20 (a) Kannan N & Sundaram M M, Kinetics and mechanism of
removal of methylene blue by adsorption on various carbons—
a comparative study, Dyes Pigm, 51(1) (2001) 25–40; (b) Garg
V K, Gupta R, Yadav A B & Kumar R, Dye removal from
aqueous solution by adsorption on treated sawdust, Bioresour
Technol 89(2) (2003) 121–124; (c) Safari G H, Zarrabi M,
Hoseini M, Kamani H, Jaafari J & Mahvi A H, Trends of
natural and acid-engineered pumice onto phosphorus ions in
aquatic environment: adsorbent preparation, characterization,
and kinetic and equilibrium modeling, Desalin Water Treat,
54(11) (2015) 3031–3043.
21 Iqbal A, Sabar S, Mun-Yee M K, Asshifa M N N, Yahya A R
M, & Adam F, Pseudomonas aeruginosa USM-AR2/SiO2
biosorbent for the adsorption of methylene blue, J Environ
Chem Eng, 6(4) (2018) 4908–4916.
22 (a) Vadivelan V & Kumar K V, Equilibrium, kinetics,
mechanism, and process design for the sorption of
methylene blue onto rice husk, J Colloid Interface Sci,
286(1) (2005) 90–100; (b) Saif Ur Rehman M & Han J I,
Biosorption of methylene blue from aqueous solutions by
Typha angustata phytomass, Int J Environ Sci Technol,
10(4) (2013) 865–870.
23 Malik P K, Use of activated carbons prepared from sawdust
and rice-husk for adsorption of acid dyes: a case study of Acid
Yellow 36, Dyes Pigm, 56(3) (2003) 239–249.
24 Foroughi-Dahr M, Abolghasemi H, Esmaili M, Shojamoradi A
& Fatoorehchi H, Adsorption characteristics of congo red from
aqueous solution onto tea waste, Chem Eng Commun, 202(2)
(2015) 181–193.
25 Yakout S M, Hassan M R, Abdeltawab A A & Aly M I,
Sono-sorption efficiencies and equilibrium removal of
triphenylmethane (crystal violet) dye from aqueous
solution by activated charcoal, J Clean Prod, 234 (2019)
124–131.
26 Hassan M R & Aly M I, Adsorptive removal of cesium ions
from aqueous solutions using synthesized Prussian
blue/magnetic cobalt ferrite nanoparticles, Particul Sci Technol
(2019) 1–11.

27

28

29

30

31

32
33
34

35

36

209

Crini G, Peindy H N, Gimbert F & Robert C, Removal of C.I.
Basic Green 4 (Malachite Green) from aqueous solutions by
adsorption using cyclodextrin-based adsorbent: Kinetic and
equilibrium studies, Sep Purif Technol, 53(1) (2007) 97–110.
Yin W, Zhao C,Xu J, Zhang J, Guo Z & Shao Y, Removal of
Cd(II) and Ni(II) from aqueous solutions using activated
carbon developed from powder-hydrolyzed-feathers and Trapa
natans husks, Colloids Surf A Physicochem Eng Asp, 560
(2019) 426–433.
Yakout S M, Hassan M R & Aly M I, Synthesis of magnetic
alginate beads based on magnesium ferrite (MgFe2O4)
nanoparticles for removal of Sr (II) from aqueous solution:
kinetic, equilibrium and thermodynamic studies, Water Sci
Technol, 77(11) (2018) 2714–2722.
(a) Chigondo M, Paumo H K, Bhaumik M, Pillay K & Maity
A, Magnetic arginine-functionalized polypyrrole with
improved and selective chromium(VI) ions removal from
water, J Mol Liq 275 (2019) 778–791; (b) Yao Y, Bing H,
Feifei X & Xiaofeng C, Equilibrium and kinetic studies of
methyl orange adsorption on multiwalled carbon nanotubes,
Chem Eng J, 170(1) (2011) 82–89.
Daifullah A A M, Girgis B S & Gad H M H, A study of the
factors affecting the removal of humic acid by activated carbon
prepared from biomass material, Colloids Surf A Physicochem
Eng Asp, 235(1) (2004) 1–10.
Moriguchi T, Yano K, Tahara M & Yaguchi K, Metalmodified silica adsorbents for removal of humic substances in
water, J Colloid Interface Sci, 283(2) (2005) 300–310.
Peng X, Luan Z, Chen F, Tian B & Jia Z, Adsorption of humic
acid onto pillared bentonite, Desalination, 174(2) (2005) 135–
143.
Zhao L, Luo F, Wasikiewicz J M, Mitomo H, Nagasawa N,
Yagi T, Tamada M & Yoshii F, Adsorption of humic acid
from aqueous solution onto irradiation-crosslinked
carboxymethylchitosan, Bioresour Technol, 99(6) (2008)
1911–1917.
Moura M N, Martín M J & Burguillo F J, A comparative study
of the adsorption of humic acid, fulvic acid and phenol onto
Bacillus subtilis and activated sludge, J Hazard Mater, 149(1)
(2007) 42–48.
Imyim A & Prapalimrungsi E, Humic acids removal from
water by aminopropyl functionalized rice husk ash, J Hazard
Mater, 184(1) (2010) 775–781.

