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Abstract. Pollution caused by pharmaceuticals has become an increasingly serious issue,
therefore innovative and cost — effective methods of pharmaceutical’s removal must be studied.
Clay — humic acid composite materials can be considered as prospective and low cost sorbents
for contaminants. The aim of this study is to develop clay mineral and humic acid composite
materials and to characterise their possible applications. For this research, three types of clay
minerals (montmorillonite, kaolinite and bentonite) were modified with three types of humic
substances: technical humic acid from lignite, humic substances extracted from raised bog peat
and technical K humate from lignite. The sorption was characterised according to the chosen clay
mineral and humic acid type and concentration. The obtained material was characterised by
Fourier Transform Infrared spectroscopy and Scanning Electron microscopy. The composite
materials were tested for sorption of pharmaceuticals (chloropromazine hydrochloride). The
obtained results characterise clay mineral and humic acid composite materials’ possible
applications as sorbents for removal of pharmacologically active substances.
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INTRODUCTION

Clay minerals are phyllosilicates and their crystal structure consists of tetrahedral
[SiO4]* and octahedral [A1O3(OH);]% sheets in either a 1:1, 2:1 or 2:1:1 proportion. The
arrangement and composition of octahedral and tetrahedral sheets mostly determine the
physical and chemical properties of clay minerals. Commonly known clay mineral
kaolinite’s structure consists of a single tetrahedral sheet and a single octahedral sheet
with little or no permanent charge. The structure of montmorillonite consists of two
tetrahedral sheets with a central octahedral sheet with a charge from 0.5 to 1.2 e/uc per
unit cell (Murray, 2007; Lee & Tiwari, 2012). The negative charge is due to isomorphous
substitution in octahedral (e.g., AI’*" for Mg?**) sheet and it is compensated with
exchangeable cations (Na*, Li*, Ca®" etc.) present in the interlayer space of the clay
mineral. Due to isomorphous substitution, montmorillonite has a higher cation exchange
capacity and surface area than kaolinite (Schulze, 2005; Zhu et al., 2016).

Humic substances is a group of naturally occurring organic substances which
results from long-term physical, microbial and chemical transformations of organic
matter. Humic substances are high-molecular weight polycationites and can be used for
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clay modification to obtain a sorbent for the removal of organic and inorganic pollutants
(Jin et al., 2016; Wang et al., 2018). Nowadays humic substances from different sources
are produced in quantities of tons and can be considered as low cost natural material.

Natural clay minerals have received a lot of attention as potential sorbents, because
of high sorption and ion-exchange properties as well as their abundance and low cost
(Zhang et al., 2015). Clay minerals can be modified using different approaches to obtain
innovative materials for their application as sorbents in the removal of different types of
pollutants (Lee & Tiwari, 2012). In the last two decades most studies have concentrated
on using organoclays to remove organic and inorganic contaminants from wastewater
(Ozola et al., 2018). Organoclays are prepared by intercalating specific organic
molecules in the interlayer space of a clay mineral through an ion exchange reaction.
The surfactants, known as quaternary alkylammonium salts, are the most commonly
used organic compounds for the preparation of organoclays (Yariv & Cross, 2002). For
example, kaolinite modified with hexadecyltrimethylammonium bromide, has been used
to remove significant quantities of nitrates, arsenate and chromates from aqueous
solutions (Li & Bowman et al., 2001), while montmorillonite, kaolinite or palygorskite
modified with octadecyltrimethylammonium bromide has been used as an efficient
sorbent of various pesticides (linuron, atrazine and metalaxyl) in a sandy soil
(Rodriguez-Cruz et al., 2007). However, cationic surfactants, such as
hexadecyltrimethylammonium bromide and octadecyltrimethylammonium bromide can
be environmentally hazardous; they are toxic to soil microbially mediated processes
(dehydrogenase and nitrification) and earthworms (Sarkar et al., 2013).

The aim of the present study is to develop clay mineral and humic acid composite
materials and to characterise their possible applications.

MATERIALS AND METHODS

Materials

Three types of industrially produced clay minerals were used — kaolinite (Kaolin
heavy, Sigma — Aldrich Chemie GmbH), montmorillonite (Montmorillonite K10,
Sigma — Aldrich Chemie GmbH) and bentonite (Bentonite pure, AppliChem Panreac
GmbH) — as well as three types of humic substances — technical humic acid from lignite
(Sigma — Aldrich Chemie GmbH), technical K humate from lignite (Czech Republic)
and humic substances from raised bog peat (Latvia).

Characterisation of materials

FTIR. In order to characterise changes of functional groups, infrared spectra were
taken for modified and unmodified clay samples. 10 mg of clay sample was mixed with
200 mg of KBr, 30 mg of the obtained powder was pressed into a tablet. Fourier
Transform Infrared Spectrophotometer Shimadzu IR- Tracer 100 was used with
following settings — wave number 4000-400 cm™'; resolution 2 cm™'; the number of
scans 20.

SEM. SEM was performed on Hitachi S-4800 Scanning Electron Microscope with
3.0 kV voltage. Image J programme was used for data processing.
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Sorption experiments

Batch system was used to conduct sorption experiments. Three types of humic
substances and 0.1 M NaOH were used for preparation of humic substances stock
solutions with varied concentrations (5, 10, 25, 50, 100, 200, 500, 1,000 mg L"). 0.3 g
of clay minerals were weighed in a glass vessel and 50 mL of humic substances
concentrate was added. Vessels were subsequently shaken for 24 hours at room
temperature at 150 rpm with orbital shaker BioSan PSU U-20. Suspensions were
afterwards filtered into 50 mL plastic test tubes and then the concentrations of filtrates
were measured with Shimadzu UV Spectrophotometer UV-1800 at the 410 nm
wavelenght.

The concentration after sorption was calculated using the equation of the calibration
graph and the following formula:

+ (1)
where C — the concentration after sorption, mg L!; 4 — absorption; by — the y-intercept;

b — the coefficient of slope. The sorbed amount was calculated with the following
formula:

x = (2)

where ¢, — the sorbed weight, mg g!'; C) — the concentration before sorption, mg L;
C> — the concentration after sorption, mg L!'; V' —the volume of added solution, mL;
m — the weight of clay minerals, g.

Sorption of chlorpromazine hydrochloride

Standard solutions preparation. Stock solution of reference standard was prepared
by dissolving accurate weighed sample of a compound in 50 mM ammonium acetate
solution at a concentration of 10,000 mg mL™!. Working standard solutions (5.0—
550 ug mL™") containing chlorpromazine hydrochloride (> 98% (TLC) Sigma-Aldrich)
was prepared by diluting the stock solutions. A sample of 2.0 ul was injected with an
autosampler. The straight-line regression was not forced to a zero intercept. Linear least
squares regression of the peak areas as a function of the concentrations was performed
to determine the correlation coefficients (R° > 0.9995). The equation parameters (slope
and intercept) of standard curve were used to obtain the concentration values
(y = 20495x+23; y — peak area, mVs; x — conc., pug mL™). The precision of the method
was assessed by triplicate analysis of standard solutions at eight concentrations (5.0,
10.0, 50.0, 100.0, 200.0, 300.0, 400.0 and 550.0).

UPLC analysis of chlorpromazine. Chromatography of chlorpromazine
compounds in clay samples was carried out using the methods of Larsimon et al (1998)
and Takahashi (1980) with slight modification. Acidified (5 mM CH3;COONH,) clay
(100 mg) extract was filtered through an nylon syringe filter with 0.22 um pore size
(Membrane Solutions, Plano, TX, USA) straight to 1.5 mL glass vials and right away
analyzed using the UPLC system. The chromatographic separation was carried out using
the Waters Acquity UPLC H-class consisting of a ultra high-pressure gradient unit
(Quaternary Solvent Manager), an auto injector (F7TN), a column oven (CHA), and a
fluorescence detector (FLR). Chromatographic data was collected via Waters Empower
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chromatography software. Chromatography was carried out at 30 °C using a Acquity
UPLC HSS CYANO column (1.7 pm, 2.1 x 450 mm) and a mobile phase consisting of
acetonitrile and 50 mM CH3COONHs (9:1 v/v) running a constant flow-rate of
0.50 mL min!. The total separation time was 3.5 min. The identification and
quantification of chlorpromazine was estimated using a fluorescence detector at an
excitation wavelength of 280 nm and emission wavelength of 450 nm.

Sorption of chlorpromazine on clay samples. The concentrate of chlorpromazine
hydrochloride was obtained by dissolving 0.3 g of chloropromazine hydrochloride in
500 mL 0.1% ammonia acetate. 0.1 g of each obtained type of sorbent as well as each
type of raw clay minerals was weighed and 20 mL of chloropromazine concentrate was
added. The samples were shaken in Biosan PSU U-20 (Latvia) shaker for 24 hours in
room temperature. The samples were subsequently filtered with paper filter and 0.45 pm
membrane filter and analysed in the UPLC system.

RESULTS AND DISCUSSION

Characterisation of the materials
FTIR. In order to characterize the changes of obtained clay — humic acid sorbents’
functional groups, FTIR spectra were taken and the differences between raw and
modified clays were analysed. All of the modified samples apart from bentonite
modified with technical K humate (Figs 1, 2, 3) had peaks at wave number 2,850—
2,950 cm’!, that canbe assigned to C-H aliphatic stretch. Common peaks were
observed that can be assigned to clay mineral structure, such as peak at the wavenumber

3,620 cm™ (approximately) that refers
to hydroxylgroups between tetrahedral m

and octahedral sheets. Samples had

peaks at the wavenumbers 3,653 cm’!

and 3,669 cm™! that can be assigned to

Si-O-Si and O-H stretch. The samples m
of bentonite and kaolinite had a peak at

the wavelenght interval 950-800 cm’!

that refers to O-H bend and tri-valent : : :

central atoms in octahedral sheets.
Bentonite samples had a peak in the
wavelenght interval 1,400-1,300 cm’!
that can be assigned to Si-O stretch and

bend as well as O-H bend. Kaolinite
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Figure 1. Montmorillonite ~FTIR  spectra
(from top to bottom: Mt A — modified with

samples had a peak in the wavelenght technical humic acid; Mt CH — modified
interval 695-698 cm™ that can be with technical K humate; Mt —raw
assigned to O-H bend and two-valent montmorillonite; Mt HS — modified with
central atoms. raised bog peat humic substances).
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Figure 2. Kaolinite IR spectra (from top Figure 3.Bentonite IR spectra (from top to
to bottom: K A —modified with technical bottom: Bt A —modified with technical
humic  acid; K CH -modified  with humic acid; Bt CH —modified with

technical K humate; K —raw Kkaolinite; technical K humate; Bt —raw bentonite;
K _HS — modified with raised bog peat humic Bt _HS — modified with raised bog humic
substances). substances).

SEM. SEM images can be seen in Fig. 4. Montmorillonite had an irregular surface
both pre — (Fig. 4, a) and post (Fig. 4, b, ¢, d) modification. No significant changes in
morphology were noted.

e
10.0um

x5.00k SE(M) 10.0um 8m SE(M) 10.0um

Figure 4. SEM images of a) raw montmorillonite; b) montmorillonite modified with high bog
peat humic substances; c¢) montmorillonite modified with technical humic acid;
d) montmorillonite modified with technical K humate.
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Sorption experiments

In order to obtain the optimal conditions of clay minerals and humic substances
composite materials synthesis, the initial concentration of humic substances was varied
while maintaining other sorption parameters, e.g., the sorption time, pH value, the weight
of clay minerals sample.

Comparing the isotherms of the sorbent motmorillonite, it can be seen that the
highest sorption capacity by a significant margin was attained modifying with raised bog
peat humic substances (96.5 mg g!), but the sorption capacities of the remaining
sorbates where almost the same — 34.1 mg g™ with technical humic acid as a sorbate and
33.6 mg g! with technical K humate as a sorbate (Fig. 5).
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Figure 5. The  sorption isotherms  of Figure 6. The sorption isotherms of bentonite
montmorillonite samples (Mt _HS — modified samples (Bt HS — modified with raised bog
with raised bog peat humic substances; peat humic substances; Bt CH — modified
Mt_CH — modified with technical K humate; with technical K humate; Bt A — modified
Mt A — modified with technical humic acid). with technical humic acid).

Similar results were obtained using bentonite as a sorbent — the raised bog peat
humic substances sorption capacity was higher by a significant margin (84.6 mg g)
(Fig. 6). By contrast, the sorption capacities of remaining samples varied significantly —
the sorption capacity of technical humic acid was 53.0 mg g!, and the lowest sorption
capacity of bentonite was observed when K humate (32.8 mg g') was used. Similarly,
modifying kaolinite with raised bog peat humic substances, the highest sorption capacity
was obtained (64.1 mg g!) (Fig. 7). The sorption capacity of kaolinite modified with
technical humic acid was 38.1 mg g’!, but kaolinite modified with technical K humate
had the lowest sorption capacity (24.6 mg g'). Comparing the results of chosen sorbates,
it can be concluded that the highest sorption capacity was found when raised bog peat
humic substances were used as a sorbate.

Comparing isotherms of a common sorbate — raised bog peat humic substances — it
can be concluded that montmorillonite had the highest sorption capacity (96.5 mg g™)
followed by bentonite (84.6 mg g'). The lowest sorption capacity was found when
kaolinite was used (64.1 mg g!) (Fig. 8).

1028



m, 70 —e—K HS
‘é’ 60 —a—K CH
2 50 ——K A
2 _
2 40
5 E30
g 20
3 10

0

0 500 1,000

Equilibrium concentration, mg L

Figure 7. The sorption isotherms of kaolinite
samples (K _HS — modified with raised bog
peat humic substances; K CH — modified
with technical K humate; K A — modified
with technical humic acid).
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Figure 8. The sorption isotherms of sorbents
modified with raised bog peat humic
substances (Mt_HS — montmorillonite;
K_HS — kaolinite; Bt HS — bentonite).

A similar order can be seen when clay minerals where modified with technical K
humate, although the sorption capacity of bentonite was almost the same as that of
montmorillonite (32.8 mg g and 33.6 mg g, respectively) (Fig. 9). Kaolinite modified
with technical K humate had the lowest sorption capacity (24.6 mg g!). The results
differed modifying clay minerals with technical humic acid — bentonite had the highest
sorption capacity (52.9 mg g') (Fig. 10). The sorption capacity of kaolinite was
38.13 mg g"'. Montmorillonite had the lowest sorption capacity (34.07 mg g™), although
modified with raised bog peat humic substances or technical K humate it had the highest
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40

15 —e— Mt _CH
10 —0—K_CH

Sorbed humic substances,
mg g™
N
o

—a—Bt_CH

0 500 1,000
Equilibrium concentration, mg L

Figure 9. The sorption isotherms of sorbents
modified with technical K humate (Mt CH —
montmorillonite; K CH — kaolinite; Bt CH —
bentonite).
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Figure 10. The sorption isotherms of sorbents
modified with technical humic acid
(Mt_A — montmorillonite; K_A — kaolinite;
Bt_A — bentonite).
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Chotzen et al. (2016) observed that kaolinite had higher sorption capacity that
montmorillonite in the natural pH of the respective clay minerals, and it was argumented
to be because of kaolinite’s low natural pH. In acidic pHs, higher adsorbtion of humic
substances can be achieved (Derakhshani & Naghizadeh, 2018). For this study an
acidified montmorillonite was used and an identical pH was set, therefore the sorption
capacity of montmorillonite in this study was higher than that of kaolinite. In
comparison, while adjusting the humic acid solution to pH 7, Zhang et al. (2012)
observed higher sorption capacity for smectite than kaolinite.

Sorption of chlorpromazine hydrochloride

Sorption experiments were done by adding 20 mL of chlorpromazine hydrochloride
to 1 g of clay minerals and subsequently shaking the samples for 24 hours in room
temperature on Biosan shaker. The filtrates were filtered through 45 pm membrane filter
and analysed in UPLC system.

The sorption capacity of
chlorpromazine by various samples is Table 1. The sorption capacity of clay - humic
shown in Table 1. Modified bentonite acid composite materials (K — kaolinite; Mt —
samples had the highest sorption montmorillonite; Bt — bentonite; HS — raised bog

. . peat humic substances; CH — technical K
capacity of chlorpromazine (over ] : D

: . humate; A — technical humic acid)

99%). The sorption capacity of

montmorillonite samples were in the Sorbed . Sorbed .
range of 73.48-93.21%. Kaolinite Sample :ﬂgfﬁiromﬂme zlrﬁglrlzlzromazme
samples had the lowest sorption e Ll o, ’
capacity (21.-12%—59.05%), because Bt 596.67 99 4
of its lower cation exchange capacity Bt CH 599 77 100.0
and surface layer (Schulze, 2005; Zhu Bt:A 599.75 100.0
et al., 2016). Bt HS 599.82 100.0

Raw bentonite had the lowest KA 155.18 25.8
sorption capacity of bentonite samples K_HS 354.52 59.1
(99.44%), although the approximate K_CH 141.18 235
difference with modified samples was K 127.18 2L1
only 0.5%. The results of modified ﬁ:—ﬁs Zi?g? 2;?
bentonite samples were identical, Mt CH 5 46:18 91:0
therefore studies of higher inital Mt 517.92 86.3

concentration of  chlorpromazine
should be done. The results of lowest
sorption capacity were coherent with kaolinite samples — raw kaolinite had the lowest
sorption capacity (21.12%). The highest sorption capacity of modified kaolinite samples
by a significant margin was obtained with kaolinite modified with raised bog peat humic
substances (59.05%). Kaolinite modified with technical humic acid and kaolinite
modified with technical K humate showed a difference of only 2% (25.79% and 23.46%,
respectively).

In contrast, montmorillonite modified with raised bog peat humic substances had
the lowest sorption capacity of montmorillonite samples (73.48%). Montmorillonite
modified with technical humic acid and modified with technical K humate had the
highest sorption capacity (93.21% and 91.02%, respectively). The sorption capacity of
raw montmorillonite was 86.13%.
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To characterise the materials and their possible application comprehensively,
X-ray diffraction (XRD) method will be used as well as sorption experiments depending
on pH and sorption time.

CONCLUSIONS

The study of interaction of clay minerals and humic substances is of importance to
understand the interaction of clay minerals and natural humic matter at the formation of
soils. However clay-humic composites are prospective for development of sorbents for
environmental technologies. In this study clay minerals were modified with three types
of humic substances and tested for chlorpromazine sorption. Comparing the influence of
clay minerals and humic substances on humic substances sorption, it can be concluded
that the choice of humic substances affects the sorption capacity more. Modification of
clay minerals mostly increased the sorption capacity of chlorpromazine. The highest
sorption capacity of chlorpromazine was obtained by using montmorillonite and
bentonite samples due to their higher surface area and sorption capacity. Although, in
the case of bentonite further sorption experiments of chlorpromazine are needed.

ACKNOWLEDGEMENTS. Authors would like to express gratitude to Latvian Council of
Science Council of Latvia for providing a grant ‘Properties and structure of peat humic substances
and possibilities of their modification’ 1zp-2018/1-0009.

REFERENCES

Derakhshani, E. & Naghizadeh, A. 2018. Optimization of humic acid removal by adsorption onto
bentonite and montmorillonite nanoparticles. Journal of Molecular Liquids 259, 76—81.

He, Z., Cheng, X., Kyzas, G.Z. & Fu, J. 2016. Pharmaceuticals pollution of aquaculture and its
management in China. Journal of Molecular Liquids 223, 781-789.

Jin, X., Zheng, M., Sarkar, B., Naidu, R. & Chen, Z. 2016. Characterization of bentonite
modified with humic acid for the removal of Cu (II) and 2,4-dichlorophenol from aqueous
solution. Applied Clay Science 134, 89-94.

Larsimont, V., Meins J., Fieger-Blischges, H & Blum, H. 1998. Validated high-performance
liquid chromatographic assay for the determination of promazine in human plasma
Application to pharmacokinetic studies. Journal of Chromatography B 719, 222-226.

Lee, S.M. & Tiwari, D. 2012. Organo and inorgano-organo-modified clays in the remediation of
aqueous solutions: An overview, Applied Clay Science 59—60, 84—102.

Li, Z. & Bowman, R.S. 2001. Retention of inorganic oxyanions by organo-kaolinite. Water
Research 35(16), 3771-3776.

Murray, H.H. 2007. Applied clay mineralogy: Occurrences, processing and application of
kaolins, bentonites, palygorskite-sepiolite, and common clays. Elsevier, Amsterdam,
179 pp.

Ozola, R., Klavins, M. & Burlakovs, J. 2018. Clays, intercalated with organic substances for
environmental technologies. 18" International Multidisciplinary Scientific GeoConference
SGEM?2018. STEF92 Technology, Albena, pp. 197-202.

Rodriguez-Cruz, M.S., Sanchez-Martin, M.J., Andrade,s, M.S. & Sanchez-Camazano, M. 2007.
Modification of clay barriers with a cationic surfactant to improve the retention of pesticides
in soils, Journal of Hazardous Materials 139(2), 363-372.

1031



Sarkar, B., Megharaj, M., Shanmuganathan, D. & Naidu, R. 2013. Toxicity of organoclays to
microbial processes and earthworm survival in soils. Journal of Hazardous Materials 261,
793-800.

Schulze, D.G. 2005. Clay minerals. In: Hillel, D. (eds.) Encyclopedia of Soils in the Environment.
Elsevier /Academic Press, Boston, 246—254 pp.

Takahashi, D.M. 1980. Rapid Determination of Chlorpromazine Hydrochloride and Two
Oxidation Products in Various Pharmaceutical Samples Using High-Performance Liquid
Chromatography and Fluorescence Detection. Journal of Pharmaceutical Sciences 69(2),
184-187.

Zhang, L., Luo, L. & Zhang, S. 2012. Integrated investigations on the adsorption mechanisms of
fulvic and humic acids on three clay minerals. Colloids and Surfaces A: Physicochemical
and Engineering Aspects 406, 84-90.

Zhang, L., Zhang, B., Wu, T., Sun, D. & Li., Y. 2015.Adsorption behavior and mechanism of
chlorophenols onto organoclays in aqueous solution. Colloids and Surfaces A:
Physicochemical and Engineering Aspects 484, 118—129.

Zhu, R., Chen, Q., Zhou, Q., Xi, Y., Zhu, J. & He, H. 2016. Adsorbents based on montmorillonite
for contaminant removal from water: A review. Applied Clay Science 123, 239-258.
Wang, F., He, J., He, B., Zhu, X., Qiao, X. & Peng, L. 2018. Formation process and mechanism
of humic acid-kaolin complex determined by carbamazepine sorption experiments and

various characterization methods. Journal of Environmental Sciences 69, 251-260.

Yariv, S. & Cross, H. (ed.) 2002. Organo-Clay Complexes and Interactions. Marcel Dekker, New

York, 680 pp.

1032



