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Abstract: In this study, the possibility of using modified potato starch, with 

nitrogen-containing chemical agents (melamine, cysteine, and histidine) as green 

adsorbents for removing pharmaceuticals and pesticides from water has been 

investigated. The influence of additional modification of amino-starch with clay 

and diatomaceous earth was examined. The effect of the applied modification on 

the structural, surface, and morphological properties was determined by FTIR, 

XRD, and SEM analysis, while the adsorption properties were determined 

through the effectiveness of prepared materials to remove selected pollutants 

from spiked and real water samples. The efficiency of investigated amino-

starches for the adsorption of pharmaceuticals and pesticides decreases in order: 

starch-histidine>starch-cysteine>starch-melamine, with a slightly better 

efficiency for pharmaceuticals adsorption. Additional modification of amino-

starches with clay/diatomaceous earth did not contribute to the increase in 

adsorption efficiency. It was found that the influence of the matrix of real water 

samples on the adsorption efficiency is up to 10 %, which represents a promising 

potential for applying amino-starch as a cheap and effective adsorbent for 

wastewater treatment. Also, starch-histidine and starch-cysteine showed the 

possibility of reusing up to three cycles of adsorption. 

Keywords: potato starch; modification; adsorption; organic pollutants; reuse. 

INTRODUCTION 

Growing world population, increased investment in medical research, 

innovations in the field of medicine, ubiquitous availability of the global market, 
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increase in chronic diseases, as well as the prevention and treatment of animal 

diseases in intensive livestock have led to a significant increase in the consumption 

of pharmaceuticals in the last few decades.1,2 Exposure of non-target organisms to 

even low concentrations of pharmaceutical products can have negative effects 

reflected in ecotoxicity (acute and chronic toxicity, genotoxicity, and 

carcinogenicity); pharmacological effects (hormone and immune system 

interference), and the development of microorganism resistance.3 Another 

category of pollutants frequently identified in water is pesticides. About 85 % of 

the world's pesticide production is spent on agricultural purposes, crop protection, 

and chemical control of various pests, such as insects, bacteria, fungi, and algae in 

electrical equipment, refrigerators, paints, paper, cardboard, and food packaging 

materials. Adverse effects on human health have been observed even at very low 

concentrations of pesticides. Pesticide poisoning can lead to various diseases, such 

as cancer, hormonal disorders, asthma, various allergies, birth defects, and fetal 

death.4 

In the field of environmental engineering, adsorption plays an integral role 

among methods to treat wastewater because of its robustness in handling a range 

of pollutants, simplicity in operation, low operating costs, simplicity of the process, 

and variety of materials that can be used as adsorbents.5 Natural material, starch, 

is an attractive material for adsorption application, due to its low cost, availability 

in nature in large amounts, biorenewability, non-toxicity, and good adsorption 

characteristics. Previous studies have shown that chemical modification, i.e., the 

inclusion of functional groups in the backbone of starch, improves the efficiency 

of modified starch for the adsorption of various organic and inorganic pollutants 

from water.5,6  

Following the goals of sustainable development, this research brings a novel 

approach to the modification of natural materials and the preparation of a green 

adsorbent that can be used for wastewater treatment. The chemical modification of 

starch with melamine and amino acids was carried out to increase the number of 

active sites for adsorption, while the physico-chemical modification with 

clay/diatomaceous earth was carried out to increase the stability of starch in the 

aqueous environment. It is also expected that modification with clay and 

diatomaceous earth will increase adsorption efficiency, due to their good 

adsorption properties.  

In this work, the adsorption of selected pharmaceuticals (erythromycin, 

lorazepam, diazepam, and clopidogrel) and pesticides (atrazine, propazine, 

malathion, and tebufenozide) from spiked water and real water samples (surface 

water, groundwater, and wastewater) was examined. Chemically modified starch 

with nitrogen-rich compounds (melamine, cysteine, histidine) and materials based 

on amino-starch derivates additionally modified by adding bentonite clay and 

diatomaceous earth were used as adsorption materials. The applied adsorption 
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process using modified starch can be considered ecologically sustainable and 

economically acceptable, due to the use of natural materials modified by a simple 

and safe method, solving the extremely important problem concerning the presence 

of pharmaceutical products and pesticides in the environment. In order to assess 

the cost-effectiveness and sustainability of the application of amino-starch 

derivates as adsorbents for the removal of selected pharmaceuticals and pesticides 

in real systems, their reuse was examined. 

EXPERIMENTAL 

Materials and chemicals 

Details of materials and chemicals are given in the Supplementary material. 

Preparation of amino-modified starch 

Amino-modified starch (AMS) was synthesized according to our previous reports.5 The 

synthesis of the material with melamine was carried out at a temperature of 80 °C until the 

melamine was dissolved in the presence of acetic acid and distilled water. After the addition of 

oxidized starch, the reaction was conducted at 30 °C for another 2 h with stirring at 400 rpm. 

After washing and filtering, the obtained material was dried at 50–60 °C to a constant mass. 

Modification with cysteine and histidine was performed by mixing oxidized starch with distilled 

water for 30 min at 40 °C to obtain a starch suspension to which the amino acid was then added 

and stirring at 400 rpm was continued at 40 °C for another 3 h. The resulting mixture was filtered 

and washed several times and then dried at 50 °C to constant weight.  

Preparation of biocomposites 

The preparation of starch-based biocomposites was carried out according to methods 

described in the literature with some changes.7,8 AMS (5 g) was suspended in 30 mL of 

deionized water and kept in a water bath at 70 °C with continuous stirring at 400 rpm for 1 h. 

The clay/diatomaceous earth (0.5 g) was dispersed in 30 mL of deionized water and the 

dispersion was poured into the gelatinized starch/AMS solution. The reaction was continued at 

60 °C with constant stirring on a magnetic stirrer at 400 rpm for 3 h. The sample was dried at 

50 °C in an oven, and finally, the dry sample was ground into a powder. Samples with native 

starch and clay/diatomaceous earth were prepared in the same way. Obtained starch-based 

biocomposites were labeled according to Table S-I.  

Characterization methods 

The determination of the surface, structural, and morphological characteristics of the 

material was carried out using Fourier-transform infrared spectroscopy (FTIR), a scanning 

electron microscope (SEM), and X-ray diffraction (XRD). Details of these characterization 

methods are given in the Supplementary material. 

Adsorption performance and regeneration studies 

The adsorption efficiency of examined samples was investigated in a batch system with 

constant mixing (180 rpm) at room temperature. The adsorption of selected pharmaceuticals 

(erythromycin, lorazepam, diazepam, and clopidogrel) and pesticides (atrazine, propazine, 

malathion, tebufenozide) from multi-component spiked water samples, surface water, 

groundwater, and wastewaters was investigated. Adsorption tests were performed at constant 

adsorbent dosage (0.05 g), initial concentration (500 mg dm–3), and solution volume (10 mL) 

for 180 min, in the batch system with constant shaking at room temperature. The initial pH of 
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the pesticides/pharmaceuticals solution and adsorbent was about 5, for all samples. After 

adsorption, all samples were filtered through the PVDF 0.45 μm filters.  

The adsorption efficiency (%) of selected pharmaceuticals and pesticides from aqueous 

solutions was calculated according to the equation:  

 Adsorption efficiency, % = (
𝐶0−𝐶𝑡

𝐶0
 ) × 100 (1) 

where C0 and Ct (mg dm–3) are the concentrations of a pollutant at the initial time and after 

time t (min).5 

For regeneration investigation, the dried adsorbents were immersed in 0.05 mol/L HNO3 

solution for 120 minutes with constant stirring at room temperature. After that, adsorbents were 

washed with deionized water and dried at 50 °C for the next adsorption cycle. 

The concentration of selected pesticides and pharmaceuticals was analyzed by liquid 

chromatography-tandem mass spectrometry (LC-MS/MS). Details related to this instrumental 

technique are given in the Supplementary Material. 

RESULTS AND DISCUSSION 

FTIR analysis 

FTIR spectra of all examined samples are presented in Fig. 1. The spectra of 

all modified starch/AMS samples exhibit a broad absorption band at approximately 

3330 and 3335 cm−1, which can be attributed to the stretching vibration of O–H 

groups from the glucose unit. A small peak at 2993, 2930, and 2928 cm−1, present 

in FTIR spectra of all tested samples, can be assigned to symmetrical and 

asymmetric C–H vibrations in methyl or methylene groups. An intense absorption 

band at 1001 and 1004 cm−1 is typical in the spectra of starch and its derivative and 

attributed to the CH2–O–CH2 stretching vibrations of anhydroglucose unit.9 The 

weaker absorption peak at 1710, 1720, and 1725 cm–1 in the spectra of the modified 

AMS samples can be attributed to –C=O stretching vibrations.10 The absorption 

peak at 3121, 3124, and 3127 cm–1 in the FTIR spectrum of SM-clay, SM-d.e, and 

SM is assigned to –NH2 stretching vibration; whereas those at 1542, 1540, 808, 

and 764 cm–1 are assigned to the triazine ring. 11 In the FTIR spectrum of SC, SC-

clay, and SC-d.e, the absorption peak at 1583, 1580 and 1565 cm−1 can be 

attributed to the presence of the –C=N group, while the peak at 2553, 2530, and 

2536 cm−1 corresponds to the S–H stretching vibrations.12 In the FTIR spectrum of 

SH, SH-clay, and SH-d.e, the peak at 1483 and 1480 cm–1 corresponds to the 

bending vibration of the –NH2 group, while the ring vibration appears at 635, 630, 

and 623 cm–1.12 The characteristic peaks for bentonite clay corresponding to the 

Si–O and Al–O vibrations (3691, 3620, 832 and 693 cm–1)13 can be seen in Fig. 

1c. The absorption bands corresponding to Si–O, O–Si–O and Si–O–Si vibrations 

in the diatomaceous earth structure are observed at 1076, 812 and 703 cm–1 (Fig. 

1d). 13,14 
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Fig. 1. FTIR spectra of examined starch-based adsorbents 

SEM analysis 

Fig. 2 shows SEM micrographs of all tested samples. The micrographs of 

bentonite clay (Fig. 2a) indicate the existence of a roughed matrix, i.e. a crystalline 

morphology with the dominance of platelet shapes in the section and a certain 

degree of porosity.15 Fig. 2b shows the smooth surface of natural potato starch 

granules, typically elliptical and spherical shapes without any cavities or cracks. 

SEM micrographs of diatomaceous earth (Fig. 2c) show the presence of a porous 

structure in the form of a honeycomb with impurities that can be incorporated into 

the new material during modification.16  A
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Fig. 2. SEM micrographs of clay (bentonite) (a); potato starch (b); diatomaceous earth (c);  

SM (d); SC (e); SH (f); S–clay (g); S–d.e. (h); SM–clay (i); SC–clay (j); SH–clay  

(k); SM–d.e (l); SC–d.e (m); and SH–d.e (n) 

Fig. 2d-f show SEM micrographs of amino-modified starches, with melamine, 

cysteine, and histidine, respectively. Since there was no harsh physical treatment 

or application of high temperatures during the modification process, the starch 

granules retained their original shape. The success of modification was confirmed 

by the surface roughness, i.e. the presence of unevenness and impurities in the 

structure of the new materials originating from amino derivates. Fig. 2d shows the 

presence of melamine as crystalline segments, not only on the surface of the starch 

granules but even within the inner parts of the starch granules. Fig. 2d shows the 

presence of melamine as crystalline segments, not only on the surface of the starch 

granules but even within the inner parts of the starch granules. In the case of starch 

modified with cysteine (Fig. 2e), the presence of cysteine is observed on the 

surface of the starch, in the form of stuck parts, while in the case of starch modified 

with histidine, a more homogeneous structure is observed, i.e. fewer parts on the 

surface, which means that histidine coats the starch granules to a greater extent, 

and less sticks to the surface (Fig. 2d). In the second part of the modification, the 

possibility of reacting starch/amino-modified starch with clay/diatomaceous earth 

was examined. The reaction is simply carried out by adding clay, or diatomaceous 

earth, to a gelatinized starch solution or amino-modified starch. All SEM 

micrographs (Fig. 2g-2n) clearly show that the form of starch granules has been 

changed, but that the shape is not completely destroyed. The edges have lost clear 

boundaries, the surface has become rough, with protrusions and cracks, while in 
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the cross-section of the starch granules, parts originating from the initial 

components, amino derivates, clay, and diatomaceous earth can be observed. 

XRD analysis 

Comparative XRD diagrams for investigated samples are presented in Fig. 3. 

Native potato starch showed the typical B-type X-ray pattern with reflection 

diffraction peaks (2θ) at 5.3, 15.1, 17.5, 19.5, 22.5, 24.1, and 26.4º.17 The 

characteristic XRD peaks for bentonite clay (Fig. 3b) at the diffraction angle, 2θ = 

12.5, 20.8°, 26.5°, 35.3°, 36.7°, 38.9°, and 55.2° can be associated with the 

presence of the smectite and impurities such as opal, quartz, and calcite in the 

structure of pure bentonite clay.18 The XRD pattern of diatomaceous earth (Fig. 

3c) revealed the main phase of non-crystalline opal-A with the characteristic broad 

peak centered at 21.3°.19  

 
Fig. 3. XRD patterns of examined starch-based adsorbents 

Compared to native starch (Fig. 3a), additional peaks for SM appearing at 2θ= 

5.92°, 17.5°, 22.7° and ranging from 25.5° to 30.2° originate from melamine, while 

the peaks for SC that are characteristic of the cysteine structure were observed at 

2θ = 18.8° and in the range from 27.8° to 34.4°.20,21 A significant decrease in 

crystalline domains was observed for SH, where a decrease in peak intensity is 

observed in the interval from 19.6° to 24.1° compared to native starch, while the 

characteristic peaks for the structure of pure histidine, ranging from 16.2° to 28.3° 

were not visible, as a consequence of their lower intensity and overlap with the 

characteristic peak of the starch structure.22 Figs. 3b and 3c show that, in addition 

to the characteristic XRD peaks originating from the structure of starch and amino 
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derivates, XRD peaks characteristic for bentonite clay (Fig. 3b), and diatomaceous 

earth (Fig. 3c) are also present.23 Based on the XRD patterns of the tested samples, 

it can be concluded that the additional modification of the samples with bentonite 

clay (Fig. 3b) and diatomaceous earth (Fig. 3c) contributes to the increase of 

crystalline domains in the materials compared to the native starch and amino-

modified samples (Fig. 3a). 

Adsorption study 

The adsorption efficiency values of examined materials to adsorb selected 

pharmaceuticals and pesticides from spiked deionized water are presented in Fig. 

4 and Table S-IV. It can be noticed that the modification of starch contributed to 

an increase in the efficiency of pharmaceutical and pesticide adsorption two to 

three times compared to adsorption on unmodified starch. Applied modifications 

significantly contributed to the adsorption efficiency, and the modification of 

starch with amino acids, especially histidine, contributed the most to the high 

percentage of all selected pollutants adsorption. Also, the same adsorption trend 

for pharmaceuticals (erythromycin > clopidogrel > diazepam >l orazepam) and 

pesticides (tebufenozide > malathion > propazine > atrazine) has been observed 

for all examined materials. The order of the affinity obtained can be explained by 

the different intensities of electrostatic forces acting between the positively 

charged surface of all amino-modified starch samples, on one hand, and molecules 

of pharmaceuticals and pesticides, on the other. All tested materials showed a 

slightly better efficiency for the removal of pharmaceuticals, than for pesticides. 

The order of the adsorption efficiency for clopidogrel>diazepam>lorazepam 

indicates that the adsorption efficiency decreases with increased polarity of the 

pharmaceutical (SRM chromatograms, Fig. S-1). The exception is erythromycin, 

possibly as a consequence of its large molecular mass, as well as of the highest 

electronegativity of this molecule compared to other pollutants. This could also 

explain, why the erythromycin molecules bind to the surface of the adsorbent first, 

and then the molecules of other pollutants. The same explanation applies to the 

adsorption efficiency of pesticides; with increasing polarity of pesticide molecules 

(SRM chromatograms, Fig. S-1) the adsorption efficiency decreases (tebufenozide 

> malathion > propazine > atrazine). Based on all of the above, it can be stated that 

the investigated materials are more suitable for the adsorption of less polar 

compounds. 

Additional modification of starch with clay and diatomaceous earth had no 

significant influence on the adsorption properties of amino materials. As a result 

of the starch surface modification with clay and diatomaceous earth (Fig. 2), the 

surface of the starch granules was coated with parts of clay/diatomaceous earth, 

which reduced its porosity and the number of available sites for adsorption. 
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Fig. 4. Adsorption efficiency of examined starch-based adsorbents 

Adsorption study in real water samples 

Following the results obtained in the previous part, amino-starch samples 

modified with melamine and amino acids were selected for testing the adsorption 

of pharmaceuticals and pesticides from spiked real waters. Three samples of real 

water, a sample of surface water collected from river Pek, Serbia; a sample of 

groundwater, collected from Belgrade Ranney wells, Serbia; and a sample of 

wastewater from the entrance to the water purification plant Aranđelovac, Serbia; 

were analyzed (Fig. 5, Table S-V). The results obtained for spiked deionized water 

were compared to the results for real water samples to examine the matrix effect, 

i.e., the influence of components present in water matrix on the adsorption 

efficiency of used adsorbents. One of the most important factors that can affect the 

efficiency of adsorption is the presence of dissolved organic matter (DOM), which 

consists of different size fractions (i.e. building blocks, humic and fulvic acids, 

biopolymers, and low molecular weight organic matter) that can interfere with the 

adsorption process by blocking the pores of the adsorbent or competing with the 

contaminants of interest for adsorption sites.24 According to the literature, the 
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effect of adsorbent saturation is more pronounced when dealing with the 

adsorption of anionic compounds because DOM is negatively charged at the 

overall pH of the wastewater and interferes with the adsorption of anionic 

compounds through electrostatic repulsion.25 However, many studies show that 

DOM does not have a significant effect or can even have a positive effect on the 

adsorption of some organic products, depending on the experimental conditions, 

which has also been confirmed in this research.26,27 

Changes in adsorption efficiencies of up to 10 % were observed compared to 

the adsorption from deionized water. A particularly significant result was the 

increase in the removal efficiency of almost all pharmaceuticals and pesticides 

from wastewater suggesting that the matrix of real water samples either has no 

significant influence or has a positive influence on the adsorption efficiency.  

 
Fig. 5. Adsorption efficiency of amino-modified starches, SM (a), SC (b), and SH (c) for the 

removal of selected pharmaceuticals and pesticides from real water samples 
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Comparative study of different adsorbents – literature review 

Table I shows data from the literature on the use of different types of modified 

starch for the removal of different pharmaceuticals and pesticides from water. By 

comparing the adsorption efficiency, the modified starch obtained in this study 

gives comparable results with literature data, bearing in mind that it is a different 

type of starch modification, type of pollutant, and different experimental 

conditions that significantly affect the adsorption efficiency. Also, it is important 

to point out that the adsorption of selected pharmaceuticals and pesticides in this 

work was performed from a mixture of several pharmaceuticals and pesticides, 

which helps to evaluate the efficiency of these adsorbents for application in the 

treatment of real wastewater because wastewater often contains more than one 

pollutant.  

In most of the studies from Table I for obtaining starch-based adsorbents for 

the removal of pharmaceuticals and pesticides, complex procedures lasting several 

hours, at high temperatures, with the use of expensive and toxic chemicals were 

used. 28, 29, 30, 31 The main advantage of the amino starch derivatives obtained in this 

work is the method of their obtaining, which is based on a simple and quick 

procedure, without the use of expensive and toxic solvents, without by-products, 

with minimal consumption of electricity, and the use of starch modifiers that are 

environmentally acceptable and safe for use (amino acids and melamine), which is 

in accordance with the principles of green chemistry and sustainable development. 

Regeneration and reuse study 

The results of the reuse of amino-starch derivates synthesized in this study are 

shown in Fig. 6. Desorption and reuse were investigated for the two adsorbents 

that showed the highest adsorption efficiency for all tested pollutants, that is starch 

modified with cysteine (Fig. 6a) and starch modified with histidine (Fig. 6b). The 

adsorption efficiency of the tested adsorbents decreases significantly, by 12-15 %, 

after the first cycle. The reason for this may be the disruption of the functional 

structure due to treatment with a desorption agent, i.e. nitric acid.29 After the 

second cycle, the efficiency decrease is smaller than the first, so three adsorption 

cycles are optimal for both investigated adsorbents. 

 
  

A
cc
ep
te
d 
m
an
us
cr
ip
t



 PALIĆ et al. 

 

TABLE I. Modified starches for the adsorption of different pharmaceuticals and pesticides 

Adsorbent 
Type of 

pollutant 

Adsorption 

efficiency 
Ref. 

Pharmaceuticals 

Starch/porous carbon Tetracycline 67.16 % 28 
Grafted starch with octenyl succinic anhydride Cephalexin 0.92 mg g-1 32 

Starch-g-P(AM-co-AMPS) Tetracycline 95.7 % 33 

Crosslinked starch/chitosan 
Tetracycline 

99.4 % 34 
Ciprofloxacin 

Carboxymethyl starch-modified magnetic 
bentonite clay  

Tetracycline 169.7 mg g-1 29 

Pesticides 

Starch/porous carbon 
Atrazine 

80 % 28 Acetamiprid 

Difenoconazole 
P-doped biochar from corn straw Triazine 79.6 mg g-1 35 
Corn/starch-based mesoporous 

activated carbon (ACS) 
Pyraclostrobin 66.2 mg g-1 36 

Microporous starch immobilized laccase 
Atrazine 0.2527 mg g-1 37 

Prometryn 0.1323 mg g-1 

Iron-starch modified with 3,5-

diaminobenzidine and (3-aminopropyl) 
triethoxysilane 

Isobenzan 0.00075 mg g-1 
31 Endosulfan   0.002 mg g-1 

Chlordane 0.001 mg g-1 

  

 
Fig. 6. Adsorption efficiency of amino starch derivatives SC (a) and SH (b) for the removal of 

selected pharmaceuticals and pesticides through three reuse cycles 

CONCLUSION 

In this study, an environmentally acceptable and economically viable method 

was developed for the modification of starch by introducing nitrogen-rich 
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compounds (melamine, cysteine, and histidine). Obtained amino-starch derivates 

were used as adsorbents for the removal of selected pharmaceuticals and pesticides 

from aqueous solutions. Structural, morphological, and surface analysis have 

confirmed the success of the modification and an increase in the adsorption 

efficiency of amino-starch derivates compared to unmodified starch has been 

achieved. Additional modification of amino-starch with clay and diatomaceous 

earth did not have a significant impact, compared to the basic modification, 

probably due to the coating of the starch surface with parts of clay or diatomaceous 

earth, i.e. reduced porosity of the material and less available sites for adsorption. 

Starch modified with histidine proved to be the most efficient material for the 

adsorption of investigated pharmaceuticals and pesticides, with the possibility of 

reuse in three adsorption cycles. The application of newly prepared adsorbents in 

real water samples (surface, ground, and wastewater) has shown that the matrix of 

real water had no significant effect on the adsorption efficiency, indicating that 

amino-starch derivates, as a cheap and effective adsorbent could be considered as 

promising materials for wastewater treatment.  
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https://www.shd-pub.org.rs/index.php/JSCS/article/view/13054, or from the corresponding 
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И З В О Д 
 

АМИНО-СКРОБНИ ДЕРИВАТИ ЗА АДСОПЦИЈУ СПЕЦИФИЧНИХ ФАРМАЦЕУТИКА И 
ПЕСТЦИДА ИЗ ЗАГАЂЕНИХ ВОДА: ИСПИТИВАЊЕ ВЕШТАЧКИ ОНЕЧИШЋЕНИХ И 

РЕАЛНИХ УЗОРАКА ВОДА 

НАТАША ПАЛИЋ1, МАРИЈА ВУКЧЕВИЋ2, МАРИНА МАЛЕТИЋ1, МИЉАНА МИРКОВИЋ3, МИРЈАНА РИСТИЋ2, 

АЛЕКСАНДРА ПЕРИЋ ГРУЈИЋ2 И КАТАРИНА ТРИВУНАЦ2 

1Иновациони Центар Технолошко-металуршког факултета, Карнегијева 4, 11000 Београд, Србија, 
2Универзитет у Београду, Технолошко-металуршки факултет, Карнегијева 4, 11000 Београд, Србија, 

и 3Универзитет у Београду, Институт за нуклеарне науке Винча – Институт од националног 

значаја Републике Србије, Мике Петровића Аласа 12–14, Винча, 11000 Београд, Србија. 

У овој студији испитана је могућност употребе модификованог кромпировог скроба, 
са хемијским агенсима који садрже азот (меламин, цистеин и хистидин) као зеленог 
адсорбента за уклањање лекова и пестицида из воде. Испитан је и утицај додатне 
модификације амино-скроба глином и дијатомејском земљом. Ефекат примењене 
модификације на структурна, површинска и морфолошка својства одређен је FTIR, XRD и 
SEM анализом, док су адсорпциона својства припремљених адсорбената одређена кроз 
ефикасност уклањања изабраних загађујућим материја из спајкованих и реалних узорака 
воде. Ефикасност припремљених амино-скробова за адсорпцију лекова и пестицида 
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смањује се по следећем редоследу: скроб-хистидин>скроб-цистеин>скоб-меламин, уз 
нешто бољу ефикасност свих материјала за адсорпцију лекова. Додатна модификација 
амино-скробова глином/дијатомејском земљом није допринела повећању ефикасности 
адсорпције. Утврђено је да матрица реалних узорака воде утиче на ефикасност адсорпције 
до 10 %, што указује на обећавајући потенцијал за примену амино-скроба као јефтиног и 
ефикасног адсорбента за третман отпадних вода. Такође, адсорбенти скроб-хистидин и 
скроб-цистеин су показали могућност поновне употребе кроз три циклуса адсорпције. 

(Примљено 19. септембра 2024; ревидирано 3. децембра 2024; прихваћено 10. јануара 2025.) 
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