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ABSTRACT. In this study, the molecularly imprinted polymer solid-phase extraction (MISPE) method for the determination of 
dinitro-ortho-cresol (DNOC) before HPLC (High-performance liquid chromatography) analysis was conducted. This study 
aims to analyze the sorption behavior and the potential use of molecularly imprinted polymers (MIP) for DNOC extraction. 
MIP was prepared using a combination of methacrylic acid as the functional monomer; ethylene glycol dimethacrylate as 
the crosslinker, benzoyl peroxide as the initiator, and acetonitrile as the porogen. The results showed that the optimum 
adsorption of the material was achieved at pH 5 for a contact time of 30 min with an adsorption capacity of 137 mg/g. 
The ideal eluent for desorption was a mixture of methanol and acetic acid with a ratio of 3:1. The calculations showed that 
the adsorption process followed the Sips adsorption isotherm model (n = 0.967), which indicated adsorption on both 
homogeneous and monolayer surfaces. Reusability studies that were conducted via three consecutive adsorption-
desorption cycles resulted in recovery values of 109.4%, 108.8%, and 101.1%. The concentration of DNOC obtained from 
tomato samples was 0.65 mg/kg with a recovery rate of 87.17%; this was within the tolerable range between 80% and 
110%. Based on the high recovery and low LoQ, this method can be used to quantify DNOC quickly. 
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INTRODUCTION 

Dinitro-ortho-cresol (DNOC) is an integral 
component of larvicides, ovicides, and insecticides 
typically used for agriculture. This compound acts as 
a polymerization inhibitor and is an intermediate 
compound in several industrial chemical processes. 
DNOC is usually formulated as an emulsion 
concentrated in water or oil media (Pelfrene, 2000). 
Due to its toxicity to humans, which often causes 
nausea, stomach disorders, and anxiety attacks, 
identifying and analyzing its presence in food sources 
is critical importance (Samarth et al., 2015). There 
are two methods typically used for the preparation 
and extraction of DNOC from samples before high-
performance liquid chromatography (HPLC), 
including liquid-liquid extraction (LLE) (Ferreira et al., 
2012) and solid-phase extraction (SPE) methods (Gao 
et al., 2012). The SPE method is most likely used 
since it can extract the different types of pesticides 
compound. This method is advantageous since it 
minimizes exposure to hazardous substances and 
reduces the overall extraction time by cutting down 
on the number of organic solvents needed (López-

Lorente et al., 2022). Since traditional SPE 
adsorbents, such as silica, C-18, SAX, and SCX, have 
low specificity and selectivity, the application of SPE 
procedures is often combined with MIP as the 
adsorbent to improve selectivity, specificity, and 
recovery rates. This technique is known as 
molecularly imprinted SPE (MISPE) (Yi et al., 2013). 
However, determining a promising sorbent is 
essential for the SPE method since the extraction 
process needs high sensitivity and selectivity of a 
complex matrix (Wang et al., 2019).  

Polymer-based nano sorbent (PBN) is considered 
a novel and emerging material for sample 
preparation. Concerning other nanomaterials, this 
material has many reactive end groups, branched 
structure, unique 3-D molecular configuration, and 
extensive internal and external surfaces, which make 
them strong capability as binding agents in the 
adsorption process of many organic compounds 

(Mahmood et al., 2019). Many PBNs can be found in 
the environmental application, including molecularly 
imprinted materials, carbon-based nano sorbents, 
magnetic nano sorbents, silica-based nano sorbents, 
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and fibers (Dwivedi et al., 2020). In this case, 
molecularly imprinted polymers (MIP) are widely used 
as sorbent materials for the pre-concentrating 
pollutant in environmental and food samples since 
this method offers some advantages, namely cheap, 
notably resistant to heat and pressure, highly 
reproducible without any loss in activity, easy to use, 
and relatively stable while maintaining high 
mechanical strength (Ashley et al., 2017). MIP is a 
polymeric material synthesized via co-polymerization 
of the print molecule. A target analyte (or analog) 
with a functional monomer is composed via covalent 
and non-covalent interactions with crosslinkers for the 
appropriate porogen solvent.  

Most dinitrophenol (DNP)-pesticide extraction 
studies use DNP as the target compound. Lezamiz 
and Jonsson (2007) proposed a liquid membrane 
method enhanced by hollow fiber for determining 
four dinitrophenols in water samples (DNOC, DNP, 
Dinoseb, and Dinoterb). Other researchers evaluated 
DNP liquid extraction methods using different 
adsorbents such as modified silica (Wang et al., 
2013), activated carbon (Krishnan et al., 2015), and 
molecularly imprinted polymer (Mehdinia et al., 
2012). Quantitative analysis of DNOC and other 
dinitrophenol compounds also requires sample 
preparation techniques that isolate and concentrate 
the target analyte and eliminate matrix disturbances 
before measurements (Liu et al., 2013). The 
application of the novel MISPE for the extraction of 
organic compounds from food samples is quite 
interesting. However, a limited number of 
publications evaluate the application of the MISPE 
method for dinitrophenol compound analysis, 
especially DNOC as the targeted compound. Thus, 
the potential use of MISPE for DNOC extraction is still 
unknown since there is no available data presented 
in the published literature.  

This research aims to synthesize and characterize 
a functional MIP through the MISPE method for the 
HPLC analysis of DNOC. MIP was prepared using 
methacrylic acid (MAA) as the functional monomer, 
ethylene glycol dimethacrylate (EGDMA) as the 
crosslinker, and benzoyl peroxide (BPO) as the 
initiator, and acetonitrile as the porogen. The 

strength of the interaction between the mold 
molecule and the monomer was evaluated using UV-
VIS spectrophotometry. This study used dried 
tomatoes samples from Cisarua, West Bandung 
District, Indonesia. Tomatoes are one type of fruit 
that is often consumed by Indonesian society because 
vitamin and mineral contents are very beneficial in 
increasing nutrition and health and are traded a lot 
at supermarkets and traditional markets in Indonesia.  

 
EXPERIMENTAL SECTION  
Chemical and Instrumentation 

Fourier Transform Infra-Red (FTIR, Shimadzu IR 
Prestige-21), Spectrophotometer UV-VIS Agilent 
8453, HPLC UV Agilent 1287 infinity, Thermal 
Gravimetric Analyzer (TGA, JEOL), and a Scanning 
Electron Microscope (SEM, JEOL-JSM-6510LV) were 
used for characterization analysis. Methanol, acetic 
acid, acetonitrile, MAA, EGDMA, and BPO were 
purchased from Merck. DNOC was purchased from 
Sigma-Aldrich. All other chemicals were analytical 
grade.  
MIP Synthesis 

DNOC and MAA (1:1) were dissolved in 
acetonitrile by stirring for 1 hour before adding 
crosslinked EGDMA and the BPO initiator. The 
reaction mixture was shaken under N2 gas for 10 min 
before heating at 70°C for 8 hours and was washed 
with methanol to remove excess reagents. The 
imprinted DNOC was extracted via soxhlation using 
a mixture of methanol/acetic acid (9:1) until it was no 
longer detectable with a UV-Vis spectrometer. Then, 
the resulting MIP mixture was repeatedly washed with 
methanol before drying at 80°C. NIP (non-imprinted 
polymer) and MIP polymer were characterized using 
FTIR spectroscopy (KBr pellets). Surface images of NIP 
and MIP were taken using SEM at a magnification of 
5000 to determine the physical and chemical 
changes MIP had undergone due to the heating 
process. NIP and MIP were also characterized using 
TGA measurements conducted between 25°C and 
500°C. Mass loss data at certain temperatures were 
obtained to calculate the first derivative curve for 
mass loss. The formation of MIP can be seen in 
Figure 1. 

 

 
Figure 1. MIP Formation Principle 
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Adsorption Test 
The adsorption test was carried out by optimizing 

several parameters, including pH, contact time, and 
the effect of initial concentration under various 
conditions. The adsorption capacity of the polymer, 
which was the amount of MIP required to adsorb a 
given amount of DNOC, was calculated as equation 
[1]: 

       [1] 
 
Where: 
S   = Amount of DNOCs bound in the MIP (mg/g) 
V   = Volume of solution (L) 
Co  = Initial concentration of DNOC (mg/L) 
Ci  = Final concentration of DNOC after filtering 
(mg/L) 
m   = Mass MIP used (g) 

The resulting MIP was inserted into the SPE 
column and loaded with DNOC (100 ppm). During 
elution, the eluent composition was varied in a 9:1 
and 3:1 ratio of methanol/acetic acid. The filtrate 
obtained was analyzed using a UV-Vis 
spectrophotometer. To establish the reusability of the 
sorbent, the SPE column filled with MIP was reloaded 
with DNOC (100 ppm). Elution was carried out using 
a mixture of methanol/acetic acid with a ratio of 3:1, 
and the eluate was measured using a UV-Vis 
spectrophotometer. The entire process was repeated 
for three cycles. 

Validation Method  
The validation method includes tomato extraction 

and quantification by HPLC. The dried tomato 
samples were extracted with methanol. Only 5 g of 
tomatoes and 25 mL of methanol were used in this 
step. Next, MIP was used as d-SPE during clean-up 
for interferences removal. In this step, 100 mg of MIP 
was used to clean up 5 mL aliquots from the 
extraction. No evaporation that is usually used in 
pesticide analysis was involved in this method. The 
optimization of the d-SPE clean-up step was 
evaluated based on the recovery values and the 
precision of the triplicate samples. The recovery value 
of DNOC is in the range of 80 – 110%, as suggested 
by AOAC for residue analysis of pesticides. The 
method was validated for accuracy, linearity, 
precision, and limit of quantification (LoQ). For each 
spike concentration, the extraction was performed in 
triplicates. Accuracy was evaluated as percent 
recovery values while the average peak areas were 
plotted against the concentration as a calibration 
curve. Precision was calculated as percent relative 
standard deviation (RSD). LoQ was calculated using 
the signal-to-noise ratio (S/N) of > 3 (n = 3). 
Statistical analysis was performed in Microsoft Excel.  

Risk Assessment in Tomato Samples 
The DNOC content in tomatoes was investigated 

due to the fruit’s popularity in the Indonesian diet, 
and the fact shows that DNOC is commonly used as 

a pesticide for tomato cultivation. Firstly, tomatoes 
were freeze-dried to remove the water content before 
being subjected to extraction for 24 h. Centrifugation 
was employed to separate the extracted solution for 5 
minutes at 5,000 rpm. This was more effective than 
simple filtration because it did not result in DNOC 
residue on the filter paper. The supernatant was then 
placed in a 4-mL SPE column and was subjected to 
washing with water to remove any excess sample. 
The elution was conducted using 2 mL of 
methanol/acetic acid (3:1), and tomato samples 
were concentrated twice. Elution fractions were 
subjected to HPLC analysis on a C-18 column with 
methanol/water (45:55) as the eluent. The 
supernatant was then separated and loaded onto the 
SPE column before the elution with HPLC analysis of 
the eluate was conducted. For comparison, the 
DNOC content of another tomato sample solution 
was also directly measured using HPLC without prior 
application of the SPE process. 

According to Sakthiselvi et al. (2020) soil 
ecological risk assessment was determined with Risk 
Quotient (RQ), which was calculated for earthworms 
(Eisenia foetida) and arthropods (Aphidius colemani, 
adult) with equation [2] (Tulcan et al., 2021): 

𝑅𝑄 =
𝐸𝐸𝐶

𝑃𝑁𝐸𝐶
     [2] 

Where : 
RQ : Risk Quotient  
EC  : The environment exposure concentration 
PNEC : The predicted no effect concentration 

Levels of risk were classified into 5 risk levels: 
negligible (≤0.01), low (0.01), medium (0.1), high 
(1), and very high risk (> 1) (Sakthiselvi et al., 2020). 
In addition to providing risks to soil microorganisms, 
DNOC also provides a risk of water contamination 
through runoff during the rainy season (Mekenzie et 
al., 2020). In water, DNOC is present in the ionic 
form with a pKa value of around 4.3. Thus, if the 
presence of suspended organic matter increases in 
the water body, it will cause a longer time for 
degradation of DNOC in the aquatic ecosystem. It is 
known that the photocatalytic process to degrade 
DNOC occurs faster (50-90 minutes) in water 
media.However, the presence of organic matter can 
inhibit the photocatalytic process during the catalysis 
process when the transformation of nitrogen from 
DNOC to ammonia may occur (Arora et al., 2014). 
To determine the bioaccumulation factors (BAFs) 
DNOC in organic matter such as a river or marine 
biota, the ratio of the contaminant concentration in 
aquatic organism's tissue (Cr) to the contaminant 
concentration rasio in water (Cw), which includes 
uptake from all exposure routes,  and if the BAF is > 
5,000 L/kg in aquatic  determined as equation [3] 

(Hilhor et al., 2019): 

𝐵𝐴𝐹 = 𝐶𝑟/𝐶𝑤     [3] 
Where : 
BAF : Bioaccumulation (L/kg) 
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Cr : The ratio of the contaminant concentration in 
aquatic organism’s tissue 

Cw : The contaminant concentration rasio in water 
Apart from being a risk to the environment, 

DNOC is also dangerous to human health if 
consumed. Exposure of DNOC compounds to 
humans happens through direct contact, digestion, 
and inhalation, but the potential exposure indirectly 
through the environment must be anticipated. Risk 
assessment due to human health is designed to 
calculate or estimate the risk for a particular target 

(Putri et al., 2021). According to the EPA, there are 4 
basic steps for the human health risk assessment 
strategy, including hazard identification, dose-
response assessment, exposure assessment, and risk 
characterization (US EPA, 2014). In the exposure 
assessment step, the exposure of tomatoes pesticides 
residues quantified for potential intake of pesticides 
residues is divided by the body weight and compared 
to Acceptable Daily Intake (ADI) values as determined 
in the dose-response assessment step as equation [4]. 

 

 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 =

{𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑒𝑠𝑡𝑖𝑐𝑖𝑑𝑒𝑠 𝑟𝑒𝑠𝑖𝑑𝑢𝑒𝑠 (
𝑚𝑔

𝑘𝑔
)𝑥 𝑓𝑜𝑜𝑑 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 (

𝑘𝑔
𝑝𝑒𝑟𝑠𝑜𝑛

𝑑𝑎𝑦
)}

𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)
      [4] 

The risk characterization of applied pesticides 
mostly has non-carcinogenic effects. For non-cancer 
hazard calculation data used, hazard quotients for 
each pesticide (HQi) and the hazard index (HI). The 
value of HQi for children, adolescents, and an adult 
were assessed based on the ratio between estimated 
the corresponding ADI values and the estimated 
pesticides ADD as equation [5] (Hilhor et al., 2019): 

𝐻𝑄𝑖 =
𝐴𝐷𝐷

𝐴𝐷𝐼
               [5] 

Where : 
ADD : Average daily intake 
ADI : Acceptable daily intake 
By ingestion of contaminated tomatoes, humans 
could be exposed DNOC with toxic effects; which 
have led us to consider identifying the cumulative 
hazard index (HI) using equation [6] (Hilhor et al., 
2019): 

𝐻𝐼 = ∑ 𝐻𝑄𝑖𝑛
𝑖=1                 [6] 

Where : 
HI : Hazard Index 
HQi : Hazard Quotients 
HQ and H1 of ≤ 1 are considered acceptable risk 
levels, and if ≥ 1 is regarded as a potential risk to 
exposed human health (Thi et al., 2021). Human 
health risk assessment due to contamination in 
agricultural regions is divided into two characteristics, 
the cancer risk assessment and hazard quotient (non-
carcinogenic) asessment (Yusiasih et al., 2021). 
DNOC can be measured in the blood, urine, and 
tissue of exposed persons, and EPA includes DNOC 
as non-carcinogenic substance yet chronically 
exposed to residu in food (Jeong et al., 2012). To 

considering ingestion the path of exposure and 
based on information provided (Hilhor et al., 2019) 
the Average Daily Dose (mg/kg/day) showed in 
equation [7]: 

𝐴𝐷𝐷 =
𝐶 ×𝐼𝑅 ×𝐸𝐹 ×𝐸𝐷

BW ×𝐴𝑇
    [7] 

Where : 
C : The residue level (mg/kg) 
IR : The ingestion rate or consumption rate of 
food group (g/day) 
BW : The body weight (kg) 
AT : The averaging time (year) 
 
RESULTS AND DISCUSSION 
Material Synthesis, Polymerization, and 
Characterization 

The bulk method was employed to synthesize NIP 
and MIP in which MAA and EGDMA were used to 
generate the polymer structure of MIP. MAA 
interacted with the DNOC printing process through 
hydrogen bonds as a monomer, whereas EGDMA 
acted as a morphological controller for the polymer 
matrix. Polymer morphology was presented in the 
form of a gel, a macropore, or micro-powder 
particles. EGDMA also provided much-needed 
stability to the printed molecule matrix through its 
interaction with the binding site, which allowed for 
the generation of a high crosslink ratio. To this end, 
a crosslink mole ratio was achieved, which was four 
times greater than that of the functional monomer. 
Generally, oxygen is known to inhibit free-radical 
polymerization;  thus,  removing any dissolved 
oxygen  from the solution is necessary to maximize 
the propagation rate and ensure reproducibility of 
the polymer  (Supramono et al., 2019). Here, the 
removal of dissolved oxygen was carried out via 
ultra-sonication when the addition of the reagents 
during the experiment and after the addition of the 
initiator.  BPO was used as an initiator since its 
radical formation mechanism was triggered via the 
heating process. Acetonitrile served as the solvent 
because of its volatility, which promoted a relatively 
shorter drying time for the polymer. Additionally, 
acetonitrile encouraged the formation of pores in a 
polymer  and, thus, acted as the porogen in this 
case. The ability of MIP to selectively imprint 
molecules is influenced by the formation of 
complexes  between  the imprinted  molecules and 
the monomers of interest. Imprinted molecules are 
critical  in the molecular printing process because 
they direct  the position of the functional monomers 
in the  polymer  matrix (Fu et al, 2015; Cheng et al., 
2015). In our experiment, the hydroxyl group in 
DNOC, which acted as a hydrogen bond acceptor 
(base),  prompted us to use MAA as a hydrogen 
bond donor counterpart. 

The occurrence of leaching in the imprinted 
molecule was investigated via soxhlation in a solvent 
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mixture of methanol/acetic acid in a ratio of 9:1 at 
80°C for 24 hours. This method produced more 
templates, which could trap DNOC in MIP since the 
solvent entering the Soxhlet extractor was not always 
saturated with DNOC. Therefore, the equilibrium 
reaction, which took place during extraction, always 
led to the release of DNOC from MIP. Additionally, 
soxhlation promoted better dissolution of the print 
molecule since extraction was carried out using a hot 
solvent, eliminating the need for an additional 
filtration step after extraction. Given this, it can be 
said that leaching of the print molecule is an essential 
step in the MIP synthesis process as the presence of 
leftover print molecules in the MIP complex reduces 
the number of binding cavities available for the 
target molecule. 

Characterization results from FTIR spectroscopy 
have been published elsewhere (Rosmalina et al., 
2019). The existence of a C=O carbonyl ester is 
derived from cross-polymerization between MAA and 
EGDMA. Similarly, a C–O stretching vibration is 
observed at 1259.52 cm−1 in all three spectra. At a 
magnification of 5000, NIP and MIP are seen to have 
very different porosity and surfaces. The surface of 
NIP is homogeneous and smooth, whereas MIP–
DNOC is more heterogeneous and rougher. After 
leaching, the surface of MIP becomes homogenous, 
while MIP that has been reattached to the DNOC 
imprinted molecule is coarser and much more 
heterogeneous. The loss of the DNOC molecular 
imprint is at around 290°C, which corresponds to the 
decomposition temperature of DNOC at 312°C. In 
the second incident, the shift in the temperature of 
the mass loss from 417°C for NIP to 424°C for MIP 
indicates the presence of other compounds in the MIP 
matrix. Overall, MIP experienced more significant 
mass loss (90.75%) than NIP (89.73%). 

Validation Result 
DNOC peak was observed in the spiked sample 

(Figure 2), suggesting that the method was able to 
extract DNOC from the tomato’s matrix. DNOC 
analysis is critical due to its use as selective herbicides 
in agriculture practices such as grain, hops, 
vegetables, and fruits. Apart from being used as an 
herbicide, DNOC is often used as a larvicide and 
inhibitor of the polymerization process in the plastics, 
dyeing, and pharmaceutical industries, the 
widespread use of DNOC could emerge as a 
potential risk to the quality of soil, water, and human 
health (Arora et al., 2014). The retention times for 
the DNOC standard and the tomato samples were 
3.64 and 3.56 min, respectively. Confirmation tests 
were conducted to ensure that the peaks in the 
tomato samples were due to the presence of DNOC 
and not from other compounds that had identical 
physical and chemical properties. This study was 
carried out by spiking technique in which standard 
concentrations of DNOC were added to the tomato 
samples before analysis. Ideally, the resulting peak 
should show the same retention time and a markedly 
increased peak area compared with the 
chromatograms for pure DNOC (Figure 2). 
Conversely, if there is no change in the peak area 
and the sudden appearance of two peaks, then it is 
safe to say that the compound in question is not 
DNOC. One key advantage of the SPE method is 
carrying out pre-concentration procedures to 
eliminate the effects of the sample matrix and purify 
the sample further. Figure 3 shows that the tomato 
samples directly to HPLC analysis without SPE column 
treatment have a very complex sample matrix. On 
the contrary, the samples treated by the SPE column 
before HPLC analysis had a cleaner profile, and the 
only visible peak was due to DNOC. 

 

 

Figure 2. Chromatogram of (a) standard solution, (b) tomatoes samples. 
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Figure 3. Chromatogram of (a) tomatoes sample without SPE, (b) spiked sample by SPE 

 
 

Table 1. Evaluation of the method 

Compound Precision ± % RSDa % Reca ± SD Linear regression (R) LoQa (mg/kg) 

DNOC 0.66 ± 1.85 87.18 ± 0.59 y = 40.819x + 22.56 
(0.9993) 

0.54 ± 0.87 

aResults are the mean of five replicates ± SD 
 
Recovery values for the spiking experiment at 2.5 

mg/kg and other method evaluation data are in 
Table 1. The percent recovery values for DNOC at a 
concentration of 2.5 mg/kg is in the range suggested 
by AOAC, which is 80 – 110%; thus, the recovery of 
this method is acceptable in this concentration. The 
calibration curve provided linear results in the 
concentration range of 2.5 to 15 µg/mL with a 
correlation coefficient of 0.9993. This result suggests 
that based on the linearity, the method is acceptable. 
As seen in Table 3, the % RSD value for concentration 
is below the recommended value from AOAC, which 
is ≤8%. Therefore, the repeatability of this method is 
acceptable for 0.66 mg/kg. The correlation 
coefficient and the detection limits for dried tomatoes 
are presented in Table 1. The LoQ was 0.54 mg/kg, 
which is comparable to the LoQ of other analysis 
methods that utilize a periodate spectrophotometric 
method. Up to now, there are no MRLs of DNOC that 
have been regulated for tomatoes. Thus, the LoQ 
obtained in this study was compared to other 
methods. The LoQ of this method was 0.54 mg/kg, 
which is below the previous survey. Thus, this method 
is applicable for the quantification of DNOC in 
tomatoes. 
Adsorption Test Result 

The prevailing pH of the reaction solution exerts 
significant influence on the adsorption process, 
particularly related to the active groups on the 
surface of MIP and the solubility of DNOC. At pH 
values of 3 and 4, excess H+ in the solution from the 
water source encourages the formation of hydrogen 
bonds with the OH functional groups on DNOC and 

MAA. Thus, the interaction between the DNOC print 
molecule and the MAA monomer is decreased, 
resulting in a relatively small adsorbed mass (Figure 
4a). However, this trend is reversed when the pH of 
the solution is increased to the optimal level at pH 5. 
This condition is due to the heterogeneity of the 
reaction system since DNOC exists as a solution, 
whereas MIP–DNOC is solid. The optimum adsorbed 
mass observed at pH 5 is above the pKa for DNOC 
at 4.46. When the system's pH is higher than 5, the 
OH group in DNOC and COOH in the ionized 
monomer becomes increasingly negative, thereby 
discouraging the formation of hydrogen bonds and 
ultimately resulting in a lower adsorbed mass. The 
contact time is defined as the time needed for the 
DNOC adsorption reaction to reach equilibrium. 
When the adsorbed mass value is plotted against the 
contact time, a graph like Figure 4b emerges. 

In this case,  the adsorbed mass in MIP is shown 
to increase  with a  longer adsorption time of up to 
30 min. This situation is because a more extended 
reaction  increases  the  chance of interaction 
between the adsorbate molecule and the surface of 
MIP. However, it is essential to note that any 
additional time beyond the 30-min point does not 
provide any significant advantage for the polymer's 
adsorbed mass. This condition is because the surface 
of MIP is saturated with adsorbed DNOC and is, 
thus, unable to accommodate any more adsorbate. 
Conversely, the adsorbed mass of NIP reaches its 
pinnacle at the 90-min mark, indicating that the 
adsorption kinetics for NIP require a much longer 
time than that for MIP. 
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(a) 

 
(b) 

Figure 4. Effects of pH (a) and contact time (b) on adsorbed mass 
 

 

 

Figure 5. Effects of initial concentration on adsorption capacity 
 

Table 2. Correlation coefficients and DNOC adsorption kinetics  

Pseudo first order Pseudo second order 
K1 (min−1) qe (mg/g) R2 K1 (min−1) qe (mg/g) R2 

0.260 6.634 0.850 0.179 2.537 0.998 

 
In Figure 5, the adsorbed mass is plotted against 

the initial concentration of DNOC. Here, MIP has a 
higher adsorbed mass for DNOC adsorption than 
NIP. This results from increased analyte adsorption 
through the addition of print molecules, i.e., higher 
DNOC concentrations allow for more interactions 
between DNOC and MIP. Figure 5 shows that the 
adsorbed mass increases significantly over a 
concentration range from 5 to 300 ppm. Beyond this 
point, however, the rate of the increase is only 
gradual, and although MIP is still able to adsorb 
DNOC, this is achieved with a capacity value of 137 
mg/g at an initial concentration of 600 mg/L. 

Pseudo-first order and pseudo-second-order 
reaction kinetics can be used to describe the 

adsorption of DNOC onto the surface of MIP. The 
data needed to generate the DNOC adsorption 
kinetics in this study is obtained from the plot of 
DNOC adsorption values. For the second-order 
kinetics model, the correlation coefficient, R2, is 
0.998, whereas the first-order kinetics model has a 
correlation coefficient of 0.850, indicating that the 
adsorption kinetics of the reaction strictly follows the 
proposed models (see Table 2). Here, the pseudo-
second-order kinetics model assumes that adsorption 
of DNOC by MIP occurs in two stages: when the 
adsorbate interacts with the surface of the adsorbent 
and when the adsorbate interacts with the adsorbate 

(Singh et al., 2014). 
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Figure 6. Model for DNOC adsorption by MIP–DNOC: a. Langmuir isotherm model; b. Freundlich isotherm 
model; c. Sips model 

 
It is also essential to determine the adsorption 

isotherm to understand how adsorption occurs. 
Langmuir, Freundlich, and Sips models can be used 
since each model provides invaluable insight into the 
adsorption principles governing MIP and NIP. 
According to the Langmuir adsorption model, 
adsorption of a printed molecule only occurs on a 
monolayer surface, and the rate of adsorption does 
not depend on the number of molecules adsorbed 

(Abouelella et al., 2018). In this case, the model 
assumes that all sides of the adsorbent have the 
same affinity for the printed molecule; thus, 
adsorption on one side of the polymer does not affect 
the other side. Conversely, the Freundlich approach 
looks at heterogeneity on the surface and seeks to 
explain the relationship between the concentration of 
the analyte adsorbed and the concentration that is 
still in the surrounding solution. 

The isotherm curves models of Langmuir and 
Freundlich are shown in Figure 6a and 6b. The 
Langmuir isotherm curve model is obtained by 
plotting Ce against Ce/qe, whereas the Freundlich 

isotherm curve model is obtained by plotting Ce 
against ln qe. Based on the curve in Figure 6a, the 
correlation coefficient R2 of the Langmuir isotherm 
model is 0.9054. This analysis assumes that 
adsorption occurs on the monolayer (Rahman et al., 
2018). In other words, since no more layers are 
formed once the monolayer is established, the 
surface of the adsorbent reaches a saturation point, 
and  the maximum adsorption capacity on the 
surface of the adsorbent is achieved (Yahya et al., 
2021). For the Freundlich model, the isotherm 
constant (Kf) is calculated from the slope and is an 
intercept of the  slope  obtained from the plot of ln 
Ce against ln qe. In this case, the affinity or 
interaction between MIP and DNOC template 
molecules is exemplified by the intensity of 
adsorption, n. A value of 1 < n < 10 illustrates that 
adsorption is preferred. Since the n value of 
Freundlich isotherm is 1.24, it is safe to say that the 
adsorption is preferred in this case. Based on the 
slope in Figure 6b, the correlation coefficient R2 of the 
Freundlich isotherm model is 0.9836. 

 
Table 3. Parameters for Freundlich, Langmuir and Sips models 

Freundlich Langmuir Sips 
N Kf R2 qm (mg/g) RL

 R2 Keq N R2 

1.2442 1.7681 0.9836 215.35 0.979 0.9054 0.0039 0.967 0.991 
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Table 3 shows the RL factors for the Langmuir 
isotherm, which can be used to predict the affinity 
between MIP and DNOC printed molecules. In this 
study, the RL values of various DNOC concentrations 
tend to spread between 0.27 and 0.97, thereby 
supporting the notion that the adsorption process is 
preferred. Based on literature reports, the adsorption 
process  is not preferred when the value of RL 
exceeds 1, and it is linear when RL = 1. If the value is 
0 < RL < 1,  then the adsorption process is 
preferred.  When RL= 0,  the adsorption is 
irreversible (Chen et al., 2015). Figure 6c shows that 
at an initial concentration below 300 ppm, MIP–
DNOC follows the Freundlich adsorption isotherm 
model.  However,  above this concentration 
threshold, the adsorption capacity of MIP–DNOC 
does not increase significantly and even tends to 
follow the Langmuir adsorption isotherm model. 
Based on  this  information,  it can  be  concluded 

that adsorption in our study is the product of a 
combination of the Langmuir and Freundlich 
adsorption isotherms, a model which is commonly 
referred to as the Sips adsorption isotherm. In this 
situation, the adsorption model approaches the 
classical Freundlich equation when the DNOC 
concentration is low but veers towards the Langmuir 
equation  when  the  DNOC concentration is high 
due to analyte saturation. At a value of 0.991, the 
correlation coefficient R2 in our case closely 
approaches  the  ideal,  which  is additional proof 
that the DNOC adsorption process in this study 
adheres to the Sips adsorption isotherm model. 
Another aspect that was closely monitored in our 
study was  the composition of  the eluents used 
during SPE. With optimization in mind, desorption–
adsorption studies were carried out using eluent 
compositions of methanol/acetic acid in the ratios of 
9:1 and 3:1. 

 

 
Figure 7. Comparison of DNOC desorption and adsorption percentages 
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Based on Figure 7 results, a mixture of 
methanol/acetic acid in a ratio of 9:1 allows for 
33.23% DNOC adsorption-desorption, which means 
that this eluent mixture is simply not polar enough to 
elute DNOC from the MIP solid phase. Thus, a more 
polar eluent composition is tested (3:1 ratio of 
methanol/acetic acid) in which the percentage of 
acetic acid in the eluent is increased. Elution using 
this mixture results in 101.11% DNOC adsorption-
desorption. The importance of reusability in these 
types of polymers cannot be overstated. Reusability 
studies are conducted on MIP–DNOC in which 
adsorption-desorption cycles are carried out thrice. 
As shown in Figure 8, MIP–DNOC is still quite 
effective at adsorbing DNOC even after three cycles, 
resulting in recovery rates of 109.4%, 108.8%, and 
101.1%.  

DNOC Risk Assessment 
Tomato is a nutritional product of agriculture with 

main antioxidant, anti-inflammatory, and anticancer 
activities, including DNOC residue that affects the 
environment and human health (Salehi et al., 2019). 
In soil contamination, DNOC can be a potential 
threat to the microorganism community in the soil. 
Microbial ecological biodiversity is assumed to be the 
primary key to recovering soil microorganism 
communities. Soil microorganisms have the highest 
risk of being the target of using DNOC as an 
herbicide. It interferes with the material cycle and 
nutrient cycle in the soil. This condition is a 
fundamental problem because the composition of the 
soil microflora will determine the biological and 
chemical quality of the soil (Wołejko et al., 2020). 
The average allowable daily dose of DNOC is 3 
mg/kg/day, and it includes toxic compounds with an 
LD50 value of 26-34 mg/kg in rats. The 
accumulation of DNOC in the human body is 
indicated to have the potential to harm the male 
reproductive system (US EPA, 2009). A study that 
conducted 54 mg/kg DNOC for 24 days on male 
rats showed a reduced testicular morphological effect 
and a decreased sperm quality at a dose of 20 
mg/kg DNOC for 20 days, resulting in chromosomal 
aberration in male rats and significantly increasing 
abnormal sperm incidence in 15 mg/kg of DNOC 
dose (Takahashi et al., 2006). It occurs because 
DNOC inhibits cellular respiration and triggers DNA 
degradation (Aranha et al., 2007).  
 
CONCLUSIONS 

Based on this study, it can be concluded that MIP–
DNOC can be successfully synthesized using the bulk 
method. Optimum adsorption parameters for DNOC 
adsorption are achieved at pH 5 with a contact time 
of 30 min using the batch method. MIP can still 
adsorb an initial concentration of 600 mg/L DNOC 
at an adsorption capacity of 137 mg/g even though 
the efficiency of adsorption is significantly reduced. 

The DNOC adsorption process is shown to adhere to 
the Sips isotherm model (n = 0.967), and the 
adsorption rate follows pseudo-second-order 
adsorption kinetics. MIP–DNOC is relatively reusable 
even after three adsorption-desorption cycles using a 
mixture of methanol/acetic acid in a ratio of 3:1 as 
the eluent for desorption. The concentration of 
DNOC in tomato samples is 0.65 mg/kg, which is 
still within the minimum limit range for pesticide 
residues allowed by the government. 
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