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Abstract
In this paper, a novel pipette tip micro-solid phase extraction based on molecularly imprinted polymer as a selective sorbent 
was developed and applied for extraction, pre-concentration and high-performance liquid chromatographic determination 
of trace amounts of malachite green (MG), rhodamine B (RB), methyl orange (MO) and acid red 18 (AR) dyes in seawater 
samples. Different parameters affecting the extraction efficiency such as type and volume of eluent solvent, sample volume, 
number of cycles of extraction and desorption, amount of sorbent and pH of the sample solution were evaluated using one-
variable-at-a-time and response surface methodology. In order to optimize dyes extraction, seven factors in three levels were 
used for Box–Behnken experimental design. Under optimum extraction condition, pH of sample solution was 3.1 for MG, 
3.0 for RB, 7.1 for MO and 6.1 for AR; volume of eluent solvent (HCl, 0.5 mol L−1) was 200 µL; volume of the sample solu-
tion was 10 mL (for MG) and 4 mL (for RB, MO and AR); the concentration of triton X-114 was 0.085 (MG), 0.10 (RB), 
0.08 (MO) and 0.075 (AR) % v/v; the number of extraction cycles was 10 (MG), 6 (RB), 5 (MO) and 7 (AR); the number of 
elution cycles was 10, 6, 5 and 9, respectively, for MG, RB, MO and AR; NaCl concentration was 0.4 mol L−1; and amount 
of MIP was 2.0 mg for all dyes. The linear range of calibration curves was 0.5–250.0 µg L−1 for malachite green and methyl 
orange and 0.5–150.0 µg  L−1 for both rhodamine B and acid red 18. The detection limits calculated to be 0.083, 0.10, 0.12 
and 0.17 µg  L−1 for MG, RB, MO and AR, respectively. The developed protocol was successfully used for determination 
of dyes in seawater of Chabahar Bay. The mean recoveries were ranged between 76.1 and 97.3% by mean relative standard 
deviations of 1.2–7.1%.

Keywords Pipette tip micro-solid phase extraction · Molecularly imprinted polymer · Dye determination · Seawater 
analysis · Chabahar Bay

Introduction

Nowadays, synthetic dyes are extensively applied in many 
fields of up-to-date technology, e.g., paper, leather, textile, 
food, cosmetic and pharmaceutical industries. Large quanti-
ties of dyes are continuously entering the environment from 
these industries [1, 2].

Some of these dyes are quite harmful and poisonous, and 
even those that are not toxic, like acid red 18, can be hazard-
ous if applied in excess [1, 3]. So, the importance of moni-
toring of environmental samples for trace determination of 
these analytes [4–6] is obvious.

Malachite green (MG, Fig. 1a) a cationic triphenylmeth-
ane dye that is soluble in water has found extensive utiliza-
tion all over the world as fungicide, parasiticide and anti-
septic in the aquaculture. This compound may cause human 
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carcinogenesis and mutagenesis [2]. Rhodamine B (RB, 
Fig. 1b), soluble in water, methanol and ethanol, is among 
the oldest and most commonly applied synthetic dyes used 
as, fluorophore, laser dyes and fluorescent analytical rea-
gents. This compound is also applied widely as a colorant in 
textile and plastic industries, in foodstuffs as a tracer dye and 
within water to determine the rate and direction of its flow 
and transport. RB is dangerous for humans and animals [2, 
7]. Due to their low cost and high effectiveness, these dan-
gerous and toxic compounds are widely utilized all over the 
world. Acid red 18 (AR, Fig. 1c) is a popular azo dye which 
has uses in food coloring [8]. Methyl orange (MO, Fig. 1d) 
has been used as textile dyeing stuff and staining agents at 
laboratories. AR and MO as dyes are of the most abundantly 
applied dyeing gents all over the world and so can find their 
way to environmental samples as hazardous pollutants. Vari-
ous methods such as liquid chromatography–mass spectrom-
etry (LC–MS) [9, 10], liquid chromatography–tandem mass 
spectrometry (LC–MS/MS) [11] gas chromatography–mass 
spectrometry (GC–MS) [12], capillary electrophoresis [12], 
high-performance liquid chromatography (HPLC) [12–15], 
high-performance liquid chromatography–mass spectrom-
etry (HPLC–MS) [16] and spectrophotometry [1, 2] have 
been proposed for determination of trace amounts of dyes 
in different samples. However, due to their low concentra-
tion in the sample or the severe matrix interferes in real 
samples such as seawater, the direct determination of dyes 
is challenging. Applying a sample preparation/extraction 

step before chromatographic analysis can overcome these 
disadvantages, because it can pre-concentrate the target 
compounds and also eliminate the interfering elements at 
the same time [2, 17, 18]. For this purpose, techniques such 
solvent extraction [19], solid-phase extraction (SPE) [20, 
21], molecularly imprinted polymer [12, 15], liquid–liquid 
extraction (LLE) [22, 23], dispersive liquid–liquid microex-
traction (DLLME) [24–26] and cloud point extraction (CPE) 
[27, 28] have been developed.

Molecularly imprinted polymers (MIPs) have been 
exploited in a number of applications such as their use as 
separation materials for solid-phase extraction of organic 
compounds in complex matrices and as recognition elements 
in biosensors for assay of different analytes due to its stabil-
ity, ease of preparation and low cost [29–31]. High selectiv-
ity is obtained by employing them for the extraction and 
pre-concentration of various analytes from complex matrices 
[30, 32, 33]. In molecular imprinting, cross-linked polymers 
are formed by free-radical copolymerization of functional 
monomers by an excess of cross-linker around a molecule 
that acts as a target analyte (template). After desorption of 
template analyte, the polymer can be applied as a selec-
tive binding medium for the target compound (template) or 
structurally related analytes [34–36]. The mechanisms with 
which these polymers specifically bind the print analyte, and 
related ligands are attributed to the formation of functional 
groups in a specific arrangement within the polymer that 
corresponds to the target molecule and to the presence of 

Fig. 1  Structures of dyes inves-
tigated in this research. a Mala-
chite green, b methyl orange, c 
rhodamine B, d acid red 18
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shape-selective cavities. Due to simplicity, convenience, 
significant reduction consumption of sorbent, reagent, time, 
organic solvent and increasing sample throughout, recent 
trends in SPE methods focus on miniaturization of tech-
niques and devices. As one of the most promising methods, 
recently pipette tip micro-solid phase extraction (PT-SPE) 
has been used for pre-concentration of compound from com-
plex samples which is a miniaturized version of conven-
tional SPE. The target compounds are micro-extracted using 
repeated extraction and desorption of the sample solution. 
The method has unique advantages including low cost, lim-
ited consumption of organic solvent, faster integrate extrac-
tion and more simplicity than conventional SPE cartridges. 
What is needed for doing PT-SPE is simply a pipettor and 
pipette tips by small inner diameter that requires tiny amount 
of adsorbent [37, 38].

Application of multivariate experimental design tech-
nique is becoming increasingly widespread in analytical 
chemistry. Multivariate design that permits the simultaneous 
optimization of several control variables are quicker to use 
and more cost-effective than traditional unvaried approaches. 
The Box–Behnken design is a second-order multivariate 
method based on three-level incomplete factorial design 
which received widespread application for evaluation of 
critical experimental conditions, which is, the minimum of 
maximum of response functions. The number of runs (N) 
needed for the development of this technique is defined as 
N = 56 + nc, where (k) is the factor number and  nc is the rep-
licate number of the central point [39, 40].

The aim of this paper was to develop a simple, fast, sen-
sitive and highly selective molecularly imprinted polymer 
pipette tip micro-solid phase extraction (MIP-PT-µSPE) for 
pre-concentration of malachite green, rhodamine B, methyl 
orange and acid red 18 dyes from seawater samples fol-
lowed by their HPLC analysis. The method was optimized 
using one-variable-at-a-time, response surface methodol-
ogy and Box–Behnken design. MIP was prepared using 
a combination of methacrylic acid as functional mono-
mer, ethylene glycol dimethacrylate as cross-linker and 
2,2ʹ-azoisobutyronitrile as initiator.

Experimental

Chemicals and materials

Methacrylic acid (MAA), ethylene glycol dimethacrylate 
(EDMA) and 2,2ʹ-azoisobutyronitrile (AIBN) were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). Mala-
chite green (MG), rhodamine B (RB), methyl orange (MO), 
acid red (AR) and all salts, acids and organic solvents were 

of analytical grade and were obtained from Merck KGaA 
(Germany) and used as received. The HPLC grade metha-
nol, acetonitrile and water were also purchased from the 
same company. Milli-Q® water (18.3 MʹΩ/cm) was utilized 
throughout the experiment after filtering through 0.22 mm 
nylon membrane. Figure 1 indicates the structurally related 
dyes used in this work. Triton X-114 (5% v/v) solutions 
were prepared at 70:30 (V/V) water/methanol. Stock solu-
tions of each dye containing 500 mg L−1 dye were prepared 
using dissolving of 0.050 g of dyes in Milli-Q®water in 100-
mL flasks and diluting to the mark, individually. Working 
solutions were prepared daily with suitable dilution of this 
solution.

Preparation of MIP and NIP

MIP was prepared individually with bulk polymerization 
technique with mixing 0.5 mmol of each dye as template, 
2  mmol of MAA as functional monomer, 20  mmol of 
EGDMA as cross-linker and 60 mg of AIBN as initiator dis-
solved in 5 mL methanol as porogen. After that, the mixture 
deoxygenized using nitrogen stream for 10 min and polymer-
ization was carried out in a thermostated water bath at 65 °C 
for 6 h. After polymerization, the polymers were ground in 
a mortar, dried and sieved to get particles by diameters in 
the range of 55–75 µm, with suspending polymer material 
in methanol and decantation of methanol for three times, 
fine particles were removed. For removal of the templates, 
the product was treated with 0.5 mol L−1 HCl until no dyes 
was detected by HPLC. Finally, the polymer was washed 
by methanol for two times and dried under vacuum at room 
temperature. Figure 2 indicates the preparation scheme of 
MIP for each dye. The non-imprinted polymer (NIP) was 
prepared using the same protocol without template molecule.

Assembly of pipette tip

Pipette tip is suitable to be used as a µSPE cartridge because 
of its special conical shape using various diameters in two 
ends. In this research, a bigger pipette tip was inserted into 
a small one to set up a new cartridge. Two dried pipette tips 
(20 and 100 µL, polypropylene) were used for construction 
of the pipette tip cartridge. A mass of 2 mg polymer was 
packed into the 20 µL pipette tip as the sorbent, and then the 
tip of the larger pipette was cut and connected by the packed 
tip and a glass syringe was connected to the top of the pipette 
to suck the sample solution into pipette tip. Before use, MIP-
PT-µSPE cartridge was washed successively by methanol 
(0.5 mL) and Milli-Q® water (0.5 mL) several times.
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MIP‑PT‑µSPE procedure

10 mL (for MG) and 4 mL (for RB, MO and AR) of an ali-
quot of the sample solution containing appropriate amounts 
of four dyes (malachite green, rhodamine B, methyl orange 
and acid red 18) were transferred individually into a 10 mL 
vial and proper amount of triton X-114 (0.085 (MG), 0.10 
(RB), 0.08 (MO) and 0.075 (AR) % v/v) was added to it. 
Then, pH of this solution was adjusted to the desired value 
(pH = 3.1 for MG, 3.0 for RB, 7.1 for MO and 6.1 for AR) 
by drop-wise addition of either 1 mol L−1 HCl or 1 mol L−1 
NaOH. Then, 0.10 g of NaCl was added to the solution. 
MIP-PT-µSPE was performed by loading the sample solu-
tion into the cartridge for 10 (MG), 6 (RB), 5 (MO) and 
7 (AR), and then washing by 1.0 mL of methanol–water 
(1:1) to eliminate non-reacted matrix molecules. Then, the 
target compounds retained on cartridge were eluted using 
200 µL of 0.5 mol L−1 HCl for 10, 6, 5 and 9, respectively, 
for MG, RB, MO and AR. This solution was filtered through 
a 0.45 µm filter and was injected into HPLC for determina-
tion of dyes.

Instrumentation

A Knauer HPLC (Germany) was utilized for all analy-
ses which consisted of a EA4300F smart line pump, fitted 
with a smart line autosampler 3950, a spectrophotomet-
ric detector (applied at wavelengths of 448 nm for MO, 
510 nm for AR, 555 nm for RB and 618 nm for MG) and 
a 250 × 4.6 mm Eurospher 100-5  C18 analytical column 
equipped with a pre-column with a similar stationary 
phase. ChromGate V3.1.7 software was used for chroma-
tographic data handling. A 20-µL injection loop was used. 
pHs were determined using a model 630 Metrohm (Swit-
zerland) pH meter. A Fourier transform infrared (FTIR) 
spectrometer made by PerkinElmer (Bucks, UK) was used 
for qualitative spectra interpretations as well as for struc-
ture elucidation.

Fig. 2  Schematic representation of preparation procedures of MIP using dyes as the template molecule. a Malachite green, b methyl orange, c 
rhodamine B, d acid red 18
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Results and discussion

Chromatographic conditions

Several various mobile phases were studied consisting of 
methanol, acetonitrile and water in various combinations 
and pH settings. Finally, a gradient of 85% B at 0–3.5 min 
and 100% B at 3.5–10 min was selected in which eluent A 
was water and eluent B was acetonitrile that was adjusted to 
the pH 5.25 using acetic acid methanol/water (40:60). The 
injection loop volume was 20 µL, and the mobile phase flow 
rate was 0.8 mL min−1. The column oven temperature was 
maintained at room temperature, and the mobile phase was 
degassed with a stream of helium prior to use.

Infrared spectra

The FTIR spectra of leached, unleached MIP and NIP for 
each dye were recorded. The absorption peaks of leached 
MIP and NIP materials were similar, which means that 
no dyes as template molecules were retained on the MIP.

Mechanism of dyes uptake by MIP

Because of ability of MAA for hydrogen and ionic bond 
interactions with the analytes during polymerization, it 
was selected as the functional monomer prior to polym-
erization. A stable donor–receptor complex between dyes 
(target template) and MAA (monomer) is formed. Elec-
trostatic interaction is the dominant driving force for the 
molecular recognition, which occurs between carboxy 
group of MAA and the target molecule (amine of MG 
and RB, and sulfonate in MO and AR). Weak interaction 
including electrostatic and hydrophobic interactions may 
also contribute to the adsorption of dyes by MIP [12]. 
After a thermal imprinting process, AIBN was utilized as 
free-radical initiator. Half-life of AIBN at 65 °C is 6 h and 
so it is suitable for polymer formation.

Optimization of MIP‑PT‑µSPE

With the aim of achieving the best efficiency of the pro-
posed technique, various factors affecting extraction effi-
ciency were investigated using both one-variable-at-a-
time and response surface methodology; including eluent 
type and volume, the amount of sorbent, volume and pH 
of sample solution, the number of aspirating/dispensing 
cycles, and ionic strength of the sample solution. Each 
experiment was performed in triplicates. The optimization 

of method was performed with standard solutions contain-
ing 250.0 µg L−1 for malachite green and methyl orange, 
and 150.0 µg L−1 of rhodamine B and acid red 18 in deion-
ized water.

Effect of type of the eluent solvent

Elution conditions are very important in solid-phase 
extraction, and selection of appropriate solvent will 
greatly influence elution performance. So, a suitable sol-
vent should be selected to elute maximum amount of the 
adsorbed target analytes. In order to select an appropri-
ate eluent, different general SPE-eluting solvents such 
as methanol, acetonitrile, ethanol, methanol/H2O (1:1), 
methanol/H2O (2:1), methanol/H2O (1:1), methanol/ace-
tic acid (1:2), methanol/acetic acid (2:1), methanol/acetic 
acid (1:2), HCl (0.5 mol L−1), acetone and diethylene gly-
col were used. The experimental results showed that HCl 
(0.5 mol L−1) is the best eluting solvent among them which 
can desorb dyes from miniaturized column most properly.

Effect of the amount of sorbent

In this research, the amount of molecularly imprinted poly-
mer which is packed into the pipette tip cartridge is a critical 
factor which affects extraction efficiency. To get the MIP-PT-
µSPE cartridge more effective and at lowest possible con-
sumption of sorbent, various amounts of MIP in the range 
of 1.0–2.5 mg were packed into it. The best extraction effi-
ciency was obtained when the amount of MIP increased to 
2.0 mg and further increase in MIP loading decreased recov-
ery and also prolonged the time required for sample passage 
(since sample passage and eluent of pipette tip by increasing 
of mass of MIP is more difficult). Therefore, 2.0 mg of MIP 
was used as packing polymer in the following experiments.

Effect of type of salt

The salting-out effect is widely utilized in traditional liq-
uid–liquid extraction because it makes the solubility of ana-
lytes in the aqueous phase decrease; so, more analytes can 
enter into the extracting phase [41]. In this work, the effect 
of type of salt on extraction process was investigated. NaCl, 
 Na2SO4 and KCl were selected as common salts. The results 
showed that NaCl gives higher extraction efficiency than the 
other salts. (NaCl showed the best effect on forming the tur-
bid solution as was expected because it can imply more ionic 
strength on water solution.) Therefore, NaCl was employed 
as salt in the following studies.
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Response surface modeling for optimization 
of the microextraction of dyes

Response surface methodology (RSM) is an affordable and 
reliable technique to optimize certain processes. This tech-
nique leads to reduction in number of experiments needed 
to investigate the effect of operation factors. To investigate 
the parameters affecting the extraction efficiency of dyes, 
the three levels, three-factorial Box–Behnken experimen-
tal design was applied. The input variables were pH of 
sample solution (A) (2–4 for MG and RB, 6–8 for MO 
and 5–7 for AR), the concentration of triton X-114 (B) 
(0.05–0.10% for MG, RB, MO and AR), salt concentra-
tion (C) (0.2–0.6 mol  L−1 for MG, RB, MO and AR), the 
number of extraction cycles (D) (7–11 for MG and 3–7 for 
RB, MO and 5–9 for AR), the number of elution cycles (E) 
(7–11 for MG and AR and 3–7 for RB and MO), volume 
of eluent solvent (F) (150–250 µL for MG, RB, MO and 
AR) and volume of the sample solution (G) (8–12 mL for 
MG and 2–6 mL for RB, MO and AR). The factor levels 
were coded as − 1 (low), 0 (central point) and 1 (high) 
(Table 1). Table SI1 indicates the design of real experi-
ments of Box–Behnken.

The behavior of the system is showed by the following 
quadratic equation.

where Y is the output or process response (dependent vari-
able), β0 is the constant, X1, X2, …, Xk are the coded inde-
pendent variables, βi is the linear effect, βii is the quadratic 

(1)Y = �
0
+

∑

�iXi +

∑

�iiXii +

∑

�ijXiXj + e

effect, βij is the interaction effect and e is the random error 
or allows for description or uncertainties between predicted 
and determined value [42].

The equations in supplementary data show the relation-
ship of the seven variables for four selected dyes such as 
MG, RB, MO and AR to response as peak area.

The critical point in the surface response are achieved 
applying solving these equation systems for condition 
of (∂Y/∂A) = 0, (∂Y/∂B) = 0, (∂Y/∂C) = 0, (∂Y/∂D) = 0, 
(∂Y/∂E) = 0, (∂Y/∂F) = 0 and (∂Y/∂G) = 0. The obtained 
values for the critical point are as follows: pH of sample 
solution = 3.06 for MG, 3.0 for RB, 7.1 for MO and 6.1 
for AR, volume of eluent solvent = 196 µL (MG), 200 µL 
(MO), 199 µL (for RB and AR), volume of the sample solu-
tion = 10 mL (for MG) and 4 mL (for RB, MO and AR), the 
concentration of triton X-114 = (0.08% for MG, 0.10 for RB, 
0.078 for MO and 0.075 for AR), the number of extraction 
cycles = 9.7 (MG), 6 (RB), 5 (MO) and 7 (AR), the number 
of elution cycles = 9.5, 6, 5 and 9, respectively, for MG, RB, 
MO and AR and salt concentration = (0.45, 0.48, 0.43 and 
0.44 mol L−1, respectively, for MG, RB, MO and AR).

Table 2 indicates the results of the response surface 
model fitting in the form of analysis of variance (ANOVA). 
The ANOVA results show which the model was signifi-
cant, as evident from the Fisher’s F test (Fmodel = 51.80, 
11.30, 17.86 and 10.43 for MG, RB, MO and AR) by a 
very low probability value (pmodel = < 0.0001). Values of 
“Prob > F” less than 0.0500 indicate model terms are sig-
nificant. Values greater than 0.1000 indicate the model 
terms are not significant.

Table 1  Levels or variables 
selected for the trials

A B C D E F G

MG
2 (− 1) 0.05 (− 1) 0.2 (− 1) 7 (− 1) 7 (− 1) 150 (− 1) 8 (− 1)
3 (0) 0.075 (0) 0.4 (0) 9 (0) 9 (0) 200 (0) 10 (0)
4 (+ 1) 0.10 (+ 1) 0.6 (+ 1) 11 (+ 1) 11 (+ 1) 250 (+ 1) 12 (+ 1)
RB
2 (− 1) 0.05 (− 1) 0.2 (− 1) 3 (− 1) 3 (− 1) 150 (− 1) 2 (− 1)
3 (0) 0.075 (0) 0.4 (0) 5 (0) 5 (0) 200 (0) 4 (0)
4 (+ 1) 0.10 (+ 1) 0.6 (+ 1) 7 (+ 1) 7 (+ 1) 250 (+ 1) 6 (+ 1)
MO
6 (− 1) 0.05 (− 1) 0.2 (− 1) 3 (− 1) 3 (− 1) 150 (− 1) 2 (− 1)
7 (0) 0.075 (0) 0.4 (0) 5 (0) 5 (0) 200 (0) 4 (0)
8 (+ 1) 0.10 (+ 1) 0.6 (+ 1) 7 (+ 1) 7 (+ 1) 250 (+ 1) 6 (+ 1)
AR
5 (− 1) 0.05 (− 1) 0.2 (− 1) 5 (− 1) 7 (− 1) 150 (− 1) 2 (− 1)
6 (0) 0.075 (0) 0.4 (0) 7 (0) 9 (0) 200 (0) 4 (0)
7 (+ 1) 0.10 (+ 1) 0.6 (+ 1) 9 (+ 1) 11 (+ 1) 250 (+ 1) 6 (+ 1)
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Table 2  ANOVA analysis for pre-concentration of dyes

Source Sum of squares (SS) df Mean square F-value P value Prob > F %  PCa = (SS/∑ 
SS) × 100 [41]

For MG
Model 216,620.60 35 6189.16 51.80 < 0.0001
A-pH 18,265.71 1 18,265.71 152.87 < 0.0001 6.42
B-x-114 concentration 987.64 1 987.64 8.27 0.0080 0.35
C-salt concentration 3110.89 1 3110.89 26.04 < 0.0001 1.09
D-cycles of extraction 11,177.71 1 11,177.71 93.55 < 0.0001 3.93
E-cycles of elution 5837.34 1 5837.34 48.85 < 0.0001 2.05
F-eluent solvent volume 8.58 1 8.58 0.072 0.79 0.0030
G-sample volume 119.16 1 119.16 1.00 0.33 0.042
AB 3326.78 1 3326.78 27.84 < 0.0001 1.17
AC 3315.47 1 3315.47 27.75 < 0.0001 1.16
AD 177.44 1 177.44 1.48 0.23 0.062
AE 1851.72 1 1851.72 15.50 0.0006 0.65
AF 978.90 1 978.90 8.19 0.0082 0.34
AG 100.03 1 100.03 0.84 0.37 0.035
BC 7.67 1 7.67 0.064 0.80 0.0027
BD 610.78 1 610.78 5.11 0.032 0.21
BE 9.71 1 9.71 0.081 0.78 0.0034
BF 16.81 1 16.81 0.14 0.71 0.0059
BG 1.10 1 1.10 0.0092 0.92 0.00039
CD 82.31 1 82.31 0.69 0.41 0.029
CE 1666.31 1 1666.31 13.95 0.0009 0.58
CF 17.56 1 17.56 0.15 0.70 0.0062
CG 15.86 1 15.86 0.13 0.72 0.0056
DE 70.22 1 70.22 0.59 0.45 0.025
DF 2422.68 1 2422.68 20.28 0.0001 0.85
DG 1153.16 1 1153.16 9.65 0.0045 0.40
EF 95.60 1 95.60 0.80 0.38 0.034
EG 66.32 1 66.32 0.55 0.46 0.023
FG 3287.72 1 3287.72 27.52 < 0.0001 1.15
A^2 138,566.70 1 138,566.70 1159.69 < 0.0001 48.67
B^2 3679.63 1 3679.63 30.80 < 0.0001 1.29
C^2 11,330.95 1 11,330.95 94.83 < 0.0001 3.98
D^2 17,472.51 1 17,472.51 146.23 < 0.0001 6.14
E^2 16,941.41 1 16,941.41 141.79 < 0.0001 5.95
F^2 25,846.66 1 25,846.66 216.32 < 0.0001 9.08
G^2 12,078.78 1 12,078.78 101.09 < 0.0001 4.24
Residual 3106.62 26 119.48
Lack-of-fit 2727.50 21 129.88 1.71 0.29
Pure error 379.12 5 75.82
Cor total 219,727.20 61
For RB
Model 9.45 35 0.27 11.30 < 0.0001
A-pH 0.90 1 0.90 37.48 < 0.0001 7.51
B-x-114 concentration 0.0031 1 0.0031 0.13 0.7207 0.026
C-salt concentration 0.19 1 0.19 8.17 0.0083 1.64
D-cycles of extraction 0.49 1 0.49 20.42 0.00010 4.09
E-cycles of elution 0.30 1 0.30 12.60 0.0015 2.52
F-eluent solvent volume 0.00057 1 0.00057 0.024 0.88 0.0047
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Table 2  (continued)

Source Sum of squares (SS) df Mean square F-value P value Prob > F %  PCa = (SS/∑ 
SS) × 100 [41]

G-sample volume 0.0084 1 0.0084 0.35 0.56 0.070
AB 0.020 1 0.020 0.84 0.37 0.17
AC 0.17 1 0.17 6.99 0.01 1.40
AD 0.026 1 0.026 1.10 0.30 0.22
AE 0.013 1 0.013 0.56 0.46 0.11
AF 0.0074 1 0.0074 0.31 0.58 0.062
AG 0.0014 1 0.0014 0.060 0.81 0.012
BC 0.00027 1 0.00027 0.011 0.92 0.0022
BD 0.051 1 0.051 2.15 0.15 0.43
BE 0.0013 1 0.0013 0.056 0.81 0.011
BF 0.0058 1 0.0058 0.24 0.62 0.049
BG 0.0013 1 0.0013 0.056 0.81 0.011
CD 0.00010 1 0.00010 0.0044 0.95 0.00088
CE 0.048 1 0.048 2.0066 0.17 0.40
CF 0.0019 1 0.0019 0.080 0.78 0.016
CG 0.00073 1 0.00073 0.031 0.86 0.0061
DE 0.0050 1 0.0050 0.21 0.65 0.042
DF 0.092 1 0.092 3.84 0.06 0.77
DG 0.056 1 0.056 2.34 0.14 0.47
EF 0.0020 1 0.0020 0.084 0.77 0.017
EG 0.00015 1 0.00015 0.0064 0.94 0.0013
FG 0.075 1 0.075 3.15 0.09 0.63
A^2 5.66 1 5.66 236.82 < 0.0001 47.45
B^2 0.00090 1 0.00090 0.037 0.85 0.0075
C^2 0.28 1 0.28 11.71 0.0021 2.35
D^2 1.25 1 1.25 52.21 < 0.0001 10.46
E^2 0.55 1 0.55 22.96 < 0.0001 4.60
F^2 0.94 1 0.94 39.39 < 0.0001 7.89
G^2 0.78 1 0.78 32.60 < 0.0001 6.53
Residual 0.62 26 0.024
Lack-of-fit 0.56 21 0.026 2.03 0.22
Pure error 0.065 5 0.013068
Cor total 10.076 61
For MO
Model 1.86 × 1010 35 5.31 × 108 17.86 < 0.0001
A-pH 6.82 × 1010 1 6.82 × 108 22.95 < 0.0001 2.32
B-x-114 concentration 35475585 1 35475585 1.19 0.28 1.21 × 10−1

C-salt concentration 1.51 × 108 1 1.51 × 108 5.07 0.03 5.14 × 10−1

D-cycles of extraction 6.89 × 108 1 6.89 × 108 23.16 < 0.0001 2.34
E-cycles of elution 3.77 × 108 1 3.77 × 108 12.68 0.0015 1.28
F-eluent solvent volume 2549972 1 2549972 0.086 0.77 8.67 × 10−3

G-sample volume 84318759 1 84318759 2.84 0.10 2.87 × 10−1

AB 10301260 1 10301260 0.35 0.56 3.50 × 10−2

AC 13960328 1 13960328 0.47 0.50 4.75 × 10−2

AD 15820312 1 15820312 0.53 0.47 5.38 × 10−2

AE 11409864 1 11409864 0.38 0.54 3.88 × 10−2

AF 2450 1 2450 8.24 × 10−5 0.99 8.33 × 10−6

AG 27647048 1 27647048 0.93 0.34 9.40 × 10−2

BC 30889800 1 30889800 1.039 0.32 1.05 × 10−1
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Table 2  (continued)

Source Sum of squares (SS) df Mean square F-value P value Prob > F %  PCa = (SS/∑ 
SS) × 100 [41]

BD 16571525 1 16571525 0.56 0.46 5.64 × 10−2

BE 4969128 1 4969128 0.17 0.69 1.69 × 10−2

BF 262812.5 1 262812.50 0.0088 0.93 8.94 × 10−4

BG 458403.1 1 458403.10 0.015 0.90 1.56 × 10−3

CD 57459200 1 57459200 1.93 0.18 1.95 × 10−1

CE 67227810 1 67227810 2.26 0.14 2.29 × 10−1

CF 1314631 1 1314631 0.044 0.83 4.47 × 10−3

CG 8569800 1 8569800 0.29 0.60 2.91 × 10−2

DE 16074450 1 16074450 0.54 0.47 5.47 × 10−2

DF 39320712 1 39320712 1.32 0.26 1.34 × 10−1

DG 11186450 1 11186450 0.38 0.54 3.80 × 10−2

EF 34980.12 1 34980.12 0.0012 0.97 1.19 × 10−4

EG 932295.10 1 932295.10 0.031 0.86 3.17 × 10−3

FG 39542725 1 39542725 1.33 0.26 1.34 × 10−1

A^2 1.04 × 1010 1 1.04E + 10 350.83 < 0.0001 3.54 × 10
B^2 4.97 × 108 1 4.97 × 108 16.72 0.0004 1.69
C^2 2.42 × 109 1 2.42 × 109 81.23 < 0.0001 8.23
D^2 3.25 × 109 1 3.25 × 109 109.47 < 0.0001 1.11 × 10
E^2 3.11 × 109 1 3.11 × 109 104.52 < 0.0001 1.06 × 10
F^2 3.56 × 109 1 3.56 × 109 119.89 < 0.0001 1.21 × 10
G^2 3.80 × 109 1 3.80 × 109 127.85 < 0.0001 1.29 × 10
Residual 7.73 × 108 26 29729081
Lack-of-fit 7.26 × 108 21 34547714 3.64 0.08
Pure error 47454109 5 9490822
Cor total 1.94 × 1010 61
For AR
Model 1.63 × 1015 35 4.66 × 1013 10.43 < 0.0001
A-pH 1.75 × 1013 1 1.75 × 1013 3.92 0.06 6.81 × 10−1

B-x-114 concentration 6.75 × 1010 1 6.75 × 1010 0.015 0.90 2.63 × 10−3

C-salt concentration 2.33 × 1013 1 2.33 × 1013 5.22 0.03 9.07 × 10−1

D-cycles of extraction 6.97 × 1013 1 6.97 × 1013 15.60 0.00050 2.71
E-cycles of elution 4.00 × 1013 1 4.00 × 1013 8.95 0.0060 1.56
F-eluent solvent volume 4.6 × 1010 1 4.60 × 1010 0.010 0.92 1.79 × 10−3

G-sample volume 4.1 × 1012 1 4.10 × 1012 0.92 0.35 1.60 × 10−1

AB 2.37 × 1011 1 2.37 × 1011 0.053 0.82 9.22 × 10−3

AC 1.62 × 1012 1 1.62 × 1012 0.36 0.55 6.30 × 10−2

AD 1.16 × 1012 1 1.16 × 1012 0.26 0.61 4.51 × 10−2

AE 39826644 1 39826644 8.91 × 10−6 1.00 1.55 × 10−6

AF 8.66 × 1011 1 8.66 × 1011 0.19 0.66 3.37 × 10−2

AG 6.76 × 1011 1 6.76 × 1011 0.15 0.70 2.63 × 10−2

BC 4.74 × 1010 1 4.74 × 1010 0.011 0.92 1.84 × 10−3

BD 8.72 × 1011 1 8.72 × 1011 0.19 0.66 3.39 × 10−2

BE 9.07 × 1011 1 9.07 × 1011 0.20 0.66 3.53 × 10−2

BF 4.31 × 109 1 4.31 × 109 0.00096 0.97 1.68E − 04
BG 2.45 × 1010 1 2.45 × 1010 0.0055 0.94 9.53E − 04
CD 1.95 × 1012 1 1.95 × 1012 0.44 0.51 7.59 × 10−2

CE 1.34 × 1013 1 1.34 × 1013 2.99 0.09 5.21 × 10−1

CF 3.43 × 1012 1 3.43 × 1012 0.77 0.39 1.33 × 10−1

CG 1.62 × 1012 1 1.62 × 1012 0.36 0.55 6.30 × 10−2
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The lack-of-fit characterize the failure of the model to 
represent value in the experimental domain at point which 
is not included in the regression [39]. The nonsignificant 
data of lack-of-fit (> 0.05) revealed that the quadratic 
model is statistically significant for the response. The 
“Lack-of-Fit F-value” of 1.71, 2.03, 3.64 and 2.36 implies 
the lack-of-fit is not significant relative to the pure error. 
By the correlation coefficient (R2), the goodness of the 
model was checked. The values of determination coeffi-
cient [R2 = 0.9859 (MG), 0.9383 (RB), 0.9601 (MO) and 
0.9335 (AR)] show good relation between the experimen-
tal and predicted values of the response. The adjusted 
R2 value of 0.967 (MG), 0.855 (RB), 0.906 (MO) and 
0.844 (AR) showed that only 3.3, 14.5, 9.4 and 15.6% for, 
respectively, MG, RB, MO and AR of the total variation 
were not described with the model. A high degree of preci-
sion and a good deal of the reliability of the conducted run 
were described by a low value of the coefficient of varia-
tion (CV = 4.62, 1.48, 14.06 and 27.13 for, respectively, 
MG, RB, MO and AR) [39]. Two-dimensional response 
surface as the functions of other variable for selected ana-
lytes is indicated in Fig. 3.

Analytical performance

Linear range, limit of detection and enrichment factor

Under optimum condition, the MIP-PT-µSPE methodology 
was investigated in respect to its linearity, limit of detection 

(LOD) and enrichment factor. Results are summarized in 
Table 3. The calibration curve was linear over a concen-
tration range of 0.5–250.0 µg  L−1 for malachite green and 
methyl orange, 0.5–150.0 µg  L−1 for rhodamine B and acid 
red 18. LOD was calculated based on the three Sd  m−1 crite-
ria, in which Sd is the standard deviation of seven consecu-
tive measurements of the blank and m is the slope of the 
calibration curve. LOD of the proposed technique for the 
dyes was calculated 0.083, 0.10, 0.12 and 0.17 µg  L−1, for 
MG, RB, MO and AR, respectively. The enrichment factors 
(defined as the ratio of calibration curve slopes after and 
before microextraction by MIP-PT-µSPE) achieved 107-fold 
for MG, 87 for AR, 43 for MO and 32 for RB. Furthermore, 
the comparison of the proposed technique by those using 
various pre-concentration methods for dyes determination 
is indicated in Table 4.

Evaluation of the recognition power of MIP

In order to further study the recognition ability of MIP in 
separation of each dye from other analytes, the same dye 
solutions containing all target compounds were extracted 
with both MIP and non-imprinted polymer (NIP). Under 
the same optimum condition for pre-concentration of each 
selected dyes, each synthesis polymer showed good selec-
tivity and the best recovery for target molecule. The MIP 
contains carboxylic groups at the surface of the polymer 
skeleton ability for target analytes than its analogues due 
to specific interaction, hydrophobic interactions, hydrogen 

Table 2  (continued)

Source Sum of squares (SS) df Mean square F-value P value Prob > F %  PCa = (SS/∑ 
SS) × 100 [41]

DE 3.27 × 1011 1 3.27 × 1011 0.073 0.79 1.27 × 10−2

DF 6.26 × 1012 1 6.26 × 1012 1.40 0.25 2.44 × 10−1

DG 4.88 × 1012 1 4.88 × 1012 1.09 0.31 1.90 × 10−1

EF 2.21 × 1011 1 2.21 × 1011 0.05 0.83 8.60 × 10−3

EG 2.85 × 1011 1 2.85 × 1011 0.06 0.80 1.11 × 10−2

FG 4.00 × 1012 1 4.00 × 1012 0.89 0.35 1.56 × 10−1

A^2 9.56 × 1014 1 9.56 × 1014 213.94 < 0.0001 37.2
B^2 4.26 × 1013 1 4.26 × 1013 9.53 0.0048 1.66
C^2 2.12 × 1014 1 2.12 × 1014 47.48 < 0.0001 8.25
D^2 2.7 × 1014 1 2.70 × 1014 60.49 < 0.0001 10.5
E^2 2.53 × 1014 1 2.53 × 1014 56.60 < 0.0001 9.84
F^2 3.41 × 1014 1 3.41 × 1014 76.33 < 0.0001 13.3
G^2 2.98 × 1014 1 2.98 × 1014 66.65 < 0.0001 11.6
Residual 1.16 × 1014 26 4.47 × 1012

Lack-of-fit 1.06 × 1014 21 5.03 × 1012 2.36 0.17
Pure error 1.06 × 1013 5 2.13 × 1012

Cor total 1.75 × 1015 61

a Percent contribution
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Fig. 3  Response surface-2D/contours indicating the effect of independent variable on the extraction efficiency of dyes. a, b for MG, c, d for RB, 
e, f for MO and g, h for AR
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Table 3  Analytical figure of 
merit for MIP-PT-µSPE coupled 
by HPLC for the determination 
of dyes

a C and A are the concentrations of each dye and peak area, respectively

Analyte Linearity 
range (µg 
 L−1)

Equation of calibration  curvea Determination 
coefficient (R2)

LOD (µg  L−1) Enrich-
ment 
factor

MG 0.5–250.0 A = 285.9 C + 3712.4 0.9906 0.083 107
RB 0.5–150.0 A = 441.65 C + 7551.3 0.991 0.10 32
MO 0.5–250.0 A = 316.87 C + 7523.4 0.9928 0.12 43
AR 0.5–150.0 A = 487.52 C + 7053.1 0.9927 0.17 87

Table 4  Comparison of the published techniques for determination with the proposed method in the paper

Dyes studied Method used Detection method LOD (µg  L−1) Linear range (µg  L−1) References

Orang G, MO, AR Micro-cloud point Spectrophotometry 0.6–111.0 200–12000 [1]
MG, RB and crystal violet Micro-cloud point Spectrophotometry 2.2 60–800 [2]
MG MIP HPLC 0.17 0–200 [12]
MG, gentian violet, leucomala-

chite and leucogentian
MIP HPLC 0.11 10–250 [15]

MG, MO, AR, RB MIP-PT-µSPE HPLC 0.083–0.17 0.5–250.0 This work

Fig. 4  Behavior of the MIP-PT-µSPE (a) and NIP-PT-µSPE (b) for dyes uptake at various concentration of dyes
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bonds and ionic exchange. Results are described in Fig. 4. 
Enhancement of sensitivity of MIP-PT-µSPE is obvious.

Determination of dyes in seawater

To assess the performance of the MIP-PT-µSPE tech-
nique, extraction and determination of the target analytes 
in seawater were investigated. No salt was added for 
seawater sample, because it is salt saturated with itself. 
Tested samples were taken from five stations beside 
Chabahar Bay (southern east of Iran). To study the influ-
ence of sample matrices on recovery, these real samples 
were spiked at the concentration of 20 µg L−1 by the tar-
get compounds. Figure 5 shows sample chromatograms 
for a sample taken from station 1. Allowing the pre-
concentration of each dye by high selectivity (Fig. 5b), 
extraction by NIP showed no such selectivity (Fig. 5c). 
As can be seen in Fig. 5, MIP-PT-µSPE enables to accu-
rately analyze dyes, because of its high enrichment factor. 
Therewith, it can also eliminate the matrix interferences 
successfully. The results are again tabulated in Table 5, 
which indicate good recoveries for samples taken from 
five stations in the range of 76.1–97.3%. Reproducibility 
of the technique as RSD % was calculated to be in the 
range of 1.2–7.1% for MG, 2.2–6.1% for RB, 1.2–5.4% 

for MO and 2.6–5.9% for AR. These results show that 
the investigated technique can be successfully used for 
the determination of dyes in very complicated matrices 
including seawater samples.

Conclusions

In this paper, a very simple miniaturized molecularly 
imprinted polymer-based pipette tip micro-solid phase 
extraction method was successfully used for the extraction 
and pre-concentration of malachite green, rhodamine B, 
methyl orange and acid red 18 in seawater samples dyes in 
seawater samples. The method indicates that investigated 
MIP-PT-µSPE for the extraction of dyes has the potential 
to be a new type of carrier. The linear ranges cover a wide 
concentration and MIP could selectively separate dyes for 
chromatographic analysis even at very low concentrations. 
The method has the advantages of easy to prepare and use 
good precision, repeatability and rapid separation, low cost, 
low sample volume and good selectivity in complex matrix 
such as seawater.

Fig. 5  Sample HPLC chromatograms of seawater sample from station 
1 (Tis) for MG at wavelengths of 618 nm for MG (a), 555 nm for RB 
(b), 448 nm for MO (c) and 510 nm for AR (d). a Microextraction 

without sample spiking b MIP-PT-µSPE of 20 µg L−1 spiked of each 
dye c NIP-PT-µSPE of spiked sample
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Table 5  Recovery results for 
seawater samples obtained from 
different locations of Chabahar 
Bay

a No spiking
b RSD Relative standard deviation, for three replicate measurement

Analyte added Sampling location Recovery % at 
spiked level of 20 
(µg  L−1)

Dyes found RSD (%)b

MG Station 1,  Tisa – 2.05 1.8
Station 1, Tis 95.8 21.21 1.2
Station 2,  Lypara – 1.40 2.1
Station 2, Lypar 87.6 18.75 2.5
Station 3, Chabahar Maritime  Universitya – 2.50 2.4
Station 3, Chabahar Maritime University 97.3 21.89 3.2
Station 4,  Konaraka – 1.80 2.9
Station 4, Konarak 77.3 16.85 5.6
Station 5,  Kalantarya – 3.50 5.8
Station 5, Kalantary 88.4 20.77 7.1

RB Station 1,  Tisa – 0.75 4.5
Station 1, Tis 78.1 16.21 4.9
Station 2,  Lypara – 0.60 6.1
Station 2, Lypar 94.3 19.43 2.8
Station 3, Chabahar Maritime  Universitya – 0.80 3.5
Station 3, Chabahar Maritime University 85.2 17.72 3.1
Station 4,  Konaraka – 0.90 2.9
Station 4, Konarak 82.4 17.22 3.5
Station 5,  Kalantarya – 1.20 3.4
Station 5, Kalantary 80.1 16.98 2.2

MO Station 1,  Tisa – 0.50 1.5
Station 1, Tis 79.0 15.40 5.2
Station 2,  Lypara – 0.55 3.3
Station 2, Lypar 89.9 18.47 5.4
Station 3, Chabahar Maritime  Universitya – 0.66 1.3
Station 3, Chabahar Maritime University 90.0 18.59 1.9
Station 4,  Konaraka – 0.62 1.4
Station 4, Konarak 91.6 18.89 1.2
Station 5,  Kalantarya – 1.30 2.3
Station 5, Kalantary 87.9 18.72 4.3

AR Station 1,  Tisa – 0.53 5.0
Station 1, Tis 80.9 16.61 4.5
Station 2,  Lypara – 0.57 4.7
Station 2, Lypar 82.5 19.97 2.6
Station 3, Chabahar Maritime  Universitya – 0.86 5.9
Station 3, Chabahar Maritime University 85.3 17.79 3.3
Station 4,  Konaraka – 0.67 3.0
Station 4, Konarak 82.4 17.05 5.3
Station 5,  Kalantarya – 1.60 3.4
Station 5, Kalantary 76.1 16.44 4.6
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