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 2 

Abstract 24 

A novel graphene oxide-molecularly imprinted polymers (GO-MIPs) was prepared and 25 

applied for selective extraction and preconcentration of bis(2-ethylhexyl) phthalate (DEHP) in 26 

environmental water samples by using the dispersive solid-phase microextraction (DSPME) 27 

method. The GO-MIPs was synthesized via precipitation polymerization using GO, DEHP, 28 

methacrylic acid, and ethylene dimethacrylate as supporting materials, template molecules, 29 

functional monomer, and cross-linker, respectively. The prepared GO-MIPs were characterized 30 

by scanning electron microscope and Fourier transform infrared spectroscopy. The GO-MIPs-31 

DSPME conditions including type and volume of elution solvents, adsorbents amount, initial 32 

concentration of DEHP, pH and ionic strength of water samples were investigated. Under 33 

optimized conditions, the DEHP was selectively and effectively extracted in real water samples 34 

and enrichment factors of over 100-fold were achieved. Good linearity was obtained with 35 

correlation coefficients (R
2
) over 0.999 and the detection limit (S/N =3) was 0.92 ng mL

-1
. The 36 

average recoveries of the spiked samples at three concentration levels of DEHP ranged from 37 

82% to 92% with the relative standard deviations less than 6.7%. The results indicated that the 38 

proposed GO-MIPs-DSPME extraction protocol combined with HPLC-UV determination could 39 

be applied for selective and sensitive analysis of trace DEHP phthalate in environmental water 40 

samples. 41 

 42 

Keywords: Bis(2-ethylhexyl) phthalate, Graphene oxide-molecularly imprinted polymers, 43 

Dispersive solid phase microextraction, Environmental water  44 

 45 

 46 
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1 Introduction 47 

Bis(2-ethylhexyl) phthalate (DEHP), one of the most popular phthalates esters (PAEs) 48 

plasticizers, is widely used as plasticizer of common packaging materials such as plastics and 49 

rubber to promote their stability and flexibility through weak secondary molecular interactions 50 

with polymer chains [1-4]. Because it is physically bound to the polymer chains, it becomes 51 

easily released and enters into the environment, and further poses the adverse effects on human 52 

health as the suspected endocrine disrupters or mutagens even at low levels [5-8]. Therefore, 53 

development of the analytical techniques to efficiently enrich and analyze DEHP in aqueous 54 

matrices is essential for extensive surveys on their occurrence and fate in the environment. 55 

Conventional sample pretreatment techniques such as liquid–liquid extraction (LLE) and solid 56 

phase extraction (SPE) prior to chromatographic determination have been widely used for 57 

extraction and preconcentration of the phthalates in environmental samples [9-10]. While reliable, 58 

these methods have several shortcomings such as low selectivity and limited enrichment factors. 59 

Moreover, the use of large volumes of organic solvents gives rise to large amounts of organic 60 

wastes, resulting in environmental and safety concerns.  61 

Molecularly imprinted polymers (MIPs) were increasingly developed to meet the need of 62 

selective extraction of target analytes from the complicated sample matrix by its molecular 63 

recognition properties. This molecular recognition excellence has been very attractive in many 64 

different fields, such as sensors, enantiomeric separations, biomedical and analytical applications 65 

[11]. A number of papers published in the past decades reported that MIPs had been successfully 66 

applied in SPE as sorbents to extract organic pollutants in environmental waters prior to 67 

instrumental analysis [12-14, 28-29]. Such approaches usually led to good selectivity and 68 

reproducibility. On the other hand, a large number of microextraction methods, such as liquid-69 
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phase microextraction (LPME), solid-phase microextraction (SPME), and single drop 70 

microextraction (SDME), which are more sensitive, cost-effective and environmentally friendly 71 

compared to conventional extraction methods, have been successfully developed for the 72 

extraction of trace pollutants from a variety of environmental samples [15-17]. Since these 73 

techniques are surface dependent processes, dispersive microextraction techniques including of 74 

dispersive liquid-phase microextraction (DLPME) and dispersive solid-phase microextraction 75 

(DSPME) were recently proposed by means of dispersion to improve the contact area between 76 

sample solution and extractants, and further shorten the extraction time and decrease the 77 

extractants consumption [18-20]. The key to those techniques is the use of highly efficient 78 

extractants media in order to maintain or even improve the preconcentration of the analytes using 79 

only a few milligrams or microliters of extractants. Updated developments in this field are 80 

mainly related to the use of new sorbent materials with high surface area as extractants [21].  81 

Recently, graphene has received much attention from environmental and analytical scientists 82 

ever since their discovery due to its unique mechanical properties and extremely large surface 83 

area with two-dimensional structure [22]. Graphene derivatives such as graphene oxide (GO) 84 

have been applied to synthesize hydrophilic materials to become water-compatible for various 85 

application by modifying with hydrophilic functional groups such as -COOH and -OH [23-25]. 86 

Theoretically, compared to general MIPs, the prepared MIPs situated at the large surface of GO 87 

could provide higher loading capacity, accelerate association/dissociation kinetics and adsorption, 88 

improve the accessibility and sensitivity to target species, and effectively avoid the polymers 89 

from caking [26]. Moreover, the extraction efficiency could be further dramatically enhanced by 90 

employing the DSPME method with GO-MIPs as extractants. However, little information on the 91 

application of GO-MIPs-DSPME for the extraction of pollutants in environmental samples is 92 
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available.  93 

  In the present study, our aims were: (i) to prepare and characterize the GO-MIPs adsorbents 94 

for selective extraction of DEHP in aqueous solution; (ii) to investigate the procedures of the 95 

GO-MIPs-DSPME method for preconcentration of the DEHP in aqueous samples; (iii) to 96 

optimize the variables involved in the GO-MIPs-DSPME process such as type and volume of 97 

desorption solvent, amount of consumed GO-MIPs, pH and ionic strength of sample solution; 98 

and (iv) to apply the validated GO-MIPs-DSPME-HPLC-UV method to extract and determine 99 

the ultra-trace DEHP in real natural water samples. 100 

 101 

2 Experiments 102 

2.1 Materials and Reagents 103 

Bis(2-ethylhexyl) phthalate (DEHP, >98.0%), methacrylic acid (MAA) and ethylene glycol 104 

dimethacrylate (EGDMA, 97.0%) were supplied by TCI chemicals (Tokyo, Japan). 2,2'-105 

Azobis(2-methylpropionitrile) (AIBN) and graphite powder (99.95% metals basis, 5000 meshes) 106 

were obtained from Aladdin Reagent Co., Ltd. (Shanghai, China). HPLC grade methanol were 107 

supplied by Tjshield chemicals (Tianjin, China). Diphosphorus pentaoxide (P2O5), potassium 108 

persulfate (K2S2O8), sulfic acid (H2SO4), potassium permanganate (KMnO4) and acetonitrile 109 

(ACN, ≥ 99.5%) was purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). 110 

Acetone (≥ 99.0%) was purchased from Juhua chemicals (Quzhou, China). The AIBN reagents 111 

were refined freshly before used by following procedures: 100 mL methanol were heated at 60 112 

o
C in a 200 mL beaker until boiling, then added 10 g of original AIBN into the beaker and stirred 113 

the solution to make AIBN quickly dissolved. After filtration, the collected solution was recycled 114 

in a beaker followed by cooling crystallization in refrigerator overnight. The refined AIBN 115 
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crystal was dried in vacuum after filtration and showed uniform crystal shape. All other reagents 116 

were analytical grade and were used as received. De-ionized water was used throughout the 117 

experiments. 118 

2.2 HPLC analysis 119 

The DEHP in standards and water samples were determined by WUFENG LC-100 high-120 

performance liquid chromatograph (Shanghai, China) equipped with a double pump and 121 

ultraviolet detector. The chromatographic separations were carried out on a Waters Symmetry 122 

C18 column (3.9 × 150 mm, 5 μm) at 30 
o
C by using an isocratic elution program of mobile phase 123 

(methanol) at a flow rate of 1.0 mL min
-1
. Aliquots of 20 μL were injected into the HPLC system, 124 

and the detection wavelength was set at 235 nm. All quantification was performed by the 125 

external calibration method based on peak areas. Calibration curve was constructed by linear 126 

regression of the peak area of standard versus the concentration. 127 

 128 

2.3 Preparation and characterization of GO-MIPs adsorbents 129 

2.3.1 Preparation of graphene oxides (GO) 130 

Graphene oxides were prepared by Hummers’ method [26] with some modification as 131 

following: 60 mL of concentrated H2SO4, 1.2 g of K2S2O8 and 2.5 g of P2O5 were added into a 132 

150 mL three-necked flask and mixed with the aid of magnetic stirring bar. Then 3 g of graphite 133 

was slowly added and dispersed into the reaction solution and the mixture kept for 6 h at 80 
o
C. 134 

Afterwards, the mixture solution was immediately poured into 800 mL of purified ice-water and 135 

placed on the lab batch overnight at room temperature. After removal of the supernatant, the 136 

graphite oxide precipitates were washed with deionized water until the pH of eluted water 137 

became neutral and then dried in vacuum freezing drier. The dried graphite oxide was 138 
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subsequently mixed with 60 mL of concentrated H2SO4 in a 150 mL three-necked flask with 139 

mechanical stirring in ice-water bath. And 4.0 g of KMnO4 was slowly added into the mixture 140 

solution and kept at 60 
o
C for 10 h.  Then the mixture solution was poured into 800 mL of 141 

purified ice-water, and the residual KMnO4 and MnO2 were removed by adding 30% H2O2 and 142 

1.0 M HCl solutions, respectively. Finally, the graphene oxide liquid crystals were washed with 143 

deionized water until the pH of eluted solution became neutral. 144 

2.3.2 Preparation of GO-MIPs adsorbents 145 

     Prior to preparation of GO-MIPs, GO water mixture was centrifuged at 12000 rpm for 10 146 

mins and the water supernatant was decanted, and then GO solids were washed with ACN 147 

solvents twice to make GO completely dispersed into ACN solvents. The GO-MIPs was 148 

prepared by precipitation polymerization as follows: GO-ACN mixture solution (4.0 mL), ACN 149 

(100 mL) and methanol (20.0 mL) were mixed in a 250 mL of three-necked flask, and DEHP (1 150 

mmol) and MAA (4 mmol) were added into the mixture solutions with the stirring by magnetic 151 

bar and kept for 2 h. After removal of the dissolved-oxygen by high purity nitrogen gas blowing, 152 

the cross-linking agent EGDMA (20 mmol) and the initiation reagents AIBN (50 mg) were 153 

added into the solution and sonicated for 10 min to fully dissolve. The polymerization was 154 

performed at 65 
o
C for 6 h in oil bath. Postsynthesis, the polymeric particulates were freed from 155 

template and residual monomers via Soxhlet extraction by using methanol, and then the products 156 

were dried to constant mass under vacuum at -50 
o
C in a freeze vacuum drier. To verify that the 157 

affinity to analytes was due to molecular recognition but not just to nonspecific binding, and that 158 

the adsorption capability of analytes to adsorbents was enhanced by combining GO with MIPs,    159 

GO-NIPs (GO non-imprinted polymers), MIPs, NIPs were synthesized as the same procedure in 160 

the absence of the template molecule DEHP, GO, and none of them, respectively.  161 



 8 

2.3.3 Characterization of GO-MIPs 162 

The morphology of the prepared polymers were examined by scanning electron microscope 163 

(FEI, Nova NanoSEM 200, USA) and the FT-IR spectra were obtained on a Fourier transform 164 

infrared spectroscopy (Perkinelmer, Frontier, USA).  165 

Adsorption capacity of prepared GO-MIPs and MIPs was investigated and compared prior to 166 

optimization of extraction procedure. Twenty milligrams of prepared GO-MIPs adsorbents was 167 

dispersed into 10.0 mL spiked DEHP water samples with different concentrations at 0.1, 0.5, 1.0, 168 

2.0, 5.0, 10 μg mL
-1

. After adsorption process, the concentration of DEHP in water samples were 169 

determined by HPLC. The adsorption capacity of the GO-MIPs was calculated by following 170 

equation: 171 

Qt  = 
adsorbentm

st0 V×)C-(C

 
172 

 
173 

Qt - Adsorption capacity (μg mg
-1

) 174 

C0 - Initial concentration of DEHP in sample (μg mL
-1

) 175 

Ct - Concentration of the DEHP after adsorption (μg mL
-1

) 176 

Vs - Volume of spiked DEHP water sample (mL) 177 

m - Amount of the GO-MIPs adsorbents (mg) 178 

2.4 GO-MIPs-DSPME procedure 179 

   The effects of the type of desorption solvent on GO-MIPs-DSPME procedures were 180 

investigated firstly by using the DEHP standard solution. In detail, 20 mg of pretreated GO-MIPs 181 

was added into a glass flask containing 600 mL of 20 ng mL
-1

 DEHP aqueous solution, and the 182 

GO-MIPs in solution were dispersed in an ultrasonic bath until no GO-MIPs aggregates were 183 

observed. After agitation at 600 rpm for 0.5 h using an IKA mixing shaker, the GO-MIPs-DEHP 184 

mixtures were transferred into a centrifugation tube. Then the mixtures were centrifugated at 185 
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12000 rpm for 10 mins, decanted the supernatants, and dried at -50 
o
C in vacuum. To ensure the 186 

DEHP completely adsorbed by GO-MIPs, the DEHP has been analyzed in supernatants after 187 

adsorption process and there was no residue DEHP found. The dried GO-MIPs-DEHP particles 188 

were transferred into a 5 mL centrifugation tube and 2.5 mL of organic desorption solvents was 189 

added. Then, the tube containing GO-MIPs-DEHP-desorption solvent was sealed and vortexed 190 

for 1 min, and placed into an ultrasonic bath for 5 min. After centrifugation at 15000 rpm for 10 191 

min, the supernatant solutions were pipetted into another tube and the desorption process was 192 

repeated once. Finally, the mixture of supernatants was filtered using a 0.22 μm membrane and 193 

injected into a HPLC for analysis. Two organic desorption solvents including methanol and 194 

acetone were studied in this work. After selection of the desorption solvent, several other key 195 

parameters, such as the volume of desorption solvent, consumed amount of GO-MIPs adsorbents, 196 

pH and ionic strength of sample solution were investigated and optimized to obtain the best 197 

extraction efficiency for GO-MIPs-DSPME procedures.    198 

2.5 Environmental water samples collection and analysis 199 

Rain samples were collected with a Teflon container on the top of the Xinzhou Building in 200 

the Wenzhou University campus. River water samples were collected from the surface water of 201 

Wen-Rui-Tang River. Lake samples were obtained from the Swan Lake in the Wenzhou 202 

University campus. All sites of sample collection are located in the city of Wenzhou, Zhejiang 203 

province, China. After sampling, all samples were stored at 4 
o
C in the dark until use. Prior to the 204 

extraction, the water samples were centrifuged and filtered through 0.45 μm membrane filters to 205 

remove the impurities. The DEHP phthalate ester in real water samples were extracted by 206 

following the optimized GO-MIPs-DSPME method and determined by HPLC. All sample 207 

containers, glassware and filtration devices were thoroughly cleaned with 0.1 M HCl solution 208 
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and then finally rinsed with doubly distilled-deionized water. 209 

3 Results and discussion 210 

3.1 Characterization of prepared GO-MIPs 211 

The morphology of the prepared GO sheets, spherical MIPs, and GO-MIPs were 212 

characterized by scanning electron microscope (SEM) and their images are presented in Fig. 1. 213 

The areas of GO sheets were ranged from 5 to 10 μm
2
 and the particle sizes of MIPs were 214 

estimated through sieving and ranged from 0.2 to 1.0 μm, as shown in Fig. 1a and 1b, 215 

respectively. Obviously, Fig. 1c showed that granular MIPs were coated on the surface of the GO 216 

with layered structure compared with Fig. 1a and the prepared GO-MIPs were dispersed into the 217 

sample solution.  218 

The prepared GO-NIPs and GO-MIPs were characterized by using FT-IR analyses to 219 

determine the functional group present in polymer matrices. As is shown in Fig. 2, the FTIR 220 

spectra of GO-MIPs (b) and GO-NIPs (a) were found to be almost similar, which may be due to 221 

their same chemical nature. Characterization of a broad band of NH stretching in 3200 - 3500 222 

cm
-1

 region proves the presence of hydrogen bonding and hence confirms the synthesis of 223 

polymer. The bands at 1635 cm
-1

 and 1720 cm
-1

 were assigned to C=C and C=O bendings of 224 

functional monomer methacrylic acid (MAA) and cross-linker ethylene glycol dimethacrylate 225 

(EGDMA). It demonstrates that the prepared polymer is a co-polymer of MAA and EGDMA. 226 

The bands in the region of 1600 and 1650 cm
-1 

were assigned to the C=C of GO sheets, while it 227 

was weakened due to the effect of the initiator (AIBN). The peaks at 1455 cm
-1

 and 1254 c cm
-1

 228 

were characteristic of CH2 bending vibration and C-C stretching vibration, respectively. In 229 

addition, the stretching vibration of C-O at 1148 cm
-1

 (1142 cm
-1

 in GO-NIPs spectrum due to 230 

the red shift) revealed the bond formation between GO and MIPs. The results confirmed that the 231 
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GO-MIPs composite was constructed successfully. 232 

The adsorption capacity of prepared GO-MIPs adsorbents was calculated following the 233 

procedures and calculation in Part 2.3.3. The results indicated that the adsorbed quantity of 234 

DEHP with 20 mg of GO-MIPs increased with the increase of the DEHP concentration in sample 235 

solution. However, the adsorbed quantity of DEHP kept stable when the DEHP concentration 236 

was higher than 2.0 μg mL
-1

. It suggested that the maxium adsorption capacity of prepared GO-237 

MIPs was around 1.0 μg mg 
-1 based on the adsorption capacity calculated equation. Meanwhile, 238 

the the maxium adsorption capacity of the MIPs was half of that of GO-MIPs.  239 

 240 

3.2 Optimization of the GO-MIPs-DSPME procedure 241 

3.2.1 Type and volume of the elution solvent 242 

In this study, the effects of type and volume of desorption solvents on desorption of DEHP 243 

from GO-MIPs were firstly investigated. As opposed to aqueous solutions, hydrophobic DEHP 244 

absorbed on the GO-MIPs are expected to be desorbed into organic solvents, especially under 245 

ultrasonic irradiation. Two common organic solvents, methanol and acetone, were evaluated for 246 

DEHP desorption. The experiments were followed the procedures as described in Section 2.4.  247 

As illustrated in Fig. 3, acetone yields greater desorption efficiency than methanol. The reason 248 

for this could be that the solubility of DEHP in acetone is higher than those in the methanol 249 

solvents [27]. To minimize the amount of organic solvent consumed, different volumes of 250 

acetone including 2.00, 4.00, 6.00, and 8.00 mL were used for desorbing DEHP from GO-MIPs 251 

separately. As presented in Fig. 4a, the highest recovery were achieved until the volume of 252 

acetone decreased as 6.00 mL. Therefore, 6.00 mL of acetone was selected as the desorption 253 

solvent in the following experiments. 254 
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3.2.2 Amount of the GO-MIPs adsorbents 255 

The effects of the amount of GO-MIPs on the adsorption of DEHP from aqueous solutions 256 

were studied. The experiments were performed by adding different amounts of GO-MIPs 257 

adsorbents (10, 15, 20, 30 and 40 mg) in 100 mL of 20 ng mL
-1

 DEHP aqueous solution and 258 

following the procedures as described in Section 2.4. As presented in Fig. 4b, the recovery of 259 

spiked DEHP dramatically increased when the amount of the GO-MIPs increased from 10 to 15 260 

mg. It is easy to explain that more adsorbents would possess larger surface area and more 261 

available active sites for adsorbing DEHP. The recovery of spiked DEHP was stable with the 262 

increasing amount of GO-MIPs. Therefore, 15 mg was chosen as the optimum amount for GO-263 

MIPs absorbents used based on the experimental results. Also, the comparisons of four 264 

adsorbents including of GO-MIPs, GO-NIPs, MIPs, and NIPs, as shown in Fig. 4b, demonstrated 265 

that the performance of GO-MIPs was superior to the other adsorbents. It indicated that the 266 

adsorption of DEHP on GO-MIPs adsorbents is based on the molecular recognition, and 267 

capability of adsorption of DEHP with GO-MIPs is much larger than those with granular MIPs.  268 

3.3.3 pH and ionic strength of sample solution 269 

For the investigation of the pH effect, a series of DEHP aqueous solutions with the pH values 270 

of 3, 5, 7 and 9 were prepared by adding 0.01 M HCl and NaOH solutions prior to extraction. As 271 

presented in Fig. 4c, changing the solution pH from 3 to 9 did not affect the adsorption of DEHP. 272 

The slightly decrease of recovery in acid or base soultions might be resulted from the hydrolysis 273 

of DEHP. Therefore, the GO-MIPs-DSPME method can be directly applied for DEHP extraction 274 

from environmental water samples without adjusting the pH since the typical pH values of 275 

natural waters are located in the range from 5 to 9. Generally, the solubility of the hydrophobic 276 

compounds decreases with increasing ionic strength in aqueous solution. This “salting-out” 277 
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effect may slightly enhance their hydrophobic interactions with GO-MIPs. To examine the 278 

impacts of ionic strength, experiments were performed by addition of NaCl salt in water samples 279 

at 0, 1, 2, 3, 4, 5 to 6 % prior to extraction since the ionic strength of the natural environmental 280 

water is located in the range from 0 to 6 %. As shown in Fig. 4d, an increase of ionic strength 281 

had a negligible effect on the adsorption of DEHP by the GO-MIPs, suggesting that within the 282 

ionic strength range studied, the contribution of the salting-out effect to DEHP was too weak to 283 

exert any change in the adsorption of DEHP on the GO-MIPs. Thus, the ionic strength of natural 284 

water samples is not expected to exert a significant effect on the adsorption of DEHP by GO-285 

MIPs. 286 

 287 

3.3 Validation of the GO-MIPs-DSPME-HPLC method 288 

      The developed GO-MIPs-DSPME-HPLC-UV method was validated by evaluation of 289 

following validation parameters:  linearity, sensitivity, precision, selectivity, accuracy and 290 

detection and quantification limits. This study was performed on the rain water samples spiked 291 

with DEHP to provide samples containing concentration range of 0.003 - 2.00 μg mL
-1

. The 292 

linearity and sensitivity were established through the calibration graph obtained by triplicate 293 

analysis of DEHP spiked rain water samples. Linearity was demonstrated calculating the 294 

regression line by the least squares method and expressed by correlation coefficients (R
2
) over 295 

0.996. Selectivity of the method was evaluated by the comparison of chromatograms obtained 296 

from spiked rain water with 20 ng mL
-1

 of DEHP, its metabolite mono-(2-ethylhexyl)-297 

phthalate (MEHP) and other phthalates i.e. dimethyl phthalate (DMP), diethyl phthalate (DEP) 298 

and dibutyl phthalate (DBP). As presented in Fig. 5, the results verified that there was no 299 

significant interference by those phthalates that could compromise the determination of DEHP. 300 
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Intra-assay and inter-assay precision data were determined using low, medium, and high 301 

concentrations (0.02, 0.10, 2.00 μg mL
-1

, respectively). Intra-assay precision was assessed using 302 

six replicates of each concentration in the same day. Inter-assay precision was evaluated for three 303 

replicates analyzed on separate days (n = 5). The results expressed as percent relative standard 304 

deviation (RSDs) were less than 6.7 %. The enrichment factor was 100 based on the ratio of the 305 

volume of sample over the desorption solvent and the adsorption/desorption efficiencies. 306 

Increasing the volume of the natural water samples could further increase the enrichment factor. 307 

The accuracy of the described method was tested in real environmental water matrices with 308 

known amounts of DEHP standards added, and the spiked 5.0, 50, 500 ng mL
-1

 of DEHP water 309 

samples were subjected to the entire analytical procedures from the sample pre-treatment to the 310 

chromatographic analysis. The recoveries, expressed as the mean percentage ratio between the 311 

amounts found and those added, were found to be 82 - 92 % in different water samples, and 312 

followed the order of rain > Swan Lake >Wen-Rui-Tang River. The possible reason is that the 313 

water pollution of Wen-Rui-Tang River is much worse than that of Swan Lake and the rain is the 314 

cleanest one in three natural water samples, and the soluble organic compounds in samples could 315 

slightly affect the adsorption of DEHP by GO-MIPs due to the direct site competition and pore 316 

blockage. The limit of detection and limit of quantification measured as three and ten times the 317 

background noise for the developed GO-MIPs-DSPME-HPLC-UV method were  0.92 and 2.82 318 

ng mL
-1

, respectively. 319 

 320 

3.4 Determination of DEHP in real water samples 321 

      The GO-MIPs-DSPME-HPLC-UV method has been successfully applied to the selective 322 

determination of DEHP in environmental water samples, including of rain, lake, and river waters, 323 
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which were collected in Wenzhou, Zhejiang province, China. The typical chromatograms of lake 324 

water with and without GO-MIPs-DSPME pretreatment are presented in Fig. 6. Obviously, the 325 

sample matrix interference was significantly eliminated and the DEHP in samples was 326 

selectively extracted and enriched after GO-MIPs-DSPME pretreatment. The concentrations of 327 

the DEHP were 1.56 ± 0.32 mg L
-1

 in River and 0.32 ± 0.08 mg L
-1

 in lake water samples, 328 

respectively, and  below the detection limit in rain water.  The relatively high concentration of 329 

DEHP in theWen-Rui-Tang River water could come from the direct discharge of domestic 330 

sewage by local residents.  331 

4 Conclusions 332 

In this paper, we provided a new method which involved in graphene oxide-based 333 

molecularly imprinted polymers coupled with dispersed solid phase extraction (GO-MIPs-334 

DSPME) for the selectively and effectively preconcentration of DEHP in enviromental water 335 

samples. The prepared GO-MIPs showed higher capacity and affinity than those of traditional 336 

spherical MIPs under optimized DSPME conditions in aqueous solution. Thus, proposed GO-337 

MIPs-DSPME extraction protocol combined with HPLC-UV determination could be applied for 338 

selective and sensitive analysis of trace DEHP phthalate in water samples. 339 

 340 

Acknowledgements 341 

        The research project was jointly supported by the National Natural Science Foundation of 342 

China (21477088), Natural Science Foundation of Zhejiang Province (LY17B070001), and the 343 

Zhejiang Scientific and Technological Innovation Fund & Xinmiao Talents Projects 344 

(2016R426060). 345 

346 



 16 

References 347 

[1] C. Liu, Y.P. Zhang, Characterizing the equilibrium relationship between DEHP in PVC 348 

flooring and air using a closed-chamber SPME method, Build. Environ. 95 (2016) 283-290. 349 

[2] P. Gimeno, A.F. Maggio, C. Bousquet, A. Quoirez, C. Civade, P.A. Bonnet, Analytical 350 

method for the identification and assay of 12 phthalates in cosmetic products: Application 351 

of the ISO 12787 international standard “Cosmetics-analytical methods-validation criteria 352 

for analytical results using chromatographic techniques”, J. Chromatogr. A 1253 (2012) 353 

144-153. 354 

[3] E. Eckert, J. Müller, T. Göen, Simultaneous determination of polyvinylchloride plasticizers 355 

di(2-ethylhexyl) phthalate and tri(2-ethylhexyl) trimellitate and its degradation products in 356 

blood by liquid chromatography-tandem mass spectrometry, J. Chromatogr. A 1410 (2015) 357 

173-180. 358 

[4] Y.L. Li, F. Fei, K. Zhang, Q. Chen, Y.L. Li, Migration analysis of DEHP from inner liner of 359 

beer bottle caps by HPLC, Procedia Environ. Sci. 12 (2012) 17-21. 360 

[5] V. Pérez-Fernández, M.J. González, M.Á. García, M.L. Marina, Separation of phthalates by 361 

cyclodextrin modified micellar electrokinetic chromatography: quantitation in perfumes, 362 

Anal. Chim. Acta 782 (2013) 67-74. 363 

[6] A.D. LaFleur, K.A. Schug, A review of separation methods for the determination of 364 

estrogens and plastics-derived estrogen mimics from aqueous systems, Anal. Chim. Acta 365 

696 (2011) 6-26. 366 

[7] A. Myridakis, G. Chalkiadaki, M. Fotou, M. Kogevinas, L. Chatzi, E.G. Stephanou, Exposure 367 

of preschool-age greek children (RHEA Cohort) to bisphenol A, parabens, phthalates, and 368 

organophosphates, Environ. Sci. Technol. 50 (2016) 932-941. 369 



 17 

[8] H.C. Chao, H.W. Liao, C.H. Kuo, Using water plug-assisted analyte focusing by micelle 370 

collapse in combination with microemulsion electrokinetic chromatography for analyzing 371 

phthalate esters, J. Chromatogr. A 1445 (2016) 149-157. 372 

[9] G. Rübensam, F. Barreto, R.B. Hoff, T.L. Kist, T.M. Pizzolato, A liquid–liquid extraction 373 

procedure followed by a low temperature purification step for the analysis of macrocyclic 374 

lactones in milk by liquid chromatography-tandem mass spectrometry and fluorescence 375 

detection, Anal. Chim. Acta 705 (2011) 24-29. 376 

[10] B. Osman, E.T. Özer, N. Beşirli, Ş. Güçer, Development and application of a solid phase 377 

extraction method for the determination of phthalates in artificial saliva using new 378 

synthesised microspheres, Polym. Test. 32 (2013) 810-818. 379 

[11] H. Khan, T. Khan, J.K. Park, Separation of phenylalanine racemates using d-phenylalanine 380 

imprinted microbeads as HPLC stationary phase, Sep. Purif. Technol. 62 (2008) 363-369. 381 

[12] S.F. Xu, H.Z. Lu, L.X. Chen, Double water compatible molecularly imprinted polymers 382 

appliedas solid-phase extraction sorbent for selective preconcentration and determination of 383 

triazines in complicated water samples, J. Chromatogr. A 1350 (2014) 23-29. 384 

[13] H.Q. Zhang, Water-compatible molecularly imprinted polymers: Promising synthetic 385 

substitutes for biological receptors, Polymer 55 (2014) 699-714. 386 

[14] T. Alizadeh, Development of a molecularly imprinted polymer for pyridoxine using an ion-387 

pair as template, Anal. Chim. Acta 623 (2008) 101-108. 388 

[15] H. Xu, W.H. Pan, D.D. Song, G.F. Yang, Development of an improved liquid phase 389 

microextraction technique and its application in the analysis of flumetsulam and its two 390 

analogous herbicides in Soil, J. Agric. Food Chem. 55 (2007) 9351-9356. 391 



 18 

[16] K.  ieli s a, H.P. Leeuwen, S. Thibault, R.M. Town, Speciation analysis of aqueous 392 

nanoparticulate diclofenac complexes by solid-phase microextraction, Langmuir 28 (2012) 393 

14672-14680. 394 

[17] E. Aguilera-Herrador, R. Lucena, S. Cárdenas, M. Valcárcel, Direct coupling of ionic liquid 395 

based single-drop microextraction and GC/MS, Anal. Chem. 80 (2008) 793-800. 396 

[18] M. Pastor-Belda, I. Garrido, N. Campillo, P. Viñas, P. Hellín, P. Flores, J. Fenoll, 397 

Determination of spirocyclic tetronic/tetramic acid derivatives and neonicotinoid 398 

insecticides in fruits and vegetables by liquid chromatography and mass spectrometry after 399 

dispersive liquid-liquid microextraction, Food Chem. 202 (2016) 389-395. 400 

[19] H. Abdolmohammad-Zadeh, E. Rahimpour, CoFe2O4 nano-particles functionalized with 8-401 

hydroxyquinoline for dispersive solid-phase micro-extraction and direct fluorometric 402 

monitoring of aluminum in human serum and water samples, Anal. Chim. Acta 881 (2015) 403 

54-64. 404 

[20] H.C. Zhu, W.X. Chen, Z.L. Li, J. He, X.J. Tang, C.J. Wang, Extraction of natural estrogens 405 

in environmental waters by dispersive multiwalled carbon nanotube-based agitation-assisted 406 

adsorption and ultrasound-assisted desorption, Anal. Methods 6 (2014) 1235-1241. 407 

[21] C.Z. Wang, H.H. Xu, Y.M. Wei, The preparation of high-capacity boronate affinity 408 

adsorbents by surface initiated reversible addition fragmentation chain transfer 409 

polymerization for the enrichment of ribonucleosides in serum, Anal. Chim. Acta 902 (2016) 410 

115-122. 411 

[22] J.W. Suk, R.D. Piner, J. An, R.S. Ruoff, Mechanical Properties of Monolayer Graphene 412 

Oxide, ACS Nano 4 (2010) 6557-6564. 413 



 19 

[23] S. Stankovich, D.A. Dikin, G.H.B. Dommett, K.M. Kohlhaas, E.J. Zimney, E.A. Stach, R.D. 414 

Piner, S.T. Nguyen, R.S. Ruoff, Graphene-based composite materials, Nature 442 (2006) 415 

282-286. 416 

[24] X.X. Chen, B.L. Chen, Macroscopic and spectroscopic investigations of the adsorption of 417 

nitroaromatic compounds on graphene oxide, reduced graphene oxide, and graphene 418 

nanosheets, Environ. Sci. Technol. 49 (2015) 6181-6189. 419 

[25] S. Mahpishanian, H. Sereshti, Graphene oxide-based dispersive micro-solid phase extraction 420 

for separation and preconcentration of nicotine from biological and environmental water 421 

samples followed by gas chromatography-flame ionization detection, Talanta 130 (2014) 422 

71-77. 423 

[26] Y. Li, X. Li, C.K. Dong, J.Y. Qi, X.J. Han, A graphene oxide-based molecularly imprinted 424 

polymer platform for detecting endocrine disrupting chemicals, Carbon 48 (2010) 3427-425 

3433. 426 

[27] C.A. Staples, D.R. Peterson, T.F. Parkerton, W.J. Adams, The environmental fate of 427 

phthalate esters: a literature review, Chemosphere 35 (1997) 667-749.  428 

[28] R. Yang, Y. Liu, X. Yan, S. Liu, Simultaneous extraction and determination 429 

of phthalate esters in aqueous solution by yolk-shell magnetic mesoporous carbon-430 

molecularly imprinted composites based on solid-phase extraction coupled with gas 431 

chromatography–mass spectrometry, Talanta, 161 (2016) 114-121. 432 

[29] J. Hu, T. Feng, W. Li, H. Zhai, Y. Liu, L. Wang, C. Hu, M. Xie, Surface molecularly 433 

imprinted polymers with synthetic dummy template for simultaneously selective 434 

recognition of nine phthalateesters, J. Chromatogr. A, 1330 (2014) 6-13. 435 

 436 



 20 

 437 

Figure Captions 438 

Figure 1. Scanning electron microscope (SEM) images of (a) GO sheets, (b) spherical MIPs, (c) 439 

GO-MIPs adsorbents 440 

Figure 2. FTIR spectra of (a) GO-NIPs and (b) GO-MIPs 441 

Figure 3. Recoveries of spiked DEHP with different types of elution solvents 442 

Figure 4. Recoveries of spiked DEHP with different (a) volume of elution solvent; (b) amounts 443 

of adsorbents; (c) pH values of sample solution; and (d) ionic strength of sample solution   444 

Figure 5. Chromatograms for spiked DEHP, MEHP, DMP, DEP, and DBP (20 ng mL
-1

) in rain 445 

water with and without GO-MIPs-DSPME extraction (Mobile phase: methanol; Flow rate: 446 

1.0 mL min
-1

; Column temperature: 30 
o
C; Detection wavelength: 235 nm) 447 

Figure 6. Chromatograms for DEHP in lake water samples with and without GO-MIPs-DSPME 448 

extraction (Mobile phase: methanol; Flow rate: 1.0 mL min
-1

; Column temperature: 30 
o
C; 449 

Detection wavelength: 235 nm) 450 
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