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ABSTRACT

In this study, a needle trap extraction device with a molecularly imprinted polymer coated on Dupont fibers was 
developed for extraction. A number of heat-resistant Dupont fibers were longitudinally filled into a glass capillary, 
followed by coating with a molecularly imprinted polymer as an extraction medium and were used to extract volatile 
organic compounds from environment. Subsequently, the extracted analytes were analyzed by gas chromatography. 
The linear detection range, recovery, limit of detection (LOD), limit of quantification (LOQ) was studied to evaluate 
the method. Calibration curves for benzene, toluene, ethylbenzene, and o-xylene were linear in the concentration 
range of 1–250 μg/L, and the corresponding correlation coefficients exceeded 9897. The LODs and LOQs of the 
analytes were in the ranges of 15–25 ng/L and 35–65 ng/L, respectively.  
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1. INTRODUCTION

Benzene series products are from petroleum cracking or coal tar 

fractionation products, including benzene, toluene, ethylbenzene, o-

xylene (BTEO) and other series of compounds. Inhaled by the body for a 

long time can cause chronic poisoning, anemia, neurasthenia and other 

diseases [1-3]. Benzene series has been identified as a strong carcinogen 

by the World Health Organization. However, the content of benzene series 

in newly-renovated room and laboratory can still pose a hazard to the 

human body [4]. Therefore, it is very important to accurately inspect the 

content of benzene in the air in the newly renovated experimental room 

before living. 

In recent years, many micro sample preparation technologies and devices 

have been developed, such as solid-phase micro extraction technology 

(SPME) and so on [5,6]. Needle trap extraction (NTE) technology is a new 

type of sample preparation technology recently developed, especially with 

molecularly imprinted polymer (MIP) as an adsorption medium [7-10]. 

Technology can effectively concentrate VOCs in complex environments. 

MIP has the advantages of good selectivity and strong adsorption capacity. 

Combining these two technologies perfectly, we developed an advanced 

molecularly imprinted needle trap extraction device (NTD). This 

preparation of a NTD can be completed in a single step, without tedious 

post-processing steps such as grinding, screening, and filling [11].  

The recently developed NTD that can be used with a gas chromatograph 

has limited needle diameter and length because of the need to match the 

inlet of a gas chromatograph. When the amount of polymer in the needle 

is large, the permeability is poor, the back pressure is high, and the thermal 

desorption at the gas chromatograph inlet is easy to fall off. This severely 

affects the service life of the extraction device. In this study, the pollutant 

of BTEO was selected as the target analyte, and the benzoic acid molecular 

imprinting with good permeability and reproducibility was prepared by 

controlling the amount and distribution of the polymer in the NTD by 

filling the fibers. Compared with non-fiber NTD, this new device has better 

performance. This method is simple, stable and suitable for the 

enrichment and trace analysis of benzene series in environmental 

samples. 

2. MATERIALS AND METHODS

2.1 Materials 

All reagents, solvents, and sample solutes were of analytical grade and 

were obtained commercially. 2,2’-Azobisisobutyronitrile was obtained 

from Tianjin Reagent Chemicals. Ethylene glycol dimethacrylate and a 

mixture of benzene, toluene, ethylbenzene, and o-xylene (BTEO) were 

purchased from Tokyo Chemical Industries (Tokyo, Japan). Benzoic acid 

was obtained from Dongxing Reagent Company (Shenyang, China). 

Dodecanol was obtained from Xinxi Reagent Company (Shenyang, China). 

4-Vinylpyridine was obtained from Johnson Matthey and was distilled 

under vacuum. Dupont fibers, which was used as a heat-resistant fiber,

was supplied by Dupont Company (Delaware, America). Water was

purified by a Milli-Q system (Millipore, Bedford, MA, USA). The stainless 

needle was manufactured by the JingDing Company (Shenzhen, China). 

2.2 Preparation of the NTD 

A glass capillary tube (inner diameter 1.0 ± 0.1 mm) was packed with a 

bundle of high-temperature-resistant Dupont fibers. The polymer solution 

was injected with a syringe directly into the filled glass tube, which was 

then sealed. The polymer solution was prepared according to described 

before [9]. After a reaction at 60 °C for 24 h, the glass tube was clamped 

with tweezers and washed with a solution of ethanol/NaOH (4:1, v/v) to 

remove the template molecule, i.e., benzoic acid. Then, after being washed 

with ethanol to neutrality, the polymer fibers were blown with nitrogen to 

dryness. Next, the fibers were packed longitudinally into the stainess 

needle.  

2.3 Extraction and desorption 

The NTD was connected to the gas bag. A sample of 50 mL of BTEO gas 

mixture with a certain concentration was extracted manually with a 

sampling pump. The process of extraction was shown in Figure 1. After 

extraction, the sampling pump and gas sampling bag were removed. 
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Subsequently, the NTD was connected to a common medical injector, in 

which 3.0 mL high-purity nitrogen was prepared as the desorption gas. 

Then, the NTD was inserted to the injection port of gas chromatograph and 

was thermal desorption by the port. The nitrogen was injected into the 

injection port after retained for 10 s.  

Figure 1: The process of extraction by NTD 

3. RESULTS AND DISCUSSION

3.1 The extraction influence of fiber species to NTD 

In the experiment, molecularly imprinted polymers were prepared on the 

surfaces of Polyacrylonitrile fibers, Carbon fibers, and DuPont fibers 

respectively as the carrier of the adsorbent to prepare a molecularly-

printed NTD. The comparison of the adsorption performance of three 

devices is shown in Figure 2. The results show that DuPont fiber is suitable 

carrier of the adsorbent. 
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3.2 Number of fibers used to pack the NTD 

NTDs were prepared with 250, 300, 350, 400, 450 bundles of fibers, 

respectively, and the effect of different amounts of fibers on the 

enrichment performance of the device is shown in the Fig.3. In the range 

of 250-400 bundles, the peak area of the gas chromatogram obtained 

gradually increases with the increase of the number of fibers, and when 

400 bundles of fibers are used, the peak area reaches a maximum value. So 

choose 400 bundles of fiber to preparation NTD. 
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Figure 3: Performance of NTD for numbers of fibers bundles ranging 
from 250 to 450. 

3.3 Linear range, LOD, and LOQ of NTD coupled with gas 
chromatogram  

Under the optimized conditions, the linearity of the response of the NTD–

GC method was investigated using mixed standard samples of BTEO with 

concentrations of 1, 5, 10, 25, 50, 75, 100 and 250 μg/L. The resulting 

correlation coefficients, LOQ, LDQ, and linear equations by the NTD are 

shown in the Table 1. The results show that the NTD–GC method has 

excellent sensitivity and the NTD exhibits excellent enrichment of the 

samples. 

Table 1: The method validation of NTD 

Compound 
Linear range 

(μg/L) 

Linear calibration 

equations 
r 

LOD 

（ng/L） 

LOQ 

（ng/L） 

Benzene 1-250 y=7.46x+64.87 0.9897 25 65 

Toluene 1-250 y=10.32x+41.92 0.9976 20 58 

Ethylbenzene 1-250 y=26.3x+47.56 0.9988 15 42 

o-Xylene 1-300 y=19.55x+43.65 0.9989 15 35 

3.4 Application of NTD for sampling of BTEO gas mixture from the 

environment 

The prepared NTD was used to extract the BETO in the actual sample. In 

this experiment, NTD was used to adsorb the gas in the parking lot, and 

gas chromatograph was used to analyzed the concentration of BTEO in 

the parking lot. The results showed that BTEO were detected in the 

parking lot. The concentration of BTEO was 3.55, 2.95, 0.77, 1.05 μg/L 

respectively.  

Figure 2: Gas chromatogram of BTEO after extraction by NTD in parking 
lot. The peak number correspond to the following: (1) benzene, (2) 

toluene, (3) ethylbenzene, and (4) o-xylene. 
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Figure 2: The extraction influence of fiber species to NTD 
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4. CONCLUSION

In this study, a bundle of Dupont fibers with polymer coated on was used 

as the adsorbent in an NTD for extracting BTEO. The number of fibers was 

optimized. The linear detection range, LOD, LOQ, were used to evaluate the 

performance of the NTD. The results show t can be used as a sensitive low-

cost device for the quantitative analysis of BTEO at low concentrations in 

air. 
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