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Abstract: 20 

Plastic pollution is widely present in terrestrial and aquatic ecosystems, and 21 

microplastics (MPs) can be detected in organisms. In situ detection methods for MPs 22 

in organisms have attracted widespread attention. Traditional imaging characterization 23 

methods of MPs, including stereo microscopes and fluorescence microscopy, are 24 

typically used to image artificially added microsphere standards under laboratory 25 

conditions. However, they cannot specifically identify MPs in biological samples. Thus, 26 

there is a need for a detection technique that can provide spatial distribution information 27 

of MPs in biological samples, as well as measure their quality and quantity. In this 28 

perspective, to obtain high-resolution images with chemical composition analysis, we 29 

compared ion sources for ionizing plastic macromolecules and mass analyzers for 30 

analyzing macromolecules. Matrix-assisted laser desorption/ionization (MALDI) is 31 

suitable for imaging characterization, while time-of-flight (TOF) and Orbitrap mass 32 

spectrometry are suitable for polymer mass spectrometry analysis. Furthermore, we 33 

propose a technique that combines MALDI with TOF or Orbitrap, which holds promise 34 

for the in situ imaging of MPs in biological samples. 35 

 36 
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1. Introduction 39 

Microplastics (MPs) are widely present in terrestrial and aquatic environments [1] 40 

in the form of fragments, fibers, and films with a diameter less than 5 mm [2, 3]. Studies 41 

have shown that MPs also exist in organisms, such as the guts and livers of fish [4, 5], 42 

the roots and stems of plants [6-8], and human blood [9, 10]. Besides, submicroplastics 43 

(100 nm to 1 μm) and nanoplastics ( 100 nm) have been shown to penetrate the blood-44 

brain barrier of fishes [11, 12], the placental barrier of humans [13, 14], the skin barrier of 45 

humans and mice [15, 16], and undergo internalization by bovine oviductal epithelial cells 46 

and human colon fibroblasts [17]. Therefore, The MPs in organisms need to be 47 

characterized and detected. 48 

The detection methods for MPs are divided into qualitative methods and 49 

quantitative methods [18]. Qualitative detection aims to confirm the existence of MPs 50 

and characterize the type, morphology, and size of MPs. The coupling of microscopes 51 

with vibrational spectroscopy techniques to identify MPs is the most common approach 52 

[19]. Quantitative detection of MPs in terms of quantity can also be performed using 53 

microscopic imaging. Furthermore, the distribution characteristics of fluorescently 54 



fluorescently labeled polystyrene (PS) MPs with a diameter of 10 m in the digestive 69 

tracts of rotifers [20]. SEM was used to characterize the digestion of polylactic acid (PLA) 70 

with a diameter of 25 μm by gastric lipases in mice, and fluorescence microscopy (FM) 71 

was used to characterize the migration process of fluorescent PLA plastic polymers in 72 

mice [21]. Although these techniques are typically used to image artificially added 73 

microsphere standards under laboratory conditions, they cannot specifically identify 74 

environmental MPs in biological samples. 75 

 76 

Table 1 Applications and limitations of conventional imaging techniques for MPs 77 

Imaging 

techniques 

Applications Limitations Ref. 

Stereo 

microscope 

 Characterizing the size and 

morphology of MPs. 

 Counting the quantity of MPs. 

 Magnification to a certain degree 

to observe the details of MPs. 

 Low magnification. 

 Unable to provide 

qualitative analysis, prone to false 

positives. 

 Not feasible for automation, 

time-consuming and labor-intensive. 

 Unable to perform in situ 

imaging of MPs. 

[13, 20] 

FM  Characterizing the size and 

morphology of MPs. 

 Characterizing the migration and 

fragmentation behavior of MPs 

in environmental and biological 

samples. 

 Fluorescent labeling of 

plastics is required, which may lead 

to false positive results due to dye 

leaching. 

 Fluorescence quenching can 

result in missed detection of MPs. 

 Chemical additives in 

synthetic plastics may exhibit 

fluorescence, interfering with the 

identification of MPs. 

 Environmental background 

may obscure the fluorescent signal 

of plastics. 

[6, 7, 

20, 21, 

43] 

SEM/TEM  Characterizing high-



biological samples.  are difficult to meet the 



to the potential harm of labeled fluorescence and radioactivity to organisms, as well as 91 

their degradation and shedding under environmental conditions. 92 

3. MS detection techniques for MPs 93 

MS detection is widely used in the detection of trace organic pollutants in the 94 



matrix is crucial because it should possess the property of absorbing laser energy and 121 

converting it into thermal energy. Ionization reagents serve to enhance the ionization 122 

efficiency of the sample and increase the intensity of the mass spectrum signal. After 123 

mixing the sample, matrix, and ionization reagents together, a thin film forms on the 124 

surface of the sample. Subsequently, the laser irradiates the surface of the sample matrix, 125 

causing the matrix molecules to evaporate while absorbing the laser energy. As a result, 126 

the sample is released and ionized. The ions of the molecular fragmentation products 127 

then enter the mass analyzer for analysis and detection. After absorbing the laser energy, 128 

the matrix undergoes dissociation or fragmentation processes, resulting in the 129 

generation of charged ions. During this process, interactions occur between matrix ions 130 

and analyte molecules, facilitating proton transfer to protonate the analyte. The 131 

assistance of matrix and ionization reagents significantly improves the ionization 132 

efficiency of the sample, addressing the issue of ionizing non-volatile and high-133 

molecular-weight analytes in MS. In contrast to the ESI techniques such as DESI, which 134 

-

130 





IRMS requires complete decomposition of organic compounds at temperatures 181 

exceeding 1,000 °C to ensure accurate isotope testing results [37]. Due to the breakdown 182 

of plastic macromolecules, this type of MS is unsuitable for the analysis of MPs. 183 

4. Prospect of in situ imaging of MPs in biological samples using MSI 184 

Scientists are seeking a detection technology that can provide in situ spatial 185 

distribution information of samples, as well as the quality and quantity of MPs. MSI 186 

combines microscopic imaging and MS, enabling the acquisition of both surface 187 

morphology in samples and mass spectra information of various chemical compounds. 188 

By matching and overlaying these two types of information, high-resolution images 189 

with chemical composition analysis can be obtained. 190 

MSI is an MS technique that evolved from measuring the spatial distribution of 191 

endogenous compound molecules in biological tissues [38]. In 1998, the distribution 192 

characteristics of phospholipids on cell membranes were studied using TOF-SIMS [39]. 193 

Recently, MSI has been used to characterize the distribution of exogenous 194 

environmental pollutants within organisms. For example, the distribution of 195 

imipramine and chloroquine in the kidneys and brains of mice was visualized using 196 

atmospheric pressure-MALDI-TOF [40].  197 

The development of in situ 

 

imipramine an̉nB萀

[



identification of plastic MPs. By combining the collected MS data with the spatial 211 

information of optical images, the spatial images of chemical compositions can be 212 

generated, theoretically enabling the characterization of plastic polymers through MSI 213 

(Fig. 1). Attempts to perform plastic polymer in situ imaging using MALDI-TOF-MS[41] 214 

and TOF-SIMS [42] have begun (Fig. 2).  

 



tissues. This may cause extra difficulties in conducting MS-based detection of such 241 

substances.  242 

  2) How to improve imaging speed. High resolution of the instrument and oversized 243 
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