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Application advances of mass spectrometry imaging technology
in environmental pollutants analysis and their toxicity research

LI Fang, LUO Qian "
(Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China)

Abstract . Environmental exposures have significant impacts on human health and can contrib-
ute to the occurrence and development of diseases. Pollutants can enter the body through in-
gestion, inhalation, dermal absorption, or mother-to-child transmission, and can metabolize
and/or accumulate in different tissues and organs. These pollutants can recognize and interact
with various biomolecules, including DNA, RNA, proteins, and metabolites, disrupting biologi-
cal processes and leading to adverse effects in living organisms. Thus, it is crucial to analysis
the exogenous pollutants in the body, identify potential biomarkers and investigate their toxic
effects. Numerous studies have shown that the metabolism rate of environmental pollutants
greatly differs in various tissues and organs, their accumulation is also heterogeneous and dy-
namically changing. Moreover, the synthesis and accumulation of endogenous metabolites ex-
hibit precise spatial distributions in tissues and cells. Mapping the spatial distributions of both
pollutants and endogenous metabolites can discover relevant exposure biomarkers and provide a
better understanding of their toxic effects and molecular mechanisms. Mass spectrometry is cur-

rently the preferred method for the qualitative and quantitative analysis of various compounds,

W5 B #.2023-11-06
« BB R A.Tel: (0755) 86392421 , E-mail : gian.luo@ siat.ac.cn.
E&WA AR E AL TR (2022YFF0713004) ; [H 5 H SR RHFA 242 (22076197) 5 BT RHEL 1 (JCYJ202208181016180040) .
Foundation item: National Key R&D Program of China ( No. 2022YFF0713004 ) ; National Natural Science Foundation of China
(No. 22076197) ; Shenzhen Science and Technology Program (No. JCYJ202208181016180040).



2 M %

and has been extensively utilized in pollutant and metabolomics analyses. Mass spectrometry
imaging (MSI) is an emerging technology for molecular imaging that combines the information
obtained by mass spectrometry with the visualization of the two- and three-dimensional spatial
distributions of various molecular species in thin sample sections. Unlike other molecular ima-
ging techniques, MSI can perform the label-free and untargeted analysis of thousands of mole-
cules, such as elements, metabolites, lipids, peptides, proteins, pollutants, and drugs, in a
single experiment with high sensitivity and throughput. Different MSI technologies, such as ma-
trix-assisted laser desorption ionization mass spectrometry imaging, secondary ion mass spec-
trometry imaging, desorption electrospray ionization mass spectrometry imaging, and laser ab-
lation inductively coupled plasma mass spectrometry imaging, have been introduced for the
mapping of compounds and elements in biological, medical, and clinical research. MSI technol-
ogies have recently been utilized to characterize the spatial distribution of pollutants in the
whole body and specific tissues of organisms, assess the toxic effects of pollutants at the mo-
lecular level, and identify exposure biomarkers. Such developments have brought new perspec-
tives to investigate the toxicity of environmental pollutants. In this review, we provide an over-
view of the principles, characteristics, mass analyzers, and workflows of different MSI tech-
niques and introduce their latest application advances in the analysis of environmental pollutants
and their toxic effects.
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Table 1 Comparision of common MSI technologies

MSI Mass

Vacuum

Spatial

technology analyzer Analytes condition resolution/pm Disadvantages
MALDI-MSI TOF MS metabolites, proteins, peptides, vacuum up to 5.0 matrix application, ionic suppression in low
drugs and pollutants ambient up to 1.4 mass compound analysis
DESI-MSI TOF MS <2000 Da compounds ambient up to 10 low spatial resolution
SI-MSI TOF MS elements vacuum up to 0.05 instrument expensive, ionic fragmentation
<1000 Da compounds up to 1.0
LA-ICP-MSI TOF MS elements ambient up to 5.0 matrix and fractionation effects

MALDI-MSI; matrix assisted laser desorption ionization mass spectrometry imaging; DESI-MSI. desorption electrospray ionization
mass spectrometry imaging; SI-MSI. secondary ion mass spectrometry imaging; LA-ICP-MSI . laser ablation inductively coupled plasma
mass spectrometry imaging; TOF MS. time-of-flight mass spectrometry.
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Table 2 Applications of MSI technologies in distribution characteristics of environmental pollutions in organisms
Classification Pollutants Samples MSI Spfltial ef.

technology resolutions/ pm
Heavy CH,Hg( ), iAs(Il), Ag( 1) and Cd ( II) zebrafish LA-ICP-MSI 20 [37]
metals Cd worm strains LA-ICP-MSI 8 [38]
Cd sunflower LA-ICP-MSI 110 [39]
Particulates Ag nanoparticle mouse kidney LA-ICP-MSI 20 [40]
PbO nanoparticles mouse LA-ICP-MSI 20 [41]
CeO, nanoparticles mouse LA-ICP-MSI 100 [42]
La, O, nanoparticle Prfaffia glomerata LA-ICP-MSI 100 [43]
graphene and graphene oxide particle soybean plants LA-ICP-MSI 110, 80 [44]
black carbon mouse MALDI-MSI 20 [45]
Organic perfluorooctanoic acid zebrafish MALDI-MSI 50 [46]
pollutants perfluorooctane sulfonate mouse MALDI-MSI 50 [47]
dinotefuran and acetamiprid honeybees MALDI-MSI 30 (48]
imidacloprid, methiocarb Cotoneaster horizontalis DESI-MSI 100, 50 [49]

dimethoate Kalanchoe blossfeldiana

chlorinated paraffins and hexabromocyclododecane zebrafish AFAI-DESI-MSI 200 (6]

AFAI-DESI: air flow assisted-desorption electrospray ionization.
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Table 3 Applications of MSI technologies in toxic effects of environmental pollutions

Pollutants Organism Range of m/z Detected mode Ref.

Fipronil zebrafish 650-950 Pand N [56]
Graphene nanoparticles Eisenia fetida 100-1000 P [57]
Chlorinated paraffins and hexabromocyclododecane  zebrafish 80-1200 Pand N (6]
Bisphenol S mouse liver 200-1100 N [58]
mouse kidney [59]

mouse spleen [60]

PM2.5 mouse placenta and fetuses 200-1100 N [61]
benzo[ a ]pyrene mouse liver 140-1100 P [62]
Cd mouse liver 120-1800 P and N [63]
Climbazole zebrafish 100-1000 P [64]

P. positive ion mode; N: negative ion mode.
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