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Direct Analysis of Solid Trace Elements at ng/g Level by
Femtosecond Laser Ablation Ionization Mass Spectrometry

Wang Yubing!, Lin Zehui', Zhang Qi', Xu Zhouyi'*, Hang Wei**
1. Department of Intelligent Instrumentation and Equipment, College of Chemistry and Chemical
Engineering, Xiamen University, Xiamen 361005, China
2. Intelligent Instrumentation and Equipment, College of Chemistry and Chemical Engineering,
Xiamen University, Xiamen 361005, China

ABSTRACT: The rapid and direct determination of trace impurities in solid materials is of
great significance for the quality control of high-purity materials. In response to the problems such
as spectral interference, matrix effect, and sample applicability limitations in traditional direct
solid-state mass spectrometry, this study introduces 515 nm, 600 fs high-repetition-frequency
femtosecond laser and TDC/ADC dual-mode detection in the buffer gas-assisted high irradiance
laser ablation ionization mass spectrometry (LAIMS). The femtosecond laser can reduce thermal
effects and element fractionation, and improve the atomicization and ionization efficiency per unit
time; the He buffer gas further inhibits multi-charged and cluster ion interference. The
performance was evaluated using a series of copper standard samples, and the system mass
resolution was approximately 8000 under 300 Hz and 480 Pa He conditions. TDC is used for low-
abundance ion counting, and ADC is used for high-abundance signal acquisition. The linear
coupling of the two modes achieves a dynamic range of 9 orders of magnitude. 18 trace elements
showed good linearity within the range of 0.1-53 ng/g, and most metal elements had R? > (.99,
with the detection limit ranging from 2.5 to 16.7 ng/g; the total spectral interference signal
accounted for only about 1x107° of the total ion current. Based on the relatively uniform element
relative sensitivity under femtosecond ablation!, this method further achieved semi-quantitative
analysis without a standard sample and was verified in steel and mineral samples. As an extension
for high-purity/functional material applications’, this method was used for the analysis of NIST
61X series standard glasses and K9 optical glass, and the results were consistent with GDMS and
ICP-MS overall. The results show that 2, femtosecond LAIMS has the capabilities of ng/g
detection, wide dynamic range, low spectral interference, and multi-type solid applicability,

providing a new technical path for the rapid screening of trace impurities in high-purity materials.

KEY WORDS: Femtosecond laser; Laser ablation ionization mass spectrometry; Direct solid
sample analysis; Trace elements; High-purity materials
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Development and Validation Practice of Domestic Isotope Mass
Spectrometers and Their Core Components

Li Boping', Guo Dongfa!”, Liu Guifang', Xie Shengkai', Li Junjie', Tan Jing'
1. Beijing Research Institute of Uranium Geology, No. 10 Xiaoguandongli, Chaoyang District,
Beijing 100029, China

ABSTRACT: General-purpose isotope mass spectrometers are designed with comprehensive
configurations and multiple functions; however, in practical work, many of these configurations
and functions remain idle for long periods, resulting in a waste of resources. Against this
background, we organized domestic efforts to validate a series of core components, including
turbomolecular pumps, closed-loop controllers for magnet power supplies, electron multipliers,
24-bit ADCs, 18-bit DACs, and femtoampere (fA)-level operational amplifiers, and developed a
special-purpose isotope mass spectrometer based on domestic core components to meet the needs
of specific application scenarios.

The M90 thermal ionization mass spectrometer for lithium isotope analysis [1] is a typical
representative of such special-purpose thermal ionization mass spectrometers. This instrument is
designed exclusively for lithium isotope analysis, equipped with a 10-sample-position ion source,
ion lenses, a magnetic analyzer, a 4-channel Faraday cup detector, and supporting vacuum and
electronic measurement systems. The overall size of the instrument is substantially reduced, while
the performance of lithium isotope measurement is significantly improved. Based on domestic
core components, the M90 thermal ionization mass spectrometer achieves a 6’Li measurement
precision of 0.2%o for natural lithium isotope analysis, meeting the requirements for lithium
isotope traceability.

Looking into the future, for special-purpose mass spectrometers targeting specific application
scenarios, performance and cost-effectiveness can be dramatically improved through optimized
design that highlights the key indicators of the analytes while eliminating redundant functions.
This represents one of the promising directions for the breakthrough of domestic mass

spectrometers.
KEY WORDS: special-purpose mass spectrometer; core components; lithium isotope
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Analysis Based on Sparse Signal Recovery and Isotope-Constrained
Fitting
Haonan Liu', Zhouyi Xu>*, Wei Hang'*

1. Department of Chemistry, MOE Key Lab of Spectrochemical Analysis & Instrumentation,
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, Fujian 361005,
China.

2. School of Intelligent Manufacturing, Xiamen University, Xiamen, Fujian 361005, China.

Time-of-flight mass spectrometry (TOFMS), including laser ablation (LAIMS) and glow
discharge (GD-TOFMS) platforms, is vital for direct solid analysis. However, heteroscedastic
noise, baseline drift, and spectral interferences challenge automated data processing and
quantitative accuracy. This study develops an automated algorithm integrating sparse signal
recovery with isotopically constrained deconvolution. It performs automated baseline subtraction,
denoising, and adaptive thresholding to enhance peak-picking accuracy. Additionally, a full-
spectrum dynamic Double-Sided Crystal Ball (DSCB) model precisely characterizes time-
dependent asymmetric peak shapes. Overlapping peaks are automatically resolved utilizing a
targeted polyatomic interference library, isotopic constraints, and non-linear least squares fitting.
Results demonstrate effective, intervention-free decoupling of overlapping peaks within complex
matrices. The algorithm-derived concentrations align highly with manual measurements ( 2 >

0.99), significantly improving data processing throughput and trace element detection capabilities.
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Real-time detection technology of biochemical hazardous substances
based on small mass spectrometry

Wei Xu!, Baogiang Li?, Yanbing Zhai', Shiyu Du', Baokun Yang'
Beijing Institute of Technology, 10081, Beijing
2 Institute of Chemical Defense, Academy of Military Science, Beijing

The types of dangerous biochemical related substances to public safety are diverse, including
dangerous chemicals, toxic agents, biological toxins, viral microorganisms, etc. Real - time and
rapid detection of such substances is the basis for ensuring public safety. Similar to the
miniaturization of computers, the miniaturization of mass spectrometers can greatly expand their
applications outside the laboratory, especially on - site. However, miniaturizing the instrument is
not simply making each component smaller. It is necessary to break through new principles and
technologies according to the requirements of instrument miniaturization.

In this work, mainly aiming at problems such as quantitative accuracy and throughput after
mass spectrometer miniaturization, the operating principle of pseudo - MRM mass spectrometry
based on time - frequency transformation is introduced. Through real - time ion selection and
manipulation, efficient ion enrichment and removal of interfering ions are achieved, ultimately
realizing high quantitative accuracy and high throughput.

In the field of public safety applications, it is necessary to develop rapid and easy - to - use
sample sampling and pretreatment methods to meet the operation requirements of non -
professional personnel. Therefore, in this work, an integrated sampling, pretreatment, and
ionization kit with relatively simple operation is developed, as well as an analysis method based
on the DIA (Data - Independent Acquisition of MS/MS) mode. The system can achieve rapid,
fully automated, and high - throughput detection of chemical toxic agents, biological toxic agents,

microorganisms, etc.
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Coupling XAFS—MS Study on the Suppression of Ru Demetallation
in S-Modified RuQ: during Acidic Oxygen Evolution

Jisong Mi', Lina Li*", Bin Cai""
1. School of Chemistry and Chemical Engineering, Shandong University, Jinan 250100, China
2. Shanghai Advanced Research Institute, Chinese Academy of Sciences, Shanghai 201210,
China

ABSTRACT: Proton exchange membrane water electrolysis (PEMWE) requires highly
active and stable catalysts for the acidic oxygen evolution reaction (OER). RuOs- is active and
cost-effective, but it is prone to over-oxidation into soluble RuQs, which leads to dissolution and
deactivation, and direct evidence for how sulfur modification suppresses Ru dissolution is still
lacking. Herein, S-RuO: was synthesized via a two-step ambient-pressure method using thiourea
as the sulfur source, and characterized by XRD, TEM, ex situ Raman spectroscopy, S/Ru K-edge
XAFS and electrochemical measurements; electrochemical online ICP-MS and in situ XAFS will
be further employed to track potential-resolved Ru dissolution and the evolution of the
coordination environment. The results show that S-RuO- exhibits an overpotential of only 221 mV
in 0.1 M HCIOs, significantly lower than those of the homemade and commercial RuO-. Structural
characterizations reveal weakened Ru—O bonding and reduced local coordination order, with S
existing mainly as sulfate anchored at Ru sites, accompanied by a small amount of low-valent S
that may enter the lattice. These findings indicate that S modification reshapes the local
coordination environment of RuO:, suppressing Ru over-oxidation and dissolution while
maintaining high activity, and thus provide new insights into the design of efficient, stable and

low-cost acidic OER catalysts.
KEY WORDS: Acidic oxygen evolution reaction; RuO2; Ru demetallation; In situ XAFS
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FESE) fRAEIGAT AR Iy e B 45 M B 7% DA S A P A2 20 5 ST v I R PR S8R AIG . AR T
FERIR. etk 28 R kK (Photochemical vapor generation, PVG) J&—Fh7EL /MG T
¥ AR R BN IE R R R ERE T 2, BRI, SRO R, JeR ) B S5 3.
SR, AET PVG TG s 28080 &%, 4T PVG R R3O/t S ik FEEA ML/ it H
W, ZPRTIAE LR G R VG A& 1 3R, 2 EERE AAEESE TR R
RPEA R R DA R B AR B < e B8 1 SOB Rt LA 5 i3 KO A B
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BN IREE, N RBAL GO AR RAE MRS G T T R BR 4t 7 7. A
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COF-Based Single-Atom Materials: Synthesis, Regulation and
Applications in Mass Spectrometry/Atomic Spectrometry Analysis

He Juan, Peng Qiangian, Hou Xiandeng*

Analytical&Testing Center, Sichuan University, Chengdu 610065, China

ABSTRACT:

Trace element detection is critical for environmental protection, food safety, and sustainable
development. Atomic spectrometry/mass spectrometry are the primary tools, with sample
introduction being the key sensitivity-limiting factor. Conventional methods suffer from high cost,
complex instrumentation, poor efficiency, and severe matrix interference for complex samples.
Photochemical vapor generation (PVG) is simple, green, and enables matrix separation, but
current PVG systems require high-concentration organic acids, show insufficient sensitivity for
many elements due to limited photocatalyst performance, and are prone to quenching/competition
from transition metals and dissolved organics. Thus, photocatalysts with high charge separation
and strong anti-interference ability are urgently needed.

Single-atom catalysts (SACs), with atomically dispersed active sites and tunable coordination,
offer a new approach. Here, low-temperature plasma is developed as a mild technique for rapid
synthesis and regulation of crystalline porous materials. Cu-SACs enable efficient PVG of
bromine in low-acid media; tuning the single-atom type yields Cd SACs for efficient PVG of
osmium. Co SACs anchored on B -ketoenamine COF serve as dual-functional adsorbent and
photocatalyst for Bi determination by PVG-AFS. The ordered pores and high surface area of the
COF support enable high-density dispersion of Co single atoms, affording abundant active sites
(Co-COF). Integrating this adsorption-photocatalysis system into PVG significantly improves Bi**

detection, offering a new strategy for trace element analysis in complex matrices.

PVG Bi with adsorption by Co-COF
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KEY WORDS: Single-atom catalysts; Covalent organic frameworks; Photochemical vapor

generation; Atomic spectrometry; Trace element analysis.

REFERENCES

1. Guo, X.; Sturgeon, R. E.; Mester, Z.; Gardner, G. J. Anal. Chem. 2004, 76 (8), 2401-2405.
2. Yin, Y.; Liu, J.; Jiang, G. TrAC, Trend Anal. Chem. 2011, 30 (10), 1672-1684.
3. Xu, F.; Lin, T.; Luo, J.; Hou, X. D. Anal. Chem. 2024, 96 (1), 325-330.

Corresponding author email: houxd@scu.edu.cn



26

HAAFERTRAE B RN S SR 1ICP-MS JRE TR AN

Hanjiao.chen@scu.edu.cn

DO R 57 2 Hr Bk e

B A S B TS CP-MS) , FHMR AN R GE . Rl k2o
FEE T RE ST, BTN TR ETC RN . XEEARTEG RN, e, &
VIR 2 M RLRE 2RI b 5t 90 S5 Atk 5 R H A OGS E o R, ARG RE i (% 5
IERE . IR REERE . WORZE R RS 88 A28 RE 5l 23 BT A o THT I R RO AR .
JRTPR. AR A B R . L RRE (PVG) HARME N —FERL.
SEBARE R GIAEAR, EFREMEIRE TGRSO 23] T Z K. PCVG #
A S RK H bR oo R O R PG R R I, 456 ICP-MS, SR TR &= G
R RBEAI AR SO I W) A 2R/ 5 A7 IR RESE AR (EPRD A R4,  SERS MUl
IR A 2SR AR R T B R AR A A 7R . HIR B PVG-ICP-MS Jx M ATLEE
PEHE T E B SIS AR AR SR

il — S E Bk VE A T NioP/CdS NRs B A HRE, 36 AR i S AR e A
), AT REERI AsUID T 7. A RN A I, Z 7Sl T %7 s
T 2.6 ng LR HIBR, IR R T SEBRKFE IR B As(IID 734

REW: U TURA WU, PR, R & S8 1



27

SR AT NSRS NE R

it 1
LM, HREES RS, IO, R,

E-mail: bin.hu@jnu.edu.cn

B Yt A A AR AN A R Bl ™ Sy, B I AT e A s L 2 R
A LA, TG Q] KR PP AN SR R B R L. SR, ARG 5 eV
JR S 7 W B BRI RAE RS 2 A, DA A PTG QB Rl sh A A
O M L ) 75 R o R I R, AR AR ST T 1] R SRR R R R B e M s i S
FE: (D RIE TR AREEG R I S SRR RORFUE IS 5 o 7%, SEIK.
+ R FG R IIA T SRR (2) K TR EIA S s
R RERAE SR, M 1 RS T4 AV E T Y075 G BOML A N R R - AR B 14 53 3 2 #r
ARG, KIERTEIAEN I 22 e SRRk, (3) Bt~ R s SPURE . T AN, 7
ABL DIENLES NG M TE N RERUE DT HoRT &, SEBLab SR A5 T KA
- A - A e 1) Sl Ak — R B A

R DG K NER; etk

SRR

1. Li, W.; Hu, B. Trends Anal. Chem., 2026, 203, 119023.

2. Li, W.; Liu, X.; Hu, B. Trends Anal. Chem., 2026, 195, 118614.

3. Zhang, J.; Zhou, Z.; Hu, B. Trends Anal. Chem., 2025, 193, 118461.

4. Liu, X. M.; Liu, X.; Li, B.; Zhang, X.; Hu, B. 4nal. Chem., 2025, 97, 9126-9130.

5. Liu, X. M.; Huang, Q.; Deng, J.; Liu, X.; Hu, B. Anal. Chem., 2024, 96, 9325-9331.



28

e =R T o RO PR AL FEAR A ST

FRE, EHezE 1, KKFHEE 2, AR4n
1. LR R2EA e e, A6 e DOHT T I 2 K4 19 %5, 100875;
2. ABRUIMYE K2 SO AR, T AR BRI T A N X R K KB 18 5, 519087
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M, WERERA, THRAESTUCHE, %R, SER HERIRIUY T 45115 B
(=31, FE IR SN 0 S AL e 4R A4 1 BRp T A 0 2 i T H o B T AR A AE 8 e o
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M. SEARDL AR AR R ROEFR o X I TAE BRI 7R T 4 S A S0 R TH P S B
PERINE, AR R SERR A S SR ) 2 (B S [ IR &R, I ik — D e 1 SO B v
(RIRIE TR S o
REHE: WIETUE, 4RI BB, Dt LB
SRR
. Yin, Y.; Ge, X.; Ouyang, J.; Na, N.* Nat. Commun. 2024, 15: 2954.

2. Yin, Y.; Wang, X.; Ge, X.; Shen, X.; Liu, X.; Li, X.; Ouyang, J.; Na, N.* Chem. Sci., 2025,

16: 19370.

3. Wang, X.; Ge, X.; Zhao, Q.; Shen, X.; Li, X.; Qin, J.; Ouyang, J.; Na, N.* Angew. Chem. Int.

Ed., 2026, 65: ¢23888.

Ge, X.; Yin, Y.; Sun, J.; Ouyang, J.; Na, N.* Chem. Sci., 2023, 14: 2229.

Zhang, S.; Sun, J.; Yin, Y.; Ge, X.; Ouyang, J.; Na, N.* ACS Sustainable Chem. Eng. 2023,

11: 1701.



29

HTIE Y H b T ) B R B A U 4 20

HE*
RO 57 TRESEBE, WA sAE e, dbat, 100871
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SR R HL S A 1 md R RSE A, ARG R IEMAF OB IER . W1, BB
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SIS E. ik, RATKEA AR SANURAM AR S, FH T —F g sizE o
Tiide I A R S B B R (SMP) FR LI NTEANA R, DB R IR A I A 4R
o FricJG R 4H M B2 BOF 7N 2 R 55 F B AN o R T S 0 A S Ay
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Single-cell thiol profiling enabled by live-cell labeling

Yu Bai *

Institute of Analytical Chemistry, College of Chemistry and Molecular Engineering,
Peking University, Beijing 100871

ABSTRACT: Thiols serve indispensable biochemical functions across catalysis, redox
homeostasis and energy metabolism. However, profiling multiple thiols at the single-cell level
remains challenging due to their trace amount and susceptibility to oxidation. Herein, we report an
integrated strategy for thiol profiling at the single-cell level which combines live-cell labeling with
organic mass cytometry. The live-cell labeling strategy facilitated the comprehensive

measurement of intrinsic thiols with expanded coverage and improved sensitivity 1-4.

KEY WORDS: Thiols, sub-metabolomics, living cell, chemical labelling
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B 4 BhIOE AR L ES B (MALDI-MS) 1E N —F B BoR, C N AEYI KT
SMTMEZE T H. S0, RaANEREMRS FEXE (m/z<700Da) 574 KEW &
T, ETHANG TR B, B SRR I S S S E8UE S EIME,
PR T ZEARE RSN AR ERFR, #E R 2 LR SHEE R LS
AHIERR, KRBT RMEIE RO R (SALDI-MS) HiR . ZE AR ARUE A
THRTH, & TESEIME, EEFEE T I RIRR B ERE. Lk, BEHER
U 2B TN B AR Sl R = R I TR SR AR T, LA ) DK B B EHE AR A SR e o
465 SALDI-MS MREEflG, HE— D) T I ARER G r k. BTk, FEge
s s MR B O FR TR L B S B A S R AN VRS ZH A B B B R R 1 12 I
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(1) NFRUARAR FE R BTG5 e 2 i AR PRI R A S (R, JRAT Tt 7 —Ff
SRR T A S A HUEZE AR (COF-S@Au NPs) , 257 HA# B ) LDI-MS 1%
WM k. BT T =& A (TCS) B FE/NR M MG Qg (SMPs) 43#T, Jifiik H
10 N ZESARWY, BESPTHER TCS B Re TN W HF K HE GRS, A5
B E AL R L T AR T AN, (2) A, AT SRR B LDI-MS BAR
(1 B 3k — 30 40 e BRI KRB 2 Wi s, PR T KA IM BT S TR R . Bk,
76 ITO BRI b JE A7 #) 4% = 2 2 M Cus(HHTP) 45K i, # @ E e LDI-MS “F 4,
A B T AR AR b, A5 B RS HERH AR SE I /N 73 F- AR A (1 1 B 1 e 3R
SEG 2 LT TR SR MU S S RS () s AR X oy IR AR B T A R AR TR ik
R, Rt b, SR AR 4% SR s ) 45 T AA HES AL Py-DMTP COF 9K, JFRT
COF 5% B i 3 A 2 A v, L Tl 98 S5 (MP) IR i )L 5 32 ) L 28 15
P g, ik 23 NETEEMIbRES), W TR MP IR LB T INUA SR &
BEPR e Re AR UNE RS, I R S AR it 9 (0 T8 QAR 2 W7 5 HLEI I 732 i T %7 SRk B, it
—G i, KA T Ag(SPh-COOH). Ag(SPh-OH). Ag(SPh-F)A! Cu(SPh-COOH)PY Fi
SRR BN ERRELEY (OMCs) , FHE U ZEM B 5] LDI-MS LR R M K
GE R 5 iR A B AR AN <R - R0 R R o A5 AR, Cu(SPh-COOH) HL A 5 17 14 i e v 9
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BN T RO IR AR, RIS e A S A AR . F L T L I AR 4y
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Metal Speciation Analysis and In Vivo Metabolism Studies Based on
Chromatography-ICPMS

Xiao Zhang, Yongliang Yu*
Research Center for Analytical Sciences, Northeastern University, Shenyang 110819

ABSTRACT: Metal species is closely related to human health and disease, yet the in vivo
distribution and metabolic pathways of metal species remain to be thoroughly investigated.
Hyphenated chromatography—inductively coupled plasma mass spectrometry (CE/HPLC-ICPMS)
offers high sensitivity and a wide linear dynamic range, and has become the mainstream technique
for metal speciation analysis in biological samples. Based on HPLC-ICPMS, we developed a urine
self-sampling kit and an automated pretreatment-injection device for the detection of arsenic
metabolites in urine. Samples were collected, stored, and pretreated under anaerobic conditions,
which effectively suppressed the oxidation of unstable arsenic metabolites—monomethylarsonous
acid (MMA(III)) and dimethylarsinous acid (DMA(IIl))—reduced matrix interference, and
minimized manual operation. Environmental arsenic is readily adsorbed by contaminants such as
microplastics (MPs) and is gradually released after entering the human gastrointestinal tract
through diet, posing a threat to human health. To investigate the dissolution and speciation
transformation of arsenic during gastric digestion, we constructed a dynamic stomach model
coupled with CE-ICPMS using a 3D-printed soft gastric chamber. Controlled by LabVIEW, this
system enabled online monitoring of the release and transformation of arsenic adsorbed on MPs,
allowing us to explore its metabolic processes in the stomach with different food matrices and to
conduct health risk assessments. Based on this platform, we further elucidated the mechanism by
which antibiotics affect chromium adsorption by MPs, chromium release in the stomach, and
associated toxic effects. Subsequently, we established an in vitro dynamic intestinal model
coupled with HPLC-ICPMS. Using 3D-printed hydrogels to simulate intestinal structures and
LabVIEW to control simulated physiological activities, we tracked the release, transformation,
and absorption of arsenic species from rice in real time, and evaluated the bioavailability and
health risks of arsenic species in rice. This integrated research system provides reliable technical
support and theoretical reference for arsenic metabolite analysis and related human health risk

assessment.

KEY WORDS: Chromatography; Elemental mass spectrometry; Metal speciation analysis;
Gastrointestinal models; Metabolite analysis
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Analysis Based on Sparse Signal Recovery and Isotope-Constrained
Fitting
Haonan Liu', Zhouyi Xu>*, Wei Hang'*
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College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, Fujian 361005,
China.

2. School of Intelligent Manufacturing, Xiamen University, Xiamen, Fujian 361005, China.

Time-of-flight mass spectrometry (TOFMS), including laser ablation (LAIMS) and glow
discharge (GD-TOFMS) platforms, is vital for direct solid analysis. However, heteroscedastic
noise, baseline drift, and spectral interferences challenge automated data processing and
quantitative accuracy. This study develops an automated algorithm integrating sparse signal
recovery with isotopically constrained deconvolution. It performs automated baseline subtraction,
denoising, and adaptive thresholding to enhance peak-picking accuracy. Additionally, a full-
spectrum dynamic Double-Sided Crystal Ball (DSCB) model precisely characterizes time-
dependent asymmetric peak shapes. Overlapping peaks are automatically resolved utilizing a
targeted polyatomic interference library, isotopic constraints, and non-linear least squares fitting.
Results demonstrate effective, intervention-free decoupling of overlapping peaks within complex
matrices. The algorithm-derived concentrations align highly with manual measurements ( 2 >

0.99), significantly improving data processing throughput and trace element detection capabilities.
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Accelerator mass spectrometry technology and environmental
tracing applications
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Zhenchuan'?, Liu Qi'?, Lu Xuefeng'?, Fan Yunkun'2, Zhang Luyuan'?, Hou Xiaolin!?, Zhou
Weijian'?
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3. Xi'an Institute for Innovative Earth Environment Research, Xi'an, 710061, China

Abstract With the rapid development of accelerator mass spectrometry (AMS) technology,
long-lived radioisotopes tracer has become another important tool for environmental science
research. Tracing with long-lived cosmogenic and anthropogenic radioisotopes, it is extremely
sensitive to mark the process of material, energy and information transfer and the degree of
exchange between environmental elements; combined with its decay law can be used as an
absolute dating method to establish a time scale for environmental evolution. How to use AMS to
accurately, accurately and efficiently measure long-lived radioisotopes has become the key to
ensuring research in related scientific fields. In this work, the principle and development history of
AMS are briefly described, and the scientific research work carried out by Xi'an-AMS in Xi'an
Accelerator Mass Spectrometry Center is introduced. Taking "Be-'"Be of cosmic genesis nuclides
as an example, it shows the development of AMS analytical methods and its environmental

tracing research works.

Keywords: Accelerator Mass Spectrometry; Cosmic genesis nuclides; Isobars; Environmental

tracers
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An End-to-End Deep Learning Network with Multi-Dimensional
Image Feature Fusion for Disease Classification Based on MALDI-
TOF

Shi Shulin, Xu Linfeng,*

School of Electronic Science and Engineering, Xi'an Jiaotong University, Xi'an 710049, China

ABSTRACT: Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) has become a powerful tool for rapid disease screening due to its high
throughput and low cost. However, traditional analysis relies heavily on tedious preprocessing and
manual feature engineering, easily losing local subtle mutations and global time-frequency
features hidden in signals. Moreover, conventional machine learning models struggle to directly
process high-dimensional nonlinear sequence data, limiting their generalization capability. To
address this challenge, we propose an end-to-end deep learning network TBFCN (Triple-Branch
Fully Convolutional Network) for disease classification. This method abandons the traditional 1D
signal processing paradigm, and innovatively constructs a triple-branch image input set consisting
of raw signals (Raw), continuous wavelet transform (CWT) and short-time Fourier transform
(STFT). Three independent ResNet-18 backbones are employed to extract multi-domain features
respectively, followed by adaptive deep fusion via convolutional block attention mechanism
(CBAM), and final classification is performed by a fully convolutional network (FCN).
Experimental results on internal clinical datasets and the public dataset DRIAMS-A demonstrate
that TBFCN achieves accuracy of 97.5%, AUC of 99.7%, and Fl-score of 0.9294, significantly
outperforming traditional machine learning algorithms (LR, SVM, RF, XGBoost) and mainstream
1D deep learning models. This study effectively overcomes the limitations of manual feature
extraction, achieves deep integration of spatial, time-frequency and frequency domain features,
greatly improves the accuracy and robustness of mass spectrometry classification, and provides a
new method for automated intelligent disease diagnosis using MALDI-TOF.

Keywords: MALDI-TOF MS; disease classification; deep learning; multi-domain feature fusion;

wavelet transform
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Membrane Deposition-Laser Ablation-Inductively Coupled Plasma
Mass Spectrometry Analysis: A Solution for Trace Element Detection
in High-Purity Rare Earth Oxides
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ABSTRACT: To address the challenge of polyatomic mass spectrometric interferences
encountered in the determination of trace rare earth elements in high-purity rare earth oxides by
mass spectrometry, a membrane deposition laser ablation sampling system was developed. The
resulting secondary dry aerosol was introduced into an inductively coupled plasma mass
spectrometer (ICP-MS), thereby eliminating mass spectrometric interferences and enabling
accurate quantification of trace elements. Using this system, gadolinium (Gd), dysprosium (Dy),
and ytterbium (Yb) in high-purity cerium oxide were selected as typical analytical targets, and key
parameters —including the gas composition in the ablation cell, carrier gas flow rate, and laser
spot size—were optimized. The membrane deposition efficiency was evaluated as the ratio of the
mass of analyte generated to the mass determined by ICP-MS/MS after deposition. The results
showed that when the sampling volume was 100 pL and the cerium (Ce) matrix concentration
exceeded 100 mg/L, the deposition efficiency was close to 100%. Under the optimized conditions,
the limits of detection for Gd, Dy, and Yb in cerium oxide were 0.52, 0.18, and 0.21 ng/g,
respectively. Analysis of three high-purity cerium oxide samples indicated that the Gd and Yb
contents measured by this method were significantly lower than those obtained by conventional
ICP-MS, effectively eliminating hydroxide and oxide interferences. The method exhibited
excellent resistance to spectral interferences, and the obtained results were consistent with those
determined by ICP-MS/MS.

KEY WORDS: Membrane deposition, Laser ablation, Inductively Coupled Plasma Mass
Spectrometer (ICP-MS)
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Electrical discharge induced by droplet fission
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Abstract. In recent years, mass spectrometry has been widely applied to the investigation of
chemical reactions occurring at gas—liquid interfaces. According to conventional theory, liquid
water molecules are considered to be stable and chemically inert under ambient conditions.
However, when a reaction system is reduced from a macroscopically stable bulk solution to the
micrometer scale, its physicochemical properties can change dramatically, giving rise to a variety
of extraordinary features, including a high surface-to-volume ratio, rapid evaporation, fast
diffusion, unusual acid-base behavior, ordered molecular orientation, and the presence of
interfacial electric fields. In particular, it has been widely demonstrated that the spontaneous
alignment of water dipoles at the surface or the formation of an interfacial electrical double layer
can generate strong interfacial electric fields, which are capable of inducing the formation of
hydroxyl radicals and solvated electrons and driving a wide range of redox reactions at the
interface. Beyond the role of interfacial electric fields, our studies further reveal that charge
separation occurs during droplet fission, resulting in smaller droplets carrying negative charges
while larger droplets become positively charged. When oppositely charged droplets approach each
other sufficiently closely, gas discharge through air breakdown can occur. This phenomenon
resembles atmospheric plasma or natural lightning and can trigger a series of chemical reactions
involving gas-phase species at gas—liquid interfaces and within inter-droplet gaps. Using in situ
mass spectrometry, we directly characterized the energy range of droplet-fission-induced gap

discharges and the diverse chemical reactions that can be initiated by these processes.

Key words: air-water interface, electrical discharge, mass spectrometry analysis
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Precise Mass Spectrometry Analysis at the Isomer Level

Suming Chen!*
IThe Institute for Advanced Studies, Wuhan University, Wuhan, 430072

We have developed a series of new methods for isomer-resolved mass spectrometry analysis
and applied them to the precise measurement of complex systems, leading to several significant
scientific discoveries. (1) We established the strategy for generating specific information based on
chemical reactions, enabling isomers of equal mass to produce distinguishable mass spectrometry
information dimensions, providing critical technical support for the complete structural
elucidation of lipid metabolites; (2) We established the multidimensional information generation
method based on intelligent prediction, broke through the bottleneck of reliance on isomer
analysis standards, and achieved large-scale, precise identification of metabolites at the isomer
level; (3) Based on the established methods, we discovered the patterns of key isomer phenotypic
changes in diseases and biological processes, and revealed the structural basis and molecular

mechanisms by which isomers exert specific biological functions.
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Air-Based Collision/Reaction Cell ICP-MS for Multi-Element
Determination in Environmental Waters

Shuofei Dong!*
1. Agilent Technologies Co. Ltd (China) , Beijing, 100102, China

ABSTRACT: Helium is widely used as a collision gas in inductively coupled plasma mass
spectrometry (ICP-MS) to mitigate polyatomic ion interferences. However, fluctuations in the
supply of high-purity helium have increased operational costs and management challenges for
routine environmental monitoring laboratories. This study evaluated an air-based
collision/reaction cell approach using an Agilent 9500 ICP-MS/MS equipped with a dual-cell
system. In this configuration, filtered laboratory air serves as both the collision and reaction gas,
providing an alternative strategy for interference control in multi-element analysis. Before
introduction into the reaction cell, laboratory air was passed through a dedicated filter to remove
moisture and hydrocarbons. Oxygen in the filtered air facilitated selective ion-molecule reactions,
while nitrogen promoted collisional processes. In combination with unit-mass filtering by the first
and second quadrupoles, this approach enabled the separation of analyte ions from polyatomic,
oxide, and doubly charged ion interferences through either on-mass interference removal or mass-
shift reactions.

The interference-removal performance of conventional helium mode, advanced helium mode
(AHM), and air-cell mode were compared in matrices containing Na, Ca, S, C, Cl, and rare earth
elements. At an air flow rate of 0.9 mL min™, the air-cell mode effectively suppressed common
interfering ions, including NaAr*, SO*, SOH*, ArS*, ArC*, and ArCl*. Accurate determination of
Ti, V, Cr, Ge, and Zn was achieved in the presence of 100 mg L! sulfur. The formation of AsO*
and SeO" through controlled mass-shift reactions minimized spectral overlap from Nd?**, Sm?*,
Gd?*, and chlorine-based polyatomic ions. The air-cell mode also reduced background-equivalent
concentrations for analytically challenging elements, including Si, P, and S, while improving their
analytical sensitivity. Method performance was evaluated using certified or reference drinking-
water, river-water, and wastewater samples. For most analytes, the measured concentrations
agreed with the reference values within £10%. The results demonstrate that filtered laboratory air
can provide effective interference control for multi-element analysis by ICP-MS/MS. Because the
method does not require external helium or oxygen cylinders, it may simplify gas management,
reduce routine maintenance requirements, and support reliable environmental monitoring when

helium availability is limited.

KEY WORDS: ICP-MS, Air mode, Air Cell, collision/reaction gas, environmental
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Direct Ionization Mass Spectrometry for Metal Component Analysis
of Resource and Environmental Samples
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ABSTRACT: The content and speciation of metals in resource and environmental samples
are of great significance for understanding elemental geochemical cycling, assessing
environmental risks and supporting mineral exploration. Conventional analytical protocols usually
rely on tedious pretreatments such as digestion, separation and enrichment, which suffer from
time-consuming procedures, large sample consumption, possible alteration of the original species
and the difficulty in revealing chemical correlations among different components. To address
these challenges, we have established two kinds of direct mass spectrometric strategies: (1) a
sequential ionization technique, which finely controls the temporal and spatial order of reagent
introduction and energy deposition, enabling simultaneous acquisition of the content, speciation
and chemical correlations of metal components in rare earth ores and atmospheric fine particulate
matter within a single experiment, thus providing new routes for identifying the occurrence states
of resource elements and tracing metal sources of particulate matter; and (2) a micro-region mass
spectrometric technique, which is free from reliance on bulk samples and allows direct
determination of the content and speciation of trace components in gabbro and lunar soil without
complicated sample preparation, offering an effective approach for characterization at the mineral-
grain scale and for the analysis of precious or extraterrestrial samples. The results demonstrate that
direct ionization mass spectrometry exhibits unique advantages in rapid screening, trace analysis,
speciation identification and in-situ micro-region analysis, and is expected to provide new
technical support for resource exploration and development, environmental management, and

related geochemical research.

KEY WORDS: Direct ionization mass spectrometry; Resource and environmental analysis;
Speciation analysis; Trace analysis; Rapid analysis.
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Mass spectrometry, characterized by its high-throughput sampling method, inherent
abundance of detection channels, diverse detection strategies, and high-resolution linear spectra,
has been extensively utilized in biosensing and emerged as a potent tool for omics analysis.!”* In
this context, mass nanotags are considered beneficial tags to realize multiplex and sensitive
analysis by mass spectrometric bioassay and mass cytometry. Nanoparticles are capable of
integrating multiple mass labels in a single tag, which in turn results in high signal intensities in
mass spectrometric analysis. This paper summarizes the strategies for synthesizing, designing and
applying nanotags,* and comprehensively outlines the current research status of nanotags in mass
spectrometry-based bioassay.” We analyzed the principles and methods of nanotags in inorganic
mass spectrometry analysis, organic mass spectrometry analysis and mass spectrometry flow
cytometry, described the challenges and cutting-edge research results faced by nanotags as
biological labels, and focused on their application prospects in mass spectrometry flow imaging
and suspended array encoding. This paper provides insights into how to widely apply nanotags in

complex and challenging bioassays'.
KEY WORDS: Mass spectrometry sensing; Nanotags; Bioassay; Cytometry; Suspension Array
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Revealing Unknown PFAS via Cross-Modal Contrastive Learning
from MS/MS Spectra to Molecular Structures

Xiao Yang!, Zhimin Zhang"*, Hongmei Lu'"
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China

ABSTRACT: Per- and polyfluoroalkyl substances (PFAS) encompass more than six million
molecules in PubChem, yet routine high-resolution tandem mass spectrometry (HRMS/MS) can
confidently annotate only the few hundred congeners covered by experimental reference spectral
libraries. The overwhelming majority of PFAS-like features detected in environmental samples
therefore remain unknown, and existing in silico tools are either too slow to screen million-scale
candidate spaces or poorly calibrated for highly fluorinated molecules. Here we present
SmartPFAS, a cross-modal contrastive learning framework that embeds MS/MS spectra and
molecular structures into a shared vector space, recasting structure elucidation as a nearest-
neighbour retrieval problem. The spectral encoder tokenizes each peak by m/z embedding,
precursor m/z, neutral loss and intensity, and contextualizes the peak set with a Transformer; the
structure encoder applies graph isomorphism networks (GIN) to RDKit molecular graphs. Both
branches are processed by External Space Attention Aggregation (ESA) and projected into the
joint space, where an NT-Xent contrastive objective with hard-negative mining aligns matched
spectrum-structure pairs. The model is pre-trained on 6,159,815 PFAS structures from the OECD
PFAS Definition Node in PubChem paired with ICEBERG-simulated negative-mode spectra, and
then fine-tuned on 276,574 experimental spectra of 18,587 PFAS curated from NIST23, MoNA,
MS-DIAL, GNPS and MassBank, using spectral augmentation (intensity scaling, noise addition,
m/z jitter and peak masking). At inference, a query spectrum is matched against a pre-computed
PFAS embedding database; features without a hit are routed to multi-method candidate generation
followed by SmartPFAS re-ranking. On a held-out test set of 198 PFAS (1,258 experimental
spectra), SmartPFAS achieved Recall@1/@5/@10 of 86.56%/98.40%/99.84%, substantially
exceeding DeePFAS (78.24%/90.56%/91.20%), CFM-ID 4.0 (53.80%/75.71%/93.80%), APP-ID
(51.84%/74.08%/75.68%), SIRIUS 6.3 (38.72%/43.28%/43.84%) and MSGo
(5.76%/12.32%/13.28%). Ablation showed that large-scale pre-training contributed most
(Recall@1 falling to 68.60% without it), followed by hard-negative mining (75.83%), data
augmentation (82.83%) and ESA (83.78%). For 51 PFAS standards measured on an Orbitrap
HRMS, SmartPFAS reached Recall@l of 61.36% and Recall@5 of 100% among the 44
compounds whose MS/MS acquisition was successfully triggered. In wastewater from a
fluorochemical industrial park, it correctly identified 42.22% (Recall@1) of 90 annotated PFAS,
outperforming MSGo (34.44%) and mzCloud (21.11%). Cross-modal contrastive alignment,
combined with million-scale simulated pre-training, enables accurate, library-free and
computationally efficient annotation of unknown PFAS directly from MS/MS spectra, offering a
practical route to extend PFAS non-target screening far beyond the coverage of experimental

spectral libraries.

Keywords: Per- and polyfluoroalkyl substances; Non-target screening; Cross-modal contrastive
learning; Tandem mass spectrometry; Molecular structure retrieval
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WXRWE: KEESRGHAYMA NP FE = (Pharmaceuticals and personal care
products, PPCPs) HIy5 4.5l k) 2Kk, HIAEWRLRET NLERYR, FHHEZ
HIPT 28 35 1 259 B 7 Cherb- derived anti-inflammatory active pharmaceutical ingredients, HI-
APlIs) BB 2. 54 PPCPs 281LL, HI-APIs il 28 AARHEMEIE IR IS K R4, IF
AR KA HEAN A KA, BRI RS SRR . SR, H TSR T H AR
K AL P R R 25 B R AR H K N2 97K AR A AR I 00 B SR UE SR T = . T
HI-APIs {b 2R 0 2 FE . BRALVE 2 53 K, ABFFIEIL 16 P ACERVE G G o A= Pl
WK RNERE., wilE. AHRAERZS M HAR ), @5r 1 A A B &
o RO € - R E T 1% (SPE-UPLC-MS/MS) 753, T8 5 /K AL 1) Je 52 AT it vh
HI-APIs H)& & . /KFEZ HLB A AR & R, DUHEE-/K (5 0.1% ) Niishil
BOEEVEME, 78 R 25 & IR AE DB 7 DD R3S 2 I BB CAMRMD AR A
B HARIAE S EREVE R N R E R R R I (R2>0.99) , 7kt HBR M 0.003-0.841 ng/L; 1
pg/L AT 10 pg/L BIANIIARAKF R, BRANIBRIS . w38, HE A /RET A JORTE R AT 7 2
SRR T 70%51,  FeAx BARYIEI I TE N 70.27%-128.46% . K% T7 VLR T T 595
IKALER) ™ HE K S K ARSEBRAE i 70 B, FERHS 13 Bl H AR, 2 7K K 32 K A4
SO TS 43 A 1016.54-1065.60 ng/L 54.30-59.29 ng/L A1 15.04-17.21 ng/L; H. RKIRK
e 2. A S JIEEE. HRER. DOES R IMHERARE R, 37 MY
K #RIK 100%, RUYIE LG APLs W REAAAE) V2 FARRONK IR G5 G X . 72248 H )2,
ARTTEXNEHIR . Wi HEAIRE A MR E R R AL —E 2, HETIHNAEY
A B AL 5 (HI-APIs H 32 SR R 2000 D f) [ Wi 230 R e Joid R0 82 25035 2 60K, 1%
J5iEAE TG KA B T R 52 4K AR o HI-APTs R EAG I, W] A iZ 2875 Je i i 38 53 A7
WFFEAN RS VA 3 75 70504
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Widespread Occurrence of Tire Wear p-Phenylenediamines and
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P-Phenylenediamines (PPDs), widely used tire antioxidants, undergo oxidation to form toxic
quinones (PPD-Qs).! Despite their detection in diverse environmental media, the role of cloud
water in environmental fate remains unknown.> This study employed ultra-high-performance
liquid chromatography-Orbitrap mass spectrometry to investigate ten PPDs and PPD-Qs in cloud
water collected from Tianmu Mountain in China- a remote background site with minimal
industrial’/human activity. The concentrations of PPDs (3.0 — 43.7 ng/L) are markedly exceeding
their transformation products (PPD-Qs, 0.2 — 11.5 ng/L), with IPPD and 6PPD dominating. PPDs
exhibited greater accumulation in water-insoluble organic matter (WISOM) than in water-soluble
organic matter (WSOM), with enrichment factors(Concentration of PPDs in WISOM /
Concentration of PPDs in WSOM) ranging from 1.13 to 1.88, indicating a stronger tendency for
particle-phase partitioning. Significant positive correlations linked PM: s levels with the deposition
fluxes of both PPDs and PPD-Qs in WSOM and WISOM, demonstrating cloud water's key role in
their atmospheric transport and wet deposition. This study presents the first characterization of
PPDs and their quinone derivatives' distribution and environmental behavior in cloud water,
revealing clouds' significant role in the fate of rubber-derived pollutants. The findings reveal
clouds as pivotal reactors for tire-derived pollutants, driving oxidation and multiphase portioning,

previously overlooked in global contaminant cycling.

KEYWORDS: Cloud water, p-phenylenediamines (PPDs), PPD-quinones, wet deposition
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pg/m®, o PMas B HE s 2018—2022 SE A& ZEAH ALK (OC) 1 FPPs LLfil HH 5.7%F+ &
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PRI 3 KK IR B SR e TR R B R R 404

KRR, 8%, AR
WL KA 2557 B

4 G e 3 1 G 90 ( Perfluoroalkane Sulfonyl Fluorides, PFASFs ) & 4= i bt & i fiR
(PFSAs) RHATAMMEERK, FHEREAE. AVEREMENE, AS AT K
B . Hrf, AR mEEH (PFOSF) M4 LRSI R (PFHXSF) %% (Hrfs;
IREENZ)) 5. HTEZ 5B 5 R OFF, PFASFs [ B 2 005 5 i 4 I i B oKk
%, N RE SR HE A R LR L) . AT EATAE S A0 (it - 5 B i
(LC-MS/MS) iR, MR T &6 /KR, T3R50 h IR & PFASFs 1 R 80E &0 W ¥ s
e

T 2GRN (CoFonni-SOF) HAEANE, KA X B RGBT AR A 55 ]
W LA AR SRy ELAT e G 5 S P 4 R BE R WA R (CoFonn-SOoH) , #0377 HiEF R &
PFOSF #1l PFHxSF FRAH (i 5T 35 56 H 43 47 7772 . PFOSF A1 PFHxSF 7 438 i [ J7 VA HY
PR 535124 0.066 F1 0.072 ng/g, RIS ERTE 53510 96-111%F1 72-89% . 454 i FAHAE
W (SIPTE) 5% HRE AT A HER, W 1 /K& R & PFOSF M PFHXSF [#) LC-
MS/MS & &5 M 7. 1% ITEFIH S/ 2R R mCE KRR R H AR, A ROER T
BT R T TATAE SR . 2023 FEIEHEAL T R AEKAE i &t PFOSF (i &
3761.11 ng/L) F1 PFHxSF (f = 3324.68 ng/L) , JF kBl MKk B PFSAs Al 4 56 bt 3k 2 R

(PFCAs) 347,

BE 0T HRRE R AT B BE AR (PFBSF) [EICERAR. & B W MRS, k7 —Fb
Y 4-F KR -NONN- = PR SR Jid = 3 TP SRR SR AT AR R ek e A AR )L aRIIe bE A i
TS S N 24T R Gk, SEBL T /K. 35 b PFBSF K RECE &0, RS2
PFOSF. PFHxSF —/&ft. LC-MS/MS i Rl . 777 2# 50 UER B,  H b5 /- #74 PFOSF.
PFHxSF 1 PFBSF 7£ 5~100 ng/L i [l N Z& 4 R 4F (R?>0.99) , £ HFRAK (K FE:
0.84~0.98 ng/L; +3%: 0.022~0.030 ng/g) , M FERE (72%~116%) . 2023 F % 2025
SR AR S A R, A X ISR AR eI BE ) PFASFs 15 % W 3 %% ;. PFSAs Al
PFCAs WK BB T I, B TR, HRiE—200.

3’% @ 1A : %ﬁ)@%%ﬁﬁ@%ﬁ ?ﬁiﬂciﬁf“fﬂ; ?ﬁ*ﬁ@ﬁ%)ﬁi‘%ﬁ%ﬂ%: %iﬁﬂ(@k: %iﬁiiﬁo
S k-
1. JZhu, M Bao, H Yang, H Feng, Y Pan and C Sun. J. Hazard. Mater., 2025, 499, 140285.

M Bao, H Feng, Y Zheng, H Luo, C Sun, and Y Pan. Environ. Sci. Technol., 2023, 57, 4180-
4186.
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PRI B LA B AR B 43
dRRAY, E&E
1. FFFRFRERS S TR R 300350

FEE . ARWFFESL 7 IR R BB IREE (PC) AR H IR 2 —KEls (PET)
SR LC-MS/MS JE 77 R FHBEEBIAOK M, 75 RIEEE T Bk & $ 18 PC. PET f#5K,
AR A (BPA) FIXFZE W (PTA) , fIMAREHHEILRERE .. 15N
RN 87.2% ~ 97.1%. ZITIEC N HTI5UE WY ENKAE. DIZRERE &
MgEh. ABREREN, BWREMEE, Wi RS, NIREMIER R ERE E SR TR
, SRR E R LR R A . PET WOBRERE b Z R, (HEXT IR
B mirh PET KM i it =, HIBAFRHE ST AT I A . AR5
TR IFERAE T —Fp 4 & ¥ A LC-MS/MS & & 5 E#l 7] UHPLC-HRMS §7i 25 (1) R 800 #7732,
RFEHNKAF 757 PET HMRFERY (ZREZLERMA MNE R IKREDHE. €&
TR 0.1 - 500 ng/mL JEHE R EL R (12 >0.99) o KAFEFRAINFR 26 L0, hnE i
ZHU (ASE) [HIS# N 87.9% - 102%, {EMEE S HIME RLF, JFE OB AR ERIUA T
Ak, KA UHPLC-Orbitrap MS 1 X A ZE N KRR IS 15 R B! L IRIRIKER YD -

KB XK W O BREE; KR dERmIRA EAKAL; S0 PR
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FRIETS Gl K FAR R 1) 5 AR T 9

Hogs 1
AR O TR =X ANRKE 58 5

BRF, THEEEGACER AR, ERANHEFEESRAHE, L
b A A S A N A A Wt /D e SR G W 1 O e 0 1| AT e L2 16 A
B IR S AT R AR, M T B T PR R BT B WA RURL
AT T 2 BHORAE: 0L T R T IR SURM BTRL A 715, P93 7 goekiikn [
(A SUR B AR, R R T T 7 A BCRS, TRE ©
10e6 Da ZRUFL 10e14Da; & AR I T &R 5 MALDLBT )5, 3R1G 1 2 Mah P T i
AR /N 7 7 5 1% B A% . 3 4F SR 7F Nature Nanotech. . Science Adv., Angew. Chem.. Anal.
Chem. Z3IHI ARG SC 140 AR5 - FBCA B AW LA 30 T

e WA TR

bt 25 S B RN T AL S i E R B R T2 AR B TR B4 B XU H 23 2 300G E . AL
B2 (PLA) WOBELRIES AR NI E AL 724 6PPD-BE (6PPD-Q) 1 AWMl MR K 56 A s
IFIARER, T2 AAET HARME T, JF O BAE L aT R A AR5 AR &L . FRATTR

TS R (MALDIMSD 528 E 2450, REHER 1 IX L5 7/ BRAR

W Z 48T oA L AR . &5 3R, PLA RUERE B i A n] % 0 [ il o g K ks
BETRIA - I A4S, 6PPD-Q W ZE AR N IR A A T . B, ERFEZANEE, =&
Bl gl R REMAEREL S ksl . 2T ER, WRERD S NES T hiE
BRER W ROREROE MBI R, RELA BEH IR BUR AR . = FRBRIEPR 5 e AQ
GORHIEE, RIS 2SR E AR S S . BTSSR — PR R
THUEMNY RS IR 4e4E R C EAR R WHEEWTRZ R M ER, BRiGRY
FEAS R #5 B TOA B v 5] B o B R AT 1 R e S SR e, SN N AR A A
IR E AR . TR R 115 G BB 5l K B 2R RGMEACH A, 5R IR B A 2 I
EE MR, AT R R A R B AR A . BT RS U S 2 A A SRR
RIFEAT IR TS G e AR N AT AR S MENLRISR 1 1 9 JT I BOR SCHE

R PR 6PPD-BR; ARUMIEEL: il &

SHE IR
1. Fan, J.; Qu, Y.; Qu, L.; Shen, D.; Liu, H.; Nie, Z.*, Oral Exposure to PLA Microplastics
Induces Time-dependent Nanotoxicity via the Gut-liver Axis. J. Hazard. Mater. 2025, 138931.
2. Jia, K.; Sun, J.; Du, Q.; Qu, Y.; Han, J.; Liu, H.; Nie, Z.*, Mass Spectrometry Imaging Unveils
the Metabolic Effect of 6PPD-Quinone in Exposed Mice. Environ. Sci. Technol. 2025, 59, (9),
4282-4291.
3. J.Y. Chen, L.C. Mao, Y.M. Jiang, H.H. Liu, X. Wang, L.W. Meng, Q.Y. Du, J. Han, L.Y. He,
H.Y. Huang, Y.W. Wang, C.Q. Xiong*, Y. Wei, and Z.X. Nie*, ACS Nano, 2023, 17, 4463.
4.]. Xue, H. Liu, S.M. Chen*, C.Q. Xiong*, L. Zhan, and Z.X. Nie", Sci. Adv.2018, 4, eaat9039.
5. Y.M. Jiang, J. Sun*, C.Q. Xiong*, H.H. Liu, Y.Z. Li, X. Wang, and Z.X. Nie", Angew. Chem.
Int. Ed. 2021. 60, 23225.
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PRE T H L (LIBs) fENREJREL M AZ 02808, CIRE IR iR 45 B i 6

Fo EEEKKFP AT, L85 HETHR kg & XK, SRR E R R
Hil 5 R F Y EEBOR LM G, SEE RS BERCEERFSETE, EEA N E R

R PASEE SAE

N, AT GRS G AR R S T R R SRR, AR =R (D
P EEEE A BUE BV, UK. VoK. KAUBRI . JERRARAY . 3. HEpk. B
L) SR B IER A RN GE— 0 W HEZE, RGeS R R = R SR 0 (2)
DA BT PG B LSOy SRR TE X, A0 BRI BB R SR T A BB B, R LA 1 Rk
FAAE R NN ANAS 5, 87 TS s XK B i BB e dy 235 (3) Uit =
JEIERA R, BRI . B IR LK S5 BOSRRKARPRA B H ( HAT O, a5 S R THE
I B < JR BT 4 R 5 5 2 T 4.

ER BRI RARL AR 2 AV IR I T SRR, By e SR A At A A o R
55 R PR BOR BUE 1 A

SRBETA: T RE VR S R v P TR P XU
S R
1. Xuezhi Yang; Haiyan Zhang; Qian Liu*; Guibin Jiang; The Li-ion battery industry and its
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2. Yang, Xuezhi; Wen, Haonan; Liu, Yin; Huang, Ying; Zhang, Qun; Wang, Weichao; Zhang,

Haiyan; Fu, Jianjie; Li, Gang; Liu, Qian; Jiang*, Guibin; Lithium Pollution and Its Associated
Health Risks in the Largest Lithium Extraction Industrial Area in China, Environmental
Science & Technology, 2024, 58(26): 11637-11648.

3. Chengi Guo; Xuezhi Yang*; Zechen Yu; Guohua Zhu; Qun Zhang; Jiejian Fu; Qian Liu;
Haiyan Zhang*; Guibin Jiang; Lithium Pollution Arising from Papermaking and Textile
Dyeing Industries: Emission Characteristics and Environmental Impact, Environmental
Science & Technology, 2026, 60(4): 3556-3566.

4. Ya Liu; Haonan Wen; Yangsheng Chen; Xuezhi Yang*; Yin Liu*; Bin Zhao; Guibin Jiang;
Dissolution Behavior of Lithium-lon Battery Cathode Materials in Aquatic Systems: Key
Drivers and Molecular Mechanisms, Environmental Science & Technology, 2026, 60(8):
6589-6599.

Corresponding author email: yangxuezhi@ucas.ac.cn, Tel: 18813042007



76

T LC-MS/MS HI757K A8 i ZFRE S Y R miE B 515K
RATRERE BT I

il RAEMR 2 ML S BRER Y, H !
LIRS 1R BT rE T & e X 3 Sk 2555 5
2. WL MR N A O TETRAE M T TRILIX ST B it i 458 5
3. WWARHPEARZMBERE (WAREFET I T XE 5% 16369 5
KB B FREAEEY ;s VsKAT s e e LC-MS/MS

B om SOHTRE VE MEY) U (New psychoactive substances, NPS) 3l H 1a] # H 75 ™ &,
X5 4 N AAHEME S B8 AR TS TS K BE AR B AKAR, RO A% PR R g BRI Y v %
TV AR TG IR S T8, 157KIAT % (Wastewater-based epidemiology, WBE)
AL 58 V5 7K o 2 i S AR R 2 s HE DA 2 K-, BEAE SEZINY S 2 M2 Vi AR 1R 100
SR, VKBRS E2% . HinW & &AL HERWAES N /KEE 215K 0B s L FE
an i AF AR P B BEARAT N H A B, SBUEYIAREWEREAME 2. B MRS R WA,
217 WBE il g5 R gy nr SEvE0S), Rk, #3738 H T 5 %05 7K R A eyl & S 3 i 7 v
] W) H ARDAE K E T SR R AR e It A2 ORI WBE 50408 o 2 1) R B

A VR R 1 AR A AL B R ACAR b U7, EESL T B TR (k- A I B i (LC-
QTRAP-MS/MS) [#i57KH 78 R it NPS AR ) et & [7) 20 1€ P € & i 7k, JF
BEAT 5 90 AE . FESCHEGE b, REHCIRTY HARY), BT AR N K 8 S AR A O A
IR E L, RIS [FR AR A A7 261 T B AR B, e B ) A Pibn 64, DA
P2 WBE BRI HERA I . 45 R, KA TR A DOE SO R fE, L2 R
PR IR AT, T HARIAE 0.1~20 ng/mL YU H WM REF, 6 mifs
MM ZEH 2 /2 (R B KRT 0995, FHFRA 0.11~2.70 ng/mL, 2 &R A 0.38~9.00
ng/mL. fE&E. . AKEFIARIKEE S, A B InAR R AE 62.2%~126.5%, HN
A A RS 3 LS/ T 15%, T30 2 F5 /K IR B 2 Aoy RPN 3K ol i AL T /K A8 18
IEE, R LR AR 2 S i & NPS A8 E PRI SR 3R o il 2 I EE 0 & NPS [
fift, FRARFAE N/KEE PR ENE: RV HIAFAERERE W M2 NPS BUAS 2 I B R AIK, IXATRE
& B TR YR G Y B AR YIAE T K TE T B AR . R A TR E VRS SRR
W& AF O JE I T, B dh & NPS R 2R TS, R m IR IR 2 hn s FE g .
15K IR A AL FRRE 0% B H AR YD B B, BIVINIR RE A8 (AR i BEINASE o AHELT AN UEAL,
15 R M NPS RRE MR iy, X W RE I T I JERENS £ BRT5 K R I RER - Al AR
st g tidm. T — KA P 7 SRR 2 I 5 R E L R R, KA L il
DU RS R 1 T SE bR i B S SRS T o BIFF0 45 AR AT #5835 55 i S NPS [l FA e S 45 5 T
PERITIRT 4T o ARV 3R (A ) B EE SCHEABL AR .

SRR
1. J. Gao, Benjamin J. Tscharke, Phil M. Choi, Jake W. O’Brien, T. Boogaerts, H. Jiang, M.

Yang, Samantha A. Hollingworth, Phong K. Thai. Environ. Sci. Technol., 2021, 55(11): 7551.
2. R.Yi,T.Zeng, J. Chen, D. Liu, X. Yang, M. Zhao, Z. Zhou. Water, 2023, 15(23): 4192.
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H T B EE )/ AREE [ R BB R A NS 1

SRIERE, XL
AR KGR 2 5 TR AR

AU S et — RAEM B2 AR A 2 0 E LAY B AR 4 A B I 5%
TE QR IRAN S BB e, W RS BURE R I A YIRS R B, A AEiE AL
RIIAEE S A e RS . AT FT B AE R &R A AL 1] 5 AR BE 1) 7 & MG, AR G0 R0 A58 A Y
AOBES RN Hoe, FETASE M E B2 R — R RPSRE TR 3, AT
TR € - = DA AT B X 1% 2K R AT R A € AT, YA AR DA
FI IR K P o fESESERS b, JRATHE— DR AL 2 i A5 BB AR &, KB T —
FER AR, HORUE T AL & A VLI BERR IR R S84 o B0 BRACE LB R 156 A v
AR Z (KIVRIE,  FRATTR A o RO E s - i o B AT AR RE R . B TR E I B8 719
R A TR, N R ARA T E ORI 12 R HLBERRIE . WP B TS5 AL 2 Fh3R
SERE S RO T — R VIR I A« W] R T T ot 2% 5T SO B AL 7 BB T A AL
AL G . AW FCIEN] 1R ARSE 7 57 & 55 #0100 IR (0 Rk, D9 e Al AT LB 5 e
PR IRAT IR AL S AR 2 R AR Bt 18T B A AN 5 SR, R 58 3 A B I I 4 R
AN s B AT B

R HLE b, AR T. S BRI,
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S RENRELEARL T T8 45 h S B 04 B 075 R R
B2

T, KGR, SO, AR

SR AV X K YR S /K IR AR A S A SL a0 %, HN A AR B 22 5 R 3 A 8 A s
e, WIBImYE RFE e 2%, =M, 730070

EREE S %(Hh)m%ﬁi*HPEAW@ﬁﬁﬁﬁfﬂ% (RGN A B
B EOHE DL A% G VA Rz K — R gl . AR — SN &9, TR oRIE T AR
WA= A2 iE IS ﬁmMI&ﬁﬁ%%A%ﬁﬂ,ﬁﬂ%ﬁﬁ%ﬁ%%i%%%%ﬁﬁ
FEIRBEA 455 LY RS RPN AR EEE NAERER G 7R i BRI, ECs 23
B 5 YRE SR DR IR E (ng/L Bpg/L) f77E, A8 SRS & R &k T
TP

TR 5 5 B BT 2 (] (X EL ] 2, A4S ECs 1 AR 4R 5 vei R BB I R #E T
M RBEBORME R FERF S AT AL BT TR, FEAR (RO AR AT A SR B A B
MR R —. Hr, D&BANMELE (MOFs) RAREMZAMEL, M H & Rm
R ATRE LB S M R R E e S A AR EAE A, SRS 2R ECs AR5 1Y
WP E SRR, Tm%ﬁﬂﬁiﬁm%%m*%ﬂ%ﬁﬁﬂmﬂﬁﬁ$%

& ea ®
! o

VA

1 "~>‘ .

1

’if”d\ -jfﬁ4

Elﬁ?iEﬁME EAMﬂ%Im(M)$W%QE AN 52 2 o KBTS e

FEAT I TTVE 2T, B SOR RIS M v 5 € BRI K2 ng/L A IR EL K 2 40
THEE BT RS, BN ECs Rl “ S hniE” o DR mAGEREBOR 5 @m0
SRR, AT T IR o o AL BE AR o E B SE R A TR, AT A AR
Xt ECs JRE . 2 470 I B 2RI 5 ity R (R G X R

BT BB, REARGITE T MOFs Ea MBS HERI L. A b i A B2 5 3% 1 2
BEIFEE G R #Wﬁﬁ,%%ﬁﬁ%ﬁéﬁﬁ%ﬂﬁﬁ%ﬁ(NMD%&&%E%%TE
RIS SR TREET T (D

KW SRAPMES B (O FERG 2&E0 b Bk,

SRR
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Metal-organic frameworks composites in the separation and mass
spectrometry determination of emerging contaminants from complex
matrices
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2. College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou,
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ABSTRACT: Emerging contaminants (ECs) refer to pollutants that pose potential risks to
ecosystems and human health but have not yet been incorporated into routine environmental
management or are difficult to control effectively by conventional approaches. As exogenous
compounds, they originate broadly from anthropogenic activities such as industrial and
agricultural production, transportation, food processing, and urbanization, and can disperse and
accumulate continuously in environmental media through natural migration and bioaccumulation,
thereby threatening ecosystems and human health!'l. However, ECs typically occur at trace
concentrations (ng/L to pg/L) in environmental and biological samples, which poses substantial
challenges for routine detection and regulatory oversight.

This dual constraint of trace levels and complex matrices makes efficient enrichment and
sensitive detection of ECs a key technical bottleneck for accurate quantification. In sample
preparation, solid-phase (micro)extraction and its derived techniques remain among the most
widely adopted solutions. In particular, porous materials represented by metal-organic frameworks
(MOFs), owing to their high specific surface area, tunable pore architectures, and abundant
surface functional groups and interfacial interactions, have demonstrated excellent selective
enrichment capability toward diverse ECs, markedly improving the enrichment of trace emerging

contaminants while effectively suppressing matrix interferencel?).

e LA ¢ '
o L., -

Figure 1 Solid-phase (micro)extraction based on metal-organic frameworks composites coupled

with mass spectrometry for the detection of emerging contaminants in complex matrices

At the detection level, mass spectrometry (MS) has become the “gold standard” for EC
analysis, given its superior qualitative and quantitative performance, detection limits down to ng/L,
and capacity for simultaneous multi-component separation and analysis. Coupling efficient
extraction techniques with high-resolution MS enables the construction of an integrated analytical
workflow spanning sample preparation to accurate quantification, thereby effectively addressing

the challenges posed by the trace levels, multi-component nature, and complex matrices of ECsPl.

Corresponding author email: luxq@nwnu.edu.cn, wangxuemei@nwnu.edu.cn, Tel: 0931-7971276.
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Following this rationale, our group has systematically pursued the precise construction of
MOFs composites, the improvement of sample preparation methods, and their integration with MS
detection, with a focus on developing efficient separation and detection methodologies for typical
emerging contaminants such as per- and polyfluoroalkyl substances (PFAS) in complex matrices
(Figure 1).

KEY WORDS: Metal-organic frameworks; Solid-phase (micro)extraction; separation and
analysis; Mass spectrometry detection.
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RRZIBGRERISEER T PFOS KB NEH M 6:2 FTSA H1F
MRET: RE R E R

PAKEE, TREMS, mbal, EEk
L PRREKA A SRR ER, Bk 5 430074

R Z FGEIEEY R (PFASs) AmfFE AN N RIEES, TTHT I S5HE% W, &
R g, H A7 T R O 2 B R AN . AT FU B T i s R S e
AR 2 7V, ST, 16S rRNA EIEENF . 0 TAYSH AR, 4R
S GO EL 2R W S5 2 TSRS, RGEVHE TR 2R EEE (PFOS) R HH B AR
M6 25 SR (6:2 FTSA) HMERFE DL R SRR ZMm9K kL (PS NPs) BAA 2 #& (15
BN, R T — NS A ZEBN A VER . PFOSEKINH, HH6:2 FTSATE 314> &
FERE. Fpid . ARUAISCE Y EYE, T6:2 FTSARE BB, AHAER KA, 155
BT BENEYEIE, R HEBREASPFOSHA—E R EH A . hAk, PS NPsHf:
e H b 3G S PFOS A16:2 FTSAWE SR . M=, EATES SRS T H 04, 5
i Jizp 308 ol A D BT A 2 - R AR, TS T S E 2 m i . AR 2. et
L WAEMA. AR B IR i — PR R T AR AT RRACY . 1 R R e
PE UL K EAR AR S I B R X6l . ADRAH G5 5 8BS 0 S 5 N AR BEAT AR AR I L 3 5
J38 S N 2 R T VTR Sy FEE AR, 1 A R 0 B 1 R S R — A R PRAS B 1
Je 52 PS NPsifil 5 (1 B LHIHESS (K1)
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S, XA RS EARK RN ZEEN. ERTIERT, WEAT AR AR
P ) UPOPs HEBUXS 1B = R G0 1PAS . AT R T BRI ERAT AR AR & J 642,
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143k UPOPs HEBOPFARHESE, FEiE— DB T R R A BRANEAT Ik UPOPs HE 1B 25 48 4k,
R

AR, SARAT SR EAA BT AR AT UPOPs HE, (HAS [F) 4 A 6 45 (1 Jak HE
MEAFIEZE S, HXFheE IR 7R T A Hu X R0 & A o TR AN H IO M A 2L A 5 3 PR Tk ek
R, H1Z UPOPs M E EHEHORIR . AL Z N, B0 R iU AR S0 MR AR B 2%
HABAKH) UPOPs HEBOE 7). X R, MRBREARMHE) I L4845 % UPOPs HE 1) [F] 2
B, B CiERRR AR RIS LS. A, BEE AR A A o A BOR % 2%
AT %S, UPOPs FFUIE 2 IUHT B 25 (AR RS RRAE,  — G ANk A 7= b [X A e T I 78 72 7
TR o TR PR, AT DABRIRHE AR O R ER R A2, 5Bk D X UPOPs
AR RGN (BREY 5 ST /REEAZ) IR 5 E RS54 1E 5 UPOPs
TR, ABSEN AT SERR L B R, R ATk Z A . SRR LT AL A
TRELE UPOPs YR BRIV RIHEIE . 120 50 0 3 AR A BRAN DR AT AR B % 214 75 5t UPOPs HEji
ALFRBE T B EAKYE, HOAHERN SAEAT B 5 PR R P [F) A BRER A TR L
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B 6K G R PUAA TR (PPDs) KHATAMITE T ot b i) 2 N, SEuxX Lk
BRI R EHRRA T, 200 NS RN 7K A AR ) J FL AR A PR B A0 ™ 8 175 7 3
JWro PR, S PPDs HIIIE /2 B2 H AN B . S8, A KRl 7% (LC-MS. GC-Ms 55)
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R, Wo-FIE-4-F2 R AR (CHCA) . 2,5- 8 FEHE (DHB) , K0 T EX
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TOF-MS faill. [Flit, DGR RN ERT, JF &K LDI-TOF-MS (SALDI-TOF-MS)
Keffix — @, A TAERTE IR T —Fof B 2 49K MXene (SNM@FesO4)
AJ [F B2 SALDI-TOF-MS & Ji Fl = RCW B 7, SCELXS PPDs 9 “ & S-fa il 7 — &ALt
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U5 CGEERR) AREIZERISLhrKRET ) 4 Fh PPDs, EA a2 MIAHM bR 2 (RSD) (<
8.4%) FIEMEIKEE (67.9-110%) , /R T SNM@Fes04 7F 5 2% PR 85 38 i o 5 IR 5 A1t
SR A WL G B A PR 07 18 1) A 70 77
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FHL I LM, 4 MXene-POSS A HL-TEHLA AW I FIR1. FIFH SEM. TEM.
XRD. FT-IR. XPS RAEHA, IRAMEMIMIES . YA A% Fe b 221 o S FL &5 Rk
fE o WG iZAA AR E R B L R E A RE B (PT- uSPE) WA, 454 HPLC-UV &
MEA, L HSHELAEH BPS. BPA. BPAF. BPAP JUR WU M 5 120 b 71, SR
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Fig.1 Schematic illustration of fabricating exfoliated Ti3CoTx MXene-grafted

AN

POSS-MA-co-y-MAPS copolymer via free-radical polymerization, the PT- uSPE procedure with

the resulting material as sorbent, and its application.
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WE: FXRIEAREY (2, 6-MEHE ZFRIR, DPA) FIZREST (Hg?") Bzt bl i
TR, AWK AT LA B T W4 & Hl Zi/Eu-BDC-NH, & @ B HLHESE (MOF) , 3
FRCAR R L RN . N PERON J 38 e AR B, f a7 — R LR % 6 iR 4T, FH T DPA FI
Hg SR . 45 R W, %0754 DPA (A IR ZE 5.2 nM, £8PV BN 0-20 uM
(R?>=0.998) , X WALAFE . @EMRMBEREG RGPLTIaEJ1, EREA 97%-
111%; X Hg? 7R RIS B IR0 fe, 6 He? 1A HBR N 0.87 uM, 2R PETE Ry 0~20
uM (R2=0.994) , [EIUSCE N 97%-107%. AW I A BILIR 512 Wibs &4 I E 4 @ 7K 15 G
PGSR MR AL Ty R PUis . (RS A8 BT e ms , AR U I S 7

KW SRAVMER: RIEAREY: 7K HERIOE

SRR

1. K. Jomova, S. Y. Alomar, E. Nepovimova, K. Kuca and M. Valko, Arch. Toxicol, 2024, 99,
153-209.

2. P. Thiraviyam, P. C. Rosline, S. Krishnamoorthy and P. Sivaperumal, Chemosphere, 2026,
406, 144964.

3. 0. S. Fagbenro and E. D. Olaleye, Chemosphere, 2026, 402, 144928.
R. Fioravanti, L. Muzzioli, E. Maurel, G. Palma, G. Calabrese, A. Angioni, C. La Rocca, A.
Mantovani, A. Pezzana and L. M. Donini, Foods, 2025, 14, 3752.



89

A Zr/Eu-BDC-NH; Ratiometric Fluorescent Probe for Sequential
Sensing of Anthrax Biomarker and Mercury Ions

Fuqgiang Bu', Juan He?, Xiandeng Hou"**
1. College of Chemistry and Key Laboratory of Green Chemistry and Technology (Ministry
of Education), Sichuan University, Chengdu 610064, China;
2. Analytical and Testing Center, Sichuan University, Chengdu 610064, China;

ABSTRACT: To meet the demand for on-site and real-time monitoring of the anthrax
biomarker (2,6-pyridinedicarboxylic acid,DPA) and mercury ions (Hg?'), a bimetallic-center
Zr/Eu-BDC-NHzmetal-organic framework (MOF) was synthesized by a solvothermal method.
Based on the ligand antenna effect, inner filter effect, and competitive displacement principle, a
ratiometric fluorescent probe was constructed for the sequential detection of DPA and Hg?*. The
results showed that the detection limit for DPA was as low as 5.2 nM, with a linear range of 0-20
uM (R? = 0.998). The method exhibited good anti-interference ability against common coexisting
ions, amino acids, and saccharides, with recoveries of 97%—111%. It also displayed selective
recognition performance for Hg?*, with a detection limit of 0.87 uM, a linear range of 0-20 uM
(R?=0.994), and recoveries of 97%—-107%. This study provides a highly sensitive, rapid, and low-
cost sensing strategy for the sequential detection of early diagnostic biomarkers of anthrax and

heavy metal mercury pollution, showing promising application potential.
KEY WORDS: metal-organic framework; anthrax biomarker; mercury; ratiometric fluorescence
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HED T . AWFFLLL VDACL v« AL 7 8 A 52K M 3 Cprotein
pulldown) 57 70 # 5T 1 AR EL 7] 70 Hr AH 455 1) VDACT Beik il & & 7%, W 3
Bk R B E RIFRAAEH 5 VDACL &5& 1L 2Y). FIRZT5iE, AT 468 Fif
SEHT AR WLARE 1 VDACT IR . i — D BURRIEAL G, B RE RS (MST)
EINERAER S VDACH MAREAR, IFAES SR AR B R AE M A N, SR
VDACI FCARAE IR SRR EE R T etk . EIRE5 L W], DL VDACT AR 105 55K
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Artificial Intelligence for Nontarget Screening

Yan Zhou
Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu, China

ABSTRACT: Emerging chemical hazards and their structural analogues challenge the
coverage of reference standards and spectral libraries. Interpreting tandem mass spectra and
ranking candidate structures remain major bottlenecks in nontarget screening. This report presents
advances in artificial intelligence-assisted compound annotation and its application to food and
environmental screening, focusing on fragmentation rules, cross-modal representation learning
and dynamic databases. Using liquid chromatography—high-resolution mass spectrometry data,
HazardFinder links diagnostic fragments and neutral losses to structural fingerprints for chemical
classification and candidate filtering. CMSSP aligns spectra and molecular structures through
contrastive pretraining!!l, while ClipMol learns molecular representations from paired SMILES
and InChl views for collision cross-section prediction?l. MS-ClipMol further aligns spectra with
these pretrained molecular representations. CMSSP achieved a Top-1 annotation accuracy of
63.63% in CASMI 2017 Category 4, and Top-1 and Top-3 accuracies of 86.7% and 100%,
respectively, for 30 experimental spectra of licorice metabolites. MS-ClipMol achieved an R@1
of 66.78% on the MassSpecGym Formula Split. In nontarget screening, the high-throughput
mycotoxin screening method detected 297 positive samples among 398 food samplest); a
screening strategy based on diagnostic fragmentation and substitution patterns detected all 29
validation compounds comprising fentanyl and its analogues. Dynamic screening of p-
phenylenediamine quinones used a database containing 269,745 candidate structures, detected all
15 synthesized validation compounds, and yielded a false-positive rate of approximately 0.12%
across 5,187 public MassBank spectra. These results indicate that combining fragmentation
knowledge, machine learning and dynamic structural expansion can improve candidate structure
ranking and broaden screening coverage for potential chemical hazards. Candidates beyond
existing libraries still require confirmation using reference standards or independent structural

evidence.

KEYWORDS: artificial intelligence; nontarget screening; high-resolution mass spectrometry;

cross-modal contrastive learning; dynamic databases
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Non-targeted chemical fingerprinting analysis of Panax notoginseng
coupled environmental pollutants and biological signaling molecules
based on FT-ICR ultra-high-resolution mass spectrometry

Yanning Dou'”, Li Wang?, Xiaoming Zhang', Jian Shen!, Jie Zhang'
1. School of Medical Laboratory, Qilu Medical University, Zibo 255300, China
2. Laboratory of Mass Spectrometry Technologies, Division of Energy Research Resources,
Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian, 116023, China

ABSTRACT: Non-targeted chemical fingerprinting analysis based on FT-ICR ultrahigh
resolution mass spectrometry was applied to characterize environmental pollutants and biological
signaling molecules in Panax notoginseng. Panax notoginseng, a traditional Chinese medicinal
herb, its roots hold substantial promise for applications in both nutraceuticals and pharmaceuticals
(121, Fungal and bacterial metabolites including toxic mycotoxins were preliminarily identified in
SC-CO» extracts, among which betaenone D and chaetomellic acid C represented neglected
medicinal material safety risks analogous to classic food- borne mycotoxin contamination events.
These exogenous toxins originate from complex plant-soil microbial interactions, and climate
change may further aggravate such contamination 4. Noticeably, most target microbial pollutants
were absent in UAE extracts, indicating ultrasonic- assisted extraction could mitigate mycotoxin
levels. Geographical chemical variations and differential compound profiles between SC- CO2 and
UAE demonstrated their complementary extraction selectivity. This work highlights hidden
mycotoxin hazards in P. notoginseng rhizosphere systems, provides evidence linking soil
microbes to medicinal plant quality, and suggests UAE as a promising strategy balancing

mycotoxin elimination and bioactive component preservation for sustainable herbal production.

KEY WORDS: Panax notoginseng, FT-ICR MS, non-targeted chemical fingerprinting,

mycotoxin contamination, supercritical CO: extraction
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HETTRRATI R Z IE M AR o B 9T ABRIE 11K 10 B 428 PMas AR R, 454 HPLC-HRMS.
UPLC-MS/MS FIGAERAE, AT F BRI A WIS I 7 2 S RO RFAIE . HRMS 33k
32736 N> FHEE, CHON 1 CHO 285 3%, AFESHRM T 53 7 4 RO S AL FE B A7
BIE 22 5. 6 T BENLAR MO R G5 2 Y 318 A BrC M2 4r FHREAE, A W6 5Tk &% =5 1 20
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PREETRA, BLKAS) AL RS B AR 0T 7T AR [1-6] 171 5 & L 5K AT A1) 2 AT i — g
AR, DAAHESH ICP-MS A= 43 M 1 S bR B A
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ZRIURAT R RS RN
Kbk, Z=8H, JibH, skaEy, R, EEHR, Ef, BRI, EEW
PR AR AR, PE% 710024

A SRR 28 R MR P BRI PR 0, RN 72 HhRBLS . B, A5
DN R AR HE S B AT BB R ERMEL 2, BT, 8PS 0950 DR 3 AR A s 56 =
RS PEME AN, TRl [l SIS S AT I & . AR, AR ERURE R b 5 52 RS G,
BTE i A7 A Fn FE v R A 28R R OK g5 eBl, Nk, ASCWTHIFR T — B 45 1%
AR SRR I R DUARAT 0 R G0, NEEMBIATE R pr e fit 7 AT 5 %

it 250 SIS Z WO A B, i ZE B UM B 222 TR ZE Y, AT IR 5 E Hh ST
MBS RGE DU BB, AL BRI . FE SR AL, s
F VR AR A A B . AR BT AN IR0 19 ZE~FARUENLAE d, JERA TS, BE%£
e R . I AT g R ) B S BN R TE ORUY  BAE I EARY, RASEI T
PRAECIORE S22 A7 . JCBE M B AE, RERE X A 2R 8 /K P Ars Bl /K F K K AR
TR Xe MR B F L HUAE HEAT 78 28 Bt il &

FHEER, RO E 1S ELT 1.2x107Pa, FIEHCN 2. 164 18, 28. 44 bk 4
ARSI TREEAF 5 H/N T 5x105A . No i 1& 10%A40 (I TE N 0.99u. & -FIRXTN, () R EBUE
4 3.8x101 A/Pas XFAr. Kr. Xed:EARMESARM LA AT IESL 6 IREFEEZ N &, RSD
VN T 0.8% 0.1%H1 0.6%. K H RN R R ORI B R A b SR Ary Kr Xe
WL AT IESNE, RSD AN 0.2% 0.5%F1 0.1%, 55AH skl & 45 Rw 2=/ T 1%,
TP 2 B AN R B S, SaifbE il ZH P Ar, Kry XelRFE, 5 SCHRIRIEE
Z N 0.5%. -1.2% 1.4%. HANFESV A HTIRFERER 20 30 2%h .

B AN BURE 5 43 BTS2 536 78 0 U B, 12 45 38k DU AR AT 5 0% 28 Gt ] S B BT A Bl TR T 28
arbr, BAPE. Azhth. P RIESEIH . ZH ARG PG 7RG S it 72 A aT
RE KA BN EG Yy, BERI T o BdE 1S S . Kok, BEE /N AL
AR — P8I, ZEARE BRI KO A . 1% YAl S AUk
R Z IR .
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43346385 Fr-TICP-MSEE B F T 1E 24 88 40 i ke ) e R B 4 #r
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ﬁﬂﬁ#%#%%%ﬁé#%,ﬁﬂ,ﬁwm

AIEFA TR 248 PR A DN T g e R 12 W AR B A I (E IR R A5 2 o SR, (2 e 4t i
(H A PR s B S B, DA AR A B A, 6 0 A I3 b 20 S8 RN HE R A U B H T 8K
Philf. FBR G S E TR (ICP-MS) fEA—FsR KInR iR, wf DU sh g
TCENRZNT H bR PR T2 &, FEVPAL AN LR e B A R R IE KT . B ikl A
DI G % 2 T 200 D P RS i s RN B B A BT o AR VR A 05 1) SR At 4 40 05 45 B e B bae -
ICP-MSTE 1 A i 968 248 Ja A% W00 o () 97 I F9[1-610 FITish S () R S0 4% . B T W e R 1) 1k
FHEFERS 4330 Fr (1], G hrie . BEr B AR DI REM — IR L R 0 R 4E[2], B
Y SCHE - 12 T B2 271 465 ) R0V Ao T2 TUU A 4D 3 Bl ik DX A4 Rl PR 80 BBk 0 36 085 1 3], RBE B P ik
PRI (4], 4] 2 GRS 408 05 Fr[S], M AR T I % 5 1 o 14 B 170 457 F% I DLD@MACS
Iy (615 . IX b7 AL G ARG 88 20 ARG I B R ALy TR AL T — R OB T R
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7= B R e R A B B 5 B2 (DF-TIMS) B K B Ar 2 ks B 5

AT BB N A

EiEY, B, R, B, TN
L RSCHSH TR 22 AT R R 2 [ At e vt
2. PRI RS TR R
KR FALRSH, 40K, PR, BAXURE, 1TER

FAL K KA S & ] LA AT B0 “DNA”, 30 M @47 B AR K49 i 28 5L 30K BH &
MRV o AR m kg AOK R 28 57 8 O 0 o ¥ R M e 2 A 78 R oK FH & = 3 —
th, JEARRRAT AT SRR T BT K (Nie et al., 2023), HFEWIABH R 2 T K [F A7
RATAE EOK=[(KAK )/ (KPXK )= 113104 AN 5 [ A B0/ (42 [0 A AL ARFALE
FaR T — AR N K BH &Rt G (Wang et al., 2025; Zhang et al., 2026). DA _EAFFUER] T 4K
[F) A2 2 e A A - 3 K P 2R 0 o A s RN A g S R B B T L, (B L RS 1 3 FH A2 PR 40K
] 37 2= 149 e X P 0 0 0 5 . AOK RN 2R A T M T R AR T KRR B AR, UF
0.012%, #& K (93.26%) MZI\ T2z —. Harkt Tt K=EE R RN E T EEE R
WRKEFE T MERUIE 5K (Wielandt and Bizzarro, 2011; Nie et al., 2023), {HItJ7
SEER M HE T R 8 M A BB ORI I & 1 T

BEt R e 55, A SCRIF = B 0T R R OOUSR AE A H B 5 1S 3 (DF-TIMS), AR5 £ 4 [H]
frZ (K, 4K, 41K R EYE, 35X DF-TIMSJE ML (Yuan et al., 2025) i 7 A &t %t
PR RNAR AL TAE ol I B A T I B B - R A . SRR R £, ot TR RO
s BT KL K K ZEFABCR T R, i B HRCRE, 14 BNFES T
SANEFHRNEE G S, MR T HERT 10" QIBUK 2SI N GEIR (1) 1] 8. A SCAE St f5 A 2%
VPG T B EERENE. KIS AR AR . AR RBUE S CalA i R R T I
M, FFHECE T 102 QLA AT B BOR S EES: 6 4 H AR RS IR EUE 17 022 (28
D, n=162) FIAMBEINE, S5ULaTFFHEER K Triton B TIMSHE AL 10'3 Qi BH K A% F0 I 24
JEFEAR—3 (0.28 €, 2SD, n=45), ASCIEXTHUER Z BCA FRFE . PR FIOIBFE St AT T mi ks
D&, D25 5L I T 2 B ARE A FH Triton TIMS I SE (BB . ASCENE T HEEES
ZECE DR AE A, RS RS TEE LAT AL 55 (Wang et al,, 2025), B JE{EOIBH] fEfR
17 17 2K B A HhER M W) 1) K R 2R 575
SR
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FETFLA-ICP-MSE:FH B AR ) 2 882 B i AR 7 vk A R 22 B A
AU, TEUK, ER b
L o2 e R EEIE 97, o [ 22 B K A 5 2 A M s s, AL SO S L X
ERE195 24

WAL LY I AR A A EAE RS ARA S AR B BE AN K AR
YR B, AR EE S WA, XouR. B, Y. ERRE2Ry 7t
AT IR IS AR, X T AT R A AR R AL R SR R S L D R A B

i Rl 1% (Mass Spectrometry Imaging, MSI) HA LFHFEF MR C. 0 FEGECHE)
A2 205y Rl Rl AR 3, R o2 (B 2 2 98 B EE B R o AN TR BT 1 AR e AR LA I XS 52
TR RBUE o T 25E e 15T & B A%, 18l 2 Mg UK B G 5 Hofh
[ AR IR G, PISEIL 2 4ERE . BAMER) 0 115 B3REL, NSRRI Bl
BIE 78 S A s R ISR BT I HOR T B

ACH 54 B e A R BOL AR 2 BB TR (LASICP-MS) . W FBE % i
(DESIMSD 4 /8 W AR R SO L6 5 MU R AR (R A 5 %
FURCHE . A5 % e BARDT S5 7 I EOR FeM s B4 A RO LA, R B
TR AR TC 2 AR R 2 S5 A B RAE D SLF, DR SO i 4]
SRR BEARYT . 5 BB IE BB L o R )

REEW: BUE KR, A, WO - r R & 4 R R T, AR PR 5 B

SEIE SRUR)D
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Multimodal Mass Spectrometry Imaging Methods Based on LA-ICP-MS
Hyphenated Techniques and Their Biomedical Applications
Zheng Lingna', Wang Bing!, Wang Meng'-* , Feng Weiyue!
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Physics, Chinese Academy of Sciences, 19B Yuquan Road, 100049 Beijing, China

ABSTRACT:
The spatial distribution, interactions, and dynamic changes of biomolecules in cells and tissues are closely

linked to physiological functions and the occurrence and progression of diseases. Consequently, in situ
detection and imaging of multiple classes of molecules—including elements, lipids, metabolites, and
proteins—while preserving spatial information is of great significance for deciphering the molecular
composition, spatial heterogeneity, and functions of complex biological systems.

Mass Spectrometry Imaging (MSI), featuring advantages such as label-free detection, broad molecular
coverage, and simultaneous multi-component analysis, has become a vital technology in spatial omics
research. Different MSI techniques possess unique strengths in target detection, spatial resolution,
sensitivity, and molecular identification capabilities. By combining multiple imaging modes and integrating
them with other spatial analysis techniques, multi-dimensional and complementary molecular information
can be acquired, providing new technological tools for dissecting tissue microenvironments, investigating
disease mechanisms, and discovering biomarkers.

This presentation will first introduce MSI technologies—such as Laser Ablation Inductively Coupled
Plasma Mass Spectrometry (LA-ICP-MS) and Desorption Electrospray lonization Mass Spectrometry
(DESI-MS)—along with their methodological advancements, with a focus on technical strategies in
multimodal MSI, including sample preparation, spatial registration, data fusion, and multi-dimensional
information analysis. Subsequently, drawing on related research works, it will demonstrate the applications
of multimodal MSI in characterizing multi-level spatial molecular information across elements, metabolites,
and proteins, while exploring its development potential in analyzing disease tissue microenvironments,
investigating molecular mechanisms, and advancing biomedical applications.

KEY WORDS: Mass Spectrometry Imaging, Spatial omics, LA-ICP-MS, DESI-MS
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HT E PR R SR R R R KA

FR, D&, T, W, BT, a2k
PHALRZE AR THT, P82 710024

Hy (Pb) RIS R A R AEAC AR A TR 1]« AR ERIE (TIMS)
BAHBEARSCER. RRMKERA, HHT@EME Po MEFREE . AW, Pb MIZE—HERE
IS 7.42eV , HEEEHFERS, Pb JUTPAKRAERBE, Fit, GEEEHFLIAEERET CRE5FD
ST R BRI SCR I o . RERC-BEIR /2 H AT M HES 10 P RFFIAR[2-4] , EARRE AR M
RerffHZE — N EY, SHTHERAERE B, AR 2ng K Pb AXSR, KHHRW
Re {142, ZH82RER-BEIR KOS5 P TRIMBCR IR o XM HARER ZS-30 « Ak ZIN-30
. ZaAkS861488 FIAERE IN-30 DR~ EM G RIL . F bk S861488 AR A , Pb Kl
RORA[IE 2.2% , IN-30 K, HIMBCEN 0.65%; ZIERGIAM Pb AJKLIN 10pg » LR
HM 0.5% . bt RRY, FRNKREHEN 0.005~0.03 mg (1%ER: 0.5~3ul) , IN
BRI B BN 0.5~2 ul o 7E ERZME T, 2ngPb (K] Pb RN ETEEAEL 2% « AW
B 1 R - B AR R AR I 264, MRSk g K P AESARIICE KRR TIMS {ETME Pb
[0 22 0 A o B R FH 3L T S0 A4

R AR BB, HFEAMAER, AR RN,
SE
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Optimization of Lead Detection Efficiency Using Domestically Produced
Silica Gel Emitters

Zerun Wang, Lei Feng, Wenliang Wang, Manchao Zhang, Jiang Xu, Pengfei Zhang, Zhiming Li*
Northwest Institute of Nuclear Technology, Xi'an 710024, China

Lead (Pb) isotope analysis is an important tool in geochronology and environmental tracing [1].
Thermal ionization mass spectrometry (TIMS), characterized by high ionization and transmission
efficiency and low background, is widely used for high-precision analysis of ultratrace Pb. However, the
first ionization energy of Pb is as high as 7.42 eV, and Pb undergoes almost no thermal ionization when a
sample is loaded directly. Therefore, selecting and optimizing a suitable ionization enhancer (emitter) is
critical for improving detection efficiency. The silica gel-phosphoric acid system is currently a widely used
Pb emitter [2-4], but the performance of different commercial silica gels can vary by an order of magnitude,
and the amounts of the individual components require further optimization. In this study, the effects of the
components of a silica gel-phosphoric acid emitter on Pb detection efficiency were investigated using 2 ng
of natural Pb and a single Re filament. Four domestically produced silica gels, Yousuo ZS-30, Jinghuo ZJN
-30, Macklin S861488, and Huasheng JN-30, were compared. Macklin S861488 exhibited the highest Pb
detection efficiency (2.2%), whereas JN-30 exhibited the lowest (0.65%). The Pb background introduced
by the emitter system was approximately 10 pg, accounting for 0.5% of the sample amount. Further
optimization showed that the optimal amount of silica gel was 0.005-0.03 mg (0.5-3 pL of 1% silica gel),
and that of 1 N phosphoric acid was 0.5-2 pL. Under these conditions, the Pb detection efficiency for a 2 ng
Pb sample remained stable at approximately 2%. This study establishes the optimal operating conditions for
the silica gel-phosphoric acid system and provides an experimental basis for further improving the
detection efficiency of microgram-level Pb samples and extending the application of TIMS to trace-level
Pb isotope analysis.

Keywords: thermal ionization mass spectrometry; lead isotopes; emitter; detection efficiency
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BRI M- BR A EE FRREENE SN FE& TR
T2 ESEEAE?, BRI, B2, ZR/MEDT
1. g e R B AR A B IR A7, JE5T, 100081
2. BN e LI BRI L e A FR A =], LR 75M, 215300

T WOERI bR AL S B TR RIS (LA-ICPMS) & H i 0 A B33 RE R 2
—o XTHARGURIE T, TEREARMATAEDE, wT LU TRIX T e 38 SAm, 7Bk e
T, FEARRN X LA-ICPMSI 5 45 SR R2 M4 K, 5 FH JE AR DT L IR b v R o 4 e SR 1945
NS R X TARERE RIS & R E AT E RN, LA-ICPMS 7 &l —
SEMESE o ARSZIG TR T - EVR A AMEIMAVEN E & et R . W LAFRRIERE 7L, A
TG KRG TR E AT A D 05, @i [ - [ VR A PO bR v N Y29 R SEAAR RN ) 52
SEIGAE H = B RE G (TriaminefE ) 1E NSO R EME, wEWM 2 HE, HIHLIKE 2
Ak, SRENETRERIR ARG, f#LA-ICPMSIIE &t K omE, LR CAniR BT
SAF AR, W SR EAE NN AR TAR I, A ST R &S &, B
A #2855 X AE AR AL AR I 2 SHE R R RE S P e e 3 P 5 VR S PR A o 45 SR
H36.6 g/t, SERAERESAINEM LT, AT =K, 45 B AnFE n 22 N4.4%. [8-[5 7R A i FE
WO b Fb SR 5 25 B AR TG T LRI T A AT .

REE: BEOER, ICP-MS, &8, FRUEIIANEE, ThRERER

S35 R
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&R 40 1ICP-MS W ER AR SR
b ol 0 Sl VAL A W 5 i
L ERRBUMN =S 7eke, B, 310024
2 ERFE B AR ST Fe G, b5, 100086

YT M SR AN 2 REPE T ARAE, A KT o BT A Y IR e R KBS B AT
B, BB ASE AR (TCP-MS) AR N FHE i M g A i 7 ik ™, HER
T AR SR A R T

AW FEEE T A R AL S04 T AN AL TCP-MS IS I 241 . 45 R EoR, H40f
ol AL S R B S =R E TR (B 1la). H[IEE N 120°C, FASAFME SR E
A8 0.3 F10.6 L/min, BEFEFIEN 20 u L/min, AR AN 1X10° AS/mL, FH4rH AN
0.1 ms I, fEMRERE, Hm ik 63.51% CEF AJRLT4M) . R %7120 5 = Fhig 3,
4HMI2E R (THP-1, HEPG-2 F1 LX-2) thok (Hg) MIIRAEARAE . BAAN40 b He A4 PR Ay
0.009 fg, —FRgnfuzRA I FRgn & B4 B 200 S B2, THP-1 A& BN &
TR N 1 wg/L FFAEMGER N, T HEPG-2 Al LX-2 \NEFEIRE N 0. 1ug/L FFIEEZE &
C(E 1b), Tt AN [F 41 B S8 AR FNAS [ 41 BB AR 8 4 J WIS E 2 REME R S e . AR
FE T T R AR AR 4 B I N TCP-MS AR A, ATULE T R B AR e
SEATIFN AT, AR R R 5 AR AIE B A 35N E AL B R S 4

Blla MEARCRREIRZ A B 1b AFEREREL T = bR i R A & 2154

() s0% (b)
2 2 LX-2
25%/ & e
=
5 20% = 2
- [H o
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E 21
2 10%/ =
o 2
5%1 P Ar
-3 @
ol e
25 50 80 100 120 0.01 0.1 1 10 100
FERE (C) ABETEHSE (pglL)

B la EARCRBEIR A B 1b ANFEBRER I T =i ok i B 5 2 e 4
KW ARG SEE TR RA; & M
2% 30k
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ZOREDRLAE BN A B 39T PO B9 0 A Boxt B e XU PP A
%, EF, NF, BE, KAW

KA KR 5 A0y, 7 TEBH 110819

W OB YORMRHELR M A N B LR 2 4 ) H 25 52 B0, BOBRI R A
HETARFE (LA-ICP-MS) 2B B KR F M R NAT A EZE T B, AHFFCF A LA-
ICP-MS FF i £ Fh A KAFBHE S TR N . B 50 . (1) SlEA &N ILE
o) — FA R RS (Au@mZnO-mSiO) FKAERE, FIH Au fENREICR, 446 LA-
ICP-MS Hifg 5 ICP-MS & &, #HE/nHIET AN R AP ZE, N EHE, etk
OB e B MR AR K. (2) R IR LA-ICP-MS % 5 ICP-OES E & ik, WR T
TiO 4K LR B8 RS By 20, R BRI AR . il FE R B 8 ml 8, FEMFHT Ti 78
. 25, W MRE. (3) LK LA-ICP-MS (cryo-LA-ICP-MS) J7¥2%, et
BN CeOoglKbL 7 I R AL 0 AT A%, BAH CeO25 Ce* XHEMIMA R M. (4) FIH
cryo-LA-ICP-MS JB ER bR iC R LB A K kL, RSt EEE L TR R, HR AN
MR, 8L, LA-ICP-MS (&R LAGREAD nr@sk. FiE B2 F gk p R E R
RN TAT N, AGRIERIT R AR B R b g oK 22 0 Fo e it 2 SRR 303 .

FE/iE  LA-ICP-MS; 4Kk 7F; /K, 4040

B 9K ARAE AN T V2 N, B2 AEEL 9Kk 9K ys G S P
FHEAE LS, BRI R A SO . KR IR IGR R . RIS B4
KRN B3R R BRM A P ROR 5o S 4, ARG 5 0 DA R I sk e B 5
JRALATARAL, PRI, SRR REIBEEEREARNONEZL ., RO DL IO EEE R, (KT
OGBS A 25 B AR (LA-ICP-MS) BR, MGEKRERIThREMENT . 49K bR
RONEVEAS « BT EERE Sl BAG TT VA B B GORTS S IR L, BT R TL, B RS B e BT AL
k2%

B, BERSGUKILEIT K, it & RS- LA B — SRR e 9K A KL
(Au@mZnO-mSiO2), FIH&ICHIEATRE NbrmEEY), #@id iR LA-ICP-MS 7 A %8 5
ICP-MS & &, EMHEERZAKILEHE S TA N e 8IS 612 IR R FAEHUE, 1R
JRERE _EE TR, AEHIKRGE ST A% E %, FFHESZH &0 2 Rk G,
AIER R N R SRR G 2R, A SR B R R K. A SRy g, BRI
WA &S A BEE, RSB GK IR BT H 5 R R AL B 4 S IR

TE G KIER S N SR b, P40 R TR R AN 7, Lk
(TiO2) GBI RN, (SBH I LA-ICP-MS 5 ICP-OES £ A&, AW TiON &
SR A K S FR R R, R BUEIRIE (50-200 mg/L) TiO "R R L H . i1
FHER. B5. BE. BEEEFROUREAR, MmEIKRE (500 mg/L) NIEIRAMN L. FIRAEK, 2
IS TR A = AR ] R A R AE,  [FIES B BHER R AEMR . 22 Mo ER, N TIO.1E
A A N FH R S

NG ALK . SRR S B R 1) 8, ST AR LA-ICP-MS J5 {7 il %
FR, A RAR BB EERE SRR AR A5, AT SRR B I A A (CeO2) 4K KT
I o HE A AR, BRI H AR s I 0 AR AE s X HE CeO4 K BIURL 517 5 Ce*t i
EERYE, R Ced WA, B BB FRUR M SRS TIE N EE, gk
AR B A 285 ARG P A 2 BB AL A

B, B RIR R E AR A B4k 5 Je it e, A KIR LA-ICP-MS B ERE PR id R 2R
IGAUCKIERL, G4 RiEm R L R E T RN AR, W LSRR, BRR N
5 AR RIS HI R T R AR, [ B OR IRL AR B L, AR AR IR e
B4z P2 HE R R A .

g b, ARBFAMKFE LA-ICP-MS £R, MWGUKAREL. TARGUKA BB G0K 5 3, fgd
THERBIRZ . MTRERIRERER S BT TURE 2R, ARMT T 2 Fh 9Kkl 1176 35 IR P (04T 9
A, ONHEBNAR ML G K AR 1 22 4 v RN FH Rt B B SR S0
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Tracking the Absorption, Translocation and Distribution of

Nanomaterials in Cucumber Using LA-ICP-MS
Yu Wang, Qi1 Liu, Y1 Lu, Xing Wei, Ming-Li Chen*
Research Center for Analytical Sciences,

Department of Chemistry, College of Sciences, Northeastern
University, Shenyang 110819, China

Abstract The application of nanomaterials in agriculture and their environmental safety issues have
attracted increasing attention. Laser ablation inductively coupled plasma mass spectrometry (LA-
ICP-MS) serves as a critical tool for tracking the behavior of nanoparticles in plants. In this study,
LA-ICP-MS was employed to investigate the absorption, translocation and distribution of various
nanomaterials in cucumber plants. Firstly, a core-shell structured nano-fertilizer (Au@mZnO-
mSi0O:) with a gold core and mesoporous zinc oxide/silica shell was synthesized. Using gold (Au)
as a tracer, the translocation pattern of the nano-fertilizer from cucumber roots to stems and leaves
was revealed by combining LA-ICP-MS imaging with ICP-MS quantification, confirming its
capability of sustained zinc release and growth-promoting effects on plants. Furthermore, ambient-
temperature LA-ICP-MS coupled with ICP-OES was utilized to systematically evaluate the effects
of titanium dioxide (TiO:) nanoparticles on cucumber seedlings, revealing a bidirectional effect
characterized by promotion at low concentrations and inhibition at high concentrations, and
clarifying the distribution characteristics of titanium (Ti) in roots, stems and leaves. Secondly, a
cryogenic LA-ICP-MS (cryo-LA-ICP-MS) method was established to achieve in situ distribution
imaging of cerium oxide (CeO:) nanoparticles in fresh cucumber leaves, and the differential
impacts of CeO: and Ce** on plants were clarified. Finally, europium-labeled polystyrene nano-
plastics were tracked using cryo-LA-ICP-MS, verifying that nano-plastics primarily accumulate in
cucumber roots and exhibit stronger toxicity at smaller particle sizes. Collectively, LA-ICP-MS
(including ambient and cryogenic modes) enables efficient and accurate tracking of the behavior of
diverse nanomaterials in plants, providing important technical support for the development of nano-
fertilizers, ecological risk assessment and agricultural nano-safety research.

Keywords LA-ICP-MS; nanomaterials; cucumber; distribution
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T3/ TORY P BB PIKBRLE) spICP-MS 4347 S AVE 77 1 5%
LREE VP ERIER Y A
L. P EBER ARSI R0, A S s A E R0, Jbat, 100085
2. HEFRFEER RS, J6RT, 100049

TEFRE R HLIX ,  E 4 8 5 YT — AN PR IR [ L S A ) . 2005 &2 2013 4E[E] TR (1)
[ S YR A A g5 R BoR, A E NI A AL R AR ER RN 16.1%, Hrh i
FREEHIIE 19.4% . TEHLIG G b 4B 8 bR AL 80%LA L, Cd. Hg. As. Pb fll Ni Ay I
FEPRIR T BEAL, 7EERr PR AL X AN TR AE X, KHALAAE I N NG 3 T 801 B 4 w5 4
MBAEABINEI]. HTEEBESEORERE R, FRER K. WFEEEZHE, Hik
Gk T 4B A B 1RSI 7 2QxE DA 4 T b s Pl I 3 S 5 R AR

B A i), A A B T R UGS A& S B T ATE BOR (spICP-MS), T —
BIEH T L8/ AR R & B8 4K BRI RAES WVR 775 (2] i i 3% E LAY 5 4
JEVG G X (JTRERSS, MBI T T EHT AR T, JETE T IR 4R AN
KPR I BERAPRFAE o« CASTN BT B R, FRATR G0 1 HI DUAR P 4 S8 40 oK i
LI IR SRR A AE . WFREE R EoR, JURRIE A Zn. Cu. Pb. Cd 240K
Bidy. o, 5 Pb 4KARL (PONPs) (13 B &, b imd i 5o 0k A AL 25 /0 A 91 45 A
MixSIAR TR A AR, R Ih %) PbNPs )75 LR E4T 7 2GR 5,

KW L, DO, SRAUKEURL, BRI T, BT, [FAERIIE

= PE N
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Bk 25 (8] 43 BEVUV-TOF 5 #2 U-Pb %2 4E K N F

LT, R, BRE, EiA°
LR R AR & T B E K S sEi6 %, JEat 100084
2EHR L TR Z Bk 51T B Rl 2 BT B RV Fi 0, BER 610059
HATAEE: EFEH (ymo@mail. tsinghua. edu. cn)

A U-Pb SRR IR W ER 547 2t i st 0 TR 2 —. SR, W28 A
BAMKRENE IR0 X, HAMES (A ERE A W LRk 7 (E
B 5-10 vm), £ EE (W LA-ICP-MS. SIMS) 2[R T4 18] > # % GAH>10
um) FMERCR, MELAREUCE [ o HF I E R E R . AR T — MR T 'S EIN0E
iy H B RAT RS (B (VUV-TOF-MS) [P 25 (8] 4 #ER U-Pb @48 k. KA 125.5 nm
(9.88 eV) VUV BOGSEIFE M EEZRIh 5 e, 28 VBT 2 wm 258 73 HF% 1) Pb-
Pb Ml Pb-U [E47 2 LI &M EAFE . &%) Pb-U EAEH1298Pb* 23 8U*  HAE 320G R iR i
AR JOT R0 5 X — SRR, A AT LR R L B 15 5 BRI °°Pb /(U +UO* +UO
2 * ) 55F200pp2 28U H Z [BAZTEM IR R (R >0.999). FIH 8 NS HEA K
1 N ICP-MS %8 X E S (48 - 3465 Ma) X% FEEHHT T RGWAE, (NFHRSEEL
(GJ-1) EPAI5E /% U-Pb HUAERHE. >300 Ma #5471 U-Pb BELE R E5SHHEME R >2.5
Ga T Z 5 £ 112 °7Pb/? °Pb LLAE MBI AHE AL T 0.4% (20 ). Pb-Pb LL{E7EHE/NE RS
YR Y AT BRI, TEHR IR IE . RIAZ T, BATOK RN Jack Hills HiEk 5
W B A HEAT T U-Pb 4E% . Pb-Pb E# M Fi 0K (REE) K G0, RILT S54E
WA OGN LT R A ARHIE, R T ABRLE MR T SRS A1 22 B AR I 52 07 T AR
., VUV-TOF-MS J7 ik N E J R4 0 /N B AR i I AR 2 e B3R B T Bk o7

%o

REEE: VUV-TOFiiE; U-PbiEsF; #ifr: M agds: WATH A

S 3CHR
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F25E FIAL R B BORTE = H 3 VR K R 2R 7= B P AR R
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ORI ZE AR o AN 757 4 P R0 A SR AR S 56 = 0 P R R TR 2 o % AR ) I P A %
S5 RBIRATICN, BAEIEM 2R . 9Py BIbT . B A i SRk L KT
QMR 5 T AL DA S R IUAR ) Fp A WL R B F T HEAT VA o

PR F B SSB HAR W 5 1PCy SN Dy 180 42 Rl 3R 5T i 43 A LA SR 58 A6 & P 8] 6 36 5
WA TR, W RoTR AT/ R e g RN R, . Ot AR E R 35 3 L& OK
A /R E SRR E R R R
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FsE AR BT (IRMS) Al HENE R . & & A WS TRFAMRIE, A4S
PRI ORI U EL R 7 T BOR o IZBRIRIEFA B A B - B[R o7 3R A% 8w SR AN, RES
T EMNIESE . MITARIA . TSR AV R BERIR SRR 2 A [1]. A SCERE
FasE FAL R PO SRR B, IS EVZREEORY . TSR A S BEIA . PR B RS T
FIEE, RGP S YRERVR . IR RYIRER . RS RGN B AT 7 T
HDR0I el - (e e CReRv ek S ge stk E S Ui e sy SR AC STve N EEvAE N ionll IS B iE T
IR R S R A S IEROR (2,3 RIS BT S AT AR B L Hcdfe PRy . AR AT AR S5 B
ST, RESBARGHERATME . ARENSHRRE BRI, NESRY . HE0A
B L SRR REE R RIS %

KB R RN R ASMELRY FALRIBEG 5PN Es: B AR S Y IE
SR
|40, M, BRI, S 1 [EHE, 2024,51 (05):1617-1643.
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Applications of Isotope Ratio Mass Spectrometry in Ecological and

Environmental Protection
Can Hu'", Haiyan Li, Xianhe Deng, Xinping Yu, Fengrui Zhang, Hongheng Mei, Hongling Guo
Insititute of Forensic Science, Ministry of Public Security of Chian, Beijing 100038, China;

ABSTRACT: Isotope Ratio Mass Spectrometry (IRMS) is an important analytical technique in
the field of ecological and environmental protection, which enables accurate measurement of
isotope ratios of elements including carbon, nitrogen, hydrogen, oxygen and sulfur. Relying on the
isotope transfer and enrichment effect along the “environmental medium-food chain” pathway, this
technique can address key scientific issues such as biological migration, material cycling, pollutant
sources, and geographic origins of individual organisms [1]. This paper reviews the technical
principles of isotope-ratio mass spectrometry. Scenarios including biodiversity conservation,
pollution-source tracing, ecological material cycling and environmental-risk assessment are covered.
It systematically summarizes research advances in wildlife forensic-origin tracing, environmental
pollutant tracing, and analysis of ecosystem material cycles. Special emphasis is placed on
forensic-ecological evidence techniques such as multi-element isotope determination of biological
tissues and Bayesian-probabilistic origin-tracing models for endangered-wildlife-related cases [2,3].
Practical bottlenecks including sample pretreatment, database construction and model
interpretability are analyzed. Future prospects are discussed, such as the integration of this
technique with machine-learning algorithms and the establishment of standardized reference
systems. This work provides technical references for ecological conservation, environmental
governance, and forensic appraisal in cases involving ecological and environmental offences.

KEY WORDS: Isotope ratio mass spectrometry; Ecological and environmental protection; Isotope
fingerprint; Pollution-source tracing; Wildlife and plant origin tracing.

REFERENCES

1. LiSY,HouQY, Yang ZF, et al. Geology in China, 2024, 51(05): 1617-1643.

2.Prigge T L, Andersson A A, Hatten C E H, et al. Biological Reviews, 2025,100(3):1083-1104.
3.Feng L, Wei C, Deng X, et al. Forensic Sci Inter, 2026, 379, 112736.

Corresponding author email: hucanjiayou@126.com.



114

JRT %/ TR SR BT
@ lfl_!X‘!g: 1,2%
Lo QIR A7 Hr sl e
2. PUNREAA A2 e

HEREBOR BRI 76 A TS LB 70 M i) R B RE AR R . (R EE RV AR A THE 2K
KRS DT T IR FE A, ARG R R TR S R B R et AR AR AE
Wk RS RRGIGERACR R, EREEER SRR S EETTHTEZ TR
(R, ST DAREAT el 2 B R s A 78 U A AT AR AR AR I B (AT LR B0 9
R EEAT A JE TR R REBOR I il /S 0 75 E AT T R IR

R RBRRGEE TR, SR TR REDGIE . TR AT, BEREEOR

B IR

1.L. Zhang, Y. Q. Li, J. Hu, H. J. Chen and X. D. Hou, Anal. Chem, 2025, 97, 18884-18895.
2.X.Y. Zou, Y. L. Zhang, H. J. Chen, J. Hu and X. D. Hou, 4nal. Chem, 2025, 97, 17931-17937.
3.J. Hu, H. J. Chen, X. M. Jiang, and X. D. Hou, Anal. Chem, 2021, 93, 11151-11158.

4.T. Zhang, J. Yang, S. Long, C. Yuan and X D. Hou, Anal. Chem, 2026, 98, 8519-8528.

5.Y. Li, L. Zhang, Y. M. Zhai, H. J. Che and X. D. Hou, Chem. Comm., 2026, 62, 5519-5522.

Corresponding author email, Tel



FIERGBE R 5755



117

MALDI s triteeiRA— AFUERFRIBGREERER
#E
TIFER, Hz2, ZYU2, BRE BRTRY, Kng
L A R AT, T 510275
2. Il KRB, M 510006

35 57 Bt B IO A TR FL S RAT B R RS AR (MALDI-TOF MSD) R 7E R BY 2 2172 A1 45 44
R ER, SEIARUY . AR R ANEE N T AL A R AL, 23 8] 5153 B i B B
Ro SR, & EE oA 23 T B R PR AL G 4 R RS W) 3R 50 B A FH Y LA B [RIEE, Al
MALDI-TOF KB 8] B8R AR Hh 32 5 5 45 it FF i 3R 10 22 e AU BN S I B SR I &g, A
FUR KRB G = i Ewmts, FEBCFIRIEERSE . 5B m 2 & B B R . 5 ik
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Simultaneous Imaging of Metal Ions and Organic Metabolites in
Tissues: Soft Ionization Strategies and Applications

Hongying Zhong*
School of Physical Science and Technology, Guangxi University, 100 East University Road,
Nanning 530004, P. R. China

ABSTRACT: Metal ions play crucial roles in enzymatic catalysis, signal transduction, redox
balance, environmental toxicological assessment, and disease pathogenesis.  Current elemental
imaging techniques, such as LA-ICP-MS, are highly sensitive, but their hard ionization processes
readily disrupt metal-biomolecule coordination forms. It is difficult to simultaneously obtain in
situ information on both metal elements and biomolecules by using current techniques.  Soft
ionization mass spectrometry imaging, through low-energy ionization strategies, utilizes metal-
iodide clusters and organic complexes to achieve soft ionization of metal ions. It enables
simultaneous imaging of metal ions and organic metabolites as well as discrimination of metal
valence states, thereby providing a new avenue for analyzing metal chemical speciation and
molecular structures.  Experimental results indicate that this soft ionization technique can be
applied to studies on metal transport in plants and environmental toxicological assessment, the
analysis of metal materials, and imaging studies of breast cancer brain metastasis tissue sections.

KEY WORDS: Metal ions, Soft ionization, Bioimaging, Spatial metabolomics, Valence states of
metal ions.
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Two Novel Mass Spectrometry Imaging Methods for Large-Sized

Samples and In Situ Untargeted Metabolite Identification
Yu Wang'2, Bing Xia'? *, Yan Zhou'>"
1. Chengdu Institute of Biology, Chinese Academy of Sciences. Chengdu 610213, China
2. University of Chinese Academy of Sciences, Beijing 101408, China

ABSTRACT: The Mass spectrometry imaging (MSI) is characterized by high sensitivity and high
specificity, enabling the intuitive visualization of the spatial distribution of molecules in biological
tissues, and thus playing an increasingly important role in studies such as drug metabolic pathways
and drug safety. MSI (e.g., MALDI, SIMS, DESI) is constructed by combining ionization
techniques with scanning techniques. However, because scanning techniques require mechanical
displacement stages, conventional MSI is difficult to apply to the analysis of large-sized samples.
Meanwhile, due to the inherent trade-off between spatial resolution and in situ tandem mass
spectrometry (MS2) acquisition, in situ untargeted metabolite identification remains challenging. To
address these issues, this study proposes two innovative mass spectrometry imaging methods. The
first is a thread-based two-dimensional-one-dimensional-two-dimensional mass spectrometry
imaging method (2D-1D-2D MSI). In this method, threads are woven into a two-dimensional plane
onto which the sample to be analyzed is imprinted. The two-dimensional plane is then decomposed
into one-dimensional thread bands, and a self-developed thread-mass spectrometry interface is
employed for desorption and ionization analysis. Finally, the acquired mass spectrometry data are
reconstructed into two-dimensional images to obtain the spatial distribution information of
molecules. This method requires only a simple and miniaturized thread-mass spectrometry interface
device, and the imaging size depends solely on the size of the thread plane onto which the sample is
imprinted. The thread plane is more easily scalable, making the analysis of large-sized samples
more convenient and cost-effective. In addition, this imaging technique inherits the advantages of
molecular imprinting technology, enabling the analysis of irregular and non-flat samples. The
developed MSI technique was successfully applied to analyze the spatial distribution of secondary
metabolites in an intact Broussonetia papyrifera seedling (100 mm X 180 mm), providing a new
analytical method for botanical research. The second method is clustering resampling mass
spectrometry imaging (CR-MSI), which innovatively converts in situ MS2 acquisition from
countless pixel scans into testing at a few representative points, allowing both spatial localization
and structural characterization data of metabolites to be obtained from a single tissue section.
Furthermore, an integrated device was designed to automate the CR-MSI workflow, transforming
MS2 acquisition from a labor-intensive, operator-dependent procedure into an objective, data-
driven process. Moreover, the synchronization between MSI data acquisition and processing
improves the overall MSI efficiency. When applied to rat brain imaging, 1175 MS2 species were
collected in situ, significantly enhancing the molecular identification capability of untargeted mass
spectrometry imaging.

KEY WORDS: Mass spectrometry imaging, thread-based mass spectrometry ion source, clustering
resampling, ambient ionization.

REFERENCES
(1) Wang, Y.; Xia, B.; Deng, S.; Ye, Y.; Zhou, Y. Performing 2D—1D-2D Mass Spectrometry
Imaging Using Strings. Anal. Chem. 2022, 94 (3), 1661-1668.

xiabing@cib.ac.cn; zhouyan@cib.ac.cn



124

P [F) R ZEMALDIF B % =p 1) v
G EiE EPHE
L A2, KA A 472609 5
0. KA G i 40 TR SRR 4 [ 3 90 s, KA A R A 175625 2

BRI (SCD JEMSEA N B2 51 R G (ACR) FHCEES R AR 1L, Zi@
PRI SOEPE IR A ) (RCSs) 2 e, GHEME MR MR AR 0T o 4 T 22 il i LA 1 I
RS T HEAAESCIR B it e B8 OCEE B, RV B ofd 4 B TG A e/ FEL S T % (MALDI MSDD
)1z T AL S S mﬂﬁﬁﬂwﬁﬁﬂ%¢%ﬁ\ﬁ%%wﬁﬁmmm@m
BAEGSME. Ak, FBOFFRT —Mbh2-BHEEEmk (2-HQ) FMla-FIk-4- 3L WAERR (CHCA)
HRE AL (co-matrix), FHTSCIJE KEAFHEAHZFIMALDI MSIZHT. fEiZK &R, 2-
HQ5 CHCATE F 85 7 X et T ¥ 57 45 f A oS [a) il e S B, (R I 2-HQ T Ji A7 328 5 14 M A7
ARCSs. ZFEZ MBS THE R, P [FJE A B PR 858 7 i e B B % . R A %
PIp ) 2 50 K BB BB I AL R AT A%, I B4 1T ROR AR, Hoh S P Rl 5 ACR
AL RO % AH G RS A . AHELZ TR, gt FH CHCA( R Aar il 2 15F AU (325N
NS5 ), T B B 2-HQAXAS U ) 1AM AC T« 6T ACRAH S 368 % rh O R A U5 47 i3k 47 B 1) 44 1B
M1, 878 TACRE B H IR Z MAFAE Y R Zh 5484k, PE IS TR IR (R R %
ST, p<0.01). AHFFNE ZAAG AW 2 G b 2 AR 25 50 1) 4 T AR o A B4t 77 —Ff
WoREE' . UbAl, HZUERKEOR R PR T R Bh OGBS R 8. (MALDI MSD)
22 8], (R IK i i 2 43— e A0 I K R rR AT AE AR A e E O ™ . AR T
— P BB (AAEX) SRS, Zikmd s A 20 F A 2KERH, IR
%F%M%J H B i e R B DI RE AL I AL BN (ITO) #ak A k. AAEXAT A 2 1k

H LB AE K AR =N H BT A A7 B 1A R A x-y 77 i e FF . 22 = A A itfE 24
,A%hmﬁ%%#m SfERasE e, AT E4EH TMALDI MSIZ T,  87E B3 K AL BT 9%
% . E/N BN FIMALDI MSISES H,  AAEXAE 25 (8] 70 B R 42 TF 7 VUG, 15020 95 vt
FRZH A vk X 43 B RS AN AR R G54 2 o AAEXF AR TE $2 EIMALDIMS T3 26 1) [1] B R0 S 56 f4) e
I, FBRAR T L6 ) AR A o

X MALDURMERLR, WRER, FMRIHIES, RPN, WK%,

S R

1.M.J.Li, L.S.Chen, G, T. Xu,Y. X. Liu, H. Wang®, X. H. Guo® 4nal. Chem. 2026, In revision. .

2.Y. H. Chan, K. C. Pathmasiri, D. P. Jacques, M. C. Hibbard, N. Tao, Fischer J. L., E. Yang, S. M.
Cologna, R. Gao, Nat. Commun. 2024, 15, 5036.

3.H. Zhang, H. Lu, L. Ding, P. W. Tillberg, A. Hu, X. Shi, M. C. Wang, P. Huang, L. Li, Nat. Methods
2025, 22, 1051-1058.

guoxh@jlu.edu.cn Tel.0431-85166389


mailto:guoxh@jlu.edu.cn

YT IVAST (3
N,



126

Microdroplet-Enhanced Photoaging of Polystyrene Microplastics:
Interfacial ROS Generation, Molecular Transformation, and

Ecotoxicity Potential
Ying Chen', Xinying Gong'>*, Zhengjun Gong'>*

1. School of Environmental Science and Engineering, Sichuan Engineering Research Center for
Pollution Control in Rail Transit Engineering, Southwest Jiaotong University, Chengdu 611756,
China;

2. State Key Laboratory of Intelligent Geotechnics and Tunnelling, Southwest Jiaotong University,
Chengdu 610031, China

ABSTRACT: Microdroplet interfaces are increasingly recognized as highly reactive
microenvironments'?, yet their effects on the photoaging of chemically stable polymeric
microplastics and the molecular evolution of released dissolved organic matter remain poorly
understood. Here, polystyrene microplastics (PS-MPs) were used as a model polymer to determine
whether microdroplet interfaces merely accelerate photooxidation or fundamentally alter polymer
transformation pathways. PS-MPs were irradiated under microdroplet, bulk aqueous, and dry-
powder conditions. Particle localization, morphology, and surface chemistry were characterized by
confocal microscopy, SEM, XPS, and time-resolved FTIR spectroscopy. The released PS-derived
dissolved organic matter (PS-DOM) was further analyzed by three-dimensional excitation-emission
fluorescence spectroscopy and ultrahigh-resolution FT-ICR MS. Reactive oxygen species (ROS)
were examined using molecular probes and EPR spectroscopy, while the local interfacial electric
field was evaluated by vibrational Stark-effect SERS. PS-MPs preferentially accumulated at the
air—water interface, where substantially enhanced surface oxidation and chain scission were
observed compared with the bulk and dry-powder systems. FT-ICR MS revealed a clear stage-
dependent molecular evolution of PS-DOM. Microdroplet-derived PS-DOM contained smaller,
more unsaturated, and more oxygenated molecular formulas, while bulk-derived PS-DOM was
dominated by relatively intact additive-related compounds. The apparent *OH-equivalent response
reached 927.2 uM in microdroplets compared with 2.8 uM in bulk water, and the local interfacial
electric field in PS-containing microdroplets was estimated to be approximately 8.1 x 108 V. m™..
ECOSAR screening further indicated distinct predicted ecotoxicological profiles between the two
systems. These results demonstrate that microdroplet interfaces not only accelerate PS photoaging
but also redirect the molecular transformation of PS-DOM through temporally distinct reaction
regimes. The findings highlight the air-water interface as an important but previously
underappreciated reaction environment governing the environmental transformation and potential
risk evolution of microplastics.

KEY WORDS: Microdroplets, air-water interface, PS-MPs, reactive oxygen species, PS-DOM.
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Environmentally Relevant Chronic Nonylphenol Exposure Promotes
Breast Cancer Progression via Arachidonic Acid Metabolism-

Dependent Inflammation
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Fujian Provincial Key Laboratory of Analysis and Detection Technology for Food Safety, College
of Chemistry, Fuzhou University, Fuzhou, Fujian, 350116, China

ABSTRACT: Nonylphenol (NP) is a widespread endocrine-disrupting chemical, yet its role in
triple-negative breast cancer (TNBC) remains unclear. In this study, a 4T1-Luc mouse model was
employed, combined with lipidomics and metabolomics, to investigate the effects of chronic NP
exposure (1 and 10 pg/kg/day) on TNBC progression. In vitro experiments showed that NP at 0.5
and 1 pM significantly enhanced the proliferation of 4T1-Luc three-dimensional spheroids and
promoted cell migration and colony formation, suggesting a direct tumor-promoting effect. In vivo,
high-dose NP (10 pg/kg/day) accelerated primary tumor growth, markedly increased tumor volume
and weight, and substantially enhanced axillary lymph node and lung metastasis. Although the low-
dose group (1 pg/kg/day) did not reach statistical significance, all measured indicators exhibited
consistent upward trends, implying potential long-term risks. Multi-omics analysis revealed
extensive metabolic remodeling: glycerophospholipid and sphingolipid metabolism was
significantly altered, multiple membrane-associated lipids were elevated, glutathione levels
decreased, and purine metabolism was markedly perturbed. Inflammatory cytokines TNF-a, IL-1p,
and IL-6 were significantly elevated, and arachidonic acid-derived eicosanoids (PGF2a, LTC4, etc.)
also accumulated notably. Molecular docking suggested that NP may bind to key regulatory
proteins including SRC, STAT3, PTGS2, and IL-1pB, with a binding energy of —6.2 kcal/mol for
PTGS2, thereby participating in oxidative stress and metabolic adaptation. Collectively, these
results reveal the toxicological and metabolic consequences of chronic NP exposure and highlight
its potential role in promoting TNBC progression, providing a scientific basis for the revision of
environmental safety thresholds and the development of prevention strategies for pollutant-
associated breast cancer.

KEY WORDS: Nonylphenol, Endocrine-disrupting chemicals, Triple-negative breast cancer,
Metabolomics.
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Figure 1 Electrophoreograms of CE-ICP-MS analysis of selenium species in lysates from HCCLM3 or HuH-7
cells incubated with SeMet, SeCys or SeCGSH. Incubating (a) HCCLM3 or (c) HuH-7 cells with SeMet with
selenium content of 500 ng/L. spk 1-3 indicates the sequential addition of SeC-IAA, SeSugl and SeMet to the
lysate. For HuH-7 cells, spkl1 indicates the addition of SeC-IAA and SeSugl and spk2 means further addition of
SeMet. Inset graph was the partial magnification of red and blue lines. SeCys or SeCys combined with GSH (six
times the molar amount of SeCys used) with selenium content of 500 pug/L was applied for incubation of (b)
HCCLMS3 or (d) HuH-7 cells. In the figure, spk indicates the addition of SeC-IAA into the lysate. Blank is the

electrophoreogram of lysate from cells not incubated with any added selenium species.
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Mixed-Metal Labeling Signal Amplification-Enabled COF
Fluorescence Array for Honey Provenance

Traceability and Adulteration Identification

Tao Zhang !, Chenghui Li?, Xiandeng Hou "
1. Key Laboratory of Green Chemistry & Technology of MOE, College of Chemistry, Sichuan

University, Chengdu 610064, China;
2. Analytical & Testing Center, Sichuan University, Chengdu 610064, China

ABSTRACT: Traceability of honey's origin and detection of adulteration are crucial for ensuring
food quality and authenticity. However, the chemical compositions of honeys from different
sources are highly similar, and syrup-based adulterants overlap with honey's primary sugar
components, making it challenging for traditional detection methods to distinguish between
complex samples with high precision. In this study, we developed a covalent organic framework
(COF) fluorescence array based on the signal amplification of mixed metal ions, which, combined
with machine learning, enables the traceability of acacia honey and the detection of syrup
adulteration. By screening five metal ions—Zn?*", Te*, Al**, Ni**, and Pd*—as competitive
labeling components and combining them with four COF materials exhibiting distinct
fluorescence response characteristics, the study utilized the interactions between metal ions, COFs,
and honey components to modulate fluorescence responses, enhance the response differences
among different honey samples, and construct multidimensional fluorescence fingerprints. We
further employed Principal Component Analysis (PCA), Linear Discriminant Analysis (LDA), K-
Nearest Neighbors (KNN), Partial Least Squares Discriminant Analysis (PLS-DA), Support
Vector Machines (SVM), and Random Forests (RF) for data analysis and classification modeling.
The experimental results demonstrate that this array can effectively distinguish among nine types
of acacia honey from different sources and classify five categories of adulterants. After
introducing mixed metal ion labeling, all four supervised learning models achieved 100%
accuracy in classifying the origin of acacia honey. Furthermore, this method can effectively
distinguish between samples with different adulteration ratios and those adulterated with mixed
syrups. In summary, by combining mixed-metal-ion-mediated fluorescence response modulation
with multidimensional fingerprinting using COF arrays, this study enhances the ability to
distinguish signals among similar honey samples, providing an analytical strategy with practical
application potential for tracing honey origins and detecting syrup adulteration.

KEY WORDS: Heavy metal detection; COF fluorescent sensor array; honey traceability;

adulteration detection; machine learning.
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Surveillance of organophosphate ester in pre-prepared dishes based

on LC-MS/MS and human exposure assessment

Minghao Sun!, Zhixiong Shi!*

1. School of Public Health, Capital Medical University, Beijing 100069, China
ABSTRACT: Organophosphate esters (OPEs) are widely used as flame retardants and plasticizers
in plastics, packaging materials, and other consumer products. Due to their extensive application,
OPEs have become emerging contaminants of concern. Prepared dishes may present potential
risks because of long-term contact with packaging materials and heating before consumption. This
study aimed to establish an analytical method for the determination of OPEs and their metabolites
(mOPEs) in food matrices, characterize contamination levels in pre-prepared dishes and packaging
materials, investigate migration behaviors, and assess dietary exposure among the population. A
freeze-induced separation pretreatment method coupled with high-performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS) was developed for the simultaneous
extraction, purification, and quantification of OPEs/mOPEs in food samples. A total of 347
commercially available prepared dish samples were collected and analyzed for 28 OPEs and 13
mOPEs. Dietary exposure was estimated using measured concentrations combined with dietary
consumption data of Beijing residents. In addition, migration experiments were conducted using
polypropylene, polyethylene, melamine-formaldehyde resin, polylactic acid, and rice-husk-fiber-
based packaging materials under simulated food contact conditions. The effects of heating
prepared dishes in their original packaging on OPEs/mOPEs contamination were also evaluated.
The established analytical method showed satisfactory linearity, recovery, precision, and
sensitivity, and was suitable for large-scale analysis of food samples. OPEs and mOPEs were
widely detected in pre-prepared dishes. The total concentrations of OPEs ranged from 1.05 to
115.23 ng/g wet weight (ww), with a geometric mean of 9.10 ng/g ww, while total mOPEs ranged
from 0.10 to 7.82 ng/g ww, with a geometric mean of 1.19 ng/g ww. Compared with fresh foods,
pre-prepared dishes showed significantly higher OPEs contamination levels, suggesting that food
processing and packaging may introduce additional contamination. Migration experiments
demonstrated that different packaging materials could release OPEs into food simulants, and the
major migrated compounds were consistent with those detected in pre-prepared dishes. Heating in
packaging increased overall OPEs levels in some samples, indicating enhanced migration under
heating conditions. Dietary exposure assessment suggested that OPEs/mOPEs exposure through
pre-prepared dishes among Beijing residents was below existing health guidance values, although
continued attention is required due to limited toxicological information for many compounds. This
study established a reliable analytical approach for detection of OPEs/mOPEs in food matrices
and systematically characterized contamination profiles, migration patterns, and dietary exposure
risks associated with prepared dishes. The findings highlight the importance of incorporating food
contact materials into the risk assessment framework for emerging food contaminants.

KEY WORDS: Organophosphate esters; Prepared dishes; Food packaging materials; Exposure
assessment; Food safety
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COFZESPME- i =5 w1 F A 2 AL &0
MR, BEH, gigR, mHF
l. LM RZEEmF, 8 214122

ATHGE . R B AR IR &Y (PEAS) T T, A SUE 1 PFASIR 5 L () 5%
BERTHE. SR, FREERE S PRASIE H AL TARMRIR /K, HIAFRE S 2%, mEEZ) T 4
BTk PERESE T o X IR, AHE 7B TH % T 2RI REAL gk R =4I E HLE
8 (COFs) MEl, K HIGE THEAMMAR (SPME) 4, I 5r 05t fE LB (SP
ME-AMS). %KW RlG T COFsARME 57 (153 1R 7 g 715 SPME-AMS#5 AR f0 (5% 73 55
AIELR Ve SR e 3, ST 1 R A B 3L B P PRAS IR . = RO 2 . B L R Gtk
7 COFs [t H:SPME#REF i 26 Z 40, VPU T A [FICOFsX PFASHIR FHAT A, Haon 1 H G #
PEE ML, FFYR IR I X H ARPFAS B S FE A BXUPE RE [ COFs# R} . 7E bRl |, %
37 1 3T COFs-SPME-AMSEX H B Mt 771, BB B T AN [ 2R Y SR B4 5 A PFAS )
TEBEHT 1% TAEAN I TE T PFASHR B AR FRRIE RS, HNPFASE U BT d it T H AR
S, FIRHES) T ThREALCOFsHRME IR 15 4 BT A0 2 v 1 SE B S FH o
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COF-Based SPME Coupled with Ambient Mass Spectrometry for

PFAS Detection
Xu-Qin Ran!, Qian-Ying Mao', Hai-Long Qian'-"
1. School of Food Science and Technology, Jiangnan University, Wuxi, 214122, China_

ABSTRACT: Rapid and sensitive analysis of per- and polyfluoroalkyl substances (PFAS) is
critical for pollution control, yet their trace levels and matrix interferences in environmental
samples remain major obstacles. To address this, we synthesized functionalized 2D and 3D
covalent organic frameworks (COFs) as solid-phase microextraction (SPME) coatings, coupled
with ambient mass spectrometry (SPME-AMS). This combination leverages COFs' molecular
recognition and SPME-AMS's chromatography-free, online-desorption capabilities for rapid,
sensitive PFAS detection in complex matrices. Preparation parameters and adsorption behaviors
were systematically optimized to elucidate the enrichment mechanism and identify the most
efficient COFs. A novel COF-SPME-AMS method was established and successfully applied to
PFAS quantification in various environmental samples. This work expands PFAS adsorbent
options, provides technical support for efficient analysis, and promotes functionalized COFs in
environmental chemistry.

KEY WORDS: Covalent organic frameworks, Solid-phase microextraction, Ambient mass
spectrometry, Perfluoroalkyl substances.
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A S R (FLCMs). B BYACPHBA (NBFRs) 25 i ARAHLIT J M B &4 8
A KBTS B SRR AE, ARSI R S MR EE A S, SLIixs 3
YIRS HE VLI 5 B P B S . HMEERE . Bisfikz LS BN T
JREACE, I oM RARCOK R M, I iy M B & AT Ak 38 8 B AR 2 i e iz 3
R R . FANTENIAESE (COFs) RN B et m . 2 T ohaefb et S50
e, ERE ST AL BRI A RIS AT . AT 2 R FH A AR U S e AR R,
# AN IIRE COFs UM KL, &6 M G- BERE (GC-MS/MS), g X)
FLCMs 5 NBFRs IR &5 #1772,

R TR SR EER, PRI COFs M#it& k. LB FLCMs &
EFEPEZEEL . DAXE 2R — F S R LA AT AR AT AR 4 3 P R B2 22 4L COFs
(EtTp-COF. EtDf-COF. EtTf-COF), &WLah 15, #4151 Re i i 43 2 & 044 R
EtDf- COF, % [H A H - GC-MS/MS (MSPE-GC-MS/MS) 3t J7ik. 1% J5 i 2 U
B4 8min, fuHFRAIIA 03 ng/L, #HEAEMIMEDRE, HILNHH T, wig. K. EiE
WEKPE AT I, 7ERW. PR FLCMs, HEMYS Je k5 5 i 5 B 13 7= Mk 25 DI AH 5% o
Ak, R GhEG TR SRS 42 COFs fLIES5 M S LRI, SCIXT NBFRs &80 4
DL Br-COF Jy 2L, 4% Ko 44 bL 4 i 2% A [ Sk [ 7K P (1) Br- COF-10. Br-COF-30.
Br-COF-50, #Z5&H#ERAES MR TPALTiiiE H Br-COF-10, & B AHHMZER (SPME) iR
JEET4E, @51 SPME-GC-MS/MS ¥l 5%, & s £ 450 T 6000 5, HHREE
0.116ng/L, A FFIREKMAE & ke F NBFRs 20 87; 1%3% 2 3B RE N 7 FH 47 4 1
2.72~157.81 1%, BAABERDNALME . A0 508 s AE WIS P IR A I B2 B B R
FB, tHNmTEEE COFs ZEHUM B E M iH 5 il 4 S LB A3 .
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Chemical Labeling-Driven Quantitative Decoding and Functional

Characterization of Protein Glycosylation

Jialin Liu"*
1. National Center for Protein Sciences (Beijing), 38 Life Science Park Road, Changping District,
Beijing, 102206, China

ABSTRACT: Protein glycosylation broadly regulates biological processes, yet its structural
diversity and dynamic remodeling complicate quantitative and functional analysis. We established
a chemical glycoproteomics framework integrating chemical labeling, mass spectrometry, and
quantitative decoding. Chemoenzymatic labeling, isotope-coded probes, and targeted multistage
tandem mass spectrometry enabled deep, site-specific quantification of O-GlcNAcylation,
revealing its remodeling during cell-cycle progression and tumor progression. Click-iG enabled
simultaneous profiling of intact N-linked, O-GalNAc, and O-GlcNAcylated glycopeptides. We
then developed i-CIQ, purpose-built software for quantitative chemical glycoproteomics,
improving intact-glycopeptide coverage and accuracy and revealing dynamic changes in
fibronectin core fucosylation and its role in cell differentiation. Integrating glycoproteomics with
structural and functional analyses uncovered how the N-glycan and terminal sialylated glycan on
MFSD6 cooperatively engage the viral capsid to trigger enterovirus D68 uncoating and entry.
Together, these studies connect glycosylation-specific profiling, multi-class quantitative decoding,
and mechanistic discovery, providing a framework for resolving glycosylation dynamics and
biological function.

KEY WORDS: Glycosylation; Mass Spectrometry; Chemical Labeling;
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HRGRAL, WM E SR E T R IAT 9 5L, #57 MSPE-ICP-MS 73 177
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A3 LA-ICP-MS S e R R W 7 AT IR R, S BOR TR EAH L ARR
WMEITTR K e AR, NITCR BRI AT SR BOR B A . AR /4 TR
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Magnetic Solid- Phase Extraction Pretreatment Technology and
Visualization Characterization Method of Trace Elements Based on

ICP- MS

Wang Yi'"*
1. Analysis and Testing Center, Tianjin University, Tianjin 300072, China

ABSTRACT: Inductively coupled plasma mass spectrometry (ICP MS) has become a core
technique for trace inorganic elemental analysis owing to its advantages including low detection
limit, fast analysis speed and simultaneous multi-element determination. Laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS) enables the visualization
characterization of in situ trace element distribution in solid samples. Aiming at the challenge that
trace heavy metal elements in complex environmental water samples are difficult to be accurately
quantified, this report presents recent research on functional magnetic solid phase extraction
(MSPE) nano-adsorbents developed by our team. A variety of functional magnetic nano-
adsorbents were synthesized and systematically characterized. The adsorption behaviors and
interaction mechanisms toward heavy metal ions were investigated. An MSPE-ICP-MS analytical
method was established and applied to environmental water sample measurement, which exhibits
favorable accuracy and repeatability.

The LA-ICP-MS technique for trace element imaging was explored. This technique can acquire
two dimensional distribution images of trace elements in solid tissues and on material surfaces,
providing a technical route for the analysis of elemental spatial distribution. Typical application
cases supported by LA-ICP-MS from the Large-scale Instrument Platform of Tianjin University is
introduced. Over the past two years, applications in biomedicine, microelectronics, geoscience and
other research fields have been realized. Sharing these application cases helps advance this in-situ
elemental characterization technology.

KEY WORDS: magnetic solid phase extraction; inductively coupled plasma mass spectrometry;
laser ablation; heavy metal adsorption
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SEZRINERE A A LS R PR R RSHE TR TR . B HOR AR H R R
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VA BB AL A R U PP AL SR AL T OB 3 BT AR SRR

s Human exposure Lacking ultratrace
[ | ADME
I » ,_LCMs_ » s ‘ detection method
__g oxicity study t

Mobile Liquid crystal
phones displays

Problem’ Solving

EDPPB

E EDPrB ‘
EDPeB  DEB|

TECB
E 3 Jf

Time (min)

T-POC
Hydrophobicity
Thermal stability High efficient enrichment
Fast mass transfer

High sensitivity LOQs: 1.5-8.9 pg/mL
High accuracy EFs: 2911-5537

K] 1 CA-SPME-GC-MS 755 7 SO I 5 i B AR it A2 1]

REEW: A RBNE ARG BUE A R s T AR R

B IR
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BT E RN B ARESY A T uRESH ICP-MS 747

é \:I—“ R"
Ear o e B E SR S, MR KA A TR, RO R IR, A
210023

SEIUA S RVEYIRE SR R TE SRS . mEREES B0 R A IR Bk,
BT —A KB RUR4ERF 5 B T A ERE i Ab B F2 b i RS Ve o 2T [ AH W B A4 L
FEHA, BFEEMFER (SPE). EAMHMFER (SPME). B4 BEAMAHMAER (CME) F#
[ FHAEHL (MSPE) %5 H 2552 #)5¢yk2, F—J71H, FHAS FEZEHE AR (MIT) Fril &1
SFENERAY) (MIPs) e Mt iR A RE € M B AR 70 7E MIPs J&ih B R fE i R 15
TEVERAY) (1IPs) T RESEIL 2 MRS B 1 B4R 1 7 B9 s 4R B4,

BATTR AR TR A v 4% 740 25 1 EaZe J A B Ak, BTl £ 160 Cu(ID)-TIP A4 0 d i
UF. MUBRGREE & sk MR, & —FhERAE ) CME Akl . Cu(ID-TIP X Cu(Il) [ W B 25 &3zt
T Cu(ID-NIP, 1 HAL T EE I8 T Cu(ID)-NIP, 5 HEHEE % FRRE (ICP-MS)
BT H T RS S50 8S 1 Cu(ll); A FesOs@HM [ AH# A, /£ R s
HIE RS T R % 7 Ce(Il)-MIIP. 3T Ce(II)-MIIP Jy44#H ) MSPE-ICP-MS Jj ¥2: ] vH i
W52 B 50 PRE i IR & Ce(IlT);  7E FesOs@HM 3 THJE L 2% 7] EP 78y 1] £ 7 Au(I1D)-
MIIP, #HBFE AL R K # P B Pt 48R /1, 2T Au(Il)-MIIP [¥] MSPE-ICP-MS
J5 A AE R E PR SRR S R R B Au(ID); R DY 258 R RERE (TEOS) AT 3-(F 3k
PR IR = AR (y-MAPS) 7E Fe;04 R K 45 A A HL- TN L E,
G UL KoCrOr 5 4-Z M5 2EMEnE (4-VP) JEELEY 1, CrCly-6HO 5HENER (MAA)
TR AW 2. PRI &Y 5 05 5 FesOs 40K bL 138 i 2 — B — W 3L 7 445 1% i
(EDMA) =8k, 13 EIXE T IR A, SEOU PR A A PR & b Cr(VD AN
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T [6] Rh B Sl R L3R 0 AT B R R 0 B T 9

ZHE, FEW, R, FEFR, Ef, Rk
PALZE AR RT, 1% 710024

S(Ke) FIRL R R K E AN, ZIAEE IR R KSR B4 B A A ] B AR R
SR . R AS SR T U DR AR W R AR S IR S AR BT RE S, O I R R K
FfREE kAR, 2R, SEhrfEd CRR. TR KEE AR AA) & (A
FEITET Kr, Ar/Kr FE AR 104~100,25 835 5200 Kr [FIA7 2002 e mfl Ao B2 . (R,
I Ar 5 Kr 8285007 B8 AR s Kre [BISCRM, 2 Kre [RI07 Z 00 & ) 9 R 2 o

AR FEHEET H EHE R AT REL, KRB -BREAR, R 7T AHENA
Br Ar 5 Kr 1955 8526 L30T TIRBHIRE (55, 65, 70, 75 KD\ fEMRIRE (100,
120, 150 KD S BH-ARWR A FR VB (24 3+ 4 ) SEAR B PR 250k 70 M ood 43 B8 M R 1K) 54
L K A OAr IS T, THE Kre BISCRA Ke/Ar 23 3552, RASLIGEE 3 IRBUME.

FEERWMT: 1 WHHRERmWEE: BB MR RE, WHHREMM 75 K
FEARE 65 K, Kr [IUSCR M 58%TF 4 88%, 1H &M 378 BRFE &= 41, RUMKIREF]T Kr
WP, A0S0 Ar LR BN . 2. MR EESR T R B WL . IR REL, AR
FEM 100 K THE 150 K, [BR M 62%I8 E 78%, 4355 B M Z) 800 SR THZE 1537, i W4
R R T e R Ko TR B Are 3 TEINIREURCHE: [ RS . IR, 53R
W 2 R A 4 0%, TSGR 72%ZR18 TH 28 78%, 1M 43 25 N2 175 KIEIRTHZ 1537,
IESEZ RIEFR T2 “IE0E” VTR Ar, BEMIRASARE, AL, IR
W BRHELE 70 K REWIRE 150 Ko #EIRIREL 4 IR Z4M R Kr [FISCR =k 78%, Kr/Ar 4
B EE 1537 (Ar R AN 0.065%), 3z T8 B8 O B g R, TR S 1 JR &
I M RS 5 R R MR ORS R . deAh, BF 70 R LW B 1 — S0 o 45 SRR (2
FAEI IR (ande 70 K J5 65 KD, FISCREEENIE +£10%, 70 B N2 30%, il
WE RAE A R AR BRI P 1E S

AHIEFERIH M MR 7N T WP . RS SRR RO Ka/Ar 4 25 1 ik R AL,
FREST TS e T i ) B R ARG SRS, R ER A AR T R E K AR AT At
TOIEEM Ar THOERR T B o R HER) Kr R A7 2 AEHBRR L PRI 045 453 1) 8L P
HAREZE N . KR —DIREH WAL (W1 MOFs. POPs) FRE AR E B EFEFT
DA A 43 B 0R E PR
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