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A B S T R A C T 

Liquid crystal monomers (LCMs), critical components of liquid crystal displays (LCDs) found in everyday electronic devices, have recently been identified as 

emerging indoor air contaminants. Due to their persistence, bioaccumulation, and toxicity, LCMs pose a potential risk to human health, especially as people spend 

significant time indoors. This review synthesizes findings from global studies on the occurrence, concentration levels, exposure routes, and potential health impacts 

of LCMs. Results reveal widespread presence of LCMs indoors, with dust ingestion and dermal absorption identified as major exposure pathways, particularly 

affecting infants and children. Experimental studies suggest that LCMs may cause cytotoxicity, oxidative stress, endocrine disruption, and other adverse effects, 

although conclusive human health impacts remain under-researched. The review highlights critical knowledge gaps, stressing the need for further epidemiological 

studies, standardized methodologies, and enhanced indoor air quality monitoring to better understand and mitigate the risks associated with LCM exposure. 
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1. Introduction 

Contaminants of emerging concern (CECs) or pollutants of emerging concern are a significant and large class of environmental contaminants/pollutants 

from human-induced activities.(Cetinkaya et al., 2025; Y. Y. Zhang et al., 2025)  Liquid crystal monomers (LCMs) have been proposed as a novel class 

of emerging pollutants.(S. Zhang et al., 2022)  LCMs are a family of synthetic organic chemicals which are intermediate between liquid and solid states 

at normal ambient temperatures, and this characteristic makes them a critical component of liquid crystal displays (LCDs) of various electric and electronic 

products (e-products).(Cheng et al., 2023; Su et al., 2019) LCDs are found in daily use items ranging from small hand-held calculators, smart watches, 

mobile phones, digital cameras, tablets, game consoles, laptops and desktop computers to large-sized displays such as flat-screen televisions, large-screen 

monitors, solar panels, and other intelligent electronic products for communication, study, work, and entertainment.(Cenci et al., 2022; Chandel et al., 

2022; Jin, Fan, et al., 2023; Q. Liu & Abbatt, 2021; Yao et al., 2023) LCD screens can release their LCM contents into the indoor environment (whether 

the devices are running or not),(Jin, Yu, et al., 2023; Q. Yang et al., 2025) and this is concerning as LCMs have been identified as an emerging group of 

potentially persistent, bio-accumulative, toxic, and long-range atmospheric transport pollutants.(Lin et al., 2024; Su et al., 2019; Q. Yang et al., 2025) In 

addition, humans spend about 90% of their time living or working indoors,(Q. Liu & Abbatt, 2021) and LCMs persist 10-150 times longer indoors 

compared to outdoors,(Miramontes Gonzalez & Li, 2024) making the indoor environment an intense exposure site for humans. 

Although LCDs were discovered more than a century ago (in the 1880s),(R. Li et al., 2023; Thanh & Ayan Au, 2023) they were commercially produced 

in large scales around four decades ago (in the 1980s),(Thanh & Ayan Au, 2023) but were only challenged for the potential toxicities of their LCMs-

content in 2018.(J. Li et al., 2018) LCD panels are mainly produced in 3 Asian countries: China, Japan, and South Korea; with China being the world’s 

largest producer of the latest generation LCD panels.(Su et al., 2019) With the increasing modernization of human lifestyle globally, the production of 

LCD panels increased by 4900% between 2000 and 2018 (from 2 million m2 to 198 million m2).(R. Li et al., 2023; L. Y. Liu et al., 2023) Current LCD-

containing devices are usually composed of more than 10-20 LCMs,(H. Li et al., 2024; Su et al., 2024) and mobile phones were the most popular LCD 

device with up to 70.3% (i.e. 5.75 billion) of the world’s total population using mobile phones as of October 2024.(Kemp, 2024) Despite this, people do 

not know the environmental effects of LCMs.(Su et al., 2019) 

In the light of over 10,000 LCMs analogues currently synthesized for commercial purposes,(C. Li et al., 2021) and an estimated 1.07–107 kg of LCMs 

directly released into the environment per annum worldwide,(Liang et al., 2021) most LCM manufacturers have announced that the LCMs do not pose 

significant risks to organisms and the environment.(Stadelmann et al., 2024) However, the increasing focus on environmental pollution has led to the 

further identification and characterization of LCMs and transitioned them from the initially celebrated unique chemicals to contaminants of significant 

concern.(F. Wang et al., 2024) Despite the ubiquitous and emerging toxic nature of LCMs, their overall characteristics have not been fully studied.(Q. 
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Liu & Abbatt, 2021; Su et al., 2019) Thus, this synthesis of knowledge on the occurrence, concentration levels, main intake/exposure routes, most exposed 

groups, and potential health impacts of LCMs is very timely in the current need to study a globally distributed emerging indoor air pollutant. 

1.1 Objectives 

The primary objectives of this review were to: (i) Review the occurrence and concentration levels of LCMs in indoor environments globally; (ii) Establish 

the main intake/exposure routes and most exposed groups to LCMs in indoor environments globally; (iii) Review the level of potential or established 

health impacts from exposure to LCMs in indoor environments globally; and (iv) Raise concerns and directions/areas for future research. 

2. Materials and Methods 

This review synthesizes findings from recent studies published between 2018 and January 2025 on PubMed, Scopus, Web of Science, and Google Scholar 

databases using keywords including “liquid crystal monomers”, “contaminants of emerging concern”, “indoor air pollution”, “electronic devices”, “liquid 

crystal displays”, “human exposure”, and “environmental health”. Studies were selected based on relevance, recency, and the robustness of their 

methodologies.    

3. Results and Discussions 

3.1 Occurrence and concentration levels of LCMs in indoor environments globally 

The available studies on LCMs in indoor air were mainly from Asia, Europe and North America, and the occurrence and concentration comparisons were 

only available for three countries (China, Sweden, and the USA). The indoor environments studied were mainly residential (homes and dormitories) and 

non-residential (offices, pre-school, park, laboratory etc.) sites. As shown in Table 1, the sample sizes ranged between 12 and 112 indoor sites per study.  

There are difficulties in the dentification of LCDs in the environment due to manufacturers’ confidentiality on the formulas used in their 

production.(Cheng et al., 2023) Nevertheless, between 2018 and 2024, 12-64 target LCMs were studied, and 3-47 of the LCMs were detected in indoor 

environments in each of the studies. These studies showed that among the residential homes, the lowest mean ΣLCM concentration was 87.2ng/g in 

China,(S. Zhang et al., 2022) and the highest mean ΣLCM was 2,030ng/g in the USA.(Y. Liu et al., 2024) Among the residential homes, the median 

ΣLCM concentrations from indoor dust ranged from 12.00ng/g in Beijing China,(R. Yang et al., 2023) to 402 ng/g in 16 States of the USA.(Y. Liu & 

Kannan, 2024) The highest median ΣLCM concentration of 67,400ng/g was recorded within the indoor environment of an electronic waste recycling 

industrial park in Central China.(Cheng et al., 2022) These results indicate the extensive occurrences of LCMs in indoor environments.  

3.2 Occurrence and concentration levels of LCMs in indoor environments globally 

LCMs are not covalently bonded to any host materials in LCDs thus they are emitted into the environment during the production, use, disposal, and 

recycling of electronic products.(Q. Yang et al., 2025) LCMs have been detected on human skin, in indoor dust, air, food, human serum and breastmilk.(R. 

Li et al., 2023; Stadelmann et al., 2024; Su et al., 2024; Thanh & Ayan Au, 2023; Wu et al., 2025; R. Yang et al., 2023) The major intake pathways of 

LCMs emitted into the environment were dust ingestion and dermal absorption including direct contact with LCD screens (Table 1). The major intake 

pathway for infants is through breast milk, which also reflects the mother’s exposure.(R. Yang et al., 2023) Other main pathways of intake of LCMs are 

inhalation and dietary exposure.(Jin, Fan, et al., 2023; Y. Wang et al., 2024) 

Across several studies, younger persons (infants, toddlers, children) were the most exposed to LCMs, compared to adults.(Huang et al., 2022; H. Li et 

al., 2024; Y. Liu & Kannan, 2024; R. Yang et al., 2023; Yao et al., 2023) Younger children may face higher exposure doses due to their behaviours, such 

as hand-to-mouth activities and proximity to dust-laden surfaces. In addition, there was a positive relationship of indoor ventilation on habits (hours per 

day) and a significant negative correlation of the frequency of cleaning per month, and the level of LCMs in the dust.(R. Yang et al., 2023) The implication 

is that ventilation and frequent cleaning of the indoor environments could aid the control of exposure to LCMs by the removal of dust from the indoor 

environment. 
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Table 1 - LCM Studies in indoor settings across the globe. 

Country  Site Setting Sample 

size 

Number of 

LCMs 

measured 

Number of 

LCMs 

detected 

Unit Mean 

∑LCM 

Median 

∑LCM 

Range 

∑LCM 

Main intake route  Most 

exposed 

group 

Health impacts Study 

ASIA: 

China  Beijing  Residences 112 37 32 ng/g - 54.7 17.8- 

197 

• Dust 

ingestion 

• Dermal 

contact 

Younger 

people 

Insignificant Li et al. (2024) 

China  Beijing Residences 93 39 

 

 

 

37 (dust) 

 

30 (breast 

milk) 

ng/g 

 

ng/g lw 

- 12.00 

 

133.40 

4.33-121.15 

 

11.97-

28200 

• Homogeniz

ed dust 

 

• Breast milk 

Infants Low health risk Yang et al. 

(2023) 

China Hong 

Kong 

Residence, 

Lab, Lecture 

theatre, 

Metro 

subway 

49 64 31 ng/g 169 - 43.7- 

448 

Indoor ventilation & 

air conditioning filter 

dust 

- Oxidative stress 

in human lung 

cells 

Jin et al. (2023) 

China  Nanjing  Residences 53 33 17 ng/g - - 0.13-2213 Indoor dust - - Su et al. (2019) 

China  Central 

China 

Recycling 

Industrial 

Workshop 

53 55 45 ng/g - 67,400  • Dust 

ingestion 

• Dermal 

contact 

- - Cheng et al. 

(2022) 

China  Yulin  Dorm, 

Teaching, 

and 

Laboratory 

buildings 

20 35 35 ng/g  153 48.6- 

396 

Dust ingestion Dormitor

y 

residents 

Little health 

risk 

Su et al. (2024) 
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China  Guiyu & 

 

Jiedong  

Residences  57 46 pg/m3 - - 0.970–1080 

 

2.853–455 

Inhalation Toddlers - Yao et al. 

(2023) 

China  Nation-

wide 

Dwellings 48 60 8 ng/g 87.2 41.6 17.3- 

529 

• Dust 

ingestion  

• Dermal 

contact 

Children  - Zhang et al. 

(2022) 

EUROPE: 

Sweden Örebro Households, 

Offices, Pre-

schools, 

Stores 

30 12 3 ng/g - 195 Not 

detected to 

1586 

- - - Dubocq et al. 

(2021) 

Sweden Örebro Homes, 

Stores, Lab, 

Recycling 

center 

10 13 5 ng/g - - 63-430 Indoor walls & 

underneath furniture 

- - Haggblom et al. 

(2022) 

NORTH AMERICA: 

United 

States 

16 States Residences 104 60 47 ng/g - 402 Not 

detected to 

4300 

• Dust 

ingestion 

• Dermal 

contact 

Children  - Liu et al. 

(2024) 

United 

States 

 Residential 

homes 

10 60 42 ng/g 2030 - 622-5400 • Indoor dust - - Liu et al. 

(2024) 
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The level of potential or established health impacts from exposure to LCMs in indoor environments 

More than half of LCMs contain environmentally hazardous groups (fluorophenyl, cyanophenyl, and diphenylacetylene), and are mainly classified as 

bio-accumulative, persistent and toxic (PBT) with long-range transport potential.(Jin, Fan, et al., 2023; Kong et al., 2023; C. Li et al., 2021; Yao et al., 

2023) Some experimental studies consequently predicted acute and chronic toxicity of LCMs to fish, green algae, daphnia, chicken embryos.(Ge et al., 

2023; Huang et al., 2022; C. Li et al., 2021) These in vitro studies have indicated that exposure to LCMs can lead to adverse effects like cytotoxicity, 

oxidative stress, metabolic disorders, endocrine disruptions, and alterations in gene expression.(Y. Wang et al., 2024) However, current data on the 

established health risks of exposure to LCMs in vivo are limited, and further research is needed to elucidate their toxicological profiles. 

4. Conclusion 

Liquid crystal monomers are an emerging group of environmental pollutants frequently found indoors where a lot of LCM-containing LCD-devices are 

used. Studies have shown their occurrence in high concentrations in indoor environments across countries, and they are recently classified as potentially 

persistent, bio-accumulative, and toxic. Studies on fishes and in-vitro human cells have predicted some adverse health effects. And analyses of LCM 

concentrations in human biological samples such as serum and breast milk suggest potential bioaccumulation, particularly in infants and toddlers. 

However, there are no studies conclusively linking these emerging pollutants to specific human diseases yet.  

4.1 Limitations/Constraints 

This study presents a comprehensive review of LCM occurrence, exposure pathways, and potential health effects. However, several limitations are 

acknowledged: 

Limited geographic coverage: Most of the reviewed studies originate from Asia, Europe, and North America. This limits the generalizability of findings 

to regions where data is scarce. 

Variability in methodologies: Different studies employed diverse sampling techniques, analytical methods, and reporting formats, making direct 

comparisons challenging. Standardized methodologies are needed for more accurate global assessments. 

Confidentiality in manufacturing processes: The proprietary nature of LCD formulations restricts access to detailed chemical compositions of LCMs, 

which delay identification and risk assessment. 

A paucity of longitudinal health studies: While in vitro and ecological studies suggest potential toxic effects, there is a dearth of longitudinal human 

studies linking LCM exposure to specific health outcomes. More epidemiological research is necessary to establish causation. 

4.2 Recommendations  

This study recommends the following directions and areas for future research: 

• There is a need for further studies and research on the health risks associated with LCMs in humans, in light of their potentially persistent, 

bio-accumulative, and toxic characteristics.  

• Further studies on the environmental behavior of LCMs and an elucidation of all routes of exposure are required, these will aid in understanding 

and mitigating exposure to LCMs since human exposure seems inevitable at the moment.  

• Following the significantly higher levels of LCMs in indoor (and outdoor) air around disposal/recycling sites, there is a need to promote safe 

disposal and recycling of electronic devices to minimize the release of LCMs. 

• Indoor Air Quality Monitoring: Regular monitoring of indoor environments, especially in areas with high use of electronic devices, for LCM 

concentrations is recommended, with promotion of practices to reduce exposure, such as regular cleaning to minimize dust accumulation.   

• Collectively, the reviewed studies underscore the urgent need for continuous monitoring of LCM exposure in different demographic groups 

and future research should prioritize the development of risk assessment frameworks to assess the environmental and health impacts of LCMs. 

Acknowledgements 

The authors acknowledge Ebelechukwu Lawrence Enebeli for his assistance with parts of the research and formatting of the manuscript. 

References 

Cenci, M. P., Scarazzato, T., Munchen, D. D., Dartora, P. C., Veit, H. M., Bernardes, A. M., & Dias, P. R. (2022). Eco-Friendly Electronics—A 

Comprehensive Review. Advanced Materials Technologies, 7(2), 2001263. https://doi.org/10.1002/ADMT.202001263 

Cetinkaya, A., Kaya, S. I., & Ozkan, S. A. (2025). Green analytical chemistry. Sample Handling and Trace Analysis of Pollutants, 739–772. 

https://doi.org/10.1016/B978-0-323-85601-0.00004-7 



International Journal of Research Publication and Reviews, Vol 6, Issue 4, pp 14962-14968 April 2025                                     14967 

 

 

Chandel, R. S., Sharma, S., Kaur, S., Singh, S., & Kumar, R. (2022). Smart watches: A review of evolution in bio-medical sector. Materials Today: 

Proceedings, 50, 1053–1066. https://doi.org/10.1016/J.MATPR.2021.07.460 

Cheng, Z., Shi, Q., Wang, Y., Zhao, L., Li, X., Sun, Z., Lu, Y., Liu, N., Su, G., Wang, L., & Sun, H. (2022). Electronic-Waste-Driven Pollution of Liquid 

Crystal Monomers: Environmental Occurrence and Human Exposure in Recycling Industrial Parks. Environmental Science and Technology, 56(4), 2248–

2257. https://doi.org/10.1021/ACS.EST.1C04621/SUPPL_FILE/ES1C04621_SI_001.PDF 

Cheng, Z., Zhang, S., Su, H., Zhao, H., Su, G., Fang, M., & Wang, L. (2023). Emerging organic contaminants of liquid crystal monomers: Environmental 

occurrence, recycling and removal technologies, toxicities and health risks. Eco-Environment & Health, 2(3), 131–141. 

https://doi.org/10.1016/J.EEHL.2023.07.002 

Dubocq, F., Kärrman, A., Gustavsson, J., & Wang, T. (2021). Comprehensive chemical characterization of indoor dust by target, suspect screening and 

nontarget analysis using LC-HRMS and GC-HRMS. Environmental Pollution, 276, 116701. https://doi.org/10.1016/J.ENVPOL.2021.116701 

Ge, J., Du, B., Shen, M., Feng, Z., & Zeng, L. (2023). A review of liquid crystal monomers: Environmental occurrence, degradation, toxicity, and human 

exposure of an emerging class of E-waste pollutants. Environmental Pollution, 335, 122267. https://doi.org/10.1016/J.ENVPOL.2023.122267 

Häggblom, I., Overgaard, E., Forsberg, E., & Berner-Branzell, F. (2020). The presence of Liquid Crystal Monomers in house dust and public 

environments. Örebro University. 

Huang, Y., Zhang, X., Li, C., Zhao, Y., Zhang, Y. nan, & Qu, J. (2022). Atmospheric persistence and toxicity evolution for fluorinated biphenylethyne 

liquid crystal monomers unveiled by in silico methods. Journal of Hazardous Materials, 424, 127519. https://doi.org/10.1016/J.JHAZMAT.2021.127519 

Jin, Q., Fan, Y., Lu, Y., Zhan, Y., Sun, J., Tao, D., & He, Y. (2023). Liquid crystal monomers in ventilation and air conditioning dust: Indoor 

characteristics, sources analysis and toxicity assessment. Environment International, 180, 108212. https://doi.org/10.1016/J.ENVINT.2023.108212 

Jin, Q., Yu, J., Fan, Y., Zhan, Y., Tao, D., Tang, J., & He, Y. (2023). Release Behavior of Liquid Crystal Monomers from Waste Smartphone Screens: 

Occurrence, Distribution, and Mechanistic Modeling. Environmental Science and Technology, 57(28), 10319–10330. 

https://doi.org/10.1021/ACS.EST.2C09602/ASSET/IMAGES/LARGE/ES2C09602_0005.JPEG 

Kemp, S. (2024, October 23). The Global State of Digital in 2024 - Digital 2024 October Global Statshot Report. Data Reportal. 

https://datareportal.com/reports/digital-2024-october-global-statshot 

Kong, Y., Wen, Y., Su, G., Peng, Y., & Cui, X. (2023). Tissue-specific uptake and distribution of liquid crystal monomers (LCMs) in mice. Environment 

International, 174, 107894. https://doi.org/10.1016/J.ENVINT.2023.107894 

Li, C., Huang, Y., Zhang, X., Zhao, Y., & Huo, Y. (2021). Atmospheric Fate and Risk Investigation of Typical Liquid Crystal Monomers. ACS Sustainable 

Chemistry and Engineering, 9(9), 3600–3607. https://doi.org/10.1021/ACSSUSCHEMENG. 0C09346/SUPPL_FILE/SC0C09346_SI_001.PDF 

Li, H., Lyu, B., Li, J., & Shi, Z. (2024). Liquid crystal monomers (LCMs) in indoor residential dust from Beijing, China: occurrence and human exposure. 

Environmental Science and Pollution Research International, 31(20), 29859–29869. https://doi.org/10.1007/S11356-024-33236-7 

Li, J., Su, G., Letcher, R. J., Xu, W., Yang, M., & Zhang, Y. (2018). Liquid Crystal Monomers (LCMs): A New Generation of Persistent Bioaccumulative 

and Toxic (PBT) Compounds? Environmental Science and Technology, 52(9), 5005–5006. 

https://doi.org/10.1021/ACS.EST.8B01636/ASSET/IMAGES/LARGE/ES-2018-01636A_0003.JPEG 

Li, R., Ren, K., Su, H., Wei, Y., & Su, G. (2023). Target and suspect analysis of liquid crystal monomers in soil from different urban functional zones. 

Science of The Total Environment, 854, 158408. https://doi.org/10.1016/J.SCITOTENV.2022.158408 

Liang, X., Xie, R., Zhu, C., Chen, H., Shen, M., Li, Q., Du, B., Luo, D., & Zeng, L. (2021). Comprehensive Identification of Liquid Crystal Monomers-

Biphenyls, Cyanobiphenyls, Fluorinated Biphenyls, and their Analogues-in Waste LCD Panels and the First Estimate of their Global Release into the 

Environment. Environmental Science & Technology, 55(18), 12424–12436. https://doi.org/10.1021/ACS.EST.1C03901 

Lin, H., Li, X., Qin, X., Cao, Y., Ruan, Y., Leung, M. K. H., Leung, K. M. Y., Lam, P. K. S., & He, Y. (2024). Particle size-dependent and route-specific 

exposure to liquid crystal monomers in indoor air: Implications for human health risk estimations. Science of The Total Environment, 908, 168328. 

https://doi.org/10.1016/J.SCITOTENV.2023.168328 

Liu, L. Y., Xie, J. F., Yu, Z. M., & Zeng, E. Y. (2023). Liquid crystal monomers in multimedia environments and potential human exposure risk: A short 

review. Current Opinion in Environmental Science & Health, 32, 100447. https://doi.org/10.1016/J.COESH.2023.100447 

Liu, Q., & Abbatt, J. P. D. (2021). Liquid crystal display screens as a source for indoor volatile organic compounds. Proceedings of the National Academy 

of Sciences of the United States of America, 118(23), e2105067118. https://doi.org/10.1073/PNAS.2105067 

118/SUPPL_FILE/PNAS.2105067118.SAPP.PDF 

Liu, Y., & Kannan, K. (2024). Concentrations, Profiles, and Potential Sources of Liquid Crystal Monomers in Residential Indoor Dust from the United 

States. Environmental Science and Technology, 58(28), 12400–12408. https://doi.org/10.1021/ACS.EST.4C03131/ 

SUPPL_FILE/ES4C03131_SI_001.PDF 

https://doi.org/10.1021/ACSSUSCHEMENG
https://doi.org/10.1073/PNAS.2105067
https://doi.org/10.1021/ACS.EST.4C03131/


International Journal of Research Publication and Reviews, Vol 6, Issue 4, pp 14962-14968 April 2025                                     14968 

 

 

Liu, Y., Li, W. L., Li, Z. M., & Kannan, K. (2024). A method for the determination of 60 liquid crystal monomers in biotic and abiotic samples. 

Environmental Chemistry and Ecotoxicology, 6, 51–64. https://doi.org/10.1016/J.ENCECO.2024.01.003 

Miramontes Gonzalez, P., & Li, L. (2024). Evaluating the Environmental Persistence of Liquid Crystal Monomers Indoors and Outdoors. Environmental 

Science and Technology Letters, 11(3), 216–222. https://doi.org/10.1021/ACS.ESTLETT.3C00831/ SUPPL_FILE/EZ3C00831_SI_002.XLSX 

Stadelmann, B., Leonards, P. E. G., & Brandsma, S. H. (2024). A new class of contaminants of concern? A comprehensive review of liquid crystal 

monomers. The Science of the Total Environment, 947. https://doi.org/10.1016/J.SCITOTENV.2024.174443 

Su, H., Shi, S., Zhu, M., Crump, D., Letcher, R. J., Giesy, J. P., & Su, G. (2019). Persistent, bioaccumulative, and toxic properties of liquid crystal 

monomers and their detection in indoor residential dust. Proceedings of the National Academy of Sciences of the United States of America, 116(52), 

26450–26458. https://doi.org/10.1073/PNAS.1915322116/SUPPL_FILE/PNAS.1915322116.SAPP.PDF 

Su, H., Wang, Y., Wu, J., Gao, P., Su, G., & Zhang, H. (2024). A comparative study on contamination profiles of liquid crystal monomers (LCMs) 

between outdoor and indoor dusts, and the assessment of health risk of human exposure. Chemosphere, 366, 143545. 

https://doi.org/10.1016/J.CHEMOSPHERE.2024.143545 

Thanh, W., & Ayan Au, M. (2023). Literature survey on the environmental contamination of liquid crystal monomers (LCMs) and a pilot study on their 

occurrence in sewage sludge from Sweden. Swedish Environmental Protection Agency. Linköping University. 

Wang, F., Xiang, L., Sze-Yin Leung, K., Elsner, M., Zhang, Y., Guo, Y., Pan, B., Sun, H., An, T., Ying, G., Brooks, B. W., Hou, D., Helbling, D. E., 

Sun, J., Qiu, H., Vogel, T. M., Zhang, W., Gao, Y., Simpson, M. J., … Tiedje, J. M. (2024). Emerging contaminants: A One Health perspective. The 

Innovation, 5(4), 100612. https://doi.org/10.1016/J.XINN.2024.100612 

Wang, Y., Jin, Q., Lin, H., Xu, X., Leung, K. M. Y., Kannan, K., & He, Y. (2024). A review of liquid crystal monomers (LCMs) as emerging contaminants: 

Environmental occurrences, emissions, exposure routes and toxicity. Journal of Hazardous Materials, 480, 135894. 

https://doi.org/10.1016/J.JHAZMAT.2024.135894 

Wu, J., Lv, D., Lin, W., Mao, Y., Xia, Y., Feng, L., Zhao, T., Mao, X., Shu, F., & Guo, H. (2025). Chronic exposure to liquid crystal monomer EBCN at 

environmentally relevant concentrations induces testicular dysfunction via the gut-testis axis. Journal of Hazardous Materials, 486, 137033. 

https://doi.org/10.1016/J.JHAZMAT.2024.137033 

Yang, Q., Deng, Y., Gao, L., Ai, Q., Xu, C., & Zheng, M. (2025). Occurrence, Seasonal Variation, and Health Risks of PM2.5-bound Liquid Crystal 

Monomers (LCMs) in Beijing, China. Journal of Hazardous Materials, 485, 136960. https://doi.org/10.1016/J.JHAZMAT.2024.136960 

Yang, R., Wang, X., Niu, Y., Chen, X., & Shao, B. (2023). Fluorinated liquid-crystal monomers in paired breast milk and indoor dust: A pilot prospective 

study. Environment International, 176, 107993. https://doi.org/10.1016/J.ENVINT.2023.107993 

Yao, L. L., Wang, J. L., Xu, R. F., Zhu, M., Ma, Y., Tang, B., Lu, Q. Y., Cai, F. S., Yan, X., Zheng, J., & Yu, Y. J. (2023). Occurrence of liquid crystal 

monomers in indoor and outdoor air particle matters (PM10): Implications for human exposure indoors. Science of The Total Environment, 905, 166964. 

https://doi.org/10.1016/J.SCITOTENV.2023.166964 

Zhang, S., Yang, M., Li, Y., Wang, Y., Lu, Y., Cheng, Z., & Sun, H. (2022). Occurrence, Distribution, and Human Exposure of Emerging Liquid Crystal 

Monomers (LCMs) in Indoor and Outdoor Dust: A Nationwide Study. Environment International, 164, 107295. 

https://doi.org/10.1016/J.ENVINT.2022.107295 

Zhang, Y. Y., Tang, D., Wu, Y., & Huang, X. (2025). Facile and rapid preparation of fluorinated imprinted adsorbent for magnetic solid phase extraction 

of liquid–crystal monomers. Microchimica Acta, 192(1), 1–13. https://doi.org/10.1007/S00604-024-06851-X/METRICS 

 

 

https://doi.org/10.1021/ACS.ESTLETT.3C00831/

