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INTRODUCTION
The Montreal Protocol (MP) has successfully reduced the emissions of long-lived

ozone-depleting substances (ODSs), but the chlorinated very short-lived substances

(Cl-VSLSs), which generally have atmospheric lifetimes of less than 6 months,

remain unregulated under the MP
[1-4]

. Despite their short atmospheric lifetimes, Cl-

VSLSs can be efficiently transported to the stratosphere in regions with strong

vertical transport capabilities, actively driving ozone destruction
[5,6]

. Satellite and

balloon-based remote sensing observations, including atmospheric chemistry

experiment Fourier transform spectrometer (ACE-FTS) measurements, indicate that

the rate of decline in stratospheric inorganic chlorine has been slower than expected

from the reductions in long-lived ODSs, suggesting that Cl-VSLSs have partially

offset the hard-won benefits of the MP for ozone layer recovery
[2,7]

.

With the implementation of the MP, the role of Cl-VSLSs, especially CH
2
Cl

2
 and

CHCl
3
, in stratospheric ozone recovery has become increasingly important

[7,8]
. Unlike

CHCl
3
, which has substantial natural sources, global emissions of CH

2
Cl

2
 are

overwhelmingly (approximately 90%) driven by anthropogenic activities, particularly

industrial production and solvent use
[7]

. Long-term atmospheric observations

https://www.oaepublish.com
https://ucenter.oaepublish.com
https://orcid.org/0000-0002-5918-8445
https://dx.doi.org/10.20517/jeea.2026.49
https://dx.doi.org/10.20517/jeea.2026.49
https://crossmark.crossref.org/dialog/?doi=10.20517/jeea.2026.49&domain=pdf


Page 2 of 5 Yan et al. J. Environ. Expo. Assess. 2026, 5, 36

                                                                                            

combined with top-down inversion approaches have identified that China is a major global emitter,

accounting for 30%-60% of global CH
2
Cl

2
 and 25%-50% of CHCl

3
 global emissions

[9,10]
. Building on this

context, Zhang et al. developed a region- and sector-resolved emission inventory of CH
2
Cl

2
 and CHCl

3
 in

China, weighting these fluxes by their regional stratospheric ozone depletion potentials (SODPs) to yield

CFC-11-equivalent (trichlorofluoromethane-equivalent, CFC-11-eq) emissions
[7]

. Their findings indicate that

by 2020, China’s CFC-11-eq emissions from CH
2
Cl

2
 were already comparable to those from domestic

hydrochlorofluorocarbons (HCFCs), and under a business-as-usual scenario, they are projected to surpass

aggregate HCFC emissions from 2024 onward. However, before they are lofted into the upper atmosphere,

these high-volume Cl-VSLSs accumulate in the troposphere, where they act as potent chlorinated volatile

organic compounds (cVOCs)
[11]

. The potential public health risks associated with chronic, low-dose

inhalation exposure in densely populated emission hotspots remain severely underexplored.

MAJOR CONTRIBUTION AND DISCUSSION
The dual impacts of Cl-VSLSs on stratospheric ozone and human health both originate from Cl-VSLS

emissions but follow different pathways after release
[1,12]

. The stratospheric ozone depletion pathway depends

on the fraction of Cl-VSLSs transported into the stratosphere, thereby increasing stratospheric chlorine

loading and contributing to ozone depletion. In contrast, their human health implications depend on actual

concentrations in near-source ambient air and indoor environments, as well as the resulting human

exposure. CH
2
Cl

2
 and CHCl

3
 are high-volume industrial solvents, feedstocks, blowing agents, and

disinfection by-products with direct routes of human exposure. Therefore, Cl-VSLS emissions in regions

with efficient vertical transport pathways, such as areas influenced by deep convection and the Asian

summer monsoon (ASM), may make a greater contribution to ozone depletion, whereas densely populated

and highly industrialized regions represent priority areas for assessing Cl-VSLS exposure and health risks
[13]

.

These two pathways therefore operate across different spatial and temporal scales and require different types

of evidence to support their assessment. In particular, emission inventories alone are insufficient to quantify

population-level exposure or establish associated health risks.

CHCl
3
 is predominantly evaluated via the ingestion route as a trace-level trihalomethane in drinking water,

where epidemiological evidence for bladder cancer is modest but consistent across chlorination cohorts
[14]

.

CH
2
Cl

2
 is primarily characterized under high-dose inhalation and dermal exposures. IARC classifies CH

2
Cl

2

and CHCl
3
 as Group 2A and Group 2B carcinogens, respectively

[15]
. Critically, these findings from high-dose

occupational settings or experimental animal bioassays cannot be directly extrapolated to evaluate the risks

of long-term, low-dose ambient inhalation exposure in the general population.

Under business as usual (BAU), national CH
2
Cl

2
 emissions nearly quadruple from 2010 to 2035

[7]
. Although

an increase in emissions does not necessarily equate to proportional increases in population-level

environmental concentrations, individual exposures, or health risks, the sheer magnitude of these projections

warrants immediate scientific scrutiny. Indeed, empirical monitoring confirms that environmental

concentrations can reach levels of regulatory concern. Ambient CH
2
Cl

2
 in typical Chinese chemical

industrial zones produces non-carcinogenic hazard quotients exceeding 1
[12]

, while the median estimated

lifetime cancer risk for indoor airborne CHCl
3
 in UK residences exceeded the 10

-6
 benchmark

[16]
.

We currently lack cohort studies, birth cohorts, and spatially matched exposure assessments to investigate

whether living downwind of a projected 966 Gg·yr
-1

 CH
2
Cl

2
 economy could potentially elevate childhood

leukemia risks, alter adult liver enzyme profiles, or adversely affect pregnancy outcomes. At present, these

potential impacts represent urgent research hypotheses requiring validation, hampered by three critical
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knowledge gaps: translating regional emission fluxes into empirical ground-level exposures, establishing

exposure-response thresholds at chronic low ambient levels, and characterizing susceptibility across sensitive

developmental windows and genotypes [e.g., glutathione S-transferase theta 1 (GSTT1)-null variants].

FROM OZONE DEPLETION TO HUMAN HEALTH
Three research moves would close the loop between the inventory and public health.

First, couple emission inventories to exposure models that speak the language of epidemiologists. For

example, the authors already allocate emissions by industrial value added, building area, and population;

those proxies should be extended into exposure metrics rather than stopping at emission tonnage
[7,17]

.

Although emission-to-exposure frameworks are established for volatile organics, validating Cl-VSLS indoor

infiltration and multimedia transport requires targeted field measurements.

Second, prioritize toxicological research on realistic mixtures and life-stage windows. Most in vitro work

treats CH
2
Cl

2
 or CHCl

3
 alone. However, in real exposure scenarios, such as occupational paint-stripping

environments, CH
2
Cl

2
-based formulations may contain other solvents, including toluene or methanol

[18]
. The

potential health effects of such mixed exposures require further evaluation through exposure assessments

and epidemiological studies. In addition, GSTT1-related metabolic variability and age-dependent

physiological differences warrant further investigation
[19]

.

Third, build surveillance where emissions are growing. If the provinces of Jiangsu, Zhejiang, Shandong, and

Guangdong contain the largest reducible CH
2
Cl

2
 burdens under best practicable technologies (BPT), they are

also the natural locations for paired environmental and biomonitoring studies: exhaled breath CH
2
Cl

2
, urine

trihalomethane (THM) metabolites, liver function panels, and cancer registry linkage. Zhang et al. showed

that a BPT scenario could cut CFC-11-eq CH
2
Cl

2
 by ~80% by 2035

[7]
. If implemented, these measures could

serve as a natural experiment whose effects on human exposure and health should be measured, not

assumed
[20]

.

CONCLUSION
The spatial granularity of this new inventory should serve as more than just an input for atmospheric

chemistry models; it provides a direct roadmap for environmental epidemiologists to launch targeted

biomonitoring and cohort studies in China’s industrial megaregions. Future governance should adapt to the

dual threat through coordinated international assessments and source-oriented domestic mitigation

strategies. Within the MP framework, further technical and economic assessments are needed to determine

whether future control measures for anthropogenic Cl-VSLSs are warranted. Reductions in CH
2
Cl

2
 and

CHCl
3
 emissions could provide co-benefits by decreasing their contributions to stratospheric ozone

depletion while also reducing the risk of human exposure.
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