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Stricter vehicle standards reveal hidden
toxicity in cleaner exhaust
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share as standards tightened. One non-plug-in hybrid electric vehicle (HEV) also emitted
substantially more OVOCs than a comparable conventional model under specific low-speed test
conditions and produced higher estimated health-risk indicators. The findings reveal an
overlooked trade-off: lower total emissions and better fuel economy do not necessarily deliver
proportional reductions in atmospheric reactivity or toxicity, making exhaust composition
increasingly important for future vehicle regulation.

Vehicle regulations commonly control total hydrocarbons or other broad pollutant categories, an
approach that has delivered major reductions in tailpipe emissions. Yet individual volatile organic
compounds (VOCs) species vary greatly in their ability to generate ozone, form secondary
organic aerosol (SOA), and affect human health. Hybrid powertrains add another layer of
complexity because their engines repeatedly stop and restart as vehicles switch between electric
and gasoline operation. These transitions can keep exhaust and aftertreatment systems below
optimal temperatures, particularly during startup and low-speed driving. Current mass-based
standards may therefore overlook reactive or toxic compounds even when aggregate emissions
fall. Because of these challenges, deeper investigation is needed into how evolving vehicle
technologies reshape individual exhaust compounds and their combined environmental and
health effects.

Researchers from the Chinese Research Academy of Environmental Sciences, the Chongging
Academy of Ecology and Environmental Sciences, and Peking University reported the findings in
Environmental Science and Ecotechnology, published online on August 1, 2026. The team
developed a concentration-reactivity-toxicity framework to compare species-resolved VOC
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emissions from China IV, China V, and China VI gasoline vehicles, including one non-plug-in
hybrid. By linking measured exhaust composition with secondary-pollution formation and
estimated carcinogenic and non-carcinogenic risks, the study uncovered patterns that total-mass
measurements alone could not reveal.

The researchers tested seven gasoline direct-injection vehicles—six internal combustion engine
vehicles (ICEVs) and one HEV—on a chassis dynamometer under cold- and hot-start conditions.
Exhaust was measured over the Worldwide harmonized Light vehicles Test Cycle (WLTC) and
analyzed by gas chromatography-mass spectrometry (GC-MS). The team calculated ozone
formation potential (OFP), secondary organic aerosol potential (SOAP), hazard index (HI), and
cancer risk (CR) for individual compounds. During low-speed cold starts, total VOC emission
factors from conventional vehicles fell by 75%, from 287.8 mg km0" for China IV models to 71.8
mg kmO" for China VI models. Across the cold-start WLTC, however, the oxygenated volatile
organic compounds (OVOCs) share rose from 20%-22% to 35%. During low-speed hot starts, the
China VI hybrid emitted 25.4 mg km0O" of OVOCs, nearly twice the 13.3 mg kmO' measured from
its conventional counterpart. Under low-speed cold-start conditions, its estimated HI was 69%
higher, and its CR was nearly twice that of the comparable ICEV. In the hybrid, acrolein and vinyl
acetate became major OFP contributors, while toluene, ethylbenzene, m,p-xylene, and benzene
accounted for more than 70% of SOAP. The authors linked the pattern to repeated engine
restarts, incomplete combustion, cooler exhaust, and reduced three-way catalytic converter
(TWC) efficiency, but emphasized that one hybrid cannot represent an entire fleet.

The authors said the results should not be interpreted as evidence that hybrid technology is
inherently more polluting. Instead, the tested vehicle shows how favorable fuel-economy and
total-emission figures can coexist with a less favorable chemical profile under certain operating
conditions. They said repeated engine starts may prevent catalysts from efficiently removing
some oxygenated compounds, especially at low speed. In their view, larger fleet studies are now
needed to determine which patterns persist across vehicle models and to identify the
compounds that should receive priority in future emission controls.

The framework could help regulators move beyond total VOC mass and introduce limits for high-
priority compounds selected by abundance, atmospheric reactivity, and toxicity. Future
standards could include targeted measurement of acrolein, formaldehyde, benzene, vinyl
acetate, and other influential species, alongside tighter controls on aromatic content in fuels.
Manufacturers could also improve hybrid-specific emission management through faster catalyst
heating, electrically heated catalysts, and powertrain strategies that reduce incomplete
combustion during repeated engine starts. Adding species-resolved monitoring to real-driving
emissions testing would better align vehicle electrification with air-quality and public-health
goals. However, fleet-scale testing across different models, fuels, climates, and driving conditions
is essential before the hybrid findings can be generalized.

References
DOI



10.1016/j.ese.2026.100736

Original Source URL
https://doi.org/10.1016/j.ese.2026.100736

Funding information

This work was supported by the National Natural Science Foundation of China (42575133,
42205111, 42305126, 42277085), Fundamental Research Funds for the Central Public-interest
Scientific Institution (2025YSKY-58).

Lucy Wang
BioDesign Research
email us here

This press release can be viewed online at: https://www.einpresswire.com/article/934998217

EIN Presswire's priority is source transparency. We do not allow opaque clients, and our editors
try to be careful about weeding out false and misleading content. As a user, if you see something
we have missed, please do bring it to our attention. Your help is welcome. EIN Presswire,
Everyone's Internet News Presswire™, tries to define some of the boundaries that are reasonable
in today's world. Please see our Editorial Guidelines for more information.

© 1995-2026 Newsmatics Inc. All Right Reserved.


http://doi.org/10.1016/j.ese.2026.100736
https://doi.org/10.1016/j.ese.2026.100736
http://www.einpresswire.com/contact_author/9570564
https://www.einpresswire.com/article/934998217
https://www.einpresswire.com/editorial-guidelines

