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RESEARCH INTEREST

My research focuses on various chemical contaminants (e.g., methylmercury, 1,4-dioxane, and
per- and polyfluoroalkyl substances) in freshwater and marine environments. I am interested in
studying their (i) occurrence, transformation, and biogeochemical processes, (ii) interaction with

aquatic organisms (e.g., from phytoplankton to apex predators), (iii) bioaccumulation/transfer in the
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aquatic food chain, and ultimately (iv) their fate in the water cycle in response to environmental

changes.

I am also dedicated to developing (i) robust sample preparation/analytical methods for
detecting/quantifying emerging contaminants that exist in complex sample matrices and (ii) novel
treatment methods for removing persistent emerging contaminants in waters, evaluating how water
quality parameters influence treatment performance, and investigating any possible formation of

adverse byproducts.

RESEARCH HIGHLIGHTS

1. Methylmercury bioaccumulation in marine phytoplankton
Methylmercury (MeHg) has long been recognized as an important contaminant in marine
ecosystems. The largest bioconcentration step of MeHg in marine food webs is from the aqueous
phase to phytoplankton. The first systematic comparison of MeHg bioaccumulation among six
different algal species was conducted in this study, examining the influence of environmental
factors on the uptake process and discussing subsequent biogeochemical implications. The result
shows that passive transport seemed to be the primary pathway for most phytoplankton to acquire
MeHg and was related to the surface-area-to-volume ratio of algal cells. Environmental
conditions did not directly affect MeHg uptake except for the mixotrophic dinoflagellate which
showed active uptake of MeHg. The presence of dissolved organic matter, especially those with a
sulfur functional group (thiol), was confirmed to inhibit algal MeHg uptake. The algal MeHg
uptake rates and bioconcentration factors in diverse algal species were calculated in this study
and further applied to a global biogeochemical model describing Hg cycling in the marine

environment.

2. Methylmercury accumulation in large pelagic fish, Atlantic bluefin tuna (ABFT)
Seafood consumption is the greatest source of neurotoxic MeHg for human exposure and
relatively high mercury (Hg) concentrations (mostly MeHg) in the large, long-lived tunas have
been indicated as a potential health concern for frequent consumers. Very few data are available
for Hg concentrations in western ABFT, and prior studies were often based on small sample sizes
that cannot represent populations or resolve temporal trends. Dr. Lee presented striking new
information on changing Hg concentrations in ABFT. This dataset of Hg in tuna (n =1300), the
largest of its kind, is the first to demonstrate a significant change in Hg in tuna in response to
emission reduction efforts. The study indicates that there has been a significant temporal decline
of Hg concentrations in these fish in recent decades (~2% per year), identical to the declines in
Hg emissions from North American power plants, Hg concentrations in North Atlantic air, and in
Atlantic seawater during this period. The rapid response of the tuna to the changes in the Hg
loadings is striking, and it is the first evidence showing that efforts made to reduce Hg emissions

have a pronounced and immediate beneficial effect on the quality of seafood. Demonstrating this
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trend in ABFT is particularly compelling due to their extraordinary market value and position as

an iconic high trophic level marine fish with high Hg levels, large size, and long lifespans.

Treatment of emerging contaminant 1,4-dioxane in groundwater in Long Island, New York,
using advanced oxidation processes

1,4-Dioxane (1,4-D) is a likely human carcinogen and a widespread drinking water contaminant
across the U.S. Due to the lack of federal regulations, several states are adopting drinking water
standards and upgrading their water treatment facilities to eliminate 1,4-D contamination.
Conventional water treatment approaches do not effectively remove 1,4-D, and hence, advanced
oxidation processes (AOPs) are increasingly being employed by water suppliers. A series of
systematic studies to assess the impact of groundwater quality on treating environmentally
relevant levels of 1,4-D was performed in this study. Typical groundwater quality parameters
(pH, alkalinity, natural organic matter (NOM), nitrate, and Fe) on the performance of UV/H202
treatment and the formation of associated byproducts were investigated simultaneously. With the
lab-scale controlled experiments, a multiple linear regression model using water quality data was
developed to predict the performance of UV/H202 treatment of actual groundwater. The model
output agreed with field observations in predicting the rate constants for removing 1,4-D from
field groundwater samples. The results of this study should assist with the design and evaluation
of pilot- and full-scale UV/H202 treatment systems and should be of interest to a broad audience

of environmental scientists, various regulatory agencies, and public health professionals.
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1.

Lee, C. -S., O.N. Shipley, X. Ye, A.J. Gallagher, M.G. Frisk, B.S. Talwar, E.V. Schneider, A.K.

Venkatesan. “Accumulation of per- and polyfluoroalkyl substances (PFAS) by sharks from two

contrasting habitats: New York Bight and The Bahamas”. Goldschmidt 2023 Conference, Lyon,

France, Jul 9-14, 2023

Lee, C. -S. “Per- and Polyfluoroalkyl Substances (PFAS) Testing Facility at the NYS Center for

Clean Water Technology: Challenges in Detection and Water Treatment” NYS Center for Clean

Water Technology Monthly Seminar Series. Dec 7, 2020 (virtual seminar)

Lee, C. -S. “Methylmercury bioaccumulation, transformation, and trophic transfer in marine food

chains” Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan. Oct 21,

2020 (virtual seminar)

Venkatesan, A.K. and Lee, C. -S. “Poly- and Perfluoroalkyl Substances in Water: Challenges and

Mitigating Strategies in Detection and Treatment” On-demand webcast hosted by LC-GC and

Agilent Technologies. Mar 5, 2020

Lee, C. -S. “Methylmercury bioaccumulation, transformation, and trophic transfer in marine food

chains” Department of Oceanography, National Sun Yat-sen University, Kaohsiung, Taiwan. Dec
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byproducts formation during UV/hydrogen peroxide advanced oxidation process treatment”
Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan. Dec 11, 2019
Lee, C. -S. “Impact of groundwater quality parameters on 1,4-dioxane removal and associated
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methylmercury in seawater. (2018) SETAC North America 39th Annual Meeting, Sacramento,
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assemblages. (2017) 13th International Conference on Mercury as a Global Pollutant,
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Pacific marginal seas: from head waters to the open ocean. (2012) Ocean Sciences Meeting, Salt
Lake City, UT (poster).
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Wen, L. -S, C. -K. Wang, C. -S. Lee, C. -L. Wei, K. -T. Jiann, Determination of spatial variations

of dissolved Ag in Pacific marginal seas by clean method. (2010) Ocean Science Meeting,
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Portland, OR (poster).



