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Toxicity and endocrine disruption potential of water disinfection by-products
Cinta Porte
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The disinfection of drinking water produces complex
mixtures of disinfection by-products (DBPs), many of
which remain poorly investigated. DBPs, including
haloacetic acids (HAAs) and haloaromatic compounds,
are formed during chlorination of water and other
disinfection processes. Human exposure to DBPs occurs
primarily through ingestion, but can also arise through
dermal contact and inhalation, potentially leading to
respiratory and systemic effects. So far, much of the
existing research has focused on individual DBPs, leaving
the toxicity of mixtures—representative of real-world
exposure—largely unexplored. lease start to write from
here.

Among the wide variety of DBPs, the haloaromatic
ones have been frequently detected in chlorinated tap
water at the ng/L level, but rarely quantitatively
determined because of the complexity of their analysis
and the lack of analytical standards for many of them. In
vitro studies using human placental JEG-3 cells and
alveolar A549 cells have revealed that DBPs disrupt
cellular functions via diverse mechanisms, including
oxidative stress, genotoxicity, and alterations in lipid
metabolism1.2,

Among haloaromatic DBPs, halobenzoquinones, such
as 2,6-dichloro-1,4-benzoquinone (DCBQ) and 2,6-
dibromo-1,4-benzoquinone (DBBQ), have demonstrated
the highest cytotoxicity (EC50: 18-26 ug/mL) in human
placental cells. These compounds induced oxidative
stress, depleting polyunsaturated lipid species
(phosphatidyl-ethanolamines, phosphatidyl-inositols)
from exposed cells, and upregulated key genes involved
in estrogen synthesis (cyp19al, hsd17b1). This suggests
a disruption of steroidogenesis and potential adverse
effects on reproductive health. Other haloaromatic DBPs,
such as 2,4,6-trichlorophenol (TCP) and 2,4,6-
tribromophenol (TBP), exhibited lower cytotoxicity but
induced genotoxic effects, including micronuclei
formation, at concentrations exceeding those typically
found in water (2100 pg/mL)2.

Haloacetic acids, a major class of DBPs, have also
shown cytotoxic, genotoxic, and endocrine disruption
effects. lodoacetic acid (IAA) exhibited the highest
toxicity in human placental cells (EC50: 7.5 uM), followed
by bromoacetic acid (BAA, EC50: 20-25 uM), both of

which significantly increased reactive oxygen species
(ROS) production and disrupted the expression of the
steroidogenic gene hsd17b12. In contrast, other HAAs,
such as tribromoacetic acid (TBAA), diiodoacetic acid
(DIAA), and chloroiodoacetic acid (CIAA), showed
minimal cytotoxicity (EC50 > 250 uM). Notably, IAA and
BAA slightly inhibited aromatase activity at low
concentrations (0.01-1 uM), further highlighting their
potential as endocrine disruptors2.

While the study of individual DBPs provide valuable
information, the study of mixtures is critical to better
understand the additive, synergistic, or antagonistic
interactions between components that occur in real-
world scenarios. Exposure to a mixture of 10 DBPs,
including HAAs and haloaromatics, led to oxidative stress
(ROS increase up to 3.5-fold) and lipidome alterations in
A549 lung cells. Exposure to the mixture lead to
significant shifts in the lipid profiles of exposed cells,
namely, triacylglyceride accumulation and decrease of
diacylglicerides and phosphatidylcholines3. The results
highlighted the potential of DBP mixtures to disrupt lipid
homeostasis and contribute to respiratory effectss3.

These findings evidence the diverse toxicity profiles of
DBPs, and the ability of some of them to induce oxidative
stress, genotoxicity, and endocrine disruption, even at
low concentrations. The significant effects observed in
placental cells highlight potential risks to reproductive
health, while alterations in lung cell lipid homeostasis
suggest implications for respiratory health. Most
importantly, studying mixtures of DBPs, rather than
isolated compounds, provides a more accurate
representation of human exposure, revealing complex
interactions and potential cumulative effects that may
amplify toxicity. Further research on DBP mixtures is
essential to better define thresholds for regulatory
measures and to protect public health from these
contaminants.
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