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Abstract Disinfection byproducts (DBPs) are formed
whenever disinfectantingredients contact organic matter.
Due to widespread increase in production and use of
disinfectants and antiseptics, the presence of their
ingredients in coastal environments is increasing.
However, very limited scientific literature is available in
regard to the occurrence of DBPs and related compounds
in the coastalzone and in particularly in seawater. In this
context, the aim of this preliminary complilation is to
outline the main up-to-date findings and raise awareness
on theirincreasingoccurrence in coastalenvironments.
Samplingandanalysis of marine samples in the USA,
Spain, China, Taiwan, Malaisia, Korea, Kuwait and
Hong-Kongrevealedthe presence of several categories
of DBPsand related compounds in coastal environments,
with the highest levels being detected in urban areas,
probably related to the nearby wastewater treatment
plants. The investigations considered in this preliminary
compilation, report thedetectionof DBPs and related
compounds as wellas the formation of toxic brominated
and iodinated DBPs in high levels due to chlorination o f
wastewater, especially after use of seawater forflushing
in toilets. New DBP groups have also been detected,
namely halogenated phenolic DBPs andhalopyrroles.
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1. Introduction

Disinfection byproducts (DBPs) are frequently detected
in environmental samples, due to the widespread use of
disinfectantsandthe release of untreated and treated
wastewater into theenvironment (McCance etal., 2018,
Ojemayeetal., 2019, Riviera-Utrilla etal.,2013, Salimi
et al.,, 2019). Increase of global sales of disinfectant
chemicals has been estimated toreach 3% annually by
2050 (Massey etal.,2013), resultingin furtherincrease
of their DBPs that end up in costal environments.
Synthetic antimicrobials are also frequently used in
personal sanitizingand cleaningproductsand personal
care products (PCPs) such as soaps, antiseptics, bath

foamsand detergents namely parabens, triclosan (TCS)
and triclocarban (TCC). Other ingredients include
polyethoxy alcohols (AEOs), polyethylene glycols
(PEGs), phthalates and chlorides (Chen et al., 2020,
Eganhouseetal., 1983, Farzanaetal.,2020, Hayman et
al.,2021,Kuehetal.,, 2008, Leeetal.,2019, Moeris et
al., 2020, Smith etal 2015, Traverso-Soto etal., 2014).
The occurrenceof these pollutantsin the coastal zone
can haveadverseeffects on biodiversity balance, degrade
water quality and constitute a human health risk via
human exposure. Research has already revealed the
possible cancerrisksand reproductive problemsrelated
to DBPs (Doddsetal., 1999, Hrudeyetal., 2015, King et
al.,, 1996, Richardson et al., 2007, Feng et al., 2017,
Hongetal.,2017,Krasneretal.,2009,Le Roux et al.,
2017,Sunetal., 2009, Zhuetal.,2016).

In several countries, the use of seawater for domestic and
public toilet flushing has been adopted in orderto reduce
freshwater demand. However, wastewater deriving from
seawater contains higher concentrations of bromide and
iodide ions, which are oxidized during chlorine
disinfection, forming brominated and iodinated species
of DBPsthat are toxic fortheenvironment (Ding et al.,
2013, Gong et al.,, 2014, Liu et al., 2014, Yangetal.,
2013, Yang et al., 2015). Since wastewater treatment
plantsarelocated, in most cases, in coastal areas with
beaches and ports, further than environmental concerns,
risks are posedalso for swimmers, viadermal contact,
inhalation and swallowing during swimming. While
numerous research papers have dealt with DBPs and
related compounds formation in drinking water, very
limited scientific literature isavailable in regard to their
occurrence in the coastal zone and in particularly in
seawater. In this context, the aim of this preliminary
complilationisto outline the main up-to-date findings
and raise awareness on the increasing occurrence of
DBPs and related compounds in coastal environments.

2. DBPs and related compounds (synthetic
antimicrobials, personal care products) in the coastal
zone
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2.1. AEOs & PEGsin USAand Spain
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AEOs and PEGs concentrations detected in sewater were
lower than 1 pg/L. Wastewater concentrations in the
same areawere 31.2 ug/LL AEOsand39.8 ug/L PEGs in
the influentand respectively 0.16 ug/Land 1.6 pg/L in
the effluent. (Lara-Martin et al., 2014). PEGs were
present in both untreated and treated wastewater,
probably becausethey are metabolites of AEOs, butthey
also frequently occuras constituents in a large number of
personal careproducts (soaps, water foams, cleansing
agents). Wastewater treatment as well as dilution in
seawater seemsto reduce their concentrations, however
they are not completely eliminated from seawater,
resultingin possible transformations as wellas potential
long-term environmental risks.

2.2 Phtalateestersand methyl-paraben in seawater in
SouthernChina

The average concentration of phthalate esters in
seawater in Southern China Gulf was 3.27 ng/L, i.e.
lower than global marine water quality criteria —
MWQC. On the contrary, the average concentration of
benzyl-butyl-phthale in seawaterwas 1.18 pg/L,avalue
exceeding European MWQC therefore indicating the
need for preventive measures in regard to this type of
marine pollution (Farzanaetal., 2020).

Methylparaben was the main paraben species detected in
seawater, with average concentration4.87ng/L (Chen et
al.,, 2007). According to NICNAS 2016 (National
Industrial Chemicals and Assessment Scheme in
Australia, the maximum environmentally acceptable
concentration for methylparaben is 20 pg/L. Several
marine areas in Southern Chinaare important for biota
conservation. Important marineenvrironments such as
coralreefsand Posidonia forests are considered Marine
Protection Areas and are protected by the law. Areas
where endangered species or protected species live, such
as the Chinese dolphin (Sousa chinensis), corals and
green turtles (Celoniamydas), are considered sensitive
areas. Therefore it is important to minimize the
environmental risks posed from synthetic pollutants.

2.3 PCPs and chlorinated analogues in Taiwan and
Malaysia

PCPsand theirchlorinated analogues were analyzed in
in a surface water stream receiving treated wastewater as
well as in receiving seawater. The results are
comparatively presented in Table 1. Their concentrations
in stream water samples were significantly higher than
those in the seawater samples, probably due to dilution.
All compounds were present both in streamwater and
in seawater, except for Cl-methyl-paraben, which was
detected only in streamwater. The highestlevels of all
compounds, except for Cl-methyl-paraben andtriclosan,
occurred in the sampling point located nearest to the
urban area with a hospital (Chenetal., 2020).
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2.4 Parabensand antimicrobialsin the coastal zone of
Korea

The concentrations of parabens, TCS and TCC in
sedimentsamples fromthecoastal zone of Korea are
presentedin Table 2 (Leeetal.,2019).

Table 1. Range of average concentrations of PCPs and
chlorinatedanalogues in surface water and seawater (nd:
not detected) (Chen etal.,2020).

Compound C(ng/L)in C(ng/L)in
water stream receiving
seawater
Butylparaben nd-71,1 nd
Ethylparaben 503-1810 115-228
Methylparaben 1810-9400 225-1030
Propylparaben 369-4810 25-314
Triclosan 1010-2560 nd
2C|-Methyl paraben nd-13400 645-2180
2CI-Propylparaben 299-1430 13.5-77.8
Cl-Propyl paraben nd-2480 nd-2.20

Methyl-parabenwas detected in allsediment samples, a
fact revealing the range of sediment pollution in the
coastal zone. The percentages of detection of ethyl-
paraben, propyl-parabenandbutyl-paraben were 36 %,
34% and 26% respectively. Similar concentrations of
methyl-paraben were measuredin marine sediments in
Florida, USA (Xue etal.,2016), Tokyo, Japan (Liao et
al., 2013) and in Chinese river sediments (Peng et al.,
2017, Liuetal., 2015). TCC concentrations were higher
and TCS lower thanthose measured in Spain(Gorga et
al.,2015) USA, (Katzetal.,2013), Italy (Casatta et al.,
2015)andChina (Pengetal.,2017). These comparisons
indicate that the degree of pollutionandthe profiles of
occurrence of antimicrobials and parabens in the
sediments reflectthe local use and consumption of these
particular pollutants.

2.5 DBPsand related compounds in Kuwait seawater

Smith etal. (2015) conducted measurements of DBPs
and related compounds in seawater from Kuwait after
phenomena of fish deaths associated with a release of
non-treated wastewater. The results are presented in
Table 3. The levels of phthalates and terpineol were
particularly high, while marine pollution from methyl
and propyl- parabens, chloroxylenol, dimethylphenol,
biphenyletheraswellas bromoformwas considerable.
These results indicatethe need for safeguarding coastal
water quality fromincreased levels of DBPsand related
pollutants contained in wastewater thateventually enter
the sea.

Table 2: Concentrations of parabens and
antimicrobials (ng/L) detected in coastal sedimentsin
Korea (nd: not detected)(Lee etal.,2019).
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Compound min max average
Methylparaben 0,13 11,2 2,3
Ethylparaben nd 0,08 0,02
Propylparaben nd 0,1 0,01
Butylparaben nd 0,07 0,02
Benzyl paraben nd 0,06 0,01
Heptylparaben nd 0,02 0,01
Triclosan nd 41 2,78
Triclocarban nd 47 3,25

Table 3. DBPs and related compounds concentrations
in seawater receiving wastewater (nd: not detected)
(Al Gazali, Kuwait) (Smithetal., 2015).

Compound Concentrationin seawater
(ng/L)
Bromoform 10.0-20.0
Dimethyl-phenol 20.0-80.0
Chloroxylenol nd-300.0
Fluoranthene nd-10.0
Triclosan nd-20.0
Methylparaben nd-200.0
Propylparaben nd-160.0
Terpineol 4,800-12,000
Biphenylether nd-30
Phthalates 1,500-4,000

2.6 DBPsin Hong-Kongcoastal zone

Recent research in the coastal zone of Hong-Kong (Feng
et al., 2019) has focused on the identification of new
categories of DBPs that are formed duringchlorination
of seawater-based wastewater. This kind of wastewater is
produced from theuse of seawater fortoilet flushing, in
an effort to reduce freshwater demand. However, the
differentproperties of seawater comparedto freshwater,
can enhance the formation of different categories of
DBPs. Further thantrihalomethanes (THMs), haloacetic
acids (HAAs) and haloacetonitriles (HANs), new
categories include trihalophenoles (THPs) and
halocarbazoles (HCZs), while the speciation of the
compounds detected shifts to morebrominated analogues
and iodinated DBPs are also formed (Yangetal., 2013,
Zhaoetal., 2014, Xuetal.,2017).

Recent literature has reported that iodinated DBPs
exhibited significantly higher developmental toxicity and
growth inhibition compared to their brominated and
chlorinated counterparts, and thathalogenated phenolic
DBPs exhibited significantly higher toxicity and growth
inhibition than haolgenated aliphatic DBPs (Yanget al.,
2013, Liuetal.,2014). Anew category of DBPs includes
iodinated -trihydroxybenzosulfidic acids which belongto
“iodinated phenolic DBPs”, with higher toxicity and
environmental persistence being of particular interest.
Accoringto the results of analysis performed by Feng et
al. (2019), iodinated DBPs were not detected in the
chlorinated wastewater effluents after use of seawater in
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toilets, and thiswas attributed to the fact that they could
be formed at a very early stage and fully decompose
thereafter, due to the reaction both with chlorine and
chloramines. Halocarbazoles levels were also not
detectable during this research. However trichlorophenol
and tribromophenol were detectedatlevels up to 1000
ng/L in chlorinated saline wasetwater effluent samples.

Yangetal. (2014)investigated another new category of
DBPs, halopyrroles, and the factors that canaffect their
formation: chlorine dose, contacttime, temperature and
pH. Theirresearchoutlined thatrelatively low chlorine
doses, 6 and 10mg/L enhanced halopyrrole formation.
Increase of chlorine dose from 10 mg/L to 20 mg/L,
resulted in decrease ofthe levels of tetrabromopyrrole,
tribromochloropyrrole, 2,3,4-tribromopyrroleand 2,3,5-
tribromopyrrole by 92.2%, 88.9%, 79.9% and 97.3%
respectively. The authors attributed this fact to
decomposition of the pyrrolic ring dueto chlorine. The
concentrations of tetrabromopyrrole measured in
chlorinatedsaline wastewaterafter chlorine dosages 6,
10,15and 20 mg/L were 0.74,0.69,0.14 ka1 0.08 mg/L
respectively (Yangetal.,2014).

The precursors of halopyrroles were also investigatesd
by Yang et al. (2014). Tetrapyrroles, with molecules
containing four pyrrolic rings, were consideredto be the
major precursors. Tetrapyrroles are compounds of
particularimportance fortheecosystems, as they contain
chlorophylis, aimins and porfyrins, essential metabolite s
for almost all living organisms, which for the same
reason are present in effluent wastewater samples.
Therefore, the basic hypothesis for the formation of
halopyrrolesisthat, in presence of bromineand iodine,
chlorine reacts with such pyrrole containing compounds,
creatinghalopyrroles.

As tetrabromopyrrole (Figure 1) was the dominant
species of this category, its developmental toxicity was
assessed. The species P.dumeriliiwasused. The results
have shown that tetrabromopyrrole exhibited the
maximum developmental toxicity as it was 460 and 8805
times more toxic than bromoform and bromoacetic acid.
Taking into account that the concentrations of
tetrabromopyrrole in the chlorinated saline water
samples ranged at levels 1/10 to 1/20 of those of
bromoform and bromoacetic acid respectively, the risk
posed by tetrabromopyrrole forthe marine environment
is 10to 100 times higherthan that of bromoform and
bromoacetic acid (Yang et al., 2014). These results
highlight the importance of new categories of DBPs due
to saline water utilization and chlorination in the coastal
zone andtheneedfor further investigation of compounds
and mechanisms involved.
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Figure 1. Formation of 2,3,4,5-tetrabromopyrrole (Sky of Chemistry, 2020)

References
Chen, D., Zeng, X., Sheng, Y., Bi, X, Gui, H., Sheng, G., Fu, J. The concentrations and distribution of polycyclic musksin a typical cosmetic plant. Chemosphere. 66
(2007) 252-258

Chen,W.L., Ling, Y.S, Lee, D.JH., Lin, X.Q.,Chen, ZY., Liao, H.T., Targeted profiling of chlorinated transformation products and the parent micropollutants in the
aquatic environment: A comparison between two coastal cities. Chemosphere 242 (2020) 125268

Dodds, L., King, W., Woolcott, C., Pole, J. Trihalomethanes in public water supplies and adverse birth outcomes. Epidemiology 10 (1999) 233-237

Eganhouse R.P., Blumfield, D.L., Kaplan, I.R. Long-Chain Alkylbenzenes as Molecular Tracers of Domestic Wastes in the Marine Environment. Environ.Sci.Tech.
17(1983) 523-30

Farzana, S., Yuefei, R., Wang, Q., Wu, R., Kai, Z, Meng, Y., Leung, K.M.Y ., Lam, P.K.S., Developing interim water quality criteria foremerging chemicals of concern
for protecting marine life in the Greater Bay Area of South China. Marine Pollution Bulletin 161 (2020) 111792

Feng, H., Yuefei, R,, Wu, R., Zhang, H., Lam, P.K.S., Occurrence of disinfection by-products in sewage treatment plants and the marineenvironment in Hong Kong.
Ecotoxicology and Environmental Safety 181 (2019) 404411 different adsorbents, Chem Eng J., 123, 43-51.

Gong, T., Zhang, X., Detection, identification and formation of new iodinated disinfection byproducts in chlorinated saline wastewater effluents. Water Research 68 (2015)
77-86

Gorga, M., Insa, S., Petrovic, M., Barcel 6, D. Occurenceand spatial distribution of EDCs and related compounds in waters and sediments of Iberian rivers. Sci. Total Env.
503 (2015) 69-86

Hayman, N.T., Rosen, G., Colvin, M.A., Conder, J., Arblaster, J.A., Aquatic toxicity evaluations of PFOS and PFOA for five standard marine endpoints. Chemosphere 273
(2021) 129699

Hrudey, S.E., Backer, L.C., Humpage, A.R., Krasner, S.W., Michaud, D.S., Moore, L.E., Singer, P.C., Stanford, B.D. Evaluating evidence for association of human
bladder cancer with drinking-water chlorination disinfection by-products. J. Toxicol. Environ. Health B Crit. Rev. 18 (5) (2015) 213-241

Katz, D.R., Cantwell, M.G., Sullivan, J.C., Perron, M.M., Burgess, R.M., Ho, K.T., Charpentier, M.A. Factors regulating the accumulation and spatial distribution of the
emerging contaminant triclosan in the sediments of an urbanized estuary: greenwich Bay, Rhode Island, USA. Sci. Total Environ. 443 (2013) 123-133

King, W.D., Marrett, L.D. Case-control study of bladder cancer and chlorination byproducts in treated water (Ontario, Canada). Cancer Causes Control 7 (6) (1996) 596—
604

Krasner, S.W., Westerhoff, P., Chen, B., Rittmann, B.E., Amy, G. Occurrence of disinfection byproducts in United States wastewater treatment plant effluents. Environ.
Sci. Technol. 43 (21) (2009) 8320-8325

Kueh, C.SW., Lam, J.Y.C., Monitoring oftoxic substances in the Hong Kong marine environment. Mar. Pollution Bulletin 57 (2008) 744757

Lara—Martin PA, Gonzilez-Mazo E, Petrovic M, Barcel6 D, Brownawell BJ. Ocurrence, distribution and partitioning of nonionic surfactants and pharmaceuticals in the
urbanized Long Island Sound Estuary (NY). Mar. Pollut. Bull. (2014)

Le Roux, J., Plewa, M.J., Wagner, E.D., Nihemaiti, M., Dad, A., Croué, J.P. Chloramination ofwastewater effluent: to xicity and formation of disinfection byprodu cts. J.
Environ. Sci. 58 (2017) 135-145

Lee, J.W., Lee, H.K., Moon, H.B., Contamination and spatial distribution of parabens, their metabolites and antimicrobials in se diment from Korean coastal waters.
Ecotoxicology and Environmental Safety 180 (2019) 185-91

Liao, C, Lee, S.,Moon, H.-B., Yamashita, N., Kannan, K. Parabens in sedimentand sewage sludge from the United States, Japan, and Korea: spatial distribution and temporal
trends. Environ. Sci. Technol. 47 (2013) 10895-10902

Liu,W.R, Zhao,J.L., Liy, Y.S,, Chen, ZF., Yang, Y.Y ., Zhang, Q.Q., Ying, G.G. Biocides in the Yangtze River of China spatiotemporal distribution, mass load and risk
assessment. Environ. Pollut. 200 (2015) 53-63

Massey R., Jabcobs M., Gallagher L.A., Dlugolecki A., Cochran L., Geiser K., Edwards S. Global chemicals outlook - towards sound management of chemicals. United Nations
environment Programme (UNEP) (2016)

McCance, W., Jones, O.AH., Edwards, M., Surapaneni, A., Chadalavada, S., Currell, M. Contaminants of Emerging Concern as novel groundwater tracers for delineating
wastewater impacts in urban and peri-urban areas. Water Res. 146 (2018) 118-133

CEST2021_00834



17" International Conference on Environmental Science and Technology

\ CEST M Athens, Greece, 1 to 4 September2021

Moeris, S., Vanryckeghem, F., Demeestere, K., Schamphelaere, K.A.C., A margin of safety approach for the assessment of environmentally realistic chemical mixtures in the
marine environment based on combined passive sampling and ecotoxicity testing. Science of the Total Environment 765 (2021) 142 -48
Ojemaye, C.Y ., Petrik, L. Pharmaceuticals in the marine environment: a review. Environ. Rev. 27 (2) (2019) 151-165

Peng, X., Xiona, S., Ou, W.,, Wang, Z,, Tan, J.,Jin, J., Tang, C., Liu, J., Fan, Y. Persisten ce, temporal and spatial profiles of ultraviolet absorbents and phenolic personal care
productsinriverine and estuarine sediment of the Pearl River catchment, China J. Hazard Mater. 323 (2017) 139-146

Richardson, S.D., Plewa, M.J,, Wagner, E.D., Schoeny, R., Demarini, D.M. Ocaurrence, genotoxicity, and carcinogenicity of regulated and emerging disinfection by -products in
drinking water: a review and roadmap for research. Mutat. Res. 636 (1-3) (2007) 178-242

Salimi, M., Esrafili, A., Gholami, M., Jafari, A J., Kaantary, R.R., Farzadkia, M., Kermani, M., Sobhi, H.R. Contaminants of emerging concern: a review of newapproach in
AOP technologies. Env. Mon. Assess. 189 (8) (2017) 22-33
Sky of Chemistry (2020) Electriphilic substitution in Pyrrole (theskyofchemistry.blogspot.com)

Smith, AJ., McGowan, T., Devlin, M.J., Massoud, M.S., Al-Enezi, M., Al-Zaidan, A.S., Al- Sarawi, H.A., Lyons, B.P., Screening for contaminanth otspots in the marine

environment of Kuwait using ecotoxicological and chemical screening techniques. Marine Pollution Bulletin 100 (2015) 681688

Traverso-Soto, J.M., Brownawell, B.J., Gonzalez-Mazo, E., Lara-Martin, P.A., Partitioning of alcohol ethoxylates and polyethylene glycols in the marine environment: Field

samplings vs laboratory experiments. Science of the Total Environment 490 (2014) 671678

Xu, X.,Wang, D, Li, C., Feng, H., Wang, Z. Characterization of the reactivity and chlorinated products of carbazole during aqueous chlorination. Environ. Pollut. 225 (2017)
412-418

Xue, J., Kannan, K. Accumulation profiles of parabens and their metabolites in fish, black bear, and birds, including bald eagles and albatrosses. Environ. Int. 94 (2016) 546-553

Yang, M., Liu, J., Zhang, X., Richardson, S.D. Comparative Toxicity of Chlorinated Saline and Freshwater Wastewater Effluents to Marine Organisms. Environ. Sci. Techno .
40 (2015) 1447514483

Yang, M., Zhang, X. Halopyrroles: A New Group of Highly Toxic Disinfection Byproducts Formed in Chlorinated Saline Wastewater. Environ. Sci. Technol. 48 (2014)
1184611852

CEST2021_00834



