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Project MATISSE

eMerging contAminanTs In roSs Sea:
occurrence, sources and ecotoxicologi
risks (PNRA18 00216 - B2)

Arctowski

The research objectives of MATISSE are
associated to the following three lines:
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* Providing a picture of the present
levels of emerging contamination a
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* Identifying the contamination
sources (wastewater treatment
plants, research activities, tourism...
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* Evaluating the ecological and
toxicological risk
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Vasilachi et al., Water 2021, 13, 181. “Occurrence and Fate of Emerging Pollutants in Water Environment and Options for Their Removal”
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Danovaro et al., Sunscreens Cause Coral Bleaching
by Promoting Viral Infections, Environmental Health
Perspectives, 116 (2008) 441-447

C D

Figure 1. Impact of sunscreen addition on nubbins of Acropora. Untreated (brown) and treated (bleached)
nubbins of (A) Acropora cervicornis (Caribbean Sea, Mexico); (B) Acropora divaricata (Celebes Sea,
Indonesia); (C) Acropora sp. (Red Sea, Egypt); and (D) Acropora intermedia (Andaman Sea, Thailand).
Images were taken within 62 hr of the start of sunscreen incubations. Scale bar =2 cm.
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IMPACTS OF OXYBENZONE

Review 2023
Environmental impacts of the
ultraviolet filter oxybenzone e

Can induce coral
bleaching, damage DNA,
damage larvae, and

SCheele et al., SCience Of the cause coral death
Total Environment, 863 (2023)
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Often causes
oxidative stress in
marine bacteria
and cyanobacteria

Plants

Inhibits seed germination
and photosynthesis in
severoal plants, including

cucumber, tomato, barley,

horseradish, sea spurge,
and several species of
marsh plants
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Crustaceans

Toxic to mussels, clams,
urchins, and others.
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Impairs
photosynthesis and
inhibits growth

Fish
Bioaccumulates in animals.
Acts as an endocrine
disruptor in fish,
decreasing fertility and
causing feminization.
Causes larval deformities
in mussels and sea urchins.



Analytical methods
for EPs in water

* very low concentration
* possible matrix effects

* need of sensitive and selective
analytical techniques (GC-MS, LC-MS...)

* need of preconcentration techniques
(i.e. Solid Phase Extraction - SPE)




Critical issues

1. The analysis of trace contaminants often requires the
collection of large volume of water and the subsequent
sample preparation may cause troubles to the quantitative
determination (interferences, high blank levels, low
reproducibility etc.)

2. Spot (or grab) sampling can provide accurate and precise
data but they represent just a “snapshot” of the
contamination at the time of sample collection

3. To increase the sampling frequency is expensive and not
always possible



Passive Sampling

Sampling technique based on free flow of analyte
molecules from the sampled medium to a receiving
phase in a sampling device

The “driving force” is the different chemical
potential of the analyte in the two media

Enables sampling, selective extraction and in-situ preconcentration
at the same time

Allows sequestration of pollutants from episodic events

Does not affect the speciation, sampling only the dissolved phase
Does not require energy and simplifies the sample preparation
procedure

Provides Time-weighted average (TWA) concentrations




TWA concentrations of pollutants:
passive vs. spot sampling
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Polar organic chemical integrative sampler (POCIS)*

Support ring @

3 Membrang e
Sorbent phase =
Membrane < >

supporting S POCIS works in kinetic regime

 Two microporous membranes of polyethersulfone (PES,

porosity 0.1 um) which enclose the sorbent Mg(t) = CwRst

Concentration in the sampler

° Most common sorbents:

— Qasis HLB (Hydrophilic modified styrene polymer) T
— Trifasic (Isolute ENV / Ambersorb 1500 / SX-3Biobeads)

50 Time

* Alvarez, D.A., Petty, J.D., Huckins, J.N., Jones-Lepp, T.L., Getting, D.T., Goddard, J.P., Manahan, S.E., Environ. Toxicol. Chem., 2004, 23, 1640-1648.
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SPECTROMETRY

Table 1. Structure of the selected emenging pollutants and thesr acid dissociation constant

Polyfluoroalkyl substances (PFAS)
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POCIS processing and analysis

HPLC-ESI-MS/MS

High performance liquid chromatography -
electrospray ionization — tandem mass
spectrometry
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Field activity at Terra Nova Bay

WWTP effluent of
M.Zucchelli Station
(expedition 2021-22)
WWTP spot WWTP passive
sampling sampling

07-nov (SPE-1)
14-nov (SPE-2) 7-21 nov
21-nov (SPE-3)
28_”?\/ (SPE-4) 21 nov- 5 dic
05-dic (SPE-5)
12:die (SPES) | 5 gic - 19 dic
19-dic (SPE-7)
26-dic (SPE-8) 19 dic - 2 gen
02-gen (SPE-9)
09-gen (SPE-10) I ik

16-gen (SPE-11)

23-gen (SPE-12)

30-gen (SPE-13)

16 gen - 30 gen
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Field activity at Terra Nova Bay

Seawater sampling
in Road Bay
(expedition 2021-22)
Road Bay Road Bay
Spot sampling | Passive sampling

04-nov
13-nov 4 nov - 25 nov
25-nv
15-gen
24-gen 15 gen -2 feb
02-feb
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Results WWTP - Spot sampling

14 ECs measured during the 37t campaign (25 ECs detected during the two
campaigns)

Considering the averaged concentrations for the whole period (12 weeks for 37t"):

* most abundant: CAFF, KETO and NAPR (11-8 pg L)
* iIntermediate: OC, BP-3, IBU, DCF and PRX/TFL (1.5-0.8 pg L)
* lower concentrations: EHMC and TCS (0.3-0.09 pg L)

« detection/quantitation limit: E1, PFOA and PFOS
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NSAIDs

Non-steroidal anti-
inflammatory drugs

pg L?

B KETO BENAPR

First POCIS

deployement
/-21 nov 2021
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Passive sampling: detected analytes

Both the HLB sorbent and PES membranes have been eluted (relevant for
UV filters and TCS).

POCIS allowed the detection of the same 14 ECs measured by spot
sampling during the whole 37t campaign

Good reproducibility between duplicate POCIS (except for the more
polar CAFF and PRX-TFL)
— <10% for more than half the POCIS compound concentrations

— <30% for nearly all compounds (including BPA, E1, BP-3, TCS)
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Comparison with spot sampling of other
WWTP effluent in Antarctica

BPA BP3 CAFF CBz DCF E1 EE2 EHMC IBU KETO NAPR PFOA PFOS oC TCS
m Scoft Base 2012-2013 m Esperanza Base 2012-2013 m Esperanza Base 2012-2013 = Arctowski Station 2019 ® Mario Zucchelli Station 2021-2022
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Seawater

2021-2022

Traces of 9 ECs detected at least
once in either the spot or the
passive samplers:

OC, BP-3, EHMC
PFOA, PFOS
NAP, DCF, IBU
GEM*

2022-2023

Traces of 19 ECs detected at least
once in either the spot or the
passive samplers:

OC, BP-3,

PFOA, PFOS

NAP, DCF, IBU, KET e
GEM*, ATN, SLBT, TBTL
CAFF, PRX+TFL, TRN, TBR
TCS, BPA

ACS




Jang Bogo Station

lerra Nova Bay
Cooperation with KOPRI
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Concluding remarks

Emerging contaminants have been detected during the 37t and 38t Expedition of
PNRA in Terra Nova Bay, in the WWTP effluent of M. Zucchelli Station

Both classical (spot) and innovative (passive) sampling allowed the determination of
25 compounds

POCIS passive samplers provided results in substantial agreement with spot
sampling, simplifying the whole analytical procedure and reducing the number of
analysis thanks to the integrative sampling

Seawater in Road Bay showed traces of most of the studied Ecs

The risk on the local marine ecology, in particular from OC and BP-3, is under study.
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