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* Emerging contaminants (EC's) are pollutants of growing
concern.

. *They are mainly organic compounds such as: pesticides, E
. pharmaceuticals and personal care products, hormones,

plasticizers, food additives, wood preservatives, laundry

detergents, surfactants, disinfectants, flame retardants,

and

e other organic compounds that were found recently in
natural wastewater stream generated by human and
industrial activities.




owards an improved risk

assessment framework

Chemical pollution can have long-term and
large-scale environmental impacts

Inconsistent risk assessments can
The new term “toxic-free environment” is create public mistrust, as with
considered, by some, to be political, while for glyphosate and bisphenoI-A

others, the phrase might appear non scientific as,
in the end, everything can be toxic depending on

the dose or concentration.

The zero pollution ambition for a toxic-free environment implies a
continuous improvement of the environmental status;

Currently risk assessments do not predict the impact of a chemical,
especially a persistent one, in years from now by continued emission.




Additional Water treatment requirements

 EU law — Urban Wastewater Treatment Directive =
removal of micropollutants

* Adding a 4" level of treatment

* [reland must improve compliance — currently at 51% of
current standards whereas EU average is 90%




Chemical Cocktall

Chemical cocktails harmful to wildlife found in 81% of
English rivers and lakes

Campaigners call for rigorous testing of waterways to
protect species

after analysis reveals scale of problem

In Europe, the chemicals policy has evolved since the
1960s and has generated over 40 pieces of legislation.

all European policies on the environment should be based on the
precautionary principle

the polluter should pay

risk assessment process should be harmonized.

The EU tries to achieve this by enabling a “one substance—

one assessment” approach.

SmartRivers

Using Freshwater
invertebrates to
Monitor the Health of
Our Rivers

Biological
Recording
Company
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Mon]toring * Matrix challenges

Few studies have incorporated the analysis
of the metabolites of sulfonamide in

e Analvtic
Yy al methods wastewater such as N,-acetyl

sulfamethoxazole and N,-acetyl
sulfamethazine.

M. Gustavsson et al. / Science of the Total
Environment 598 (2017) 973-983
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metabolites - during wastewater
treatment should be routinely considered
1 I L =>» known to be transformed back to the
' ' parent compounds in wastewater
environments.
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depending on the origin and composition.
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Surface water as an indicator
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Studies

Phthalate — occurrence and PFAS — occurrence and
human exposures potential sources

Pharmaceuticals — during Pesticides — in wastewater
and after COVID-19 and surface water



Cycle of Phthalates and their Metabolites in the WWTP

Phthalates are ubiquitous Diesters
synthetic organic compounds Household and

Pos Industry O
 Plasticisers ekl

« Endocrine disruptors ' e

« Banned/limited in
manufacturing
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Exposure routes:

* Ingestion

Diester:Monoester

* Inhalation ratio
« Absorption
Health Impacts: \
Male Birth Defects

Impaired neurological Monoesters

development in children Human
Obesity metabolism




Monoester analytical method
application to wastewater influent
samples.
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Pharmaceuticals selected, their chemical

structures and prioritisation
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Pharmaceutical occurrence

* Watch List Monitoring

Venlafaxine

Miconazole
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Clotrimazole
Fluconazole
o-desmethylvenlafaxine
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Risk

Analyte RQ from highest | Risk category Occurring in sample
MEC

Tetraconazole 0.0005 -0.008 Low Multiple <LOQ

Penconazole 0.004 - 0.006 Low Multiple <LOQ

Imazalil 0.002 - 0.003 Low Multiple <LOQ

Metaflumizone 0.046 —0.139 Low - Moderate | Multiple <LOQ
Ipconazole 0.047 -0.142 Low - Moderate | Multiple <LOQ
Metconazole 0.073-0.221 Low- Moderate | Multiple <LOQ
Famoxadone 0.121-0.368 Moderate Multiple <LOQ
Amoxicillin 0.122 Moderate Nore March 2022
Thiacloprid 0.157-0.482 Moderate Multiple <LOQ
Prochloraz 0.168 Moderate Suir September 2021
Dimoxystrobin 0.181 Moderate Liffey March 2022
Sulfamethoxazole 0.200 Moderate Liffey September 2021
Clotrimazole 0.235 Moderate Suir March 2022
Ciprofloxacin 0.281 Moderate Suir May 2021

v

Clothianidin

Moderate

Liffey December 2018

Azithromycin

Moderate

Liffey December 2018

O-desmethylvenlafaxine

Moderate

Liffey May 2021

Clarithromycin

Moderate

Liffey December 2018

Imidacloprid

Moderate

Liffey August 2019

Acetamiprid

2.289 High

Suir December 2018

Venlafaxine 2.333 High Annalee May 2021
Methiocarb 1.015-3.05 High Multiple <LOQ
Thiamethoxam 8.313 High Suir December 2018
Estrone (E1) 42.7 - 295 High Multiple <LOQ
Estradiol (E2) 1233.333 High Annalee August 2019
E+thinvlactradial (EFED2) 271166 667 Hich <Sriir Anictict 2010




Concentration (ng/L)
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Figure 31: Temporal variation in combined concentration of the antibiotics sulfamethoxazole, ciprofloxacin,
trimethoprim, azithromycin, clarithromycin, erythromycin across The Rivers Nore, Liffey, Suir and Analee
from 2020 to 2022.
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Pesticide Occurrences

Wastewater Influent

Effluent
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Amlodipine
Amoxicillin
Antipyrine
Atorvastatin
Atrazine
Azithromycin
Benzatropine
Benzophenone-4
Bisoprolol

CBZ epoxide
Carbamazepine
Carboxine
Ciprofloxacin
Citalopram
Clarithromycin
Clopidogrel
Clozapine
Cymoxanil
Diclofenac
Diphenhydramine
EE2
Erythromycin
Fluoxetine
Flurochloridone
Hydrochlorothiazide
Ketoconazole
Lidocaine
Mefenamic acid
Memantine
Metoprolol
Nordiazepam
Nortriptyline
Octinoxate
Octocrylene
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Propranolol
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Ronidazole
Salbutamol
Simazine
Sulfamethoxazole
Sulfapyridine
Tamsulosin
Temazepam
Terbutryn
Timolol
Tramadol
Triclosan
Trimethoprim
Valsartan
Venlafaxine

Verapamil
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Biological Effects

* Anti-estrogenic

* Algal inhibition tests

(. N .

B i l .J A typical workflow for
- assessment of water

|
o
| —

Reconstitution in matrix

: . Ex ' Analyte : &, .
Sample Colection (Gb/PSSie)  fommanix  deteclon  Preconcenatonand samples to determine
| quantification

biological effects of
| chemicals

' ' . Bioassay on
332?:,?%; » chemical cocktails
individual toxic in a mixture
chemical
l 11,

Data processing and interpretation



Cocktail of diclofenac and gemfibrozil shows
anti-estrogenic activity at low concentration
compared to individual drugs

* Mixture of
gemfibrozil and
diclofenac at 20
mg/L each

* Individual drug at
100 mg/L

* Exposure for 24 h

8-
—— Diclofenac/Gemfibrozil
——  Gemfibrozil
o 61 : ,
E -=— Hydroxitamoxifen
c — Diclofenac
O 4
©
-
S
£ 5.
0 | | | 1
10 -8 -6 -4 -2

REF or Conc. (10*M)

Cocktail effect of diclofenac and gemfibrozil on antagonising
estrogen receptor activities



Mixture effect based on modelled CA

100

Exposure concentration from A
CA prediction (120 h)

n Pk 1
ICmix — zk=1(lcyk)

concn range used predicted
to have 5% to 95% growth
inhibition

0 *
ST achieved 18.66% to 85%

1 1 1 1 1
I-j.oi/ 45 40 35 3.0
and STD achieved -12.67% to
96.8% inhibition Log Concentration (10°)

- Sulfamethoxazole/Trimethoprim

50

Sulfamethoxazole/Trimethoprim/
Diclofenac

% Growth inhibition

* Dolichospermum flos aquae. exposure for 96 h 50

* Concenrations around the IC50 of sulfamethoxazole used for both Sand T
* Diclofenac IC50 selected for S, T and D cocktail
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Sulfamethoxazole
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0 Assessment of the
Occurrence and
Distribution of Per- and

1d polyfIUOrOOIk\ Polyfluoroalkyl
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Health concerns

SSA production by . Long-range atmospheric
wave breaking and 4 7 transport of sub-micron SSA
air entrainment y '

|

Sub-micron SSA Super-micron SSA
highly enriched less enriched
in PFAAS in PFAAS

2006 '2008°  '2010 2012 204
- Year

Fiim drops
Rising bubbles (smaller partic
scavenge PFAAS
present In seawater




Table1 Description of target analytes included in the present study

Fluorinated

Compound Acronym CAS number Class C chain Formula
Perfluorododecanoate PFDoOA 307-55-1 Acid Cc12 Cy,HF,3,0,
Perfluoroundecanoate PFUdA 2058-94-8 Acid c1 Cy;HF,, 0,
Perfluorodecanoate PFDA 335-76-2 Acid Cc10 C10HF;150,
Perfluorononanoate PFNA 37595-1 Acid Cc9 C4HF,,0,
Perfluorooctanoate PFOA 33567-1 Acid Ccs CgHF,;0,
Perfluorohexanoate PFHxA 307-24-4 Acid Cé6 CeHF,,0,
Perfluoropropoxypropanoic acid Gen X 13252-136 Acid Cé CgHF,,04
Perfluoropentanoate PFPeA 2706-90-3 Acid Cs5 CsHF;0,
Perfluorooctanesulfonamide FOSA 75491-6 FOSA Ccs CgH,F;NO,S
Perfluorodecylsulfonate PFDS 2806-15-7 Sulfonate C10 C1oHF;, 0,8
Perfluorononylsulfonate PFNS 98789-57-2 Sulfonate c9 CgHF,40,S
Perfluorooctylsulfonate PFOS 402147-0 Sulfonate (o}] CgHF,,0,S
Perfluorohexylsulfonate PFHxS 82382-12-5 Sulfonate Cé6 CeHF,,0,8
Perfluoropentylsulfonate PFPeS 630402-22-1 Sulfonate Cs5 C;HF,;,0,
Perfluorobutylsulfonate PFBS 29420-49-3 Sulfonate C4 C4HF,0,8
Perfluoro-1-(**C,) octanesulfonate MSPFOS — Sulfonate C8 BCF,,S0,
Perfluoro-n-[1,2,3,4,5-*C;] nonanoic acid MPFNA —_ Acid Cc9 B0 CHF170,
Perfluoro-n-[1,2-°C,] octanoic acid MPFOA - Acid cs ¢, C¢HF, ,0,

MPFHxA —_ Acid cé6

pPerfluoro-n-1,2-*C,] hexanoic acid HC,C4HF,,0,



Results: Occurrence
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3000

Res u Its : OCC u rre n Ce . e Perfluoro-undecanoic acid

2500 o i
. H PFUdA
2000 W PFPeA
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= 8 compounds out of 15 were consistently
detected

= PFQOS, FOSA, PFDoA, PFDS, PFHxS, PFNS
and PFPeS were not detected
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£ 30
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Concentration (ng/L)

Guidelines
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Source Tracking -

Nl

Apply multivariate analysis for source tracking: PCA and hierarchical

clustering to group sites with statistically distinct PFAS composition y

——

—_—

Data we need.... Problems we have....

, Continue to sample at locations where there are
inputs we can identify;

Chemical composition

Plausible sources
Calculate the hydrological distance — ArcGIS

Hydrological distance from the source to the —

sampling site

Find a source of information to determine

population for the sub-catchments included in the

study

Classify points as urban (>1000 inhabitants/km?) —
or rural

mp Use multivariate analysis properly (variable
selection, data normalization, etc.)
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