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* Inhalation
e exposure level in air inhaled,

* Particulate matter, radon, flame
retardants, silica...

‘  Dermal
e concentration on skin, area of skin exposed

* Flame retardants, pesticides

Assessing
human exposure
and exposure
pathways

* Ingestion —inadvertent
* mass of chemical being swallowed
* Flame retardants, pesticides



EPA -ELEVATE 2016-19
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Exposure monitoring is key to understanding the impact
on human health and the environment (risk assessment)

o 10,2022 - 2025

EPA -ELEVATE 2016-19 S wx

Dr Nina Wemken, Dr Martin Sharkey, Dr Mark Healy ( University of Galway) and Prof
Stuart Harrad University of Birmingham




ELEVATE -Elucidating Levels and Pathways of Human
Exposure in Ireland to POP-BFRs and PFAS 2016-19
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Legacy Brominated Flame retardants ( X13)

Hexabromocyclododecane (HBCDD)

Polybrominated diphenyl ethers
(PBDES)

Stockholm Convention
Penta & Octa-BDE
Deca-BDE




Replacement BFR- Decabromodiphenyl ethane (DBDPE)

Applications:

DBDPE




Per- and polyfluoroalkyl substances (PFAS) x10

Stockholm Convention
PFOS, -2009
PFHxS, PFOA, PFOS, — 2019




ELEVATE - Human Biomonitoring
2016-18

» Recruit 110 primiparas from two Irish
maternity hospitals

 PBDEs, HBCDD, DBDPE, (PFASSs) in 16
pools

« Compare to previous Irish Studies (2010)*

and global trends

*Pratt et al., 2013;
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Exposure pathways — inhalation/ingestion
Microenvironment

’ EAERRS e Air & dust
A J " BFRs

30 Cars

Sampling period Aug 2016 — Jan

N\ 4



Human Biomonitoring — (median) concentrations (ng/g
lipid, DF)

<0.06 <0.2 <0.2 <0.12 0.71 <0.3 1.4
(0%) (1 OO%) (0%) (0%) (0%) (100%) (8%) (81%)

<2.5(19%) 1.4 (100%) 0.19 (88%) 0.16 (81%)

0.10 0% <0.04 0% 0.0536 0% 0.034 0% 0% 0%
100% 31% 2% 69%



Comparing 2016 — 2010 data - BFRs

100 ~

BDE-47 & 153
e B BDE-47
Em BDE-153

IEEl BDE-209
I DBDPE

(p< 0.05)
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HBM PFOS &
PFOA

* EFSA proposed TWIs for PFOA and
PFOS in 2018 = 6 & 13 ng/Kg bw/week

* Direct comparisons not possible
for infants PFOA

* PFOS - Breast feeding scenarios
(EFSA) no health concern at
concentrations measured in milk
samples

« 2020 EFSA NEW TWI



Results-Dust PBDEs & PFAS

* Order of highest dust concentrations for PBDE congeners:
BDE-209>BDE-99>BDE-47>BDE-183

 PFBS>PFOS>PFOA

* Detection frequency (df) (df)
« BDE-209 in 100% of samples PFBS — 81%
 BDE-183 in76% of samples PFOA — 66%
 BDE-99 in 73% of samples PFOS — 63%
 BDE-47 in 98% of samples PFHXS — 47%

DBDPE in 98% of samples



Results-AIR PBDEs & PFAS

* Order of air concentrations for PBDE congeners analysed:
BDE-209>BDE-99>BDE-47>BDE-183
* PFOA>PFOS>PFBS

PFOA
PFNA
MeFOSE

» Detection frequency (df)

 BDE-209 in 97% of samples
« BDE-183 in 8% of samples
 BDE-99 in 93% of samples




e e EXposure pathways -
' - PFASs

PFOS, Adults PFOS, Children * Drinking water is an important exposure
= ' = pathway for children e.g. PFOA
: - * Dust also and important contributor for
PFBS
PFBS, Adults PFBS, Children
O s w “s «  When combined with dietary < 10% of
' = total
* Non dietary exposures < EFSA TWI
MeFOSA, Adults MeFOSA, Children PFOA and PFOS

Figure 1. Relative contribution (expressed as %) of different target
PFASs to the overall daily exposure (ng/day) of Irish toddlers and
adults via drinking water, inhalation, and dust ingestion under typical

exposure scenarios.



Take home messages ELEVATE

« Evidence of reduction in exposure to banned/restricted BFRs

« Suggest substantial use of Deca BDE in Ireland leading to exposure via

 Air & Dust > dietary exposure (median 13,000 ng/g dust in Irish homes—
Wemken et al., 2019)

» Food (Garcia Lopez et al., 2018) DIET?

« Given DBDPE concentrations in Irish dust ~ those of BDE-209 (Wemken et al.,
2019), hypothesise body burdens of DBDPE will increase over next few years

* PFAS
« Not detected in previous studies. Concentrations within the range of those
reported globally. Levels do not suggest any health concern in 2018 —
* TWI has since changed
* Impact of restrictions and bans
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Inhalation
* exposure level in air inhaled,
* Particulate matter, radon, silica...

Dermal
e concentration on skin, area of skin exposed
* Flame retardants, pesticides

-

Ingestion — inadvertent
* mass of chemical being swallowed
* Flame retardants, pesticides

Assessing
human exposure
and exposure
pathways

Diet
e Chemical contamination in food
* PFAS, flame retardants, PCBs




WHAT KIND OF
CHEMICAL CONTAMINANTS @
ARE IN FOOD & FEED?

From fungi, algae or
plants including some
weeds and sea plankton

METALS & “INORGANIC” PROCESS
SUBSTANCES CONTAMINANTS

Prohibited use in

NATURAL TOXINS UNAUTHORISED ENVIRONMENTAL
; VETERINARY MEDICINES : CONTAMINANTS

Industrial and consumer
chemicals present
in air, soil and water

food-producing animals

Image credit EFSA, 2025
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Assessment of the Environmental
Contamination of Sediments and WWTP
derived biosolids with Hazardous Chemicals
— TERRAChem ---

Marie Coggins, Martin Sharkey, Mark Healy, Stuart Harrad, William Stubbings




Contaminants in waste...

How a septlc tank
system treats your
wastewater

l TREATMENT PLANT
_—— -
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The TERRAChem Project 2022-25

Persistent Organic Pollutants (POPs), WFD Watch list, emerging chemical of
concern (Norman Network)

Nationwide screening of sediments (N=81), and WWTP-derived biosolids (N=21)
to determine degree of environmental contamination.

=)
COPQAResearch




TERRAChem a dataset presenting
the concentrations 91 chemicals!




PFASs
PFBS
PFPS

PFHXS

PFHpS

PFOS
PFNS
PFDS

PFUNDS

PFDoDS
PFTrDS
PFBA
PFPA
PFHxXA
PFHPA
PFOA
PFNA
PFDA

PFUNDA
PFDODA
PFTrDA

SSAs/UVFs
2-ethylhexyl-4-
methocycinnamate
Benzophenone
Homosalate

Octocrylene

4-methylbenzylidene

camphor

Pyrethroids
Bifenthrin
Cyfluthrin

A-cyhalothrin

Esfenvalerate

Permethrin
Resmethrin
Deltamethrin
Cypermethrin

PCBs
PCB-11

PCB-28
PBC-52

PCB-101

PCB-118
PCB-138
PCB-153

PCB-180

Antiparasitics

lvermectin

Doramectin
Eprinomectin

Moxidectin

Emamectin Benzoate

Diflubenzuron

Teflubenzuron

Antibiotics
Trimethoprim
Azithromycin

Roxithromycin
Doxycycline

Sulfamethoxazole
Trimethoprim

Clarithromycin
Lincomycin

Sulfadiazine
Erythromycin
Difloxacin
Enrofloxacin
Norfloxacin
Ofloxacin
Levofloxacin

Ciprofloxacin

Flame Retardants
BDE-28
BDE-47
BDE-99

BDE-100

BDE-153
BDE-154
BDE-183

BDE-209

a-,B-,y-HBCDD
TBBP-A
TTBP-TAZ
TCEP
TCIPP
TDCIPP




WWTP Site Reference # qulationﬁivalent (BE). ou &Eﬂsand Iypeﬁﬁds
WWrP 1 >100,000 > 30,000 Advanced AD
WWTP2 >100,000 >30,000 AD,TD
WWTP3 >100,000 >30,000 AD,TD
WwWrP4 100,000 530,000 THP, AD
WWTP5 2,000 - 50,000 1,000 - 10,000 AD,P
WWTP 6 2,000 - 50,000 1,000 - 10,000 AD,TD
Wwwrp7 50,000-100,000 10,000 - 30,000 N

Table 1 - Available metadata for biosolid samples collected from 7 WWTP's in Ireland. AD = Anaerobic Digestion; TD

= Thermal Drying; THP = Thermal Hydrolysis Processing; P = Pasteurization; LS = Lime Stabilisation.
m A




Concentrations of target PCB, PBDEs, CL-OPEs in
biosolids
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Concentrations of target pyrethroids in
biosolids (ng/g)

e Cyfluthrin 57%,
permethrin 15%,
10000.00 deltamethrin 12% of
2, Pyre
1000.00 * * No significant

correlation with
T rainfall
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Further Findings from TERRAChem

Science of The Total Environment
ELSEVIER Volume 954, 1 December 2024, 176582

A\

Legacy and emerging flame retardants in
sediments and wastewater treatment plant-

derived biosolids

Martin Sharkey © & &, Shijie Wang ® & X, Stuart Harre . ..

Mark G. Healy €, Jingxi Jin ®, Ann Marie Coggins °

Show more v

+ Addto Mendeley o Share 99 Cite

https://doi.org/10.1016/j.scitotenv.2024.176582

Under a Creative Commons license 7

T

Chemosphere
Volume 369, December 2024, 143793

Antibiotics residues in inland and
transitional sediments

Martin Sharkey © 2 &, william A. Stubbings ® 2 &, Stuart Harrad ®, Mark G. Healy '
shijie Wang ®, Jingxi Jin ®, Ann Marie Coggins ©

Show more ~

+ Add to Mendeley < Share %% Cite

https://doi.org/10.1016/j.chemosphere.2024.143793 » Get rights |

Under a Creative Commons license » L]
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e Science of The Total Environment
ELSEVIER Volume 979, 1 June 2025, 179380

Concentrations of perfluoroalkyl substances
in sediments and wastewater treatment
plant-derived biosolids from Ireland

Yulong Ma @ & =, Martin Sharkey ® & i, Ann Marie Coggins ®, Will Stubbings ¢,
Mark G. Healy €, Stuart Harrad ¢

Show more v

+ Add to Mendeley o Share 99 Cite

https://doi.org/10.1016/j.scitotenv.2025.179380 ~ Get rights and content 2

Under a Creative Commons license 7 ® Open access



Take home messages TERRACHEM

First baseline assessment (WWTP derived biosolids & sediment) of legacy and chemicals of
emerging concern

Chemicals detected in both biosolids and sediment — chemicals present in use in Ireland and
finding their way into our environment

Follow up study needed to assess soil concentrations and also impact on food crops and grazing
animals — long term impact on land spreading

FINAL REPORT available via EPA late 2025



ENVIRONMENT
and HEALTH

"

Land-use Climate change

change and '\‘fﬂ mitigation
biodiversity loss ’ and adaptation

Zoonotic and
Ty N .
TToo ™ __4_1 @ Antimicrobial A re(emeraind)

Chemical manufacturing:s the 4th-largest industry in EU — however a growing
number of chemicals detected in human biomonitoring programmes

Continue to improve our knowledge base on chemicals — impact on
environment and health

. Monitoring presence in our environment and in humans key to understanding
impact and risk

Raise awareness of POPs and other chemicals of concern
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Antibiotic detection frequency in inland and transitional
sediments around Ireland 2023

90

(o))
o

80 samples analysed
Confirm presence of 12 antibiotics
Clarithromycin most frequently detected & found at highest concentration - moderate degree of

environmental risk
Mostly on low end of concentrations reported international

Ciprofloxacin Enrofloxacin Ofloxacin Clarithromycin Roxithromycin Sulfadiazine

Detection Freqgiency (%)
AN
()]

N
w

0



Proximity to Wastewater Discharge Point

Distance from Conc. * Std. Dev. Two notable eX.CG'pt_ions
Emission Point (km) (ng/g) showed }antibiotics
above 10 ng/g

<0.1 49.3 +24.7
0.1 -5.0 9.0+9.7
> 5.0 4.7 +3.8

Both samples directly

traceable to high
pressure agricultural/
aquaculture zones

Higher concentrations in this “mid-range”
were also shown to coincide with either high

population densities, or agriculture/
aquaculture pressure zones.




Antibiotics in Different Environmental

Compartments

100%

75%

M Trimethoprim
Sulfamethoxazole

B Clarithromycin

M Ciprofloxacin

B Azithromycin

50%

25%

0%
Irish Sediments (2023) WWTP Effluent (2015-2016)

Antibiotics in WWTP effluent
broadly conforms to reported
usage in lreland.

Notable differences in uptake
to different environmental
compartments: SME in water
vs CLA in sediment.

Therefore, low ecotox. risk in
sediments may not
necessarily translate to low
risk in other environmental
compartments.



Concentrations of target Pyrethroids in
sediments

4
3
2

(b)

I I I

P T A S N N I

| =

High risk

L.ow risk

Resmethrin

Bifenthrin

A | Lammbda-Cyhalothrin

[ ] Permethrin
Cyfluthrin

| | Cypermethrin

Esfenvalerate

[ ] Deltamethrin




Concentrations of target Pyrethroids in
sediments

1(b)

3 EX G

N : LLow risk

=

High risk

Resmethrin
Bifenthrin
Lambda-Cyhalothrin

[ ]Permethrin

Cyfluthrin

[ ] Cypermethrin
Esfenvalerate

[ | Deltamethrin
T

Plant protection products
Resmethrin, bifenthrin,
permethrin, cyfluthrin, — not
approved

Lambda — Cyhalothrin —
candidate for substitution
Cypermethrin-

Esfenvalerate & deltamethrin —
due for renewal 2026

Deltamethrin used in agri — lice/
flee treatment



Exposure pathways - total body burden

Table 3. Predicted daily intakes of PFOS and PFOA (pg/kgbw/day) required to support
observed concentrations in Irish human milk.

PFAS Human milk Predicted total Non-dietary Predicted EFSA
concentration (ng/mkL) intake® intake® additional intake®¢ “TDI"9

PFOS Average 245 1.6 244 1857
Median 136 2.0 134 1857
Minimum 67 0.6 66 1857
Maximum 799 71 728 1857

PFOA Average 591 30 561 857
Median 474 30 444 857
Minimum 73 1.4 72 857

Maximum 1610 132 1478 857

EFSA TDI 2020 4.4 ng/Kg bw/week = 628 pg/Kgbw/day
2 PFOA,PFOS, PFNA, PFHXS




