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Assessing 
human exposure 

and exposure 
pathways

• Inhalation	
• exposure	level	in	air	inhaled,		
• Particulate	matter,	radon,		flame	
retardants,	silica…		

• Dermal	
• concentration	on	skin,	area	of	skin	exposed	
• Flame	retardants,	pesticides			

• Ingestion	–	inadvertent		
• mass	of	chemical	being	swallowed	
• Flame	retardants,	pesticides		
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ELEVATE -Elucidating Levels and Pathways of Human 
Exposure in Ireland to POP-BFRs and PFAS 2016-19

Internal 
Exposure

External 
Exposure

Pharmacokineti
c models



Legacy  Brominated Flame retardants ( X13) 

Hexabromocyclododecane (HBCDD)

Polybrominated diphenyl ethers 
(PBDEs)

Stockholm Convention 
Penta & Octa-BDE 
 Deca-BDE



Replacement BFR- Decabromodiphenyl ethane (DBDPE)

DBDPE

Applications:



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, (PFASs) in 16 
pools	
• Compare to previous Irish Studies (2010)* 

and global trends

*Pratt et al., 2013; 



Exposure pathways – inhalation/ingestion 

DUBLINGALWAY

LIMERICK

Microenvironment
 

30 Homes

 
30 Cars

 
 

30 Offices

 
30 Schools

Air & dust 
BFRs

PFASs water 
concentrations

Sampling period Aug 2016 – Jan 
2017



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

BDE-28 BDE-47 BDE-100 BDE-99 BDE-154 BDE-153 BDE-183 BDE-209
<0.06 
(0%)

0.5 
(100%)

<0.2 
(0%)

<0.2 
(0%)

<0.12 
(0%)

0.71 
(100%)

<0.3 
(8%) 

1.4 
(81%)

DBDPE α-HBCDD β-HBCDD γ-HBCDD
<2.5 (19%) 1.4 (100%) 0.19 (88%) 0.16 (81%)

PFOA PFNA PFHxS MeFOS
E

PFOS PFBS PFNA FOSA EtFOSA MeFOSA

0.10
100%

0% <0.04
31%

0% 0.0536
2%

0% 0.034
69%

0% 0% 0%



Comparing 2016 – 2010 data - BFRs

BDE-47 & 153 

(p< 0.05)



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

• Detection frequency (df) (df)
• BDE-209 in 97% of samples PFOA- 85%
• BDE-183 in 8% of samples MeFOSE – 71%
• BDE-99 in 93% of samples PFBS – 53%
• BDE-47 in 94% of samples PFOS – 41%
• DBDPE in 65% of samples FOSE – 41%

 

PFOA
PFNA
MeFOSE



• Drinking water is an important exposure 
pathway for children e.g. PFOA

• Dust also and important contributor for 
PFBS

• When combined with dietary < 10% of 
total

• Non dietary exposures <  EFSA TWI 
PFOA and PFOS

Exposure pathways -  
PFASs



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 



Further reading 



Assessing 
human exposure 

and exposure 
pathways

• Inhalation	
• exposure	level	in	air	inhaled,		
• Particulate	matter,	radon,	silica…		

• Dermal	
• concentration	on	skin,	area	of	skin	exposed	
• Flame	retardants,	pesticides			

• Ingestion	–	inadvertent		
• mass	of	chemical	being	swallowed	
• Flame	retardants,	pesticides		

• Diet	
• Chemical	contamination	in	food	
• PFAS,	flame	retardants,	PCBs



Image credit EFSA, 2025



Assessment of the Environmental 
Contamination of Sediments and WWTP 
derived biosolids with Hazardous Chemicals 
c 

--- TERRAChem ---

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



Agriculture 
(Livestock)
Antibiotic, 

Antiparasitic

Agriculture (Crops), 
Horticulture
Pyrethroid

PFAS, BFR, PCB, 
Antibiotic, Antiparasitic, 

SSA/UVF

Landfill (General, 
C&D, Industrial)
PFAS, BFR, PCB
Antibiotic, UVF

Industrial 
Wastewater

PCB, BFR, PFAS

Domestic 
Wastewater

Antibiotic, UVF, 
PFAS, Antiparasitic

WASTEWATER 
TREATMENT PLANT

SOLID WASTE

Contaminants in waste…



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.



TERRAChem	a	dataset	presenting	
the	concentrations	91	chemicals!

Legacy	and	
emerging	
Flame	
retardants	

Antibiotics Pyrethroids	&	
anthelmintics

PFASs
Sunscreen	
agents/UV	
Filters



PFASs PFUnDA PCBs Antibiotics Flame	Retardants
PFBS PFDoDA PCB-11 Trimethoprim BDE-28
PFPS PFTrDA PCB-28 Azithromycin BDE-47
PFHxS SSAs/UVFs PBC-52 Roxithromycin BDE-99

PFHpS 2-ethylhexyl-4-
methocycinnamate PCB-101 Doxycycline BDE-100

PFOS Benzophenone PCB-118 Sulfamethoxazole BDE-153
PFNS Homosalate PCB-138 Trimethoprim BDE-154
PFDS Octocrylene PCB-153 Clarithromycin BDE-183

PFUnDS 4-methylbenzylidene	
camphor PCB-180 Lincomycin BDE-209

PFDoDS Pyrethroids Antiparasitics Sulfadiazine α-,β-,γ-HBCDD
PFTrDS Bifenthrin Ivermectin Erythromycin TBBP-A
PFBA Cyfluthrin Doramectin Difloxacin TTBP-TAZ
PFPA λ-cyhalothrin Eprinomectin Enrofloxacin TCEP
PFHxA Esfenvalerate Moxidectin Norfloxacin TCIPP
PFHpA Permethrin Emamectin	Benzoate Ofloxacin TDCIPP
PFOA Resmethrin Diflubenzuron Levofloxacin
PFNA Deltamethrin Teflubenzuron Ciprofloxacin
PFDA Cypermethrin





Concentrations of target PCB, PBDEs, CL-OPEs in 
biosolids

∗ • No	clear	trends	
between	
concentration	and	
influent	stream,	
treatment	type,	

• Rainfall		
• Impact	on	food	

chain?	



Concentrations of target pyrethroids in 
biosolids (ng/g)

• Cyfluthrin	57%,	
permethrin	15%,	
deltamethrin	12%	of	
Σ8		Pyre	

• No	significant	
correlation	with	
rainfall	

• Higher	PE	and	FB	
associated	with	
higher	concentrations	

*



Further Findings from TERRAChem



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



Chemical	manufacturing	is	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

*



Proximity to Wastewater Discharge Point

Distance from 
Emission Point (km)

Conc. ± Std. Dev. 
(ng/g)

< 0.1 49.3 ± 24.7

0.1 – 5.0 9.0 ± 9.7

> 5.0 4.7 ± 3.8

Two	notable	exceptions	
showed	∑antibiotics	

above	10	ng/g

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

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

0%

25%

50%

75%

100%

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

Azithromycin
Ciprofloxacin
Clarithromycin
Sulfamethoxazole
Trimethoprim



Concentrations of target Pyrethroids in 
sediments 

*



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 

Concentrations of target Pyrethroids in 
sediments 



Exposure pathways -  total body burden

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


