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POLLUTANTS	OF	EMERGING	CONCERN	

Pharmaceu6cals	and	
personal	care	products	

Microplas6cs	

Alkylphenols	

Perfluorooctane	
Sulphonates	

Neonico6noid	
pes6cides	

Engineered	
Nanomaterials	
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ENGINEERED	NANO-MATERIALS	

•  Current	and	next	years	topic	
•  Widespread	use	
•  Unusual	characteris6cs	

NANO-PLASTIC	–	DRUG	DELIVERY	
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MICROPLASTICS	SOURCES	AND	
MAIN	TYPOLOGIES	

Occurrence of microplastics in Belgium

Granules FilmsFibres Spheres

Is�this a�problem???

We�don2t know yet...

Facts:
• Different�organisms ingest microplastics
• (Micro)plastics�absorb chemicals

Unknowns:
• Do�ingested microplastics�cause negative effects?
• Can absorbed chemicals be�transferred to organisms?

Amphipods Mussels Barnacles Sea�cucumbers

impacts	impacts?	
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Introduc:on	(1)	

Today	 water	 security	 is	 one	 of	 the	 most	 pressing	 global	 issues	 due	 to	 the	
growing	demand	for	limited	water	resources;		
	
The	release	of	an6bio6cs	in	an	aqua6c	environment	at	trace	concentra6ons	is	
among	the	major	concerns	of	water	researchers;		
	
An6bio6cs	 were	 invented	 almost	 90	 years	 ago,	 and	 since	 then	 they	 have	
revolu6onized	human	medicine;		
	
Today,	 an6bio6cs	 s6ll	 play	 a	 crucial	 role	 in	 the	 management	 of	 infec6ous	
disease,	and	they	are	consumed	extensively	in	human	and	veterinary	medicine	
and	aquaculture;		
	
In	addi6on	to	therapeu6c	applica6ons,	an6bio6cs	are	used	for	non-therapeu6c	
purposes,	 for	 example	 to	 promote	 the	 growth	 of	 cable,	 hogs,	 and	 poultry	
(prohibited	in	EU	in	2006,	but	s6ll	allowed	in	China	and	India);	
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Introduc:on	(2)	

Due	to	the	con6nuous	discharge	of	an6bio6cs,	they	are	typically	found	in	the	
environment	 in	the	 low	ng/L	or	μg/L	range	(Ternes,	1998;	Kümmerer,	2009;	
Santos	et	al.,	2010);	
	
Some	 of	 the	 an6bio6cs	 are	 poorly	 biodegradable	 and	 thus	 they	 can	 be	
persistent	in	the	environment,	and	their	effects	(e.g.	toxic	proper6es)	toward	
micro-organisms	 can	 remain	 even	 at	 trace	 levels	 (Kümmerer	 et	 al.,	 2000;	
Brown	et	al.,	2006);	
	
The	 monitoring	 of	 harmful	 substances	 is	 currently	 based	 on	 chemical	
analy6cs	 from	 collected	 samples,	 however	 the	 complex	 nature	 of	
environmental	 samples,	 low	 concentra6ons,	 the	 dilu6on	 effect,	 and	 par6al	
transforma6on	 of	 the	 parent	 compounds	make	 the	 detec6on	 of	 an6bio6cs	
challenging;	
	
Indirect	 toxicological	 methods	 can	 provide	 addi6onal	 knowledge	 on	 water	
quality	and	 insight	on	mixture	effects	(González-Pleiter	et	al.,	2013;	Marx	et	
al.,	2015).	
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Current	most	sensi:ve	groups	of	organisms	to	an:bio:cs	

Ecotoxicological	concern?!	

crustaceans	

microalgae	

prokaryo6c	m.	
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the organizational aspects of ecological systems with their corresponding
temporal and spatial scale. The diagram is only a general guide. Molecular
activities and degradation may exist over short periods and volumes, but
their ultimate impact may be global.

Perhaps the most important example of a new biochemical pathway gen-
erating a global impact was the development of photosynthesis. The atmo-
sphere of Earth originally was reducing. Photosynthesis produces oxygen as
a by-product. Oxygen, which is quite toxic, became a major constituent of the
atmosphere. This change produced a mass extinction event, yet also pro-
vided for the evolution of much more efficient metabolisms.

Effects at the community and ecosystem level conversely have effects upon
lower levels of organization. The structure of the ecological system may allow
some individuals of populations to migrate to areas where the species are
below a sustainable level or are at extinction. If the pathways to the depleted
areas are not too long, the source population may rescue the population
that is below a sustainable level. Instead of extinction, a population may be

24 Introduction to Environmental Toxicology

1,000,000 years

1,00,000 years

10,000 years

1,000 years

100 years

10 years

1 year

1 day

1 hour

1 second

1 µm 1 mm 1 m

Genetic and Molecular Biology
Microbial Processes

Organ and Tissue Physiology
Organismal Physiology and Behavior

Populations
and Population Dynamics

Metapopulation 
and Ecosystem Dynamics

Landscape 
Dynamics

1 km 10,000 km1,000 km

Spatial Scale

Te
m

po
ra

l S
ca

le

Figure 2.4
The overlap of spatial and temporal scales in environmental toxicology. Not only are there scales
in organization but scales exist over space and time. Many molecular activities exist over short
periods and volumes. Populations can exist over relatively small areas, even a few square meters
for microorganisms, but thousands of square kilometers are required for many bird and mam-
mal populations. Although often diagrammed as discrete, each of these levels is intimately con-
nected and they phase one into another along both the space and time scales.
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sustainable or may even increase due to its rescue from a neighboring popu-
lation. If the structure of the ecological landscape provides few opportunities
for rescue, localized extinctions would be more likely.

As the effects of a toxicant can range over a variety of temporal scales, so
can the nature of the input of the toxicant to the system (Figure 2.5).
Household or garden use of a pesticide may be an event with a scale of a few
minutes and a square meter. The addition of nutrients to ecological systems
due to industrialization and agriculture may cover thousands of square kilo-
meters and persist for hundreds or thousands of years. The duration and
scale of anthropogenic inputs do vary a great deal; however, it is crucial to
realize that the interactions of the toxicant with the organism are still at the
molecular level. Small effects can have global implications.

2.4 Combining Scale and Ecological Dynamics: The Hierarchical
Patch Dynamic Paradigm

The previous sections have set the requirements for an overall construction
for estimating toxicant impacts. An accurate framework for estimating the
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Figure 2.5
The overlap of spatial and temporal scales in chemical contamination. Just as there are scales of
ecological processes, contamination events also range in scale. Pesticide applications can range
from small-scale household use to large-scale agricultural applications. The addition of surplus
nutrients and other materials due to agriculture or human habitation is generally large-scale and
long-lived. Acid precipitation generated by the tall stacks of the Midwest is a fairly recent phe-
nomenon, but the effects will likely be long-term. However, each of these events has molecular-
scale interactions.
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OUR	MAIN	AIM	

EC50	
	
LOEC	
	
NOEC	

Risk	Assessment	

(ECO-)TOXICOLOGY	OF	ANTIBIOTICS	

PEC/PNEC	

ENVIRONMENTAL	
PROTECTION	AND	
INDRECT	HUMAN	

HEALTH	SAFEGUARD	

concentra(on-(me-response	
curves	



“Workshop Eco-pharmacology” (Verona, 2006) 

“Fish	catch,	especially	of	brown	trout,	has	
decreased	by	about	50%	over	the	last	15	
years	in	many	Swiss	rivers	and	
streams”	(Burkhardt-Holm	et	al.,	2002)	

ng/L	or	lower	

ANTIBIOTICS	AND	PHARMACEUTICALS	

Water	and	
wastewater	
cycles	are	of	
main	concern	
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IN	A	SIMPLIFIED	WATER	CYCLE	



PHARMACEUTICALS	AND	PERSONAL	CARE	
PRODUCTS	

The	 consump6on	 of	 pharmaceu6cals	 is	 substan6al	 –	 the	 worldwide	 average	 per	
capita	consump6on	of	pharmaceu6cals	is	about	15	g	and	in	industrialised	countries	
the	value	is	expected	to	be	between	50	g	and	150	g.	
	

In	 the	 European	 Union,	 about	 3000	 different	 substances	 are	 used	 in	 human	
medicine	belonging	to	various	categories	such	as:	

•  Analgesics	and	an6-inflammatory	drugs;	
•  An6bio6cs;	
•  Beta-blockers;	
•  Contracep6ves;	
•  Lipid	regulators;		
•  Neuroac6ve	compounds;	
•  …		
	
Also	 a	 large	 number	 of	 pharmaceu6cals	 are	 used	 in	 veterinary	 medicine,	 among	
them	an6bio6cs	and	an6-inflammatory.	 10	
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An6bio6cs:	a	big	family!	



Standard	units	are	defined	as	a	single	dose	unit	(i.e.,	pill,	capsule	and	ampoule)
(Van	Boecket	et	al.,	2014)	

Global	an6bio6c	use	by	class	(2000–2010)	

12	



European	consump:on	of	an:bio:cs	in	human	medicine	

European	consump6on	of	an6bio6cs	in	human	medicine	(community	and	hospital	sector)	by	
classes	 in	 thirty	 European	 countries	 in	 2015,	 expressed	 in	 daily	 defined	 doses	 (DDD)/1000	
inhabitants/day.	(ECDC,	2015).	

13	
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Geographic	distribu:on	of	an:bio:c	consump:on	for	systemic	use	

Geographic	distribu6on	of	 an6bio6c	 consump6on	 for	 systemic	use	 (ATC	group	 J01)	 in	human	medicine	 (community	and	
hospital	 sector)	 in	 the	 26	 EU/EEA	during	 2013,	 expressed	 as	DDD	per	 1000	 inhabitants	 and	per	 day.	Data	 from	Austria,	
Czech	Republic,	Germany,	 Poland,	 and	 Spain	only	 represent	 the	 an6bio6c	 consump6on	 in	 the	 community	 (primary	 care	
sector).	

-  human	medicine	
-  DDD	=	defined	daily	dose	



European	consump:on	of	an:bio:cs	for	food-producing	animals		

European	 consump6on	 of	 an6bio6cs	 for	 food-producing	 animals	 by	 classes	 in	 twenty-nine	
European	 countries	 in	 2014,	 expressed	 as	 percentage	 of	 the	 total	 sales	 in	 mg/popula6on	
correc6on	unit	(PCU)	(ECDC,	2014).	PCU	was	used	to	normalize	the	sales	data	by	considering	the	
size	of	the	animal	popula6on	by	country.	 15	
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Geographic	 distribu6on	 of	 an6bio6c	 consump6on	 for	 food-producing	 animals	 in	 the	 26	 EU/EEA	
during	2013,	expressed	as	mg/PCU	

Geographic	distribu:on	of	an:bio:c	consump:on	for	food-producing	animals	

-	veterinary	medicine		
-	PCU	=	popula6on	correc6on	unit	
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Systemic	use	 Food-producing	animals	

At	EU	level,	once	we	compare…	

•  France	
•  Italy	
•  Portugal	
•  Spain		



ENTRY	OF	
ANTIBIOTICS	
INTO	THE	

ENVIRONMENT	

18	
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Environmental	pathways	for	an:bio:cs	used	in	humans	and	livestock	animals	

An6bio6cs	

LIFE	
CYCLE	



Concentra:ons	of	an:bio:cs	in	different	matrices	

μg/kg	

g/kg	

μg/kg	

mg/kg	

ng/L	

mg/L	

μg/kg	

mg/kg	
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CHALLENGES	

MAIN	WEAKNESSES	

Not	 all	 of	 the	 an6bio6cs	 found	 in	 environmental	 samples	 are	harmful,	 and	 the	 real	
challenge	is	to	iden6fy	the	ones	that	actually	pose	a	risk	in	the	environment	from	the	
complex	sample	mixtures.		
	
Some	 an6bio6cs	 are	 consumed	 more	 than	 others,	 and	 penicillins,	 sulphonamides,	
macrolides,	and	quinolones	form	the	largest	share	of	an6bio6cs	consumed	by	humans	
globally.	SO	LET’S	FOCUS	ON	THEM	FIRSTLY.	

Knowledge	gaps	and	thus	LEGISLATIVE	REQUIREMENTS	(for	water	and	soil	and	biota	
safeguard).	
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What	about	legisla:ve	requirements	for	an:bio:cs	in	aqua:c	environments?	(1)	

An	 increasing	 demand	 for	 the	 water	 protec6on	 has	 been	 evident	 in	
Europe	during	last	decades.		
	
European	 Commission	 considers	 water	 quality	 one	 priority	 to	
environmental	 sustainability,	 ecological	 balance,	 and	 human	 health	 and	
well-being.	 Consequently,	 rules	 to	 minimize	 adverse	 impacts	 of	
produc6on	 and	 consump6on	 in	 aqua6c	 environment	 have	 been	
implemented.		
	
Current	 EU	 legisla6on	 for	 good-quality	 water	 in	 Europe	 do	 not	 cover	 a	
wide	 range	 of	 ECs,	 including	 an6bio6cs,	 due	 to	 lack	 of	 knowledge	 and	
understanding	about	their	toxicity	and	environmental	occurrence.		
	
The	growing	interest	on	the	presence,	impact,	and	behavior	of	an6bio6cs	
in	the	environment	may	result	in	their	regula6on	through	environmental	
water	quality	standards	in	the	coming	decades.	
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The	 European	 Water	 Framework	 Direc6ve	 (WFD)	 of	 2000	 (Direc6ve	 2000/60/EC)	
establishes	bases	of	regula6on	to	preserve,	protect,	and	 improve	the	quality	and	the	
sustainable	use	of	water	and	aqua6c	ecology	(EC,	2000).		
Over	the	years,	this	direc6ve	has	successively	been	amended	in	line	with	the	advances	
in	 scien6fic	knowledge	on	 substances	of	emerging	 concern	 (EC,	2001,	2008).	 The	EU	
Direc6ve	2013/39/EU	 sets	 the	 environmental	 quality	 standards	 (EQS)	 for	 a	 list	 of	 45	
substances	of	priority	concern	(an6bio6cs	excluded)	in	surface	water	
and	 biota	 across	 EU	 due	 to	 their	 widespread	 use	 and	 their	 high	 concentra6ons	 in	
rivers,	lakes,	transi6onal,	and	coastal	waters	(EC,	2013).	
	
The	recent	Decision	2015/495	establishes	a	watch	 list	of	substances	that	may	pose	a	
significant	 risk	 for	 aqua6c	 environment	 in	 EU	 but	 available	 data	 are	 insufficient	 to	
conclude	on	the	actual	risk.	
	
The	EU	Direc6ves	on	Drinking	Water	and	Groundwater	 (98/83/EC	amending	91/271/
EEC	and	2006/118/EC,	respec6vely)	do	not	currently	include	standards	for	an6bio6cs.	
According	to	direc6ve	2006/118/EC,	groundwater	 is	a	major	source	of	drinking	water	
in	the	EU	
	
The	European	regula6ons	on	good	agricultural	prac6ce	for	protec6on	of	waters	do	not	
include	water	contamina6on	by	an6bio6cs	due	to	farmyard	manure	management	and	
use	to	land	fer6liza6on.	

What	about	legisla:ve	requirements	for	an:bio:cs	in	aqua:c	environments?	(2)	



An:bio:cs	
par::oning		

and	
effects	
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McKay	units	of	world	



What	we	currently	know	about	an:bio:cs	in	the	water	cycle?	

25	

-  Most	an6bio6cs	used	for	human	health	are	drained	by	the	sewage	system	and	
conveyed	to	WWTPs	

-  Lible	an6bio6cs	used	for	animal	care	are	collected	and	treated		
-  In	WWTPs,	an6bio6cs	can	be	lible	removed	on	a	molecule-by-molecule	basis	
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Hospital	wastewater	

Three	hospitals	in	Cluj	County	(Romania)	at	concentra6ons	ranging	from	3.67	to	53.05	mg/L	

10-25%	of	an6bio6cs	
consumed	come	directly	from	
hospitals	(Kummerer,	2009)	
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Hospital	wastewater	

Concentra6on	of	an6bio6cs	in	raw	(H1)	and	treated	(H1TWW)	hospital	wastewaters	
(ac6vated	sludge	&	disinfec6on)	

An6bio6c	 concentra6ons	 were	 reduced	
by	 55-81%	 axer	 the	 wastewater	
treatment	 process.	 An6bio6c	 sorp6on	
depends	 greatly	 on	 pH,	 lipophilicity,	
redox	 poten6al	 and	 stereochemical	
structure	of	the	an6microbial	agent.	
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Ecotoxicity	of	an:bio:cs	in	aqua:c	ecosystems	

An6bio6cs	are	specially	used	to	fight	pathogenic	bacteria.		
	
In	 the	 environment	 non-target	 organisms	 are	 unavoidably	 exposed	 to	
an6bio6c	residues	and	by-products	(BPs).		
	
Primary	 producers	 and	 decomposers,	 which	 are	 essen6al	 for	 the	
sustainable	func6oning	of	ecosystems,	may	be	vulnerable	to	an6bio6cs.	
An6bio6cs	 and	 their	 BPs	 in	 aqua6c	 environment	 can	 disrupt	 vital	
ecosystem	processes.		
	
These	 poten6al	 ecotoxicological	 effects	 are	 difficult	 to	 predict,	
especially	in	complex	matrices.		
	
Acute	 or	 chronic	 ecotoxicity	 of	 an6bio6cs	 and	 their	 BPs	 has	 been	
assessed	 by	 standard	 ecotoxicity	 assays	 on	 organisms	 of	 different	
trophic	levels,	such	as	bacteria,	algae,	invertebrates,	and	fish.	
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EC50	at	μg/L		
for	some	species	
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Comparison	of	lowest	effec:ve	concentra:ons	(EC50)		

Enrofloxacin	(ENR),	ciprofloxacin	(CIP),	norfloxacin	(NOR),	
sulfamethazine	(SMN),	sulfamethoxazole	(SMX),	trimethoprim	(TMP),	
azithromycin	(AZM),erythromycin	(ERY,	ERY-H2O),	chlortetracycline	
(CTC),	oxytetracycline	(OTC),	Ofloxacin	(OFL),	clarithromycin	(CLA)	and	
amoxicillin	(AMOX),	metronidazole	(MNZ),	chlortetracycline	(CTC),	
oxytetracycline	(OTC),	doxycycline	(DXC),	lincomycin	(LIN)		

Data	include	effects	of	an6bio6cs	for	cyanobacteria,	green	algae,	marine	and	wastewater	
bacteria.		
	

Red	color	indicates	effect	concentra6ons	below	0.05	mg/L,	and	dark	green	indicates	high	
effect	concentra6ons	(>100	mg/L).		

mg/L	



OTHER	MAIN	EFFECTS	OF	ANTIBIOTICS	
(environmentally	based	but	with	direct	consequences	on	human	health)		

ARB	
an6bio6c	resistant	bacteria		

ARG	
an6bio6c	resistance	genes		

31	



	
	Berendonk	et	al.	(2015)	

ARB	&	ARG	

32	



•  Incorrect	use	on	an6bio6cs	
•  15%	 was	 the	 probability	 to	

develop	 an	 AR	 infec6on	 in	 2014	
(OECD,	2016)	

•  The	probability	to	develop	an	AR	
infec6on	 in	 Italy,	 Turkey	 and	
Greece	 in	 25%	 greater	 than	 the	
OECD	average	

ANTIBIOTIC	RESISTANCE	

33	

(OECD,	2016)	



ARB	–	KEY	ANTIBIOTICS	
PUSHING	AHEAD	BACTERIA	RESISTANCE	

34	

Roadrunner		
and		

coyote		
PARADIGM	

?		



•  Occurrence	of	an6bio6c	compounds	in	sewer	biofilm	and	wastewater	has	been	shown	
•  ARGs	linked	to	the	main	an6bio6c	families	were	detected	in	sewage	and	sewer	biofilm	
•  Sewers	are	likely	hotspots	for	an6bio6c	resistance	accumula6on	and	spread	

35	

Sewers	as	poten:al	reservoirs	of	an:bio:c	resistance	

Sewer	biofilms	as	
source	and	sink	of	
ARB	and	ARGs	

Science	of	the	Total	Environment	605–606	(2017)	1047–1054	



Fate	of	an6bio6cs	in	soil	and	their	uptake	by	edible	crops	

(manure		&		biosolids)	

species-specific	
assessment	
required	

36	
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Effects	on	plant	target	organs	
by	the	use	of	RWW		



BIOCONCENTRATION	

EFFECTS	

μg/kg	

mg/kg	 PHYTOTOXICITY	

ENDPOINT:	root	elonga6on	inhibi6on	
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Annual	poten6al	human	exposure	(μg/g/y)	of	different	
an6bio6cs	through	the	intake	of	edible	crops	

39	

TROPHIC	TRANSFER	
TO	HUMANS	



So…	we	have	some	
knowledge	of	…	

-  low	KH	
-  low	KOA	
-  low-medium	KOW	

-  persitence?	

-  detec6on	frequency?	
40	

McKay	units	of	world	

✔	
✗	

✔	

✗	
✗	
✔	

=	some	available	data	✔	
✗	 =	prac6cally	unexplored	
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Knowledge	gaps	and	future	research	perspec:ves:	ANTIBIOTICS	AND	SOIL	

(1)	The	Kd	value	es6ma6on	of	an6bio6cs	obtained	in	sorp6on	experiments	is	made	via	the	
difference	 between	 ini6al	 and	 equilibrium	 solu6on	 concentra6ons	 (poten6al	
overes6ma6on	of	Kd).	The	loss	of	an6bio6cs	in	solu6on	may	result	from	processes	such	as	
bio6c/abio6c	degrada6on	or	vola6liza6on.		
	
(2)	Most	studies	use	unlabelled	compounds	to	 inves6gate	an6bio6c	degrada6on	 in	soil;	
thus,	 there	 are	 few	 mechanis6c	 insights	 into	 the	 en6re	 degrada6ve	 pathways	 for	
different	classes	of	an6bio6cs.	To	evaluate	the	long-term	or	terminal	fate	of	an6bio6cs,	it	
is	 necessary	 to	 quan6fy	 the	 frac6on	of	mineraliza6on	 and	bound	 residue	of	 an6bio6cs	
using	labeled	compounds	or	14C.		
	
(3)	As	most	previous	phytotoxicity	studies	of	an6bio6cs	were	conducted	in	greenhouses	
or	petri	dishes,	the	chronic	phytotoxic	effects	of	an6bio6cs	and	their	metabolites	under	
realis6c	soil	environments	are	s6ll	unknown.	Knowledge	of	their	phytotoxicity	is	required	
for	the	ecological	risk	assessments	of	different	plants.		
	
(4)	 The	 ecotoxicological	 impacts	 of	 adding	 an6bio6c-laden	wastewater,	 animal	manure	
and	biosolids	 to	arable	 land	and	the	transloca6on	and	bioaccumula6on	of	an6bio6cs	 in	
plants	 are	 poorly	 understood,	which	 inevitably	 results	 in	 inaccurate	 assessment	 of	 the	
possible	risks	to	consumers.	
	
(5)	Mixture	effects.	
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Any	ques6on?	


