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Abstract	
Dust	and	particles	are	everywhere.	They	are	an	unavoidable	consequence	of	living	in	a	physical	world:	soil,	
minerals,	pollen,	skin,	fibers,	soot,	food,	metals,	glass,	ceramics,	wood	and	countless	other	materials	generate	
particles	that	people	inhale	and	ingest	every	day.	Plastic	is	one	small	component	of	this	much	larger	particulate	
background,	and	the	exact	fraction	varies	by	setting,	size	cutoff	and	analytical	method.	The	scientifically	relevant	
question	is	therefore	not	whether	plastic	particles	can	be	detected,	but	whether	they	occur	at	a	meaningful	dose	
and	show	hazard	beyond	the	particles	already	present	around	us.	
Across	decades	of	polymer	toxicology,	particle	toxicology,	exposure	science,	occupational-dust	research,	
biomonitoring	and	environmental	studies,	no	reliable	evidence	shows	ordinary	common-polymer	plastic	dust	to	
be	more	hazardous	than	the	broader	low-toxicity	dust	background	at	realistic	exposure.	At	sufficiently	high,	
atypical	particle	loading,	plastic	particles	can	produce	irritation,	inflammation	or	other	responses,	just	as	many	
poorly	soluble	particles	can.	By	contrast,	several	non-plastic	particle	classes	have	established	serious	human	
hazards	that	ordinary	plastic	dust	has	not	demonstrated,	including	respirable	crystalline	silica	(quartz),	asbestos,	
occupational	wood	dust	and	certain	toxic	metal-containing	particles.	There	is	therefore	no	scientific	or	logical	
basis	for	treating	ordinary	plastic	dust	as	a	special	hazard	class	simply	because	it	is	plastic.	
The	evidence	on	plastic	particles	is	not	an	emerging	blank	slate.	The	wider	literature	spans	more	than	five	
decades,	and	the	Plastics	Research	Council	comprehensive	2026	synthesis	catalogued	1,661	canonical	evidence	
records	in	addition	to	the	broader	polymer	and	particle	literature.	Taken	together,	the	evidence	supports	a	solid	
conclusion:	normal	real-world	microplastic	exposure	has	not	been	shown	to	cause	human	disease.	Public-health	
communication	should	remain	proportional	to	demonstrated	risk.	Disproportionate	fear	can	itself	increase	stress	
and	anxiety	and	drive	unnecessary	behavior	changes.	The	rational	response	is	accurate	measurement,	realistic	
dose	comparison,	sensible	control	of	total	dust	where	appropriate,	and	attention	to	any	particle	hazards	that	are	
actually	demonstrated.	 	
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Key	Findings	
	
The	evidence	in	brief	

• Dust	and	particles	are	everywhere	and	cannot	be	eliminated	entirely.	Exposure	to	particles	
is	a	normal	part	of	life:	people	continuously	encounter	mineral,	biological,	combustion,	textile,	
food,	metal,	glass,	ceramic	and	other	particles	in	air,	water,	food	and	ordinary	dust.	

• Plastic	is	a	small	or	trace	fraction	of	the	total	particle	background	in	many	measured	
settings.	The	exact	fraction	varies	by	environment	and	method,	but	plastic	is	generally	not	the	
dominant	component	of	the	dust	and	particles	people	encounter.	

• No	reliable	evidence	shows	ordinary	common-polymer	plastic	dust	to	be	more	hazardous	
than	the	broader	low-toxicity	dust	background	at	realistic	exposure.	In	contrast,	respirable	
crystalline	silica,	asbestos,	occupational	wood	dust	and	certain	toxic	metal-containing	particles	
have	established	serious	human	hazards	that	ordinary	plastic	dust	has	not	demonstrated.	

• At	sufficiently	high,	atypical	doses,	plastic	particles	can	cause	particle-related	effects	just	
as	other	dusts	can.	Irritation,	inflammation,	oxidative	stress	and	impaired	clearance	at	very	
high	particle	loading	are	general	particle-toxicology	phenomena,	not	evidence	that	plastic	is	a	
uniquely	hazardous	particle	class.	There	is	no	scientific	or	logical	justification	for	treating	
ordinary	plastic	dust	as	a	special	case	simply	because	it	is	plastic.	

• Dose	is	decisive,	and	real	exposure	is	extremely	small.	Best	mass-based	exposure	estimates	
show	that	normal	intake	and	modeled	internal	burden	are	small	in	absolute	terms.	Principal	
higher-confidence	comparisons	place	normal	exposure	approximately	3	million	to	600	million	
times	below	selected	study-specific	doses	that	produced	no	adverse	effects	in	animal	studies	
and	far	below	occupational	limits	for	low-toxicity	dust.	

• The	evidence	base	is	large	and	mature,	not	an	emerging	blank	slate.	The	wider	literature	
spans	more	than	five	decades,	and	the	2026	comprehensive	PRC	synthesis	catalogued	1,661	
canonical	evidence	records.	The	integrated	conclusion	is	solid:	normal	real-world	microplastic	
exposure	has	not	been	shown	to	cause	human	disease.	

• The	vast	majority	of	ingested	particles	pass	through	the	body.	Meaningful	accumulation	of	
microplastics	in	humans	has	not	been	demonstrated.	Detection	in	stool	is	evidence	of	
elimination,	not	evidence	of	danger.	

• Claims	about	plastic	in	blood,	brain,	organs,	placenta,	arteries,	fertility,	cancer,	dementia,	
and	cardiovascular	disease	remain	unproved.	Some	studies	report	particles	or	polymer-
associated	signals,	but	they	do	not	prove	realistic	exposure,	intact	particles,	accumulation,	
toxicity,	disease,	or	causation.	

• Alarming	studies	do	not	represent	real	life.	They	often	use	extreme	doses,	artificial	
polystyrene	beads,	forced	exposure	routes,	weak	contamination	controls,	method-limited	
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detection,	or	particle	counts	without	mass	context.	These	studies	may	be	useful	for	screening	or	
method	development,	but	they	do	not	prove	everyday	risk.	

• Particle	count	is	not	dose.	A	very	large	number	of	extremely	small	particles	can	still	represent	
a	negligible	mass.	Risk	assessment	requires	identity,	mass,	dose,	size,	exposure	route,	retention,	
and	demonstrated	harm.	

• Microplastics	have	not	been	shown	to	be	an	important	toxic-chemical	delivery	pathway	
for	humans.	Plastic	particles	can	contain	or	sorb	chemicals	in	principle,	but	current	evidence	
does	not	show	that	they	deliver	a	meaningful	toxic	dose	compared	with	direct	exposure	from	
food,	air,	water,	dust,	medicines,	cosmetics,	consumer	products,	and	the	environment.	

• Additives,	dissolved	chemicals,	and	microplastic	particles	are	different	risk	questions.	
Claims	about	BPA,	phthalates,	PFAS,	monomers,	oligomers,	dyes,	pigments,	or	leachables	should	
not	be	converted	into	claims	about	plastic	particles	unless	the	evidence	proves	that	connection.	

• Avoiding	plastics	because	of	microplastics	is	not	justified	by	current	evidence.	Replacing	
plastics	with	heavier	or	less	efficient	alternatives	can	increase	waste,	greenhouse	gas	emissions,	
transport	burden,	breakage,	food	spoilage,	cost,	or	other	environmental	impacts.	

• Disproportionate	concern	about	plastic	dust	is	not	scientifically	justified	and	is	not	
harmless.	Public-health	communication	should	distinguish	demonstrated	hazards	from	
detection	alone.	Unnecessary	fear	can	increase	stress	and	anxiety	and	drive	poor	decisions;	this	
does	not	mean	any	particular	symptom	is	imaginary	or	psychogenic.	Litter	should	still	be	
prevented,	waste	managed	responsibly	and	measurements	made	accurately.	

• The	conclusion	should	change	only	if	strong	evidence	proves	harm	at	realistic	exposure.	
That	would	require	confirmed	intact	plastic	particles,	realistic	exposure	levels,	strong	
contamination	controls,	measured	mass	as	well	as	particle	count,	meaningful	retained	dose,	
reproducible	adverse	effects,	causation	rather	than	association,	and	independent	replication.	

	
Bottom	line	
Microplastics	are	measurable	and	widespread	because	dust	and	particles	themselves	are	ubiquitous.	
Plastic	is	only	a	small	part	of	that	much	larger	particle	background,	and	ordinary	common-polymer	
plastic	dust	has	not	been	shown	to	be	more	hazardous	than	the	broader	low-toxicity	dust	mixture	at	
realistic	exposure.	Several	non-plastic	particle	classes	-	including	respirable	crystalline	silica,	asbestos,	
occupational	wood	dust	and	certain	toxic	metal-containing	particles	-	have	established	serious	hazards	
that	ordinary	plastic	dust	has	not	demonstrated.	After	decades	of	research	and	a	comprehensive	
synthesis	of	1,661	canonical	evidence	records,	the	conclusion	is	solid:	there	is	no	scientific	or	logical	
basis	for	treating	ordinary	plastic	dust	as	a	special	public-health	threat.	
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Executive	Summary	
Dust	and	particles	are	everywhere.	They	are	an	unavoidable	part	of	living	in	a	physical	world,	and	people	inhale	
and	ingest	mineral	dust,	cellulose,	food	particles,	fibers,	skin	flakes,	pollen,	soot,	metals,	glass,	ceramics,	wood	and	
many	other	particles	every	day.	Sensitive	analytical	methods	therefore	find	particles	almost	everywhere,	
including	biological	samples.	The	presence	of	particles	is	normal;	the	risk	question	is	what	the	particles	are,	how	
much	is	present,	and	whether	the	dose	and	material	are	capable	of	causing	harm.	
	
Plastic	is	one	small	component	of	this	much	larger	particulate	background.	The	exact	fraction	varies	by	setting,	
size	cutoff	and	method,	but	measured	indoor,	outdoor,	water,	blood	and	lung	evidence	consistently	shows	why	
plastic	should	not	be	interpreted	in	isolation	from	the	many	non-plastic	particles	present	alongside	it.	
	
This	conclusion	is	not	based	on	dismissing	or	ignoring	studies.	The	wider	literature	spans	more	than	five	decades,	
and	the	2026	comprehensive	Plastics	Research	Council	synthesis	catalogued	1,661	canonical	evidence	records	
across	occurrence,	exposure,	analytical	reliability,	kinetics,	toxicology,	comparative	particle	science	and	human	
evidence.	The	central	risk	conclusion	is	therefore	not	an	unresolved	blank	slate:	normal	real-world	microplastic	
exposure	has	not	been	shown	to	cause	human	disease.	
	
Microplastics	are	measurable	and	widespread,	but	detection	is	not	danger.	Their	widespread	detection	is	
expected	because	plastic	is	used	widely	and	all	solid	materials	shed	particles.	Finding	a	particle,	a	plastic-like	
signal,	or	a	polymer-associated	chemical	fragment	does	not	prove	toxicity,	accumulation,	disease,	or	causation.	A	
valid	health-risk	claim	must	show	that	intact	plastic	particles	were	present,	that	contamination	was	excluded,	
that	exposure	was	realistic,	that	the	dose	was	meaningful,	and	that	harm	occurred	because	of	the	plastic	particles.	
	
No	reliable	evidence	shows	ordinary	common-polymer	plastic	dust	to	be	more	hazardous	than	the	broader	low-
toxicity	dust	background	at	realistic	exposure.	The	evidence	is	asymmetric	in	an	important	way:	respirable	
crystalline	silica	(quartz),	asbestos,	occupational	wood	dust	and	certain	toxic	metal-containing	particles	have	
established	serious	human	hazards,	whereas	comparable	hazards	have	not	been	demonstrated	for	ordinary	
plastic	dust.	This	is	why	focusing	on	plastic	while	excluding	the	much	larger	and	sometimes	more	hazardous	non-
plastic	particle	background	can	distort	risk	interpretation.	
	
At	sufficiently	high,	atypical	particle	loading,	plastic	particles	can	produce	irritation,	inflammation,	oxidative	
stress	or	impaired	clearance,	just	as	many	other	poorly	soluble	particles	can.	That	is	generic	particle	toxicology.	It	
demonstrates	that	dose	matters;	it	does	not	show	that	plastic	is	a	special	hazard	class	or	that	ordinary	
environmental	exposure	is	harmful.	
	
There	is	therefore	no	scientific	or	logical	justification	for	treating	ordinary	plastic	dust	as	a	special	case	merely	
because	it	is	plastic.	The	generic	properties	most	often	invoked	as	reasons	for	concern	-	small	size,	surface	area,	
persistence,	hydrophobicity,	charge,	sorption,	biofilms,	inhalation	and	translocation	-	are	shared	by	many	other	
particle	classes.	Plastic-specific	risk	requires	evidence	of	disproportionate	harm	at	realistic	exposure,	not	simply	
evidence	that	plastic	particles	exist.	
	
Dose	is	decisive.	Best	available	mass-based	estimates	show	that	normal	human	exposure	to	microplastics	is	
extremely	small.	Modeled	external	intake	and	modeled	internal	burden	are	both	small	in	absolute	terms,	
although	they	should	not	be	divided	to	infer	a	retention	percentage	because	the	models	cover	different	particle-
size	domains.	Normal	exposure	is	approximately	3	million	to	600	million	times	below	the	principal	higher-
confidence	study-specific	doses	that	produced	no	adverse	effects	in	animal	studies	and	is	far	below	occupational	
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limits	for	low-toxicity	dust.	The	exact	benchmark	differs	by	polymer	and	study,	but	even	large	uncertainty	in	
exposure	estimates	does	not	bring	normal	exposure	close	to	those	no-adverse-effect	doses.	
	
Many	studies	used	to	support	public	alarm	do	not	represent	real-world	exposure.	They	often	use	concentrations	
hundreds,	thousands,	or	millions	of	times	higher	than	realistic	exposure.	They	often	use	artificial,	perfect,	
spherical	polystyrene	beads	rather	than	the	mixed,	irregular,	weathered	particles	found	in	the	environment.	They	
may	report	cellular	stress	markers,	associations,	or	detection	rather	than	disease.	Such	studies	may	be	useful	for	
hazard	screening	or	method	development,	but	they	do	not	prove	that	normal	human	exposure	is	harmful.	
	
Accumulation	has	not	been	demonstrated.	Most	ingested	particles	are	expected	to	pass	through	the	digestive	
tract.	The	body	has	normal	particle-clearance	systems,	including	gut	elimination,	mucociliary	clearance,	
macrophage	uptake,	lymphatic	handling,	and	renal	or	biliary	clearance	for	sufficiently	small	or	soluble	material.	
Finding	particles	in	stool	is	therefore	evidence	of	elimination,	not	evidence	of	danger.	Claims	of	large	
accumulation	in	organs	must	fit	realistic	intake,	realistic	retention,	and	basic	mass	balance.	Many	do	not.	
	
Claims	about	plastic	in	blood,	brain,	placenta,	arteries,	reproductive	tissues,	and	other	organs	require	particular	
caution.	These	studies	are	technically	difficult,	contamination	is	easy,	and	some	methods	detect	chemical	signals	
rather	than	intact	particles.	Even	when	particles	or	polymer-associated	signals	are	reported,	that	does	not	prove	
accumulation,	toxicity,	disease,	or	plastic-specific	behavior.	Detection	in	a	biological	sample	is	not	the	same	as	
proof	of	harm.	
	
The	claim	that	microplastics	meaningfully	deliver	toxic	chemicals	to	humans	is	also	not	supported	at	normal	
exposure	levels.	Plastic	particles	can	contain	additives	or	sorb	chemicals	in	principle,	but	the	practical	question	is	
dose.	The	chemical	exposure	carried	by	tiny	amounts	of	microplastic	must	be	compared	with	direct	exposure	
from	food,	water,	air,	dust,	medicines,	cosmetics,	consumer	products,	and	the	surrounding	environment.	Current	
evidence	does	not	show	that	microplastics	are	an	important	toxic-chemical	delivery	pathway	for	humans.	
	
Environmental	detection	also	requires	proportion.	Microplastics	can	be	found	in	water,	soil,	sediment,	air,	dust,	
wildlife,	and	food.	But	detection	in	the	environment	is	not	proof	of	human-health	risk	or	ecological	collapse.	The	
strongest	risk	assessment	depends	on	measured	concentration,	dose,	particle	type,	exposure	route,	retention,	
and	demonstrated	biological	effect.	In	many	cases,	plastic	is	a	small	minority	of	total	particles,	while	natural	
fibers,	mineral	particles,	cellulose,	soot,	pigments,	and	other	non-plastic	materials	dominate.	
	
The	public	has	often	been	misled	because	headlines	confuse	detection	with	harm,	particle	count	with	dose,	
association	with	causation,	and	high-dose	laboratory	effects	with	real-world	risk.	A	large	number	of	tiny	particles	
can	still	represent	a	negligible	mass.	A	laboratory	effect	at	an	extreme	dose	does	not	prove	everyday	risk.	A	
polymer	signal	does	not	prove	intact	particles.	A	correlation	does	not	prove	causation.	A	dramatic	headline	does	
not	override	decades	of	toxicology,	exposure	science,	and	particle	science.	
	
This	review	does	not	argue	that	litter	should	be	ignored.	Waste	should	be	managed	responsibly.	Unnecessary	
particle	release	should	be	reduced	where	practical.	Large	plastic	debris,	lost	fishing	gear,	and	poor	waste	
management	are	real	environmental	problems.	However,	those	problems	should	not	be	confused	with	unproven	
claims	that	normal	microplastic	exposure	causes	human	disease.	
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Nor	does	the	evidence	support	fear-based	avoidance	of	plastics.	Replacing	plastics	with	heavier	or	less	efficient	
alternatives	can	increase	waste,	greenhouse	gas	emissions,	transport	burden,	breakage,	food	spoilage,	cost,	or	
other	environmental	impacts.	Material	choices	should	be	based	on	full-system	evidence,	not	on	fear	of	one	tiny,	
low-toxicity	component	of	dust.	
	
The	findings	of	this	review	can	be	summarized	as	follows:	

• Dust	and	particles	are	ubiquitous	and	unavoidable	at	some	level;	particle	exposure	is	a	normal	part	of	
everyday	life.	

• Plastic	is	a	small	component	of	the	much	larger	dust	and	particle	background	in	many	measured	settings;	
widespread	detection	does	not	make	it	the	dominant	exposure.	

• No	reliable	evidence	shows	ordinary	common-polymer	plastic	dust	to	be	more	hazardous	than	the	
broader	low-toxicity	dust	background	at	realistic	exposure.	

• Several	non-plastic	particle	classes	-	including	respirable	crystalline	silica,	asbestos,	occupational	wood	
dust	and	certain	toxic	metal-containing	particles	-	have	established	serious	hazards	that	ordinary	plastic	
dust	has	not	demonstrated.	

• At	sufficiently	high,	atypical	doses,	plastic	particles	can	produce	generic	particle	effects	such	as	irritation	
or	inflammation,	just	as	other	poorly	soluble	particles	can;	this	is	not	evidence	of	a	unique	plastic	hazard.	

• Normal	real-world	exposure	is	approximately	3	million	to	600	million	times	below	the	principal	higher-
confidence	study-specific	doses	that	caused	no	detected	adverse	effects	in	animal	studies.	

• Many	alarming	studies	use	unrealistic	doses,	artificial	particles,	weak	controls,	or	methods	prone	to	false	
positives.	

• Detection	in	food,	water,	air,	blood,	organs,	or	the	environment	does	not	prove	disease.	
• Accumulation	has	not	been	demonstrated	at	meaningful	levels.	
• Microplastics	are	not	proven	to	be	an	important	toxic-chemical	delivery	pathway	for	humans.	
• Avoiding	plastics	because	of	microplastics	is	not	justified	by	current	evidence.	
• Public	concern	should	be	proportional	to	demonstrated	risk.	Disproportionate	focus	on	plastic	dust	has	

no	scientific	basis	when	the	much	larger	particle	background	is	ignored,	and	unnecessary	fear	can	itself	
increase	stress	and	anxiety.	

	
The	evidence	supports	a	proportionate	conclusion:	ordinary	microplastic	exposure	is	a	low-dose	particle	issue,	
not	a	demonstrated	public-health	crisis.	Plastic	should	be	evaluated	in	the	context	of	total	particulate	exposure	
and	compared	with	particle	classes	whose	hazards	are	actually	established,	rather	than	singled	out	because	of	its	
name.	
	
The	burden	of	proof	lies	with	anyone	claiming	that	normal	microplastic	exposure	is	harmful.	To	overturn	the	
current	conclusion,	a	study	would	need	to	show	confirmed	intact	plastic	particles,	realistic	exposure,	strong	
contamination	control,	meaningful	retained	dose,	reproducible	adverse	effects,	and	causation	rather	than	mere	
detection	or	association.	
	
The	scientifically	justified	conclusion	is	clear:	normal	real-world	exposure	to	microplastics	has	not	been	
shown	to	harm	human	health;	ordinary	plastic	dust	has	not	been	shown	to	be	more	hazardous	than	the	
broader	low-toxicity	dust	background;	and	there	is	no	scientific	or	logical	reason	to	treat	plastic	dust	as	a	
special	public-health	threat.	



viii		

Funding,	Conflicts	of	Interest,	and	Scientific	Review 
Purpose	of	this	Review 
This	review	was	prepared	to	help	the	public,	journalists,	educators,	policymakers,	and	decision-makers	
understand	what	the	scientific	evidence	shows	about	microplastics,	exposure,	toxicity,	accumulation,	detection	
reliability,	and	real-world	risk. 
The	purpose	is	not	to	defend	or	attack	any	material,	but	to	evaluate	claims	by	evidence	quality. 
Scientific	claims	in	this	review	are	judged	by	the	same	questions	throughout:	
 

1. Did	the	study	prove	the	material	was	plastic?	
2. Did	it	prove	intact	particles	were	present?	
3. Were	contamination	controls	strong	enough?	
4. Was	the	dose	realistic?	
5. Was	the	particle	type	realistic?	
6. Was	mass	measured,	or	only	particle	count?	
7. Did	the	study	prove	harm,	or	only	detection?	
8. Did	it	prove	causation,	or	only	association?	
9. Has	the	result	been	independently	replicated?	
10. Does	the	claimed	amount	fit	measured	exposure	estimates?	

	
Studies	are	not	accepted	or	rejected	based	on	whether	they	are	favorable	or	unfavorable	to	plastics.	They	are	
judged	by	whether	the	methods	and	conclusions	support	the	claim	being	made.	

Limits	of	Review 
This	document	is	a	scientific	evidence	review,	not	a	regulatory	risk	assessment,	medical	diagnosis,	or	substitute	
for	agency	determinations.	It	summarizes	and	evaluates	published	evidence	available	at	the	time	of	writing. 
Evidence	cutoff	for	this	release:	Literature	and	agency	material	identified	by	the	review	team	through	19	
August	2026	are	included	where	relevant.	Evidence	identified	after	that	date	will	be	evaluated	in	subsequent	
updates.	
The	conclusions	should	be	updated	if	strong	new	evidence	shows	confirmed	plastic	particles	at	realistic	exposure	
levels	causing	reproducible	harm	in	humans	or	credible	animal	models. 
Current	evidence	does	not	show	that	normal	real-world	exposure	to	microplastics	causes	human	disease. 

Commitment	to	Correction 
Science	changes	when	better	evidence	appears.	If	readers	identify	an	error,	missing	study,	or	stronger	contrary	
evidence,	the	Plastics	Research	Council	will	review	it	using	the	same	evidence-quality	criteria	applied	throughout	
this	document. 
A	claim	will	be	revised	if	the	evidence	shows	that	revision	is	warranted.	The	standard	is	not	whether	a	study	is	
alarming	or	reassuring.	The	standard	is	whether	the	study	proves	what	it	claims.	
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Funding	Statement 
This	review	was	prepared	without	external	funding	or	influence.	No	company,	trade	association,	advocacy	
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1. Microplastics	Evidence	Review	

Introduction	
The	term	and	concept	of	“micro-plastics”	predate	the	widely	cited	Thompson	et	al.	2004	paper.	Ryan	and	
Moloney	explicitly	studied	“micro-plastic	particles”	on	South	African	beaches	in	1990,	separating	micro-plastics	
from	macro-plastics	and	grouping	them	into	industrial	pellets,	expanded	polystyrene,	and	fragments	of	plastic	
articles.	Their	surveys	found	that	plastics	comprised	98%	of	micro-artefacts	and	that	mean	micro-plastic	particle	
density	increased	from	491	m⁻¹	of	beach	in	1984	to	678	m⁻¹	in	1989.	Thompson	et	al.	2004	later	brought	broader	
attention	to	microscopic	plastic	fragments	and	fibers,	but	the	scientific	study	and	terminology	of	micro-plastics	
were	already	present	in	the	literature	more	than	a	decade	earlier.	It	is	worth	noting	that	studies	on	plastic	
particles,	including	toxicology	studies,	were	published	decades	before	the	word	microplastics	was	coined.	
	

	
	
Microplastic:	A	solid	plastic	particle,	fiber,	or	fragment	smaller	than	5	mm	in	its	largest	dimension,	formed	either	
intentionally	at	small	size	or	by	the	breakdown	of	larger	plastic	items.	
	
The	term	nanoplastic	is	applied	to	plastic	particles	below	1	micron	in	size.	
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Dust	and	particles	are	everywhere	and	cannot	be	eliminated	entirely.	They	are	an	unavoidable	consequence	of	
living	in	a	physical	world.	All	solid	materials	wear,	abrade,	weather,	corrode,	fracture,	crumble	or	shed	material	
over	time,	producing	mineral,	organic,	metallic,	biological,	glass,	ceramic,	textile	and	other	particles.	People	
routinely	inhale	and	ingest	this	background	without	treating	every	particle	class	as	a	special	public-health	threat.	
Sensitive	methods	therefore	find	particles	almost	everywhere:	in	air,	water,	dust,	food,	soil,	buildings,	vehicles	
and	biological	samples.	Plastic	is	one	small	part	of	this	much	larger	particulate	background.	The	scientific	
question	is	not	whether	plastic	can	be	detected,	but	whether	it	is	present	at	a	meaningful	dose	and	whether	it	
shows	disproportionate	hazard	compared	with	the	many	other	particles	present.	No	reliable	evidence	shows	
ordinary	common-polymer	plastic	dust	to	be	more	hazardous	than	the	broader	low-toxicity	dust	background	at	
realistic	exposure,	while	several	non-plastic	dust	classes	have	established	serious	hazards.	Plastic	deserves	
special	concern	only	if	evidence	demonstrates	special	risk,	not	simply	because	the	material	is	plastic.	
Sources:	Mohamed	Nor	2021;	Heindel	2020;	Gustafsson	2018;	Mukherjee	&	Agrawal	2017;	IARC	1995;	IARC	2012;	WHO	2022;	Ryan	1990;	
Thompson	2004	
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How	We	Grade	the	Evidence	
Not	all	microplastics	studies	are	equal.	Some	studies	deserve	more	weight	because	they	use	realistic	exposure	
levels,	validated	analytical	methods,	strong	contamination	controls,	confirmed	particle	identification,	and	
conclusions	that	match	the	data.	Other	studies	deserve	less	weight	because	they	use	extreme	doses,	artificial	
particles,	weak	controls,	contamination-prone	methods,	or	claims	that	go	beyond	what	the	experiment	actually	
showed.	
This	review	applies	the	same	evidence-quality	questions	to	all	studies,	whether	the	result	appears	favorable	or	
unfavorable	to	plastics.	The	goal	is	not	to	defend	a	material.	The	goal	is	to	separate	strong	evidence	from	weak	
claims.	
The	central	rule	is	simple:	a	headline	is	not	evidence.	A	study	must	prove	what	it	claims	to	prove.	

Core	grading	questions	
• Did	the	study	prove	the	material	was	plastic?	
• Did	it	prove	intact	particles	were	present,	not	merely	chemical	fragments	(including	monomers	and	

oligomers),	dissolved	substances,	additives,	or	contamination?	
• Were	blanks,	controls,	and	sample-handling	procedures	strong	enough	to	rule	out	contamination?	
• Was	the	exposure	dose	realistic	compared	with	measured	human	or	environmental	exposure?	
• Were	the	particles	realistic,	or	were	they	artificial	materials	such	as	perfect	laboratory	polystyrene	

beads?	
• Was	the	exposure	route	realistic?	
• Did	the	study	measure	mass	as	well	as	particle	count?	
• Did	it	prove	harm,	or	only	detection?	
• Did	it	prove	causation,	or	only	association?	
• Has	the	result	been	independently	replicated?	
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Evidence-quality	scorecard	
	

Criterion	 Stronger	evidence	 Weaker	evidence	
Particle	identity	 Polymer	confirmed	by	a	validated	

method	with	transparent	quality	
criteria.	

Dye	staining,	weak	spectral	match,	or	
bulk	chemical	signal	only.	

Intact	particles	 Particle	size,	shape,	and	location	are	
shown.	

Only	pyrolysis	fragments	or	indirect	
chemical	signals	are	reported.	

Contamination	
control	

Strong	procedural	blanks,	clean	
sampling,	and	blank	correction.	

Weak	or	missing	blanks;	unclear	
handling;	plastic-rich	lab	
environment.	

Dose	realism	 Exposure	matches	measured	real-
world	levels.	

Doses	hundreds,	thousands,	or	
millions	of	times	above	real	exposure.	

Particle	realism	 Particles	reflect	environmental	
materials,	sizes,	shapes,	and	
weathering.	

Perfect	spherical	laboratory	beads	or	
polymers	not	representative	of	
normal	exposure.	

Exposure	route	 Route	matches	human	or	
environmental	exposure.	

Forced	bolus,	injection,	cell	bath,	or	
other	artificial	route.	

Dose	metric	 Mass,	particle	count,	size,	and	polymer	
type	are	reported	where	possible.	

Particle	count	alone,	especially	for	
tiny	particles,	with	no	mass	context.	

Biological	outcome	 Clear	adverse	effect	at	realistic	
exposure.	

Stress	markers,	irritation,	or	cellular	
effects	only	at	extreme	doses.	

Causation	 The	study	shows	the	plastic	caused	
the	effect.	

Detection	or	association	is	treated	as	
harm.	

Replication	 Independent	studies	confirm	the	
result.	

Single	unconfirmed	study	or	method-
development	result.	

Conclusion	 The	conclusion	matches	the	data.	 The	headline	or	abstract	overstates	
what	was	proved.	

Evidence	grades	
Strong:	confirmed	identity,	strong	contamination	control,	realistic	exposure,	relevant	particles,	evidence	of	harm	
if	harm	is	claimed,	and	conclusions	that	match	the	data.	
Moderate:	useful	evidence	with	limitations;	enough	to	inform	discussion,	but	not	enough	by	itself	to	prove	broad	
human	health	risk.	
Weak:	detection	or	hazard-screening	evidence	with	major	limits	such	as	unrealistic	dose,	uncertain	identity,	
weak	blanks,	artificial	particles,	or	no	replication.	
Not	proved:	the	claim	is	not	supported	by	evidence	strong	enough	for	public-health	or	policy	conclusions.	

Why	this	matters	
The	strongest	studies	in	this	field	are	not	the	loudest	studies.	They	are	the	studies	that	measure	realistic	
exposure,	prove	what	the	particles	are,	control	contamination,	and	avoid	turning	detection	into	disease.	
Many	alarming	microplastics	claims	come	from	studies	that	would	score	poorly	under	normal	toxicology	or	
analytical-chemistry	standards.	That	does	not	make	those	studies	worthless.	It	means	they	should	not	be	used	to	
frighten	the	public	or	justify	policy	unless	they	actually	prove	real-world	risk.	
This	is	why	this	review	emphasizes	evidence	quality.	The	evidence	does	not	divide	into	pro-plastic	and	anti-
plastic.	It	divides	into	strong	science	and	weak	science.	
Sources:	Lenz	2016;	Koelmans	2019;	Koelmans	2022;	Gouin	2022;	Cowger	2020;	Hermsen	2018;	EFSA	2025;	WHO	2022	
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How	this	review	handles	contrary	evidence	
This	review	does	not	ignore	studies	that	report	detection	or	harm.	It	separates	them	into	categories:	confirmed	
exposure,	uncertain	detection,	high-dose	laboratory	hazard	studies,	animal	studies,	association	studies,	and	
human	evidence.	A	study	is	accepted	only	for	what	it	actually	proves.	Detection	is	not	treated	as	disease.	
Association	is	not	treated	as	causation.	High-dose	laboratory	effects	are	not	treated	as	normal	human	risk.	

How	quantitative	claims	are	sourced	
For	the	most	important	numerical	claims,	the	source	is	named	immediately	next	to	the	number	or	sentence	it	
supports.	This	makes	it	clear	which	study	supports	which	claim	and	prevents	readers	from	having	to	infer	
support	from	a	general	source	list	at	the	end	of	a	section.	

What	is	the	difference	between	microplastics,	nanoplastics,	plastic	additives,	and	dissolved	
chemicals?	
Bottom	line:	Microplastics	and	nanoplastics	are	solid	particles.	Additives	and	dissolved	chemicals	are	different,	
and	exposure	questions	are	separate.	
Many	public	claims	mix	these	categories	together.	A	plastic	particle	is	not	the	same	thing	as	BPA,	phthalates,	
PFAS,	monomers,	oligomers,	dyes,	pigments,	or	dissolved	organic	chemicals.	In	fact,	most	plastics,	including	PE,	
PP,	PET,	and	uPVC,	do	not	contain	BPA,	phthalates,	or	PFAS.	Each	claim	should	be	judged	separately	by	exposure,	
dose,	and	any	evidence	of	harm.		
Sources:	EFSA	2025;	FDA	2024;	Hahladakis	2018;	Hartmann	2019;	Gigault	2021	
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Are	all	plastics	the	same?	
Bottom	line:	No.	Plastic	is	not	one	material.	
Polyethylene,	polypropylene,	PET,	PVC,	polystyrene,	nylon,	acrylics,	coatings,	and	other	resins	are	different	
plastic	materials	with	different	chemistries	and	uses.	Rubber	is	an	elastomeric	material	and	is	treated	separately	
in	this	review	rather	than	classified	as	plastic.	A	claim	about	one	polymer	should	not	automatically	be	applied	to	
another.	
Sources:	Gilbert/Brydson	2017;	Hahladakis	2018;	ISO	2020;	Andrady	2011	

	
Key:	PE	-	polyethylene,	PP	–	polypropylene,	PVC	–	polyvinyl	chloride,	nylon	is	polyamide	6	or	6,6	

	

Are	plastic	particles	different	from	other	particles?	
Bottom	line:	No.	Plastic	particles	are	not	a	special	biological	category	simply	because	they	are	plastic.	Most	
claimed	“microplastic	mechanisms”	-	inhalation,	ingestion,	irritation	at	very	high	dose,	inflammation,	oxidative	
stress,	chemical	sorption,	microbial	biofilms,	surface	charge,	translocation	and	environmental	breakdown	-	are	
general	particle	behaviours	shared	by	many	other	materials.	Risk	depends	on	dose,	size,	shape,	surface	
chemistry,	durability,	bioavailability	and	intrinsic	toxicity,	not	on	the	word	“plastic.”	
Plastic	particles	can	be	inhaled	or	ingested,	but	so	can	dust,	soot,	pollen,	mineral	fragments,	cellulose	fibers,	tire	
particles,	metal	particles,	silica,	and	many	other	small	solids.	Once	exposure	occurs,	the	relevant	toxicological	
question	is	not	“is	it	plastic?”	but	“what	is	the	dose,	where	does	it	deposit,	how	long	does	it	remain,	and	does	the	
material	have	hazardous	chemistry	or	structure?”	
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Several	mechanisms	often	described	as	special	properties	of	microplastics	are	not	special	to	plastics:	
• Particle	irritation	or	inflammation:	At	sufficiently	high	doses,	many	poorly	soluble	particles	can	

overwhelm	clearance	systems	and	cause	inflammation	or	oxidative	stress.	This	is	a	general	particle-
overload	phenomenon,	not	a	plastic-specific	mechanism.	

• Chemical	sorption:	Plastics	can	sorb	hydrophobic	chemicals,	but	so	can	soot,	black	carbon,	clay,	organic	
matter,	fibers,	sediments,	and	minerals.	In	real	environments,	natural	particles	and	food	usually	
dominate	chemical	exposure	compared	with	microplastic-mediated	transfer.	

• Biofilms	and	microbes:	Microbes	can	colonize	wet	surfaces.	Plastic	can	host	biofilms,	but	so	can	metal,	
glass,	minerals,	natural	fibers,	plant	matter,	sediments,	and	biological	tissue.	

• Environmental	movement:	Plastic	particles	move	according	to	the	same	basic	physics	as	other	particles:	
size,	density,	shape,	turbulence,	settling,	buoyancy,	aggregation,	and	surface	fouling	determine	transport.	

• Degradation:	Plastic	particles	can	weather,	fragment,	oxidize,	and	biodegrade.	The	rate	varies	by	polymer	
and	environment,	but	“particle	breakdown	over	time”	is	not	unique	to	plastic.	

	

	
	
The	scientific	implication	is	important.	There	is	no	known	generic	hazard-relevant	particle	property	commonly	
attributed	to	microplastics	that	is	unique	to	plastic.	Small	size,	irregular	shape,	surface	area,	hydrophobicity,	
surface	charge,	chemical	sorption,	biofilm	formation,	inhalation,	ingestion,	translocation,	environmental	
transport	and	persistence	are	all	shared	by	other	particles	such	as	mineral	dust,	soot,	pollen,	spores,	cellulose	
fibers,	road	dust,	metal	particles,	glass,	ceramics,	pigments,	clay	and	organic	matter.	At	high	particle	loading,	
many	poorly	soluble	particles	can	cause	irritation	or	inflammation.	A	plastic-specific	hazard	claim	therefore	
requires	evidence	of	disproportionate	harm	at	realistic	dose,	not	simply	the	presence	of	a	generic	particle	
mechanism.	
	



23		

What	is	distinctive	about	plastics	is	their	polymer	chemistry,	but	polymer	chemistry	alone	does	not	make	a	
particle	uniquely	hazardous.	The	relevant	question	is	whether	that	chemistry	produces	greater	harm	at	realistic	
exposure	than	the	much	larger	non-plastic	particle	background.	For	several	important	non-plastic	particle	classes	
the	human	hazard	is	already	established:	respirable	crystalline	silica	is	a	recognized	carcinogenic	dust;	asbestos	
is	a	well-established	fibrous	carcinogen;	occupational	wood	dust	is	a	human	carcinogen;	and	certain	metal-
containing	dusts	can	produce	serious	systemic	toxicity	depending	on	composition	and	exposure.	Comparable	
hazards	have	not	been	demonstrated	for	ordinary	common-polymer	plastic	dust	at	realistic	environmental	
exposure.	
Conclusion:	Plastic	particles	should	be	evaluated	within	the	full	particle	mixture,	not	automatically	elevated	into	a	
special	toxic	category.	The	evidence	should	compare	realistic	plastic	dose	and	potency	with	the	much	larger	
background	of	non-plastic	particles	people	already	inhale	and	ingest.	Unless	plastic	is	shown	to	contribute	
disproportionate	harm,	a	plastic-only	focus	is	scientifically	incomplete	and	can	divert	attention	from	particle	
hazards	that	are	better	established.	
Sources:	Styles	&	Wilson	1973;	Driscoll	2020;	ECETOC	2013;	Wieland	2022;	IARC	1995;	IARC	2012;	Koelmans	2016;	Hartmann	2017;	Wang	
2018;	Zhao	2023;	Lofty	2023	
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2.	Human	Health	and	Real-World	Risk	

Are	microplastics	harmful	to	human	health?	
Bottom	line:	No	credible	evidence	shows	that	normal	real-world	exposure	to	microplastics	harms	human	health.	
This	conclusion	is	strengthened,	not	weakened,	by	particle	context:	plastic	is	a	small	component	of	ubiquitous	
dust,	ordinary	plastic	dust	has	not	been	shown	to	be	more	hazardous	than	the	broader	low-toxicity	dust	
background,	and	several	common	non-plastic	dust	classes	have	better-established	hazards.	
Actual	doses	people	encounter	in	food,	water,	air,	and	dust	have	not	been	shown	to	cause	effects	in	humans.	
Direct	oral	animal	studies	support	very	low	intrinsic	toxicity	for	several	specific	thermoplastics,	including	
weathered	polypropylene,	PA-6,	PTFE,	cellulose	acetate,	and	a	PE/PET	mixture.	The	evidence	is	not	
interchangeable	across	polymers:	no	verified	repeated-dose	oral	NOAEL	has	been	identified	for	real	fragmented	
or	weathered	polystyrene,	and	PVC	evidence	is	formulation-specific	rather	than	a	dedicated	polymer-only	
NOAEL.	There	is	not	an	absence	of	evidence	because	polymer	toxicology	spans	many	decades.	
Sources:	WHO	2019	and	2022;	FDA	2024;	Koelmans	2022;	Merski	2008;	Kim	JS	2021;	Buesen	2025;	Lee	2022;	Thomas	1991;	Kim	et	al.	
2025;	Feron	1981	

What	does	the	evidence	actually	show?	
Bottom	line:	The	evidence	shows	that	very	small	amounts	of	plastic	particles	may	be	reported	in	food,	water,	air,	
dust,	and	some	biological	samples.	It	does	not	show	that	these	findings	cause	disease.	
The	key	distinction	is	simple:	detection	is	not	danger.	Dust	is	virtually	everywhere,	plastic	is	used	widely,	and	all	
solid	materials	shed	particles,	so	finding	some	plastic	wherever	dust	is	present	is	not	surprising.	A	health	claim	
must	go	further:	confirm	particle	identity,	quantify	a	realistic	dose,	show	relevant	uptake	or	deposition,	compare	
plastic	with	the	other	particles	present,	and	demonstrate	harm	attributable	to	the	plastic.	A	plastic-only	
interpretation	that	omits	the	larger	particulate	background	is	incomplete.	
Sources:	WHO	2019;	WHO	2022;	EFSA	2016;	FDA	2024;	Koelmans	2022;	SAPEA	2019;	Gouin	2022	

Are	microplastics	toxic,	or	are	they	mostly	inert	particles?	
Bottom	line:	Many	common	high-molecular-weight	thermoplastics	have	very	low	intrinsic	oral	toxicity,	but	no	
single	toxicity	value	applies	to	every	plastic.	
Toxicity	depends	on	material,	particle	preparation,	dose,	route,	and	duration.	Animal	studies	of	specific	
thermoplastics	found	no	adverse	effects	at	25	mg/kg/day	for	weathered	PP;	1,000	mg/kg/day	for	PA-6;	
approximately	1,600-2,000	mg/kg/day	of	each	PE	and	PET	component	given	together	in	a	50:50	dietary	mixture;	
at	least	2,000	mg/kg/day	for	fragmented	PTFE;	and	5,000	mg/kg/day	for	cellulose	acetate.	These	are	
toxicological	safety	benchmarks	from	animal	studies,	and	the	exact	benchmark	differs	by	polymer	and	study.	A	
fragmented-PET	mouse	study	reported	lower	no-adverse-effect	levels	of	1.75	mg/kg/day	in	males	and	7	
mg/kg/day	in	females,	but	important	particle-verification	and	pathology	limitations	prevent	treating	those	
values	as	a	general	PET	threshold.	No	verified	repeated-dose	oral	no-adverse-effect	level	has	been	identified	for	
real	fragmented	or	weathered	PS,	and	PVC	evidence	is	formulation-specific.	Historical	25%-diet	PTFE	findings	
were	preparation-dependent	because	residual	dispersants	affected	outcomes.	These	values	are	not	legal	limits	or	
one	universal	threshold	for	every	plastic.	
Sources:	Merski	2008;	Kim	JS	2021;	Buesen	2025;	Lee	2022;	Thomas	1991;	Kim	et	al.	2025;	Feron	1981;	Naftalovich	2016;	Haskell	
Laboratory	Reports	56-61	and	224-68	

Do	microplastics	in	the	environment	prove	a	human	health	risk?	
Bottom	line:	No.	Environmental	detection	is	not	proof	of	human	harm.	
A	material	can	be	detectable	in	water,	air,	soil,	sediment,	or	wildlife	without	being	present	at	a	dose	that	causes	
disease	in	people.	For	particulates	not	otherwise	regulated	(PNOR),	OSHA	Table	Z-1	sets	permissible	exposure	
limits	(PELs)	of	15	mg/m³	for	total	dust	and	5	mg/m³	for	the	respirable	fraction	as	8-hour	time-weighted	
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averages.	These	are	OSHA	regulatory	limits,	not	NIOSH	recommended	exposure	limits	(RELs).	NIOSH	lists	PNOR	
in	Appendix	D	as	a	substance	category	with	no	established	REL	and	notes	that	it	questioned	whether	the	
proposed	OSHA	limit	was	adequately	protective.	The	OSHA	values	are	therefore	useful	as	occupational	scale	
context,	not	as	no-effect	thresholds.	
Sources:	OSHA	2023;	OSHA	Table	Z-1;	NIOSH	2026;	NIOSH	Appendix	D;	Wieland	2022	
Should	people	be	worried	about	microplastics	in	the	body?	
Bottom	line:	Current	evidence	does	not	support	avoiding	plastics	or	changing	everyday	behavior	because	of	
ordinary	microplastic	exposure.	
People	are	exposed	to	many	particles	every	day:	food	particles,	mineral	dust,	soot,	textile	fibers,	skin	flakes,	
pollen,	cellulose,	and	other	debris.	Plastic	appears	to	be	only	a	small	part	of	total	particle	exposure.	Concern	
should	be	proportional	to	measured	dose	and	proven	harm	(which	is	absent).	
Sources:	Plastics	Research	Council;	WHO	2022	

Do	microplastics	cause	disease?	
Bottom	line:	No	human	disease	has	been	proved	to	be	caused	by	normal	microplastic	exposure.	
Some	studies	report	associations	or	laboratory	effects.	That	is	not	proof	of	disease	in	humans.	Many	alarming	
studies	use	artificial	particles	or	doses	far	beyond	real	life,	sometimes	a	million	times	higher	than	realistic	
environmental	levels.	Those	studies	do	not	show	that	normal	exposure	makes	people	sick.	
Sources:	Lenz	2016;	WHO	2022;	Koelmans	2022;	SAPEA	2019;	FDA	2024	

What	is	the	difference	between	finding	microplastics	and	proving	harm?	
Bottom	line:	Finding	something	is	not	the	same	as	proving	it	is	harmful.	
A	laboratory	may	report	a	plastic-like	particle	or	polymer	signal.	That	only	answers	the	question	"what	might	be	
present?"	It	does	not	answer	"is	it	dangerous?"	Harm	requires	proof	of	dose,	exposure	route,	persistence,	and	
biological	damage	at	realistic	levels.	There	is	no	evidence	of	harm	even	after	extensive	testing.	
Sources:	WHO	2022;	FDA	2024;	Koelmans	2022;	SAPEA	2019;	Bradford	Hill	1965	
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How	much	microplastic	are	people	actually	exposed	to?	
Bottom	line:	Best	mass-based	estimates	indicate	that	exposure	is	very	small.	
Mohamed	Nor	et	al.	estimated	median	adult	external	intake	at	about	583	nanograms	per	day	for	microplastics	in	
the	1–5000	µm	range,	or	roughly	0.015	g	over	70	years	before	elimination.	The	authors	separately	modeled	adult	
tissue	burden	for	the	smaller	1–10	µm	domain	at	about	40.7	ng	by	age	70.	Both	outputs	are	small	in	absolute	
mass,	but	they	cover	different	particle-size	domains	and	different	model	stages,	so	dividing	40.7	ng	by	0.015	g	
does	not	yield	a	valid	measured	or	model-based	retention	fraction.	The	defensible	conclusion	is	that	modeled	
ordinary	external	exposure	and	modeled	internal	burden	are	both	small.	
Sources:	Mohamed	Nor	2021;	Cox	2019;	Welle	2018;	Senathirajah	2021	

How	far	below	no-effect	and	occupational	benchmark	levels	is	normal	microplastic	
exposure?	
Bottom	line:	Normal	exposure	is	approximately	3	million	to	600	million	times	below	the	principal	higher-
confidence	study-specific	doses	that	caused	no	detected	adverse	effects	in	animal	studies	and	is	also	far	below	
workplace	dust	limits.	The	exact	benchmark	differs	by	polymer	and	study;	these	are	not	legal	limits	or	one	
universal	threshold	for	every	plastic.	
For	ingestion,	Mohamed	Nor	et	al.	estimated	median	adult	intake	at	583	nanograms	per	day.	For	an	illustrative	70	
kg	adult,	this	is	about	8.33	x	10-6	mg/kg/day.	On	the	same	external-mass	scale,	normal	exposure	is	about	3.0	
million	times	below	the	weathered-PP	no-harm	dose;	120	million	times	below	the	PA-6	no-harm	dose;	roughly	
190-240	million	times	below	the	PE	and	PET	component	doses	that	caused	no	harm	when	administered	together	
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in	the	Merski	mixture;	about	240	million	times	below	the	PTFE	no-harm	dose;	and	about	600	million	times	below	
the	cellulose-acetate	no-harm	dose.	
A	fragmented-PET	mouse	study	reported	lower	no-adverse-effect	values	of	1.75	and	7	mg/kg/day.	The	lower	
value	is	about	210,000	times	above	modeled	adult	exposure,	but	important	particle-verification	and	pathology	
limitations	make	this	a	low-confidence	quantitative	anchor.	It	is	therefore	discussed	separately	and	is	not	used	to	
define	the	principal	3-million-to-600-million-fold	comparison.	The	exact	benchmark	differs	by	polymer,	particle	
form,	species,	duration	and	dosing	method.	

	
For	inhalation,	the	same	dose	reality	applies.	OSHA	PNOR	PELs	are	15	mg/m³	for	total	dust	and	5	mg/m³	for	the	
respirable	fraction,	each	as	an	8-hour	time-weighted	average	(OSHA	2023;	OSHA	Table	Z-1).	They	are	OSHA	
regulatory	limits;	NIOSH	does	not	publish	a	PNOR	REL	and	directs	users	to	Appendix	D.	These	values	provide	
occupational	scale	context	rather	than	a	toxicological	no-effect	threshold.	Normal	environmental	inhalation	of	
plastic	particles	is	far	below	these	workplace	concentrations	because	modeled	plastic	mass	in	air	is	extremely	
small.	
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Using	the	OSHA	respirable	PNOR	PEL	alone,	5	mg/m³	over	an	8-hour	workday	can	correspond	to	tens	of	
milligrams	of	inhaled	particulate	mass,	depending	on	breathing	volume.	Modeled	microplastic	inhalation	is	in	the	
nanogram-per-day	range	(Mohamed	Nor	2021;	Eberhard	2024),	placing	it	millions	of	times	below	the	OSHA	
PNOR	concentration	benchmark.	This	comparison	is	for	magnitude	only;	it	does	not	imply	that	a	PEL	is	a	no-
effect	level	or	that	every	dust	exposure	below	a	PEL	is	harmless.	
	

	
	
This	does	not	mean	people	should	deliberately	breathe	dust	or	eat	plastic.	It	means	that	risk	has	to	be	
proportional	to	dose.	When	actual	exposure	is	millions	of	times	below	levels	that	produce	no	observed	harm	or	
below	workplace	limits	for	low-toxicity	dust,	claims	of	a	normal-exposure	health	crisis	need	extremely	strong	
evidence.	Current	evidence	does	not	provide	that.	
Sources:	Mohamed	Nor	2021;	Merski	2008;	Kim	et	al.	2025;	Kim	JS	2021;	Buesen	2025;	Lee	2022;	Thomas	1991;	OSHA	2023;	OSHA	Table	
Z-1;	NIOSH	2026;	NIOSH	Appendix	D;	Wieland	2022	

How	do	real-world	exposures	compare	with	doses	used	in	toxicology	studies?	
Bottom	line:	Many	laboratory	studies	use	doses	far	above	real	life.	
Many	laboratory	studies	use	doses	hundreds,	thousands,	or	millions	of	times	higher	than	real	life.	That	is	not	a	
small	technical	detail.	It	changes	the	meaning	of	the	result.	At	extreme	doses,	even	ordinary	dust	or	soil	particles	
can	cause	reactions.	Lenz	showed	that	many	studies	use	plastic-particle	concentrations	a	million	times	or	more	
above	real	environmental	levels	(Lenz	2016).	Those	studies	do	not	prove	that	everyday	exposure	is	harmful.	
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A	recent	example	is	Jung	et	al.	2026	in	Science	Advances.	Male	mice	were	gavaged	with	2	mg	of	commercial	
polyethylene	particles	(10–150	µm)	per	mouse	per	day	for	8	weeks.	That	daily	mass	is	about	3,430	times	the	
modeled	583	ng/day	adult	human	intake	before	accounting	for	the	mouse’s	much	smaller	body	mass;	on	a	body-
mass	basis	it	is	roughly	8–12	million	times	higher	for	a	20–30	g	mouse.	That	mg/kg	comparison	is	an	exposure-
scale	check,	not	an	interspecies	toxicokinetic	conversion.	The	study	used	no	realistic-dose	arm	and	no	dose-
response	series.	Its	spatial	transcriptomics	and	PPARα–ANXA2	work	are	mechanistically	informative	at	high	
dose,	but	the	experiment	does	not	demonstrate	hepatotoxicity	from	ordinary	human	microplastic	exposure.	
Sources:	Lenz	2016;	Jung	2026;	Mohamed	Nor	2021;	Eberhard	2024;	Burns	2018	
	

	

Why	do	many	harm	studies	fail	to	represent	real-world	microplastics?	
Bottom	line:	They	often	use	the	wrong	dose,	the	wrong	particles,	or	the	wrong	exposure	conditions.	
Common	problems	include	unrealistically	high	concentrations,	perfect	spherical	polystyrene	beads	that	do	not	
represent	normal	exposure,	weak	controls,	poor	contamination	prevention,	and	results	that	are	never	compared	
with	real	human	dose.	These	are	not	minor	weaknesses.	They	can	turn	an	artificial	laboratory	result	into	a	
frightening	headline	that	does	not	apply	to	real	life.	
Sources:	Lenz	2016;	Gouin	2022,	Eberhard	2024,	Koelmans	2019;	Cowger	2020;	Hermsen	2018	
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Why	did	some	early	microplastics	harm	studies	mislead	the	public?	
Bottom	line:	Several	early	high-profile	microplastics	harm	studies	raised	alarms	before	the	field	had	strong	
agreement	on	realistic	dose,	representative	particles,	contamination	control,	or	appropriate	controls.	
Early	microplastics	studies	attracted	wide	public	attention	because	they	appeared	to	show	dramatic	harm	to	fish,	
oysters,	and	other	aquatic	organisms.	Those	studies	were	important	in	bringing	attention	to	particle	pollution,	
but	many	were	later	criticized	because	they	did	not	represent	normal	environmental	exposure.	Common	
weaknesses	included	extreme	particle	concentrations,	artificial	laboratory	polystyrene	beads,	nanoparticles	
rather	than	the	larger	particles	most	often	measured	in	the	environment,	chemically	pre-loaded	particles,	weak	
comparison	particles,	missing	or	limited	dose-response	data,	and	conclusions	that	were	treated	as	broader	than	
the	experiment	justified.	

Examples	illustrate	the	problem.	Wardrop	et	al.	reported	transfer	of	sorbed	pollutants	from	ingested	microbeads	
to	fish;	that	result	depended	on	chemically	contaminated	microbeads	and	should	not	be	read	as	proof	that	normal	
microplastic	exposure	is	an	important	chemical-delivery	pathway.	Sussarellu	et	al.	reported	reproductive	effects	
in	oysters	exposed	to	polystyrene	microplastics,	but	the	relevance	of	the	tested	particles	and	concentrations	to	
normal	environmental	exposure	was	later	questioned.	Barboza	et	al.	reported	increased	mercury	
bioconcentration	and	oxidative	stress	in	European	seabass	exposed	to	microplastics	and	mercury,	but	that	is	a	
combined	chemical-plus-particle	exposure	scenario,	not	evidence	that	ordinary	plastic	particles	alone	cause	harm	
at	realistic	concentrations.	Lu	et	al.	reported	uptake	and	liver	effects	in	zebrafish	exposed	to	polystyrene	
microplastics	and	nanoplastics,	but	the	study	used	laboratory	polystyrene	particles	and	was	later	specifically	
criticized	for	uncertainty	about	particle	identity	and	interpretation.	Mattsson	et	al.	reported	behavioral	and	
metabolic	effects	in	fish	exposed	to	polystyrene	nanoparticles,	but	nanoparticle	experiments	should	not	be	
generalized	to	ordinary	mixed	environmental	microplastics	without	realistic	exposure	comparison.	

The	most	serious	example	was	the	high-profile	Lönnstedt	and	Eklöv	larval-fish	paper	in	Science,	which	claimed	
environmentally	relevant	concentrations	of	polystyrene	microplastics	affected	larval	fish	ecology.	That	paper	was	
later	retracted	after	investigation	and	serious	misconduct	concerns.	A	retraction	does	not	invalidate	the	whole	
microplastics	field,	but	it	does	show	why	dramatic	claims	must	be	checked	for	transparent	data,	appropriate	
controls,	realistic	exposure,	replication,	and	conclusions	that	match	the	experiment.	

The	broader	lesson	was	stated	clearly	by	Lenz	et	al.:	microplastic	exposure	studies	should	be	environmentally	
realistic.	High-dose	laboratory	effects,	artificial	particles,	and	special	exposure	scenarios	may	be	useful	for	hazard	
screening,	but	they	do	not	prove	real-world	ecological	or	human	health	risk.	A	credible	study	must	show	that	the	
material	was	plastic,	that	the	dose	was	realistic,	that	the	particles	were	representative,	and	that	harm	occurred	
under	conditions	relevant	to	actual	exposure.	
Sources:	Wardrop	2016;	Sussarellu	2016;	Barboza	2018;	Lu	2016;	Baumann	2016;	Mattsson	2015;	Lönnstedt	&	Eklöv	2016/retracted;	Berg	
2017;	Lenz	2016;	Gouin	2024	

Why	are	polystyrene	bead	studies	often	misleading?	
Bottom	line:	Many	harm	studies	use	perfect	spherical	polystyrene	beads	at	extreme	doses.	
Those	beads	are	easy	to	buy	and	easy	to	measure,	so	they	are	useful	for	laboratory	experiments.	They	are	a	poor	
model	for	real	human	exposure.	Such	beads	are	not	chemically	identical	to	the	consumer	polystyrene	found	in	the	
environment.	For	example,	laboratory-made	polystyrene	beads	are	often	cross-linked	and	may	contain	residues	
of	the	cross-linker	divinylbenzene	and	surfactants	from	polymerization.	A	high-dose	study	using	lab-made	
polystyrene	beads	does	not	show	that	the	irregular,	mixed,	tiny	amounts	of	plastic	found	in	real	life	harm	people.	
This	problem	was	apparent	early	in	the	literature:	many	high-profile	harm	studies	used	laboratory	polystyrene	
beads	or	nanoparticles,	while	environmental	plastic	exposure	is	typically	a	mixture	of	weathered	PE,	PP,	PET,	
fibers,	coatings,	and	irregular	fragments.	Tire-rubber	particles	are	a	separate	nonplastic	particle	class	and	should	
not	be	folded	into	plastic	exposure	without	an	explicit	definition.	
Sources:	Lenz	2016;	Gouin	2024;	Wieland	2024;	Koelmans	2022,	DeArmitt	2020	



31		

What	is	wrong	with	saying	“the	science	is	emerging”?	
Bottom	line:	The	measurement	methods	are	still	improving,	but	the	main	safety	question	is	not	new.	Plastic	
particles	and	common	plastic	materials	have	been	studied	for	decades,	and	the	evidence	does	not	show	harm	at	
realistic	exposure	levels.	
Calling	the	central	risk	question	“emerging”	can	mislead	the	public.	Analytical	methods	continue	to	improve,	as	
they	do	in	every	active	scientific	field,	but	the	safety	question	is	not	new.	There	are	thousands	of	relevant	
publications	across	polymer	toxicology,	particle	toxicology,	dust	exposure,	food-contact	materials,	medical	
polymers,	environmental	particles,	microplastics	and	nanoplastics.	The	2026	comprehensive	PRC	synthesis	alone	
catalogued	1,661	canonical	evidence	records.	That	depth	of	evidence	means	the	risk	conclusion	does	not	reset	to	
uncertainty	every	time	a	new	detection	study	is	published.	
The	important	question	is	not	whether	microplastics	can	be	detected.	They	can.	The	important	question	is	
whether	normal	real-world	exposure	causes	harm.	On	that	question,	the	evidence	is	already	strong:	realistic	
exposure	levels	are	extremely	small	by	mass,	most	ingested	particles	pass	through	the	body,	retained	burden	is	
tiny,	and	no	credible	evidence	shows	human	disease	caused	by	normal	microplastic	exposure.	
It	is	also	unlikely	that	future	evidence	will	overturn	this	conclusion	unless	it	is	exceptionally	strong.	That	is	
because	plastic	particles	do	not	have	a	special	physical	property	that	makes	them	uniquely	dangerous.	The	
properties	often	used	to	raise	concern	—	small	size,	hydrophobicity,	surface	area,	persistence,	surface	charge,	
biofilm	formation,	chemical	sorption,	inhalation,	ingestion,	and	particle	transport	—	are	also	found	in	many	
ordinary	dust	and	environmental	particles.	These	include	mineral	dust,	cellulose	fibers,	pollen,	soot,	clay,	road	
dust,	pigments,	metal	particles,	glass,	ceramics,	spores,	and	organic	matter.	If	those	general	particle	properties	do	
not	make	the	much	larger	background	of	ordinary	low-toxicity	dust	uniquely	dangerous	at	normal	exposure,	they	
do	not	automatically	make	the	tiny	plastic	fraction	dangerous	either.	
This	is	where	Bayesian	reasoning	matters.	Science	does	not	restart	with	every	new	headline.	Each	new	claim	
must	be	weighed	against	everything	already	known.	When	decades	of	exposure	science,	toxicology,	materials	
testing,	and	particle	science	show	very	low	risk,	a	new	study	must	be	unusually	strong	to	change	the	conclusion.	
It	would	need	to	prove	confirmed	intact	plastic	particles,	realistic	exposure,	strong	contamination	control,	
meaningful	retained	dose,	reproducible	harm,	and	causation	rather	than	mere	detection	or	association.	
Most	alarming	studies	do	not	meet	that	standard.	Many	use	extreme	doses,	artificial	polystyrene	beads,	forced	
exposure	routes,	weak	contamination	controls,	or	particle	counts	without	mass	context.	Such	studies	may	be	
useful	for	method	development	or	hazard	screening,	but	they	do	not	show	that	everyday	exposure	harms	people.	
Therefore,	the	phrase	“the	science	is	emerging”	should	be	used	carefully.	Analytical	methods	are	developing,	and	
measurements	will	continue	to	improve.	But	the	central	risk	conclusion	is	not	an	open	blank	slate.	The	current	
weight	of	evidence	shows	no	credible	reason	for	public	concern	about	normal	real-world	exposure	to	
microplastics.	Future	evidence	should	still	be	evaluated,	but	it	should	not	be	allowed	to	override	decades	of	
science	unless	it	is	strong	enough	to	prove	realistic-dose	harm.	
Sources:	WHO	2022;	SAPEA	2019;	Koelmans	2022;	FDA	2024;	Hermsen	2018	

Why	does	decades	of	evidence	matter	more	than	one	alarming	new	study?	
Bottom	line:	Science	is	cumulative.	One	alarming	study	does	not	reset	the	evidence	to	zero.	
When	scientists	say	“no	credible	evidence	of	harm,”	that	does	not	mean	nobody	has	looked.	It	means	the	
opposite:	common	plastics	have	been	studied	for	decades,	and	realistic	human	exposure	has	not	been	shown	to	
cause	disease.	
This	is	the	simple	idea	behind	Bayesian	updating.	Evidence	is	not	judged	one	headline	at	a	time.	Each	new	claim	is	
weighed	against	everything	already	known.	If	decades	of	toxicology	and	exposure	evidence	show	very	low	risk,	
then	a	new	study	must	be	exceptionally	strong	to	overturn	that	conclusion.	
A	new	study	should	change	the	conclusion	only	if	it	uses	realistic	doses,	proves	the	particles	are	plastic,	controls	
contamination,	shows	harm	at	real	exposure	levels,	and	is	independently	repeated.	Most	alarming	microplastics	



32		

studies	do	not	meet	those	tests.	Many	use	doses	far	above	real	life,	artificial	particles,	weak	methods,	or	detection	
claims	that	do	not	prove	harm.	
The	practical	conclusion	is	clear:	microplastics	are	not	an	untested	unknown.	New	research	should	continue,	but	
one	weak	or	unrealistic	study	should	not	outweigh	decades	of	evidence	showing	no	demonstrated	human	disease	
from	normal	exposure.	
Sources:	Lenz	2016;	Merski	2008;	Stock	2021;	Koelmans	2022;	WHO	2022;	FDA	2024;	Bradford	Hill	1965;	Goodman	1999;	Ioannidis	2005;	
Bayes	1763	

Do	microplastics	accumulate	in	the	human	body?	
Bottom	line:	Accumulation	has	not	been	demonstrated.	
Most	ingested	particles	are	expected	to	pass	through	the	digestive	tract.	Mohamed	Nor	et	al.	modeled	about	0.015	
g	of	lifetime	external	intake	for	a	1–5000	µm	particle	domain	and,	separately,	about	40.7	ng	of	adult	tissue	burden	
for	a	1–10	µm	model	domain.	These	values	should	not	be	divided	to	infer	a	retention	fraction	because	the	size	
windows	differ.	Claims	of	large	accumulation	require	direct	proof,	not	assumption.	Some	studies	use	the	word	
“accumulation”	when	they	have	only	detected	particles	or	polymer-associated	signals.	Accumulation	and	
detection	are	not	the	same:	accumulation	requires	evidence	that	retained	burden	increases	over	time.	
Sources:	Mohamed	Nor	2021;	Duis	2016;	Prata	2022;	Inoue	2025;	Jovanović	2018;	Schwabl	2019	
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Can	fear	of	microplastics	itself	cause	harm?	
Bottom	line:	Disproportionate	fear	is	not	harmless.	Sustained	stress	and	anxiety	can	affect	wellbeing,	symptom	
perception,	healthcare	use	and	decision-making.	That	does	not	mean	any	particular	symptom	is	imaginary	or	
psychogenic.	It	means	public-health	communication	should	not	create	a	level	of	fear	that	is	disproportionate	to	
the	demonstrated	hazard.	
Public-health	communication	should	distinguish	ubiquitous	particle	detection	from	demonstrated	disease	risk.	
When	plastic	represents	only	a	small	part	of	a	much	larger	particle	background	and	no	special	hazard	has	been	
demonstrated	at	ordinary	exposure,	repeatedly	presenting	plastic	dust	as	uniquely	threatening	can	create	
unnecessary	concern	without	a	corresponding	health	benefit.	People	should	be	told	what	is	known,	what	is	not	
proved,	how	small	the	exposure	is,	and	how	plastic	compares	with	better-established	particle	hazards.	
Sources:	Yaribeygi	2017;	McEwen	1998;	McEwen	2007;	Celano	2016;	Horenstein	2020	

If	microplastics	are	not	shown	to	cause	harm,	why	are	people	worried?	
Bottom	line:	Concern	is	amplified	when	detection,	hazard	and	risk	are	presented	without	particle	context.	
Repeated	reports	that	plastic	has	been	“found”	in	air,	food	or	the	body	can	make	a	ubiquitous	low-dose	exposure	
appear	exceptional,	especially	when	the	much	larger	background	of	mineral,	biological,	combustion,	textile	and	
metal	particles	is	omitted.	
Völker	et	al.	found	that	scientific	articles	generally	framed	microplastic	risk	as	uncertain	or	unproven,	while	
media	coverage	overwhelmingly	portrayed	harm	as	certain.	
Sources:	Völker	2020;	Yaribeygi	2017;	Covello	1992	
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3.	Microplastics	in	the	Human	Body	
This	section	is	important	because	body-location	claims	attract	attention.	Answers	separate	detection,	proof	of	
intact	plastic,	dose,	and	harm.	Laforsch	questioned	the	validity	of	many	studies	claiming	plastic	particles	in	stool,	
saliva,	sputum,	bronchoalveolar	lavage	fluid,	blood,	lung	tissue,	placenta,	digestive	tract,	liver,	spleen,	and	kidney,	
arguing	that	many	reported	particles	were	consistent	with	airborne	laboratory	dust	and	too	large	to	plausibly	
enter	the	claimed	tissues	through	the	gut	or	lungs.		

Particle	movement	in	the	body	is	not	a	new	microplastics	discovery…	

Claims	that	microplastics	or	nanoplastics	can	move	through	biological	barriers	are	often	presented	as	if	they	
reveal	a	new	and	unique	plastic	hazard.	They	do	not.	The	movement	of	small	solid	particles	through	the	intestinal	
wall	has	been	discussed	since	the	nineteenth	century.	Herbst	reported	finding	starch	granules	in	chyle	and	blood	
after	feeding	starch	flour	to	a	dog	in	1844,	and	later	authors	described	this	phenomenon	as	“persorption”:	the	
passage	of	undissolved	microparticles	through	the	intestinal	wall	into	lymph	or	blood.	Modern	studies	and	
reviews	have	further	examined	intestinal	particle	uptake,	Peyer’s	patches,	M	cells,	macrophage	handling,	
lymphatic	transport,	and	particle	clearance.	

This	history	is	important.	It	shows	that	the	biological	question	is	not	simply	whether	a	particle	can	move.	Very	
small	particles	of	many	types	can	sometimes	cross	or	be	transported	across	biological	barriers	under	particular	
conditions.	The	relevant	risk	questions	are	more	specific:	What	is	the	particle?	How	large	is	it?	How	much	is	
present?	Was	the	material	confirmed	to	be	plastic?	Was	the	exposure	realistic?	Is	the	particle	retained	or	cleared?	
Does	the	retained	dose	increase	over	time?	Is	there	reproducible	harm	at	real-world	exposure?	Detection	or	
possible	translocation	is	therefore	not	the	same	as	accumulation,	toxicity,	or	disease.	

The	digestive	tract	is	not	an	open	pathway	into	the	body.	It	is	a	selective	biological	barrier	designed	to	absorb	
nutrients	while	excluding	most	insoluble	particles.	Older	particle-uptake	work	showed	that	very	small	particles	
can	sometimes	cross	the	gastrointestinal	barrier	under	experimental	conditions,	but	that	does	not	mean	normal	
dietary	particles	accumulate	in	meaningful	amounts.	LeFevre	and	co-workers	showed	that	chronic	
administration	was	needed	before	5	micrometer	particles	accumulated	in	Peyer’s	patches	in	mice,	illustrating	
that	uptake	is	limited	and	biology-dependent	rather	than	automatic.	Powell	and	co-workers	reviewed	the	origin	
and	fate	of	dietary	nanoparticles	and	microparticles	in	the	gastrointestinal	tract	and	emphasized	that	humans	are	
routinely	exposed	to	many	non-plastic	dietary	particles,	including	mineral	particles,	without	that	implying	
disease.	For	microplastics,	the	relevant	conclusion	is	that	detection	in	stool	is	expected,	because	most	ingested	
particles	are	not	absorbed	and	are	eliminated.	Claims	of	accumulation	therefore	require	direct	evidence	of	
increasing	retained	mass	over	time,	not	merely	detection	of	particles	or	polymer	signals	in	a	sample.	

Sources:	Herbst	1844;	LeFevre	1980;	Powell	2010;	Mohamed	Nor	2021;	Schwabl	2019;	Zhang	2021;	Volkheimer	&	Schulz	1968;	
Volkheimer	1974;	Geiser	2010;	Oberdörster	2004	
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Have	microplastics	been	found	in	blood?	
Bottom	line:	Some	studies	have	reported	plastic-like	particles	or	polymer	signals	in	blood	at	extremely	low	
concentrations,	but	this	does	not	prove	harm	and	detection	is	uncertain.	
Particles	in	blood	are	not	a	new	biological	concept	and	are	not	unique	to	plastic.	Studies	published	decades	ago	
showed	that	inhaled	or	intratracheally	instilled	ultrafine	particles	can	move	from	the	respiratory	tract	into	blood	
circulation	under	experimental	conditions.	This	does	not	mean	that	every	particle	detected	in	blood	is	harmful,	
and	it	does	not	prove	that	normal	microplastic	exposure	causes	disease.	It	means	that	blood-detection	claims	
must	be	interpreted	in	the	broader	context	of	ordinary	particle	exposure,	including	mineral	dust,	combustion	
particles,	pigments,	soot,	metal	oxides,	biological	particles,	and	other	non-plastic	material.	The	key	questions	
remain	the	same:	what	was	the	particle,	how	much	was	present,	was	contamination	excluded,	was	the	dose	
realistic,	and	was	harm	demonstrated?	
Blood	studies	are	difficult	because	contamination	is	easy	and	the	amounts	reported	are	extremely	small.	A	
reported	signal	must	be	confirmed	as	real	plastic	rather	than	laboratory	contamination,	background	dust,	or	a	
method	artifact.	For	particle-mixture	context,	Wu	et	al.	2023	analyzed	particles	embedded	in	human	thrombi	
rather	than	normal	circulating	blood.	Raman	spectroscopy	identified	87	particles,	of	which	one	was	low-density	
polyethylene	(about	1%);	iron	compounds,	pigments,	and	other	non-plastic	particles	dominated.	That	result	does	
not	establish	the	composition	of	normal	blood	and	does	not	show	that	any	detected	particle	caused	disease.	Brits	
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et	al.	reported	polymer-associated	chemical	signals	in	blood	using	Py-GC-MS,	but	the	method	destroys	the	sample	
and	therefore	does	not	by	itself	prove	intact	circulating	plastic	particles.	
The	thrombus	finding	provides	useful	particle-mixture	context,	but	it	should	not	be	generalized	to	normal	
circulating	blood.	It	shows	that	a	diseased	vascular	deposit	can	contain	many	non-plastic	particles	and	that	a	
plastic-only	interpretation	can	omit	most	of	the	particulate	mixture.	If	the	biological	question	is	particle	exposure,	
all	particle	classes	should	be	considered;	if	the	claim	is	plastic-specific	risk,	the	plastic	fraction	must	be	shown	to	
contribute	a	meaningful	dose	and	disproportionate	harm.	
Sources:	Wu	2023;	Brits	2024;	Li	2024;	Leslie	2022;	Rauert	2025;	Guan	2023;	Nemmar	2002;	Shimada	2006;	Geiser	2010	
	

	

Have	microplastics	been	found	in	the	brain?	
Bottom	line:	Some	particle-resolved	studies	provide	plausible	evidence	that	plastic	particles	can	occur	in	
selected	human	brain	or	olfactory	tissues,	but	current	studies	do	not	establish	representative	brain	burden,	
progressive	accumulation,	exposure	route,	or	neurological	harm.	
Evidence	quality	depends	strongly	on	method.	Destructive	thermal	methods	can	report	polymer-associated	mass	
but	do	not	preserve	particle	size,	shape,	count,	or	location,	and	lipid-rich	brain	tissue	creates	analytical	
challenges.	More	recent	particle-resolved	studies	provide	stronger	occurrence	evidence	in	selected	samples,	but	
selected	clinical	or	postmortem	tissues	still	cannot	establish	representative	population	burden,	long-term	
accumulation,	or	disease	causation.	
Particle	movement	into	the	brain	is	not	unique	to	plastic	particles.	The	translocation	of	inhaled	ultrafine	particles	
from	the	respiratory	tract	to	other	organs,	including	the	brain,	has	been	studied	for	decades.	Oberdörster	and	co-
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workers	reported	extrapulmonary	translocation	of	inhaled	ultrafine	carbon	particles	in	rats	and	later	reported	
evidence	consistent	with	movement	of	inhaled	ultrafine	particles	to	the	olfactory	bulb	and	some	brain	regions.	
This	does	not	prove	that	normal	environmental	microplastic	exposure	causes	human	brain	disease.	It	shows	
something	narrower:	very	small	particles	of	several	kinds	can	sometimes	cross	biological	barriers	under	
experimental	conditions.	Therefore,	a	brain-risk	claim	must	show	more	than	possible	particle	movement.	It	must	
show	confirmed	plastic	identity,	realistic	exposure,	realistic	particle	type,	dose,	retained	mass,	and	harm	beyond	
the	background	of	non-plastic	particles.	
Brain-translocation	claims	also	need	particle	context.	Plastic	is	not	the	only	particle	class	studied	for	movement	
into,	or	effects	on,	the	nervous	system.	Studies	have	reported	brain	translocation	or	neurological	associations	for	
several	non-plastic	particles,	including	ultrafine	carbon,	manganese	oxide,	iron-soot,	zinc	oxide,	titanium	dioxide,	
and	black	carbon.	Some	of	these	particles	are	more	environmentally	relevant	than	laboratory	polystyrene	
nanoparticles	because	people	are	actually	exposed	to	combustion	particles,	mineral	particles,	metal	oxides,	and	
soot.	The	correct	comparison	is	therefore	not	“plastic	particles	versus	no	particles.”	It	is	plastic	particles	versus	
the	much	larger	and	better-established	background	of	airborne	mineral,	combustion,	biological,	and	metal-
containing	particles.	
Sources:	Oberdörster	2002;	Oberdörster	2004;	Oberdörster	2005;	Kopatz	2023;	Rauert	2025;	Nihart	2025;	Monikh	2025;	Li	2026a;	Lane	
2026;	Mohamed	Nor	2021;	Chuang	2020;	Suglia	2008;	Hopkins	2018;	Liu	2017	

Is	the	claim	that	the	brain	contains	a	large	amount	of	plastic	credible?	
Bottom	line:	The	reported	~6	g	brain	estimate	should	not	be	interpreted	as	~6	g	of	confirmed	intact	plastic	
particles.	It	is	a	disputed	polymer-associated	mass	estimate	with	major	analytical	and	mass-plausibility	
limitations.	
The	~6	g	value	is	difficult	to	reconcile	with	current	exposure	and	internal-burden	models,	but	the	comparison	
must	be	made	carefully	because	those	models	cover	defined	particle-size	domains	rather	than	every	possible	
nanoplastic.	The	stronger	methodological	objection	is	that	destructive	polymer-mass	methods	do	not	by	
themselves	establish	intact-particle	number,	size,	morphology,	or	location.	A	gram-scale	brain-burden	claim	
therefore	requires	independent	confirmation	with	particle-resolved	methods,	rigorous	contamination	control,	
source	and	intake	plausibility,	and	a	defensible	mass	balance;	those	requirements	have	not	been	met.	
The	microscopy	images	are	also	limited	because	the	reported	particles	were	described	as	“putative”	
microplastics.	“Putative”	means	presumed	or	suspected,	not	confirmed.	Images	or	arrows	pointing	to	particles	do	
not	establish	polymer	identity	unless	the	particles	are	analytically	confirmed	as	plastic	and	contamination	is	
excluded.	
Independent	expert	reaction	to	the	brain-accumulation	claim	also	raised	concerns	about	interpretation,	
contamination,	analytical	uncertainty,	and	whether	the	study	proved	intact	plastic	particles	were	present.	The	
Science	Media	Centre	published	expert	comments	from	Oliver	Jones,	Tamara	Galloway,	Ben	Henry,	and	Antonis	
Myridakis	on	the	reported	accumulation	of	microplastics	in	human	brain	tissue.	Those	reactions	did	not	establish	
that	the	study	was	false,	but	they	reinforced	the	key	point:	the	claim	requires	cautious	interpretation	because	
detecting	chemical	signals	or	putative	particles	is	not	the	same	as	proving	intact	plastic	particles,	realistic	
accumulation,	or	harm.	
Sources:	Nihart	2025;	Rauert	2025;	Monikh	2025;	Laforsch	2025;	Science	Media	Centre	2025;	Mohamed	Nor	2021	
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Have	microplastics	been	found	in	lungs?	
Bottom	line:	Lung	findings	are	more	plausible	than	many	other	tissue	claims	because	people	inhale	airborne	
particles.	
Even	so,	finding	particles	in	lung	samples	does	not	prove	harm.	Particle	identity,	contamination	control,	dose,	size	
and	biological	effect	still	matter.	Hayden	et	al.	2023	provides	essential	context:	automated	in-situ	FE-SEM/EDS	
characterized	124,018	inorganic	particles	in	38	selected	surgical	lung-biopsy	specimens	and	assigned	them	to	45	
particle	or	mineral	classes,	including	clays,	feldspars,	quartz,	titanium	dioxide,	iron-rich	aluminosilicates,	
aluminum	oxide,	zircon/zirconia	and	numerous	metal	or	metal-oxide	particles;	rare	lead-,	uranium-	and	thorium-
containing	particles	were	also	reported.	More	than	90%	of	analyzed	particles	were	below	2.5	µm.	Hayden	cannot	
be	used	to	calculate	a	plastic-to-nonplastic	lung	ratio	because	its	method	was	qualitative	and	optimized	for	
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inorganic	particles,	but	it	demonstrates	why	plastic	detections	must	be	interpreted	within	the	much	larger	and	
chemically	diverse	background	of	nonplastic	particles	already	present	in	lung	tissue.	
Sources:	Hayden	2023;	Laforsch	2025;	Wieland	2022;	Jenner	2022;	Amato-Lourenco	2021;	Vianello	2019	

Have	microplastics	been	found	in	placenta?	
Bottom	line:	Some	studies	report	many	types	of	particles	(Bongaerts	2020,	Buerki-Thurnherr	2012)	including	
possibly	plastic	in	placenta	samples,	but	they	do	not	prove	harm	to	the	fetus.	
Placenta	studies	are	highly	sensitive	to	contamination.	Detection	claims	require	strong	blanks,	clean	handling,	
confirmed	particle	identity,	and	realistic	interpretation.	A	particle	report	is	not	proof	of	disease	or	developmental	
harm.	The	detection	of	plastic	has	been	questioned	by	Laforsch	and	others.	Plastic	is	one	of	the	many	types	of	
particles	detected	in	the	body	and	placenta.	
Sources:	Laforsch	2025;	Bové	2019;	Liu	2021;	Bongaerts	2020;	Buerki-Thurnherr	2012;	Clough	2026;	Ragusa	2021;	Liu	2023;	Zhu	2023	

Have	microplastics	been	found	in	stool?	
Bottom	line:	Yes.	Stool	findings	are	expected	and	are	not	a	cause	for	concern.	
Stool	detections	show	that	particles	including	plastics	can	be	swallowed	and	excreted.	That	is	consistent	with	
elimination	rather	than	accumulation.	
Sources:	Mohamed	Nor	2021;	Schwabl	2019;	Zhang	2021	

Do	detected	particles	stay	in	the	body	or	pass	through?	
Bottom	line:	Most	ingested	particles	are	expected	to	pass	through;	modeled	retained	amounts	are	tiny	compared	
with	intake	
Retention	depends	on	size,	shape,	surface	chemistry,	and	biology.	The	evidence	does	not	show	meaningful	
accumulation	in	humans	at	ordinary	exposure.	A	small	fraction	of	sufficiently	fine	particles	may	cross	biological	
barriers	under	some	conditions,	but	uptake	is	strongly	size-dependent.	Mohamed	Nor	et	al.	assumed	0.3%	
intestinal	absorption	for	1–10	µm	particles	in	one	model	stage.	Their	~0.015	g	lifetime	external-intake	estimate	
covers	1–5000	µm,	whereas	the	~40.7	ng	tissue-burden	estimate	covers	1–10	µm;	the	two	outputs	therefore	
cannot	be	divided	to	calculate	a	whole-exposure	retention	percentage.	The	relevant	point	is	that	modeled	
internal	burden	is	nanogram-scale,	not	gram-scale	(Nor	2021).	
The	body	also	has	normal	particle-clearance	systems.	Inhaled	particles	deposited	in	the	airways	and	alveoli	can	
be	trapped	in	mucus,	cleared	by	the	mucociliary	escalator,	or	engulfed	by	macrophages.	Geiser	reviewed	
macrophage	clearance	of	inhaled	micro-	and	nanoparticles	and	noted	that	particles	deposited	in	the	airways	and	
alveoli	are	readily	taken	up	by	resident	surface	macrophages.	This	process	is	part	of	normal	lung	defense.	It	does	
not	mean	that	no	particle	can	ever	persist	or	cause	harm,	but	it	does	mean	that	detection	of	a	particle	is	not	the	
same	as	accumulation,	toxicity,	or	disease.	
Sources:	Mohamed	Nor	2021;	Duis	2016;	Prata	2022;	Inoue	2025;	Jovanović	2018;	Geiser	2010	

Have	microplastics	been	found	in	every	human	organ?	
Bottom	line:	No.	This	has	not	been	proved.	
Claims	of	plastic	in	every	human	organ	are	not	established.	Many	reported	findings	rely	on	methods	that	can	
confuse	body	fats,	lipids,	proteins,	contamination,	or	chemical	signals	with	plastic.	Some	reported	particles	are	
also	too	large	to	make	biological	sense	in	the	tissue	claimed.	The	public	should	not	treat	these	reports	as	proof	
that	plastic	is	spread	through	every	organ.	
The	conclusion	is	simple:	plastic	in	every	organ	has	not	been	proved.	
Sources:	Laforsch	2025;	Clough	2026	
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Have	microplastics	been	found	in	breast	milk,	semen,	testes,	arteries,	and	other	tissues?	
Bottom	line:	Some	studies	report	plastic-associated	findings	in	these	samples,	but	detection	is	uncertain	and	
does	not	prove	harm.	
Each	claim	must	be	checked	separately.	The	key	questions	are	whether	intact	particles	were	proved,	
contamination	was	controlled,	dose	was	realistic,	and	health	effects	were	actually	demonstrated.	
Sources:	Laforsch	2025;	Clough	2026;	Ragusa	2022;	Zhao	2023;	Marfella	2024;	Rotchell	2023	

Do	nanoplastics	cross	the	blood-brain	barrier	in	humans	at	realistic	exposure?	
Bottom	line:	Crossing	of	the	human	blood-brain	barrier	by	environmental	nanoplastics	at	realistic	exposure	has	
not	been	demonstrated.	
Nanoparticles	of	many	kinds,	not	just	plastic,	can	cross	the	blood-brain	barrier	under	some	experimental	or	
medical	circumstances.	That	fact	does	not	prove	that	environmental	nanoplastics	cross	the	human	blood-brain	
barrier	at	normal	exposure	levels.	Drug-delivery	particles	are	used	at	high	doses	and	are	specially	designed	to	
cross	biological	barriers.	Environmental	particles	are	not	the	same.	
One	study	reported	that	lab-made	polystyrene	nanoparticles	crossed	the	blood-brain	barrier,	but	it	used	an	
extreme	artificial	exposure.	The	particles	were	not	typical	environmental	plastic,	and	the	dose	was	about	3,000-
9,000	times	too	high	by	mass.	For	the	293	nm	particles,	the	particle	count	was	about	2	trillion	times	too	high.	
That	is	not	evidence	of	what	happens	to	people	in	real	life.	
Sources:	Kopatz	2023;	Lenz	2016;	Shan	2022;	Semmler-Behnke	2008	

Do	microplastics	harm	unborn	babies,	infants,	or	children	at	measured	exposure	levels?	
Bottom	line:	No	credible	evidence	proves	that	normal	measured	exposure	harms	unborn	babies,	infants,	or	
children.	
Some	studies	report	particles	or	plastic-like	signals	in	placenta,	infant	stool,	or	related	samples.	That	does	not	
prove	harm.	Child	and	pregnancy	claims	need	especially	careful	wording	because	they	are	emotionally	powerful	
and	can	easily	be	overstated.	
Sources:	WHO	2022;	FDA	2024;	EFSA	2025;	Li	2020;	Buerki-Thurnherr	2012	

Do	microplastics	cause	inflammation	at	measured	exposure	levels?	
Bottom	line:	No	credible	evidence	proves	that	normal	measured	exposure	causes	inflammation.	
Some	studies	report	inflammatory	responses	after	plastic-particle	exposure,	but	the	dose	context	is	often	
unrealistic.	Many	poorly	soluble	low-toxicity	particles	can	produce	inflammation,	oxidative	stress	or	impaired	
clearance	when	experimental	systems	are	subjected	to	sufficiently	high	particle	loading.	This	is	a	generic	high-
dose	particle	phenomenon,	not	evidence	that	ordinary	plastic	dust	has	exceptional	toxicity.	As	Lenz	et	al.	
emphasized,	many	microplastic	experiments	use	concentrations	orders	of	magnitude	above	measured	
environmental	exposure,	limiting	their	relevance	to	everyday	risk.	
Sources:	Lenz	2016	

Do	microplastics	harm	zebrafish	at	measured	exposure	levels?	
Bottom	line:	No	credible	evidence	proves	that	normal	measured	exposure	causes	harm.	
Some	studies	report	effects	in	zebrafish	embryos	after	exposure	to	plastic	particles	(Mohan	2023),	but	the	tested	
concentrations	are	far	above	realistic	environmental	exposure.	High	particle	loading	can	also	produce	responses	
with	many	nonplastic	materials,	including	ordinary	particulate	matter,	illustrating	that	an	effect	at	an	extreme	
experimental	dose	is	not	automatically	plastic-specific.	Other	zebrafish	studies	report	developmental	effects	from	
particulate	matter	and	from	high	sodium-chloride	concentrations.	These	experiments	may	be	useful	for	hazard	
screening	but	do	not	establish	human-health	risk	from	ordinary	microplastic	exposure.	
Sources:	Lenz	2016;	Mohan	2023;	Morris	2023;	Manjunatha	2021;	Seli	2024	
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Do	microplastics	persist	in	the	body?	
Bottom	line:	Current	evidence	does	not	demonstrate	meaningful	long-term	accumulation	of	microplastics	in	
humans	at	normal	real-world	exposure	levels.	
Most	ingested	insoluble	particles	are	expected	to	be	eliminated.	Mohamed	Nor	et	al.	modeled	about	0.015	g	of	
lifetime	external	intake	for	1–5000	µm	particles	and,	separately,	about	40.7	ng	of	tissue	burden	for	the	1–10	µm	
domain;	because	the	size	windows	differ,	these	values	cannot	be	divided	into	a	whole-exposure	retention	
percentage.	A	small	fraction	of	sufficiently	fine	particles	may	enter	tissues,	where	clearance	can	involve	
macrophage	uptake,	lymphatic	transport,	biliary	pathways,	and	renal	clearance	for	sufficiently	small	or	soluble	
material.	Detection,	persistence,	and	progressive	accumulation	are	distinct	claims;	current	human	evidence	does	
not	demonstrate	a	meaningful	retained	burden	increasing	over	time.	
Sources:	Liebert	1976;	Wagner	2020;	DeArmitt	2017	
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4.	Food,	Water,	and	Household	Sources	

Are	microplastics	in	food	dangerous?	
Bottom	line:	No	credible	evidence	shows	that	typical	microplastic	levels	in	food	are	dangerous.	
Food	naturally	contains	many	particles	and	biological	materials.	The	relevant	question	is	whether	the	dose	is	
large	enough	to	cause	harm;	that	has	not	been	shown.	Estimated	median	adult	intake	of	583	ng/day	corresponds	
to	about	8.33	x	10-6	mg/kg/day	for	a	70	kg	adult.	Normal	exposure	is	approximately	3	million	to	600	million	
times	below	the	principal	higher-confidence	study-specific	doses	that	caused	no	detected	adverse	effects	in	
animal	studies.	The	exact	benchmark	differs	by	polymer	and	study;	these	are	not	legal	limits	or	one	universal	
threshold	for	every	plastic.	
Sources:	Mohamed	Nor	2021;	Kim	et	al.	2025;	Merski	2008;	Kim	JS	2021;	Buesen	2025;	Lee	2022;	Thomas	1991;	FDA	2024;	WHO	2022;	EFSA	
2016;	Koelmans	2022	

Are	microplastics	in	seafood	a	health	risk?	
Bottom	line:	No	credible	evidence	shows	that	microplastics	in	seafood	are	a	human	health	risk	at	normal	
consumption	levels.	
Microplastics	can	be	reported	in	seafood,	especially	in	digestive	tracts.	That	does	not	prove	danger.	The	key	
question	is	how	much	plastic	is	present	in	the	edible	portion,	whether	the	particles	are	confirmed	as	plastic,	and	
whether	the	dose	causes	harm.	For	example,	several	studies	reported	plastic	particles	in	crabs,	but	it	was	found	
that	they	were	not	in	the	edible	(meat)	portion	(Wu	2023).	Low	levels	of	microplastics	(MP)	in	wild	mussels	
indicate	that	MP	ingestion	by	humans	is	minimal	compared	with	exposure	from	household	fibers	falling	onto	a	
plate	during	a	meal.	
Sources:	EFSA	2016;	FDA	2024;	WHO	2022;	FAO	2017;	Smith	2018;	Hantoro	2019;	Catarino	2018	

Are	microplastics	in	salt,	beer,	honey,	milk,	rice,	meat,	or	vegetables	dangerous?	
Bottom	line:	Finding	a	few	particles	in	food	does	not	prove	danger.	
Food	naturally	contains	countless	particles	and	biological	materials.	Risk	depends	on	dose	and	toxicity.	Current	
evidence	does	not	show	that	microplastics	reported	in	foods	cause	human	disease.	Actual	exposure	is	far	below	
the	principal	higher-confidence	study-specific	no-adverse-effect	dose	scale	-	approximately	3	million	to	600	
million	times	lower.	Plastics	and	other	particles	are	found	in	salt	and	have	attracted	attention.	Other	studies	have	
also	identified	heavy	metals,	including	lead,	in	salt;	those	findings	should	likewise	be	evaluated	by	actual	dose	
and	risk	rather	than	by	material	label	alone	(Mohammadi	2025;	Fayet-Moore	2020).	
Sources:	FDA	2024;	WHO	2022;	EFSA	2016;	Toussaint	2019;	Karami	2017;	Mohammadi	2025;	Fayet-Moore	2022	

Are	microplastics	in	bottled	water	dangerous?	
Bottom	line:	A	health	hazard	from	bottled-water	microplastics	has	not	been	demonstrated	at	measured	
exposure	levels.	
Some	bottled-water	studies	report	large	particle	counts,	especially	when	very	small	particles	are	included.	Counts	
are	not	the	same	as	mass	or	risk.	The	important	questions	are	whether	the	particles	were	accurately	identified,	
how	much	mass	was	present,	and	whether	that	dose	causes	harm.	Current	evidence	does	not	show	that	bottled-
water	microplastics	are	a	health	hazard.	
Sources:	NIH	2024;	FDA	2024;	WHO	2019,	Welle	2018;	Jüngling	2026;	Schymanski	2018;	Gambino	2022	

What	is	the	current	state	of	the	bottled-water	nanoplastics	claim?	
Bottom	line:	Recent	studies	reported	very	high	particle	counts,	but	those	counts	do	not	prove	danger.	
A	2024	study	reported	roughly	110,000	to	370,000	micro-	and	nanoplastic	particles	per	liter	in	three	bottled-
water	brands	using	stimulated	Raman	scattering	(Qian	2024).	That	is	a	particle-count	claim,	not	a	health-risk	
finding.	The	method	is	new,	the	result	is	an	outlier,	and	the	finding	has	not	been	independently	replicated.	Even	if	
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the	count	were	correct,	the	plastic	mass	would	be	around	10	ng/L,	or	about	0.000000001%	by	weight,	based	on	
converting	the	reported	particle	counts	and	sizes	into	mass;	that	is	comparable	to	trace	quantities	of	the	same	
food-contact	plastics	used	to	make	bottles	and	caps	(Qian	2024;	Welle	2018;	FDA	2024).	
Sources:	Qian	2024;	NIH	2024;	Jüngling	2026;	Materic	2024;	Qian	Reply	2024;	Ruggeri	2025	
	

	

Is	bottled	water	worse	than	tap	water?	
Bottom	line:	Sometimes	bottled	water	reports	higher	particle	counts,	but	health	relevance	has	not	been	
demonstrated.	
Results	vary	by	brand,	bottle	type,	handling,	lab	method,	blank	correction,	and	particle-size	cutoff.	Reviews	of	tap	
and	bottled-water	studies	show	that	reported	occurrence	is	highly	method-dependent	and	that	the	literature	is	
not	suitable	for	simple	claims	that	one	water	source	is	consistently	dangerous	or	that	reported	particles	establish	
a	health	risk	(Gambino	2022;	WHO	2019;	Koelmans	2019).	Even	if	bottled	water	contains	more	particles	than	tap	
water	in	some	studies,	people	often	consume	more	tap	water	than	bottled	water	overall,	and	no	health	effect	
from	plastic	particles	has	been	demonstrated	for	either	water	source.	Plastic	is	the	minority	of	particles	in	
potable	water,	reported	as	low	as	about	0.4%	of	total	particles	in	one	recent	analysis	(Jüngling	2026).	Several	
studies	show	that	glass	bottled	beverages	can	contain	substantially	more	microplastics	or	other	particles	than	
PET-bottled	water	(Schymanski	2018;	Chaïb	2025;	Reimann	2010;	Krachler	2009).	Furthermore,	PET	has	lowest	
environmental	impact	for	beverage	containers	(DeArmitt	2025).	
Sources:	Jüngling	2026;	Schymanski	2018;	Chaïb	2025;	Welle	2018;	Reimann	2010;	Krachler	2009;	DeArmitt	2025;	Gambino	2022;	Yang	
2024	
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Is	glass-bottled	water	cleaner	than	plastic-bottled	water?	
Bottom	line:	Not	necessarily.	
Studies	report	more	particles	in	glass-bottled	beverages	than	in	PET-bottled	beverages.	Packaging	material	alone	
does	not	determine	particle	exposure,	and	particles	are	not	shown	to	be	harmful.	
Sources:	Schymanski	2018;	Chaïb	2025;	Reimann	2010;	Krachler	2009;	Turner	2019	
Does	tap	water	contain	microplastics?	
Bottom	line:	Some	studies	report	microplastics	in	tap	water,	but	the	amounts	are	generally	small	and	risk	has	
not	been	demonstrated	because	common	commodity	plastic	particles	have	not	been	shown	to	be	toxic	at	realistic	
exposure	levels.	Most	particles	are	already	removed	by	coagulation	and	filtration	at	water	treatment	plants.	
Plastic	is	the	minority	of	particles	in	potable	water,	reported	as	low	as	about	0.4%	of	total	particles	in	one	recent	
analysis	(Jüngling	2026).	Tap	water	also	contains	many	non-plastic	particles,	and	reported	microplastic	levels	
vary	strongly	with	sampling	method,	particle-size	cutoff,	analytical	method,	blank	correction,	and	polymer-
identification	criteria	(WHO	2019;	Koelmans	2019;	Yang	2024).	A	valid	risk	claim	must	identify	the	particles,	
quantify	the	dose	by	mass	as	well	as	count	where	possible,	and	show	harm	at	realistic	exposure.	Mere	detection	is	
not	enough.	
Sources:	WHO	2019;	EPA	Microplastics	Research	2026,	Jüngling	2026,	Brancaleone	2024;	Singh	2025,	Velasco	2022	&	2023;	Pivokonsky	
2018;	Pivokonsky	2020;	Koelmans	2019;	Mintenig	2019;	Yang	2024	
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Does	ocean	water	contain	microplastics?	
Bottom	line:	Microplastics	are	present	in	ocean	water,	but	measured	concentrations	are	generally	low	and	one	
global	assessment	characterized	currently	monitored	ecological	risk	as	negligible	(Beiras	2020).	In	a	global	
surface-water	fibre	dataset,	natural	cellulosic	and	animal	fibres	were	about	92%	while	synthetic	fibres	were	
about	8%	(Suaria	2020).	Those	composition	data	establish	relative	occurrence,	not	the	toxicity	of	either	natural	
or	synthetic	fibres.	
Sources:	Beiras	2020;	Suaria	2020;	GESAMP	2016;	Cozar	2014;	Eriksen	2014	

	

Are	microplastics	increasing	in	the	ocean?	
Bottom	line:	Claims	that	ocean	microplastics	are	increasing	should	be	based	on	measured	trends,	not	
assumptions	from	rising	plastic	production	or	modelled	leakage.	
Measured	ocean	and	wildlife	data	are	variable,	and	trends	differ	by	region,	particle	type,	sampling	method,	and	
time	period.	One	useful	long-term	indicator	is	plastic	ingestion	by	seabirds	and	other	marine	animals.	In	Marine	
Anthropogenic	Litter,	Bergmann,	Gutow	and	Klages	summarize	long-term	seabird	studies	showing	that	industrial	
plastic	pellets	in	seabird	stomachs	approximately	halved	from	1980s	levels	by	the	early	2000s	after	attention	was	
paid	to	pellet	losses	during	production	and	transport.	The	same	chapter	reports	that,	although	plastic	ingestion	
rose	from	the	late	1950s	into	the	1970s	and	peaked	in	some	studies	around	1985–1995,	the	trend	in	plastic	
consumption	decreased	and	stabilized	from	2000	onward,	approaching	1980s	levels.	

That	does	not	mean	there	is	no	plastic	in	the	ocean	or	that	litter	should	be	ignored.	It	means	the	evidence	is	more	
nuanced	than	the	common	claim	that	ocean	plastic	is	simply	increasing	everywhere.	Microplastic	trend	claims	
should	separate	measured	data	from	model	projections,	should	distinguish	pellets,	fragments,	fibers,	films,	and	
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fishing-related	debris,	and	should	report	concentration,	mass,	particle	size,	and	sampling	method.	Detection	
alone	is	not	enough	to	show	a	worsening	risk	trend.	
Sources:	Bergmann,	Gutow	&	Klages	2015;	Van	Franeker	&	Meijboom	2002;	Moser	&	Lee	1992;	Robards	et	al.	1995;	Spear	et	al.	1995;	
Mrosovsky	et	al.	2009;	Van	Franeker	et	al.	2011;	Bond	et	al.	2013	

Are	microplastics	the	main	threat	to	marine	animals?	
Bottom	line:	No.	Marine	animals	face	many	larger	and	better-proven	risks.	
Important	risks	include	fishing	gear,	habitat	loss,	overfishing,	disease,	vessel	strikes,	and	water	quality.	
Microplastics	should	be	kept	in	proportion	to	measured	exposure	and	demonstrated	effects.	The	estimated	
ecological	risk	from	microplastics	has	been	described	as	negligible	in	some	assessments	because	measured	
concentrations	are	low	relative	to	effect	thresholds.	(Beiras	2020).	
Controlled	fish-feeding	studies	also	show	why	ingestion	should	not	be	confused	with	accumulation	or	harm.	Lu	et	
al.	exposed	juvenile	yellow	perch	to	high-density	polyethylene	microplastics	through	feeding	and	reported	no	
mortality,	no	apparent	signs	of	significant	distress,	no	adverse	effects,	and	no	significant	differences	in	growth	
performance;	no	accumulation	of	HDPE	was	detected	in	fish	collected	24	hours	after	feeding.	Alomar	et	al.	
exposed	reared	gilthead	seabream	to	low-density	polyethylene	controlled	diets	and	found	that	after	one	month	of	
depuration,	no	microplastics	were	found	in	the	gastrointestinal	tracts,	indicating	no	long-term	retention	in	the	
digestive	system.	Fish-feeding	studies	are	not	direct	proof	of	human	safety,	and	they	do	not	mean	that	all	marine	
debris	is	harmless.	They	do	show	that	the	mere	presence	or	ingestion	of	microplastic	particles	is	not	the	same	as	
demonstrated	accumulation,	toxicity,	or	population-level	harm.	Marine	animals	face	larger	and	better-proven	
risks,	including	entanglement	in	fishing	gear,	habitat	loss,	overfishing,	disease,	vessel	strikes,	water-quality	
problems,	and	ingestion	of	large	debris.	Microplastics	should	therefore	be	evaluated	by	measured	exposure,	
realistic	dose,	particle	type,	retention,	and	demonstrated	biological	effect,	not	by	the	assumption	that	every	
ingested	particle	causes	harm.	
Sources:	Lu	2022;	Alomar	2021;	FAO	2017;	GESAMP	2016;	Beiras	2018;	Beiras	2019	

Are	tire-wear	particles	microplastics?	
Bottom	line:	No.	Tire	rubber	is	an	elastomer,	not	a	plastic	in	the	classification	used	here.	Tire-wear	particles	
should	be	evaluated	as	a	separate	particle	and	chemical-exposure	category.	
Tire	particles	contain	elastomeric	rubber,	fillers,	carbon	black,	metals,	and	additives.	They	should	be	evaluated	
separately	from	polyethylene,	polypropylene,	PET,	and	other	plastics.	Tire-rubber	leachate	provides	a	clear	
example	of	why	particle	identity	and	leached	chemicals	must	be	separated:	Tian	et	al.	identified	6PPD-quinone	
(6PPD-Q),	an	oxidation	product	of	the	tire	antiozonant	6PPD,	as	the	principal	causal	toxicant	for	acute	coho-
salmon	mortality.	A	subsequent	commercial-standard	reassessment	reported	a	juvenile	coho	LC50	of	about	95	
ng/L.	This	is	strong	source-specific	aquatic	chemical-hazard	evidence	for	tire	rubber;	it	is	not	evidence	that	
rubber	particles	themselves	have	the	same	toxicity,	is	not	evidence	of	human-health	harm,	and	is	not	evidence	of	
plastic	or	microplastic	toxicity.	
Sources:	Boucher	&	Friot	2017;	Kole	2017;	Wagner	2018;	OECD	2021;	Tian	2021;	Tian	2022;	McIntyre	2021;	DeArmitt	2020	

Are	paints	and	coatings	a	source	of	microplastics?	
Bottom	line:	Paints	and	coatings	can	contribute	polymer	particles	to	the	environment.	
They	are	different	from	packaging	plastics	and	should	be	evaluated	separately	by	chemistry,	dose,	and	exposure	
route.	Mass-based	surveys	of	marine	microplastics	also	indicate	that	paint	and	protective	coatings	can	be	
important	contributors.	Dibke	et	al.	used	Py-GC/MS/thermochemolysis	to	measure	microplastic	mass	in	German	
Bight	waters	and	reported	heterogeneous	concentrations	and	polymer	distributions	consistent	with	a	potential	
contribution	from	marine	coatings	and	ship	paint.	
Sources:	Gaylarde	2021;	Turner	2021;	Boucher	&	Friot	2017;	GESAMP	2016;	Dibke	2021	
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Do	water	filters	remove	microplastics?	
Bottom	line:	Some	home	filters	can	remove	particles,	but	performance	depends	on	the	filter	type	and	particle	
size.	
Reverse	osmosis	and	membrane	systems	should	remove	many	particles	above	their	effective	pore	size.	Simple	
filters	vary.	No	filter	should	be	marketed	as	a	health	necessity	as	there	is	no	evidence	of	health	effects	from	
plastic	particles	in	water.	Particles	are	already	removed	by	coagulation	and	filtration	at	water	treatment	plants.	
Sources:	Cherian	et	al.	2023;	EPA,	Velasco	2022	&	2023;	Pivokonsky	2018;	Pivokonsky	2020;	Velasco	2023;	WHO	2019;	Cherian	2023	

Which	water-filter	technologies	have	validated	removal	data	across	the	full	microplastic	
and	nanoplastic	size	range?	
Bottom	line:	No	simple	home-filter	claim	should	be	accepted	unless	the	filter	was	tested	for	the	relevant	particle	
sizes.	
Water-treatment	plants	already	remove	many	particles	through	coagulation,	settling,	and	filtration.	Home	filters	
can	remove	additional	particles	if	their	technology	and	pore	size	are	appropriate,	but	performance	varies	by	
device.	There	is	no	scientific	reason	to	present	home	filtration	as	a	medical	necessity	for	microplastics.	
If	a	household	has	a	real	water-quality	problem,	it	should	be	addressed	based	on	measured	contaminants,	not	
fear	of	plastic	particles.	
Sources:	EPA	Lead	and	Copper	Rule;	Cherian	et	al.	2023;	Velasco	2022	&	2023;	DeArmitt	2023;	Velasco	2023;	Li	2024;	Cherian	2023	

Does	boiling	water	remove	microplastics?	
Bottom	line:	Boiling	does	not	destroy	plastic,	but	boiling	hard	water	may	reduce	some	particles	if	scale	forms	
and	the	water	is	filtered	afterward.	There	is	no	scientific	or	health	reason	to	do	so.	
A	2024	study	reported	that	calcium	carbonate	scale	formed	during	boiling	hard	water	can	trap	some	nano-	and	
microplastics.	This	is	not	a	universal	solution.	It	depends	on	water	hardness,	particle	type,	and	filtration	after	
boiling.	Kettles	can	release	metals	such	as	nickel,	as	well	as	Pb,	Ni,	Mn,	Cr,	and	Zn,	so	that	should	be	considered.	
Sources:	Yu	2024;	Berg	2000;	Müller	2015	

Are	nanoplastics	more	dangerous	than	microplastics?	
Bottom	line:	There	is	no	evidence	showing	that	normal	nanoplastic	exposure	is	dangerous.	
Smaller	particles	are	harder	to	measure	accurately.	Nanoplastic	methods	are	less	mature	than	methods	for	larger	
particles.	Claims	about	nanoplastics	should	be	treated	carefully	as	large	numbers	of	particles	can	be	an	
insignificant	mass	of	particles.	
Sources:	WHO	2022;	EFSA	2025;	Koelmans	2022;	Gigault	2021	

Do	plastic	cutting	boards	release	microplastics	into	food?	
Bottom	line:	Plastic	cutting	boards	can	release	particles	when	cut	or	scraped.	
That	does	not	prove	danger.	The	important	issue	is	how	much	mass	is	released	and	whether	that	realistic	dose	
causes	harm.	Cutting-board	claims	should	be	compared	with	all	other	food	particles	and	with	hygiene	risks	from	
alternative	materials.		
Sources:	IARC	2012;	EFSA	2025;	Yadav	2023	

Are	plastic	cutting	boards	dangerous	compared	with	wooden	boards?	
Bottom	line:	Danger	has	not	been	demonstrated	from	normal	plastic	cutting-board	use.	
A	fair	comparison	must	include	particle	release,	food	safety,	cleaning,	bacterial	contamination,	durability,	
splintering,	and	actual	exposure.	The	existence	of	particles	alone	does	not	make	plastic	boards	unsafe.	
Occupational	wood	dust	has	an	established	human	carcinogenic	hazard,	whereas	comparable	human	
carcinogenic	evidence	has	not	been	demonstrated	for	ordinary	common-polymer	plastic	dust.	Some	studies	
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report	antibacterial	effects	for	certain	woods,	but	food-service	use	also	depends	on	sanitation,	surface	condition,	
cleaning	method,	and	regulatory	requirements.	
Sources:	Yadav	2023;	IARC	2012;	IARC	1995	

Do	tea	bags	release	microplastics?	
Bottom	line:	Some	polymer-containing	tea	bags	can	release	particles	when	heated,	but	this	does	not	imply	harm.	
The	risk	depends	on	how	much	material	is	released	by	mass,	whether	the	particles	are	actually	plastic,	and	
whether	the	dose	causes	a	biological	effect.	Particle	counts	alone	can	exaggerate	concern.	EFSA	reviewed	this	
topic	and	found	methodological	errors	in	some	tea-bag	studies.	
Sources:	EFSA	2025;	Hernandez	2019	

Are	black	plastic	utensils	a	microplastics	issue?	
Bottom	line:	Mostly	no.	Recent	black-plastic	concerns	are	mainly	about	chemical	additives	and	recycled-material	
contamination,	not	microplastic	particles.	
Chemical-additive	questions	should	be	handled	separately	from	microplastic-particle	questions.	Mixing	the	two	
creates	confusion.	
Sources:	Kuang	2018;	Liu	2024;	FDA	2024;	Hahladakis	2018	

Does	heating	plastic	containers	release	microplastics?	
Bottom	line:	Heat	and	abrasion	can	increase	release	from	some	plastics,	but	normal	use	has	not	been	shown	to	
create	a	microplastic	health	hazard.	
A	practical	message	is	simple:	follow	the	product	instructions,	do	not	overheat	items	not	intended	for	heating,	
and	replace	badly	damaged	containers.	That	is	sensible	use,	not	evidence	of	a	proven	microplastic	disease	risk.	
Sources:	EFSA	2025;	Li	2020;	Akbulut	2024;	Ranjan	2021	

Does	plastic	food	packaging	make	food	unsafe?	
Bottom	line:	No.	Plastic	packaging	is	not	made	unsafe	by	microplastic	claims.	
Packaging	protects	food,	reduces	spoilage,	lowers	contamination	risk,	and	often	reduces	environmental	impact	
compared	with	heavier	alternatives.	Any	claimed	particle	release	must	be	judged	by	dose	and	evidence	of	harm,	
not	fear	of	plastic	itself.	Food	packaging	and	containers	must	comply	with	FDA	or	other	regional	food	contact	
regulations.	
Sources:	FDA	2024,	EFSA	2025;	Welle	2018;	Meng	2024;	Voulvoulis	2019	

Are	glass	and	other	alternatives	particle-free?	
Bottom	line:	No.	Switching	away	from	plastic	does	not	mean	switching	to	a	particle-free	world.	
All	solid	materials	can	shed	particles	during	manufacture,	use,	breakage,	abrasion,	weathering,	or	handling.	Glass	
is	a	clear	example.	Studies	of	medical	glass	ampoules	show	that	opening	glass	ampoules	can	introduce	glass	
particles	into	injectable	solutions.	Chiannilkuchai	and	Kejkornkaew	reported	glass-particle	contamination	in	449	
of	672	ampoules	examined,	with	thousands	of	particles	counted	and	many	in	the	small-particle	size	range.	Eul	Joo	
et	al.	reported	that	180	tested	glass	ampoules	contained	19,473	glass	particles,	averaging	more	than	100	particles	
per	ampoule.	Perez	et	al.	described	glass	ampoules	as	a	high-risk	source	of	particulate	contamination	because	
fragments	can	be	introduced	when	the	ampoule	is	opened	and	can	pass	through	a	needle	into	a	syringe.	Yorioka	
et	al.	found	significantly	more	small	particles	after	cutting	glass	ampoules	than	plastic	ampoules	for	glycyrrhizin	
injections.	These	examples	are	not	about	ordinary	drinking-water	exposure,	and	they	do	not	mean	glass	is	
dangerous.	They	show	a	narrower	but	important	principle:	particles	are	a	property	of	solid	materials	and	
handling	processes,	not	a	problem	unique	to	plastics.	Therefore,	claims	about	“microplastics”	should	be	
compared	with	the	full	context,	including	glass,	mineral,	metal,	cellulose,	pigment,	and	other	non-plastic	particles.	
Sources:	Chiannilkuchai	2021;	Eul	Joo	2016;	Perez	2016;	Carraretto	2011;	Yorioka	2009	
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Do	plastic	baby	bottles	release	microplastics,	and	is	that	dangerous?	
Bottom	line:	Some	studies	report	particle	release	from	plastic	baby	bottles	under	certain	preparation	conditions.	
That	does	not	prove	harm.	
Infant	products	should	be	used	according	to	instructions.	Any	risk	claim	must	compare	realistic	dose	with	
evidence	of	biological	harm.	
Sources:	Li	2020;	FDA	2024;	WHO	2022;	EFSA	2025	

Do	disposable	cups,	coffee	lids,	and	takeout	containers	release	microplastics?	
Bottom	line:	Heat,	abrasion,	and	repeated	use	can	release	small	particles	from	some	materials.	That	does	not	
prove	a	health	hazard.	
The	key	question	is	the	dose	by	mass	and	whether	it	causes	harm.	Current	evidence	does	not	show	that	normal	
use	of	food-contact	plastics	creates	a	microplastic	health	hazard.	
Sources:	Ranjan	2021;	Akbulut	2024;	EFSA	2025;	FDA	2024	

Are	compostable	or	biodegradable	plastics	safer	for	microplastics?	
Bottom	line:	Not	automatically.	
Biodegradable	or	compostable	plastics	can	still	form	particles	if	conditions	are	not	suitable	for	degradation.	
“Compostable”	does	not	mean	the	material	disappears	instantly	in	the	environment,	and	it	does	not	automatically	
mean	lower	risk.	
Sources:	Piao	2024;	Malafeev	2023;	Chamas	2020;	ISO	2020;	SAPEA	2019	

Do	microplastics	in	soil	harm	crops	or	soil	function?	
Bottom	line:	Current	field	evidence	does	not	show	that	realistic	microplastic	loadings	in	agricultural	soil	harm	
crop	yield	or	key	soil	microbial	functions.	
Microplastics	can	persist	in	soil,	especially	where	agricultural	soils	receive	organic	fertilizers,	compost,	biosolids,	
mulch-film	residues,	or	other	particle	inputs.	Persistence,	however,	is	not	the	same	as	harm.	The	relevant	
question	is	whether	measured	or	realistic	soil	concentrations	impair	crop	growth,	soil	microbial	biomass,	enzyme	
activity,	carbon	cycling,	or	nutrient	function.	Schöpfer	et	al.	studied	arable	soil	under	field-relevant	agricultural	
conditions	and	reported	that	conventional	and	biodegradable	microplastics	could	persist	and	accumulate,	but	
current	loadings	had	no	detectable	immediate	negative	consequences	for	soil	microbial	abundance,	microbial	
activity	related	to	carbon	cycling,	or	crop	yield.	That	is	the	appropriate	distinction:	detection	in	soil	may	justify	
monitoring	and	better	source	control,	but	it	does	not	by	itself	prove	ecological	damage.	

Some	laboratory	studies	report	soil	effects,	but	many	use	simplified	systems,	high	concentrations,	artificial	
particles,	or	endpoints	that	do	not	translate	directly	into	field-level	crop	loss.	Reviews	of	soil	microplastics	show	
that	occurrence,	sources,	and	methods	remain	active	research	areas,	but	the	evidence	should	be	evaluated	by	
concentration,	particle	type,	exposure	duration,	soil	properties,	and	real	agronomic	outcomes.	The	current	
evidence	supports	a	proportionate	conclusion:	soil	microplastics	are	worth	measuring	and	reducing	where	
practical,	especially	to	avoid	unnecessary	contamination,	but	realistic	soil	levels	have	not	been	shown	to	be	a	
major	demonstrated	cause	of	crop-yield	loss	or	soil-function	collapse.	
Sources:	Schöpfer	2022;	Yang	2021;	Li	2021	

Do	plastics	degrade	into	microplastics,	and	do	microplastics	degrade	further?	
Bottom	line:	Yes.	Plastics	can	fragment	into	microplastics,	and	microplastics	can	continue	to	chemically,	
physically,	and	biologically	degrade.	The	rate	depends	strongly	on	polymer	type,	additives,	oxygen,	sunlight,	heat,	
moisture,	abrasion,	surface	area,	microbes,	and	the	surrounding	environment.	
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Plastic	degradation	is	not	a	single	process.	Weathering	by	sunlight,	oxidation,	heat,	mechanical	abrasion,	
hydrolysis,	and	microbial	activity	can	weaken	larger	plastic	items	and	cause	fragmentation	into	smaller	particles.	
For	example,	Weinstein	et	al.	found	that	high-density	polyethylene,	polypropylene,	and	polystyrene	degraded	in	
salt-marsh	habitat	and	concluded	that	surface	delamination	was	a	primary	mechanism	by	which	microplastic	
particles	were	produced	during	early	degradation.	Expanded	polystyrene	can	also	fragment	rapidly	outdoors	
under	sunlight,	producing	micro-	and	nanoplastic	particles.	This	means	that	macroplastic	litter	can	become	
microplastic,	just	as	other	solid	materials	can	fragment	into	dust	and	particles	as	they	age.	
	

	
	
The	process	does	not	necessarily	stop	at	the	microplastic	stage.	Microplastics	have	higher	surface	area	than	
larger	items	and	can	continue	to	oxidize,	crack,	embrittle,	fragment,	and	be	colonized	by	microorganisms.	
Polyethylene	and	polypropylene	are	often	described	as	persistent,	but	persistence	does	not	mean	permanent.	
Reviews	and	experimental	studies	report	biodegradation	or	biodeterioration	of	polyethylene	and	polypropylene	
by	bacteria,	fungi,	and	mixed	microbial	communities,	usually	slowly	and	often	more	readily	after	weathering	or	
other	pretreatment.	Jeon	et	al.	reported	long-term	biodegradation	of	buried	low-density	polyethylene	in	soil,	
Arutchelvi	et	al.	reviewed	biodegradation	evidence	for	polyethylene	and	polypropylene,	Jeon	et	al.	later	reported	
biodegradation	of	polyethylene	and	polypropylene	by	a	soil	Lysinibacillus	strain,	and	Vaksmaa	et	al.	reported	
biodegradation	and	mineralization	of	polyethylene	by	a	marine	fungus	after	photodegradation.	
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The	correct	conclusion	is	therefore	balanced:	plastic	items	can	fragment	into	microplastics,	and	microplastics	can	
degrade	further,	but	rates	vary	widely.	Degradation	can	be	fast	for	some	materials	and	conditions,	such	as	
sunlight-exposed	expanded	polystyrene	or	biologically	active	environments,	and	slow	for	others,	especially	
buried,	cold,	dark,	oxygen-limited,	or	stabilized	plastics.	Environmental	persistence	is	a	reason	to	reduce	
unnecessary	litter	and	improve	waste	management.	It	is	not	proof	that	every	plastic	particle	is	permanent,	
accumulating	forever,	or	biologically	harmful	at	realistic	exposure	levels.	
Sources:	Weinstein	2016;	Jeon	1995;	Arutchelvi	2008;	Jeon	2021;	Vaksmaa	2024;	Kyoung	2020;	Restrepo-Flórez	2014;	Mohanan	2020	

Do	plastic	pipes	release	microplastics	into	drinking	water?	
Bottom	line:	Real-world	source-to-tap	studies	do	not	support	the	claim	that	PE	or	PVC	pipe	systems	are	
generally	a	major	net	source	of	microplastics	in	household	tap	water.	Pipes	can	shed	particles	under	some	
abrasion,	installation,	ageing	or	abnormal	conditions,	so	“never	releases”	would	be	too	strong.	
A	useful	example	is	the	Danish	tap-water	study	by	Feld	et	al.	The	authors	sampled	drinking	water	from	17	
geographically	widespread	locations	in	Denmark,	including	sites	with	different	water	abstraction	areas,	
waterworks,	groundwater	ages,	aquifer	geology,	and	pipe-network	materials.	The	supplementary	site	
information	shows	that	many	of	the	sampled	supply	networks	included	plastic	pipes,	especially	PE	and	PVC,	often	
alongside	other	pipe	materials.	
Despite	that,	the	study	did	not	identify	PE	or	PVC	particles	in	the	tap	water.	Across	all	samples,	confirmed	plastic	
particles	were	rare	and	consisted	of	PET,	PP,	PS,	and	ABS.	For	particles	larger	than	100	µm,	all	samples	were	
below	the	limit	of	detection,	and	the	observed	MP-like	particles	could	not	be	distinguished	from	background	
contamination.	Most	visually	suspected	particles	were	not	plastic	at	all;	µ-FTIR	showed	that	most	were	cellulose,	
with	some	proteinaceous	material	and	poor	or	unknown	spectra.	For	the	smaller-particle	analysis	down	to	10	
µm,	only	three	MP	fragments	were	identified	in	the	subset	tested:	PET,	PP,	and	ABS.	Again,	no	PE	or	PVC	particles	
were	reported.	
This	matters	because	plastic	pipes	are	often	treated	as	an	assumed	major	source	of	drinking-water	microplastics.	
Feld	et	al.	tested	actual	tap	water	from	real	Danish	distribution	systems,	including	systems	containing	PE	and	PVC	
pipe,	using	contamination	controls	and	chemical	confirmation.	The	result	does	not	prove	that	plastic	pipes	can	
never	shed	particles	under	any	condition,	but	it	does	show	that	PE	and	PVC	particles	were	not	confirmed	in	those	
sampled	systems	at	measurable	levels.	
The	more	accurate	conclusion	is	that	real-world	pipe	contribution	is	condition-	and	system-specific.	Source-to-
tap	measurements	can	show	very	low	plastic-particle	levels	or	even	net	particle	removal	during	distribution,	
while	abrasion,	cutting,	installation	or	ageing	can	create	release	under	other	conditions.	A	source	claim	therefore	
requires	direct	source-to-water	evidence	rather	than	assuming	that	the	presence	of	plastic	pipe	proves	that	
detected	particles	came	from	the	pipe.	
Sun	et	al.	provides	an	important	supply-chain	test	of	the	claim	that	drinking-water	pipes	are	a	major	source	of	
microplastics.	The	study	measured	microplastics	in	raw	water,	treated	water	leaving	drinking-water	treatment	
plants,	and	household	tap	water	after	distribution	through	the	pipe	network.	If	the	pipe	network	were	a	major	
net	source	of	plastic	particles,	household	water	would	be	expected	to	contain	more	particles	than	the	treated	
water	entering	the	distribution	system.	
The	opposite	pattern	was	reported.	Treated	water	contained	more	microplastics	than	household	water,	and	the	
authors	described	the	lower	household-water	concentrations	as	evidence	of	non-targeted	removal	during	
distribution,	possibly	because	particles	adsorb	to	pipe	scale.	In	other	words,	the	distribution	system	did	not	act	as	
a	net	source	of	microplastic	particles	in	this	study;	it	appeared	to	reduce	measured	particle	counts	between	the	
treatment	plant	outlet	and	household	taps.	
This	does	not	prove	that	pipes	can	never	release	particles	under	any	condition,	and	it	does	not	identify	the	exact	
fate	of	each	particle.	However,	it	directly	contradicts	the	simple	claim	that	plastic	drinking-water	pipes	
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necessarily	add	measurable	microplastics	to	household	tap	water.	In	this	real-world	supply	system,	fewer	
particles	came	out	of	the	distribution	network	than	entered	it.	
Water-treatment	and	distribution	systems	contain	many	particle	sources.	The	relevant	comparison	is	total	
particle	exposure	and	toxicity.	Copper	and	metal	pipe	corrosion	can	release	substances	with	known	toxicity;	
plastic	pipe	particles	have	not	been	shown	to	create	a	health	risk	at	normal	exposure.	
Sources:	Świetlik	&	Magnucka	2024;	WHO	2019;	WHO	2022;	Koelmans	2019;	Feld	2021;	Sun	2024	

Do	drinking-water	pipes	release	only	plastic	particles?	
Bottom	line:	No.	Drinking-water	distribution	systems	can	generate	and	release	many	kinds	of	non-plastic	
particles,	including	mineral	scale,	corrosion	products,	metals,	organic	deposits,	and	biofilm-associated	material.	
Particles	in	tap	water	should	not	automatically	be	assumed	to	come	from	plastic	pipes	or	plastic	packaging.	
Drinking-water	pipes	are	chemically	and	biologically	active	surfaces.	Over	time,	pipe	walls	can	develop	scale	
deposits,	corrosion	layers,	mineral	precipitates,	organic	films,	and	biofilms.	These	deposits	can	act	as	both	sinks	
and	sources	for	particulate	material	in	water.	Wiercik	et	al.	characterized	scale	deposits	in	drinking-water	pipes	
using	FTIR	and	ICP-OES	and	reported	that	such	deposits	contain	inorganic	and	organic	components,	including	
mineral	and	metal-associated	material.	This	reinforces	a	basic	point	for	microplastics	interpretation:	when	
particles	are	found	in	tap	water,	they	may	be	mineral	scale,	pipe	corrosion	products,	metal	oxides,	biofilm-
associated	material,	fibers,	or	other	non-plastic	debris.	Polymer	identification	is	therefore	essential	before	calling	
particles	“microplastics.”	
This	matters	because	many	public	claims	treat	particles	in	drinking	water	as	if	they	are	automatically	plastic	and	
automatically	hazardous.	That	is	not	scientifically	valid.	Tap-water	particles	must	be	identified	by	composition,	
size,	morphology,	and	source.	Plastic	may	be	present	in	some	samples,	but	drinking-water	systems	also	produce	
non-plastic	particulate	matter	through	normal	scale	formation,	corrosion,	precipitation,	and	biofilm	processes.	
The	correct	conclusion	is	not	“pipes	release	plastic”;	it	is	that	drinking-water	systems	are	complex	particle	
environments,	and	plastic	identity	must	be	proven	rather	than	assumed.	
Sources:	Wiercik	2026;	Makris	2014;	González	2022;	WHO	2019;	Feld	2021	 	
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5.	Dust,	Textiles,	and	Exposure	Reduction	

Are	plastic	particles	a	major	factor	in	the	context	of	dust	as	a	whole?	
Bottom	line:	No.	Dust	is	a	mixture,	and	plastic	should	be	judged	in	the	context	of	the	whole	particulate	exposure,	
not	an	isolated	special	category.	Airborne	and	settled	dust	contain	mineral	dust,	crustal	material,	combustion	
particles,	soot,	road-wear	particles,	textile	fibers,	skin	fragments,	pollen,	cellulose,	metals,	salts	and	many	other	
materials.	Plastic	is	a	small	component,	with	the	exact	fraction	depending	on	setting	and	analytical	method.	
Particulate	matter	is	a	well-established	health	concern,	but	the	major	recognized	sources	are	not	plastic;	global	
reviews	identify	crustal	matter,	road	traffic	and	fuel	combustion	as	major	particulate-matter	sources.	The	hazard	
is	also	not	evenly	distributed	across	particle	types.	Respirable	crystalline	silica,	asbestos,	occupational	wood	dust	
and	certain	metal-containing	particles	have	established	serious	health	hazards,	while	ordinary	environmental	
plastic	dust	has	not	been	shown	to	cause	human	disease	at	realistic	exposure.	Hayden	et	al.	2023	reinforces	the	
need	for	this	context:	124,018	inorganic	particles	spanning	45	classes	were	characterized	in	only	38	selected	lung	
biopsies,	including	mineral	and	metal-rich	particles.	Hayden	cannot	provide	a	plastic/non-plastic	denominator	
because	the	FE-SEM/EDS	method	preferentially	detects	inorganic	material,	but	it	demonstrates	why	a	plastic-
only	interpretation	of	lung	particles	is	scientifically	incomplete.	
Concern	should	be	proportional	to	the	dose,	composition	and	toxicity	of	the	whole	particle	mixture.	There	is	no	
scientific	or	logical	justification	for	treating	ordinary	plastic	dust	as	a	special	case	unless	it	is	shown	to	be	
unusually	abundant	or	unusually	hazardous.	Current	evidence	shows	neither	at	normal	environmental	exposure.	
Sources:	Mukherjee	2017;	Heindel	2020;	Gustafsson	2018;	Hayden	2023;	IARC	1995;	IARC	2012	

Are	synthetic	clothes	a	major	source	of	microplastics?	
Bottom	line:	Synthetic	clothes	can	shed	fibres,	but	that	does	not	by	itself	imply	a	health	risk.	The	available	
studies	do	not	establish	a	textile-fibre-specific	human	toxicity	threshold.	
Fibres	from	clothing,	carpets,	furniture,	and	textiles	can	be	found	in	dust	and	air,	and	natural	fibres	also	shed.	
Cotton	and	wool	have	been	reported	to	shed	about	10-30	times	more	fibres	than	polyester	under	some	test	
conditions	(De	Falco	2020;	Licina	2019).	Merski	tested	cryogenically	milled	PE/PET	spunbond	fabric	by	oral	
feeding,	not	inhaled	textile	fibres,	and	Stock	used	short-term	cell	systems.	Those	studies	provide	relevant	
polymer	context	but	do	not	establish	a	no-harm	inhalation	level	for	every	PET	fibre.	No	harm	from	ordinary	
textile-fibre	exposure	has	been	demonstrated.	
Sources:	FDA	2024;	EFSA	2025;	Merski	2008;	Stock	2021;	Suaria	2020;	De	Falco	2020;	Licina	2019;	Napper	2016	

Do	natural	fibers	like	cotton	and	wool	also	shed	particles?	
Bottom	line:	Yes.	Natural	textiles	shed	fibers	too.	
People	are	exposed	to	cellulose,	cotton,	wool,	skin	flakes,	food	debris,	and	many	other	non-plastic	particles.	A	
scientific	comparison	should	include	all	particles,	not	just	plastic	particles.	Cotton	and	wool	textiles	have	been	
reported	to	release	about	10-30x	more	fibers	than	synthetic	polyester	under	some	test	conditions	(De	Falco	
2020;	Licina	2019).	This	helps	explain	why	one	global	ocean-fiber	study	found	only	about	8%	synthetic	fibers	and	
about	92%	natural	fibers	in	oceanic	surface	waters	(Suaria	2020).	
Sources:	Suaria	2020;	De	Falco	2020;	Licina	2019;	Athey	2022	

What	are	the	main	sources	of	human	microplastic	exposure?	
Bottom	line:	Likely	sources	include	indoor	dust,	air,	food,	drinking	water,	packaging-related	particles,	textiles,	
and	household	abrasion.	
The	size	of	each	contribution	is	still	somewhat	uncertain	because	studies	use	different	methods	and	size	cutoffs.	
Exposure	should	be	described	by	mass	as	well	as	particle	count.	
Sources:	Mohamed	Nor	2021;	WHO	2022;	Cox	2019;	Eberhard	2024	
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Do	people	get	more	microplastics	from	food,	water,	or	air?	
Bottom	line:	The	answer	is	still	uncertain	and	depends	on	the	method	used.	
Mohamed	Nor	et	al.	modeled	about	583	ng/day	of	adult	microplastic	intake	over	its	included	pathways	and	1–
5000	µm	particle	domain.	As	a	separate	contextual	comparison,	583	ng/day	is	about	0.0012–0.0019%	of	the	U.S.	
EPA	adult	soil-plus-dust	ingestion	values	of	30–50	mg/day	-	roughly	1.2–1.9	parts	per	100,000	by	mass.	This	is	a	
bounded	cross-domain	comparison,	not	a	measured	universal	fraction	of	all	particles	consumed:	the	microplastic	
numerator	and	soil-plus-dust	denominator	are	independently	derived	and	cover	different	pathways.	Same-
sample	indoor,	fibre	and	potable-water	studies	nevertheless	also	place	plastic	as	a	minority	component	of	the	
broader	particle	background.	
	

	
Sources:	Mohamed	Nor	2021;	U.S.	EPA	soil/dust	ingestion	factors;	Cox	2019;	Eberhard	2024;	Catarino	2018	

How	much	reported	indoor	and	outdoor	dust	is	plastic	compared	with	cellulose,	mineral	
dust,	soot,	skin	particles,	and	other	material?	
Bottom	line:	Plastic	appears	to	be	a	very	small	fraction	of	the	total	particles	people	breathe.	
Outdoor	plastic	particles	have	been	estimated	to	be	extremely	small	compared	with	total	dust	exposure,	around	
0.01%	of	the	total	in	some	exposure	comparisons	(Mohamed	Nor	2021;	Eberhard	2024).	Studies	also	show	that	
most	airborne	and	settled	particles	are	not	plastic	(Vianello	2019;	Yakovenko	2025;	Wieland	2022).	A	fair	risk	
comparison	must	include	mineral	dust,	quartz,	soot,	cellulose,	skin	particles,	natural	fibers,	food	particles,	and	
other	debris.	For	indoor	dust,	plastics	have	been	reported	as	a	small	fraction	of	total	material,	often	around	1%	or	
a	few	percent	depending	on	the	study	and	classification	method	(Vianello	2019;	Khalid	Ageel	2025;	Yakovenko	
2025).	One	study	found	plastic	at	about	4%	of	fragments	and	fibers,	compared	with	about	91%	proteinaceous	
material	and	about	4%	cellulose	(Wieland	2022).	
This	matters	because	some	non-plastic	particles	are	known	hazards	at	sufficient	exposure,	while	ordinary	plastic	
dust	has	not	been	shown	to	cause	human	disease	at	realistic	environmental	levels.	
Sources:	Mohamed	Nor	2021;	IARC	Monographs	on	crystalline	silica;	Ogonowski	2018;	Vianello	2019;	Khalid	Ageel	2025;	Yakovenko	2025;	
Wieland	2022;	Tan	2016;	Dris	2016;	Prata	2020	
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How	do	microplastics	compare	with	other	particles	people	inhale	or	ingest?	
Bottom	line:	Plastic	is	only	a	small	fraction	of	the	particles	people	encounter.	
People	inhale	and	ingest	mineral	dust,	cellulose,	cotton,	wool,	skin	flakes,	food	particles,	soot,	pollen,	pigments,	
and	other	debris.	Some	non-plastic	particles,	such	as	crystalline	silica	or	wood	dust,	have	known	hazards	at	
sufficient	exposure.	Normal	environmental	plastic-particle	exposure	has	not	been	shown	to	cause	human	disease.	
Sources:	Vianello	2019;	Wieland	2022;	Salthammer	2022;	Yakovenko	2025;	OSHA	2023;	IARC	2012	

How	does	pollen	exposure	compare	with	airborne	plastic	particles?	
Bottom	line:	Pollen	is	a	useful	real-world	benchmark	because	it	overlaps	in	size	with	many	coarse	airborne	
microplastic	particles,	can	occur	at	comparable	or	much	higher	airborne	concentrations,	and	has	proven	health	
effects	in	susceptible	people.	By	contrast,	no	adverse	human	health	effect	has	been	proven	from	ordinary	
environmental	exposure	to	plastic	particles	at	realistic	doses.	
Intact	pollen	grains	commonly	fall	in	the	broad	coarse-particle	range	of	about	10–100	µm,	overlapping	with	many	
larger	airborne	microplastic	fibers	and	fragments.	During	pollen	season,	airborne	pollen	concentrations	
commonly	reach	tens	to	hundreds	of	grains	per	cubic	meter	and	can	reach	thousands	of	grains	per	cubic	meter	
during	peak	episodes.	In	an	Atlanta	field	study,	average	daily	total	pollen	concentrations	across	three	sites	ranged	
from	281	to	561	grains/m³,	and	peak	pollen	counts	exceeded	5,900	to	8,800	grains/m³	depending	on	site	(Jiang	
2022).	These	concentrations	are	not	unusual	in	pollen-exposure	terms;	some	pollen-count	systems	classify	tree	
pollen	above	about	90	grains/m³	as	high	and	above	about	1,500	grains/m³	as	extremely	high.	
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Airborne	microplastic	measurements	are	much	more	method-dependent.	One	indoor	personal-exposure	study	
reported	average	microplastic	concentrations	of	4.8	±	1.6	MPs/m³	in	houses,	4.2	±	1.6	MPs/m³	in	workplaces,	5.8	
±	1.9	MPs/m³	in	subways,	and	17.3	±	2.4	MPs/m³	in	buses,	with	most	fibers	and	fragments	below	100	µm	
(Torres-Agulló	2022).	A	later	indoor	study	using	Raman	microspectroscopy	reported	higher	indoor	airborne	
microplastic	concentrations	of	58–684	MPs/m³,	with	a	median	of	212	MPs/m³,	but	also	found	that	microplastics	
represented	only	0–1.6%	of	non-plastic	particles	in	the	same	environments	(Maurizi	2024).	
Using	a	simple	adult	inhalation	range	of	10–20	m³	of	air	per	day,	the	comparison	is	clear.	At	100	pollen	
grains/m³,	a	person	may	inhale	roughly	1,000–2,000	pollen	grains/day.	At	1,000	grains/m³,	the	estimate	
becomes	10,000–20,000	grains/day.	At	3,793	grains/m³,	the	estimate	becomes	roughly	38,000–76,000	
grains/day.	By	comparison,	airborne	microplastic	concentrations	of	10	MPs/m³	correspond	to	about	100–200	
particles/day,	while	212	MPs/m³	corresponds	to	about	2,120–4,240	particles/day,	and	684	MPs/m³	corresponds	
to	about	6,840–13,680	particles/day.	These	are	illustrative	calculations,	not	universal	exposure	values,	because	
both	pollen	and	microplastic	concentrations	vary	with	location,	season,	weather,	indoor	activity,	sampling	
method,	and	particle-size	cutoff.	
The	health-effect	contrast	is	more	important	than	the	particle	count.	Pollen	is	not	merely	a	detectable	natural	
particle.	It	is	a	proven	biological	allergen.	In	susceptible	people,	breathing	pollen	can	cause	allergic	rhinitis,	
allergic	conjunctivitis,	and	asthma	attacks;	CDC	states	that	pollen	exposure	can	cause	hay-fever	symptoms,	
allergic	conjunctivitis,	and	asthma	attacks	when	pollen	is	an	asthma	trigger.	Allergic	rhinitis	is	an	IgE-mediated	
response	to	inhaled	allergens	and	often	co-occurs	with	asthma	and	conjunctivitis	(Bousquet	2020).	
This	makes	pollen	a	strong	benchmark	for	interpreting	microplastic	claims.	Pollen	shares	many	properties	often	
used	to	imply	concern	about	microplastics:	it	is	airborne,	inhalable,	environmentally	widespread,	partly	
hydrophobic,	biologically	interactive,	and	within	the	same	broad	size	range	as	many	coarse	airborne	particles.	
Yet	pollen	is	the	particle	with	proven	health	effects	in	susceptible	people,	while	ordinary	environmental	plastic-
particle	exposure	has	not	been	shown	to	cause	human	disease.	Therefore,	the	mere	fact	that	plastic	particles	are	
detectable,	airborne,	hydrophobic,	or	inhalable	is	not	evidence	of	hazard.	The	valid	risk	question	is	whether	
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realistic	exposure	causes	reproducible	biological	harm	beyond	the	much	larger	background	of	ordinary	non-
plastic	particles.	
Sources:	Jiang	2022;	Torres-Agulló	2022;	Maurizi	2024;	CDC	2024;	Bousquet	2020;	WHO	2022;	FDA	2024;	Vianello	2019;	Wieland	2022;	
Salthammer	2022;	Yakovenko	2025	

Are	natural	particles	automatically	safer	than	plastic	particles?	
Bottom	line:	No.	Natural	does	not	automatically	mean	safe.	
Natural	does	not	automatically	mean	safe,	and	synthetic	does	not	automatically	mean	dangerous.	Respirable	
crystalline	silica	(quartz),	asbestos	and	occupational	wood	dust	have	established	carcinogenic	hazards;	certain	
metal-containing	particles	can	have	serious	systemic	toxicity;	soot	and	combustion	particles	have	well-
established	health	effects;	and	pollen	has	proven	allergic	effects	in	susceptible	people.	Comparable	human	
hazards	have	not	been	demonstrated	for	ordinary	common-polymer	plastic	dust	at	realistic	environmental	
exposure.	Risk	depends	on	dose	and	material-specific	toxicity,	not	whether	a	particle	is	natural,	synthetic	or	
plastic.	
Pollen	is	a	clear	example:	it	is	natural,	airborne,	partly	hydrophobic,	and	biologically	active,	and	it	has	proven	
health	effects	in	susceptible	people,	whereas	ordinary	environmental	plastic-particle	exposure	has	not	been	
shown	to	cause	human	disease.	
Sources:	IARC	1995;	IARC	2012;	OSHA	silica	guidance;	WHO	2022;	FDA	2024;	Wieland	2022	

Are	microplastics	an	indoor-air	issue	or	an	outdoor-air	issue?	
Bottom	line:	Most	personal	airborne-particle	exposure	occurs	indoors	because	people	spend	most	of	their	time	
indoors.	
Indoor	dust	contains	many	particle	types,	including	textile	fibers,	skin	flakes,	cellulose,	mineral	dust,	and	a	small	
fraction	of	plastic.	Reducing	total	dust	is	more	rational	than	focusing	only	on	plastic.	
Sources:	EPA	Indoor	Air	Quality;	Salthammer	2022;	Vianello	2019;	Eberhard	2024;	Prata	2018	

What	should	the	public	do	to	reduce	microplastic	exposure?	
Bottom	line:	If	exposure	reduction	is	desired,	reduce	total	dust	rather	than	targeting	the	plastic	fraction	alone.	
Ordinary	cleaning	and	ventilation	can	reduce	mixed	particulate	exposure.	There	is	no	evidence-based	medical	
need	to	organize	everyday	life	around	avoiding	trace	plastic	dust	specifically.	
Reasonable	steps	include	using	normal	ventilation	and	cleaning	to	reduce	dust,	but	choosing	water	filtration	only	
when	it	has	validated	performance.	These	steps	should	not	be	considered	medical	necessities.	
Sources:	WHO	2022;	FDA	2024;	EPA	Indoor	Air	Quality;	Salthammer	2022;	Koelmans	2022	

Which	public	exposure-reduction	actions	measurably	reduce	dose	rather	than	merely	
reduce	anxiety?	
Bottom	line:	The	most	credible	actions	are	the	ones	that	reduce	total	dust	and	unnecessary	abrasion.		
Routine	cleaning,	ventilation,	and	sensible	food-contact	use	are	more	defensible	than	fear-based	rules	such	as	
avoiding	all	plastic.	Many	claimed	exposure-reduction	steps	have	not	been	shown	to	meaningfully	reduce	dose	or	
improve	health.	Recommendations	should	be	practical,	measurable,	and	proportional	to	evidence.	
Sources:	WHO	2022;	FDA	2024;	EPA	Indoor	Air	Quality;	EFSA	2025;	Cherian	2023	

Are	exposure-reduction	products	or	detox	claims	legitimate?	
Bottom	line:	Detox	claims	are	not	supported	by	evidence.	
There	is	no	credible	"microplastic	cleanse."	Fear-based	marketing	is	not	science.	There	is	no	medical	reason	to	
undertake	any	procedure	claimed	to	remove	particles,	and	every	medical	procedure	entails	risk.	
Sources:	FDA	2024;	WHO	2022;	FTC	consumer-health	marketing	principles;	Koelmans	2022	
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6.	Methods,	False	Positives,	and	Evidence	Quality	

Are	most	microplastics	studies	reliable?	
Bottom	line:	Some	are	useful,	but	many	contain	major	limitations.	
Common	weaknesses	include	contamination,	poor	blank	correction,	uncertain	particle	identity,	unrealistic	
exposure,	weak	controls,	and	conclusions	that	go	beyond	the	data.	This	is	why	headlines	can	be	misleading.	A	
weak	detection	study	should	not	become	a	health-risk	headline.	Before	trusting	a	claim,	check	whether	the	study	
proved	plastic	identity,	used	realistic	exposure,	and	actually	showed	harm.	
Sources:	Gouin	2022,	Koelmans	2019;	Cowger	2020;	Hermsen	2018	

What	are	the	biggest	weaknesses	in	microplastics	research?	
Bottom	line:	The	biggest	weaknesses	are	false	positives,	contamination,	unrealistic	doses,	and	making	claims	
unsupported	by	the	science.	
The	public	usually	sees	the	headline,	not	the	method.	A	study	may	report	"plastic"	when	it	only	found	a	dye	like	
Nile	Red,	a	tentative	spectral	match,	or	a	chemical	signal	that	could	come	from	something	else.	
Sources:	Gouin	2022,	Koelmans	2019,	Lenz	2016;	EFSA	2025;	Cowger	2020;	Hermsen	2018	

Method	hierarchy	for	microplastics	evidence	
Use	this	table	to	distinguish	screening	methods	from	methods	that	can	support	stronger	claims	about	intact	particles,	
polymer	identity,	dose,	and	risk.	Because	microplastic	claims	depend	heavily	on	analytical	method	quality,	the	table	
below	summarizes	what	common	methods	can	and	cannot	prove.	

Method	 What it can show	 Main limitation	 Evidence value in this review	
Visual microscopy	 Particle shape, color, 

approximate size, and 
morphology.	

Cannot prove that a particle is 
plastic; false positives are common 
without chemical confirmation.	

Useful for screening only. Not 
sufficient by itself for plastic 
identity.	

Nile Red staining	 Hydrophobic particle 
screening and approximate 
particle counts.	

Can stain non-plastic hydrophobic 
material and generate false 
positives.	

Weak unless followed by 
chemical confirmation.	

µFTIR / FTIR 
imaging	

Polymer identification for 
particles within the method 
size range; can preserve 
particle size and shape 
information.	

Limited for very small particles; 
results depend on spectral quality, 
library match, blanks, and 
contamination control.	

Stronger when paired with good 
QA/QC, blanks, recovery checks, 
and transparent match criteria.	

Raman 
spectroscopy	

Polymer identification and 
particle morphology, often at 
smaller sizes than FTIR.	

Fluorescence interference, spectral-
match uncertainty, contamination, 
and declining reliability for very 
small particles.	

Useful when method limits and 
match criteria are explicit; not 
automatically definitive for 
submicron particles.	

LD-IR	 Automated particle detection 
and polymer identification 
over defined size ranges.	

Still depends on size cutoff, spectral 
library, sample preparation, blanks, 
and match thresholds.	

Useful for supply-chain or survey 
studies when QA/QC is clear.	

Pyrolysis-GC/MS	 Polymer-associated 
chemical fragments and 
approximate polymer mass in 
a bulk sample.	

Destroys the sample and does not 
prove intact particles, particle 
number, particle size, or tissue 
location.	

Useful for mass context, but not 
proof of intact microplastic 
particles by itself.	

Electron 
microscopy / SEM-
EDS	

Particle morphology, surface 
features, and elemental 
composition.	

Does not identify most organic 
polymers without complementary 
spectroscopy or chemical analysis.	

Useful supporting evidence, not 
sufficient alone for polymer 
identity.	

Mass-based 
exposure modeling	

Estimated exposure dose and 
plausibility of reported body 
burdens.	

Depends on input data quality and 
assumptions; may not capture every 
individual scenario.	

Essential for checking whether 
particle-count claims fit realistic 
dose and mass constraints.	
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Why	can	Nile	Red	staining	give	false	positives?	
Bottom	line:	Because	Nile	Red	can	stain	non-plastic	hydrophobic	material.	
A	bright	stained	particle	is	not	proof	of	plastic.	Oils,	biological	material,	and	other	hydrophobic	substances	can	
give	misleading	results.	Nile	Red	should	not	be	treated	as	definitive	identification	by	itself.	Studies	based	on	it	
have	been	shown	to	massively	overestimate	plastic	amounts.	A	2026	study	found	1,891	particles/m³	using	Nile	
Red	dye	but	only	161	confirmed	MP/m³	from	µRaman,	1	µg/m³	from	Py-GC/MS,	and	0	particles	using	a	µFTIR	
workflow	(Aves	2026).	
Sources:	Aves	2026,	Michelaraki	2020,	EFSA	2025,	Stanton	2019;	Maes	2017	

Why	is	pyrolysis-GC/MS	not	proof	of	plastic	particles?	
Bottom	line:	Py-GC/MS	does	not	prove	intact	plastic	particles	by	itself,	because	it	detects	chemicals	formed	at	
high	temperature	rather	than	showing	the	original	particle.	
Sources:	Aves	2026,	Rauert	2025;	Li	2024;	Brits	2024;	Rauert	2022;	Almeida	2026	

	

Can	Raman	spectroscopy	identify	very	small	particles	reliably?	
Bottom	line:	Raman	becomes	difficult	for	very	small	particles,	especially	below	about	1	micrometer.	
Small	particles	produce	weak	signals	and	are	harder	to	distinguish	from	background	material.	Claims	about	
nanoplastics	or	sub-micron	particles	need	especially	strong	validation.	
Sources:	EFSA	2025;	Li	2024;	Jüngling	2026;	Qian	2024;	Meyns	2023	
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Can	FTIR	identify	microplastics	reliably?	
Bottom	line:	FTIR	can	be	useful	for	larger	particles,	but	it	has	size	limits	and	can	misidentify	difficult	samples.	
Reliability	depends	on	particle	size,	sample	preparation,	spectral	quality,	library	matching,	and	operator	
decisions.	FTIR	results	should	be	supported	by	good	blanks	and	transparent	quality	criteria.	
Sources:	EFSA	2025;	Jüngling	2026;	Koelmans	2019;	Meyns	2023	

How	can	contamination	create	false	detections?	
Bottom	line:	Plastic	fibers	and	dust	are	common	in	labs,	air,	clothing,	equipment,	and	sample	handling.	
Without	strong	procedural	blanks	and	clean	handling,	a	study	may	measure	contamination	introduced	during	
collection	or	analysis	instead	of	particles	from	the	original	sample.	
One	study	cast	doubt	on	prior	studies	by	showing	that	gloves	used	in	the	laboratory	shed	a	substance	(lubricant)	
that	is	then	detected	and	mistaken	for	plastic	particles.	They	listed	many	studies	that	may	be	invalid	because	of	
this	newly	identified	source	of	contamination.	
Sources:	Clough	2026;	Koelmans	2019;	Cowger	2020;	Hermsen	2018	

Why	can	solubles	or	precipitates	create	false	positives?	
Bottom	line:	Because	dissolved	substances	can	come	out	of	solution	and	form	particles	during	processing.	
Those	particles	may	look	like	microplastics	or	interfere	with	staining	and	spectroscopy.	A	study	must	prove	the	
final	particles	are	plastic,	not	precipitated	salts,	proteins,	fats,	residues,	or	other	non-plastic	material.	This	form	of	
error	applies	in	particular	to	studies	on	hot	drinks.	
Sources:	EFSA	2025;	Rauert	2025;	Ranjan	2021	

Does	particle	charge	make	microplastics	or	nanoplastics	uniquely	dangerous?	
Bottom	line:	No.	Surface	charge	is	not	unique	to	plastic	particles,	and	charge	alone	does	not	prove	risk.	
Some	recent	claims	argue	that	microplastics	and	nanoplastics	may	be	especially	hazardous	because	small	
particles	can	carry	surface	charge,	form	coronas,	interact	electrostatically	with	biological	surfaces,	or	behave	as	
colloids.	Those	are	real	particle-science	concepts,	but	they	are	not	unique	to	plastic.	Clay	minerals,	silica,	metal	
oxides,	soot,	cellulose	fibers,	natural	organic	colloids,	humic	substances,	biological	particles,	and	ordinary	dust	
particles	also	carry	surface	charge	or	develop	charge	depending	on	pH,	ionic	strength,	organic	matter,	
weathering,	mineral	composition,	and	surrounding	chemistry.	
The	relevant	question	is	therefore	not	whether	plastic	particles	can	be	charged.	The	relevant	question	is	whether	
plastic	particles	contribute	a	meaningful	fraction	of	total	charged	particle	surface	area	compared	with	the	vastly	
larger	background	of	natural	and	non-plastic	particles.	Environmental	and	indoor	particle	mixtures	are	
dominated	by	mineral	dust,	crustal	material,	combustion	particles,	road-wear	particles,	soot,	fibers,	biological	
material,	skin	fragments,	silica,	calcium	carbonate,	organic	matter,	and	other	non-plastic	particles.	Plastic	is	
typically	a	small	subset	of	total	particulate	exposure.	
Charge-based	claims	therefore	require	the	same	evidence	standard	as	any	other	microplastics	claim:	confirmed	
plastic	identity,	realistic	particle	size,	realistic	surface	state,	realistic	dose,	comparison	with	non-plastic	particles,	
and	demonstrated	harm	beyond	ordinary	charged	mineral,	organic,	and	biological	particles.	Without	that	
comparison,	“plastic	particles	are	charged”	is	not	a	risk	conclusion.	It	is	only	a	generic	property	of	particulate	
matter.	
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Surface	charge,	eco-corona	formation,	aggregation,	and	colloidal	behavior	can	affect	particle	transport	and	
measurement.	They	are	legitimate	reasons	to	improve	analytical	methods	and	reporting	standards.	They	are	not,	
by	themselves,	evidence	that	normal	microplastic	or	nanoplastic	exposure	causes	human	disease.	
Sources:	Rahman	2024;	Yang	2025;	Gustafsson	2018;	Mukherjee	&	Agrawal	2017;	IARC	2012;	WHO	2022	

Why	are	particle	counts	often	misleading	compared	with	mass?	
Bottom	line:	A	huge	number	of	tiny	particles	can	still	weigh	almost	nothing.	
Public	claims	often	sound	alarming	because	they	report	counts,	not	mass.	Risk	depends	on	dose,	and	dose	often	
requires	mass,	size,	polymer,	route	of	exposure,	and	biological	effect.	Counts	alone	do	not	prove	danger.	
Sources:	EFSA	2025;	Koelmans	2022;	Welle	2018;	Mohamed	Nor	2021	

What	makes	a	microplastics	study	credible?	
Bottom	line:	A	credible	study	proves	particle	identity,	controls	contamination,	uses	realistic	exposure,	and	
avoids	overclaiming.	
Strong	studies	include	clean	sampling,	procedural	blanks,	validated	methods,	clear	size	cutoffs,	polymer	
confirmation,	mass	estimates	where	possible,	realistic	dose	comparison,	and	conclusions	that	match	the	data.	
Sources:	EFSA	2025,	Plastics	Research	Council;	Koelmans	2019;	Gouin	2022;	Cowger	2020;	Hermsen	2018	
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What	are	the	strongest	studies	on	microplastics	risk?	
Bottom	line:	The	strongest	studies	use	realistic	exposure,	validated	identification	methods,	strong	blanks,	
appropriate	controls,	and	conclusions	that	match	the	data.	
A	strong	study	should	identify	the	material	correctly,	compare	the	dose	with	real	exposure,	measure	mass	where	
possible,	and	avoid	turning	detection	into	proof	of	harm.	
Sources:	Koelmans	2022;	WHO	2022;	FDA	2024;	SAPEA	2019;	Hermsen	2018;	Cowger	2020	

What	are	the	weakest	types	of	studies?	
Bottom	line:	The	weakest	studies	use	unrealistic	doses,	unrepresentative	particles,	weak	controls,	
contamination-prone	methods,	or	detection	tools	that	cannot	prove	the	particles	are	plastic.	
These	studies	may	be	useful	for	method	development	or	hazard	screening,	but	they	should	not	be	used	as	proof	
of	real-world	human	risk.	
Sources:	Lenz	2016;	Gouin	2024;	Hermsen	2018;	EFSA	2025;	Cowger	2020	

How	does	this	review	grade	microplastics	studies?	
Bottom	line:	Studies	are	graded	by	whether	they	prove	plastic	identity,	avoid	contamination,	use	realistic	dose,	
measure	mass	where	possible,	use	relevant	particles,	and	show	harm	rather	than	merely	detection.	Structured	
computer-assisted	scoring	is	used	to	improve	consistency	and	reduce	subjective	variation,	but	it	does	not	
eliminate	human	judgment	or	potential	reviewer	bias.	
The	goal	is	not	to	dismiss	studies.	The	goal	is	to	separate	reliable	evidence	from	weak	claims.	
Sources:	Koelmans	2019;	Koelmans	2022;	Hermsen	2018;	Cowger	2020;	WHO	2022	

Which	organ-detection	studies	survive	strict	contamination-control	and	intact-particle	
verification?	
Bottom	line:	This	must	be	judged	study	by	study.	
A	study	should	not	be	accepted	merely	because	it	reports	plastic	in	a	human	tissue.	It	should	prove	that	the	
material	was	plastic,	that	it	was	an	intact	particle,	that	contamination	was	controlled,	that	the	size	was	
measurable	by	the	method	used,	and	that	the	claimed	amount	fits	realistic	exposure.	
Current	human	biomonitoring	should	be	interpreted	claim	by	claim	rather	than	as	all	true	or	all	false.	Lane	et	al.	
2026	screened	133	datasets	from	101	peer-reviewed	human	studies	and	found	that	none	met	all	14	essential	
criteria	for	direct	quantitative	risk	assessment.	That	result	limits	precise	estimates	of	representative	body	burden	
and	particle-specific	dose-response;	it	does	not	mean	every	occurrence	finding	is	false	or	that	overall	health	risk	
is	unknowable.	Lung	occurrence	is	biologically	plausible	because	people	inhale	dust,	but	even	valid	detection	
does	not	establish	disease	or	body-wide	accumulation.	The	strongest	interpretation	keeps	occurrence,	
quantitative	burden,	accumulation	and	causation	as	separate	questions.	
The	body	also	has	normal	particle-clearance	systems.	Inhaled	particles	deposited	in	the	airways	and	alveoli	can	
be	trapped	in	mucus,	cleared	by	the	mucociliary	escalator,	or	engulfed	by	macrophages.	Geiser	reviewed	
macrophage	clearance	of	inhaled	micro-	and	nanoparticles	and	noted	that	particles	deposited	in	the	airways	and	
alveoli	are	readily	taken	up	by	resident	surface	macrophages.	This	process	is	part	of	normal	lung	defense.	It	does	
not	mean	that	no	particle	can	ever	persist	or	cause	harm,	but	it	does	mean	that	detection	of	a	particle	is	not	the	
same	as	accumulation,	toxicity,	or	disease.	
Sources:	Lane	2026;	Hermsen	2018;	Cowger	2020;	Clough	2026;	Rauert	2025;	Jenner	2022;	Laforsch	2025;	Geiser	2010	
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7.	Disease	and	Health-Outcome	Claims	
Recent	2025–2026	human	studies	deserve	explicit	consideration	rather	than	omission.	They	include	reported	
associations	involving	fecal	microplastics	and	colorectal	cancer,	cerebrospinal-fluid	measurements	and	
neurological	or	aneurysm	outcomes,	brain-tumour	and	matched-tissue	studies,	intestinal-tumour	detections,	
coronary-blood	detections,	and	reproductive-clinic	samples.	These	studies	expand	the	occurrence	and	
association	literature,	but	selected	clinical	populations,	cross-sectional	or	case-control	designs,	uncertain	
historical	exposure,	analytical	limitations,	confounding	and	reverse	causation	remain	major	boundaries.	Tran	et	
al.	2026	systematically	reviewed	25	studies	in	living	humans;	the	review	found	variable	risk	of	bias	and	did	not	
convert	association	into	causation.	The	integrated	conclusion	therefore	remains	that	current	human	evidence	
does	not	establish	disease	caused	by	ordinary	microplastic	exposure.	
Sources:	Tran	2026;	Lane	2026;	Xu	2025;	He	2025;	Li	2026a-b;	Chen	2026;	Fang	2026;	Lu	2026;	Paolisso	2026;	Kong	2025;	Marfella	2024	

Do	microplastics	cause	heart	attacks	or	strokes?	
Bottom	line:	No	study	has	proved	that	normal	microplastic	exposure	causes	heart	attacks	or	strokes.	
Marfella	et	al.	2024	reported	an	association	between	plastic-associated	material	in	atherosclerotic	plaque	and	
later	cardiovascular	events,	but	association	is	not	proof	of	causation.	Miller	et	al.	2017	provides	a	direct	causal-
inference	control:	patients	with	severe	pre-existing	carotid	atherosclerosis	inhaled	traceable	~5	nm	gold	
nanoparticles	only	24	hours	before	endarterectomy,	and	particulate	gold	was	subsequently	detected	in	the	
excised	plaques.	The	plaques	necessarily	pre-dated	the	gold	exposure.	In	a	complementary	atherosclerosis-prone	
mouse	model,	gold	accumulated	preferentially	in	plaque-rich	vascular	regions	yet	repeated	gold	administration	
did	not	increase	plaque	size.	Thus,	particles	can	localize	in	diseased	vascular	tissue	without	having	created	the	
lesion.	A	2026	coronary-blood	study	likewise	reported	higher	MNP	detection	in	STEMI,	but	smoking	was	the	only	
independent	predictor	of	MNP	presence.	These	findings	support	investigation,	not	a	conclusion	that	ordinary	
microplastic	exposure	causes	heart	attacks	or	strokes.	
Sources:	Marfella	et	al.,	NEJM	2024;	Miller	2017	and	correction;	Paolisso	2026;	Li	2024;	Brits	2024;	Rauert	2025	

Are	microplastics	in	arteries	causally	involved	in	cardiovascular	events?	
Bottom	line:	No.	Causation	has	not	been	proved.	
A	correlation	between	cardiovascular	events	and	plastic-associated	material	in	arterial	plaque	does	not	establish	
that	the	material	caused	the	plaque	or	the	events.	Miller	et	al.	2017	demonstrates	why	localization	must	not	be	
confused	with	causation:	deliberately	inhaled	inert	gold	nanoparticles	accumulated	in	pre-existing	plaques	
within	24	hours,	and	repeated	gold	exposure	did	not	enlarge	plaques	in	mice.	By	extension,	finding	plastic	or	
another	particle	within	a	plaque	or	thrombus	is	evidence	of	co-location,	not	proof	that	the	particle	initiated	that	
lesion.	Causation	requires	independent	evidence	of	temporality,	exposure,	dose-response	and	biological	effect.	
Human	blood	and	vascular	tissue	also	contain	many	nonplastic	particles,	so	any	particle-specific	mechanism	must	
be	demonstrated	rather	than	assumed.	
Sources:	Marfella	et	al.,	NEJM	2024;	Miller	2017	and	correction;	Wu	2023;	Bradford	Hill	1965	

Do	microplastics	cause	cancer?	
Bottom	line:	No	credible	evidence	proves	that	normal	microplastic	exposure	causes	cancer	in	humans.	
Recent	human	studies	have	reported	associations	or	detections	in	cancer-related	samples,	including	fecal	
microplastic	counts	in	colorectal-cancer	cases	and	microplastic-positive	intestinal	tumours.	These	findings	are	
important	but	do	not	establish	that	exposure	preceded	disease:	disease	state,	diet,	bowel	transit,	inflammation,	
surgery	and	sample	handling	can	all	affect	measured	particles.	Laboratory	cellular-stress	findings	under	artificial	
conditions	likewise	do	not	establish	cancer	in	people	at	real	exposure	levels.	
Sources:	Xu	2025;	Chen	2026;	WHO	2022;	FDA	2024;	Koelmans	2022;	SAPEA	2019;	Gruber	2023;	Prust	2020	
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Do	microplastics	cause	dementia	or	Alzheimer's	disease?	
Bottom	line:	No	credible	evidence	proves	that	microplastics	cause	dementia	or	Alzheimer's	disease.	
Recent	brain	and	cerebrospinal-fluid	studies	report	occurrence	and	associations,	including	Alzheimer's-related	
CSF	findings	and	higher	particle-associated	signals	in	some	diseased	brain	tissues.	These	studies	do	not	establish	
that	microplastics	preceded	or	caused	dementia:	disease-related	barrier	changes,	selected	clinical	sampling,	
postmortem	differences,	analytical	uncertainty	and	reverse	causation	remain	plausible.	Claims	linking	
microplastics	to	dementia	or	Alzheimer's	disease	should	therefore	not	be	presented	as	causal	fact.	
Sources:	He	2025;	Nihart	2025;	Li	2026a;	Lane	2026;	Rauert	2025;	WHO	2022;	Prust	2020	

Do	microplastics	cause	infertility	or	lower	testosterone?	
Bottom	line:	No	credible	evidence	proves	that	normal	microplastic	exposure	causes	infertility	or	lower	
testosterone	in	humans.	
Recent	infertility-clinic	studies	report	plastic-associated	measurements	in	follicular	fluid,	seminal	plasma	or	
related	samples	and	associations	with	selected	reproductive	endpoints.	These	are	selected	clinical	populations	
and	generally	lack	validated	antecedent	internal-dose	measurements,	so	confounding	and	reverse	causation	
remain	unresolved.	Animal	and	cell	studies	also	often	use	doses	far	above	ordinary	exposure.	Human	causation	
has	not	been	established.	
Sources:	Kong	2025;	Montano	2025;	Koelmans	2022;	WHO	2022;	Zhao	2023	

Do	microplastics	disrupt	hormones?	
Bottom	line:	Microplastic	particles	themselves	have	not	been	proved	to	disrupt	hormones	at	realistic	human	
exposure.	
Some	plastic	additives	can	have	toxicological	profiles	of	their	own,	but	additives	are	a	separate	question	from	
microplastic	particles.	The	two	should	not	be	confused.	
Sources:	Hahladakis	2018;	EFSA	2025;	WHO	2022	

Do	microplastics	damage	the	gut	microbiome?	
Bottom	line:	No	credible	evidence	proves	that	normal	microplastic	exposure	damages	the	human	gut	
microbiome.	
Some	laboratory	and	animal	studies	report	microbiome	changes	under	artificial	exposures.	Those	findings	do	not	
prove	a	meaningful	effect	in	people	at	real-world	doses.	
Sources:	Koelmans	2022;	WHO	2022	

Do	microplastics	meaningfully	deliver	toxic	chemicals	to	humans	compared	with	direct	
chemical	exposure?	
Bottom	line:	No.	Credible	evidence	does	not	show	that	microplastics	are	an	important	chemical-delivery	
pathway	for	humans	at	normal	exposure	levels.	
Plastic	particles	can	contain	or	adsorb	chemicals	in	principle.	The	practical	question	is	whether	they	deliver	a	
meaningful	dose	compared	with	direct	chemical	exposures	from	food,	air,	dust,	medicines,	cosmetics,	consumer	
products,	and	the	environment.	That	has	not	been	demonstrated	for	typical	microplastic	exposure.	(chemical-
vector	dose	context:	Koelmans	2016;	Koelmans	2022;	Bakir	2014;	Teuten	2009).	
It	is	also	important	not	to	assign	chemicals	to	the	wrong	plastics.	Common	packaging	plastics	such	as	
polyethylene,	polypropylene,	polystyrene,	uPVC,	and	PET	do	not	require	BPA	or	phthalates	as	ingredients.	
Sources:	FDA	2024;	Plastics	Research	Council;	Koelmans	2016;	Koelmans	2022;	Bakir	2014;	Teuten	2009	
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Are	plastic	additives	the	same	thing	as	microplastics?	
Bottom	line:	No.	Additives	are	chemicals.	Microplastics	are	solid	particles.	
A	claim	about	an	additive	should	not	automatically	be	used	as	a	claim	about	plastic	particles.	Common	packaging	
plastics	such	as	polyethylene,	polypropylene,	PET,	polystyrene,	and	uPVC	should	be	judged	by	their	actual	
composition	and	approved	use,	not	by	assumptions	about	unrelated	additives.	
As	an	example,	media	articles	talk	about	release	of	BPA	(an	endocrine	disruptor)	from	PET	used	in	beverage	
bottles.	What	they	fail	to	recognize	is	that	PET	is	not	made	using	BPA,	no	BPA	is	added	and	so	it	cannot	be	
released.	The	same	applies	to	phthalates	which	are	a	type	of	plasticizer	not	added	to	common	plastics	like	PET,	
polyethylene,	polypropylene,	polystyrene	or	uPVC	(the	kind	of	PVC	that	drinking	water	pipes	are	made	from).	It	
is	unscientific	and	incorrect	to	mention	these	additives	in	association	with	plastics	and	plastic	particles	that	do	
not	contain	them.	
Sources:	DeArmitt	2025;	Zweifel	2009	

Are	“plastic	chemicals”	uniquely	dangerous?	
Bottom	line:	No.	“Plastic	chemicals”	is	usually	a	misleading	phrase	because	it	lumps	together	polymers,	
additives,	residual	monomers,	processing	aids,	contaminants,	and	unrelated	chemicals	as	though	they	are	one	
toxic	category.	
Most	plastics	people	use	every	day	—	polyethylene,	polypropylene,	PET,	polystyrene,	ABS,	nylon,	and	
unplasticized	PVC	—	do	not	contain	BPA	or	phthalates.	BPA	is	mainly	associated	with	polycarbonate	and	epoxy	
resins,	while	phthalates	are	mainly	used	to	soften	some	flexible	PVC	products,	not	most	plastics.	
The	additives	commonly	used	in	plastics	are	usually	stabilizers,	antioxidants,	processing	aids,	fillers,	pigments,	
lubricants,	and	UV	stabilizers.	They	are	added	at	low	levels	to	improve	durability,	safety,	processing,	and	
recyclability.	Many,	such	as	hindered	phenolic	antioxidants	and	phosphite	stabilizers,	are	selected	precisely	
because	they	have	low	toxicity	at	realistic	exposure	levels.	
Nor	are	these	chemicals	unique	to	plastic.	The	same	or	similar	chemicals	occur	in	paper,	cardboard,	inks,	
coatings,	adhesives,	leather,	rubber,	textiles,	cosmetics,	fragrances,	paints,	sealants,	and	many	other	materials.	
Therefore,	a	claim	about	“chemicals	from	plastics”	must	show	actual	exposure,	actual	dose,	actual	migration,	and	
actual	harm.	Simply	detecting	a	chemical,	or	associating	it	rhetorically	with	plastic,	is	not	evidence	of	risk.	
Sources:	DeArmitt	2025;	Zweifel	2009	
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8.	Microplastics	evidence	audit	table	
The	table	below	summarizes	the	major	disputed	claims,	what	the	cited	studies	actually	show,	what	they	do	not	
prove,	the	main	limitation,	and	the	evidence	grade.	It	is	designed	to	make	the	review	transparent	for	the	public,	
journalists	and	policymakers.	
	

Public claim	 Best evidence	 What the evidence 
actually shows	

What it does not prove	 Main limitation / context	 Evidence grade	

Plastic in brain / 6 g 
brain claim 

Nihart 2025; Rauert 
2025; Monikh 2025; 
Li 2026a; Lane 2026; 
Mohamed Nor 2021 

Reported polymer-associated 
mass signals and some 
particle-resolved occurrence 
evidence in selected human 
brain/olfactory tissues. 

Does not establish 
representative brain 
burden, progressive 
accumulation, neurological 
harm, or ~6 g of confirmed 
intact plastic particles. 

Destructive mass methods do not 
preserve particle 
identity/size/location; lipid-rich 
matrix, selected samples, 
contamination and mass-
plausibility issues remain. 
Exposure and burden models 
cover defined size domains and 
cannot be used as a simple 
retention ratio. 

Selected occurrence 
evidence; 6 g intact-
particle burden not 
validated 

Particles or polymer 
signals in blood / 
thrombi 

Wu 2023; Brits 2024; 
Leslie 2022; Rauert 
2025; Guan 2023 

Blood studies report particles 
or polymer-associated signals 
by method. Wu analyzed 
thrombi rather than normal 
circulating blood and 
identified 1 LDPE particle 
among 87 Raman-identified 
particles; non-plastic particles 
dominated. 

Does not prove disease, 
toxicity, accumulation, 
normal blood composition, 
or that destructive polymer-
mass signals represent 
intact circulating plastic 
particles. 

Very small amounts; 
contamination risk; methods 
differ. Wu is a thrombus study, 
not a general blood-particle 
survey; Py-GC/MS destroys the 
sample. 

Occurrence / 
association context; 
weak for harm 

Bottled-water 
nanoplastics	

Qian 2024; Materic 
2024; Qian Reply 
2024; Jüngling 2026; 
Ruggeri 2025	

Reported high particle counts 
in bottled water using 
stimulated Raman scattering; 
later work addresses method 
challenges.	

Did not prove bottled water 
is dangerous or causes 
disease; high-count result 
has not been established as 
routine exposure.	

New method; blank/control 
debate; particle count rather than 
risk; very small estimated mass.	

Method-limited 
detection; weak for 
risk	

Credit-card-per-week 
exposure claim	

Cox 2019; 
Senathirajah 2021; 
Welle 2018; 
Mohamed Nor 2021	

Earlier exposure models 
produced public claims of 
large intake; later mass-based 
analyses give much lower 
context.	

Does not prove people 
ingest grams per week; does 
not fit mass-based 
exposure or retention 
estimates.	

Particle-to-mass assumptions 
and overinterpretation; conflicts 
with later mass-based estimates.	

Unsupported / 
contradicted	

Lifetime intake and 
retained burden 

Mohamed Nor 2021 Nor et al. separately modeled 
~583 ng/day external intake 
over a 1–5,000 µm domain and 
~40.7 ng adult tissue burden 
for a 1–10 µm domain. 

Does not provide a 
measured whole-exposure 
absorption or retention 
fraction; the two outputs 
should not be divided. 

Different particle-size domains 
and model stages; useful for 
scale and plausibility, not a direct 
retention percentage. 

Strong for scale 
context; not a direct 
retention fraction 

High-dose laboratory 
harm studies 

Lenz 2016; Jung 
2026; Gouin 2022; 
Koelmans 2019; 
Eberhard 2024; 
Burns 2018 

Many studies use 
concentrations far above 
measured environmental or 
human exposure. Jung 2026 
gavaged mice with 2 mg 
PE/day for 8 weeks and 
mapped a high-dose PPARα–
ANXA2 liver response. 

Do not prove that normal 
human exposure causes 
harm or that the same 
mechanism is engaged at 
realistic dose. 

Dose can be hundreds, 
thousands, or millions of times 
above real exposure; many 
studies also use artificial 
particles or forced exposure 
routes. Jung used no realistic-
dose arm or dose-response 
series. 

Useful for hazard / 
mechanism; weak for 
real-world risk 

Artificial polystyrene 
bead studies	

Lenz 2016; Hartmann 
2019; Gigault 2021; 
Gouin 2022	

Often use uniform laboratory 
beads because they are 
convenient and measurable.	

Do not prove effects from 
real-world mixed plastic 
particles at realistic 
exposure.	

Particle type, shape, size, 
surface, and dose often do not 
match environmental exposure.	

Weak for human risk	

Blood-brain barrier 
crossing claim	

Kopatz 2023; Lenz 
2016; Shan 2022; 
Semmler-Behnke 
2008	

Reported that lab-made 
polystyrene nanoparticles can 
cross biological barriers under 
experimental conditions.	

Does not prove 
environmental nanoplastics 
cross the human BBB at 
normal exposure levels.	

Artificial particles, forced 
exposure, and extreme dose 
relative to realistic exposure.	

Weak for real-world 
human risk	

Heart attacks / 
strokes / atheromas 

Marfella 2024; Miller 
2017 + correction; 
Paolisso 2026; 
Bradford Hill 1965 

Reported vascular 
associations and particle 
localization. Miller showed 
deliberately inhaled inert gold 
could localize in pre-existing 
plaques; repeated gold 
exposure did not enlarge 
plaques in mice. 

Does not prove that plastic 
caused plaque, thrombosis, 
heart attacks, strokes or 
death. 

Association/localization is not 
causation; temporality, 
confounding, exposure 
measurement and reverse 
causation remain critical. 

Association/localizati
on only; causation not 
proved 
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Public claim	 Best evidence	 What the evidence 
actually shows	

What it does not prove	 Main limitation / context	 Evidence grade	

Placenta / fetal 
exposure claims	

Ragusa 2021; Liu 
2023; Zhu 2023; 
Bongaerts 2020; 
Clough 2026	

Reported particles or plastic-
associated findings in 
placenta or related samples.	

Did not prove fetal harm, 
developmental disease, or 
reliable body-wide 
accumulation.	

Small samples; contamination 
sensitivity; variable methods; 
particle identity and blanks often 
disputed.	

Detection only; harm 
not proved	

Lung tissue findings Jenner 2022; Hayden 
2023; Amato-
Lourenco 2021; 
Wieland 2022; 
Vianello 2019 

Plastic occurrence is plausible 
by inhalation. Hayden 
independently characterized 
124,018 inorganic particles 
across 45 classes in 38 lung 
biopsies, showing the large 
nonplastic background against 
which plastic detections 
occur. 

Does not prove disease, 
plastic dominance, 
population lung burden, or 
that Hayden provides a 
plastic/nonplastic ratio. 

Methods and size windows differ; 
Hayden FE-SEM/EDS was 
qualitative and optimized for 
inorganic particles, while plastic 
identity requires polymer-specific 
methods. 

Moderate for plastic 
occurrence; strong 
nonplastic context; 
weak for harm 

Stool findings / 
elimination	

Schwabl 2019; Zhang 
2021; Mohamed Nor 
2021	

Reported particles in stool and 
modeled very low retained 
burden.	

Does not prove 
accumulation or harm.	

Stool detection mainly shows 
ingestion and excretion; 
analytical methods vary.	

Moderate to strong for 
elimination context	

Tea-bag particle 
release	

Hernandez 2019; 
EFSA 2025	

Reported particle release from 
some polymer-containing tea 
bags under hot-water 
conditions.	

Did not prove harm to 
consumers.	

Method limitations, particle-
count emphasis, 
solubles/precipitate issues, and 
missing dose-risk context.	

Release detection 
only; weak for risk	

Plastic cutting boards	 Yadav 2023; EFSA 
2025; IARC 1995	

Reported particles can be 
released during cutting or 
scraping.	

Did not prove normal 
cutting-board use causes 
disease or meaningful 
exposure risk.	

Particle count and estimated 
mass need context; hygiene and 
alternative-material risks must be 
compared.	

Release possible; 
weak for health risk	

Drinking-water 
occurrence and 
treatment	

WHO 2019; 
Koelmans 2019; 
Pivokonsky 2018; 
Pivokonsky 2020; 
Velasco 2022; 
Velasco 2023; 
Mintenig 2019; 
Jüngling 2026; Yang 
2024; Gambino 2022 

Microplastics can be detected 
in some drinking water; 
treatment removes many 
particles; plastic may be a 
small minority of total 
particles.	

Does not prove health risk 
from tap or bottled water.	

Methods vary; size cutoffs differ; 
particle count often lacks mass 
and toxicity context.	

Moderate for 
occurrence; weak for 
risk	

Drinking-water 
distribution pipes are 
a net source of 
microplastics to 
household tap water 

Sun 2024; Feld 2021 Sun found fewer microplastics 
in household tap water than in 
treated water leaving the plant, 
suggesting the distribution 
system was not a net 
contributor in that system. 
Feld found very low confirmed 
microplastic levels in 17 
Danish tap-water samples, 
with no PE or PVC particles 
confirmed. 

Does not prove that pipes 
never release particles. 
Abrasion, installation, 
ageing or abnormal 
conditions can create 
release; not every particle 
was source-traced. 

Source contribution is system- 
and condition-specific. Sun used 
1 L samples and a 20 µm cutoff; 
Feld was not a direct pipe-release 
experiment. 

Moderate evidence 
against general net-
source assumption; 
not evidence of zero 
release under all 
conditions 

Ocean fiber 
composition	

Suaria 2020	 Global surface-water fiber 
analysis found about 8% 
synthetic fibers and about 92% 
natural fibers.	

Does not prove all ocean 
particles everywhere have 
the same composition or 
that fibers are harmful.	

Surface-water fiber dataset; not a 
complete inventory of all marine 
debris.	

Strong for fiber-
composition context	

Ocean ecological risk	 Beiras 2020; 
Jovanovic 2018; 
GESAMP 2016; FAO 
2017	

Reviewed or tested risks and 
found currently monitored 
microplastics pose negligible 
or limited demonstrated risk 
under realistic conditions.	

Does not prove no possible 
effect under every species, 
particle type, or local 
pollution condition.	

Ecological risk varies by 
exposure, species, particle type, 
and local conditions.	

Moderate to strong for 
current monitored risk	

Dust exposure 
context	

Mohamed Nor 2021; 
Wieland 2022; 
Vianello 2019; 
Yakovenko 2025; 
Eberhard 2024	

Plastic appears to be a small 
fraction of indoor and outdoor 
particles compared with 
mineral dust, cellulose, 
protein, soot, skin particles, 
and other material.	

Does not prove every dust 
environment has the same 
composition.	

Dust composition varies by 
setting and method; exposure is 
often reported by count rather 
than mass.	

Strong for 
comparative context	

Chemical-vector 
claim	

Koelmans 2016; 
Koelmans 2022; 
Bakir 2014; Teuten 
2009; Beiras 2018; 
Beiras 2019; 
Ziajahromi 2019	

Plastics can sorb chemicals in 
principle; several studies show 
vector effects are often 
negligible or can reduce 
bioavailability.	

Does not prove 
microplastics are an 
important chemical-delivery 
pathway for humans at 
normal exposure.	

Chemical dose from particles is 
tiny compared with direct 
exposure pathways; context often 
missing.	

Strong against major 
human vector risk	



68		

Public claim	 Best evidence	 What the evidence 
actually shows	

What it does not prove	 Main limitation / context	 Evidence grade	

Additives vs 
microplastic particles	

Hahladakis 2018; 
EFSA 2025; FDA 
2024; Lithner 2011	

Additives, monomers, 
leachables, and particles are 
different categories that 
require separate evidence.	

A chemical claim does not 
automatically prove particle 
toxicity.	

Public and media often conflate 
particles with additives or 
unrelated chemicals.	

Strong conceptual 
distinction	

Alternatives to plastic	 Meng 2024; 
Voulvoulis 2019; 
Franklin Associates 
2018; Simantris 
2024; Reimann 2010; 
Krachler 2009; Turner 
2019	

Many plastic replacements 
increase material use, 
emissions, weight, breakage, 
waste, or other impacts.	

Does not prove plastic is 
best in every application.	

LCA is application-specific; 
substitution must compare full 
systems.	

Strong for substitution 
caution	

Agency risk 
conclusions 

FDA 2024/2026; 
WHO 2022; EFSA 
2025; EPA 2026; BfR 
2025; UK COT 2024 

Agency positions differ by 
route, date and purpose. 
Several call for better 
methods/data; FDA and BfR 
communicate low or unproven 
current human-health risk. 
EPA draft CCL 6 is a 
prioritization step, not a harm 
determination. 

Does not mean all agencies 
reviewed the same evidence 
base, nor that statements of 
uncertainty prove harm or 
make the broader literature 
incapable of risk evaluation. 

Agency reviews use different 
evidence windows and scopes; 
WHO 2022 reviewed evidence 
through Dec 2021, EFSA is 
preparing a new opinion, and UK 
COT could not complete a full 
inhalation assessment from its 
available evidence. 

Strong for policy 
context; not a 
substitute for full 
evidence synthesis 
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9.	Common	Claims	and	Public	Interpretation	

Do	people	eat	a	credit	card	of	plastic	every	week?	
Bottom	line:	No.	The	"credit	card	per	week"	claim	is	not	credible.	
A	credit	card	weighs	about	5	grams.	Mohamed	Nor	et	al.	estimated	adult	intake	at	about	583	nanograms	per	day,	
or	about	0.015	grams	over	70	years	before	elimination	and	with	only	nanogram-scale	retained	burden	(Mohamed	
Nor	2021).	That	is	nowhere	near	5	grams	per	week.	The	credit-card	claim	exaggerates	exposure	by	enormous	
amounts.	Re-analysis	showing	that	the	widely	repeated	“one	credit	card	per	week”	microplastics	ingestion	claim	
is	based	on	serious	calculation	and	data-combination	errors	(Pletz	2022).	
Sources:	Mohamed	Nor	2021;	Cox	2019;	Welle	2018;	Plastics	Research	Council;	Senathirajah	2021;	Pletz	2022	

Are	there	hundreds	of	thousands	of	particles	in	bottled	water?	
Bottom	line:	No	reliable	evidence	shows	that	bottled	water	contains	dangerous	numbers	of	plastic	particles.	One	
study	using	a	new	method	made	a	very	high	particle-count	claim,	but	it	has	not	been	independently	replicated.	
Even	if	the	count	were	correct,	particle	count	is	not	the	same	as	danger.	
A	large	count	of	extremely	tiny	particles	can	represent	very	little	mass.	A	health	claim	also	needs	proof	of	particle	
identity,	dose,	biological	uptake,	and	harm.	Bottled-water	particle	counts	alone	do	not	show	a	health	risk.	Even	if	
there	were	hundreds	of	thousands	of	nanoparticles	in	water,	converting	the	reported	particle	counts	and	sizes	
into	mass	gives	an	estimated	concentration	around	10	ng/L,	or	about	0.000000001%	by	weight	(calculated	from	
Qian	2024).	The	plastic	types	discussed	are	the	same	food-contact	polymers	used	in	bottles	and	caps	(Welle	
2018;	FDA	2024).	
Sources:	Qian	2024,	Welle	2018;	Jüngling	2026;	Materic	2024;	Schymanski	2018	

Do	microplastics	carry	toxic	chemicals	into	the	body?	
Bottom	line:	No	credible	evidence	shows	that	microplastics	are	an	important	toxic-chemical	delivery	pathway	
for	humans	at	normal	exposure	levels.	
Plastic	particles	can	contain	additives	or	sorb	chemicals	from	the	surrounding	environment	in	principle.	The	
practical	question	is	dose:	do	microplastics	deliver	a	meaningful	chemical	exposure	compared	with	direct	
exposure	from	food,	air,	water,	dust,	medicines,	cosmetics,	consumer	products,	and	the	surrounding	
environment?	Critical	reviews	and	model-based	analyses	show	that	this	has	not	been	demonstrated	for	typical	
human	microplastic	exposure	(Koelmans	2016;	Bakir	2014;	Teuten	2009;	Gerdes	2019;	Koelmans	2022).	
In	some	experiments,	plastic	particles	do	not	amplify	chemical	toxicity	and	may	instead	reduce	short-term	
bioavailability	by	binding	chemicals	to	the	particle	surface.	Rehse	et	al.	reported	that	microplastic	particles	
reduced	the	short-term	toxic	effect	of	bisphenol	A	on	aquatic	organisms,	and	Kleinteich	et	al.	found	that	sorption	
of	PAHs	to	microplastics	decreased	their	acute	toxicity	in	zebrafish	embryos.	Other	studies	likewise	show	that	the	
chemical-vector	claim	is	not	a	simple	one-way	transfer	from	plastic	to	organism	(Beiras	2018;	Beiras	2019;	
Ziajahromi	2019).	
These	studies	do	not	prove	that	microplastics	are	beneficial.	They	show	that	the	simple	claim	“plastic	particles	
carry	toxic	chemicals	into	the	body”	is	scientifically	incomplete.	A	valid	vector	claim	must	quantify	the	chemical	
mass	on	the	particles,	compare	it	with	direct	chemical	exposure,	show	release	under	realistic	biological	
conditions,	and	demonstrate	harm	at	realistic	microplastic	doses.	Additive	questions	should	also	be	separated	
from	particle	questions:	food-contact	plastics	and	additives	must	comply	with	applicable	food-contact	
regulations,	but	chemical-additive	exposure	is	not	the	same	question	as	microplastic-particle	toxicity.	
It	is	also	important	not	to	treat	ordinary	plastic	products	as	if	they	all	contain	the	same	chemicals.	BPA,	
phthalates,	PFAS,	flame	retardants,	pigments,	stabilizers,	monomers,	oligomers,	and	leachables	are	different	
questions.	Many	are	not	present	in	most	common	plastics	at	all,	and	many	are	not	unique	to	plastics.		
Sources:	Beiras	2018,	Beiras	2019,	Ziajahromi	2019,	Welle	2018;	Koelmans	2016;	Koelmans	2022;	Bakir	2014;	Teuten	2009;	Rehse	2018;	
Kleinteich	2018	 	
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Are	alternatives	to	plastic	always	safer?	
Bottom	line:	No.	Alternatives	are	not	automatically	safer	or	better.	
Glass,	metal,	paper,	cotton,	and	other	alternatives	can	increase	weight,	breakage,	energy	use,	emissions,	food	
waste,	or	other	hazards.	A	fair	comparison	must	look	at	total	risk	and	life-cycle	impact,	not	just	whether	an	item	
is	plastic.	Copper	from	pipes	or	cookware	can	be	toxic.	There	are	studies	showing	heavy	metals	coming	from	
stainless	steel	and	glass	containers	and	paper.	
Sources:	Simantris	2024;	Reimann	2010;	Krachler	2009;	Turner	2019;	Kamerud	2013;	Veríssimo	2005;	DeArmitt	2023;	Franklin	Associates	
2018;	Li	2024;	Meng	2024;	Voulvoulis	2019	

	
	

Should	plastic	be	avoided	because	of	microplastics?	
Bottom	line:	No.	A	plastic	avoidance	recommendation	is	unjustified.	People	can	use	plastics	sensibly.	Avoiding	
all	plastic	is	shown	to	increase	other	risks	or	environmental	impacts.	Decisions	should	be	based	on	measured	
exposure,	proven	risk,	and	full	comparisons	with	alternatives.	
Sources:	Meng	2024;	Voulvoulis	2019;	Li	2024;	Koelmans	2022;	WHO	2022;	FDA	2024	
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10.	Agency	and	Regulatory	Context	
Agency	statements	must	be	interpreted	within	the	scope,	evidence	window	and	purpose	of	each	review.	They	are	
not	independent	evaluations	of	one	identical	evidence	base,	and	none	of	the	agency	assessments	summarized	
here	evaluated	the	complete	evidence	corpus	synthesized	in	the	current	Plastics	Research	Council	evidence	
program.	WHO’s	2022	review	covered	evidence	through	December	2021;	EFSA	is	preparing	a	new	opinion;	EPA’s	
draft	CCL	6	listing	is	an	information-collection	and	regulatory-priority	step	rather	than	a	determination	of	harm;	
the	UK	Committee	on	Toxicity	could	not	complete	a	full	quantitative	inhalation	assessment	from	the	evidence	
available	to	it;	and	Germany’s	BfR	states	that	current	knowledge	indicates	relatively	low	human-health	risk	and	
that	tissue	detections	or	correlations	do	not	establish	causation.	Statements	that	more	data	are	needed	should	
therefore	not	be	read	as	a	finding	that	the	broader	scientific	literature	is	incapable	of	evaluating	ordinary	
microplastic	risk.	
Sources:	FDA	2024	and	2026;	WHO	2022;	EFSA	2025;	EPA	draft	CCL	6	(2026);	BfR	2025;	UK	COT	2024	

What	does	FDA	currently	say?	
Bottom	line:	FDA	says	current	evidence	does	not	show	that	microplastics	or	nanoplastics	in	food	pose	a	human	
health	risk.	
FDA	also	recognizes	that	analytical	methods	and	exposure	data	are	still	developing.	The	practical	message	is	
clear:	keep	studying	the	issue,	but	current	evidence	does	not	show	a	food-safety	risk.	
Sources:	FDA,	Microplastics	and	Nanoplastics	in	Foods,	2024;	WHO	2022;	FDA	2024	

What	does	WHO	currently	say?	
Bottom	line:	WHO	did	not	conclude	that	microplastics	in	drinking	water,	diet	or	air	posed	a	demonstrated	
human-health	risk	in	its	2022	review,	but	that	review	reflects	the	evidence	available	through	December	2021	
rather	than	the	full	newer	literature.	
WHO	identified	major	method,	exposure	and	toxicology	uncertainties	and	called	for	additional	research.	That	is	a	
statement	about	the	evidence	available	within	that	review	window,	not	evidence	that	ordinary	exposure	has	been	
shown	to	cause	harm.	
Sources:	WHO	2019;	WHO	2022;	Koelmans	2022	

What	does	EPA	currently	emphasize?	
Bottom	line:	EPA	emphasizes	research,	measurement	and	method	development;	its	2026	draft	CCL	6	inclusion	
of	microplastics	is	a	prioritization	and	information-collection	step,	not	a	regulatory	determination	that	harm	has	
been	demonstrated.	
EPA’s	work	focuses	on	occurrence,	analytical	methods,	fate	and	potential	risk.	A	Contaminant	Candidate	List	
entry	imposes	no	drinking-water	requirement	and	should	not	be	represented	as	proof	of	toxicity	or	a	completed	
health-risk	determination.	
Sources:	EPA	Microplastics	Research;	EPA	2024;	California	2025	

What	does	EFSA	say	or	imply?	
Bottom	line:	EFSA	identifies	major	knowledge	and	measurement	gaps	and	is	preparing	a	new	scientific	opinion	
on	potential	health	risks	from	microplastics	in	food,	water	and	air.	
EFSA’s	current	work	should	not	be	interpreted	as	a	finding	that	ordinary	exposure	is	harmful.	Its	new	opinion	is	
intended	to	reassess	the	evidence	using	improved	methods	and	newer	data;	completion	is	expected	by	the	end	of	
2027.	
Sources:	EFSA	2016;	EFSA	2025;	SAPEA	2019	
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Why	do	agencies	call	for	more	research	if	there	is	no	proven	harm?	
Bottom	line:	Agency	calls	for	more	research	identify	unresolved	questions	within	particular	assessment	scopes;	
they	are	not	evidence	that	harm	has	been	demonstrated	and	are	not	proof	that	the	full	literature	is	insufficient	to	
evaluate	ordinary	risk.	
Better	methods	can	improve	precision,	comparability	and	route-specific	quantitative	assessment.	That	is	
different	from	saying	the	central	risk	question	is	unknowable:	exposure,	toxicology,	kinetics,	comparative	particle	
evidence	and	human	studies	can	still	be	integrated	to	judge	whether	ordinary	exposure	constitutes	a	
demonstrated	material	public-health	threat.	
Sources:	WHO	2022;	FDA	2024;	EFSA	2025;	EPA	Microplastics	Research;	SAPEA	2019	

Are	there	regulatory	limits	for	microplastics	in	food	or	drinking	water?	
Bottom	line:	There	are	not	yet	broad	health-based	microplastic	limits	in	food	or	drinking	water.	The	absence	of	a	
dedicated	limit	should	not	be	interpreted	either	as	proof	of	safety	or	as	evidence	that	harm	is	suspected;	agencies	
generally	require	validated	measurement	methods,	exposure	data	and	a	substance-specific	risk	basis	before	
setting	numerical	limits.	
Some	jurisdictions	are	developing	monitoring	methods	and	requirements.	Monitoring	is	not	the	same	as	proof	of	
harm.	Good	regulation	should	be	based	on	validated	methods,	realistic	dose,	and	demonstrated	risk.	
Sources:	EPA	Microplastics	Research;	FDA	2024;	WHO	2019;	WHO	2022;	EFSA	2025	

Should	microplastics	be	regulated?	
Bottom	line:	Regulation	should	target	real	risk,	not	headlines.	
Monitoring	may	be	useful,	but	monitoring	is	not	proof	of	harm.	Poorly	designed	rules	can	push	people	toward	
heavier,	higher-impact,	or	more	hazardous	substitutes	and	can	distract	from	larger	risks.	
Sources:	EPA	Microplastics	Research;	WHO	2022;	SAPEA	2019;	Koelmans	2022;	OECD	2021	

What	is	the	precautionary	principle,	and	does	it	justify	plastic	bans?	
Bottom	line:	Precaution	should	prevent	real	harm,	not	create	worse	substitutes.	
If	replacing	plastic	increases	waste,	emissions,	breakage,	food	spoilage,	metal	exposure,	or	other	risks,	then	a	
plastic	ban	may	increase	overall	harm.	
Sources:	SAPEA	2019;	WHO	2022;	Franklin	Associates	2018;	Voulvoulis	2019;	Meng	2024;	Simantris	2024	
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11.	How	to	Evaluate	New	Microplastics	Claims	

What	would	count	as	proof	that	microplastics	harm	humans?	
Bottom	line:	Proof	would	require	confirmed	particle	identity,	realistic	exposure	levels,	reliable	dose	
measurement,	biological	uptake	at	relevant	sites,	consistent	health	effects,	and	evidence	that	plastic	particles	
caused	the	effect	rather	than	merely	being	associated	with	it.	
Detection	alone	is	not	enough.	Association	alone	is	not	enough.	High-dose	laboratory	effects	are	not	enough.	
Sources:	Bradford	Hill	1965;	Koelmans	2022;	WHO	2022;	FDA	2024;	Hermsen	2018;	Cowger	2020	

	

What	would	change	the	conclusion?	
Bottom	line:	The	conclusion	would	change	if	high-quality	studies	showed	confirmed	plastic	particles	at	realistic	
exposure	levels	causing	reproducible	harm	in	humans	or	credible	animal	models.	
Current	evidence	does	not	show	that.	The	review	should	remain	open	to	better	evidence	while	rejecting	claims	
that	do	not	fit	the	data.	
A	new	claim	should	not	be	accepted	just	because	it	sounds	alarming.	Use	this	checklist	before	treating	any	claim	
as	true.	

• Did	the	study	prove	the	particles	were	plastic?	
• Did	it	prove	they	were	intact	particles,	not	dissolved	material,	additives,	or	contamination?	
• Were	procedural	blanks	and	contamination	controls	strong	enough?	
• Was	the	dose	realistic?	
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• Was	the	particle	type	realistic?	
• Was	the	particle	size	measurable	by	the	method	used?	
• Did	the	study	measure	mass,	or	only	particle	count?	
• Did	it	prove	harm,	or	only	detection?	
• Did	it	prove	causation,	or	only	association?	
• Does	the	claimed	amount	fit	known	exposure	estimates?	

Sources:	Bradford	Hill	1965;	Koelmans	2022;	WHO	2022;	FDA	2024;	Ioannidis	2005;	Goodman	1999	
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12.	Conclusion	
The	conclusion	of	this	review	is	clear:	dust	and	particles	are	everywhere,	plastic	is	only	one	small	component	of	
that	background,	and	normal	real-world	microplastic	exposure	has	not	been	shown	to	cause	human	disease.	
There	is	no	scientific	or	logical	reason	to	treat	ordinary	plastic	dust	as	a	special	public-health	threat	simply	
because	it	is	plastic.	
	
This	is	not	because	the	science	is	missing.	The	relevant	literature	spans	more	than	five	decades	across	polymer	
toxicology,	particle	toxicology,	occupational	dust,	exposure	science,	food-contact	materials,	medical	polymers,	
environmental	science	and	human	biomonitoring.	The	2026	comprehensive	Plastics	Research	Council	synthesis	
catalogued	1,661	canonical	evidence	records.	The	central	conclusion	is	therefore	solid	rather	than	indeterminate:	
ordinary	plastic-particle	exposure	has	not	been	shown	to	cause	human	disease.	
	
Dust	and	particles	are	not	unusual;	they	are	unavoidable	at	some	level.	Soil,	sand,	clay,	concrete,	paper,	wood,	
cotton,	wool,	skin	cells,	pollen,	spores,	soot,	metals,	rust,	glass,	ceramics,	paint,	road	dust,	food	particles	and	
textile	fibers	all	contribute	to	the	particles	people	inhale	and	ingest	every	day.	Plastic	is	one	small	part	of	this	
total	particle	exposure.	Its	detection	is	therefore	expected	and,	by	itself,	says	nothing	about	exceptional	hazard.	
	
Ordinary	common-polymer	plastic	particles	behave	in	many	important	respects	like	other	low-toxicity	particles.	
At	sufficiently	high,	atypical	particle	loading	they	can	irritate	tissues,	trigger	inflammation	or	impair	clearance,	
just	as	many	other	poorly	soluble	dusts	can.	Those	high-dose	effects	demonstrate	generic	particle	biology	and	the	
importance	of	dose;	they	do	not	establish	a	special	plastic	hazard	at	normal	environmental	exposure.	
The	comparative	evidence	is	important.	Several	non-plastic	particle	classes	have	established	serious	human	
hazards	that	ordinary	plastic	dust	has	not	demonstrated:	respirable	crystalline	silica	and	occupational	wood	dust	
are	established	carcinogenic	hazards,	asbestos	is	a	well-established	fibrous	carcinogen,	and	certain	toxic	metal-
containing	particles	can	cause	systemic	toxicity.	No	reliable	evidence	shows	ordinary	common-polymer	plastic	
dust	to	be	more	hazardous	than	the	broader	low-toxicity	dust	background	at	realistic	exposure.	On	that	evidence,	
singling	out	plastic	while	ignoring	the	larger	and	sometimes	more	hazardous	particle	mixture	is	scientifically	
incomplete.	
	
The	important	question	is	dose.	Real-world	exposure	to	microplastics	is	extremely	small	by	mass.	Best	available	
estimates	place	normal	intake	approximately	3	million	to	600	million	times	below	the	principal	higher-
confidence	study-specific	doses	that	produced	no	detected	adverse	effects	in	animal	studies.	The	exact	
benchmark	differs	by	polymer	and	study,	so	the	values	are	not	one	universal	safety	limit	for	every	plastic.	Normal	
inhalation	exposure	is	also	far	below	occupational	limits	for	low-toxicity	dust.	Even	if	exposure	estimates	were	
wrong	by	large	factors,	they	would	still	remain	far	below	those	selected	no-adverse-effect	dose	scales.	
	
This	matters	because	many	alarming	studies	do	not	use	realistic	conditions.	They	often	expose	cells,	animals,	or	
aquatic	organisms	to	concentrated	doses	hundreds,	thousands,	or	millions	of	times	above	real-world	exposure.	
They	often	use	perfect	laboratory	polystyrene	beads	rather	than	the	mixed,	irregular,	weathered	particles	
actually	found	in	the	environment.	They	often	report	stress	markers,	associations,	or	particle	detections	rather	
than	disease.	Those	studies	may	be	useful	for	method	development	or	hazard	screening,	but	they	do	not	prove	
that	normal	human	exposure	is	harmful.	
	
Detection	is	not	danger.	Finding	a	particle,	a	plastic-like	signal,	or	a	polymer-associated	chemical	fragment	does	
not	prove	toxicity,	accumulation,	disease,	or	causation.	A	valid	health-risk	claim	must	prove	that	the	material	was	
plastic,	that	intact	particles	were	present,	that	contamination	was	controlled,	that	the	dose	was	realistic,	that	the	
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particles	reached	a	relevant	biological	site,	and	that	harm	occurred	because	of	the	plastic	particles.	Most	alarming	
claims	do	not	meet	that	standard.	
	
Accumulation	has	also	not	been	demonstrated.	Most	ingested	particles	pass	through	the	digestive	tract.	The	body	
has	normal	particle-clearance	systems,	including	gut	elimination,	mucociliary	clearance,	macrophage	uptake,	
lymphatic	handling,	and	renal	or	biliary	clearance	for	sufficiently	small	or	soluble	material.	Finding	particles	in	
stool	is	therefore	evidence	of	elimination,	not	evidence	of	danger.	Claims	of	large	accumulation	in	organs	are	not	
credible	unless	they	fit	measured	intake,	realistic	retention,	and	basic	mass	balance.	
Claims	about	plastic	in	blood,	brain,	placenta,	arteries,	reproductive	tissues,	and	other	organs	must	be	
interpreted	with	particular	caution.	These	studies	are	technically	difficult,	contamination	is	easy,	and	some	
methods	detect	chemical	signals	rather	than	intact	particles.	Lane	et	al.	2026	found	that	none	of	133	human	
tissue	or	bodily-fluid	datasets	met	all	14	criteria	for	direct	quantitative	risk	assessment.	Hayden	et	al.	2023	shows	
that	lung	tissue	contains	a	vast	and	chemically	diverse	nonplastic	particle	background,	while	Miller	et	al.	2017	
demonstrates	that	traceable	nanoparticles	can	accumulate	at	pre-existing	diseased	vascular	sites	without	having	
caused	those	lesions.	Even	when	particles	or	polymer-associated	signals	are	genuinely	present,	localization	is	not	
the	same	as	accumulation,	toxicity	or	causation.	
	
Microplastics	are	also	not	a	proven	toxic-chemical	delivery	pathway	for	humans	at	normal	exposure.	Plastic	
particles	can	contain	additives	or	sorb	chemicals	in	principle,	but	the	practical	question	is	dose.	The	chemical	
exposure	carried	by	tiny	amounts	of	microplastic	must	be	compared	with	direct	exposure	from	food,	water,	air,	
dust,	medicines,	cosmetics,	consumer	products,	and	the	surrounding	environment.	Current	evidence	does	not	
show	that	microplastics	deliver	a	meaningful	toxic	dose	to	humans	under	normal	conditions.	
	
The	same	principle	applies	to	environmental	claims.	Microplastics	can	be	detected	in	water,	soil,	sediment,	air,	
dust,	wildlife,	and	food.	But	detection	in	the	environment	is	not	proof	of	ecological	harm,	human-health	risk,	or	a	
worsening	crisis.	The	strongest	evidence	shows	that	risk	depends	on	actual	concentration,	dose,	particle	type,	
exposure	route,	retention,	and	demonstrated	biological	effect.	In	many	cases,	plastic	is	a	small	minority	of	total	
particles,	while	natural	fibers,	mineral	particles,	cellulose,	soot,	pigments,	and	other	non-plastic	materials	
dominate.	
	
The	public	has	often	been	misled	because	headlines	treat	detection	as	if	it	were	harm,	particle	counts	as	if	they	
were	dose,	and	high-dose	laboratory	effects	as	if	they	represented	real	life.	That	is	not	sound	science.	A	million	
tiny	particles	can	still	represent	a	negligible	mass.	A	laboratory	effect	at	an	extreme	dose	does	not	prove	
everyday	risk.	A	correlation	does	not	prove	causation.	A	plastic-associated	chemical	signal	does	not	prove	intact	
particles.	A	study	headline	does	not	override	decades	of	toxicology	and	exposure	evidence.	
	
The	evidence	does	not	support	panic,	plastic-specific	avoidance,	detox	products	or	fear-based	policy.	
Disproportionate	focus	on	plastic	dust	is	particularly	difficult	to	justify	when	the	much	larger	particulate	
background	is	ignored	and	some	of	its	components	have	established	hazards	that	plastic	does	not.	Unnecessary	
fear	is	not	a	neutral	outcome:	sustained	stress	and	anxiety	can	affect	wellbeing	and	decision-making.	This	does	
not	mean	that	any	particular	symptom	is	imaginary	or	psychogenic;	it	means	public-health	messaging	should	be	
proportional	to	demonstrated	risk.	Material	decisions	should	be	based	on	total	evidence	and	full-system	
comparison,	not	fear	of	one	small	class	of	particles.	
	
None	of	this	means	litter	should	be	ignored.	Unnecessary	release	of	particles	should	be	reduced	where	practical.	
Waste	should	be	managed	responsibly.	Large	plastic	debris,	lost	fishing	gear,	and	poor	waste	management	are	
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real	environmental	issues.	But	those	are	not	evidence	that	normal	microplastic	exposure	causes	human	disease.	
Macroplastic	litter	and	microplastic	health	fear	are	different	questions	and	should	not	be	confused.	
	
The	scientific	conclusion	is	therefore	straightforward:	

• Dust	and	particles	are	ubiquitous	and	unavoidable	at	some	level;	detection	is	normal	and	does	not	equal	
harm.	

• Plastic	is	only	a	small	part	of	the	much	larger	particulate	background	in	many	measured	settings.	
• No	reliable	evidence	shows	ordinary	common-polymer	plastic	dust	to	be	more	hazardous	than	the	

broader	low-toxicity	dust	background	at	realistic	exposure.	
• Respirable	crystalline	silica,	asbestos,	occupational	wood	dust	and	certain	toxic	metal-containing	

particles	have	established	serious	hazards	that	ordinary	plastic	dust	has	not	demonstrated.	
• At	high,	atypical	particle	loading,	plastic	can	produce	generic	particle	effects	just	as	other	poorly	soluble	

dusts	can;	this	does	not	make	ordinary	plastic	exposure	a	special	hazard.	
• Normal	real-world	exposure	is	approximately	3	million	to	600	million	times	below	the	principal	higher-

confidence	study-specific	doses	that	caused	no	detected	adverse	effects	in	animal	studies.	
• After	decades	of	evidence	and	a	comprehensive	1,661-record	synthesis,	there	is	no	credible	evidence	that	

normal	microplastic	exposure	causes	human	disease	and	no	scientific	basis	for	treating	plastic	dust	as	a	
special	public-health	threat.	

Public	concern	should	be	proportional	to	evidence.	The	evidence	shows	that	ordinary	microplastic	exposure	is	a	
low-dose	component	of	a	much	larger	particle	background,	not	a	demonstrated	public-health	crisis.	The	rational	
response	is	accurate	measurement,	realistic	dose	comparison,	sensible	control	of	total	dust	where	appropriate,	
attention	to	particle	hazards	that	are	actually	demonstrated,	and	scientifically	honest	communication	that	does	
not	create	unnecessary	fear.	
	
The	burden	of	proof	now	lies	with	anyone	claiming	that	normal	microplastic	exposure	is	harmful.	To	overturn	the	
current	conclusion,	a	study	would	need	to	show	confirmed	intact	plastic	particles,	realistic	exposure,	strong	
contamination	control,	meaningful	retained	dose,	reproducible	harm,	and	causation	rather	than	mere	detection	
or	association.	
	
The	logical	conclusion	is	clear:	dust	cannot	be	eliminated	from	life,	plastic	is	only	a	small	fraction	of	that	
background,	and	there	is	no	scientific	evidence	that	ordinary	plastic	dust	warrants	special	concern	over	the	many	
other	particles	people	encounter	every	day.	Normal	real-world	microplastic	exposure	has	not	been	shown	to	
cause	human	disease.	
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Appendix	A.	Review	Methods	and	Corpus	Construction	
Review	type	and	scope	
This	document	is	a	critical	evidence	review	supported	by	a	controlled	living	evidence	corpus.	It	is	not	presented	
as	a	prospectively	registered	PRISMA	systematic	review.	The	public	Q&A	review	directly	evaluated	more	than	
700	microplastics	studies	over	seven	years	and	was	cross-checked	against	the	broader	2026	Plastics	Research	
Council	comprehensive	synthesis.	

Canonical	evidence	records	
The	certified	2026	baseline	contains	1,661	unique	canonical	evidence	records	after	record-identity	and	
publication-lineage	resolution.	In	this	program,	a	canonical	record	is	the	single	identity-resolved	evidence	record	
used	as	one	independent	unit	after	duplicate	versions	and	publication-lineage	items	are	reconciled.	Supporting	
information,	drafts,	press	material,	corrections	or	retractions,	and	other	non-independent	or	administrative	
records	are	linked	or	excluded	from	independent	scientific-source	counts	as	appropriate.	

Corpus	sources	and	evidence	acquisition	
The	corpus	was	assembled	from	full	texts	and	abstracts	collected	by	the	review	program;	title,	DOI,	and	source	
discovery;	cited	references;	publisher	pages;	DOI	records;	repositories;	authoritative	records;	correction	and	
retraction	records;	and	controlled	database	fields.	The	evidence	base	spans	occurrence,	exposure,	analytical	
reliability,	kinetics,	toxicology,	comparative	particle	science,	human	evidence,	environmental	effects,	and	agency	
or	regulatory	context.	

Screening,	adjudication,	and	database	control	
Retention	was	controlled	through	source	verification,	publication-lineage	control,	scientific	appraisal,	residual-
priority	closure,	and	separately	adjudicated	insertions.	The	database	tracks	canonical	study	IDs,	former	IDs,	
duplicate	consolidation,	metadata	correction,	evidence	role,	source	type,	appraisal	or	priority,	provenance,	
exclusions,	corrections,	and	adjudication	rationale.	Structured	computer-assisted	scoring	is	used	to	improve	
consistency;	final	scientific	interpretation	remains	a	human	judgment.	

Search-history	limitation	
Historical	raw	search	strings,	search	dates,	result	totals,	pre-canonical	deduplication	counts,	and	a	complete	
PRISMA	identification	flow	were	not	retained	for	the	legacy	corpus.	The	corpus	should	therefore	be	understood	
as	a	controlled	living	evidence	program	rather	than	a	reconstructable	prospectively	registered	systematic-search	
workflow.	This	limitation	is	stated	explicitly	so	that	the	1,661-record	count	is	not	mistaken	for	a	raw	database-
search	yield.	

Evidence	cutoff	and	updating	
This	public	release	incorporates	literature	and	agency	material	identified	by	the	review	team	through	19	August	
2026.	New	evidence	after	that	date	is	outside	the	release	window	and	will	be	evaluated	in	subsequent	updates.	
The	evidence-quality	criteria	used	for	study	appraisal	are	described	in	“How	We	Grade	the	Evidence,”	and	the	
review	remains	open	to	correction	when	stronger	contrary	evidence	is	identified.	
Sources:	Plastics	Research	Council	2026	comprehensive	synthesis	and	controlled	corpus	documentation.	
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