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Abstract		
Neurodegenerative	diseases	of	protein	misfolding	affect	humans	and	animals.	In	
humans,	these	diseases	include	Alzheimer’s	disease	(AD),	Parkinson’s	disease	(PD),	
amyotrophic	lateral	sclerosis	(ALS),	and	Western	Pacific	amyotrophic	lateral	
sclerosis	and	Parkinsonism-dementia	complex	(ALS/PDC).		Mineral	exposure	may	
be	important	in	the	pathogenesis	of	protein	misfolding	cascades.	The	possible	
association	of	bentonite,	montmorillonite,	and	mineral	risk	factors	with	Alzheimer’s	
disease,	Parkinson’s	disease,	ALS,	and	Western	Pacific	ALS/PDC	is	analyzed	and	
discussed.	
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Introduction	
	

Western	Pacific	amyotrophic	lateral	sclerosis	and	Parkinsonism-dementia	
complex	(ALS/PDC)	is	a	notable	member	of	the	group	of	human	protein	misfolding	
diseases.	The	disease	has	presented	in	individuals	in	Guam,	the	Kii	peninsula	of	
Japan,	and	Western	Guinea.1	Though	only	small	geographic	areas	and	a	limited	
number	of	individuals	have	been	affected,	the	disease	has	been	the	subject	of	
intense	scientific	interest	because	of	its	devastating	course,	high	prevalence	in	an	
isolated	community,	overlapping	phenotype	with	a	variety	of	more	common	protein	
misfolding	diseases,	and	the	historic	consensus	that	an	environmental	or	modifiable	
cause	might	be	found.2	Despite	many	years	of	study,	it	has	remained	an	enigma.	An	
improved	understanding	of	Western	Pacific	ALS/PDC,	or	indeed	any	of	the	protein	
misfolding	diseases	Alzheimer’s	disease,	Parkinson’s	disease,	and	amyotrophic	
lateral	sclerosis,	may	reveal	clues	to	aid	in	decryption	of	the	entire	disease	group.	
Therefore	Western	Pacific	ALS/PDC	has	been	called	the	“Rosetta	Stone”	of	protein	
misfolding	disease.	
	
Western	Pacific	ALS/PDC	
	

Individuals	affected	with	Western	Pacific	ALS/PDC	show	symptoms	and	
signs	of	amyotrophic	lateral	sclerosis,	parkinsonism-dementia,	or	an	overlap	of	both	
phenotypes.1	In	Guam,	the	disease	is	commonly	called	lytico-bodig.	The	
preponderance	of	data	strongly	suggests	an	environmental	cause.	In	this	
manuscript,	I	suggest	that	mineral	exposure	such	as	bentonite	exposure	may	be	a	
primary	factor	in	Western	Pacific	ALS/PDC.		A	potential	role	for	montmorillonite,	a	
bentonite	mineral,	in	protein	misfolding	has	been	described	in	a	previous	paper.3	

			
The	island	of	Guam	has	a	rich	volcanic	history,	resulting	in	the	presence	of	a	

variety	of	minerals	in	its	rocks	and	soil.	Study	of	historic	records	reveals	there	are	
significant	sources	of	minerals	in	areas	of	potential	human	exposure.4,5	A	report	
written	for	the	U.S.	Commercial	Company	in	1946,	near	the	peak	of	the	lytico-bodig	
epidemic,	recognizes	the	presence	of	volcanic	agglomerate	and	tuff,	and	its	
weathering	products,	in	Guam.4	Red	tuff	and	red	soil	are	associated	with	these	
formations.	Manganese	and	pyrolusite	are	also	reported,	among	other	minerals.	The	
document	also	contains	a	description	of	likely	bentonites	in	southern	Guam.4	In	the	
survey,	the	following	is	described:		

	
“Certain	plastic	clays	believed	to	be	bentonites	were…in	two	localities	on	

Guam.	Similar	clays	very	likely	exist	at	other	localities	on	the	southern	portion	of	the	
island	wherever	volcanic	tuffs	are	exposed,	from	which	formation	of	the	clays	have	
been	derived.	Such	clays	were	first	noted	in	the	area	presently	occupied	by	the	large	
Naval	Ammunition	Depot	southeast	of	Santa	Rita	in	the	savanna-like	basin	south	
and	east	of	the	springs	which	are	the	source	of	the	water	pumped	to	the	reservoir	
on	the	hill	a	short	distance	east	of	Santa	Rita	village.	This	area	is	south	of	the	old	
community	of	Bona,	and	its	center	is	about	2000	yards	east	of	Mt.	Alifan	in	an	area	
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characterized	by	grass-covered	rolling	hills	now	traversed	by	a	network	of	winding	
roads	along	which	revetments	have	been	built	for	storing	ammunition.	In	this	area,	
which	is	all	underlain	by	fine-grained	volcanic	tuffs,	an	observer	may	note	that	after	
a	shower,	where	the	surface	is	bare	of	vegetation,	thin	crusts	of	wetted	clay	will	arch	
upwards	separating	itself	from	the	underlying	dryer	clay.	This	phenomenon	is	
particularly	characteristic	of	bentonite	because	of	its	peculiar	property	of	expanding	
substantially	when	wetted.	Bentonites	also	have	the	peculiar	property	of	remaining	
suspended	in	water	indefinitely,	instead	of	settling	to	the	bottom	as	do	ordinary	
clays…The	second	locality	known	to	the	writer	where	clay,	believed	to	be	bentonite,	
was	noted	is	near	the	southeastern	corner	of	Apra	Harbor…	Another	exposure	of	
similar	material	may	be	seen	in	a	nearby	highway	cut.”	
-	William	D.	Mark.	Report	on	Mineral	Resources	of	Micronesia,	U.S.	Commercial	
Company,	Economic	Survey.	Honolulu,	October	19464	
	

In	addition,	geological	information	published	in	1964	confirms	numerous	
areas	of	montmorillonite,	zeolite,	and	other	minerals	on	the	island.5	It	should	be	
noted	that	the	Western	Pacific	region,	like	its	member	island	Guam,	also	has	a	rich	
volcanic	and	geologic	history,	which	provides	a	source	of	diverse	and	abundant	
minerals,	many	of	which	are	less	commonly	exposed	or	encountered	in	other	parts	
of	the	world.	The	area	of	the	Kii	peninsula	in	Japan	affected	with	Western	Pacific	
ALS/PDC	also	appears	to	contain	Fuller’s	earth	(bentonite),	accretionary	wedges	
that	can	contain	several	mineral	types,	and	other	exposed	mineral	resources.6	This	
provides	a	common	environmental	factor	between	the	observed	sites	of	Western	
Pacific	ALS/PDC.	Bentonites,	zeolites,	and	other	minerals	associated	with	weathered	
volcanic	rocks	are	more	abundant	in	southern	Guam,	which	may	provide	a	possible	
explanation	for	the	concentration	of	lytico-bodig	disease	in	the	southern	region.	
	

Until	approximately	1910,	water	on	southern	Guam	was	typically	obtained	
by	hand	collection	from	springs,	rain	catchments,	and	wells.7	Most	of	the	available	
freshwater	comes	from	surface	water	that	runs	over	weathered	volcanic	rocks.8	
Between	1937	and	1941,	water	from	the	Alamagosa	springs	began	to	be	routed	to	
the	reservoir	system.7	The	Maanot	reservoir	was	used	as	a	significant	municipal	
water	source	in	1941,	and	was	re-established	as	a	primary	source	after	the	end	of	
Japanese	occupation	in	1944.	This	later	became	part	of	the	Fena	reservoir	system,	
which	is	still	in	use	today.7	As	development	continued,	in	1950	the	authority	to	
administer	utilities	was	granted	to	the	Department	of	Public	Works,	and	in	1952,	the	
Public	Utility	Agency	of	Guam	was	created.9	The	peak	of	the	documented	epidemic	
of	lytico-bodig	occurred	in	the	approximate	range	of	1950-1960.10	Given	that	
neurodegenerative	diseases	such	as	lytico-bodig	might	have	a	substantial	latency	
period,	the	exposure	peak	may	have	been	before	the	major	water	development	
initiatives	of	the	1940’s	and	1950’s.	As	Western	Pacific	ALS/PDC	began	to	decrease	
at	the	time	that	water	supplies	to	the	public	began	to	be	more	extensively	developed	
and	managed,	the	possibility	is	raised	that	either	changes	to	the	water	supply,	
diversification	of	sources	or	mixing	from	unaffected	sources,	or	other	features	of	
development	may	have	led	to	a	decrease	in	exposure	to	the	disease	agent.	One	might	
consider	whether	some	of	the	varied	water	sources	used	before	and	up	to	1910	
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might	have	contained	clay	minerals.	One	might	also	consider	whether	the	
Alamagosa	springs,	Maanot	reservoir	or	other	nearby	water	sources	might	contain	
or	have	contained	clay	minerals.	In	addition	one	may	consider	if	in	fact	their	
development,	providing	an	alternative	to	the	varied	previous	water	sources,	and	
perhaps	adding	the	use	of	water	filtration	or	treatment,	may	have	in	fact	reduced	
exposure	to	the	agent	of	Western	Pacific	ALS/PDC.	In	addition	to	these	significant	
changes	to	the	water	supply,	the	Fena	land	area	itself	was	increasingly	used	by	the	
Navy	after	1944	and	closed	by	the	U.S.	Federal	Government	to	public	access	by	
195011,	reducing	exposure	to	the	bentonites	likely	located	on	this	land.	
	

Linear	retinal	pigment	epitheliopathy	(LRPE)	is	another	condition	unique	to	
the	Western	Pacific	region,	and	one	that	frequently	overlaps	with	ALS/PDC.12	LRPE	
shows	linear	or	worm-like	areas	of	depigmentation	of	the	retinal	pigment	
epithelium.12	The	differential	diagnosis	includes	parasitic	infection,	however	larvae	
are	not	found,	and	the	condition	has	a	number	of	dissimilarities	when	compared	
with	any	known	parasitic	infection	in	the	world.12	There	are	many	unusual	features	
of	LRPE	that	expand	the	differential	diagnosis	beyond	parasitic	infection,	and	the	
causative	agent	remains	unknown.		The	retina	receives	connections	from	the	brain	
including	from	the	thalamus	and	adjacent	regions.	The	RPE	is	provided	a	regular	
daily	rich	source	of	fatty	acids.13	Lipid	vesicles	can	elongate	to	form	long	filamentous	
structures	as	they	grow.14	A	“pearling”	phenomenon	has	been	observed	with	lipid	
vesicle	growth	and	division.14	The	pattern	of	LRPE	may	be	similar	to	the	induced	
growth	of	lipid	vesicles,	showing	long,	tube-	or	worm-like	structures,	with	
occasional	areas	that	appear	to	have	a	spherical	bulge	or	spherical	component.	One	
may	consider	the	possibility	that	lipid	vesicles	such	as	those	catalyzed	by	
montmorillonite,	zeolites,	or	other	minerals,	are	present	in	LRPE	or	lytico-bodig	as	
hypothesized	may	be	present	in	prion	disease.3	LRPE	is	a	very	difficult	phenomenon	
to	explain	and	the	identification	of	its	cause	will	likely	provide	new	medical	insights.		
	
Alzheimer’s	disease	
	

As	it	has	been	hypothesized	that	mineral	exposure	may	have	a	significant	
role	in	the	natural	pathogenesis	of	protein	misfolding	disease3,	potential	exposures	
to	montmorillonite	and	clay	minerals	in	other	neurodegenerative	diseases	of	
protein	misfolding	are	analyzed	and	discussed	below.	Environmental	exposures	are	
considered	important	in	this	group	of	diseases.		There	are	suggestions	that	minerals	
may	play	a	role	in	Alzheimer’s	disease.	For	example,	aluminosilicates	have	been	
found	in	Alzheimer’s	disease	plaques.15	Having	the	occupation	of	teacher	has	been	
implicated	as	a	major	risk	factor	for	Alzheimer’s	disease,	Parkinson’s	disease,	and	
ALS.16	One	may	consider	whether	exposure	to	chalk,	for	example	due	to	minerals	in	
chalk,	or	to	paper,	for	which	minerals	are	used	in	production,	could	be	a	common	
factor.	Clergy	were	also	found	at	higher	risk	of	neurodegenerative	disease.16	Clergy	
may	share	some	exposures	with	teachers,	as	teaching	is	a	frequent	aspect	of	the	
religious	services	provided.	Hairdressers	have	also	been	found	to	be	at	significantly	
higher	risk	of	neurodegenerative	disease.16	Here	one	may	consider	whether	
bentonites,	for	example	in	hair	lightening	powders	and	other	hair	care	powders	and	
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products,	may	be	an	exposure	source.	All	possible	etiologies	may	be	considered	until	
this	most	common	of	the	neurodegenerative	diseases	is	understood.			
	
Parkinson’s	disease	
	

Some	studies	have	shown	an	increased	Parkinson’s	disease	risk	in	those	who	
have	consumed	well	water.17	A	higher	rate	of	association	with	Parkinson’s	disease	
was	seen	for	those	wells	near	to	possible	pesticide	exposures,	particularly	with	
certain	pesticides.17	The	pesticide	in	the	study	with	the	highest	association	with	
Parkinson’s	disease	risk	was	propargite	(brand	name	Omite).17	In	addition,	farm	
work,	rural	living,	and	working	with	pesticides	have	all	been	considered	as	a	
possible	risk	factors	for	Parkinson’s	disease.	One	may	consider	whether	clay	content	
in	well	water,	such	as	colloidal	clay,	is	a	risk	factor.	The	factors	may	share	
overlapping	traits	of	possible	well	water	exposure	to	clay,	clay/mineral	inhalation	
or	ingestion,	and/or	pesticide	exposure.	Interestingly,	propargite,	and	many	
pesticides	have	mineral	ingredients	and	carriers.	A	review	of	Omite	30WS	
ingredients	shows	20-30%	concentration	of	kaolin.18	Kaolin	shares	several	features	
with	montmorillonite	and	might	promote	protein	misfolding	effects	as	
hypothesized.3	In	addition,	kaolin	products	often	contain	a	percentage	of	
montmorillonite.	Omite	also	contains	diatomaceous	earth	(largely	silica),	which	
again	can	have	some	montmorillonite	and	other	minerals	within	it,	and	Omite	also	
contains	silica	gel,	quartz,	and	cristobalite.18	In	addition,	the	active	ingredient	of	
pesticides	themselves	often	have	neurotoxic	effects	and	these	could	be	a	source	of	
either	primary	or	synergistic	damage	in	Parkinson’s	disease.	
	
Amyotrophic	Lateral	Sclerosis		
	

Studies	have	shown	occupational	risk	factors	for	ALS	include	work	as	a		
potter,	tile	or	glass	worker.19	One	must	consider	that	these	workers	may	have	been	
exposed	to	minerals	such	as	bentonites,	which	have	been	used	in	pottery	
throughout	history.		A	study	in	Italy	also	showed	an	association	of	ALS	with	the	
occupation	of	bank	teller.20	Interestingly,	the	occupation	of	bank	teller	was	also	
associated	with	Alzheimer’s	disease,	another	protein	misfolding	disease,	in	a	
different	study.16	While	this	may	seem	to	be	a	perplexing	risk	factor,	one	might	
consider	whether	exposure	to	carbon	copy	paper	or	processed	paper	could	be	an	
associated	cause.	Carbon	copy	paper	contains	kaolin	or	clay	minerals.		The	Italian	
study	which	found	an	association	with	the	occupation	of	bank	teller	also	found	a	
lesser	association	with	the	jobs	of	general	practitioner	and	of	sales	representative.20	
One	might	speculate	as	to	whether	these	occupations	could	all	be	linked	by	the	
common	risk	factor	of	carbon	copy	paper	or	heavy	paper	exposure.	ALS	has	also	
been	seen	in	some	athletes.	A	study	found	a	severely	increased	risk	of	ALS	among	
Italian	soccer	players.21	Another	study	found	an	increased	risk	of	ALS	and	
Alzheimer’s	disease	in	retired	National	football	league	(NFL)	American	football	
players	as	well.22	The	lines	used	to	mark	soccer	and	football	fields	have	contained	
clay	or	chalk	in	the	past.	A	cluster	of	ALS	cases	has	been	found	in	the	region	of	
Enfield,	New	Hampshire,	near	Lake	Mascoma.23	Investigation	into	the	mineral	
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history	of	the	area	reveals	that	alluvial,	glacial	and	other	silts	and	clays	are	likely	in	
the	area.24	Possible	exposure	routes	could	include	presence	in	the	drinking	water	
supply,	well	water	exposure,	lake	water	exposure,	or	exposure	to	clay	minerals	on	
land	or	in	air.	Lastly,	some	studies	have	found	that	veterans	and	members	of	the	
military	may	have	higher	rates	of	ALS.25	The	military	water	supply,	some	of	which	
may	involve	wells	or	aquifers,	or	other	sources	which	might	contain	clay	minerals,	
exposure	to	clay	in	the	base	or	active	duty	environment,	or	exposure	to	military	
bentonite	desiccants	are	potential	links	to	be	considered	between	ALS	and	a	military	
history.		One	may	consider	whether	mineral	exposures	could	be	a	potential	cause	of	
increased	rates	of	ALS	in	varied	situations.	
	

Aluminosilicates	and	other	minerals	are	commonly	added	to	an	immense	
variety	of	products	that	individuals	are	regularly	exposed	to	in	the	course	of	
everyday	living,	such	as	salts,	spices,	food	additives,	cosmetic	products,	and	other	
items.	The	effect	of	these	exposures	is	likely	varied	by	the	mineral	type,	amount,	and	
length	of	exposure.	In	addition	to	the	above	suggestions	that	mineral	exposures	
could	be	associated	with	disease,	there	is	also	evidence	of	tolerance	of	many	mineral	
exposures	without	negative	effects.	For	example,	kaolin	from	the	state	of	Georgia	in	
the	United	States	has	been	consumed	sometimes	daily	for	years	by	many	
individuals,	without	obvious	or	documented	development	of	neurodegenerative	
disease.	Nonetheless,	the	effect	of	bentonites	such	as	montmorillonite,	zeolites,	and	
other	minerals,	particularly	in	the	form	of	small	particles	or	of	minerals	dissolved	in	
water	might	be	explored,	along	with	other	possible	etiologies	of	neurodegenerative	
diseases.		Continued	exploration	of	hypotheses	could	one	day	lead	to	an	
understanding	of	Western	Pacific	ALS/PDC,	a	condition	that	is	rare,	fascinating,	and	
rapidly	becoming	“extinct”.		Without	a	full	understanding	of	the	condition,	the	
epidemic	of	Western	Pacific	ALS/PDC	may	experience	a	resurgence	in	the	Western	
Pacific	region	in	the	future	or	may	appear	in	other	parts	of	the	globe.	The	minerals	
present	in	the	affected	areas	of	the	Western	Pacific	are	naturally	present	in	other	
locations	as	well,	including	other	islands,	the	mainland	United	States	and	other	
countries	in	the	worldwide	community.	In	summary,	bentonite	and	mineral	
exposure	may	be	the	cause	or	a	key	factor	in	Western	Pacific	ALS/PDC	and	other	
neurodegenerative	diseases.	Further	study	is	encouraged	of	its	potential	role	in	this	
mysterious	and	devastating	group	of	diseases.	
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