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	 8.	 Ibid.
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sloppy	professionalism	of	some	of	her	colleagues.	“I	would	not	describe	
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R.	W.	Bunting,	“The	Effect	of	Addition	of	Fluorine	to	the	Diet	of	the	Rat	
on	the	Quality	of	the	Teeth,”	J. Biol. Chem.,	vol.	63	(1925),	p.	553.	In	1938	the	
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titled	“It	couldn’t	have	been	better	if	we	had	written	the	script.”	The	follow-
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	 10.	 Letter	from	Harald	Löe,	NIDR,	to	Jack	Hein,	October	23,	1990.
	 11.	 The	mixed	messages	continued.	Another	official	1996	communication	

to	Mullenix	from	NIH,	rejecting	a	grant	application,	nevertheless	stated,	
“The	proposal	addresses	an	extremely	important	question	related	to	public	
health—whether	the	officially	recommended	safe	levels	of	fluoride	intake	
pose	risks	of	adverse	health	effects,	especially	impairment	of	central	nervous	
system	function.”	Cheryl	Kitt,	PhD,	Neurological	Disorders	and	Stroke,	to	
Mullenix,	“Clinical	Sciences	Special	Emphasis	Panel,”	August	15,	1996.

	 12.	 That	was	not	the	impression	of	Professor	Albert	Burgstahler.	The	Univer-
sity	of	Kansas	chemist	was	a	member	of	the	official	review	committee	that	
examined	Mullenix’s	proposal	for	NIH	funding	for	further	studies.	He	
is	also	the	author	of	several	scientific	papers	and	books	on	the	injurious	
health	effects	of	small	amounts	of	fluoride	and	is	a	past	president	of	the	
International	Society	for	Fluoride	Research.	Dr.	Burgstahler	blamed	fear	
of	a	“loss	of	face”	at	the	Public	Health	Service	and	among	other	scientists	
on	the	review	committee	for	rejecting	her	research	request.	In	a	letter,	July	
11,	1996,	Burgstahler	wrote	to	Dr.	Antonio	Noronha	of	the	NIH,	“You	are	
well	aware	of	the	enormous	amount	of	controversy	and	sensitivity	to	loss	
of	face	that	surrounds	the	issue	of	the	Mullenix	proposal	and	the	very	
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any	member	of	the	Special	Review	Committee	were	to	have	given	a	more	
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html.
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performed	by	Alcoa,	showing	high	levels	of	fluoride.

	 44.	 The	membership	of	committees	of	the	National	Research	Council	is	a	guide	
to	some	of	these	relationships:	Both	Frary	and	Kettering	were	members	of	
a	Joint	Committee,	for	example,	representing	the	NRC’s	Science	Advisory	
Board,	advising	on	railway	policy.	Other	members	were	Frank	Jewett,	vice	
president,	AT&T;	E.	K.	Bolton,	chemical	director,	DuPont;	John	Johnston,	
director	of	research,	U.S.	Steel;	and	Isaiah	Bowman,	chairman	of	the	NRC	
and	director	of	the	American	Geographical	Society.	Charles	Kettering	papers,	
Office	Files,	Box	96,	87-11.2-296b,	and	296f,	Scharchburg	Archives.

	 45.	 Frary	was	also	a	poison	gas	expert,	making	phosgene	poison	for	the	Oldbury	
Chemical	Company	in	Niagara	Falls,	before	working	for	the	U.S.	Army	during	
World	War	I	and	then	joining	Alcoa.	See	G.	D.	Smith,	op.	cit.	Also,	Margaret	
B.	W.	Graham	and	Bettye	H.	Pruitt,	R & D for Industry: A Century of Techni-
cal Innovation at Alcoa	(New	York:	Cambridge	University	Press,	1990).

	 46.	 F.	DeEds,	“Chronic	Fluorine	Intoxication—A	Review,”	Medicine,	vol.	XII,	no.	
1	(1933).	On	industry,	F.	DeEds:	“The	possibility	of	a	fluorine	hazard	should,	
therefore,	be	recognized	in	industry	where	this	element	is	dealt	with	or	where	it	
is	discharged	into	the	air	as	an	apparently	worthless	by-product.	For	instance	
it	has	been	shown	by	Cristiani	and	Gautier	that	the	gases	evolved	at	alumi-
num	plants,	using	cryolite	as	a	raw	material,	contain	sufficient	quantities	of	
fluorine	to	cause	an	increased	fluorine	content	of	the	neighboring	vegetation,	
and	that	cattle	feeding	on	such	vegetation	develop	a	cachetic	condition,”	p.	2.	
His	reference	is	to	H.	Cristiani	and	R.	Gautier,	Am. Med. Legale,	vol.	6	(1926),	
p.	336.	Further,	DeEds	calculated	that	each	year	25,000	tons	of	pure	fluorine	
was	“pouring	into	the	atmosphere”	from	the	U.S.	superphosphate	fertilizer	
industry	alone.	He	was	concerned	about	where	all	the	fluorine	added	to	soil	
as	phosphate	fertilizer	ended	up.	“Assuming	an	average	fluorine	content	of	
4	percent	for	phosphate	rock,	and	that	75	percent	of	the	fluorine	remains	in	
the	superphosphate	used	as	fertilizer,	it	is	seen	that	90,000	tons	of	fluorine	
are	being	added	annually	to	the	top	soil.	This	sizeable	quantity	gives	pause	
for	thought	of	the	potential	toxicities	concerned	therewith.”	DeEds	did	not	
include	the	1933	report	of	thickened	bones	in	Danish	cryolite	workers,	by	P.	F.	



Møller	and	Sk.	V.Gudjonsson,	which	prompted	Roholm’s	massive	study	and	
determination	of	fluorine	intoxication.	P.	F.	Møller	and	Sk.	V.	Gudjonsson,	

“A	Study	of	78	Workers	Exposed	to	Inhalation	of	Cryolite	Dust,”	J. Ind. Hyg.,	
vol.	15	(1933),	p.	27.

	 47.	 One	of	those	studies	had	been	done	by	Alcoa’s	H.	V.	Churchill,	who	found	
dental	mottling	and	high	levels	of	fluoride	in	the	well	water	of	Bauxite,	Arkan-
sas.	Churchill’s	study	was	reported	in	1931,	the	same	year	H.	Velu	in	North	
Africa	and	the	Smiths	in	Arizona	made	the	same	discovery.	(Very	curious	
are	the	apparently	unsuccessful	efforts	by	“Pittsburgh	interests”	to	fund	the	
Smith	study	in	Arizona.	That	fragmented	history	is	related	in	McNeil,	The 
Fight for Fluoridation,	p.	31.)	H.	Velu,	“Le	Darmous	(oudermes),”	Arch Inst. 
Pasteur d’Algerie,	vol.	10,	no.	41	(1932).

	 48.	 “As	requested	in	your	letter	of	June	8th,	we	have	questioned	three	of	our	
local	dentists	as	to	the	prevalence	of	cases	of	mottled	enamel	in	Massena.	
All	of	the	dentists	stated	that	they	have	treated	such	cases	here.”	Exchange	
of	letters	between	V.	C.	Doerschuk,	Massena	Works,	and	H.	V.	Churchill,	
Aluminum	Research	Laboratories,	June	1931,	in	Alcoa	letters,	McNeil	Col-
lection,	Wisconsin	Historical	Society.

	 49.	 See	exchange	of	letters	between	H.	V.	Churchill	and	C.	F.	Drake	of	the	City	
of	Pittsburgh	Bureau	of	Water,	June	1931.	Drake	had	noted	the	“Pittsburgh	
spasmodic	fluorine	content	which	appears	to	have	no	explanation.”	He	
informed	Churchill	that	“an	industrial	plant	not	far	from	New	Kensington	
had	been	discharging	fluorine	in	the	Allegheny	River.	The	officials	of	that	
plant	discontinued	such	discharge	when	requested.”	Several	glass	and	steel	
plants	were	in	the	vicinity	of	New	Kensington.	H.	V.	Churchill	responded,	
tellingly,	“the	presence	of	fluorine	in	water	is	apparently	not	necessarily	proof	
of	industrial	contamination	since	it	occurs	in	small	amounts	in	so	many	
water	supplies.”	(In	Alcoa	letters,	McNeil	collection,	Wisconsin	Historical	
Society.)	In	1950,	Alcoa	was	fined	for	dumping	fluoride	waste	at	Vancouver,	
Washington,	into	the	Columbia	River,	Seattle Times,	December	16,	1952.	
(Cited	in	Waldbott	et	al.,	Fluoridation: The Great Dilemma	(Lawrence,	KS:	
Coronado	Press,	1978),	p.	296.)

	 50.	 The	following	decade,	an	English	scientist,	Margaret	Murray,	would	call	
similar	dental	mottling	found	near	an	aluminum	smelter	in	the	United	
Kingdom	“neighborhood	fluorosis.”	M.	Murray	and	D.	Wilson,	“Fluorine	
Hazards,”	Lancet,	December	7,	1946,	p.	822.	Referring	to	studies	near	an	
aluminum	factory	in	Scotland,	they	wrote,	“In	the	same	part	of	Inverness-
shire	we	found	that	the	local	water	supply	had	a	very	low	fluorine	content	
(0.2	ppm),	but	we	observed	“moderate”	dental	fluorosis	in	the	milk	teeth	of	
young	children	whose	homes	lay	within	the	district	contaminated	by	vapours	
from	the	factory	chimneys.	Such	a	condition	in	the	temporary	dentition	is	
usually	associated	with	a	high	maternal	intake	of	fluorine.	Children	using	
the	same	water,	whose	homes	lay	outside	the	affected	area,	did	not	show	
the	mottled	enamel.”



Mottled	teeth	in	children	in	the	factory	town	of	Donora,	Pennsylvania,	
in	1948	was	also	blamed	by	Philip	Sadtler	on	fluoride	smoke	and	fumes	
(author	interview),	an	association	that	was	confirmed	around	the	country	
by	the	U.S.	Department	of	Agriculture	(USDA)	in	1970.	The	USDA	report	
states:	“Where	ever	domestic	animals	exhibited	fluorosis,	several	cases	of	
human	fluorosis	were	reported,	the	symptoms	of	which	were	one	or	more	of	
the	following:	dental	mottling,	respiratory	distress,	stiffness	in	the	knees	or	
elbows	or	both,	a	skin	lesion,	or	high	levels	of	F	in	teeth	or	urine	[six	refer-
ences	cited].	Man	is	much	more	sensitive	that	domestic	animals	to	F	intoxi-
cation.”	R.	J.	Lillie,	“Air	Pollutants	Affecting	the	Performance	of	Domestic	
Animals.	A	Literature	Review,”	Agricultural	Research	Service,	U.S. Dept. 
Agric. Handbook,	no.	380	(Washington,	DC,	August	1970).

Mottling	was	also	seen	in	children	living	near	DuPont’s	wartime	fluoride	
operation	at	Penns	Grove,	New	Jersey.	A	scientitst	active	on	the	Manhat-
tan	Project,	Harold	Hodge,	was	quick	to	blame	fluoride	in	water	supplies.	
Roholm	reported	dental	mottling	in	the	children	of	fluoride	workers.	Their	
mothers	had	transported	it	from	the	workplace	in	breast	milk.	See	Fluorine 
Intoxication,	p.	199.	The	Cornell	veterinarian	Lennart	Krook	also	sent	me	
photographs	of	mottled	teeth	from	children	on	the	Akwesasne	Mohawk	
reservation,	near	the	Reynolds	aluminum	smelter	in	upstate	New	York.

	 51.	 The	notoriously	close-knit	international	aluminum	industry	could	follow	
accounts	of	litigation	following	World	War	I,	which	alleged	fluoride	dam-
age	outside	an	aluminum	smelter	in	Switzerland.	They	could	read	the	slew	
of	new	medical	information	about	chronic	health	effects,	summarized	by	
DeEds.	Or	they	could	look	inside	their	own	factories.	A	1932	study	published	
in	English	had	found	“fluorosis”	in	cryolite	workers	in	Denmark.	(P.	F.	Moller	
and	Sk.	V.	Gudjonsson,	“Massive	Fluorosis	of	Bones	and	Ligaments,”	Acta 
radiol,	vol.	13	[1932],	p.	269.)	Sickness	was	reported	in	a	Norwegian	aluminum	
smelter	in	1936:	A.	W.	Frostad,	“Fluorforgiftning	hos	norske	aluminiumfab-
rikkarbejdere,”	Tiskr. F. Den norske Legefor,	vol.	56	(1936),	p.	179.	The	follow-
ing	year	an	investigation	at	DuPont	found	“high”	fluoride	levels	in	workers’	
urine.	(Letter	from	Willard	Machle,	MD,	of	the	University	of	Cincinnati	to	
Dr.	E.	E.	Evans,	Dye	Works	Hospital,	Penns	Grove,	New	Jersey,	December	
28,	1937,	DuPont	file,	Kettering	Papers,	RAK	Collection.)	And	a	confiden-
tial	1948	study	of	Alcoa’s	plant	at	Niagara	Falls,	New	York,	confirmed	that	
horribly	crippled	workers	were	the	result	of	a	fluoride	dust	hazard	that	had	
existed	for	years.	Alcoa	may	also	have	faced	liability	in	its	flurospar	mines.	
The	Franklin	Fluorspar	Company	was	an	Alcoa	subsidiary	(see	Mellon’s 
Millions, The Biography of a Fortune: The Life and Times of Andrew W. 
Mellon,	by	Harvey	O’Conner	[New	York:	Blue	Ribbon	Books,	Inc.,	1933],	p.	
390).	Fluorspar	miners	in	Hardin	County,	Illinois,	wrote	to	Alice	Hamilton	
about	their	plight.	See	Deadly Dust,	80,	fn	10:	D.	Rosner	and	G.	Markowitz.	
The	entire	issue	of	how	much	fluoride	contributed	to	industrial	silicosis,	or	
how	much	fluorosis	was	misdiagnosed	as	silicosis,	is	beyond	the	scope	of		



this	book.	Fluoride	was	widely	used	in	the	foundry	place	and	is	found	in	
much	mineral	ore.

	 52.	 By	the	end	of	1935	Gerald	Cox’s	tooth	study	at	the	Mellon	Institute	was	not	
going	well.	Despite	the	spring	press	release	trumpeting	the	imminent	dis-
covery	of	a	“factor”	preventing	decay,	Cox’s	data	still	“did	not	reveal	any	
positive	effects,”	he	stated	in	a	confidential	memo	to	the	Institute’s	director,	
Ray	Weidlein.	On	March	24,	1936,	almost	a	year	after	his	Buhl	Foundation	
study	had	begun,	Cox	reported	to	Weidlein	that	feeding	a	milk	extract,	
known	as	XXX	liquor,	to	rats	had	failed	to	find	the	positive	results	claimed	
in	the	previous	year’s	press	release.	“The	data	at	that	time	did	not	reveal	
any	positive	effects,”	Cox	told	Weidlein,	and	required	therefore	“intensive	
work	to	re-score	all	of	our	sets	of	teeth.	With	the	new	and	discriminating	
system,	we	have	been	able	to	show	some	positive	effects.”	In	April	1936,	fol-
lowing	Francis	Frary’s	September	1935	suggestion	that	fluoride	had	a	role	
in	dental	health,	Cox	announced	to	his	Buhl	Foundation	sponsors	that	he	
was	proposing	to	“investigate	the	effects	of	dietary	fluorine	on	caries	sus-
ceptibility.”	See	Mellon	Institute	Special	Report,	April	6,	1936,	“A	study	of	
Tooth	Decay,”	marked	Confidential.	Cox	later	claimed,	somewhat	confus-
ingly,	that	the	XXX	liquor	had	contained	enough	fluorine	“to	explain	the	
beneficial	effects	of	the	early	experiments	in	which	it	was	fed	to	the	moth-
ers.”	Buhl	Foundation	Records,	Box	33,	Folder	7,	Dental	Study	1936,	Library	
and	Archives	Division,	Historical	Society	of	Western	Pennsylvania.

	 53.	 The	letter	linking	Alcoa’s	Francis	Frary	to	Gerald	Cox’s	historic	suggestion	
that	fluoride	was	responsible	for	good	teeth	was	found	in	McNeil’s	personal	
papers.	Cox	to	author	Donald	McNeil,	August	19,	1956.	“The	first	time	I	ever	
gave	fluorine	a	thought	was	in	answer	to	a	question	of	Dr.	Francis	C.	Frary,	
who	was	at	that	time	and	until	about	three	or	four	years	ago,	Director	of	
Research	at	Alcoa.	He	asked	if	our	finding,—I	was	the	speaker	in	the	Sep-
tember	1935	meeting	of	the	Pittsburgh	Section	of	the	American	Chemical	
Society—of	less	caries	in	rats	from	mothers	on	XXX	liquor	could	be	due	to	
fluorine.”	File	ADA	53–56,	McNeil	Papers,	Wisconsin	Historical	Society.

Whether	this	is	indeed	the	first	time	Cox	wondered	about	the	useful-
ness	of	fluoride	in	preventing	tooth	decay	is	not	clear.	It	is	clear,	however,	
that	the	aluminum	industry	had	been	mulling	the	idea	for	a	while.	In	the	
1931	letter	to	C.	F.	Drake,	cited	above,	H.	V.	Churchill	of	Alcoa	stated	that	
fluorine	in	low	doses	“may	be	positively	beneficial.”

	 54.	 E.	R.	Weidlein,	Ind. Eng. Chem.,	News	Ed.,	vol.	15	(1937),	p.	147.	See	also	G.	J.	
Cox,	“Experimental	Dental	Caries.	I.	Nutrition	in	Relation	to	the	Develop-
ment	of	Dental	Caries,”	Dental Rays,	vol.	13	(1937),	pp.	8–10,	and	“Discus-
sion,”	JAMA,	vol.	113	(1938),	p.	1753.

	 55.	 Cox	et	al.,	“Resume	of	the	Fluorine-Caries	Relationship,”	Fluorine and Den-
tal Health,	Publication	of	the	American	Association	for	the	Advancement	of	
Science,	no.	19	(1942):	“The	first	experimental	results,	using	sodium	fluoride	
were	obtained	in	August	1937.”



	 56.	 P.	C.	Lowery	to	C.	F.	Kettering,	April	25,	1936,	filed	by	letter	and	year,	Office	
Files,	Personal	Correspondence,	Scharchburg	Archive.

	 57.	 DuPont	had	become	so	wealthy	selling	munitions	during	World	War	I	that	
the	company	had	bought	a	controlling	interest	in	General	Motors.	The	giant	
enterprise	was	only	pried	apart	in	the	1950s,	following	federal	antitrust	
action.

	 58.	 D.	Rosner	and	G.	E.	Markowitz,	Deceit and Denial: The Deadly Politics of 
Industrial Pollution	(Berkeley:	University	of	California	Press,	2002).

	 59.	 “Organized	Opposition	.	.	.	Particularly	by	the	American	Standards	Asso-
ciation	and	the	New	York	City	Fire	Department,”	Report	on	Operations	of	
Kinetic	Chemicals,	Inc.,	from	1930	through	1943,	p.	15.	Including	“History	
of	Development	of	Fluorine	Chemicals	from	1928	through	1930,”	for	pre-
sentation	to	the	General	Motors	Policy	Committee,	by	Donaldson	Brown.	
Prepared	by	E.	F.	Johnson	and	E.	R.	Godfrey,	October	1944.	Files	of	Charles	
Kettering,	Scharchburg	Archive.

Also,	“Freon	.	.	.	coming	in	contact	with	open	flames	will	decompose	
and	you	get	a	certain	amount	of	fluorine	and	a	certain	amount	of	chlo-
rine,	and	you	also,	just	by	happen-stance,	get	a	slight	amount	of	phosgene.”	
Direct	examination	of	DuPont	director	Willis	Harrington,	chairman	of	
Kinetic	Chemicals.	United States vs. DuPont,	Civil	Action	No.	49	C-1071,	
p.	3922	(U.S.	District	Court	for	the	Northern	District	of	Illinois,	Eastern	
Division,	1953).

There	were	other	concerns,	as	well.	The	manufacture	of	Freon	required	
huge	quantities	of	the	extraordinarily	corrosive	and	toxic	hydrofluoric	acid,	
and	“high”	levels	of	fluoride	were	soon	reported	in	DuPont	workers’	urine. 
Willard	Machle,	MD,	of	the	University	of	Cincinnati	to	Dr.	E.	E.	Evans,	Dye	
Works	Hospital,	Penns	Grove,	New	Jersey,	December	28,	1937,	DuPont	file,	
Kettering	Papers,	RAK	Collection.

	 60.	 Kehoe	et	al.,	“A	Study	of	the	Health	Hazards	Associated	with	the	Distribu-
tion	and	Use	of	Ethyl	Gasoline”	(April	1928),	from	the	Eichberg	Laboratory	
of	Physiology,	University	of	Cincinnati,	Cincinnati,	OH,	National	Archives	
RG	70,	101869,	File	725;	cited	in	Rosner	and	Markowitz,	Deceit and Denial,	p.	
313.	Kehoe’s	essential	hypothesis,	that	low	levels	of	lead	in	blood	were	safe	
and	normal,	was	undercut	in	the	late	1960s	by	the	scientist	Clair	Patter-
son	of	the	California	Institute	of	Technology,	who	examined	polar	ice	and	
concluded	that	industrialization	had	greatly	increased	lead	in	the	human	
environment.	Kehoe’s	defense	of	lead	safety	was	dealt	a	coup	de	grâce	in	
the	1970s	by	Harvard’s	Herbert	Needleman,	whose	studies	with	children	
showed	lead	to	be	far	more	toxic	than	Kehoe	had	claimed.

For	Kehoe’s	contribution	to	industry	profitability,	see	L.	P.	Snyder,	“‘The	
Death	Dealing	Smog	Over	Donora,	Pennsylvania’:	Industrial	Air	Pollution,	
Public	Health,	and	Federal	Policy,	1915–1963,”	1994	PhD	thesis	available	from	
University	Microfilms.	See	especially	chapter	5.	Also,	J.	L.	Kitman,	“The	
Secret	History	of	Lead,”	The Nation,	March	20,	2000.	See	also	chapter	8	of	
this	book	for	further	discussion	of	lead.



	 61.	 W.	F.	Ashe,	“Robert	Arthur	Kehoe,	M.D.,”	Archives of Environmental Health,	
vol.	13	(August	1966),	p.	139.	Cited	in	Snyder.

	 62.	 Ethyl	had	been	established	by	Standard	Oil	and	General	Motors	to	market	
TEL.

	 63.	 “Studies	of	the	Combination	Products	of	Di-Fluoro-Dichloro	Methane”	
and	“Notes	on	the	Toxicity	of	Decomposition	Products	from	Dichlorodi-
fluoromethane”	in	Kettering	Unpublished	Reports,	vol.	1.d.,	RAK	Collec-
tion.	Kehoe	dismisses	the	risk	from	phosgene,	arguing	that	the	presence	of	
irritating	HF	acid	would	force	prompt	evacuation	from	the	danger	zone.	He	
does	not	address	the	risk	to	firefighters	or	to	subjects	unable	to	flee	the	gases.	

“The	only	experimental	situation	which	has	been	found	to	be	responsible	for	
the	production	of	significant	proportions	of	phosgene	in	the	decomposition	
products	of	CCl2F2	was	the	result	of	rapid	discharge	of	the	refrigerant	in	
high	concentration, through the	flame	of	an	oil	fire	in	an	enclosed	cham-
ber—that	is,	the	conditions	were	those	of	a	conflagration.	Situations	which	
correspond	to	those	which	might	develop	from	a	leak	in	a	home	or	build-
ing,	are	uniformly	found	to	produce	such	relatively	low	concentrations	of	
phosgene,	that	no	amount	of	dilution	of	the	decomposition	products	could	
eliminate	the	irritating	and	warning	properties	of	the	acids	without	elimi-
nating	the	toxic	effects	of	phosgene.”

At	a	private	three-day	“Symposium	on	Fluorides”	given	for	industry	at	
the	Kettering	Laboratory	at	the	University	of	Cincinnati	in	May	1953	Kehoe	
discussed	details	of	secret	human	experiments	he	had	performed	to	test	
Freon’s	toxicity	for	the	U.S.	government	during	World	War	II.	He	had	used	
himself	as	one	of	the	gas-chamber	test	subjects.	(See:	General	Work	on	Proj-
ect	P.D.R.C.	377	(secret)	for	the	Office	of	Scientific	Research	and	Develop-
ment,	U.S.	Government	Washington,	DC,	7-15-43,	unpublished	Volumes	1-d,	
RAK	Collection.)	Freon	produced	“unconsciousness	after	some	minutes	of	
exposure	to	concentrations	of	the	order	of	magnitude	of	11	percent	or	more,”	
Kehoe	recounted.	He	added,	“As	the	subject	of	the	experiments	carried	out	
at	the	higher	concentrations,	I	was	alarmed,	fleetingly,	at	the	point	of	rapid	
ebb	of	consciousness,	being	convinced	that	the	observers	outside	the	cham-
ber	were	not	aware	of	what	was	happening	to	me.	Another	subject,	exposed	
to	much	lower	concentrations,	had	considerably	less	assurance	than	I	and	
became	apprehensive	and	aggrieved	.	.	.	he	became	quite	sure	that	we	were	
exposing	him	to	a	risk	which	he	felt	we	were	concealing	from	him.

“I	describe	these	as	yet	unpublished	experiments,”	he	told	the	gathered	
industry	doctors,	“since	it	is	something	you,	as	physicians,	should	know.	
It	is	believed,	generally,	that	exposure	to	Freon	12	is	of	negligible	impor-
tance,	and	that	the	material	is	quite	harmless.	The	significance	of	the	matter	
relates	primarily	to	the	repairman,	who	can	get	into	situations	involving	
the	escape	of	the	material	from	equipment	into	small	enclosures.	Such	a	
workman	may	become	unconscious	and	receive	serious	physical	injury,	
or	even	be	killed.	It is not true that this is a harmless material.”	Kehoe	left	
unexplained	why	the	repairman	himself	should	not	have	the	information	



on	Freon	toxicity.	Several	of	the	papers	given	at	the	symposium	were	later	
published.	Kehoe’s	was	not.

	 64.	 Kehoe	died	in	November	1992,	at	the	age	of	ninety-nine.	An	obituary	in	the	
Cincinnati Enquirer,	November	29,	1992,	noted	that	he	had	retired	from	the	
Laboratory	in	1965.

	 65.	 W.	Langewiesche,	“American	Ground,”	The Atlantic Monthly	(July–August	
2002),	pp.	44–79.	Also	published	in	full	as	American Ground: Unbuilding 
the World Trade Center	(New	York:	North	Point	Press,	2002).

	 66.	 Numerous	and	multiple	phosgene	injuries	were	reported	as	a	result	of	chlo-
rofluorocarbon	decomposition	by	the	Manhattan	Project.	Chlorofluorocar-
bons	were	used	in	massive	quantities	in	the	K-25	plant	at	Oak	Ridge.

Freon	caused	deaths	and	injuries	in	the	home,	too:	“Dahlman	encoun-
tered	two	[poisoning	cases]	resulting	from	heating	fluorocarbons	above	the	
decomposition	temperatures.	In	the	first	case,	a	mechanic	operated	with	an	
acetylene	torch	on	a	refrigerator	leaking	Freon	12.	He	developed	dyspnea,	
vomiting,	and	malaise	and	required	hospital	treatment	for	five	days.	In	the	
second,	an	agricultural	worker	sprayed	his	bedroom	with	aerosol	Freon	fly	
spray.	He	then	switched	on	the	electric	heater	and	went	to	bed.	During	the	
night	he	developed	vomiting,	diarrhea,	and	malaise	and	died	on	the	fol-
lowing	day.”	T.	Dahlmann;	Nord. Hyg. Tidskr.,	vol.	39	(1958),	p.	165.	Cited	in	
R.	Y.	Eagers,	Toxic Properties of Inorganic Fluorine Compounds	(Amsterdam	
and	New	York:	Elsevier,	1969).	(DuPont’s	New	Jersey	Chamber	Works	plant	
also	was	blamed	for	poisoning	local	farmers	and	workers	with	fluoride	pol-
lution	in	the	1940s.)	The	ozone-depleting	gas	was	scheduled	to	be	phased	
out	by	the	1987	Montreal	Protocol.

	 67.	 One	Kettering	study	monitored	fluoride	levels	in	DuPont	workers’	urine	and	
confirmed	that	“these	results	have	been	high.”	Letter	from	Willard	Machle,	
MD,	of	the	University	of	Cincinnati	to	Dr.	E.	E.	Evans,	Dye	Works	Hospi-
tal,	Penns	Grove,	NJ,	December	28,	1937,	Report	on	Operations	of	Kinetic	
Chemicals,	Inc.,	from	1930	through	1943,	p.	17,	RAK	Collection.	Including	

“History	of	Development	of	Fluorine	Chemicals	from	1928	Through	1930,”	
for	presentation	to	General	Motors	Policy	Committee,	by	Donaldson	Brown.	
Scharchburg	Archive.

Freon	sales	again	skyrocketed	higher	during	World	War	II,	with	Freon	
used	as	a	coolant	in	the	K-25	gaseous	diffusion	plant	and	as	a	propellant	in	
DDT	antimalaria	bug	bombs.

	 68.	 W.	Machle	et	al.,	“The	Effects	of	the	Inhalation	of	Hydrogen	Fluoride.	1.	The	
Response	to	High	Concentrations.	2.	The	Response	to	Low	Concentrations,”	J. 
Industrial Hygiene,	vol.	16,	no.	2	(1934),	p.	129;	and	vol.	17,	no.	5	(1935),	p.	221.

	 69.	 The	Advisory	Committee	on	Research	in	Dental	Caries	(Daniel	F.	Lynch,	
chairman;	Charles	F.	Kettering,	counselor;	and	William	J.	Gies,	secretary), 
Dental Caries: Findings and Conclusions on its Causes and Controls. Stated in 
195 Summaries by Observers and Investigators in Twenty-five Countries,	The	
Research	Commission	of	The	American	Dental	Association	(New	York,	
1939).



	 70.	 P.	C.	Lowery	to	C.	Kettering,	Kettering	Office	Files	1937,	“L”,	87-11,	1-412,	
Scharchburg	Archive.

	 71.	 “Armed	with	a	letter	from	Dr.	Weidlein	of	Mellon	Institute	to	Mr.	A.	W.	
Mellon,	he	[Friesell]	went	to	Washington	to	enlist	the	support	of	the	Public	
Health	Service.	Mr.	Mellon	referred	him	to	Surgeon	General	Cummings.”	
Letter	from	H.	V.	Churchill	of	Alcoa	to	Dr.	Frederick	McKay	of	the	Rock-
efeller	Foundation,	May	20,	1931,	discussing	the	role	of	H.	E.	Friesell,	dean	
of	the	University	of	Pittsburgh’s	Dental	School.	Alcoa	Documents,	Wiscon-
sin	Historical	Society.	Friesell	sought	to	have	naturally	occurring	dental	
fluorosis	studied	in	Arizona,	by	University	of	Arizona	scientists	H.	V.	and	
Margaret	Smith	(far	from	the	industrial	centers	of	the	East).

See	also	the	letter	of	August	6,	1930,	from	C.	T.	Messner	of	the	Public	
Health	Service	to	Friesell:	“You	are	probably	aware	of	the	fact	that	the	U.S.	
Public	Health	Service	is	a	Bureau	in	the	Treasury	Department	therefore,	it	
might	be	advisable,	especially	as	our	Secretary	is	from	your	city,	to	also	urge	
his	endorsement	of	this	program.	The	slightest	interest	on	his	part	would	
influence	the	Service	to	a	great	degree	in	taking	up	this	problem.	I	am	sure	
you	will	hold	this	statement	in	strict	confidence	.	.	.	after	your	letter	is	received	
here	I	will	keep	you	advised	as	to	how	things	are	going	along.”	File	9,	Box	
2,	McNeil	Collection,	Wisconsin	State	Historical	Society.

The	following	year,	in	the	spring	of	1931,	the	same	Captain	C.	T.	Messner	
at	the	Public	Health	Service	told	H.	Trendley	Dean	he	would	be	studying	
mottled	enamel.	Dean	stated	that	he	was	“assigned”	to	conduct	the	epide-
miological	studies	that	resulted	in	the	key	“fluorine	caries	hypothesis,”—the	
scientific	basis	for	U.S.	water	fluoridation.	See	Don	McNeil	interview	with	
Dean,	May	3,	1955,	in	File	13,	Box	2,	McNeil	Collection,	Wisconsin	State	
Historical	Society.

	 72.	 How	long	Alcoa	had	known	that	fluoride	produced	dental	mottling	is	not	
clear.	(Alcoa	was	also	concerned	that	the	bad	teeth	in	its	company	town	of	
Bauxite	would	be	linked	to	aluminum	salts	and	further	tarnish	the	public	
image	of	aluminum	kitchenware.	See	McNeil,	The Fight for Fluoridation,	
p.	27.)	Perhaps	it	was	coincidence	that	the	Alcoa	chemist	H.	V.	Churchill’s	
1931	correlation	of	bad	teeth	with	fluoride-contaminated	well	water	in	the	
company	town	of	Bauxite	appeared	in	the	scientific	press	just	weeks	before	
separate	studies	confirming	fluoride’s	link	to	mottled	teeth	were	also	pub-
lished	(by	Smith	and	by	Velu).	What	is	certain,	however,	is	that	as	soon	as	
fluoride’s	links	to	mottled	teeth	were	public	knowledge,	Alcoa	privately	
confirmed	that	dental	fluorosis	was	also	found	near	its	aluminum	smelter	
in	Massena,	New	York.	See	earlier	note.

	 73.	 H.	T.	Dean,	“Chronic	Endemic	Dental	Fluorosis	(Mottled	Enamel),”	JAMA,	
vol.	107	(1936),	pp.	1269–1272.

	 74.	 “Ordered”	and	“hunch”	quoted	from	Don	McNeil	interview	with	Dean,	
May	3,	1955.	Dean	told	McNeil	that	in	1931,	before	he	began	his	work,	he	

“had	a	hunch”	there	would	be	fewer	cavities	in	mottled	teeth.	McNeil	Col-
lection,	Box	2,	File	13.	It	is	not	known	how	Dean	arrived	at	this	hunch.	Nor	



is	it	known	whether	Dean	had	been	ordered	to	“discover”	some	good	news	
about	fluoride.	Of	interest,	however:	the	man	who	gave	Dean	his	march-
ing	orders,	the	PHS’s	C.	T.	Messner,	was	the	same	official	who,	five	years	
later,	met	in	Detroit	with	the	Freon	gas	magnate	Charles	Kettering.	This	
meeting	helped	to	produce	the	book	Dental Caries,	which	also	favorably	
introduced	many	dentists	to	fluoride.	Indeed,	Dean’s	“hunch”	flew	in	the	
face	of	a	study	done	at	John	Hopkins	in	1925	by	E.	V.	McCollum,	who	was	
hopeful	that	fluoride	would	strengthen	teeth	but	had	instead	concluded	
that	“the	results	showed,	contrary	to	our	expectations,	that	the	ingestion	
of	fluorine,	in	amounts	but	little	above	those	which	have	been	reported	to	
occur	in	natural	foods,	markedly	disturbs	the	structure	of	the	teeth.”	E.	V.	
McCollum,	N.	Simmons,	J.	E.	Becker,	and	R.	W.	Bunting,	J. Biol. Chem.,	vol.	
63	(1925),	pp.	553–561.

	 75.	 H.	T.	Dean,	“Endemic	Fluorosis	and	Its	Relation	to	Dental	Caries,”	Public 
Health Rep.,	vol.	53	(1938),	pp.	1443–1452.	Also	H.	T.	Dean	et	al.,	“Domestic	
Water	and	Dental	Caries,”	Pub. Health Rep.,	vol.	56	(April	11,	1941),	pp.	756–
792.	Dean	was	cross-examined	in	the	1960	Schuringa vs. Chicago	lawsuit,	to	
enjoin	the	city	from	fluoridating	water	supplies.	According	to	the	critic	Dr.	
Richard	G.	Foulkes,	Dean,	under	cross-examination	by	Mr.	Dilling	and	
aided	by	F.	B.	Exner,	a	radiologist	and	critic	of	fluoridation,	was	forced	to	
admit	that	his	early	studies	of	Galesburg,	Quincy,	Monmouth,	and	Macomb	
and	his	later	studies	in	twenty-one	cities	of	7,257	children,	did	not	meet	his	
own	criteria	of	“lifetime	exposure”	and	“unchanged	water	supply”	and	were,	
therefore,	worthless.	Dr.	Exner	prepared	an	“Analytical	Commentary”	on	
Dean’s	testimony.	Exner	“refers	to	the	transcript	and	exhibits	that	show	that	
not	only	were	the	basic	criteria	lacking	in	Dean’s	work,	but	also	random	
variations	found	in	both	high	and	low	fluoride	areas	cancelled	out	any	‘ben-
efits’	that	appeared	in	the	high	fluoride	vs.	lower	fluoride	cities,”according	
to	Foulkes.	State of Wisconsin Circuit Court Fond Du Lac County Safe Water 
Association, Inc., Plaintiff,	vs.	City of Fond Du Lac, Defendant Case	No.	92	CV	
579,	Affidavit	of	Dr.	Richard	G.	Foulkes	in	Support	of	Motion	for	Summary	
Judgment.

	 76.	 G.	J.	Cox,	“New	Knowledge	of	Fluorine	in	Relation	to	the	Development	of	
Dental	Caries.”	J. Am. Water Works Assoc.,	vol.	31	(1939),	pp.	1926–1930.	PHS	
regulations	for	1939	stated,	for	example:	“The	presence	of	.	.	.		fluoride	in	
excess	of	1	ppm	.	.	.	shall	constitute	grounds	for	the	rejection	of	water	sup-
ply.”	PHS,	“Public	Health	Service	Drinking	Water	Standards,”	Public Health 
Rep.,	vol.	58	(1943),	pp.	69–111	(at	p.	80).	A	tenfold	margin	of	safety	required	
that	fluoride	in	water	be	no	higher	than	1	part	per	million,	water	works	
engineers	agreed.	H.	E.	Babbitt	and	J.	J.	Doland,	Quality of Water Supplies 
in Water Supply Engineering.	3rd	Edition	(New	York:	McGraw	Hill,	1939),	p.	
454.	Cited	in	Waldbott	et	al.,	Fluoridation: The Great Dilemma,	p.	302.



Chapter 4
	 1.	 Richard	Rhodes,	The Making of the Atomic Bomb	(New	York:	Touchstone,	

1986).	On	p.	605	Rhodes	quotes	the	French	chemist	Bertrand	Goldschmidt,	
who	wrote	that	the	Manhattan	Engineering	District	was	“the	astonishing	
American	creation	in	three	years,	at	a	cost	of	$2	billion,	of	a	formidable	array	
of	factories	and	laboratories—as	large	as	the	entire	automobile	industry	of	
the	United	States	at	that	date.”	On	congressional	secrecy,	L.	Groves,	Now It 
Can Be Told	(New	York:	Da	Capo,	1962),	p.	362.

	 2.	 Lt.	Col.	E.	Marsden	to	Gen.	Groves,	December	3,	1943,	Memorandum,	
“Obtaining	of	Information	from	C.W.S.	on	Phosgene,	Fluorine,	and	Fluorine	
Compounds”:	“It	is	requested	.	.	.	for	the	Medical	Section	of	the	Manhattan	
District	to	be	in	full	possession	of	all	the	information	on	phosgene,	fluorine,	
and	fluorine	compounds	that	is	presently	in	possession	of	the	War	Depart-
ment.”	File	EIDM	D-2-b.	MD	723.13	Memo	to	the	Commanding	General,	
Army	Service	Forces,	Washington,	DC,	December	3,	1943,	from	Brigadier	
General	L.	R.	Groves:	“It	is	requested	that	Colonel	Stafford	L.	Warren,	M.C.,	
be	authorized	to	contact	the	Chief,	Chemical	Warfare	Service,	to	obtain	
all	information	that	may	be	available	in	the	files	of	the	Chemical	Warfare	
Service	.	.	.	on	the	detection	of,	and	protection	against,	phosgene,	fluorine,	
and	fluorine	chemicals.”	EIDM	D-2-a.

	 3.	 The	enrichment	factor	was	1.0043.	Rhodes,	The Making of the Atomic Bomb,	
p.	340.	At	first,	the	K-25	plant	produced	only	partially	enriched	uranium,	
which	was	further	enriched	at	Eastman	Kodak’s	Oak	Ridge	Y-12	plant	and	
then	transported	as	uranium	tetrafluoride	to	Los	Alamos.	See	also	Rhodes,	
552,	553,	and	602.

	 4.	 Uranium	hexafluoride	quantities:	“Considerable	amounts	of	special	fluo-
rinated	chemicals	will	be	supplied	to	the	K-25	plant,”	including	“Uranium	
hexafluoride	33	tons	per	month—required	by	October	1944.”	See	“Functions	
of	Madison	Square	Area,”	Md	319.1,	Box	26,	Report	Madison	Square	Acces-
sion	#4nn	326-85-005,	Atlanta	FRC,	RG	326.	Also	memo,	“Storage	Facilities	
at	the	Site	For	C-616,”	where	Captain	L.	C.	Burman,	Corps	of	Engineers,	
notes	a	“2150	lb	daily	requirement”	for	hexafluoride.	Md	3,	Md	700,	Gen-
eral	Essays,	Lectures,	Box	34,	Manhattan	Engineer	District	Accession	#4nn	
326-85-005,	Atlanta	FRC,	RG	326.	Work	force	and	power	consumption:	AEC 
Handbook on Oak Ridge Operations	(1961),	Oak	Ridge	Public	Library.

	 5.	 Fresh	air:	University	of	Chicago,	Metallurgical	Laboratory,	October	30,	
1942,	Memorandum	to	C.	M.	Cooper	from	R.	S.	Apple.	Also,	memorandum:	

“Medical	Considerations	of	Work	in	the	Pilot	Plant,	Philadelphia	Naval	Yard”	
from	Col.	Warren	to	Rear	Admiral	Mills,	October	25,	1944.	C-216	refers	to	
the	substance	referred	to	as	“fresh	air.”	Md	702.1,	Medical	Exams	Specimens,	
Box	54,	Medical	Considerations	Accession	#4nn	326-85-005,	Atlanta	FRC,	
RG	326.

	“Madison	Square	Area	functions	as	the	Materials	Section	of	the	Man-
hattan	District	to	obtain	special	materials.	The	principal	projects	are	the	
location,	procurement	and	refining	of	uranium	ore,	preparation	of	uranium	



oxide,	uranium	hexafluoride	and	uranium	metal,	and	production	of	fluori-
nated	hydrocarbons.”	“Functions	of	Madison	Square	Area,”	Md	319.1,	Box	
26,	Report	Madison	Square	Accession	#4nn	326-85-005,	Atlanta	FRC,	RG	
326.	How	well	the	fluoride	secrets	were	kept,	at	least	from	foreign	govern-
ments,	is	unclear.	The	Soviet	spy	Klaus	Fuchs	had	worked	on	fluorine	diffu-
sion	at	the	University	of	Birmingham	in	England	and	spent	several	crucial	
months	in	New	York	in	1944	with	the	British	Diffusion	Mission.	He	gave	
the	Russians	key	details	of	the	U.S.	fluoride	diffusion	process,	including	
information	about	the	top-secret	sintered	nickel	barriers	through	which	
the	gas	diffused.	See	Holloway,	Stalin and the Atomic Bomb,	p.	104.

	 6.	 See	Rhodes,	494	for	K-25	size	and	complexity.	See	L.	Groves,	Now It Can 
Be Told	(New	York:	Da	Capo,	1962),	pp.	114–115	for	corrosion	and	need	to	

“condition”	equipment.	Also,	at	an	October	23,	1942,	presentation	to	the	S-1	
Committee	of	the	OSRD,	a	precursor	to	the	Manhattan	Project,	Mr.	Z.	G.	
Deutsch	of	the	Standard	Oil	company,	which	was	building	a	pilot	centri-
fuge	plant	to	separate	uranium	at	Standard’s	Bayway	refinery	in	Linden,	NJ,	
stated,	“All	development	work,	toward	a	design	of	plant	for	the	separation	
of	our	isotopes	has	visualized	working	with	a	single	material—uranium	
hexafluoride.”	He	added,	“The	principal	objection	to	it	is	its	extreme	chemi-
cal	reactivity.”	See	Manhattan District History,	Book	I,	vol.	4,	chapter	14.

	 7.	 On	October	19,	1943,	top	doctors	from	the	Manhattan	Project	met	in	Captain	
John	L.	Ferry’s	Madison	Square	Area	offices	in	New	York.	Harold	Hodge	
from	the	University	of	Rochester	was	there.	So	were	several	doctors	from	
Du	Pont,	Chrysler,	and	the	Kellex	Corporation,	as	well	as	the	top	medical	
officers	for	the	Manhattan	Project,	including	Col.	Stafford	Warren.	Their	
secret	agenda:	“fluorine	hazards	to	workers.”	Pure	fluorine	“would	consume	
the	skin	and	flesh,”	of	exposed	men,	the	doctors	were	warned.	Ordinary	pro-
tective	clothing	was	“not	satisfactory.”	A	fluorine	explosion	would	produce	
a	terrifying	mix	of	hydrofluoric	acid	and	“oxygen	fluorides.”	The	acid	burn	
might	go	undetected	for	twelve	hours	but	would	be	followed	by	“extreme	
pain.”	Eventually	the	fluoride	“penetrates	to	the	bone,	and	then	will	spread	
along	the	bone	and	require	amputation,”	the	doctors	were	told.	No	one	was	
then	certain	what	the	oxygen	fluorides	might	do.	Memo:	Safety	and	Health	
Conference	on	Hazards	of	C-216	[code	for	F]	October	19,	1943,	Oak	Ridge	
Records	Holding	Task	Group	Box	166	Building	2714-H,	Vault,	#82,761.

	See	also,	for	UF6,	Union	Carbide	Safety	Bulletin	No	S-1,	June	16,	1945.	
UF6	breaks	down	into	HF	and	uranyl	fluoride	[UO2F2].	The	latter,	the	bul-
letin	notes,	“has	an	action	both	as	a	surface	irritant	and	as	a	poisonous	agent	
acting	internally.”	“When	inhaled	as	a	fine	dust	or	fume,	it	readily	goes	into	
solution	on	the	moist	linings	of	the	respiratory	tract	from	which	it	is	read-
ily	absorbed	.	.	.	all	of	the	UO2F2	absorbed	from	any	surface	is	eliminated	by	
the	kidneys,	which	causes	kidney	damage.”	“Deep	penetrating	burns”	were	
produced	by	surface	skin	exposure	to	hydrolysis	products,	HF	and	UO2F2,	
Safety	Reports,	Bulletins,	Box	55,	Accession	#4nn	326-85-005,	Atlanta	FRC,	
RG	326.



	 8.	 “Prior	to	the	existence	of	the	District,	elemental	fluorine	was	a	laboratory	
curiosity.”	The Manhattan District Official History,	p.	3.13,	Book	1	General,	
vol.	7,	Medical	Program.	For	most	reactive	element,	R.	E.	Banks,	“Isolation	
of	Fluorine	by	Moissan:	Setting	the	Scene,”	J. Fluorine Chem.,	vol.	33	(1986),	
pp.	3–26.	For	action	on	steel,	above	reference,	“Memo:	Safety	and	Health	
Conference	on	Hazards	of	C-216”	[code	for	F],	October	19,	1943.	“Mild	
steel	valves	and	pipes	have	been	used	[to	handle	fluorine]	but	it	seems	that	
any	impurity	or	foreign	substance	in	the	pipe	or	valve	may	be	the	activat-
ing	agent	to	start	a	reaction.	Dr.	Benning	[from	Du	Pont]	exhibited	a	steel	
valve	.	.	.	which	had	been	consumed	by	action	of	C-216.	The	heat	generated	
by	the	reaction	is	tremendous	and	a	considerable	flash	hazard	is	present	as	
the	reaction	is	almost	instantaneous.”

	 9.	 These	companies	and	their	roles	are	described	in	greater	detail	in	The Man-
hattan District Official History,	Book	1,	General,	vol.	7,	Medical	Program.

	 10.	 The	liquid	was	named	after	Professor	Joseph	Simons	of	Penn	State	University,	
who	invented	a	process	known	as	“electro-chemical	fluorination,”	which	
used	electricity	to	replace	the	hydrogen	with	fluoride	in	hydrogen-carbon	
bonds,	producing	fluorocarbons.	(After	the	war	the	technology	would	be	
licensed	to	the	3M	corporation,	which	would	use	it	to	make,	among	other	
things,	the	fabric	protector	Scotchgard.	See	chapter	17.)	See	J.	H.	Simons,	
ed.,	Fluorine Chemistry,	vol.	1	(New	York:	Academic	Press,	1950),	p.	423.

	 11.	 H.	Goldwhite,	J. Fluorine Chem.,	vol.	33,	p.	113.
	 12.	 See	“Report	on	the	Fluoro	Carbon	work”	by	Harold	Urey,	September	26,	

1942,	S-1	files.	Further,	see	Goldwhite.	See	also	Industrial and Engineering 
Chem.,	vol.	39,	no.	3,	p.	292.

	 13.	 For	example,	35,000	pounds	a	month	of	“polytetrafluorethylene”	(Teflon);	
1,600,000	pounds	of	“hexafluorxylene”;	and	1,400	lbs	of	“fluorinated	lubricat-
ing	oil.”	For	delivery	schedule	of	fluorocarbons,	see	“Functions	of	Madison	
Square	Area,”	Md	319.1,	Report	Madison	Square,	Box	26,	Accession	#4nn	
326-85-005,	Atlanta	FRC,	RG	326.
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AEC	and	hence	was	secret.”	RG	326	Medicine,	Health	and	Safety—Beryllium	
(1947–1948)	National	Archive.

	 50.	 Turner	reported:	“Control	experiments	with	electrolytic	dust	produced	with	
fluorides,	but	in	the	absence	of	Beryllium,	caused	the	same	symptoms	and	
mortality.	It	is	evident,	therefore,	that	electrolytic	dust	owes	its	toxicity	pri-
marily	to	the	halogen	radical	[fluoride]	and	not	to	its	content	of	Beryllium.”	
Robert	A.	N.	Turner,	Resident	Safety	Engineer,	Madison	Square	Area,	Man-
hattan	Engineer	District,	“The	Toxicity	of	Beryllium	and	Its	Salts,”	p.	2,	“Oak	
Ridge	Copy,”	Box	39,	Accession	#4nn	326-85-005,	Atlanta	FRC,	RG	326.

	 51.	 Robert	A.	N.	Turner,	Resident	Safety	Engineer,	Madison	Square	Area,	Man-
hattan	Engineer	District,	“Poisoning	by	Vapors	of	Beryllium	Oxyfluorides,”	
p.	1,	“Oak	Ridge	Copy,”	Box	39,	Accession	#4nn	326-85-005,	Atlanta	FRC,	
RG	326.

	 52.	 See	Rochester	AEP,	minutes	of	“The	Second	Progress	Meeting	on	Beryl-
lium	Toxicity,”	February	5	and	6,	1947.	Also,	“The	First	Progress	Meeting	
on	Beryllium	Toxicity”:	0.5	mg/kg	of	“5BeO-7BeF2”	killed	rats,	while	0.75	
mg/kg	of	intravenous	beryllium	fluoride	and	beryllium	oxyfluoride	killed	
rabbits.	“Injection	of	beryllium	oxyfluoride	.	.	.	caused	histologic	damage	
to	the	kidney	probably	as	a	result	of	the	fluoride	moiety.”	(5.0	mg/kg	BeSO4,	
beryllium	sulfate,	killed	rats.)	This	meeting	produced	a	crucial	determi-
nation	of	a	permissible	limit	of	1.5	mg	of beryllium compound	(underlined	
in	original)	per	10	m3	of	air.	By	not	specifying	which	compound,	public	
notice	was	not	made	of	the	specific	and	more	toxic	nature	of	the	fluoride	
compounds,	it	seems.	Indeed,	just	days	later,	the	head	of	the	Rochester	AEP,	
Herbert	Stokinger,	made	a	recommendation	of	1.5	mg	of	beryllium	per	10	
m3	to	the	AEC	for	the	“Maximal	permissible	Limit	of	Exposure	to	Beryl-
lium.”	He	does	not	mention	nor	cite	the	fluoride	toxicity	results	but	rather	
uses	figures	from	the	beryllium	sulfate	compound,	which	Rochester	had	



determined	to	be	ten	times	less	toxic.	Stokinger	adds,	“The	suggested	level	
permits	an	easily	attained	limit	both	as	regards	ventilator	and	ventilating	
system.”	H.	E.	Stokinger	to	Fred	Bryan,	February	18,	1947,	Rochester,	400.112	
(Pharmacology)	Beryllium,	Box	48,	New	York	Operations	Office,	68F0036,	
Accession	#4kr	326-83-010,	Atlanta	FRC,	RG	326.

	Also,	researchers	at	Rochester	and	at	the	PHS	did	not	find	much	toxic	
effect,	chronic	or	acute,	with	pure	beryllium,	which	fact	allowed	industry	
to	deny	that	there	was	any	great	problem	from	beryllium	poisoning.	A	hint	
at	the	agenda	of	the	Rochester	group	and	of	Dr.	Harold	Hodge	in	particular	
comes	from	one	of	the	leading	scientists	on	beryllium	toxicity,	Dr.	Harriet	
Hardy.	“Those	responsible	for	the	medico-legal	affairs	of	the	AEC	should	
consider	the	problem	of	the	disability	involved	in	the	growing	group	of	indi-
viduals	with	chronic	beryllium	disease,”	she	writes	and	adds	that	“cases	of	
chronic	beryllium	poisoning	are	being	uncovered	daily	from	a	variety	of	
remote	and	apparently	slight	beryllium	exposures.”	However,	Hardy	writes,	
while	“The	chronic	disease	is	certainly	our	most	pressing	problem,	and	at	
present	the	whole	weight	of	the	Rochester	work,	if	I	understood	Dr.	Hodge,	
is	on	the	acute	manifestation.	.	.	.	I	cannot	understand	the	defeatist	attitude	
about	producing	chronic	changes	in	animals	with	beryllium	compounds	
sufficiently	approximate	to	the	human	pathology.”	Dr.	Hardy	to	Dr.	Warren	

“Recent	trips	to	Cleveland	and	Rochester,”	September	13,	1949,	DOE	Open-
net	#1153735.

	“Thus,	we	have	a	kind	of	explosive	action	with	the	formation	of	fluorine	
in	status	nascendi,”	Turner	stated.	“Hence	the	deeper	and	most	important,	
more	prolonged	action	of	this	gas	in	comparison	with	that	which	we	see	fol-
lowing	the	inhalation	not	only	of	oxides	of	nitrogen	and	chlorine	but	also	
vapors	of	fluorine	or	hydrofluoric	acid,”	p.	6	“The	action	of	the	fluorine	in	
such	conditions	is	especially	strong	and	prolonged,”	Turner	adds,	“which	
in	fact	conditions	the	specificity	of	the	picture	of	poisoning	by	Beryllium	
oxyfluoride.”	Robert	A.	N.	Turner,	Resident	Safety	Engineer,	Madison	
Square	Area,	Manhattan	Engineer	District	“Poisoning	by	Vapors	of	Beryl-
lium	Oxyfluorides.”

	 53.	 Although	the	Maximum	Allowable	Concentration	(MAC)	for	UO2F2	had	
been	officially	set	by	the	government	at	50	micrograms	of	uranium	per	
cubic	meter,	nevertheless,	“the	lowest	concentration	of	these	compounds	
that	will	give	a	uniformly	positive	response	in	all	animals	has	not	been	criti-
cally	established.”	Hodge	and	Voegtlin,	eds.,	Pharmacology and Toxicology 
of Uranium Compounds,	p.	2203.	Hodge’s	researchers	produced	renal	injury	
in	a	dog	at	even	50	micrograms/cu	m.	Dogs	were	judged	to	have	“unusual	
susceptibility.”	Also,	Harold	C.	Hodge	and	Carl	Voegtlin	at	the	University	
of	Rochester	to	Lt.	Col.	H.	L.	Friedell	at	Oak	Ridge,	April	26,	1945.	Md	3,	
Md	700,	General	Essays,	Lectures,	Box	34,	Manhattan	Engineer	District	
Accession	#4nn	326-85-005,	Atlanta	FRC,	RG	326.

	 54.	 “Uranyl	fluoride	is	considered	one	of	the	most	toxic	uranium	compounds,”	
wrote	Harold	Hodge,	Pharmacology and Toxicology of Uranium Compounds,	



p.	33.	Also,	“It	was	envisioned	that	exposures	of	human	beings	to	this	com-
pound	would	occur	mostly	by	inhalation	and	almost	solely	to	the	fumes,	
UO2FO2	and	HF,	produced	upon	its	release	into	the	air.	Such	exposure	might	
take	the	form	of	either	accidental	high	concentrations	for	a	relatively	short	
time,	possibly	repeated	several	times	during	a	month,	or	of	low	level,	con-
tinuous	exposures	throughout	the	period	of	employment	arising	from	the	
loss	of	small	amounts	of	material	from	systems	containing	UF6.”	Pharma-
cology and Toxicology of Uranium Compounds,	p.	1492.

	Dangerous	levels	of	fluoride	were	quickly	detected	in	K25	plant	work-
ers’	urine.	In	the	early	summer	of	1952,	for	example,	almost	10	percent	of	
employees	tested	had	too	much	fluoride	in	their	bodies,	doctors	reported.	
And	the	poisoning	was	getting	worse,	“the	result	of	an	increase	in	the	mag-
nitude	and	frequency	of	individual	exposure	to	fluoride	and	fluorinated	
compounds,”	officials	added.	Of	535	workers,	58	tested.	“Sanitized	version	
of	K-25	Plant	Quarterly	Report	for	Fourth	Fiscal	Quarter	April	1–June	30,	
1952,”	p.	E-9,	ORF1000605,	Oak	Ridge,	DOE	Public	Reading	Room.

	 55.	 Letter	to	Ralph	Rosen	of	the	Kellex	Corporation,	which	built	the	K-25	plant.	
Ferry	told	Dr.	Rosen	it	was	“likely”	that	the	concentrations	of	gas	would	be	
at	or	“near”	the	level	set	for	chronic	exposure.	(However,	the	MAC	for	UO2F2	
was	then	set	at	150	micrograms	per	cubic	meter.	That	level	was	reduced	to	
50	micrograms	in	1948,	although	University	of	Rochester	scientists	found	
kidney	damage	in	dogs	at	that	level	too;	see	note	53	above.	No	informa-
tion	was	found	on	whether	the	conditions	inside	the	cold	trap	chamber	
changed	after	1948	as	the	MAC	was	raised.)	Captain	John	L.	Ferry	to	Dr.	
Ralph	Rosen,	Kellex	Corporation,	June	16,	1944.	Safety	Program	Protection	
Against	Hazards,	Book	1,	6/25/42–7/31/44,	Md	729.3,	Box	55,	Accession	#4nn	
326-85-005,	Atlanta	FRC,	RG	326.	A	similar	hazard	faced	workers	at	the	Har-
shaw	Chemical	plant,	who	made	uranium	hexafluoride	for	shipment	to	Oak	
Ridge.	“Workmen	inhale	616	[code	for	hexafluoride]	when	disconnecting	
the	receivers	from	the	reactors,”	noted	a	report.	“A	cloud	of	hydrolyzed	616	
escapes	during	this	operation	and	is	not	entirely	vented,”	the	memo	added.	
Memo	from	Capt.	B.	J.	Mears,	the	Madison	Square	Area,	October	11,	1945,	
to	Captain	Fred	A.	Bryan,	Medical	Section,	Manhattan	District,	Oak	Ridge	
Tennessee.	Subject:	Urinalysis	on	Harshaw	Chemical	Company	Workers.

	 56.	 Tape-recorded	interview	with	Joe	Harding.
	 57.	 Several	accounts	mention	the	noise	and	heat	inside	the	gaseous	diffusion	

plant.	An	early	report	determining	how	long	men	could	tolerate	working	in	
the	“cells”	notes	temperatures	of	118	degrees	F	and	states	that	“Entrance	into	
a	cell	which	is	in	operation	is	a	dramatic	experience	to	the	uninitiated,	apt	
to	be	associated	with	some	emotionalism.	The	noise	within	the	cell	might	
be	responsible	for	part	of	the	light	headedness	experienced,	although	the	
symptom	is	also	recognized	as	a	result	of	severe	heat	exposure.”	“Permissible	
Work	Periods	in	Cells,”	Box	9,		Accession	#72C2386,	Atlanta	FRC,	RG	326.

	 58.	 Accidents	were	frequent	at	K-25.	For	example,	“On	April	1,	a	release	occurred	
in	Building	K-1004-A	when	a	cylinder	containing	2,559	grams	of	uranium	



hexafluoride	became	overheated	during	a	material	transferring	operation,	
releasing	the	entire	contents	of	the	cylinder.”	Sanitized	version	of	K-25	Plant	
Quarterly	Report	for	Fourth	Fiscal	Quarter	April	1–June	30,	1952.	In	ORF	
100605	Oak	Ridge	DOE	Public	Reading	Room.	Also,	“On	December	30th	
[1953]	.	.	.	a	total	of	2,506	pounds	of	uranium	hexafluoride	.	.	.	was	released	
[when	a	cylinder	failed],	contaminating	all	of	Building	K-27	.	.	.	the	gas	was	
spread	widely	before	the	ventilating	system	could	be	shut	down.”	K-959—
Plant	Quarterly	Report	for	Second	Fiscal	Quarter,	October	1–December	31,	
1952,	p.	C-12,	in	ORF	18729,	Oak	Ridge,	DOE	Public	Reading	Room.

	 59.	 Another	worker,	Sam	Ray	of	Lucasville,	Ohio,	told	Congress	in	September	
2000	that	“Compressors	would	malfunction	and	process	gas	(UF6)	would	
leak	to	the	atmosphere.	On	one	occasion,	it	was	so	bad	that	it	looked	like	a	
fog	moving	up	the	mile	long	building.	.	.	.	We	have	had	many	small	releases	
that	were	never	reported,	as	well	as	documented	large	releases.	Inside	of	the	
withdrawal	room	we	had	a	major	release.	There	were	green	‘icicles’	hanging	
in	the	room	from	crystallize	uranium	hexafluoride.”	He	also	told	them	that	

“process	gases	were	routinely	vented	to	the	atmosphere”	and	“fluorine	gases	
from	the	plant	stack	area	were	frequent	and	resulted	in	numerous	complaints	
from	workers	in	the	area,	especially	during	temperature	inversions.”	Com-
pensation	for	Illnesses	Realized	by	Department	of	Energy	Workers	Due	to	
Exposure	to	Hazardous	Materials.	Hearing	before	the	Subcommittee	on	
Immigration	and	Claims	of	the	Committee	on	the	Judiciary	House	of	Rep-
resentatives	106th	Congress,	serial	no.	132,	p.	210.

	 60.	 Col.	Stafford	Warren	to	Dr.	Fred	Bryan,	September	24,	1947,	DOE	stamp	
000019,	ACHRE,	RG	220.

	 61.	 Report	of	Meeting	of	Classification	Board	During	Week	of	September	8,	1947,	
Box	SO9FO1B22,	ACHRE,	RG	220.	See	also	handwritten	letter	in	ACHRE	
files	from	an	unnamed	fluoride	worker	who	worked	at	Portsmouth	Gas-
eous	Diffusion	Plant	in	Piketon,	Ohio,	in	the	1950s.	He	writes:	“In	the	early	
years	we	used	to	talk	about	young	people	dying	from	cancer	and	leukemia	
that	worked	at	the	plant	and	wondered	if	it	was	due	to	working	there.”	DOE	
document	#000010,	Box	S0901B146,	ACHRE,	RG	220.

	 62.	 An	additional	five	workers	were	poisoned	by	“fluorine	analogs	of	phosgene,”	
plant	operators	at	Union	Carbide	claimed,	caused	by	“pyrolysis	of	fluoro-
carbons	and	fluorolubes.”	Phosgene	can	be	produced	when	Freon	gas	is	
exposed	to	very	high	temperatures.	“Summary	of	K-25	chemical	hazards,”	
RHTG	101001,	Box	219,	RG	326.	The	document	was	only	declassified	in	1997.	

“Poisoning”	was	one	of	the	health	effects	reported	at	K-25,	along	with	respi-
ratory	irritation,	burns,	and	dermatitis.

	 63.	 Work	Report	for	June	1944.	To:	The	Chief	of	the	Medical	Section,	U.S.	Engi-
neer	Office,	Oak	Ridge,	Tennessee;	From:	2nd	Lt.	Richard	Tybout,	Corp	of	
Engineers,	Medical	Section.	Document	via	Pete	Eisler,	USA Today.

	 64.	 “A	distinct	hazard	does	exist	in	Area	C”	that	left	the	Atomic	Energy	Com-
mission	“very	vulnerable,”	Kelly	concluded.	The	government	especially	
feared	“pulmonary	damage”	in	workers.	While	safety	levels	for	uranium	



hexafluoride	had	been	set	at	40	micrograms	per	cubic	meter,	tests	showed	
that	on	September	30,	1944,	dust	levels	in	Area	C	were	as	high	as	9,130	micro-
grams	per	cubic	meter—228	times	the	official	tolerance	level.	March	1,	1945,	
letter	to	Harshaw	manager	Fred	Becker	from	Richard	Tybout,	1st	Lt.	Corps	
of	Engineers	Medical	Section,	via	Pete	Eisler.

	 65.	 Roholm,	Fluorine Intoxication,	p.	26.
	 66.	 Analysis	of	the	kidney	tissue	of	one	of	the	victims	by	the	University	of	Roch-

ester	confirmed	severe	fluoride	damage.	“The	pathological	changes	in	the	
kidney	are	accounted	for	by	the	overwhelming	dose	of	HF	and	the	acute	
asphyxia.”	Capt.	B.	J.	Mears	to	the	District	Engineer,	Manhattan	District,	
Oak	Ridge	(Attention:	Major	J.	L.	Ferry.)	November	1,	1945.	Oak	Ridge	
Operations	Records	Holding	Task	Group.	Classified	Documents	1944–1994,	
RHTG	document	#38,658,	OR0034167,	Box	214,	Vault,	Bldg.	2714-H.

	 67.	 Rochester	kidney	report:	“This	report	is	of	particular	interest	because	(name	
redacted)	was	employed	in	the	C-616	[uranium	hexafluoride]	plant	and	his	
duties	required	him	to	remove	the	receiver	from	the	reactors.	It	is	in	this	
procedure	that	the	employees	come	in	contact	with	a	cloud	of	PG	[process	
gas]	.	 .	 .	he	was	exposed	to	C-616	to	the	same	extent	as	any	other	single	
employee.”	Capt.	B.	J.	Mears	to	the	District	Engineer,	Manhattan	District,	
Oak	Ridge	(Attention:	Major	J.	L.	Ferry.)	November	1,	1945.	Oak	Ridge	
Operations	Records	Holding	Task	Group,	classified	documents	1944–1994,	
RHTG	document	#38,658,	OR0034167,	Box	214,	Vault,	Bldg.	2714-H.

	 68.	 P.	Dale	and	H.	B.	McCauley,	“A	Study	of	Dental	Conditions	in	Workers	
Exposed	to	Dilute	and	Anhydrous	Hydrofluoric	Acid	in	Production,”	Decem-
ber	31,	1943,	File	G-118,	New	York	Operations	Research	and	Medicine	Divi-
sion,	Correspondence	1945–1952,	Box	28–47,	Atlanta	FRC,	RG	326.

	Also,	on	race:	“Specimens	showing	large	amount	of	T	[code	for	ura-
nium]	are	usually	from	the	colored	employees,”	noted	an	October	1945	
memo	from	Manhattan	Project	Capt.	B.	J.	Mears.	“Because	of	their	lack	
of	personal	responsibility,”	Mears	complained,	“this	officer	recommended	
that	these	specimens	be	collected	before	the	employee	starts	to	work.”	Of	
course,	if	workers	gave	urine	specimens	before	their	shift	began,	it	would	
have	the	effect	of	measuring	and	recording	lower	levels	of	toxic	exposure	
than	they	were	actually	receiving.	Capt.	Mears	discriminated	between	the	
black	workers	and	“employees	who	can	be	trusted.”	They	were	allowed	to	
give	urine	at	the	end	of	their	shift.	Perhaps	more	importantly,	those	“trusted”	
workers,	“consistently	show	T	values	well	below	1	mg	per	liter.”	Memo	from	
Capt.	B.	J.	Mears,	the	Madison	Square	Area,	October	11,	1945,	to	Captain	
Fred	A.	Bryan,	Medical	Section,	Manhattan	District,	Oak	Ridge	Tennes-
see.	Subject:	Urinalysis	on	Harshaw	Chemical	Company	Workers,	via	Pete	
Eisler.

	 69.	 P.	Dale	and	H.	B.	McCauley,	J. Am. Dent. Assoc.,	vol.	37,	no.	2	(August	1948),	
p.	132.

	 70.	 Fedor	formed	a	union	safety	committee,	then	contacted	the	Ohio	Division	
of	Safety	and	Health	and	persuaded	that	office	to	do	a	study	of	conditions	in	



the	fluoride	plant.	The	state	inspectors	found	fluoride	levels	as	high	as	6	and	
even	18	ppm.	State	regulation	permitted	3	parts	per	million.	In	1949	Fedor	
submitted	the	first	motion	to	an	American	Federation	of	Labor	national	
convention,	seeking	greater	union	involvement	in	occupational	safety	issues.	
Author	interview,	October	2001.

	 71.	 Despite	multiple	warnings	from	federal	and	state	government,	the	industrial	
accidents,	and	pressure	from	John	Fedor’s	safety	committee,	Harshaw’s	man-
agement	seemed	strangely	unmoved.	“Our	plant	hourly	safety	committee	
has	been	quite	concerned	about	our	HF	problems,	and	I	believe	are	exag-
gerating	them,	as	I	believe	the	hazards	in	Area	C	have	been	exaggerated,”	
Vice	President	C.	S.	Parke	wrote	to	the	AEC	official	W.	E.	Kelly	on	Febru-
ary	3,	1948.	“I	speak	somewhat	as	a	layman,	but	we	have	manufactured	HF	
fluorides	for	forty	years.	It	is	only	lately	that	occupational	disease	has	been	
suspected.	Two	of	our	men	are	reputed	to	have	fluorosis,	but	nobody	can	
tell	us	how	this	has	harmed	them.	In	fact,	the	inference	by	some	doctors	is	
that	they	have	benefited.	Certainly	the	situation	is	nothing	to	get	alarmed	
at.”	C.	S.	Parke	to	W.	E.	Kelly,	February	3,	1948.	AEC	document	via	Pete	
Eisler.

	 72.	 Secretly	the	government	was	intensely	interested	in	the	medical	fate	of	the	
Area	C	workers.	When	the	plant	finally	closed	in	1952,	AEC	doctors	pro-
posed	covertly	“keeping	tabs”	on	former	employees—without	letting	the	
men	and	women	know	why	they	were	being	watched.	“The	ultimate	objec-
tive	is	to	determine	the	incidence	of	lung	cancer	.	.	.	to	justify	the	current	
M.A.C.’s	[maximum	allowable	concentrations	in	the	other	AEC	plants],”	
Dr.	Roy	E.	Albert,	the	Assistant	Chief	of	the	Division	of	Biology	and	Medi-
cine,	explained	in	a	1955	letter	to	the	University	of	Rochester’s	Dr.	Louis	H.	
Hempleman.	“We	have	racked	our	brains	for	any	useful	subterfuge	in	car-
rying	out	the	study	but	none	came	to	mind	which	could	possibly	hold	water	
for	any	length	of	time,”	he	added.

	The	subterfuge	they	used	in	the	end	to	examine	former	workers	at	the	
Cleveland	City	Hospital	was	explained	to	a	hospital	doctor,	Dr.	Robert	R.	
Stahl.	“To	put	it	baldly,”	Albert	wrote	Dr.	Stahl	on	August	1,	1955,	“I	think	
we	are	fundamentally	interested	in	the	autopsy	data,	the	examination	pro-
gram	being	a	mechanism	to	keep	tabs	on	the	people	involved	in	the	survey.”	
Extreme	care	was	needed.	If	too	much	medical	data	were	gathered	from	the	
workers,	“there	would	be	a	distinct	risk	of	stimulating	lawsuits	against	the	
Atomic	Energy	Commission,”	Dr.	Albert	emphasized	to	Dr.	Joseph	T.	Wearn	
at	the	School	of	Medicine	at	Western	Reserve	University	in	Cleveland,	who	
would	supervise	the	“study.”

	The	plan	fell	through.	Dr.	Stahl	was	appalled	when	he	read	the	AEC	
proposal.	He	pushed	the	government	men	away,	with	an	admonition	about	
medical	ethics.	“The	project	protocol	.	.	.	grossly	misrepresents	the	type	of	
information	that	AEC	is	apparently	attempting	to	obtain,”	Dr.	Stahl	told	
Dr.	Albert.	“Basically,”	he	added,	“a	health	survey	is	being	used	as	a	‘front’	
for	obtaining	such	autopsy	data	.	.	.	since	this	is	the	basic	motive	involved	



neither	Dr.	Scott	nor	myself	are	interested	in	such	a	project.”	The	AEC	had	
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or	at	least	that	data	were	not	published.	Where	are	the	published	studies	
of	the	toxicity	of	oxygen	fluoride,	a	chemical	that	Hodge’s	team	referred	to	
as	“the	most	toxic	substance	known”	and	was	listed	as	a	high	priority	for	
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fluorocarbon	compounds	being	used	in	the	diffusion	plants?	The	reluctance	



of	Hodge’s	team	to	perform	such	studies,	which	of	course	better	resembled	
the	actual	conditions	workers	faced,	was	a	frustration	of	Harvard	Univer-
sity’s	Harriet	Hardy,	a	leading	beryllium	researcher.	“The	chronic	disease	
is	certainly	our	most	pressing	problem,	and	at	present	the	whole	weight	of	
the	Rochester	work,	if	I	understood	Dr.	Hodge,	is	on	the	acute	manifesta-
tion.	.	.	.	I	cannot	understand	the	defeatist	attitude	about	producing	chronic	
changes	in	animals	with	beryllium	compounds	sufficiently	approximate	to	
the	human	pathology.”	Dr.	Hardy	to	Dr.	Warren,	“Recent	trips	to	Cleveland	
and	Rochester,”	September	13,	1949,	DOE	Opennet	#1153735.

	 15.	 Col.	Stafford	Warren,	Memorandum	to	the	Files,	“Purpose	and	Limitations	
of	the	Biological	and	Health	Physics	Research	Program,”	July	30,	1945,	p.	3,	
Medical	and	Health	Problems,	Box	36,	Accession	#72C2386,	Atlanta	FRC,	
RG	326.

	 16.	 Lt.	Col.	Hymer	Friedell,	Memo,	“Future	Medical	Research	Program,”	Feb-
ruary	26,	1946,	is	found	as	the	third	item	in	a	file	located	at	0712317	in	the	
Department	of	Energy’s	HREX	electronic	search	engine.

	 17.	 The	Rockefeller	Foundation	and	the	Carnegie	Corporation	had	funded	
broad	programs	of	dental	research	at	Rochester,	Yale,	and	Harvard	during	
the	Depression,	seeking	to	improve	the	terrible	condition	of	teeth	in	the	
United	States.	There	is	no	indication	in	the	files	seen	by	this	author	that	the	
prewar	granting	was	anything	other	than	philanthropic	in	nature.

	For	Hodge’s	résumé,	see	his	testimony	before	Cong.	Wier.	HR	2341:	“A	
Bill	to	Protect	the	Public	Health	from	the	Dangers	of	Fluorination	of	Water.”	
Hearings	Before	the	Committee	on	Interstate	and	Foreign	Commerce,	House	
of	Representatives,	83rd	Congress,	May	25,	26,	and	27,	1954,	p.	470.	“Since	
1937	I	have	been	continuously	engaged	part	time	as	a	consultant	toxicolo-
gist	for	a	number	of	industrial	companies.”

	 18.	 Hodge	links	to	Eastman	from	author	interview	with	toxicologist	and	Roch-
ester	alumnus	Robert	Phalen.

	 19.	 The	University	of	Rochester’s	Manhattan	Project	medical	budget	included	
specific	funding	for	Rockefeller	projects.	Rochester	Organizational	Chart.	
Also,	ESSO	labs,	Standard	Oil,	and	the	Rockefeller	Institute	were	work-
ing	on	various	projects,	including	the	hexafluoride	gas	centrifuge.	“PB	
authorizations	as	of	March	9,	1942,	1/14/42	Standard	Oil	Development	Co.	
‘Centrifuge	method	of	separation	leading	to	design	of	plant’	PB	#2	amount	
$100,000’”	and	“3/9/42	Standard	Oil	Development	Co.	‘Pilot	Plant	Building’	
PB	#12	$250,000.”	Doc	#310,	Records	of	Section	S-1	Executive	Committee,	
RG	227.3.1.	The	Carnegie	Institute	of	Washington	had	fluoride	interests,	as	
well.	It	investigated	liquid	thermal	diffusion	with	Philip	Abelson	as	early	
as	1941,	in	a	precursor	project	to	the	Philadelphia	Navy	Yard	project,	which	
was	itself	a	prototype	of	the	S-50	complex	at	Oak	Ridge.	Amato,	I.,	“Pushing	
the	Horizon.	Seventy-Five	Years	of	High	Stakes	Science	and	Technology	at	
the	Naval	Research	Laboratory.”

	See	also	Harold	Urey,	Program	Chief,	Columbia	University	to	James	
Conant,	January	19,	1942:	“I	wish	to	recommend	that	a	contract	be	drawn	



to	the	Rockefeller	Institute	for	Medical	Research,	New	York,	NY	for	work	
on	the	separation	of	the	uranium	isotopes	by	the	mobility	method,	this	
work	to	be	done	under	the	direction	of	Dr.	Duncan	A	MacInnes	and	Dr.	
Lewis	G	Longsworth.”	And	November	19,	1942,	to	Dr.	Wensel	from	Urey:	“I	
have	asked	the	Rockefeller	Institute	people	under	Dr.	MacInnis	to	do	some	
work	on	the	chemical	separation	work	.	.	.	I	wonder	if	it	would	be	possible	
to	amend	their	contract.”	Doc	#336,	Records	of	Section	S-1,	Executive	Com-
mittee,	RG	227.3.1.

	 20.	 Col.	Warren	to	Dr.	John	Foulger	Box	25,	Accession	#72C2386,	Atlanta	FRC,	
RG	326.

	 21.	 Much	of	this	account	was	cowritten	with	Joel	Griffiths	and	first	appeared	
in	1997	in	various	alternative	media	outlets,	including	Earth Island Journal,	
eventually	winning	a	1999	Project	Censored	Award.

	 22.	 Garfield	Clark	was	measured	at	25.6	ppm	blood	fluoride,	Ollie	Danner	at	
31.0	ppm.	Farmer	Willard	Kille,	diagnosed	by	his	doctor	as	fluoride	poi-
soned,	had	15.0	ppm.	Report	submitted	by	Philip	Sadtler,	December	11,	1945.	
In	Groves	papers,	NARA.	That	these	levels	are	high	can	be	seen	from	H.	
Hodge	and	F.	A.	Smith,	Fluorine Chemistry,	vol.	IV,	p.	15.	(The	New	York	
Examiner’s	office	made	available	for	autopsy	the	bodies	of	fatal	fluoride	
poisonings	from	1935	to	1949.	Those	data	showed	fluoride	blood	levels	of	
between	3.5	and	15.5	ppm.)

	 23.	 The	company’s	giant	Chamber	Works	at	Deepwater,	New	Jersey,	near	the	
mouth	of	the	Delaware	River,	has	long	handled	some	of	the	company’s	most	
dangerous	chemicals,	with	workers	and	the	local	community	traditionally	
paying	the	price.	During	World	War	I	as	many	as	10,000	workers	had	been	
employed	there	making	munitions	and	poison	gas,	according	to	G.	Colby,	
DuPont Dynasty: Behind the Nylon Curtain	(Secaucus,	NJ:	Lyle	Stuart,	1984),	
p.	195.

	Referring	to	World	War	I	aftermath,	Colby	writes,	“In	DuPont’s	Deepwa-
ter,	New	Jersey,	plant	across	the	river	from	Wilmington,	workers	died	from	
poisonous	fumes	of	the	lethal	benzol	series,	their	bodies	turning	a	steel	blue.	
At	the	Penns	Grove,	New	Jersey,	plant	workers	were	called	‘canaries’:	picric	
acid	had	actually	dyed	their	skins	yellow.	Picric	acid	poisons	the	mucous	
membranes	of	the	respiratory	tract,	attacks	the	intestinal	tract,	and	destroys	
the	kidneys	and	nerve	centers.”	In	the	1920s	several	Deepwater	workers	had	
also	been	killed	and	hundreds	injured	in	an	horrific	and	months-long	epi-
sode,	dubbed	by	the	New	York	press	“the	loony	gas”	poisoning,	as	DuPont	
began	making	the	highly	toxic	gasoline	additive	tetra	ethyl	lead	(TEL).	
Salem	County,	where	the	plant	is	located,	had	the	highest	rate	of	bladder	
cancer	for	white	males	in	the	United	States	from	1950	to	1969,	according	to	
the	National	Cancer	Institute.	Also,	the	New York Times’	Mary	Churchill	
learned	in	January	1975	that	since	1919,	330	employees	at	the	plant	had	con-
tracted	bladder	cancer.

	See	also	the	testimony	of	Willis	F.	Harrington,	former	Chair	of	DuPont’s	
Kinetic	Chemicals,	United States	vs.	DuPont	(1953),	p.	693.	United States of 



America	vs.	E. I. DuPont de Nemours, General Motors, United States Rubber, 
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trict	of	Illinois,	Eastern	Division,	before	Judge	LaBuy,	April	13,	1953,	p.	3798.	
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stein,	Captain	Medical	Corps.	Memorandum	To	Colonel	Stafford	L.	War-
ren,	Chief	Medical	Section.	November	3,	1944.	Subject:	Report	on	Medical	
Section	in	Wilmington,	Delaware.	November	3,	1944,	Box	14,	Wilmington	
Area,	Accession	#72C2386,	Atlanta	FRC,	RG	326.	(Note	attached	from	How-
land,	“total	engaged	in	work	of	Manhattan	District	1122.”)

	 24.	 William	C.	Bernstein,	Captain	Medical	Corps.	Memorandum	to	Colonel	
Stafford	L.	Warren,	Chief	Medical	Section.	November	3,	1944.	Subject:	
Report	on	Medical	Section	in	Wilmington,	Delaware.	November	3,	1944,	
Wilmington	Area,	Box	14,	Accession	#72C2386,	Atlanta	FRC,	RG	326.

	 25.	 B.	J.	Mears,	Captain,	Medical	Corps,	Assistant.	Medical	Clearance	on	Termi-
nated	Madison	Square	Area	Contracts.	To:	The	District	Engineer,	Manhat-
tan	District,	Oak	Ridge,	Tennessee.	(Attention:	Major	J.	E.	Ferry).	October	
5,	1945,	Medical	Clearances,	Terminated	Madison	Square	Contracts,	Box	
36,	Accession	#4nn	326-87-6,	Atlanta	FRC,	RG	326.

	 26.	 William	C.	Bernstein	Captain,	Medical	Corps,	Memorandum	to	Col.	Staf-
ford	L.	Warren,	Chief,	Medical	Section,	Subject:	Occupational	Disability	
Cases	Observed.	November	3,	1944,	Wilmington	Area,	Box	14,	Accession	
#72C2386,	Atlanta	FRC,	RG	326.

	 27.	 To	Stafford	Warren,	Subject:	Supplementary	Report	of	Medical	Examina-
tion	at	X-Works	[code	for	Chamber	Works]	February	2,	1945,	Wilmington	
Area,	Box	14,	Accession	#72C2386,	Atlanta	FRC,	RG	326.

	 28.	 William	C.	Bernstein,	Captain,	Medical	Corps.	Memorandum	to	Col.	Staf-
ford	L.	Warren,	Chief	Medical	Section.	November	3,	1944.	Subject:	Report	on	
Medical	Section	in	Wilmington,	Delaware.	November	3,	1944.	Wilmington	
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During	Temporary	Duty	at	X	Works.”	1st.	Lt.	Birchard	M.	Brundage,	Feb-
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	 30.	 Memo	to	Capt.	B.	Brundage	(through	Col.	Warren),	November	23,	1945	
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claims”).	General	Correspondence,	Box	36,	New	York	Operations	Research	
and	Medicine	Division,	Accession	#72C2386,	Atlanta	FRC,	RG	326.
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FRC,	RG	326.	For	volume	of	fluoride	in	air	pollution,	see	example,	“In	the	
Kinetics	plant,	Mr	Knowles	described	the	practice	of	ten	years	back	in	which	
SiF4	was	vented	to	the	air.	SiF4	is	quite	poisonous.”	Hodge	to	Warren,	May	1,	
1946,	cc	Lt.	Col.	Rhodes,	Crop	Contamination	(New	Jersey),	Box	33,	Acces-
sion	#72C2386,	Atlanta	FRC,	RG	326.

	 32.	 Hodge	to	Warren,	May	1,	1946,	cc.	Lt.	Col.	Rhodes,	Crop	Contamination	
(New	Jersey),	Box	33,	Accession	#72C2386,	Atlanta	FRC,	RG	326.
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escape	from	the	house	via	the	rear.	The	published	account	concludes,	“It	is	
presumed	that	the	subject	is	still	wondering	why	his	neighbor	decided	to	
put	up	the	fence	so	suddenly,	and	his	neighbor	is	wondering	why	the	subject	
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displeasing	authorities.	Author	interview.
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Chapter 6
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Fluorinating	a	Communal	Water-Supply,	Deficient	in	Fluorine,	to	Control	
Dental	Caries,”	in	W.	J.	Gies,	ed.,	Fluorine in Dental Public Health	(New	
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	Ast’s	paper	was	delivered	at	a	symposium	of	the	New	York	Institute	of	
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PHS	fluoride	studies.	Bomb-program	medical	planners,	including	Drs.	
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	 4.	 James	Conant,	Chairman	NRDC,	to	Mr.	J.	J.	Townsend,	Public	Health	
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USA Today.
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ugly	in	appearance,	are	structurally	weak	and	deteriorate	early	in	life.	For	
this	reason,	it	is	especially	important	that	fluorine	be	avoided	during	the	
period	of	tooth	formation,	that	is	from	birth	to	the	age	of	12	years	.	.	.	this	
dental	disease	is	found	when	water	containing	even	as	little	as	1	part	per	
million	is	used.”	Yearbook of Agriculture	(1939),	p.	212.

	“Fluorides	are	general	protoplasmic	poisons,”	the	American	Medical	
Association	warned	in	1943,	“probably	because	of	their	capacity	to	modify	
the	metabolism	of	cells	by	changing	the	permeability	of	the	cell	membrane	
and	by	inhibiting	certain	enzyme	systems.	.	.	.	The	sources	of	fluorine	intoxi-
cation	are	drinking	water	containing	1	part	per	million	or	more	of	fluorine.	
.	.	.	Another	source	of	fluorine	intoxication	is	from	the	fluorides	used	in	the	



smelting	of	many	metals,	such	as	steel	and	aluminum,	and	in	production	of	
glass,	enamel	and	brick.”	JAMA,	vol.	123	(September	18,	1943),	p.	150.	Even	
the	American	Dental	Association	had	editorialized	in	October	1944,	“our	
knowledge	of	the	subject	certainly	does	not	warrant	the	introduction	of	
fluorine	in	community	water	supplies,”	the	association’s	magazine	stated,	

“we	do	know	that	the	use	of	the	drinking	water	containing	as	little	as	1.2	
to	3.0	parts	per	million	of	fluorine	will	cause	such	developmental	distur-
bances	in	bones	as	osteosclerosis,	spondylosis	and	osteopetrosis,	as	well	as	
goiter.”	(Today,	the	EPA	permits	4	parts	per	million	of	fluoride	in	water,	a	
standard	vigorously	resisted	by	some	EPA	scientists,	including	the	former	
senior	toxicologist	of	the	Office	of	Drinking	Water,	Dr.	William	Marcus.)	
Marcus	interview	with	author.

	 22.	 K.	Roholm,	Rejsebreve Indtryk Fra USA	(Efteraar	1945);	Ugeskrift For Laeger,	
vol.	108	(1946),	pp.	234–243.	

	 23.	 Ibid.	Before	the	war,	Roholm	recalled,	“it	was	discovered	that	the	concen-
tration	of	fluoride;	1	milligram	of	fluoride	per	1	liter	drinking	water;	causes	
mottled	teeth	amongst	those	who	drink	the	water,	while	the	permanent	
teeth	calcify,	i.e.,	during	infancy.	The	enamel	become	indistinct,	chalklike	
and	sometimes	dark	colored	and	fragile.	The	disease	has	since	been	discov-
ered	throughout	the	entire	world	and	continues	to	be	a	serious	problem	of	
sanitary	reasons,	which	makes	it	necessary	to	change	the	water	supply.”

	 24.	 Ibid.,	pp.	234–243.
	 25.	 In	early	2001	Roholm’s	daughter-in-law,	Karin,	showed	me	a	scrapbook	of	news	

stories	collected	by	a	family	friend	during	his	lifetime.	She	translated	them	for	
me	over	coffee	at	the	New	York	YMCA	at	West	Sixty-third	Street.	In	his	address	
Roholm	made	a	single	reference	to	fluoride.	“In	recent	years,	we	have	learned	
that	a	small	quantity	of	the	element	fluoride	in	the	drinking	water	significantly	
seems	to	protect	against	caries,”	he	said.	Ugeskrift For Laeger,	vol.	110	(1948),		
pp.	221–226.

Chapter 8
	 1.	 Jamie	Lincoln	Kitman,	“The	Secret	History	of	Lead,”	Part	1,	The Nation	

(March	20,	2000),	in	which	a	1985	EPA	study	is	cited	for	heart-disease	deaths.	
Kitman	wrote,	“According	to	a	1988	report	to	Congress	on	childhood	lead	
poisoning	in	America	by	the	government’s	Agency	for	Toxic	Substances	
and	Disease	Registry,	one	can	estimate	that	the	blood-lead	levels	of	up	to	2	
million	children	were	reduced	every	year	to	below	toxic	levels	between	1970	
and	1987	as	leaded	gasoline	use	was	reduced.	From	that	report	and	elsewhere,	
one	can	conservatively	estimate	that	a	total	of	about	68	million	young	chil-
dren	had	toxic	exposures	to	lead	from	gasoline	from	1927	to	1987.”

	 2.	 Humor	and	ancestry;	Interview	with	Edward	Largent	Jr.	Arrogance:	inter-
view	with	Dr.	Albert	Burgstahler.

	 3.	 Kehoe	testimony	at	Martin	trial,	p.	965.
	 4.	 For	example,	he	was	an	associate	editor	of	the	American	Medical	Associa-

tion’s	Archives of Industrial Hygiene and Occupational Medicine.	



	 5.	 From	1925	to	1958	Kehoe	was	the	medical	director	of	the	Ethyl	Corporation,	
the	partnership	between	Standard	and	General	Motors	that	distributed	the	
DuPont-manufactured	antiknock	gasoline	additive	known	as	tetra	ethyl	lead	
(TEL).	In	1966	he	told	Congress	that	he	“had	been	looking	for	30	years	for	evi-
dence	of	bad	effects	from	leaded	gasoline	in	the	general	population	and	had	
found	none.”	Kitman,	“The	Secret	History	of	Lead.”	Kehoe’s	work	would	take	
him	to	Germany	immediately	after	World	War	II,	from	which	he	sent	home	
photographs	of	the	Nazi	death	camps.	See	also	diary,	RAK	Collection.

	The	German	industrial	conglomerate	I.	G.	Farben	had	operated	the	
Auschwitz	camp	with	Hitler’s	SS.	Before	the	war	Farben	had	partnered	in	
Germany	and	the	United	States	with	Standard	Oil.	Shortly	before	European	
hostilities	broke	out,	Ethyl	Corporation	transferred	the	technology	for	mak-
ing	TEL	to	its	German	partner,	greatly	aiding	the	Nazi	war	effort.	Accord-
ing	to	Farben	official	August	von	Knieriem	at	the	Nuremberg	war	crimes	
trial,	“Without	tetraethyl	lead	the	present	method	of	warfare	would	have	
been	impossible.	The	fact	that	since	the	beginning	of	the	war	we	could	pro-
duce	tetraethyl	lead	is	entirely	due	to	the	circumstance	that	shortly	before,	
the	Americans	presented	us	with	the	production	plans,	complete	with	their	
know	how.”	J.	Borkin,	The Crime and Punishment of I. G. Farben	(New	York:	
The	Free	Press,	1978),	p.	78.

	 6.	 On	April	17,	1952,	Kehoe	wrote	to	Seward	Miller—medical	director	of	the	
Division	of	Industrial	Hygiene,	Public	Health	Service—on	behalf	of	nine	
corporations	then	sponsoring	his	fluoride	research,	to	request	that	the	
PHS	perform	some	fluoride	safety	studies	on	animals.	The	industry	groups,	
Kehoe	noted,	“are	concerned	mainly	with	the	results	of	exposure	to	fluo-
rides	in	various	occupations.”	These	industries	included	“The	Pennsylvania	
Salt	Manufacturing	Company,	Aluminum	Company	of	America,	Reynolds	
Metals	Company,	Universal	Oil	Products	Company,	American	Petroleum	
Institute,	Kaiser	Aluminum	and	Chemical	Corporation,	Tennessee	Valley	
Authority,	The	Harshaw	Chemical	Company,	[and]	Minnesota	Mining	and	
Manufacturing	Corporation.”	RAK	Collection.

	 7.	 A	great	number	of	claims	were	settled	out	of	court.	The	following	is	a	par-
tial	listing	of	legal	actions	against	U.S.	corporations	following	the	war,	and	
during	the	early	cold	war,	in	which	fluoride	was	suspected	as	a	poison.	
These	data	are	culled	from	press	accounts	and	this	author’s	research.	See	
also	E.	J.	Largent,	“Fluorosis—The	Health	Aspects	of	Fluorine	Compounds,”	
for	the	difficulty	of	comprehensively	tracking	the	frequency	and	number	
of	fluoride	lawsuits.	Also,	M.	J.	Prival	and	F.	Fisher,	“Fluorides	in	the	Air,”	
Environment,	vol.	15,	no.	3	(April	1973),	pp.	25–32.	“The	number	of	out	of	
court	settlements	of	claims	of	fluoride	damage	to	vegetation	is	impossible	
to	determine,	although	it	certainly	exceeds	the	number	of	court-ordered	
payments.”
	•	 1946.	The	“Peach	Crop	Cases”	by	New	Jersey	farmers	in	Gloucester	

and	Salem	County,	claiming	$430,000	against	DuPont	and	the	U.S.	
	government.



	•	 1946. Suit “exceeding half a million dollars” mounted against the Penn-
sylvania Salt Company, Sun Oil, and the General Chemical Company by 
some 41 farmers near the town of Delran, New Jersey, on the Delaware 
River.	Pennsylvania	Salt	was	being	sued	along	with	Sun	Oil	and	General	
Chemical	for	more	than	a	half-million	dollars	by	as	many	as	forty-one	
different	farmers	in	New	Jersey	and	Pennsylvania.	The	farmers	claimed	
that	they	had	been	poisoned	by	fluoride—their	crops	and	farm	animals	
killed.	Downwind	of	the	Pennsylvania	Salt	Company’s	plant	in	Corn-
wall	Heights,	built	by	the	government	during	the	war,	lay	a	half-mile-
square	zone	just	across	the	Delaware	River,	“where	all	trees	have	been	
killed.”	Another	of	the	company’s	fluoride	plants	in	Easton,	Pennsylva-
nia,	“revealed	an	almost	identical	picture	of	damage.”	John	H.	Claypool	
to	Edward	Largent,	10/19/45;	“Recently	the	first	actions	in	bringing	suit	
have	been	taken	in	behalf	of	26,	out	of	an	original	41,	peach	growers.”	
Also	Largent	to	R.	W.	Champion,	Harshaw	Chemical,	4/25/1946,	File	13,	
Box	32,	RAK	Collection.

	•	 Immediately postwar. A Philadelphia gun club filed suit against the nearby 
Pennsylvania Salt Company.	According	to	Philip	Sadtler:	“The	Plant	had	
damaged	the	Philadelphia	gun	club	which	was	next	door—that	was	a	
relatively	simple	case.	The	gun	club	won	because	of	my	testimony,	and	
all	I	had	done	was	gather	some	of	the	vegetation	and	measured	the	fluo-
rine.”	Taped	author	interview,	March	23,	1993.

	•	 1948. Claims filed by a group of horticulturist farmers against phosphate 
fertilizer manufacturers in Bradenton, Florida, on the Gulf Coast, alleging 
agricultural damage.	“They	won	a	large	settlement,”	according	to	lead	
investigator	Philip	Sadtler.	“The	vegetation	showed	[damage]	around	the	
edges.	One	farmer	named	the	(claprood?)	family	grew	a	large	number	of	
gladioli	which	were	shipped	all	over	the	United	States.	For	at	least	two	
years	they	were	ruined	by	the	phosphate	roasting.	Therefore,	I	was	asked	
to	go	down	to	Bradenton	to	investigate	the	problem.	I	took	samples	and	
came	home	and	analyzed	them.	They	were	no	different	from	[what	Sadtler	
had	found	in	the	fluorine	poisoning	from	industry	in]	New	Jersey.		They	
won	a	large	settlement.	It	took	several	years	but	they	got	repaid	for	what	
they	had	lost.”

	•	 October 1948. Donora, Pennsylvania. Four and half million dollars in legal 
claims against U.S. Steel following some two dozen fatalities and thousand 
of injuries, blamed by one investigator on fluoride.	The	legal	action	did	not	
focus	on	fluoride.

	•	 1949. Lawsuits filed against the Tennessee Valley Authority (TVA) alleging 
fluoride pollution.	For	example,	“In	connection	with	the	plaintiffs	living	
in	the	Columbia	area	who	should	be	examined	for	possible	fluorosis,”	
Edward	Largent	to	Joseph	C.	Swidler,	General	Counsel,	TVA,	Knoxville,	
Tennessee.	Also,	Kettering’s	William	Ashe	performed	a	pilot	study	in	
1950	of	conditions	at	TVA’s	phosphate	fertilizer	plant	at	the	Wilson	Dam.	
While	most	of	the	men	had	worked	in	the	plant	“a	relatively	short	time	



(a	few	months	to	7	years;	av.	2.6	years),”	X-ray	and	urine	analysis	of	the	
men	found	widespread	bone	fluorosis,	urine	values	as	high	as	27.28	mgs	
of	fluoride	per	liter,	and	concluded	“1)	There	was	a	fluoride	problem	in	the	
fertilizer	plants	at	Wilson	Dam	2)	Some	workmen	are	absorbing	abnor-
mal	amounts	of	fluoride	in	quantities	sufficient	to	produce	fluorosis	of	
the	bone.”	Ashe	to	Dr	E.	L.	Bishop,	Director	of	Health	TVA,	File	14,	Box	
15,	RAK	Collection.

	•	 1950 Alcoa was fined for dumping fluorides into the Columbia River. Air-
borne fluorides heavily contaminated the grass and animal forage “which 
resulted in injury and death to cattle” and a claim for $200,000 compensa-
tion, according to newspaper accounts.	“Oregon	Rancher	asks	$200,000	
of	Aluminum	Company,”	Seattle Times,	December	16,	1952.	Cited	in	
G.	L.	Waldbott	et	al.,	Fluoridation: The Great Dilemma,	p.	296.	Alcoa	
had	dumped	between	1,000	and	7,000	pounds	of	fluorides	per	month	
into	the	Columbia	before	1950,	according	to	National Fluoridation News	
(March–April,	1967),	p.	3.

	•	 1950. Mr. and Mrs. Julius Lampert won suit against Reynolds’ Troutdale, 
Oregon, plant for fluoride damage to gladiolus crops.	Cited	in	Waldbott	et	
al.,	Fluoridation,	p.	298,	“Damages	for	Crop	Burns,”	Lewiston (ID) Morn-
ing Tribune,	February	6,	1962.

	•	 Alcoa	had	compensated	141	farmers	and	cattle	raisers	in	Blount	County,	
Tennessee,	prior	to	January	1,	1953,	when	another	suit	charged	that	fluo-
ride	fumes	had	damaged	farmlands	and	injured	cattle.	Cited	in	Waldbott,	
Fluoride,	p.	298,	“Jury	Decides	Alcoa	Liability	Ended	in	1955,”	Knoxville 
(Tenn.) Journal,	July	30,	1955.	Cited	in	Waldbott	et	al.,	Fluoridation,	p.	298,	

“Alcoa	Sued	for	Nearly	$3	Million,”	Knoxville (TN) Journal,	October	29,	
1970.

	•	 Also	in	Tennessee,	by	1953	Monsanto	was	“faced	with	a	number	of	claims	
for	personal	and	property	damage	which	total	a	considerable	amount”	
including	“claims	for	personal	injury	due	to	fluoride-containing	effluents	
released	from	the	stacks	of	the	plant	at	Columbia	owned	by	Monsanto.”	
(“Last	week	when	Mr.	Wheeler	was	in	Cincinnati	he	talked	briefly	with	
Dr.	Heyroth	about	Monsanto’s	fluoride	problems.	As	you	know,	Mon-
santo	is	faced	with	a	number	of	claims	for	personal	and	property	dam-
age	which	total	a	considerable	amount.	These	cases	have	accumulated	
over	quite	a	period	and	have	been	pending	for	three	or	four	years.	It	now	
appears	that	they	may	come	to	trial	this	fall.”	R.	Emmet	Kelly,	M.D.,	
Monsanto’s	medical	director,	to	Robert	Kehoe,	July	7,	1953,	File	26,	Box	
38,	RAK	Collection.	Also:	“Two	couples,	a	man	and	a	wife	in	each	case,	
have	filed	claims	for	personal	injury	due	to	fluoride-containing	effluents	
released	from	the	stacks	of	the	plant	at	Columbia	owned	by	Monsanto	
.	.	.	Symptoms	described	by	the	plaintiffs	in	part	fit	the	description	of	
acute	fluoride	poisoning,	in	part	fit	the	description	of	chronic	fluoride	
poisoning,	and	in	part	they	appear	so	bizarre	as	to	fit	neither.”	Memo-
randum	of	meeting	held	August	19,	1953	between	Edward	Largent,	Dr.	



Francis	Heyroth,	Mr.	John	Jewell.	Monsanto	Chemical	Company,	and	
their	attorney,	Mr.	Lon	McFarland,	August	20,	1953,	File	26,	Box	38,	RAK	
Collection.

	•	 In Utah, by 1957, U.S. Steel had settled 880 damage claims totaling $4,450,234 
with farmers in Utah County. An additional 305 claims for a further 
$25,000,000 were filed against the company.	D.	A.	Greenwood,	“Back-
ground	for	Studies	in	Utah	County.”	Unpublished	paper	given	at	the	
1957	Kettering	Fluoride	Symposium,	File	17,	Box	42,	RAK	Collection.	
Another	figure	states	that	the	legal	claims	against	U.S.	Steel	in	Utah	
were	for	$30	million.	C.	Butler,	Discussion	in:	Proceedings: Nat’l. Conf. 
on Air Pollution, Nov. 18–20, 1958	(Washington,	DC:	Government	Print-
ing	Office),	p.	268.	Also,	Prival	and	Fisher:	“U.S.	Steel	paid	$4	million	to	
cattle	ranchers	around	its	steel	mill	near	Provo,	Utah,	before	spending	
$9	million	on	pollution	control	devices,”	citing	Chemical and Engineer-
ing,	vol.	65,	no.	4,	p.	66,	February	24,	1958,	and	W.	T.	Purvance,	Chem. 
Eng. Prog.,	vol.	55,	no.	7	(July	1959),	p.	49,	.	This	writer	did	not	delve	into	
the	legal	papers	surrounding	these	cases.	However,	a	clue	as	to	their	
ultimate	fate	may	be	found	in	an	essay	by	Keith	E.	Taylor	Esq.,	senior	
partner,	Parsons,	Behle,	and	Latimer,	Salt	Lake	City.	He	writes	in	1982	
of	a	proceeding	“of	nearly	25	years	ago	[in	which]	farmers	and	ranch-
ers,	approximately	300	strong,	sought	damages	in	a	Federal	Court	for	
claimed	injury	to	thousands	of	cattle	and	sheep	and	to	numerous	types	of	
vegetation	from	fluorides	emitted	from	an	industrial	facility.”	According	
to	Taylor,	Utah	State	scientists	examined	a	dairy	cow,	Ms.	Penelope,	“ear	
tag	No.	G-571023,”	that	plaintiffs	claimed	had	been	poisoned	by	fluoride;	
these	scientists	then	“testified	on	behalf	of	the	defendant,	[and]	came	
up	with	opposite	conclusions.	They	found	no	evidence	of	fluorosis.	The	
cause	of	her	poor	health	was	a	wire	that	she	had	ingested,	which	had	
punctured	her	heart.	.	.	.	Except	for	that	research	.	.	.	the	result	would	
probably	have	been	different.	Cows	like	Penelope	would	have	continued	
to	be	diagnosed	as	dying	of	fluorosis.	The	farmers	would	not	have	had	
a	compelling	reason	to	clean	the	nails	and	wire	from	cattle	feed,	and	to	
correct	the	various	other	problems	that	were	contributing	culprits.	In	
the	long	run	even	the	farmers	would	have	been	the	losers.”	K.	E.	Taylor	

“Research	Needs—A	Lawyer’s	View”	in	J.	L.	Shupe,	H.	B.	Peterson,	and	
N.	C.	Leone,	eds.,	Fluorides: Effects on Vegetation, Animals, and Humans	
(Salt	Lake	City,	UT:	Paragon	Press,	1983),	p.	359.

	 8.	 At	a	gathering	of	industry	scientists	and	profluoride	dental	researchers	in	
1983,	Seamans	explained	how	wartime	production	had	propelled	a	wave	of	
fluoride	pollution	lawsuits	against	industry.	“After	the	German	bombing	
of	Coventry	had	knocked	out	the	English	aluminum	production,”	Sea-
mans	began,	“President	Roosevelt	announced	that	America	would	build	
50,000	planes.	This	was	an	unbelievable	number	and	required	a	tremen-
dous	amount	of	aluminum,	far	more	than	existing	capacity	could	produce.	
Accordingly,	through	a	government	agency	known	as	the	Defense	Plant	



Corporation,	aluminum	smelters	were	built	wherever	the	needed	electricity	
could	be	obtained	.	.	.	one	DPC	plant	was	built	in	the	San	Joaquin	Valley	of	
California.	.	.	.	There	were,	of	course,	no	controls	of	any	kind	on	this	plant.	
As	you	can	expect,	there	was	a	great	consternation	in	the	San	Joaquin	Val-
ley.	Vigilante	committees	were	formed,	and	an	injunction	suit	was	filed.	In	
August	1943,	as	a	young	lawyer	for	Alcoa	I	was	sent	out	there	to	find	out	
what	the	problem	was	all	about.	.	.	.	Fortunately,	Dr.	Francis	C.	Frary,	who	
was	then	director	of	research	at	Alcoa,	had	seen	Roholm’s	book	describ-
ing	some	of	the	consequences	of	cryolite	mining	in	Greenland	and	this	led	
him	to	wonder	whether	fluorides	were	the	culprit	.	.	.	we	all	finally	became	
convinced	that	there	had	been	undue	exposure	to	fluorides.	Because	we	
had	the	injunction	suit	and	other	claims	to	handle,	as	soon	as	possible	we	
persuaded	the	Defense	Plant	Corporation	to	close	the	San	Joaquin	Plant.	
Thereafter,	over	a	period	of	years	we	were	able	to	settle	all	the	cases,	and	thus	
the	‘Riverbank,	California’	nightmare	came	to	an	end.	After	this	experience	
however,	knowledge	quickly	spread	and	soon	we	had	claims	and	lawsuits	
around	aluminum	smelters	from	coast	to	coast.	These	required	prodigious	
effort	and	great	expenditures	of	time	and	money	to	settle.	During	the	course	
of	events,	many	significant	and	extended	lawsuits	were	tried.	Some	of	the	
more	crucial	were	the	Fraser	case	involving	the	Vancouver,	Washington,	
plant	and	the	Hitch	case	involving	the	Alcoa,	Tennessee,	Plant.”	Seamans	
continued,	“There	was	very	little	solid	information	on	the	subject	about	
what	harm	fluorides	could	do,	what	harm	they	did	not	do	and	what	the	tol-
erance	levels	were	for	people.”	Accordingly,	“research	was	encouraged	and	
supported	at	the	University	of	Wisconsin,	Utah	State,	Stanford	Research	
Institute,	University	of	Tennessee,	Kettering	Institute,	the	Boyce	Thompson	
Institute	for	Plant	research	and	other	noted	scientific	centers.”	F.	L.	Seamans,	

“Historical,	Economic	and	Legal	aspects	of	Fluoride,”	in	Shupe	et	al.,	eds.,	
Fluorides,	p.	5.

	 9.	 Frank	Seamans	to	attorney	Theodore	C.	Waters,	August	30,	1956.	“You	will	
recall	the	occasion	of	our	meeting	together	in	Washington	with	a	group	of	
lawyers	who	have	clients	interested	in	the	fluoride	problem,	at	which	time	
we	were	discussing	the	U.S.	Public	Health	Service.	The	group,	which	in	the	
past	has	consisted	of	representatives	of	Aluminum	Company	of	Canada,	
Food	Machinery	and	Chemical	Corporation,	U.S.	Steel,	Kaiser	Aluminum	
and	Steel,	Tennessee	Corporation	and	subsidiaries,	Monsanto	Chemical,	
Victor	Chemical,	Reynolds	Metals	Company,	T.V.A.	and	Alcoa	has	had	
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inhalation	studies	in	human	volunteers”	(Largent	cited).	ACGIH	also	cite	E.	
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	The	ramifications	of	the	ACGIH	reliance	on	Largent	and	Ronzani	can	
perhaps	be	seen	in	the	U.S.	standard	for	HF	occupational	exposure	of	2.5	mg	
HF/cu	m,	compared	to	other	countries	(cited	in	NIOSH,	above	document,	
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	 49.	 In	that	second	interview,	Largent	became	aware	that	the	interviewer	Joel	
Griffiths	might	not	view	his	experimental	work	favorably.	The	verbatim	
exchange	continued	as	follows:

	EL:	I	never	did	develop	osteofluorosis.
	JG:	Excuse	me?
	EL:	I	never	developed	personally	any	aspect	of	osteofluorosis—you	just	got	

through	saying	I	developed	osteofluorosis.
	JG:	Because	I	think	that	is	what	you	told	me	the	last	time	we	talked.
	EL:	No—I	would	have	talked	about	skeletal	deposition,	and	that	is	not	osteo-

fluorosis.
	JG:	Well,	skeletal	deposition,	right—that	led	to	some	difficulties	with	your	

knees.
	EL:	Not	in	the	slightest.
	JG:	Well,	this	doesn’t	seem	to	jibe	with	what	you	told	me	the	first	time.
	EL:	That’s	not	true—I	was	developing	more	like	osteoporosis—I	have	arthritic	

difficulties	in	my	extremities	serious	enough	that	the	right	knee	was	



replaced	with	a	prosthesis	but	that	was	more	on	the	side	toward	osteo-
porosis	than	fluorosis—I	didn’t	get	enough	to	do	me	any	good,	I	can	
tell	you	that.	[Osteosclerosis,	thickening	of	the	bone,	is	a	sign	of	a	small	
amount	of	additional	fluoride	exposure;	osteoporosis	is	an	indication	
of	massive	fluoride	exposure,	Roholm	and	others	reported.]

	JG:	Because	you	said	to	me	quite	distinctly	the	first	time	that	it	was	osteo-
fluorosis.

	EL:	No.
	JG:	And	that	fluoride	can	cause	this	condition.
	EL:	No.
	JG:	And	that	as	far	as	you	were	concerned	that	was	what	it	was.
	EL:	No.
	JG:	And	that	you	believed	it	could	have	possibly	come	from	the	drinking	

water	in	the	high	school	you	attended	in	Fort	Ames,	Iowa,	back	in	nine-
teen-whatever-it-was.

	EL:	Yeah.
	JG:	 And	also	that	the	fluoride	that	you	absorbed	in	your	experiments	might	

possibly	have	been	a	contributing	factor.
	EL:	Factor—what	factor?
	JG:	To	the	osteofluorosis.
	EL:	I	didn’t	have	osteofluorosis—at	any	time.
	JG:	 I	see,	because	the	first	time	I’m	certain	that	you	said	you	did.
	EL:	No—I	don’t	think	that	I	did.
	JG:	 In	other	words,	you’re	not	saying	it	now.
	EL:	I	don’t	know	what	I	said	then,	but	if	I	said	it	then	I	was	wrong.	.	.	.	If	

you	say	I	developed	osteofluorosis	I	will	challenge	that	.	.	.	I	didn’t	get	
enough	fluoride	to	do	me	any	good.

	JG:	Well,	let	me	see	if	I	can	find	the	tape	and	see	I’ll	see	if	I	misheard	you.
	EL:	You	may	not	have	misheard	me,	but	you	may	be	able	to	correct	me	if	I	

misspoke.

	 50.	 Fluoride	appears	to	carry	aluminum	over	the	blood-brain	barrier;	the	alu-
minofluoride	complexes	then	damage	the	brain	structure.	See	esp.	J.	A.	
Varner,	K.	F.	Jensen,	W.	Horvath,	and	R.	L.	Isaacson,	“Chronic	Administra-
tion	of	Aluminum-Fluoride	or	Sodium-Fluoride	to	Rats	in	Drinking	Water:	
Alterations	in	Neuronal	and	Cerebrovascular	Integrity,”	Brain Research,	vol.	
784	(1998),	pp.	284–298.	“There	are	striking	parallels	between	al-induced	
alterations	in	cerebrovasculature	[and]	those	associated	with	Alzheimer’s	
disease	and	other	forms	of	dementia.”
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sarcoma	in	young	males	was,	in	fact,	significantly	higher	in	fluoridated	versus	
unfluoridated	communities.	However,	the	researchers	concluded	that	the	



increased	was	unrelated	to	water	fluoridation.	According	to	the	U.S.	Public	
Health	Service,	“Although	the	increase	in	rates	of	osteosarcoma	for	males	
during	this	period	was	greater	in	fluoridated	than	nonfluoridated	areas,	
extensive	analyses	revealed	that	these	patterns	were	unrelated	to	either	
the	introduction	or	duration	of	fluoridation.”	R.	N.	Hoover,	S.	Devesa,	K.	
Cantor,	and	J.	F.	Fraumeni	Jr.,	“Time	Trends	for	Bone	and	Joint	Cancers	
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(SEER)	Program,	National	Cancer	Institute,”	in	Review of Fluoride: Benefits 
and Risks, Report of the Ad Hoc Committee on Fluoride of the Committee to 
Coordinate Environmental Health and Related Programs	(U.S.	Public	Health	
Service,	1991),	pp.	F	1–177.	Despite	those	assurances,	similar	increases	in	
bone	cancer	in	young	men	were	also	found	in	New	Jersey	in	a	1992	study.	
In	that	report,	between	the	years	1970	and	1989	the	rate	of	osteosarcoma	
(among	ten-	to	nineteen-year-old	males)	was	found	to	be	3.5	to	6.3	times	
greater	in	the	fluoridated	areas	versus	the	unfluoridated	ones.	P.	D.	Cohn,	
An Epidemiologic Report on Drinking Water and Fluoridation	(Trenton,	NJ:	
New	Jersey	Department	of	Health,	1992).	The	latter	two	references	are	cited	
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from	GG	Video,	82	Judson	Street,	Canton,	NY	13617.
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be	neglected.”	Also:	“The	useful	range	of	this	curve	for	determining	C-216	
concentrations	was	from	0–0.5	ppm,	C-216.”	Document	#SO9FO1B227,	
ACHRE,	RG	220.
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	 38.	 A Century of Public Health: From Fluoridation to Food Safety	(CDC,	Division	
of	Media	Relations,	April	2,	1999).

Epilogue
	 1.	 PFCs	are	“organic”	chemicals,	which	means	that	they	are	based	on	carbon.	

In	a	PFC	chemical,	the	fluorine	atom	is	joined	to	the	carbon	molecule	with	
a	much	stronger	“covalent”	bond,	rather	than	the	weak	“ionic”	bond	in	
fluorides.

	 2.	 In	September	2000	EPA	officials	met	with	a	lobbying	group	known	as	the	
Fluoropolymer	Manufacturers	Group,	composed	of	DuPont	and	Dow	
Chemical,	plus	the	giant	European	and	Japanese	chemical	manufacturers	
Elf	Atofina	and	Asahi	Glass	Fluoropolymers.	The	industry	representatives	
impressed	upon	the	EPA	the	importance	of	PFOA	chemicals	in	scores	of	vital	
commercial	products,	upon	which	industries	worth	an	estimated	$25	billion	
depended,	from	aerospace	to	automobiles	to	medical	devices,	according	to	
records	of	that	meeting.	Despite	“repeated	attempts,”	industry	declared,	
there	had	been	“no	success”	in	finding	alternatives.

	 3.	 T.	Midgley	Jr.	and	A.	L.	Henne,	Ind. Eng. Chem.	vol.	22	(1930),	p.	542.	On	
December	31,	1928,	General	Motors’	Frigidaire	Division	was	issued	the	first	
patent	for	CFCs:	US#1,886,339.	A	new	company	called	Kinetic	Chemicals,	
owned	by	DuPont	and	General	Motors,	was	incorporated	on	August	1,	1930.	
By	1935,	8	million	new	refrigerators	had	been	sold	in	the	United	States,	filled	
with	DuPont’s	patented	“Freon”	CFC	gas.	Global	CFC	production	continued	
to	soar;	it	increased	from	150,000	tons	in	1960	to	800,000	tons	in	1974.

	 4.	 The	secret	PFC	called	“Joe’s	Stuff”	that	was	delivered	to	Columbia	Univer-
sity	in	December	1940	was	named	after	Professor	Joseph	Simons	from	Penn	
State	University.	Simons	invented	a	process	known	as	“electro-chemical	
fluorination”	which	used	electricity	to	replace	the	hydrogen	with	fluoride	
in	hydrogen-carbon	bonds,	producing	fluorocarbons.	After	the	war	the	
technology	would	be	licensed	to	the	3M	corporation,	who	would	use	it	to	
make,	among	other	things,	the	fabric	protector	Scotchgard.	J.	H.	Simons,	
ed.,	Fluorine Chemistry,	vol.	1	(New	York:	Academic	Press,	1950),	p.	423.	T.	
Abe,	“Electrochemical	fluoridation	as	a	locomotive	for	the	development	of	
fluorine	chemistry	at	NIRIN,	Nagoya,”	and	John	Colin	Tatlow,	“Fluorine	
Chemistry	at	the	University	of	Birmingham:	A	Cradle	of	the	Subject	in	the	
UK”	in	Fascinated by Fluorine	(Amsterdam	and	New	York:	Elsevier,	2000),	
pp.	273	and	476.	H.	Goldwhite,	J. Fluorine Chem.,	vol.	33,	p.	113.	Industrial 
and Engineering Chem.	vol.	39,	no.	3	(March	1947),	p.	292.

	 5.	 Colborn	has	since	learned	that	some	organofluorines	are	“really	nasty”	
endocrine	disrupters,	she	told	me	in	an	e-mail.



	 6.	 “It	would	be	desirable,”	Col.	Stafford	Warren	told	Dr.	John	Foulger	in	a	
letter	dated	August	12,	1944,	“to	have	the	work	on	the	toxicity	of	fluorocar-
bons	being	done	in	your	laboratory	parallel	the	investigations	being	made	
on	similar	compounds	elsewhere.	For	that	reason	it	would	be	appreciated	
if	Dr.	Harold	Hodge	of	the	University	of	Rochester	could	visit	your	labora-
tory	in	the	near	future	and	an	exchange	of	ideas	be	effected.	.	.	.	The	Medical	
Section	has	been	charged	with	the	responsibility	of	obtaining	toxicological	
data	which	will	insure	the	District’s	being	in	a	favorable	position	in	case	
litigation	develops	from	exposure	to	the	materials.”	Warren	to	Dr.	John	
Foulger,	Box	25,	Accession	#72C2386,	Atlanta	FRC,	RG	326.

	 7.	 In	a	document	titled	“Research	Plans	for	the	Division	of	Pharmacology	
1946–47,”	a	subsection,	“Industrial	Hygiene,”	lists	item	“k”	as	“Investiga-
tion	of	the	Nature	of	Fluoride	in	Blood.”	Fluoride	exists	in	blood	in	“an	
organic	and	an	inorganic	state,”	while	“organic	fluorine	compounds	appear	
to	be	more	toxic	than	the	fluoride	ion,”	the	research	summary	noted.	The	
Rochester	team	now	planned	“to	investigate	the	nature	of	the	compounds	
of	fluorine	existing	in	the	blood,	devoting	special	attention	to	the	so-called	
organic	fraction.”	Additional	questions	the	bomb	program	researchers	
wanted	answered	were	as	follows:

•	 An	investigation	of	the	possible	relations	between	fluorides,	iodide	
and	calcium	levels	and	the	thyroid	gland.

•	 The	effect	of	fluorine	upon	enzyme	systems	of	the	blood,	particu-
larly	by	means	of	an	in	vivo	experiment.

•	 The	relation	between	fluorine	and	non-diffusable	(protein	bound)	
blood	calcium.

•	 How	high	can	the	blood	fluoride	level	be	raised	before	ill	effects	
are	raised	in	animals.

The	document	concluded:	“These	experiments	are	intended	to	give	
fundamental	information	regarding	the	mode	of	action	and	metabolism	
of	fluorine	in	the	system.	The	information	would	appear	to	be	of	value	for	
the	following	reasons.	.	.	.	Exposure	to	fluoride	is	of	industrial	significance,	
particularly	since	the	advent	of	atomic	energy	programs,”	and	that,	“the	
determination	of	base	levels	is	of	immediate	practical	value	in	the	impend-
ing	litigation	between	the	DuPont	Co.	and	residents	of	New	Jersey	areas.”	
DOE’s	HREX	search	engine,	found	at	0712317,	document	numbers	1075992,	
1076012,	1076013.	Where	are	the	results	of	these	experiments?

	 7.	 DuPont	bulletin	No.	X-59a.
	 8.	 “Two	types	of	reaction	have	been	noted	in	humans	as	the	result	of	acciden-

tal	inhalation	of	the	products	of	heated	polymer.	1)	a	condition	similar	to	
metal	fever;	and	2)	a	condition	in	which	there	may	be	an	irritation	of	the	
lungs	leading	to	pulmonary	edema.”	DuPont	bulletin	No.	X-59a.	DuPont	
conducted	human	experiments	giving	volunteers	Teflon-laced	cigarettes	to	
investigate	fume	fever.	J.	W.	Clayton,	“Fluorocarbon	Toxicity	and	Biologi-
cal	Action,”	Fluorine Chem. Reviews,	vol.	1,	no.	2	(1967),	pp.	197–252.



	 9.	 Harold	D.	Field	to	the	Kettering	Laboratory,	January	23,	1958.	Albert	Henne	
to	Robert	Kehoe,	October	15,	1958.	“Teflon	Coated	Cooking	Utensils,”	File	
12,	Box	15,	RAK	Collection.	In	the	early	1930s	Henne,	a	Belgian	immigrant,	
had	invented	a	manufacturing	process	for	the	first	CFC	Freon	gas.	He	had	
also	done	fluoride	work	for	the	Manhattan	Project.

	 10.	 Nature,	vol.	217	(March	16,	1968),	pp.	1050–1051.
	 11.	 “Little	has	been	published	about	the	metabolic	handling	and	toxicology	of	

perfluorinated	fatty	acid	derivatives.	Computer	assisted	literature	searches	
using	Medline,	Toxline	and	Chemcon	developed	no	information	on	these	
subjects.”	W.	S.	Guy,	D.	R.	Taves,	and	W.	S.	Brey,	“Organic	Fluorocompounds	
in	Human	Plasma,”	Biochemistry Involving Carbon-Fluorine Bonds	(Ameri-
can	Chemical	Society,	1976),	p.	132.

On	the	subject	of	collaboration,	“3M	got	concerned	apparently,”	Taves	told	
me.	“They	would	come	check	with	me	periodically—they	wouldn’t	tell	me	
what	they	were	doing,”	he	said,	“but	they	wanted	to	know	what	I	knew.”

	 12.	 Taves’s	1976	observation	that	“little	has	been	published”	on	the	toxicity	of	
PFCs	deserves	scrutiny.	During	the	cold	war	Taves	was	a	leading	arbiter	of	
fluoride	safety	for	the	National	Academy	of	Sciences.	(Taves	is	listed	on	p.	
396	of	the	1977	document	“Drinking	Water	and	Health”	by	his	initials	as	
an	author.	This	research	was	conducted	by	the	National	Research	Council	
for	the	National	Academy	of	Sciences	and	the	EPA.)	Donald	Taves	may	also	
have	buried	evidence	of	fluoride’s	harm	to	humans	on	behalf	of	his	Rochester	
colleagues,	such	as	Harold	Hodge,	who	worked	for	the	nuclear	program.

In	1963	another	colleague	of	Dr.	Taves	at	Rochester,	Dr.	Christine	Water-
house,	reported	a	case	in	which	a	patient	at	the	Strong	Memorial	Hospital,	
a	female	nurse,	“convulsed,	aspirated	and	died	suddenly”	following	kidney	
dialysis.	Waterhouse	and	a	team	of	scientists	watched	as	the	forty-one-year-
old	nurse	suffered	a	collapse	of	her	central	nervous	system.	“A	bizarre	neu-
romuscular	irritability	characterized	by	a	twitching	of	the	right	arm	with	
occasional	generalized	convulsive	seizures	developed	five	days	after	the	third	
dialysis,”	Waterhouse	reported.	Kidney	dialysis	can	greatly	concentrate	the	
amount	of	fluoride	in	blood,	scientists	suspected.	But	the	Waterhouse	team	
never	mentioned	fluoride	as	a	possible	cause	of	the	woman’s	symptoms	or	
death.	L.	H.	Kretchmar,	W.	M.	Greene,	C.	W.	Waterhouse,	and	W.	L.	Parry,	

“Repeated	Hemodialysis	in	Chronic	Uremia,”	J. Am. Med. Assoc.,	vol.	184,	
no.	41	(1962),	pp.	1037–1044.

Two	years	later	Dr.	Donald	Taves	reported	the	same	case	in	the	medi-
cal	literature.	He	discussed	the	high	levels	of	fluoride	found	in	the	patient’s	
bones	and	blood.	He	speculated	as	to	a	possible	“beneficial”	effect	from	
the	fluoride.	But Taves failed to report that the patient had died an hour after 
dialysis, that she had died in agony, and that the fatality had been reported 
by his Rochester colleague a year earlier.	(He	claimed	that	he	was	unaware	
of	Dr.	Waterhouse’s	JAMA	paper	in	which	she	reported	the	patient	death.	
However,	in	the	acknowledgments	in	his	own	work	he	thanked	none	other	
than	his	colleague,	Dr.	Christine	Waterhouse.)



“Did	they	tell	you	how	the	patient	had	fared?”	I	asked	Taves.	“No,	I	don’t	
think	I	ever	heard,”	he	said.	“You	were	interested	in	fluoride	and	dialysis	
but	you	didn’t	follow	up	or	ask	what	had	happened	to	the	patient?”	I	asked.	

“Right,”	Taves	replied.	(D.	R.	Taves,	R.	Terry,	F.	A.	Smith,	and	D.	E.	Gardner,	
“Use	of	Fluoridated	Water	in	Long-Term	Hemodialysis,”	Chronic Uremia., J. 
Am. Med. Assoc.,	vol.	184	[1963],	pp.	1030–1031.)	Both	Rochester	papers	were	
funded	by	the	U.S.	Public	Health	Service.	Neither	mentioned	the	secret	AEC	
kidney	studies	on	human	patients	performed	at	Strong	Memorial	Hospital	
nor	the	government’s	interest	in	fluoride.

Did	Taves	censor	his	paper	at	the	behest	of	Drs.	Waterhouse	and	Hodge?	
In	the	1960s	Dr.	Waterhouse	was	at	the	center	of	cold-war	human	experi-
mentation,	monitoring	Harold	Hodge’s	Rochester	patients	who	had	been	
given	plutonium	injections.	(See	Eileen	Welsome,	The Plutonium Files	[New	
York:	Dial	Press,	1999].)	“Waterhouse	was	uncomfortable	with	me	publish-
ing	[the	1965	kidney	paper],”	Taves	told	me.	“She	didn’t	want	me	to	do	any-
thing	that	sounded	antifluoridation.	Just	like	Hodge	didn’t.	They	were	all	
biased	that	way.	Hodge	had	gotten	on	the	bandwagon	of	being	in	favor	of	
fluoridation	so	his	blinders	were	up,”	Taves	added.

Similarly,	the	effects	of	fluoride	on	kidneys	were	another	critical	concern	
of	the	scientists	overseeing	health	conditions	inside	the	nuclear	factories,	
and	Rochester	and	Kettering	researchers	each	performed	multiple	human	
experiments.	Hodge’s	researchers	performed	secret	human	experiments	in	
the	1940s	at	Rochester,	giving	fluoride	to	“patients	having	kidney	diseases”	
to	determine	how	much	fluoride	their	damaged	kidneys	could	excrete,	
according	to	declassified	papers.	Extra	fluoride	was	stored	in	the	bones	of	
those	injured	patients,	the	government	scientists	found.	Quarterly Technical 
Report,	AEC	No.	UR-38,	1948.	Also	cited	in	Kettering	Laboratory	unpub-
lished	report,	“Annual	Report	of	Observations	on	Fluorides—October	25,	
1954.”	Kettering	did	similar	experiments	on	patients	with	damaged	kidneys,	
according	to	the	unpublished	report.

	 13.	 Again,	there	is	not	a	solitary	reference	to	organofluorines	in	the	book.
	 14.	 There	may	also	be	a	link	between	accounts	of	birds	dying,	injured	humans,	

and	carpets	impregnated	with	fluorochemicals,	such	as	Scotchgard.	In	the	
early	1990s	CNN	and	other	media	reported	on	families	who	claimed	that	they	
had	been	poisoned	by	newly	installed	carpets.	One	family	told	the	BBC	(in	an	
interview	conducted	by	the	author)	that	their	caged	birds	had	died	soon	after	
the	new	carpet	arrived.	See	also	U.S.	Court	of	Appeals	for	the	Fourth	Circuit	
No.	94-1882	Sandra	Ruffin;	Catherine	Ruffin,	by	and	through	her	Guardian	
Ad	Litem,	C.	Timothy	Williford,	Plaintiffs-Appellants,	vs.	Shaw Industries, 
Incorporated;	Sherwin-Williams	Company,	Decided:	July	16,	1998.	“With	their	
motion	for	summary	judgment,	defendants	submitted	the	affidavit	of	Larry	
D.	Winter,	an	analytical	chemist	for	Minnesota	Mining	and	Manufacturing	
Company	(3M).	Mr.	Winter	specializes	in	the	analysis	of	fluorochemicals	
such	as	those	used	in	the	manufacturing	of	3M’s	Scotchguard	carpets,	the	
type	involved	in	the	present	case.”	The	case	was	dismissed.



	 15.	 Scientific American,	March	1,	2001,	pp.	16–17.	Also,	when	3M	announced	
that	the	company	was	phasing	out	Scotchgard,	the	EPA	praised	3M’s	open-
ness	in	sharing	data	about	the	toxicity	of	PFCs.	But	Purdy	is	not	so	sure.	As	
soon	as	the	ecotoxicologist	arrived	at	3M	in	1981,	he	says	he	grew	concerned	
about	the	impact	of	PFCs	on	the	environment,	proposing	new	testing.	“I	
could	see	that	this	could	be	a	potential	problematic	class	of	chemicals,	and	
so	did	everybody	else	in	the	ecological	group,”	says	Purdy.	“We	were	very	
suspicious	that	we	were	seeing	the	tip	of	an	iceberg.	There	was	a	proposal	
to	do	a	lot	of	different	testing—and	it	wasn’t	done.”

Former	Michigan	State	scientist	Kurunthachalam	Kannan	is	not	sure	
either	about	the	3M	announcement	in	2000	to	phase	out	PFOS	chemicals.	

“I	work	closely	with	3M	so	I	know	what	is	really	going	on.	But	in	terms	of	
the	words	‘phase	out,’	when	we	try	to	talk	to	them,	their	people	are	not	sure	
what	it	really	means	[laughs].	It	is	only	a	fraction	of	what	they	really	manu-
facture	in	terms	of	organofluorines.”	Author	interview,	2002.

Also	on	3M’s	internal	studies,	see	the	collection	of	documents	in	posses-
sion	of	the	Environmental	Working	Group.	In	1976,	3M	company	medical	
tests	showed	that	some	employees	had	levels	of	fluorocarbons	in	their	blood	
as	high	as	30	parts	per	million.	Although	those	exposure	levels	fell	for	a	while,	
in	1984	blood	contamination	“remained	constant	or	increased,”	according	
to	3M	documents.	That	situation	prompted	concern	about	“employee	health”	
and	“corporate	liability,”	according	to	the	documents	(thirteen	tests	showed	
values	of	over	10	ppm).	Subsequently	3M	workers	showed	abnormal	liver	
function	tests	and	“high	kidney	function	tests,”	while	other	workers	had	
lung	abnormalities,	described	as	“cases	of	pleural	thickening.”	(Internal	
memo	from	3M	doctor	Larry	Zobel	to	D.	W.	Dworak	dated	March	20,	1987,	
entitled	“Medical	Examinations.”)	Also,	in	the	late	1970s,	3M	ran	toxicity	
tests	for	the	fluorocarbon	PFOS	on	rhesus	monkeys.	All	the	animals	died.	
(J.	Morris,	“Did	3M	and	DuPont	Ignore	Evidence	of	Health	Risks?”	Mother 
Jones,	September–October	2001,	online	edition.)

	 16.	 Scientific American,	March	1,	2001,	pp.	16–17.
	 17.	 “3M’s	Big	Clean	Up,”	Business Week,	June	5,	2000	via	online	edition.
	 18.	 “3M’s	Big	Clean	Up,”	Business Week,	June	5,	2000;	Scientific American,	March	

1,	2001,	pp.	16–17.
	 19.	 Kannan	et	al.,	“Perfluorooctane	Sulphonate	in	Fish	Eating	Water	Birds	

Including	Bald	Eagles	and	Albatrosses,”	Environmental Science and Tech-
nology,	vol.	35,	pp.	3065–3070.

	 20.	 Scientific American,	March	1,	2001,	pp.	16–17.
	 21.	 http://www.ewg.org/issues/pfcs/
	 22.	 It	is	not	the	first	time	DuPont	chemicals	have	been	linked	to	eye	defects	

in	children.	In	the	early	1990s	a	DuPont	fungicide	marketed	as	Benlate	
was	discovered	to	contain	a	fluorine	chemical	called	flusalizole,	which	
was	not	licensed	for	use	in	the	United	States.	Benlate	provided	one	of	the	
most	disastrous	and	expensive	episodes	in	U.S.	corporate	history.	Some	of	
the	lawsuits	blamed	Benlate	for	causing	children	to	be	born	without	eyes.	



DuPont	has	since	paid	$1.3	billion	in	costs	and	settlements	with	farmers	
who	used	Benlate	and	whose	crops	were	damaged.	In	July	2003	the	Florida	
Supreme	Court	also	reinstated	a	$4	million	jury	award	to	the	family	of	a	
boy	born	without	eyes,	in	what	the	Associated	Press	described	as	“a	birth	
defect	linked	to	the	agricultural	pesticide	Benlate.”	(Associated	Press,	July	
3,	2002.)	And	although	another	judge	threw	out	a	ruling	that	DuPont	had	
engaged	in	“racketeering,”	by	allegedly	concealing	evidence	in	the	Benlate	
saga,	a	similar	case	in	Atlanta	was	settled	when	DuPont	agreed	to	pay	$2.5	
million	dollars	to	each	of	Georgia’s	four	law	schools.

Judge	Hugh	Lawson	explained	that	settlement	made	a	statement	about	
the	importance	of	legal	ethics,	according	to	the	New York Times,	January	2,	
1999,	section	A,	p.	12.	How	much	was	learned	about	legal	ethics	is	not	clear.	
DuPont	was	also	accused	of	destroying	evidence	in	the	West	Virginia	PFC	
litigation.	“In	April	2003	a	Judge	in	West	Virginia	found	that	in	2002,	DuPont	
had	destroyed	evidence	relevant	to	ongoing	litigation	on	PFOA	brought	by	
3000	citizens	of	West	Virginia	and	Ohio.”	Press	Release,	Environmental	
Working	Group,	June	6,	2003.

The	billion-dollar	DuPont/Benlate	debacle	may	be	an	example	of	one	of	
fluoride’s	best-known	chemical	properties	gone	tragically	awry.	As	early	as	
1949	the	Atomic	Energy	Commission	reported	that	fluoride	had	a	synergistic	
ability	to	boost	the	toxicity	of	beryllium.	When	fluoride	was	added,	twice	as	
many	rats	were	killed,	according	to	experiments	performed	at	the	University	
of	Rochester.	(H.	Stokinger	et	al.,	“The	Enhancing	Effect	of	the	Inhalation	
of	Hydrogen	Fluoride	Vapor	on	Beryllium	Sulfate	Poisoning	in	Animals,”	
UR-68,	University	of	Rochester,	unclassified.)	Similarly,	during	World	War	
II,	Hitler’s	chemists	discovered	that	fluoride	could	dramatically	boost	the	
toxicity	of	nerve	gases.	Sarin—the	same	gas	used	by	Saddam	Hussein	on	
the	Kurds	of	Halabja	and	used	in	the	deadly	subway	attack	in	Tokyo—is	a	
fluorinated	chemical,	named	after	the	German	scientists	who	invented	it.	
(Fascinated by Fluorine,	p.	515).	Today	drug	companies	know	that	adding	
even	a	single	fluorine	atom	to	a	drug	molecule	can	boost	chemical	potency.	
Numerous	modern	drugs	now	contain	small	amounts	of	fluoride,	including	
the	antidepressant	Prozac	and	the	powerful	antianthrax	antibiotic	Cipro.	

“Just	one	fluorine	placed	at	a	strategic	site	in	an	organic	molecule	can	hot	
up	its	activity,”	says	the	English	scientist	Eric	Banks.	“The	opportunities	
for	finding	something	useful	for	society	are	truly	mind	blowing.”	Unfortu-
nately,	adding	fluorine	to	drugs	may	also	make	them	quite	literally	“mind	
blowing.”	Cipro,	for	example	has	numerous	reported	side	effects,	includ-
ing	central-nervous-system	problems	such	as	acute	anxiety.	And	recently	
several	fluorine-containing	drugs	have	been	withdrawn	because	of	their	
side	effects,	including:
	•	 Baycol,	a	cholesterol-lowering	drug	taken	by	700,000	Americans,	and	

linked	to	31	deaths	in	the	United	States,	with	at	least	nine	other	fatalities	
worldwide;



	•	 Cisapride	(“Propulsid”),	withdrawn	in	2000	because	it	caused	severe	
cardiac	side	effects;

	•	 Mibefradil	(“Posicor”),	withdrawn	in	1998	after	it	was	shown	that	in	
patients	with	congestive	heart	failure	the	drug	produced	a	trend	to	higher	
mortality;

	•	 Flosequinan,	withdrawn	in	1993	after	it	was	shown	that	the	beneficial	
effects	on	the	symptoms	of	heart	failure	did	not	last	beyond	the	first	three	
months	of	therapy.	After	the	first	three	months	of	therapy,	patients	on	
the	drug	had	a	higher	rate	of	hospitalization	than	patients	taking	a	pla-
cebo;

	•	 Astemizole	(allergy	drug),	withdrawn	in	1999	because	it	also	became	
associated	with	life-threatening	cardiac	adverse	events;

	•	 The	“weight	loss”	drugs	fenfluramine	and	dexfenfluramine,	withdrawn	in	
1997	because	of	serious	adverse	cardiac	health	effects,	generating	almost	
a	billion	dollars	in	lawsuits;

	•	 Tolrestat	(antidiabetic),	withdrawn	in	1997	after	the	appearance	of	severe	
liver	toxicity	and	deaths;

	•	 Temafloxacin	(“Omniflox”),	withdrawn	in	1992.	The	antibiotic	had	caused	
deaths	and	liver	dysfunction;

	•	 Grepafloxacin,	removed	from	the	market	in	1999	because	of	serious	car-
diac	events.
(List	courtesy	of	Andreas	Schuld	and	Wendy	Small,	Parents	of	Fluoride	

Poisoned	Children	[PFPC],	Vancouver,	BC,	Canada.)
Fluoride’s	potential	role	in	drug	toxicity	has	not	been	well	studied.	An	

expert	on	the	withdrawn	diet	drug	dexfenfluramine,	Dr.	Kenneth	Weir	at	
the	University	of	Minneapolis,	said	that	he	had	no	information	on	whether	
fluoride	played	a	role	in	that	drug’s	toxic	action	on	the	human	heart.	Central-
nervous-system	problems,	such	as	depression,	were	also	reported	among	
the	drug’s	unwanted	effects.	“It	seems	an	intriguing	question,”	notes	Dr.	
Weir,	“if	you	broke	it	down	into	its	constituent	parts,	whether	they	would	
have	a	toxic	effect.”	A	mighty	paradox	exists.	Just	as	fluoride	performs	some	
of	the	heaviest	lifting	in	modern	industry—but	gets	a	glancing	scrutiny	
from	regulators	and	health	officials—it	is	also	routinely	added	to	drugs	to	
boost	their	chemical	effect	but	mostly	overlooked	for	its	potential	role	in	
toxicity.	Dr.	Phyllis	Mullenix	points	her	finger	at	the	not-too-distant	past.	
She	believes	the	sweeping	cold-war-era	assurances	on	fluoride	safety	from	
such	scientists	as	Robert	Kehoe	and	Harold	Hodge	have	left	a	“black	hole”	
in	our	understanding	of	fluoride’s	biological	effects,	and	a	failure	by	regu-
lators	to	consider	the	toxicity	of	fluoride	compounds.	“Any	drug	that	has	
a	fluoride	component	should	be	automatically	red-flagged,”	Mullenix	says.	

“It	simply	is	not	done.”
	 23.	 “PFOS	caused	postnatal	deaths	(and	other	developmental	effects)	in	offspring	

in	a	two-generation	reproductive-effects	rat	study,”	EPA	official	Charles	Auer	
noted	in	a	May	16,	2000,	e-mail,	referring	to	the	PFC	used	in	Scotchgard,	“At	
higher	doses	in	this	study,”	the	summary	continued,	“all	progeny	in	the	first	



generation	died	while	[at	the	lower	level]	many	of	the	progeny	from	the	sec-
ond	generation	died.	It	is	very	unusual	to	see	such	second	generation	effects”	
(emphasis	in	the	original).	The	e-mail	concluded,	“PFOS	accumulates	to	a	
high	degree	in	humans	and	animals.	It	has	an	estimated	half-life	of	4	years	
in	humans.	It	thus	appears	to	combine	Persistence,	Bioaccumulation,	and	
Toxicity	to	an	extraordinary	degree.	.	.	.	EPA’s	preliminary	risk	assessment	
indicated	potentially	unacceptable	margins	of	exposure	(MOE’s)	for	work-
ers	and	possibly	the	general	population.”

DuPont	has	concerns	about	PFC	toxicity,	too.	In	the	1990s,	for	example,	
the	company	worried	about	the	cancer	risk	from	PFCs.	“We	may	have	a	
product	stewardship	issue	if	we	have	a	[Teflon]	finish	that	contains	a	suspect	
carcinogen,”	a	1994	Dupont	document	noted.	“The	worst-case	scenario	is	
that	[PFOA]	could	be	classified	as	a	large	‘C’	carcinogen,”	a	1996	company	
memo	added.	Mother Jones,	September-October	2001,	online	edition.

That	“scenario”	may	be	scientific	reality.	Working	on	a	grant	from	the	
U.S.	Air	Force,	Michigan	State’s	Brad	Upham	collected	evidence	that	the	
PFOS	and	PFOA	fluorocarbons	disrupt	intercell	communication,	allowing	
potentially	tumor-producing	cells	to	multiply.	“We	have	very	good	rea-
sons	to	think	that	they	could	contribute	to	cancer,”	the	scientist	told	me.		
(Author	interview).

	 24.	 Richard	Hefter,	chief,	High	Production	Volume	Chemicals	Branch,	USEPA,	
to	A.	Michael	Kaplan,	director,	Regulatory	Affairs	and	Occupational	Health,	
DuPont	Haskell	Laboratory,	May	22,	2003.	Andrea	V.	Malinowski	to	Richard	
Hefter,	chief,	High	Production	Volume	Chemicals	Branch,	USEPA,	June	20,	
2003.		Ken	Cook,	president,	EWG,	to	EPA	Administrator	Christine	Todd	
Whitman,	April	11,	2003.

	 25.	 DuPont	worries	about	a	public-relations	catastrophe	and	has	shied	from	
media	attention	regarding	its	blood-seeking	fluorochemicals.	When	farm-
ers	Wilbur	and	Sandra	Tennant	of	Parkersburg,	West	Virginia	blamed	PFC	
pollution	from	the	DuPont	factory	for	killing	their	cattle	and	harming	their	
health,	DuPont	asked	U.S.	District	Judge	Joseph	Goodwin	to	prevent	the	
Tennants	from	testifying	at	an	EPA	hearing	in	March	2000,	according	to	
court	documents	cited	by	investigative	reporter	Jim	Morris	at	Mother Jones	
magazine.	(J.	Morris,	“Did	3M	and	DuPont	Ignore	Evidence	of	Health	Risks?”	
Mother Jones,	September-October	2001,	online	edition.)

DuPont’s	attorney,	John	Tinney,	blamed	Hollywood	for	the	company’s	
woes	and	for	the	necessity	of	a	restraining	order	against	the	farmers.	“The	
court	need	look	no	further	than	the	movies	for	practical	application,”	the	
lawyer	told	Judge	Goodwin,	citing	“the	enormous	success	at	the	box	office	
of	Erin Brockovich	and	A Civil Action.”	The	company,	however,	need	not	
have	worried.	Although	no	restraining	order	was	issued,	media	attention	
was	limited,	according	to	Mother Jones.

DuPont	also	claims	that	there	is	no	risk	to	Teflon	workers.	The	company’s	
recent	employee	monitoring	has	found	no	elevation	of	PFOA-class	chemi-
cals	in	employees	directly	involved	in	production,	according	to	comments	



by	spokesperson	Dave	Korzeniowski	in	the	journal	Environmental Science 
and Technology.	DuPont	seems	reassured	by	that	data.	It	was	3M’s	discov-
ery	of	high	PFOS	levels	in	its	employees,	for	example,	that	helped	to	lead	to	
the	promised	phase-out	of	Scotchgard.	“PFOS	appears	to	behave	differently	
from	our	products,”	Korzeniowski	states.	(R.	Renner,	Environmental Science 
and Technology,	vol.	35,	no.	7	[April	1,	2001],	pp.	154A–160A.)

	 26.	 Cited	in	letter	from	Kenneth	Cook,	president	of	Environmental	Working	
Group	to	Mr.		Richard	H.	Hefter,	chief	of	High	Production	Volume	Chemi-
cals	Branch,	United	States	EPA,	August	15,	2003.		At	web	location	www.ewg.
org/issues/pfcs/20030813/.	

The	company	also	told	workers	that	“a	female	who	has	an	organic	fluorine	
level	above	background	level	should	consult	with	her	personal	physician	
prior	to	contemplating	pregnancy.”	Washington	Works	Proposed	Commu-
nication	to	Females	Who	Had	Worked	in	Fluoropolymers	Area,	embedded	
as	link	in	above	letter.	Cook	to	EPA,	August	15,	2003.

	 27.	 Q.	Xiang	et	al.,	“Effect	of	Fluoride	in	Drinking	Water	on	Children’s	Intel-
ligence,”	Fluoride,	May	2003,	J.	A.	Varner,	K.	F.	Jensen,	W.	Horvath,	and	R.	
L.	Isaacson,	“Chronic	Administration	of	Aluminum-Fluoride	or	Sodium-
Fluoride	to	Rats	in	Drinking	Water:	Alterations	in	Neuronal	and	Cerebro-
vascular	Integrity,”	Brain Research,	vol.	784	(1998),	pp.	284–298.

	 28.	 Sunday Telegraph,	November	24,	1996.
	 29.	 L.	Trupin	et	al.,	“The	Occupational	Burden	of	Chronic	Obstructive	Pul-

monary	Disease,”	European Respiratory Journal,	vol.	22,	no.	3	(September	1,	
2003),	pp.	462–469.

	 30.	 March	18,	2002,	comments	submitted	to	the	EPA,	on	DowAgroSciences	peti-
tion	to	establish	fluoride	and	sulfuryl	fluoride	tolerances	for	a	large	number	
(40)	of	raw	and	processed	foods.	Federal Register,	February	15,	2002,	U.S.	EPA	
Docket	control	number	PF-1068,	submitted	by	Paul	Connett,	professor	of	
Chemistry,	St.	Lawrence	U.,	Canton,	NY,	and	Ellen	Connett,	editor,	Waste 
Not,	Canton,	NY.




