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CITY COUNCIL MEETING:_______________

AGENDA ITEM NUMBER:____________

TO: MAYOR CHRISTOPHER AND CITY COUNCIL MEMBERS

THROUGH: CHRIS EPPLEY
CITY MANAGER

FROM: ROB KISSLER
DIRECTOR OF PUBLIC WORKS

SUBJECT: WATER FUND FLUORIDE EXPENDITURES

DATE: SEPTEMBER 30, 2010

BACKGROUND:

The City Councilhasrequesteda work sessionto discusswaterfund fluoridation expenditures.
Thewaterfund isa dedicatedfund generatingall revenuefrom watersales,meterinstallation fees,

systemdevelopmentfeesand customerserviceadministrationfees. Systemdevelopmentfeescan
only beusedfor watersystemcapital improvements.

Operationsandmaintenanceexpendituresto deliverfluoridatedwaterincludeslabor,testing,
chemicals,compliancereporting,weekendmonitoring includingpersonnelcostsandtesting

supplies.Annual 2010 estimatedcostfor fluoride systemoperationsis $48,067.00.

The City’s Water Systemcurrentlyhasninepumpstationsfluoridatedwith plansto expandthe
systemcapabilityby threeadditional stationsnearthe closeof fiscal year 2013.Thefinal three

pumpstationsareplannedfor fiscal years2014and2015. Currentcapitalcostsfor installation of
the fluoride systemsis $9,603perpumpstationor $57,618total usingcurrent2010 cost estimates.

Installationofthe six additionalfluoride systemswill increaseoperationandmaintenancecostsby
an estimated$30,505annually.

RECOMMENDATION:

City Councildiscussthe fluoridation operationalandcapital improvementcostsproviding

guidanceto staffon a preferredpolicy direction.Pleasecontactme if youhave questionsor need
clarification onthe fluoridation process.



August 9th work session for consideration of the cost/benefitanalysis.

-Rich
Original Message

To: rich(~walshlawfirm.net
Sent: Wednesday, June 16, 2010 6:02 AM
Subject: RE: City Water Floridation

The following study may be of interest to your fellow council members. Granted, it is one
study, but I can find many more like it where the findings are contrary to the expectations
of public health officials. In this study, they were looking at fluoride uptake in children who
drank bottled water and secondarily noted no increase in dental caries (cavities) by age
nine.

J Public Health Dent. 2007 Summer;67(3):151-8.

An investigation of bottled water
use and caries in the mixed
dentition.
Broffitt B, Levy SM, Warren ii, Cavanauph JE.
Department of Preventive and Community Dentistry, College of Dentistry, University of
Iowa, Iowa City 52242, USA. barbara-broffitt©uiowa.edu

Abstract

OBJECTIVES: Bottled water consumption in the United States has greatly increased in the
past decade. Because the majority of commercial bottled water is low in fluoride, there is
the potential for an increase in dental caries. In these secondary data analyses, associations
between bottled water use and dental caries were explored. METHODS: Subjects (n = 413)
are in the Iowa Fluoride Study, which included dental examinations of the primary
(approximately aged 5) and early erupting permanent (approximately aged 9) dentitions by
trained dentist examiners. Permanent tooth caries and primary second molar increments
were related to bottled water use using logistic and negative binomial regression models. All
models were adjusted for age and the frequency of toothbrushing. RESULTS: Bottled water
use in this cohort was fairly limited (approximately 10 percent). While bottled water users
had significantly lower fluoride intakes, especially fluoride from water, there were no
significant differences found in either permanent tooth caries (P = 0.20 and 0.91 for
prevalence and D(2+)FS, respectively) or primary second molar caries (P = 0.94 and 0.74
for incidence and d(2+)fs increment, respectively). Results for smooth surfaces differed
somewhat from those for pit and fissure surfaces, but neither showed significant differences
related to bottled water use. CONCLUSION: While bottled water users had
significantly lower fluoride intakes, this study found no conclusive evidence of an
association with increased caries. Further study is warranted, preferably using
studies designed specifically to address this research question.
PMID: 17899900 [PubMed - indexed for MEDLINE]



httD : //www. nidcr. nih.pov/Research/ResearchResults/ScienceBriefs/Archive/S1B2007/Octobe
r/S1B10232007. htm



My Views on the Fluoridation of Water

RobertL. Isaacson
DistinguishedProfessorofPsychology

BinghamtonUniversity

A noteonterminology: Fluorine is an elementin the halogengroupasare chlorineand iodine, Of all the
knownelements,fluorine is themost chemicallyreactive,mostpowerfuloxidizing, andmost
electronegativeelement, It is astrongeroxidizingelementthanozone, It reactswith manycompoundsat
room temperature.It is neverfoundin its pureform in nature.
Fluoride: Any combinationof fluorine with anotherelementorchemicalgroupofelements, Thus,the
additionof fluoridesto the drinking water canindicatetheadditionofalargenumberof chemicalagents.
The mostcommonlyusedfluoridesfor this purposeare sodiumfluoride,NaF, andcompoundsthatcontain
bothfluorine andsilicon, Such agentsare collectively called“Fluorosilicates.” Theyincludefluorosilicic
acid, fluorosilicate,hydrofluosilicicacid,andhexafluorosilicicacid,

In 2003whenI acceptedan invitationto join theNationalResearch

Council’s Committeeformedto evaluatetheEPA standardsfor theamount

of fluoridethatshouldbeallowedin ourdrinking water,I hadno fixed

opinionon whetheror notfluoride shouldbe addedto drinking water.

ProbablyI wasaskedto serveonthecommitteebecauseI hadorganizeda

seriesof experimentspublishedbetween1993 and1998usingratsto study

theeffectsof chronicadministrationof aluminumfluoride in theirdrinking

water. My primary interestwasin theeffectsof aluminumon thebrainand

behavior. Aluminum fluoridewasusedbecausefluoride facilitatesthe

passageof aluminuminto thebrain. At thetime, aluminumwasconsidered

by anumberof scientiststo beanimportantfactorin Alzheimer’sdisease.

Scientistsarestill activelyinvestigatingthis possibility. Ourstudieshadto

includetheinvestigationof theeffectsof thefluoride sincethealuminum

andthefluoridereadily becomeassociatedafteringestion. In essencewe

wantedto knowtheeffectsof thealuminum,fluoride,andthealuminum-

fluoride complex. 1



In mymorethanthreeyearsworkingontheNationalResearch

CouncilCommitteeI learnedaboutthemanyinfluencesfluoridehason the

nervoussystemandthebrain. I alsolearnedaboutthevariety of waysin

whichpeoplebecomeexposedto it andthework thathadbeendonein

trying to determineif fluorideswereahazardto humanhealthandwell

being. Theresultsandrecommendationsof this Committeewerepublished

late in 2006.2 Slowly, I cameto theconclusionthattherewerestrong

experimentalandclinical indicationsthatfluoridespresenthealthhazardsto

peoplein manyways. ThemoreI learned,themoreI becameconvinced

thattheadditionof fluoridesto drinking waterwas, andis, amistake.

Accordingly, I decidedto sharesomeof my conclusionswith anywho might

wish to knowthem.

Fluorine-containingcompoundscanaffecteveryliving animaland

person. Exposureto fluoridescancomefrom theair, thewater, andthe

foodswe eat. Fluoridecompoundswerelong usedas insecticides.They

wereespeciallyeffective for antsandroaches.Their containerswerealways

boldly markedasapoisonandtherewerewarningson thelabelto keep

themwell awayfromchildren. This is mentionedonly to notethatfor many

yearsfluorideshavebeenconsideredto bemajorhealthhazards.

In regardto healththetotal accumulationof fluorinein thebody is

important. Only abouthalf of theamountof fluoridestakenin by apersonis

excreted.Thereststaysin thebody. Toxic effectsaredeterminedby the

amountof fluoride storedin thebody,currentexposurelevel,andageat the

time of exposure.In additioneachpersonhashis or herowntolerancelevel

for fluorides. Oncethis level is exceededhowever,dysfunctionsof body

and/orbrainwill occur. How thesedysfunctionswill be expresseddepends

on thegeneticmakeupandpastexperiencesof theperson. Anotherfactor
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thathelpsdetermineaperson’ssensitivity to fluoride is their age. Both the

veryyoungandtheveryold aremostlikely to beadverselyaffectedafter

exposureto fluorides.

As noted,differentpeopleexhibit awide rangeof toxic reactionsto

fluorides. Somepeopleaffectedby fluoridescomplainof generalweakness

andchronicfatigue,otherscomplainof cramp-likepainsin theabdomen,or

nausea.Still othersexpresstoxin-inducedeffectsby diminishedvision,

headaches,migraineattacks,or painsin musclesandjoints. Thesefluoride

effectshavebeendescribedin booksby Leo Spira(1950, 1959)~andGeorge

Waldbottandhis associates(1978).~It is difficult to determinewhetheror

not agivensetof symptomsis aconsequenceof fluoride intake. It is first

necessaryto ruleoutthepresenceof otherdiseasesthatcouldproducethe

observedsymptoms.A correctdiagnosisis bestshownby repeated

observationsof anindividual whendrinkingpurewateror water

contaminatedwith afluoride. Theseexposuresmustlast for periodsof a

weekor twounderconditionsin whichthepatientdoesn’tknowwhichtype

of wateris beingconsumed.If thesymptomsdisappearwhenthepersonis

drinking purewaterandreturnwith theresumptionof drinkingthefluoride-

treatedwater,this is evidencethattheproblemsarisefromthe fluoride. Leo

SpiraandGeorgeWaldbottandhis associatesusedthis typeof experimental

approachin theirresearch.

Sincepeoplevary so muchin their sensitivitiesto fluoridesandalsoin

thenatureof theirsymptomscausedby this toxin, determinationof a

uniform “safe” level of exposurefor everyoneis impossible. In away,

fluoridesarelike ozone:thereis no really “safe” levelthatwould protect

everyone. TheCongressionalSafeDrinking WaterAct instructedthatthe

level of fluoride in drinking watershouldbe setso asto besafefor everyone
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regardlessof ageor overallhealth.

Increasingtheproblemsthatcanbeinducedby fluorinein its different

formsis its ability to enhancetheeffectsof othertoxins to whichwe are

exposed.For example,fluoridesin thedrinking wateracceleratethe

absorptionof lead, aluminum,andsilicon into thebody andbrain.

Thetoxic effectsof leadhavebeenknownfor hundredsof years. In

recentyearsthefocus of attentionhasbeenonthelearningdeficitslead

producesin children. Themechanismsproposedfor theinductionof this

effectarenotknownentirelybutthereis evidencethatmanyof themost

importantneurotransmittersofthebrainarebeingaffected. Theseinclude

alterationsin dopaminergic,cholinergic,andglutaminergicsystemsaswell

as in the “supportive”glia cells of thebrain. Thereis also evidencethat

leadtoxicity maygo beyondimpairmentsof intelligence. Indeed,lead

toxicity mayproducebehavioralchangesthatincludelossof impulsecontrol

andarelatedincreasein the frequencyof violentacts.5

Thehealthhazardsassociatedwith enhancedincorporationof leadare

not inducedby all fluoridesbutprimarily, andmaybeonly, by theaddition

of asilicofluorideto ourdrinking water. Thefluoride mostoftenaddedto

ourdrinkingwateris hexafluorosilicicacid. This fluorosilicatedissociates

whenit entersthebody. Onecomponentcontainssiliconandanother

fluorides. As a consequencewhensilicofluoridesareaddedto ourdrinking

watertherearereally two toxic hazards:onecomingfromthefluoride and

anotherfrom thesilicon. Silicon canproduceits owntoxic effectsincluding

theformationof solids(silica andsilicates)thatcanlodgeanywherein the

body. In additionthesiliconportion also cangeneratedestmctivehydroxyl

ions in manyorgansincluding thebrain. Thebraindamagecausedby the

productionof thesefreeradicalshasbeenrelatedto anti-socialbehavioral
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actionsandviolence.6 Recentlydatafrom 327townsandcities, some

havingfluoridatedwaterandothersnot,havebeencomparedin termsof

crime rates. All the communitieswith fluoridatedwaterhadsubstantially

higherratesthandidthosewith non-fluoridatedwater. This indicatesthat

fluoridescanact to enhancethe damagebeingdoneby othertoxins.

Theimpairmentof intelligencefrom leadtoxicity is nowwell

established.It is possiblethatfluoridescanproducenegativeeffectson

measuredintelligencealso. Thecountrydevotingthegreatestattentionto

this possibilityis China.

As of Febmary2007,severalgroupsof Chineseinvestigatorshad

publishedover20 scientificpapersonthis topic. Scientistsfrom many

different areasof Chinaparticipatedin theseinvestigations.Thechildren

studiedin thesereportsrangedin agefrom 4 to 14. All weretestedby the

sameorvery similar standardizedI.Q. tests. Overalltheresultscamefrom

childrentestedat differentplaces,atdifferentages,andtestedby different

investigators.All theresultsfrom Chinahavefoundthatcommunitieswith

high levelsof fluoridein theirdrinking waterhavefewerchildrenscoringat

the“bright” endof theintelligencespectmmthancommunitieswith low or

no levelof fluoride. SinceChinadoesnotfluoridatetheirdrinking water,

theChinesestudiescomparetheI.Q. scoresof childrenfrom townsand

schoolareasthatdiffer in theamountof fluoridenaturallypresentin their

watersupplies. While notall of Chinesestudieswereperfectlydesigned,the

largenumberof studiesshowingthesamepatternof resultscalls for our

attention. Anegativeeffectof fluoride on intelligenceseemsto bea

possibility.

Otherstudiesin Chinahaveindicatedthatfluoride exposurein the

drinking waterof mothersduringthe
6

thto
8

th monthsof pregnancycan
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produceanatomicalchangesin thefetalbrains.Therearealsoreportsof

impairedresponsivenessto visualandauditorystimuli in babiesin thefirst

threedaysafterbirth inducedby theintakeof fluoridatedwaterby young

mothersduringgestation.7

Theingestionof fluoridetendsto increasetheuptakeof aluminumby

thebrain. In thestudiesdonein my laboratorytheincreasein aluminumin

thebrainsof ratswasnotafunctionof the amountof aluminumfluoride

giventheanimalsin their drinkingwater. Thesmallestdoseof aluminum

fluoride producedaboutthesameamountof aluminumin thebrainasadose

10 or evena100 timeslarger. A small amountof fluoride seemscapableof

openingaluminumpathwaysto amaximaldegree. It is of greatinterestthat

therelativerisk of havingAlzheimer’s diseaseis increasedwhenindividuals

hadhighamountsof aluminumin thebraincoupledwith low amountsof

fluoride.8 Anotherobservationof interestis thataluminumby itself maynot

exerttoxic affectson thenervoussystem. It mayonly becomeatoxinafter

joinedtogetherwith afluoride to becomeanaluminumfluoride.9

Thechronicadministrationof fluoridesin ratsproduceschangesin

themicroscopicstructureof thebrain. Thereweresignificantlossesof cells

in areasofthe hippocampusandtheneocortex.Many apparentlydeador

dying cellswerefoundin areasanalogousto locationsin whichsimilar

dying cellsarefoundin thebrainsof Alzheimer’s patients.

A commonand,perhapsuniversal,characteristicof dementiais a

reductionof aerobicmetabolismin thebrain. Thebloodsupplyreachingthe

brain is theprimarysupplierof oxygenandnutrients.Reductionsin this

sole sourceof brainenergycanbe dueto anumberof physicalor chemical

changes.Whenthebrainsof animalschronicallyexposedto aluminum

fluoride wereexaminedhistologically, depositsof aluminum-basedcrystals
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werefoundalongthewallsof both largeandsmallbloodvesselsin the

brain. Similar depositswerealsofoundin thecenterof manyvessels

suspendedby collagenfibers. Thesedepositsdecreasedthenormaltransfer

of oxygenfrom theredbloodcells to thebrainsincetheymusthavecreated

turbulencein its bloodflow. It is of historicalinterestthatAlois Alzheimer,

themanfor whomatypeof dementiawasnamed,notedthatmostpatients

with this disordersufferedfrom atherosclerosisin additionto otherbrain

anomalies.This conditionis onein whichtherearedepositsformedonthe

sidesandin thecenterof arteriesin thebrain. Thedepositsdisrupt theflow

of bloodto thebrainoftencauseseverebraindamage.

Brainfunctionsareentirelydependenton theavailability of oxygen.

Thebrain itself consumes20%of all theoxygenusedby theentirebody.

Thebrainareamostaffectedby thereductionin oxygenavailability is the

forebrain. Thelower centersof thebrain,namelythemidbrainand

hindbrain,aremoreresistantto oxygendeprivation. This is why thehigher

functionsof thebrainarethefirst to beaffected,aswell asthemostaffected,

by oxygendeprivation. Basicmotorandvisceralfunctionsareoftenspared

evenin patientswith profoundinterruptionsof normalbloodsuppliesto the

brain.

Oneof thebest-knownchemicalalterationsproducedby fluoridesis a

reductionin cholinesterases,includingacetylcholinesterase.Fluoridesalso

directly affectthe actionsof manyof otherimportantneurotransmittersin

thebrain. Fluoridesseemto haveaspecialattractionto acetylcholine.

Nervecells thatsynthesizethis transmitterhavenumerousprojectionsto

manyforebrainareas,includingtheneocortexanddeeperareasofthebrain

thatprovideinformationto theneocortex.

Notonly do fluorideschangetheamountof theacetylcholinein the
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brain,theyselectivelyblockcertainreceptorsthatrespondto this

transmitter.Fluoridereducesthenumberof onetypeof “nicotinic

receptors”for acetylcholine. Someothernicotinic subtypesarenot

affected.1°Addedto all of theotheralterationsin structureandfunctionof

thebraincausedby fluorides,theopportunityfor mentalandbehavioral

changesarealmostlimitless.

While thecholinergicsystemof thebrainhasbeenmoststudiedin

regardto theeffectsof fluoride, it is nottheonly neuraltransmitteraffected.

It is likely thatall neuraltransmittersystemsareaffectedby fluorideintake,

directly or indirectly. Otheranomaliesrelatedto fluoride intakearefoundin

manyotherchemicalsystemsof thebrain.

During theperiodfrom 1956 to 1963,theendocrinologist,lonel

Rapaport,presentedevidenceof a link betweenfluorideexposureandthe

numbersof babiesbornwith Down’s syndrome,(Trisomy21). Fora

numberof yearstheonly follow up to his workwasin theform of

epidemiologicalcomparisonsbetweenthenumberof birthsof suchchildren

both to mothersliving in fluoridateddrinking watervs. thenumberof such

bornto mothersbirthsin or non-fluoridateddrinking waterareas.The

demographicsof thetwo or moreareasbeingcomparedwerenotfully taken

into accountin mostofthe studies.Maternalageswerealsonottakeninto

consideration.Overall, the“follow up” studiesto Rapaport’sreportwere

not decisivebutnoneof themfailed to ruleouthis originalfindings.

Furthermore,adeterminationof fluoride effectsusingstandard

epidemiologicalprocedurescannotprovideconvincinginformation. This is

becauseit is impossibleto find populationsvirtually thesamein all regards

exceptfor theamountof fluoridein their drinking water. Anotherproblem

arisesfrom thedifficulty in accuratelydeterminingthenumberof Down’s
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syndromechildrenborn. Someinvestigatorsusethenumberofbirth

certificatesonwhichtheattendingphysiciannotesthatthebabyhadDown’s

syndrome.Otherinvestigatorsuseonly closedhospitalrecordsmade

sometimelater. Still otherinvestigatorsuseboth. Neithermethodis perfect.

Theuseof entrieson hospitalrecordswould seemto bethemostaccurate

methodsincephysiciansseldomenterthenatureof possibledeformitieslike

Down’s syndromeonbirth certificatesafterdelivery. Indeedbecauseof the

possibilityof making amistakefrom delivery,thediagnosisis not often

madeuntil adeterminationcanbemadeby laboratoryresults.

Probablythebestcollectionof relevantdatacomesfrom astudy of

birthsof childrenbornin twoareasof Atlanta,Georgia,asreportedby

Ericksonetal. in 1976. Two differentestimatesof thenumberof Down’s

childrenandnormal childrenwerepresented.Oneestimateof Down’s

syndromebirthswasmadeby theexaminationof copiesofbirth certificates

andtheotherwasbasedonhospitalrecords.A re-examinationof

Erickson’sdataby Burgstahler11showedanoverall enhancementof Down’s

syndromebirthsto mothersfrom thefluoridatedarea. Later,in 1998

Takahashidid afinegrainanalysisof datafrom anumberof sourcesthat

includedthecorrectednumbersfromthe 1966Ericksonreport.12

In theTakahashireportaclear-cutrelationshipbetweenfluoride exposure

andthenumberof affectedchildrenwasfoundin mothers30 yearsof age

andyounger.Recently,JuanC. Molino13 andI usingonly datafrom hospital

recordsfoundthesameage-fluoride-Down’ssyndromebirth effect.

In his reportTakahashiextendedthe analysisof his datathroughthe

useof aregressionanalysis. He wantedto determineif therecouldbeany

dosethatwould not increasethelikelihood of havingaDown’s syndrome

child. Accordingto his calculationstherewasno suchdose. All dosesof
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fluoride causedsomeenhancementof thelikelihood of awomanhaving

suchachild. Thereareotherdatasupportingtheideathatfluoridescan

inducegeneticalterations.Evidenceindicatingbiochemicalinteractionsof

fluoride with thegeneticmechanismsof cell divisionarepresentedin the

NRC reportonFluoridein theDrinking Water. (SeeEndnote2)

Whenthepossiblebenefitsandpossibledangersof fluorideare

consideredtherereally is no comparison.Considerthefollowing: Thereis

no knownbenefitof addinganyform of fluoride to ourdrinking water. Who

would wantto increasechancesof havingalessthanperfectchild? Who

would wishto takea chanceon apossiblereductionof theirownmental

capacity?Who would wantto havetheirpersonalityalteredby fluoride

inducedalterationsin their brainchemistry?Who wouldwantto increase

their oddsof developingAlzheimer’sdisease?Eliminating theadditionof

fluoride to ourdrinking waterwould removethesepossibilities. Thecostof

doing this is zero. In fact it would enrichthecommunitiesnow adding

fluoridesto their drinkingwater.
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Disclaimer: Thematerialin this documentrepresentsmy opinions,

unlessotherwisenoted. Thecontentmaybe copiedin partor in full

without permissionwhenusedin anot for profit format.Whenusedfor

otherpurposes,thepermissionof theauthoris required. Thedocumentis



notintendedto providemedicaladvicebutratherfor the sharingof

knowledgeandopinions of theauthor. Decisionsabouthealthadvice

shouldbebasedon apersonalone-on-onebasiswith anappropriate

physician.

RobertL. Isaacson
Departmentof Psychologyand
Centerfor DevelopmentalandBehavioralNeuroscience
BinghamtonUniversity

Binghamton,NY
13902-6000

Phone: 6077776764
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FOREWORD

TheSuperfundAmendmentsandReauthorizationAct (SARA) of 1986 (PublicLaw 99-499)extendedand
amendedthe ComprehensiveEnvironmentalResponse,Compensation,andLiability Act of 1980 (CERCLA or
Superfund). Thispublic law directed theAgency for Toxic SubstancesandDiseaseRegistiy (ATSDR) to
preparetoxicological pmfiles for hazardoussubstanceswhich aremostcommonly found at facilities on the
CERCLANationalPrioritiesList andwhichpose themost significant potentialthreat to humanhealth,as
detenninedby ATSDR andthe EnvironmentalProtectionAgency (EPA). The lists of the 250most significant
hazardoussubstanceswere publishedin the FederalRegisteron April 17, 1987,on October20, 1988,on
October26, 1989,on October 17, 1990,andon October 17, 1991. A revisedlist of 275 substanceswas
publishedon October28, 1992.

Section 104(i)(3)of CERCLA, as amended,directsthe Administratorof ATSDR to preparea
toxicological profile for eachsubstanceon the lists. Eachprofile mustinclude the following:

(A) Theexamination,summary,andinterpretationof availabletoxicological informationand
epidemiologicalevaluationson a hazardoussubstancein orderto ascertainthe levelsof significant
humanexposurefor thesubstanceandthe associatedacute,subacute,andchronichealtheffects.

(B) A determinationof whetheradequateinformationon the healtheffectsof eachsubstanceis available
or in the processof developmentto determinelevelsof exposurewhich presentasignificant risk to
humanhealthof acute,subacute,andchronichealtheffects.

(C) Whereappropriate,identificationof toxicological testingneededto identify the typesor levelsof
exposurethatmay presentsignificant risk of adversehealtheffectsin humans.

This toxicological profile is preparedin accordancewith guidelinesdevelopedby ATSDR and EPA. The
original guidelineswere publishedin theFederalRegisteron April 17, 1987. Eachprofile will be revisedand
republishedas necessary.

The ATSDR toxicological profile is intendedto characterizesuccinctlythe toxicologicalandadverse
healtheffectsinformationfor the hazardoussubstancebeingdescribed.Eachprofile identifiesandreviewsthe
key literature(that hasbeenpeer-reviewed)that describesa hazardoussubstance’stoxicological properties.
Otherpertinent literatureis alsopresentedbut describedin lessdetail than thekey studies. The profile is not
intendedto be an exhaustivedocument;however,morecomprehensivesoureesof specialty informationare
referenced.

Each toxicological profile beginswith apublichealthstatement,which describesin nontechnicallanguage
a substance’srelevanttoxicological properties. Following the public healthstatementis infonnationconcerning
levelsof significant humanexposureand,whereknown, significant healtheffects. Theadequacyof information
to determineasubstance’shealtheffects is describedin a healtheffectssummary. Dataneedsthat areof
significanceto protectionof public healthwill be identified by ATSDR andEPA. The focusof thepmfiles is on
healthandtoxicological information;therefore,we haveincludedthis informationin the beginning of the
document.
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Fore word

The principal audiencesfor the toxicological profilesarehealthprofessionalsatthe federal.suite.and
local levels, interestedprivate sectororganizationsand groups,and membersof the public.

This profile reflectsour assessmentof all relevanttoxicological testing andinformation that hasbeenpeer
reviewed. It has beenreviewed by scientistsfrom ATSDR. the Centersfor DiseaseControl and Prevention
(CDC).andother federalagencies. It hasalsobeenreviewedby a panelof nongovernmentpeerreviewersand
is beingmadeavailablefor public review. Final responsibilityfor the contentsandviews expressedin this
toxicological profile resideswith ATSDR.

Wjlliani L. Roper.M.D.. . .

Administrator
Agency for Toxic Substancesand

DiseaseRegistry
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TABLE 2-1. LeveLs of Sigmficant Exposure to FLuorine - InhaLation

Exposure LOAEL (effect)
Key to duration/ NOAEL Less serio~s Serious
figurea Species frequency System (mg F

2
/m

3
)b (mg F

2
/m

3
) (mg F

2
/m

3
)b Reference

ACUTE EXPOSURE

Death

1 Rat I d 1088 (5-minute LC5O) Kept inger and
5-60 606 (15-minute LC50) Suissa 1968
min/d 420 (30-minute LC5O)

287 (60-minute 1C50)

2 Rabbit 1 d 1275 (5-minute LC5O) Keptinger and
5-30 420 (30-minute 1C50) Suissa 1968
min/d

3 Gn Pig 1 d 614 (15-minute LC50) Keplinger and
15-60 264 (60-minute LC5O) Suissa 1968
min/d

~ U,
4 Mouse 1 d 932 (5-minute LC5O) Keptinger and

5-60 583 (15-minute 1C50) Suissa 1968
min/d 350 (30-minute 1C50) I~Tj

233 (60-minute LC5O)
‘-3

Systemic

5 Rat 1 d Resp 132 263 (dyspnea; mild Keplinger and
5min/d congestion) Suissa 1968

6 Rat 1 d Resp 75 147 (very miLd Keptinger and
l5min/d congestion) Suissa 1968

7 Rat 1 d Resp 53 105 (very mild Keptinger and
30minfd congestion) Suissa 1968

8 Rat 1 d Derm/Oc 71 144 (irritation of eye Keptinger and
60minfd and nose) Suissa 1968

9 Rat 1 d Resp 42 71 (very mild Keptinger and
6Omin/d congestion) Suissa 1968



TABLE 2-1 (Continued)

Exposure LOAEL (effect)
Key to duration/ NOAEL less serious Serious
figurea Species frequency System (mg F

2
/m

3
)
1

’ (mg F
2

/m
3

)b (mg F
2

/m
3

)b Reference

10 Mouse 1 d Resp 119 263 (dyspnea; miLd Keptinger and
5min/d congestion) Suissa 1968

11 Mouse 1 d Resp 119 263 (dyspnea; miLd Keptinger and
5mintd congestion) Suissa 1968

Hepatic 263 303 (coaguLation,
necrosis, and

cLoudy sweLLing)
RenaL 119 177 (coaguLation,

necrosis)

12 Mouse 1 d Resp 98 131 (very miLd conges- Keptinger and
l5min/d tion) Suissa 1968 ~ 0~

tTl
13 Mouse 1 d Resp 98 127 (dyspnea; m~td Keptinger and

l5min/d congestion) Suissa 1968
Hepatic 199 224 (coaguLation,

necrosis, and
cLoudy sweLLing)

RenaL 98 127 (coaguLation,
necrosis)

14 Mouse 1 d Resp 79 127 (dyspnea; miLd Keptinger and
3Omin/d congestion) Suissa 1968

Hepatic 127 180 (coaguLation,

necrosis, and
cLoudy sweLLing)

RenaL 79 127 (coaguLation,
necrosis)

15 Mouse 1 d Resp 48 101 (very miLd conges- Keptinger and
30min/d tion) Suissa 1968



TABLE 2-i (Continued)

Exposure LOAEL (effect)
Key to duration! HOAEL Less serious Serious
figurea Species frequency System (mg F

2
/m

3
)b (mg F

2
/m

3
)b (mg F

2
/m

3
)b Reference

16 Mouse 1 d Resp 23 45 (very mild conges- Keplinger and
6Omin/d tion) Suissa 1968

17 Mouse 1 d Resp 45 75 (dyspnea; mild Keplinger and
6Omin/d congestion) Suissa 1968

Hepatic 85 124 (coagulation,

necrosis, and
cloudy swelling)

Renal 75 85 (coaguLation,
necrosis)

H I—’alhe number corresponds to entries in Figure 2-1~

t~1
bAll concentrations expressed as mg fluorine/rn

3
for consistency with ACGIH guidelines.

d = day(s); Derm/oc = dermal/ocular; Gn pig = guinea pig; LC5O = lethal concentration, 50% kill; LOAEL = lowest-observed-adverse-
effect level; mm = minute(s); NOAEL = no-observed-adverse-effect level; Resp = respiratory



FIGURE 2-1. Levels of Significant Exposure to Fluorine - Inhalation
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TABLE 2-2. leveLs of Significant Exposure to Hydrogen FLuoride - InhaLation

IOAEL (effect)
Exposure

Key to duration! NOAEL Less serious Serious b
figurea Species frequency System (mg F!m

3
)b (mg F/m

3
)b (mg F,’m ) Reference

ACUTE EXPOSURE

Death

1 Rat 1 d 1084 (LC5O at 60 Wohtstaget et

6Omin/d minutes) at. 1976

2 Rat 1 d 3862 (5-minute LC5O) Rosenhottz et
5-6Omin/d 2090 (15-minute 1C50) at. 1963

1587 (30-minute LC5O)
1016 (60-minute LC5O)

t-
1

3 Rat 1 d 11346 (5-minute LC5O) Haskett
5-60min/d 5144 (15-minute LC5O) Laboratory 1988

2246 (30-minute LC5O)
1251 (60-minute LC5O)

4 Gn Pig 1 d 3362 (15-minute LC5O) Rosenhottz et
l5min!d at. 1963

5 Mouse 1 d 266 (LC5O at 60 Wohtstaget et

6Ominj’d minutes) at. 1976

Systemic

6 Rat 1 d Resp 1890 (temporary Rosenhottz et
5min/d respiratory at. 1963

distress and
discharge)

Derm!Oc 582 (miLd irritation

of eyes and nose)



TABLE 2-2 (Continued)

LOAEL (effect)
Exposure

Key to duration! NOAEL Less serious Serious
figurea Species frequency System (mg F/m

3
)b (mg F/m

3
)b (mg F/m

3
)b Reference

7 Rat 1 d Resp 1095 (temporary Rosenholtz et
l5min/d respiratory at. 1963

distress and
nasat discharge)

Derm/Oc 238 (stight
irritation of
eyes and nose)

N~)

8 Rat 1 d Resp 380 (temporary Rosenho1t~ et
60min/d respiratory at. 1963

distress and
nasaL discharge)

1’~)
Neurotogicat

tzl
9 Rat 1 ci 1890 (weakness and de- RosenhoLtz et

5minfd creased activity) at. 1963
C)

10 Rat 1 d 1095 (weakness and de- Rosenhottz et
l5min/d creased activity) at. 1963



TABLE 2-2 (Continued)

LOAEL (effect)
Exposure ____________________________________________________

Key to duratiorr/ NOAEL Less serious Serious
figurea Species frequency System (mg F/m

3
)b (mg F/m

3
)b (rug F/m

3
)b Reference

INTERMEDIATE EXPOSURE

Death

11 Rat 5 wk 24 (death in 29/29) Stokinger 1949
6d/wk
óhr/d

12 Mouse 5 wk 24 (death in 18/18) Stokinger 1949
6d/wk
6hr/d ‘-~ ~

~ N~)

Systemic til

13 H.auan 15-50 d Resp Li (irritation of Largent 1960
6 hr/d nasat passages)

14 Rat 5 wk Resp 7 24 (puLmonary hemor- Stokinger 1949
6d/wk rhage)
6hr/d RenaL 7 24 (corticaL necrosis)

15 Rabbit 5 wk Resp 7 24 (puLmonary hemor- Stokinger 1949
6d/wk rhage)
6hr/d

16 Dog 5 wk Resp 7 (puLmonary hemor- Stokinger 1949
6d/wk rhage)
6hr/d Hemato 24



TABLE 2-2 (Continued)

LOAEL (effect)
Exposure ____________________________________________________

Key to duration! NOAEL Less serious Serious
figurea Species frequency System (mg F/rn

3
)” (mg F/rn

3
)” (mg F/rn

3
)” Reference

Neurological

17 Rat 5 mo .01 0.1 (disturbances in Saditova et aL.
24hr/d conditioned 1965

reflexes;
Lengthened Latent
period)

aihe number corresponds to entries in Figure 2-2.

bALI concentrations expressed as rng fluoride/rn
3

for consistency with ACGIH guidelines.

d = day(s); Derm/oc = dermal/ocular; Gn pig = guinea pig; hr = hour(s); LC5O lethal concentration, 50% kill; LOAEL = Lowest-
observed-adverse-effect level; mm = minute(s); mo = month(s); NOAEL = no-observed-adverse-effect LeveL; Resp = respiratory;
wk = week(s)



FIGURE 2-2. Levels of Significant Exposure to Hydrogen Fluoride - Inhalation
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TABLE 2-3. LeveLs of Significant Exposure to fluoride - OraL

Exposure LOAEL (effect)
Key to duration/ NOAEL Less serious Serious
figurea Species Route frequency System (my F/kg/day) (mg F/kg/day) (mg F/kg/day) Reference

ACUTE EXPOSURE

Death

1 Hunan (C) 1 d 16 (1 chitd) Eichter et at. NaF
lx/d 1982

2 Rat (GW) 1 d 101.3 (LD5O) Skare et aL. NaF
lx/d 1986

3 Rat (GW) 1 d 54 (LD50 for 80g rats) DeLopez et at. NaF
lx/d 52 (LD5O for 150g 1976

rats)
31 (LD5O for 250g

rats)

4 Rat (GW) 1 d 51.6 (LD5O) Lim et at. 1978 NaF
1 x/d

trj

5 Mouse (GW) 1 d 44.3 (LD5O) Lim et at. 1978 NaF
lx/d

Systemic

6 Rat (W) 2 wk Musc/sket 9.5 (decreased moduLus Guggenheim et NaF

of eLasticity) at. 1976
Reproductive

7 Mouse (G) 5 d 32 Li et at. 1987a NaF

1 x/d

INTERMEDIATE EXPOSURE

Death

8 Mouse (W) 6 mo 300 (mortaLity (N]) NIP 1990 NaF
ad tib 600 (mortaLity [F])



TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to duration! NOAEL Less serious Serious
figurea Species Route frequency System (mg F/kg/day) (mg F/kg/day) (mg F/kg/day) Reference

Systemic

9 Rat (W) 30 d Musc/sket 14 (detayed heating IJstu 1983
of broken bones)

10 Rat (W) 6 mo Gastro 1.9 6.3 (hyperptasia of the NIP 1990 NaF
ad tib gLanduLar stomach

Hepatic 19

11 Rat (W) 2 mo Other 0.5 (decreased Bobek et at. NaF
7d/wk thyroxine LeveLs; 1976
24hr/d increased 13-

resin uptake ~ ~-

ratio)
txl

12 Rat (W) 5 wk Musc/sket 10.5 (decreased mineraL DenBesten and NaF
7d/wk content and Crenshaw 1984
24hr/d increased protine

in tooth enameL
matrix)

13 Rat (W) 5 wk Musc/sket 13 19 (histoLogicaL Harrison. et at.
ftuorosis; de- 1984
creased bone growth)

14 Mouse (GW) 35 d Hemato 5.2 (decreased RBC, Pit Lai et at. NaF
lx/d decreased hemo- 1988

gtobin, increased
WBC)

Other 5.2 (decreased body
weight)

15 Mouse (W) 4 wk Musc/sket 0.80 (increase in Marie and Hott NaF
7d/wk bone formation 1986
24hr/d rate; sLight de-

crease in bone
catciun)



TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to durat~on/ NOAEL Less serious Serious
figurea Species Route frequency System (mg F/kg/day) (mg F/kg/day) (mg F/kg/day) Reference

16 Mouse (W) 6 mo Cardlo 52 (myocardial degen- NIP 1990 NaF
ad lib eration and miner-

aLization)
Hepatic 26 (enlarged cells)
RenaL 26 (necrosis and

tubule degen-
erati on)

Other 17 (body weight de-
creased 20%)

17 Mouse (W) 280 d Renal 1.9 (nephron degener- Greenberg 1986 NaF
ation)

18 Mouse (W) 280 d Hepatic 0.95 (pale, granular Greenberg 1982a NaF
24hr/d hepatocytes with

fatty vacuotes) ~

tTl
Developmental

tzl
19 Rat (W) 28 wk 21 Ream et at. 1983 NaF

7d/wk
24hr/d

Reproductive

20 Rat (F) 60 d 5.0 (decreased Araibi et at. NaF
7d/wk diameter of 1989
24hr/d semini ferous

tubules)

21 Rat (F) 3 mo 23 Marks et at. NaF
7d/wk 1984
24hrfd

22 Mouse (GW) 35 d 5.2 PiLlai et at. NaF
lx/d 1988

23 Mouse (W) 25 wk 9.5 19 (nearLy complete Messer et at. WaFinfertility) 1973



TABLE 2-3 (Continued)

Exposure IOAEL (effect)
Key to duration! NOAEL Less serious Serious
figurea Species Route frequency System (mg F/kg/day) (rng F/kg/day) (mg F/kg/day) Reference

CHRONIC EXPOSURE

Systemic

24 Human (C) 4 yr Musc/skel 0.48b(increased Riggs et al. NaF
fracture rate) 1990

25 Rat (W) <103 wk Gastro 4.5 NIP 1990 NaF
Hemato 4.5
Hepatic 4.5
Renal 4.5

26 Rabbit (GW) 24 mo Gastro 5 (roughened duodena Susheela and Das NaF
lx/d mucosa) 1988

~
27 Rabbit (G) 6-12 mo Hemato 4.52 (decreased white Susheela and NaF ~

lx/d blood cells and Jam 1983
hemoglobin)

tIl

28 Mouse (W) <104 wk Gastro 4.9 NTP 1990 NaF
Hemato 4.9
Hepatic 4.9
Renal 4.9

29 Mink (F) 382 d Musc/skel 5 (mottled and brit- 9.1 (sagittal crests Aulerich et al. NaF
24hr/d tIe kit teeth) deformed; 3/6 1987

adults)

Irminunological

30 Rabbit (G) 18 mo 4.5 (decreased primary Jam and NaF
lx/d and secondary Susheela 1987

antibody titters)



TABLE 2-3 (Continued)

Exposure LOAEL (effect)
Key to duration! NOAEL Less serious Serious
figurea Species Route frequency System (mg F!kg!day) (mg F/kg!day) (mg F/kg,’day) Reference

Reproductive

31 Mouse (F) 3 gen 13 Tao and Suttie NaF
1976

32 Mink (F) 382 d 9.1 Auterich et at. NaF

24hr/d 1987

Cancer

33 Rat (W) <103 wk 2.5 (osteosarcoma in NIP 1990 NaF

mates)

~
alhe number corresponds to entries in Figure 2-3.

b

Used to derive a chronic orat MinimaL Risk Level (MRL) of 0.05 mg/kg!day; dose divided by an uncertainty factor of 10 (for use of
a LOAEL).

c1~

ad Lib = ad libitum; (C) = capsuLe; Cardio = cardiovascular; d = day(s); (F) = feed; F = femaLe(s); (G) = gavage, not specified;
Gastro = gastrointestinal; gen = generation(s); (GW) = gavage in water; Hemato = hematotogicat; hr = hour(s); L050 = lethaL dose,
50% kiLt; LOAEL = Lowest-observed-adverse-effect level; M =.mate(s); mo = month(s); Musc/sk = muscutosketetat; NaF = sodium fluoride;
NOAEI = no-observed-adverse-effect level; RBC = red blood celL(s); 13 = triiodothyronine; (W) = drinking water; WBC = white blood
cell(s); wk = week(s); x = time(s); y = year(s)



FIGURE 2-3. Levels of Significant Exposure to Fluoride - Oral
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FIGURE 2-3 (ContInued)
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•g vd p • gg •d

ddd p • d y d
v ,q • • d •
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g gd d d d • d

d .1 g •d gdy d •d dy
.1 • d

g • d • vy. 1 dy
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Hepatic Effects. N d d g d g p

p yd g •d, •d.

p y p p y dg
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I
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p p N d p
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ddd p dg d d
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Renal Effects. dy d p d
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. d p dy d d p p
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d p N 1 . p d y

dp d p•
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2.2.2.3 Immunological Effects
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2.2.2.6 Reproductive Effects
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2.2.2.7 Genotoxic Effects
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2.2.3 Dermal Exposure
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TABLE 2-4. LeveLs of Significant Exposure to Fluorine - Dermat

Exposure LOAEL (effect)
duration! NOAEL Less serious Serious

Species frequency System (mg F
2

/m
3

)a (mg F
2

/m
3

)a (mg F
2

/m
3

)a Reference

ACUTE EXPOSURE

Systemic

Human 1 d Derm/Oc 104 (ocular and nasal Keplinger and

lmin/d irritation) Suissa 1968
Human 1 d Derm/Oc 16 78 (slight eye and Keplinger and

3min/d nose irritation) Suissa 1968

Human 1 d Derm/Oc 16 36 (sLight eye Keplinger and
5min/d irritation) Suissa 1968

Human 1 d Derm/Oc 16 Keplinger and
l5min/d Suissa 1968

‘-4

Rat 1 d Derm/Oc 132 263 (irritation of eye Keplinger and ~ N.)
5min/d and nose) Suissa 1968

Rat 1 d Derm/Oc 147 303 (irritation of eye Keplinger and
l5min/d and nose) Suissa 1968 H

C’,

Rat 1 d Derm/Oc 105 210 (irritation of Keptinger and
3Omin/d eyes and nose) Suissa 1968

Mouse 1 d Derm/Oc 119 263 (irritation of eye Keplinger and
5min/d and nose) Suissa 1968



TABLE 2-6 (Continued)

Exposure LOAEL (effect)
duration/ NOAEL Less serious Serious

Species frequency System (rug F
2

/m
3

)b (my F
2

/m
3

)b (my F
2

/m
3

)b Reference

Mouse 1 d Derm/Oc 131 292 (irritation of eye Keplinger and
l5min/d and nose) Suissa 1968

Mouse 1 d Derm/Oc 101 175 (irritation of eye Keptinger and
3Omin/d and nose) Suissa 1968

Mouse 1 d Derm/Oc 75 117 (irritation of eye Keplinger and
60min/d and nose) Suissa 1968

aconcentrations expressed as my fluorine/rn
3

for consistency with ACGIH guideLines.

ci = day(s); Derm/oc = dermat/ocutar; LOAEL = Lowest-observed-adverse-effect Level; ruin = minute(s); NOAEL no-observed-adverse- ~
effect leveL ~T1

tIl

C,,



TABLE 2-5. Levels of Significant Exposure to Hydrogen Fluoride/Hydrofluoric Acid - Dermat

Exposure LOAEL (effect)
duration! NOAEL Less serious Serious

Species frequency System (mg F1m
3

)8 (mg F/ma)a (mg F/m
3

)d Reference

ACUTE EXPOSURE

Systemic

Rat 1 d Derm/Oc 582 (mild irritation Rosenhottz et
5min/d of eyes and nose) at. 1963

Rat 1 d Dertn/Oc 238 (slight Rosenholtz et
l5min/d irritation of at. 1963

eyes and nose)

Rat 1 d Derm/Oc 1072 (severe Rosenholtz et
3Omin/d conjunctival and at. 1963

nasal irritation)

‘1 •—J

Rat 1 d Derm/Oc 80 (slight Rosenhottz et ~
6Omin/d irritation of at. 1963

eyes and nose)

Rabbit 1 d Derm/Oc 2% 2% (necrotic lesions) Derelanko et at. H
1-4hr/d per per 1985

mm hr

INTERMEDIATE EXPOSURE

Systemic

Human 15-50 d Derm/Oc 1.1 (stinging Largent 1960
6 hr/d sensation in skin

and eyes)

Rat 5 wk Derm/Oc 7 (subcutaneous Stokinger 1949
6d/wk hemorrhages)
6hr/d



TABLE 2-5 (Continued)

Exposure LOAEL (effect)
duration! NOAEL Less serious Serious

Species frequency System (mg F/m
3

)8 (rng F/m
3

)a (rng F/m
3

)a Reference

Mouse 5 wk Derm/Oc 24 (subcutaneous hemor- Stokinger 1949
6d/wk rhage)
6hr/d

Dog 5 wk Derm/Oc 24 (inftaimnation of Stokinger 1949
6d/wk scrotal. epithet lurn)
6hr/d

dConcentrations expressed as mg fluoride/rn
3

for consistency with ACGIH guideLines.

d day(s); hr = hour(s); Derm/oc = dermaL/ocutar; LOAEL = Lowest-observed-adverse-effect Level; mm = minute(s); NOAEL = no-
observed-adverse-effect Level.; wk = week(s) ~ Lii

tTl

I-I

tIl

H



TABLE 2-6. Levels of Significant Exposure to Sodiun Fluoride - Dermal

Exposure LOAEL (effect)
duration! NOAELa Less serious Serious Chemical

Species frequency System Reference Species

ACUTE EXPOSURE

Systemic

Rat 1 d Derm/Oc 0.5% (superficial 1% (extensive Essman et at. NaF
24hr/d necrosis, necrosis, marked 1981

moderate edema, edema,
PMN infiltration) degenerating

mast cells)

aDoses concentrations expressed as % fluoride.

d = day(s); Derm/oc = dermal/ocular; hr = hour(s); LOAEL = lowest-observed-adverse-effect Level; NaF = sodium fluoride; NOAEL = rio-
observed-adverse-effect level; PMN = potymorphonuclear leukocytes •—.1

ru
C-)
H
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TABLE 2-7. Genotoxicity of Soditmi Fluoride In Vitro

Results

With Without
Species (test system) End point activation activation Reference

Prokaryotic organisms:
Salmonella typhimurium Histidine reversion - - Martin et al. 1979

Histidine reversion - - Tong et al. 1988
Histidine reversion - - NTP 1990

Eucaryotic organisms:

Human lymphocytes Chromosome aberrations No data + Albanese 1987
Sister chromatid exchange No data - Tong et al. 1988
Chromosome aberrations No data - Thomson et al. 1985

Sister chromatid exchange No data - Thomson et al. 1985
Human fibrobiasts Unscheduled DNA synthesis No data + Tsutsui et al. 1984c N.)

Syrian hamster embryo cell Chromosome aberrations No data + Tsutsui et al. 1984b
Sister chromatid exchange No data + Tsutsui et al. 1984b
Unscheduled DNA synthesis No data + Tsutsui et al. 1984b

Morphological transformation No data + Tautsui et al. 1984b
Mouse lymphoma Reversion assays No data (+) Cole at al. 1986

Forward mutation + + Caspary et al. 1987
Forward mutation ÷ + Caspary et al. 1988

Chinese hamster ovary Sister chromatid exchange No data - Li et al. 1987b
Chromosome aberrations + + Aardema et. al. 1989
Chromosome aberrations - + NTP 1990

Sister chromatid exchange No data - Tong et al. 1988
Sister chromatid exchange + + NTP 1990

Rat hepatocytes DNA repair No data - Tong et al. 1988
Rat liver epithelium HGPRT mutation No data - Tong at al. 1988
Human lymphoblasts Thymidine kinase mutation + + Caspary et al. 1988

- = negative result; + positive result; (+) = weakly positive result; DNA = deoxyribonucleic acid; HGPRT = hypoxanthine guanine
phosphoribosyl
transf erase



TABLE 2-8. Genotoxicity of Hydrogen Fluoride and SodiumFluoride In Vivo

Species (test system) End point Results Reference Form

Maimi~a1ian cells:
Rat bone marrow Chromosome aberrations + Voroshilin et al. 1975 HF

Micronuclei - Albanese 1987 NaF

Rat testis DNA strand breaks - Skare et al. 1986 NaF
Mouse (C57B1) Dominant lethal - Voroshilin et al. 1975 HF
Mouse (Harlan Sprague-Dawley) Sperm head abnormality - Li et al. l987a MaF
Mouse bone marrow and testis Chromosome aberrations - Martin et al. 1979 - NaF
Mouse bone marrow, intraperatoneal dose Chromosome aberrations + Pati and Bhunya 1987 NaF

Micronuclei + Pati and Bhunya 1987 NaF
Sperm abnormality + Pati and Bhunya 1987 NaF

Mouse Chromosome aberrations — Kram et al. 1978 NaF
Sister chromatid exchange - Kram et al. 1978 NaF

Chinese hamster bone marrow Sister chromatid exchange - Li at al. 1987b NaF

+ = positive result; - = negative result; DNA = deoxyribonucleic acid; HF = hydrogen fluoride; NaF sodium fluoride

i.,. 0
U,

tI~
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2.5.~ Biomarkers Used to Identify and/or Quantify Exposure to Fluorine,
Hydrogen Fluoride and Fluoride
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2.6 INTERACTIONS WITH OTHER CHE~C~LS
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2. HEALTH EFFECTS

FIGURE 2-4. Existing Information on Health Effects

of Fluorine
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2. HEALTH EFFECTS

FIGURE 2-5. Existing Information on Health Effects

of Hydrogen Fluoride/Hydrofluoric Acid
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2. HEALTH EFFECTS

FIGURE 2-6. Existing Information on Health Effects

of Fluoride
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2. HEALTH EFFECTS

ThBLE 2-9. On-going Studies on the Health Effects of Sodi~m~Fluoride

Research
Investigator Affiliation description

Aoba, T. National Institute Enamel formation
of Dental Research

Baylink, D.J. VA Medical Center, Osteoporosis therapy
Loma Linda, California

Bauman, A.A. Institute for Medical Re— Occupational study
search and Occupational
Health, Yugoslavia

Bawden, J.W. University of Enamel formation;
North Carolina placental transfer

Bucher, J. National Toxicology Repeat carcinogenicity
Program assay

Burt, B. University of Prevention of
Michigan osteoporosis

Cerklewski, F. Oregon State Pharmacokinetics
University

Debensten, P. Forsythe Dental Enamel formation
Center, Boston

Dunipace, A. Indiana University Clastogenicity and
School of Dentistry mutagenicity

Eisenberg, A. Eastman Dental Antimicrobial activity
Center, New York

Freni, S. National Center for Human fertility
Toxicological Research,
Arkansas

Gillit, J.W. Cornell University Impact of industrial chemi-
cals on Indian conisunities

Grandjean, P. Odense University Occupational study
Denmark

Huff National Toxicology Special toxicology
Program studies

Hughes, B.D. Tufts University Interaction with calcium
on bone loss

Kies, C.V. University of Nebraska Drinking water contaminants
Nebraska and all causes of mortality

Kleerekoper, H. Henry Ford Hospital, Osteoporosis therapy
Detroit

Martin, G.R. National Institute Clastogenicity and
of Dental Research mutagenicity

Messer, H. University of Minnesota Absorption
Riggs, B.L Mayo Foundation, Osteoporosis therapy

Rochester, Minnesota
Schneider, V. University of Texas Metabolism

Medical School
Skobe, Z. Forsyth Memorial Hospital Enamel growth
Unknown Proctor and Gamble Oncogenicity in mice
Whitford, G.M. Medical College of Metabolism

Georgia
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3. CHEMICAL ?~NDPHYSICAL INFOPMP~TION

3 . ~ CHE~C~LIDENTITY
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TABLE 3-1. Chemical Identity of Fluorine, Hydrogen Fluoride, and Soditin Fluoridea

Fluorine Hydrogen fluoride Sodium fluoride

Synonyms Bifluoriden; Fluor; Fluorine-19; Anhydrous hydrofluoric acid; Disodium difluoride; sodium
Fluoro fluorhydric acid hydrofluoride; sodium

monofluoride; trisodium
trifluoride

Trade names No data Ant.isal 2B Alcoa sodium fluoride;

Antibulit; cavi-trol; credo; ~

Fl-Tabs; Fluorigard;
Florocid; Flozenges;
Fluorinse

c-~3
Chemical formula F

2
HF NaF

Chemical structure Not applicable Not applicable Not applicable

Identification numbers: ~ I—’

i~< r~
CAS registry

7782
_

41
_

4
a 7664—39—3 7681_49_4a

NIOSI! RTECS NIOSH/LM64750000 NIOSH/MW7890000 NIOSH/WBO350000
EPA hazardous waste P056 U134 No data
OHM/TAOS No data 7216750 7216897
DOT/UN/NA/INCO shipping UN1045; Fluorine, 1MO 2.3; UN179O; hydrofluoric acid IJN169O; 1MO 6.1

Fluorine compressed UN1O52; anhydrous hydrogen
fluoride 0

IMO 8.0
HSDB 541 0.546 1766
NCI No data No data No data

0
z

All information obtained from HSDB 1989 except where noted
5

Weiss 1985

CAS = Chemical Abstracts Services; DOT/UN/NA/fl4~O = Department of Transportation/United Nations/North America/International Maritime

Dangerous Goods Code; EPA = Environmental Protection Agency; HSDB = Hazardous Substances Data Bank; NCI National Cancer Institute;
NIOSH = National Institute for Occupational Safety and Health; OHM/TAOS Oil and Hazardous Materials/ Technical Assistance Data
System; RTECS = Registry of Toxic Effects of Chemical Substances



TABLE 3-2. Physical and ChemicalProperties of Fluorine, Hydrogen Fluoride, and Sodium Fluoride

Fluorine Hydrogen Fluoride Sodium Fluoride

Molecular weight 3799°
20

•
01

b
41

•
99

b

Color PaLe, yellow_greenc Colorlessd Whitec

Physical state GasC Gasb Cubic or tetragonal
crystalsd

Melting point ~2l9.61°C° _83.l0Cb; _83.550Cd 993oCd

Boiling point _188.l3oCa 19.510Cd 1695oCe
Density 1.5127 g/mL at ~l88.13°C° 0.991 g/mL at 19.54°C° 2.78 g/mL at room

temperatured
Odor Pungent, choking° Sharp penetrating odors’ Odorlesse
Odor threshold:

Water No data No data No data
Air 0.035 ppma 0.03 mg/m

3~
No data 1—4

Solubility:

Water No data Miscib1e~ 430 g/mL at 250Cd
Organic solvents No data Benzene; toluene; ether; 4.22 g/100 mg at 180Cb

m-xylene tetralined

Partition coefficients:
Log Kow No data No data No data ~

Log Koc No data No data No data
Vapor pressure 1 ninHg at -223°C; 400 ninllg at 2.5°C° 1 mftg at 1077°C°

10 tm~Hgat -214.1°C° I-_I
Henry’s law constant:

at 20°C No data No data No data
at 30°C No data No data No data I—I

Autoignition temperature No data No data No data
Flashpoint Not flamable° Not flaninable° Not flaninable° 0
Flaninability Limits No data No data No data
Conversion factors 1 mg/L1554 ppm 1 mg/L1223 ppm; Not applicable

1 ppmo.64 mg/m
3~

’ 1 ppm=0.82 mg/rn
31

’
Explosive limits No data No data No data 0

aHSDB 1989
bLide 1992
~ 1984
dWjndholz 1983

°Weiss 1986
~NIOSH/OSRA 1978
gsadjlova et. aL. 1965
1’

NAS 1971a





4 . PPODUCTION, Th~ORT, USE, ~ND DISPOS?~L

4.~ PRODUCTION
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4. PRODUCTION, IMPORT, USE, AND DISPOSAL

TABLE 4-1. Facilities That Manufacture or Process Hydrogen Fluoridea

Range of maximum
amounts on site

No. of in thousands Activities
Stateb facilities of poundsc and usesd

AL 5 1-999 3, 7, 12
AR 1 100-999 7
AZ 8 (1)~ 0.1-999 7, 11, 12, 13
CA 60 (6)~ 0-49,999 2, 3, 4, 7, 8, 9,

10, 11, 12, 13
CO 6 (1)~ 1-99 11, 12, 13
CT 9 0.1-99 1, 5, 8, 11, 12, 13
DE 1 10-99 7, 8
FL 11 0-999 1, 3, 5, 6, 7, 12,

13
GA 13 (1)~ 0.1-999 8, 9, 11, 12, 13
HI 2 1-9 12
IA 3 0-99 3, 7, 9, 11, 13
ID 2 (1)~ 0.1-0.9 1, 5, 12, 13
IL 13 0-999 2, 3, 4, 7, 8, 9,

11, 12
IN 14 (2)e 0-999 5, 7, 8, 11, 12, 13
KS 8 1-9,999 7, 10, 11
KY 8 (1)~ 0-9,999 1, 2, 3, 4, 5, 7,

10, 11, 12
LA 11 10-9,999 1, 2, 3, 4, 5, 7,

11, 12, 13
MA 15 0.1-99 8, 11, 12, 13
MD 6 (1)~ 1-999 5, 11, 12
ME 1 10-99 12
MI 12 0.1-9,999 2, 7, 8, 11, 12, 13
MN 1 100-999 7, 13
MO 12 (1)e 0-99 5, 7, 8, 11, 12, 13
MS 1 1-9 13
MT 5 0-999 1, 3, 5, 11
NC 13 0-99 1, 5, 7, 11, 12, 13
ND 1 1-9 11
NJ 17 (2)~ 0-999 1, 2, 3, 4, 5, 7,

8, 10, 11, 12, 13
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4. PRODUCTION, IMPORT, USE, AND DISPOSAL

TABLE 4-1 (Continued)

Range of maximum
amounts on site

No. of in thousands Activities
Stateb facilities of poundsc and usesd

NM 4 (i)e 0.1-99 11, 12, 13
NV 1 1-9 2, 7
NY 21 (2)~ 0-9,999 1, 2, 5, 6, 7, 10,

11, 12, 13
OH 38 (

6
)e 0-999 1, 2, 3, 5, 7, 8,

11, 12, 13
OK 8 (l)~ 10-999 1, 2, 3, 7, 11, 12
OR 8 0.1-999 1, 5, 11, 12, 13
PA 48 (2)e 0.1-9,999 2, 5, 7, 8, 10, 11,

12, 13
PR 7 (i)e 1-99 5, 11, 12, 13
RI 3 (1)~ 0.1-99 11, 12
SC 6 0-999 5, 7, 11, 12, 13
TN 8 (1)~ 0-9,999 1, 3, 4, 5, 6, 7,

11, 12
TX 42 0-49,999 1, 2, 3, 4, 5, 7,

11, 12, 13
UT 7 0-999 2, 3, 5, 8, 11, 12,

13
VA 3 0-99 5, 11, 12
VT 1 100-999 12
WA 16 (1)~ 0-999 1, 5, 7, 11, 12, 13
WI 11 0.1-99 9, 10, 11, 12, 13
WV 3 0-9 2, 5, 12
WY 4 (1)~ 10-99 5, 11

aTRI 1989
bpost office state abbreviations
cData are maximum amounts on site at each facility.
dActivities/Tjses:

1. produce 8. as a formulation component
2. import 9. as an article component
3. for on-site use/processing 10. for repackaging only
4. for sale/distribution 11. as a chemical processing aid
5. as a byproduct 12. as a manufacturing aid
6. as an impurity 13. ancillary or other use
7. as a reactant

eNumber of facilities reporting “no data” regarding maximum amount of
the substance on site.
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TAULE 5-1. Releases to the Enviroisnent from Facilities
That Manufacture or Process HydrogenFluoride

5

Range of reported amounts
released in thousands of poundsb

No. of Off-site
facil- Underground Total POTW

0
waste

StateC ities Air injection Water Land environmentd transfer transfer

AL 5 0—48 0—0 0—0 0-0 0—48 0—0 0-1.6
AR 1 6.6—6.6 0—0 0—0 0—0 6.6-6.6 0—0 0.1—0.1
AZ 8 0—2.3 0—0 0—0 0—0 0—2.3 0—78 0—16.5
CA 60 0—6.8 0—0 0—0 0—59.9 0—59.9 0—14 0—143.3
CO 6 0—0.5 0—0 0—0 0—0 0—0.5 0—4.9 0—7.5 0
CT 9 0-3.9 0—0 0—2.6 0—0 0—3.9 0—0.3 0—42
DE 1 2.9—2.9 0-0 0—0 0—0 2.9—2.9 0—0 0—0 Z
FL 11 0—17.7 0—15.2 0—1.2 0—0 0—17.7 0—0.5 0—95.6
GA 13 0—0.5 0-0 0—0 0—0 0-0.5 0-62 0-0.3
HI 2 0—0 0—0 0—0 0-0 0-0 0-0 0—0
IA 3 0—1 0-0 0—0.8 0—0 0.3-1 0-0 0-0

ID 2 0.5—103 0—0 0—0 0—0 0.5—103 0—5.7 0—0 ~
IL 13 0—82.9 0—15 0—0.3 0—0.3 0—82.9 0—31.6 0—0.3
IN 14 0—1,510 0—0 0—19.3 0—0 0-1,510 0—112 0—6.5

KS 8 0-41 0—568 0—0 0—0 0—568 0—0 - 0—522.6
KY 8 0.3—464.3 0—0 0—1.2 0—0 0.3—464.3 0—68.3 0—207.7
LA 11 0.1—280.2 0—0 0-0 0—0 0.1—280.2 0—110 0-0.1

15 0—5.4 0—0 0—0.3 0—0 0—5.4 0—19.9 0—108
MD 6 0—250 0—0 0—0.3 0—0 0.3—250 0—5.5 0—27.7
ME 1 0.5-0.5 No Data 0-0 0-0 0.5-0.5 0-0 19.5-19.5
MI 12 0—6.1 0—0 0—0.3 0—0.3 0—6.1 0—0.3 0-297.7
MN 1 99.7—99.7 0—0 0—0 0—0 99.7-99.7 0—0 0—0
MO 12 0—270.5 0—0 0—0 0—0 0-270.5 0—55 0-54
MS 1 0—0 0—0 0—0 0—0 0-0 27.3—27.3 0-0
MT 5 3.9—252.8 0—0 0—0 0-0 3.9—252.8 0-0 0—0



TABLE 5-1 (Continued)

Range of reported amounts

released in thousands of poundsb

No. of Off-site
facil- Underground Total POTWC waste

StateC ities Air injection Water Land environmentd transfer transfer

NC 13 0—152 0—0 0—0 0—120 0-152 0-0 0—29
ND 1 3.7—3.7 0—0 0—0 0—0 3.7-3.7 0-0 0-0
NJ 17 0—3.2 0—0 0—0.1 0—0 0-3.2 0-0.3 0—1,400
NH 4 0.1—1 0—0 0—0 0—0 0.1-1 0-0 0-0.8
NV 1 0.5—0.5 0—0 0—0 0.3-0.3 0.8—0.8 0—0 0-0 0
NY 21 0—566 0—0 0—0.3 0—0 0—566 0—54.5 0—70.9
OH 38 0—538 0—0 0—7.9 0—290 0—538 0—20.4 0—492.2
OK 8 1.4—933 0—0 0—0.3 0—0 1.4—933.3 0—0 0—180

OR 8 0—169 0—0 0—6.2 0—0 0—169 0—2.6 0—9.1
PA 48 0—90 0—0 0—39.5 0—194.1 0—195.3 0—35.9 0—382.8
PR 7 0—0.5 0—0 0—0 0-0 0—0.5 0—16.5 0-0.1
RI 3 0—120 0—0 0—0 0—0 0—120 0—0.3 0—0
SC 6 0.3—90.3 0—0 0—4.3 0-1.3 0.3—90.3 0-0.3 0—0.5
TN 8 0.3—363.5 0—0 0—0 0—0 0.3-363.5 0-0 0—23.8

Tx 42 0-670 0—0 0-0 0-0 0-670 0-0.3 0-165
UT 7 0.5—31.2 0—0 0—25 0—0 0.5—31.2 0-72.9 0-0
VA 3 0.3—3.9 0—0 0—0 0—0.3 0.3-3.9 0—0 0—0
VT 1 2.7—2.7 0—0 0-0 0—0 2.7-2.7 0—0 0—0

WA 16 0—440 0—0 0—6.2 0—0 0-440 0—0 0—16.8
WI 11 0—2.9 0—0 0—0 0—0 0—2.9 0—0.3 0—0
WV 3 0.3—266 0—0 0—0 0—0 0.3—266 0—0 0-0
WY 4 0—6.7 0—0 0—0 0—0 0—6.7 0-0 0—0

5
ThI 1989

bData are maximum amounts released by each facility. Quantities reported here have been rounded to the nearest hundred pounds, except

those quantities >1 million pounds which have been rounded to the nearest thousand pounds.
C~

05~
office state abbreviations used ~

dThe sum of all releases of the chemical to air, land, water, and underground injection wells by a given facility

ep~lic1y owned treatment works
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5.7 ADEQUACYOF THE DATABASE
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TABLE 6—1. Analytical Methods for Detez~iningFluoride in Biological Materials

Sample
detection Percent

Sample matrix Preparation method Analytical method limit recovery Reference

Urine Extract with TMCS; inject Gas chromatography 4 ~g/L 93% Chiba et al. 1982
organic phase (microwave
induced plasma emission
detector)

Dilute urine with. TISAB Ion selective electrode 1,000 ,ig/L 941—100% Schamschula at al. 1985;
buffer NIOSH 1987; Tusl 1970

Add Tl~S toluena Gas chromatography >5 ng/mL No data Ikenishi at al. 1988
solution; centrifuge;
inject toluene layer

Human serum Absorb with calcium Ion selective electrode 10 ~g/L. 921—102% Venkateswarlu et
and saliva phosphate; centrifuge; al. 1971

analyze

Absorb with calcium Spectrophotometry No data 95%.. 102% Venkateswarlu et 00

phosphate; collect by al. 1971
diffusion; analyze (with
cerium-alizarin complexan
reagent)

0
Saliva Resuspend in TISAB Ion selective electrode No data 99.81 Peterson at al. 1987;

buffer; analyze Schamschula at al. 1985

Plasma Add TtICS toluene Gas chromatography 5 ~g/L 91.41 Ikenishi at al. 1988b
solution; centrifuge;
inject toluene layer and
analyze

Biological Extraction from acidified Ion selective electrode >0.04 ng/sample No data Venkateswarlu 1974
tissues and sample as fluorosilane; with hanging drop
fluids reverse extraction as assembly

fluoride ion into
alkaline solution

Biological Sample pulverized to fine Nuclear inelastic <10 ng/sample No data Rudolph at al. 1973
tissues powder; irradiate; detect scattering

gama rays



TABLE 6-1 (Continued)

Sample
detection Percent

Sample matrix Preparation method Analytical method limit recovery Reference

Decomposition of sample Spectrophotometry 1 jtg/sample No data Kakabadse et al.
at 700°—1,000°C 1971

(pyrohydrolytic

technique)

Tooth Soak teeth; decalcify in Ion selective electrode No data No data Shida et al. 1986;
enamel HC1O4; add TISAB; analyze Schamschula et al. 1982

Plaque Dried; microdiffusion; Ion selective electrode No data 97% Schamschula et al. 1985 ~

analyze

Bone Ash sample; dissolve in Ion selective electrode No data No data Boivin et al. 1988
perchloric acid; add 1,2-
cyclohexylenedinitro—

tetraacetic acid

Hair/finger Wash in diethylether; Ion selective electrode No data 94%—96% Schamschula at al. 1985 ~

nail dry; decomposed in NaOH

tT~

H
HC1O

4
= perchloric acid

NaOH= sodium hydroxide
TISAB = total ionic strength activity buffer

trimethylchlorosilane
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TABLE 6-2. Analytical Methods for Determining Fluoride in Environmental Samples

Sample
detection Percent

Sample matrix Preparation method Analytical method limit recovery Reference

Air Ambient air collected Ion selective electrode 0.1 jtg/L No data Danchik et al. 1980
using teflon tubing;
detect with continuous

flow analyzer

HF vapor collected with Ion selective electrode 100 ~gIL No data Young and Monat 1982

dosimeter containing
polypropylene element;
analyze

Dual cellulose filter to Ion selective electrode 3 jtg/sample No data NIOSH 1990a
separate particulate and

gaseous fluorides;
extract; dilute in TISAB
buffer; analyze

Dual cellulose filter to Ion selective electrode 1.2 ag/filter No data Einfeld and Horstman ~. ~

separate particulate and 1979

gaseous fluoride; heat
filters at 75°C; extract;

dilute in TISAB buffer;
analyze

Sampling performed with Ion selective electrode 1 ppm No data Candreva and Dams 1981

teflon materials (in
municipal incineration)

Syringe-sampling; dilute Spectrophotometry 0.3 ppm No data Bethea 1974

with 50% (v/v)
1,2-dioxane containing
Amadec-F (colorimetric)

Water Dilute sample; add barium Spectrophotometry 2~000 $Lg/L No data Macejunas 1969
chloride, complex with

zirconium-xylenol orange
for color development
(colorimetric)

Extract with TMCS; Gas chromatography 4 ,ig/L 93%—bOX Chiba et al. 1982
analyze organic phase

(microwave induced plasma
emission detector)



ThBLE 6-2 (Continued)

Sample
detection Percent

Sample matrix Preparation method Analytical method limit recovery Reference

Collect sample in HPLC/ion exchange 200 ,Lg/L No data Hannah 1986
polyethylene containers; column
centrifuge; extract;

dilute; analyze

Food, Homogenize sample; acid Ion selective electrode —0.1 ~g/g 97% Lopez and Navia 1988
beverage hydrolysis in a closed

system; analyze

Sample pulverized to Proton activation 1 ~g/g dry weight No data Shroy et al. 1982
powder, analyze
Fluorine-19 peak

t-
4

Tea, cocoa, Decomposition at Spectrophotometry >1 j~g No data Kakabadse at al. 1971
tobacco 700°—1,000°Cin moist ....~

current of oxygen or air; 0

collect HF; analyze as

Ce(III) alizarin—
complexan (colorimetric)

H
Milk, peas, Sample is dried and Ion selective electrode 0.2—5 gg/g 54%—109% Dabeka and McKenzie
pears ground to powder; 1981

microdiffusion in Petri

dish; analyze

Vegetation Fluorine-19 sample Neutron activation 14 ag/sample No data Knight et al. 1988

activation; analyze

Fluorine-20 peak

Extraction of sample Ion selective electrode >0.05 gg/g >95% Jacobson and Hailer

1971

Fusion with NaOH; Ion selective electrode 10 ~ig/g No data Sager 1987
dissolve in tiron buffer;
analyze

Feed Sample is dried and Ion selective electrode 15 jLg/g 90Z—108% Melton at al. 1974

acidified; analyze by

addition procedure



TABLE 6-2 (Continued)

Sample
detection Percent

Sample matrix Preparation method Analytical method limit recovery Reference

Household Dilute sample, add Ion selective electrode No data 981—104% Schick 1973

products buffer; addition
procedure

Plants Sample dried and fused in Ion selective electrode >0.3 ~gfg 871-102% Eyde 1982

nickel crucibles, filter,
analyze

Rainwater Dilute sample with TISAB Ion selective electrode 2 ~g/L No data Fucsko et. al. 1987
buffer; analyze in flow

injection system

Ce III = cesium ion (+3 oxidation state)
HF = hydrogen fluoride
HPLC = high pressure liquid chromatography
NaOH = sodium hydroxide
TISAB = total ionic strength activity buffer
TMCS trimethyichiorosilane
(v/v) = volume/volume

0
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7. REGULATIONS AND ADVISORIES

TABLE 7-1. Regulations and Guidelines Applicable to Fluorine, HydrogenFluoride, or Fluoride

Agency Description Information References

NATIONAL

Regulations:
a. Air:

OSHA PEL TWA (8 hours) OSHA 1989
Fluoride (as F) 2.5 mg/rn

3

Fluoride as dust 2.5 mg/rn
3

Hydrogen fluoride 3.0 ppm
Fluorine 0.1 ppm [0.2 mg/rn

3
]

b. Water:
EPA ODW MCL (fluoride) 4.0 mg/L EPA 1985b (40 CFR

141.62)
SMCL (fluoride) 2.0 mg/L EPA 1979 (40 CFR

143.3)

FDA Bottled water; quality standard FDA 1977 (21 CFR
Imported° 1.4 mg/L 103)
Domesticb

(Corresponding to the range of
annual average maximum air
temperatures53.8°—90.5°C)

Where no fluoride is added to 2.2-1.4 mg/L
water

Where fluoride is added to 1.5-0.8 rng/L
water

c. Food:
EPA Tolerances and exemptions from toler- EPA 1971 (40 CFR

ances for pesticide chemicals in 180.145)
or on raw agricultural coninodities

Fluorine compounds; tolerances for 7 ppm
residues of cryolite and synthetic
cryolite (sodium aluminum fluoride)
on several raw agricultural
coninodities

FDA Tolerances for pesticides in food No data FDA (21 CFR
administered by EPA 193.450)

d. Other:
EPA OERR CERCLA reportable quantity EPA 1986 (40 CFR

Fluorine 10 pounds (4.54 kg) 117.3)
Hydrogen fluoride 100 pounds (45.4 kg)
Sodium fluoride 1,000 pounds (454 kg)

Extremely hazardous substance TPQ TPCDB 1989
Fluorine 500 pounds
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7. REGULATIONS AND ADVISORIES

tABLE 7-1 (Continued)

Agency Description Information References

NATIONAL (Continued)

EPA OSW Designation of hazardous substances EPA 1978 (40 CFR
Hydrogen fluoride Yes 116.4)
Sodium fluoride Yes

RCRA Fluorine designated as hazardous Yes EPA (40 CFR
substance 302.4)

Guidelines;
a. Airs

ACGIH TLV TWA (fluoride) 2.5 mg/rn
3

ACGIH1990
Ceiling (hydrogen fluoride---

as fluoride) 3 ppm
TLV (fluorine) 1 ppm
TLV-STEL (fluorine) 2 ppm

Biological exposure indices ACGIH 1990
In urine

Prior to shift 3mg/g
End of shift lOmg/g

creatinine
NIOSH NIOSH 1990b

Fluoride:
REL TWA 2.5 mg/rn

3

IDLH 500 mg/rn
3

Hydrogen Fluoride:
REL TWA 3 ppm

[2.5 mg/rn
3

]
IDLH 30 ppm

Fluorine:
REL TWA 0.1 ppm

[0.2 mg/rn
3

]
IDLH 25 ppm

NAS PEL (for hydrogen fluoride) HAS 1971a
10 minutes 8 mg/rn

3
(10 ppm)

30 and 60 minutes 4 mg/rn
3

(5 ppm)
STPL (for hydrogen fluoride) HAS 1971a

10—30 and 60 minutes 3 mg/rn
3

(4ppm)
5 hour/day, 3—4 days/month 1 mg/rn

3

b. Water:
EPA ODW MCLG (fluoride) 4.0 mg/L EPA 1985a (40 CFR

141. 51)

c. Other;
EPA RfD (oral) for soluble fluorides 6x10

2
mg/kg/day IRIS 1992

OSHA Meets criteria for proposed Yes OSBA 1982
OSHAmedical records rule
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7. REGULATIONS AND ADVISORIES

TABLE 7-1 (Continued)

Agency Description Information References

STATE

Regulations and
Guidelines:

a. Air: Average acceptable ambient air NATICS 1989
concentrations for fluorides

Iowa (24 hour) 2.85 jLg/m
3

Kentucky (monthly) 80.00 ppm
Massachusetts (24 hour) 34.00 $g/rn

3

MontanaC (Grazing season) 35.00 ppm
North Carolina (1 hour) 0.25 mg/rn

3

(24 hour) 0.0160 mg/rn
3

North Dakota (8 hour) 0.0250 mg/rn
3

Virginia (24 hour) 40.00 ~LgIm
3

Average acceptable ambient air NATICS 1989
concentrations for fluorine

Connecticut (8 hour) 4.00 $g/rn
3

Florida-Tampa (8 hour) 0.0200 mg/rn
3

North Carolina Under consideration
North Dakota (1 hour) 0.0400 mg/rn

3

(8 hour) 0.0200 mg/rn
3

Nevada (8 hour) 0.0480 mg/rn
3

New York (1 year) 6.700 ~Lg/m
3

Virginia (24 hour) 30.00 ~Lg/m
3

Average acceptable ambient air NATICH 1989
concentrations for hydrogen fluoride

Connecticut (8 hour) 50.00 ~Lg/m
3

Kentucky (24 hour) 1.00 ppm
Massachusetts (24 hour) 3.400 Lg/m

3

North Carolina (15 minutes) 0.2500 mg/rn
3

(24 hour) 0.0250 mg/rn
3

North Dakota (1 hour) 0.0250 mg/rn
3

Nevada (8 hour) 0.0600 mg/rn
3

New York (1 year) 8.300 gg/rn
3

Rhode Island (1 hour) 30.00 ftg/m
3

South Carolina (24 hour) 25.00 j~g/m
3

South Dakota (8 hour) 50.00 gg/m
3

Virginia (24 hour) 20.00 ~&g/m
3

b. Water: Drinking water quality standards FSTRAC 1989
and guidelines

Arizona (Fluoride at 20°C) 1800 &g/L
Maine (Fluoride) 2400 ~&g/L
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7. REGULATIONSAND ADVISORIES

TABLE 7-1 (Continued)

Agency Description Information References

Maximum contaminant levels for fluorides CELDS 1989
Arkansas (Not specified) 2.4 mg/L
Colorado (Not specified) 4.0 mg/L
Connecticut (For drinking waters) 2.0 mg/L
Florida (Not specified) 4.0 mg/L

(Secondary MCL) 2.0 mg/L
Florida (For drinking waters) 1.5 mg/L
Idaho (Fluorides up to 12.0°C) 2.4 mg/L

(12.l°—14.6°C) 2.2 mg/L
(l4.7°—17.6°C) 2.0 mg/L
(17.7°—2l.4°C) 1.8 mg/L
(21.5°—26.1°C) 1.6 mg/L
(26.3°—32.5°C) 1.4 mg/L

Illinoisd (Maximum allowable concentration) 1.8—2.0 mg/L
(Not specified) 1.4 mg/L
(Secondary contact, and for aquatic 15.0 mg/L

life)
(Effluent levels, surface and 15.0 mg/L

groundwater)
Indiana (Recreational water uses) 1.0 mg/L

(For Lake Michigan, Inner, Gary, 1.0 mg/L
and Burns Harbors, monthly
average)

Iowa (Not specified) 4.0 mg/L
(For class C waters) 2.0 mg/L

Kansas (For drinking waters) 1.8 mg/L
Maine (Not specified) 2.4 mg/L
Massachussetts (Minimum criteria for groundwaters) 2.4 mg/L

(Primary effluent limits for 2.4 mg/L
groundwaters)

Minnesota (For groundwater and drinking water) 2.2 mg/L
1.5 mg/L

Mississippi (For drinking waters) 1.2 mg/L
Missouri (Effluent limitations for 4.0 mg/L

subsurface waters) 2 mg/L
Nebraska (Groundwater protection standard) 4.0 mg/L

(For drinking waters) 1.8 mg/L
Nevada (For groundwater domestic water) 1.4—2.4 mg/L
New Hampshire (For drinking water) 2.4 mg/L
New Mexico (For groundwater and human health) 1.6 mg/L
New York (For drinking waters) 2.2 mg/L

(For groundwaters--class GA) 1.5 mg/L
(Effluent standards) 3.0 mg/L

North Carolina (For drinking waters) 1.5 mg/L
(For couiminity water systems) 4.0 mg/L

North Dakota (Not specified) 2.4 mg/L
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7. REGULATIONS AND ADVISORIES

I~BLE 7-1 (Continued)

Agency Description Information References

Ohio (Not specified) 1.0 mg/L
(For public water supply, maximum 1.8 mg/L

level)
(For agricultural use, maximum 2.0 mg/L

level)
(For Lake Erie water quality) 1.2 mg/L

Oklahoma (Not specified) 4.0 mg/L
(Secondary standards) 2.0 mg/L
(For raw water, fluoride at 90°F) 1.6 mg/L
(Maximum effluent concentrations) 1.0 mg/L

Puerto Rico (Coastal waters limit) 1300 Ug/L
(Surface waters limit) 700 $Lg/L

Rhode Island (For drinking waters) 2.0 mgIL
South Carolina (Not specified) 1.6 mg/L
South Dakota (Not specified) 4 mg/L

(Criteria for domestic water) 2.4 mg/L
Tennesseed (For co~unjty water systems) 2.0 mg/L

(For industrial wastewater treatment 20.0 mg/L

plants daily maximum concentration
of soluble fluorides)

Utah (Not specified) 1.4—2.4 mg/L
Vermont (Potable groundwaters) 2.2 mg/L
Virginiad (Primary ~L) 1.8 rng/L
Washington (Primary contamination) 4.0 mg/L

(Secondary contamination) 2.0 mg/L
Wisconsin (For drinking water) 2.2 mg/L
Wyoming (Groundwater, domestic water) 1.4—2.4 mg/L

aThe standard for importedbottled water is not specific for fluoride-treated and non-fluoridetreated

water.
bThe range in averagemaximum air temperaturescorrespondsrespectively to the range in domesticbottled
water standards values presented, with the lower air temperatures corresponding to the higher standard
values.

cMontana has adopted the listed acceptable air concentration for fluorides in order to protect grazing
cattle from fluorosis. Therefore, this value is averaged over the grazing season which starts in the
spring.

dpublic water systems, which artificially fluoridate the water, should maintain the fluoride Level between
0.8 and 1.3 mg/L.

ACGIH American Conference of Governmental Industrial Hygienists; CERCLA Comprehensive Environmental
Response, Compensation, and Liability Act; EPA Environmental Protection Agency; FDA Food and Drug
Administration; IDLH = Ininediately Dangerous to Life or Health Level; ~L Maximum Contaminant Level; MCLG

Maximum Contaminant Level Goal; HAS National Academy of Sciences; NIOSH = National Institute for
Occupational Safety and Health; ODW Office of Drinking Water; OERR = Office of Emergency and Remedial
Response; OSRA Occupational Safety and Health Administration; OSW Office of Solid Wastes; PEL (for
OSRA) Permissible Exposure Limit; PEL (for NAS) Public Emergency Limits; RCRA Resource Conservation
and Recovery Act; REL Reconinended exposure limit; RfD = Reference dose; SMCL = SecondaryMaximum
Contaminant Level; STPL Short-TermPublic Limits; TLV Threshold Limit Value; TPQ = Threshold Planning
Quantity; TWA Time-Weighted Average
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y . d yg : -

.1 . yd •d . S pNd

y .1 .S p

p d 11 :1 —1

y p.1 . d v dd
p •g •d

d •g . 1: —

N, , .11. d

gyp g ‘ d g y d
d •d. : -

p N. 1 . S p y: d pp v yd

•d : p . pMd : -

,K .1 . •y d •d
y p d . : -

.1 . •d •,g , d . yS

:1 —1 11.

pg , p .1 .Sy •d p •g

•g •d . pMdl: -1.

- M, S.1 K p p y.
1 : 1—

dv , .11. g •d d •d

• p • • .5 v 1:1—1

p • , • ,Ng , .1 . y •

p d. • 1: -

v • M.1 . yd • •d p . gMd
:1 —1



N S

p ,S .1 •d p

y Ndll:1 —1

y .11. v p y •d d
N d N •g : .S. p

g S v

S ,S•
S p Ndl : -

,Sg g .1 •d d
d p d S p Ndl :1-

S 1 1. d •d 1 :1 —1 1.

p .1 •g g y

:11 —11

d N,S .1 •d- d
pd vp pv

V :1 1—1

p y ,Ny .1 .N g vy •d
r ~ —~

p y g .1 g y vy
d p d K : d v.

: 1.

M.1 y v g
pg yd g •d. d yg :1-

vg .1 p d
d pp d p y-d gg d

• - • gd • p •d p :1-1.

.11. • v p • • d
~J~’1P :1 1—1

.11. d • • d • g y d d

•d • : -1 • d : Sp g y
g v • d • g y •

S. v •d: • d • : p d

•d • d v
d dp g •g : p d

S v • S v



N S

V.1 . g y: p
d :1—11.

5. 1 . p - d d v g v Sy
•v •y

1 . d y g •d
N —

• dg .1 . • d d y
N 11 :11 —11

• dg N.1 . d y d
v y . N 11:1-

K-N, Sv , N. 1 . y d yd
d p . : -

g , p .1 . p vdd d d g
g d g p N

- p51, g N ‘ 1 . pd g dy

p y y . v p 1 : -

- gN, g , , .1 1. pd g dy
K ,

d y . v : -

N,N , p .1 .S d
- p v- p d

N N d 1 :1 1—1

g ,S , .1 . d yd d.Nd 1: -

S,S , d , .1 . cl.
5 p Nd : -

1 . dy

y g d ddv p
p . pNd :11 -11

K, d K, K, .1 .

V . p y g g p•p p v d dp p

y . : 1-



N S

• • • • p .1 d p d p
g • • • yd N 1: —11.

v .1 y y • d •d
pp pd • y : -

v .1 y d •d • pp

• • -

y .1 • y g d K
v y •g •d • pp • pd

-

.1 • v-y v •g
p • • • • . d • yg d p • Nd

• • .1 • p cdg p g •

• • • d gyl : -

.1 • pd v y •d. d
g d gy, ,N • d

• • • • • • • •

• :1 —1

.1 1.N p • d d y •d:
p• dg d • d :1-1.

N.1 • d d d g
g p p p• •g• • 5 :1 —11.

S g .11. .

d y py yd y d. y :1-

.1 • gd ••

pp d : v • 1: 1-

S.1 • g S
.S. V g y

,N , dg .1 • g y d
1 d-yp d K-p v g v .. yp

N g 1:1 —1

g ,Ny .11. p d d
• kMP v d yg d p Nd



N S

g ,Ny , .1 p d
d •d : v d yg d p

Nd : -

q .1 •g •gd d,N d.
d 1 : -

NS, v 1 d
vg : v d v
11: —

p , , , .11. •d d p
1 — 1

p , , y , .1 •d d
p pd :1-1.

y ,N N, .1 d
p ppd y gy-

p py. S : -

v S : -1.

gg , , v .1 .S y •d
p g •d

V S :1 —1

,Ny ,K .1 .N d .S. d
d p d d d p . V

:1 —1

yN,S p d .1 .S d p
d •d .Nd 1: 1-

p , .1 . d dd d
d y •d. d yg : 1-

y S.1 . y- p g. Nd

• , .1 . d-d d g • • d
d 1:1—1

.1 . • d •d. •d
1 :1 —1 1.



N S

,N , , .1 d~ p gy
d- p d v : -

p ,N , .11. •d
d p p •d 1:1-

NP .1 1. N d d •d-p

:1 1—1

,NK .1 d, d , d •d v
d d. : -

,K p K,NK , .1 .S vy d, di
d •d d v v d

d d :1-1.

.11. yd g •d d y d p
p d yd g •d y. •d y

p : 1-

g .1 •d dv y d
p •g p y p
M~ ~ -

g .1 di g d g di
p •d 1: -1.

.11. yd •d Nd 1: -

S,N g , y .1
g •d •g N -

y , gg N, .1 p d •d
d ypp SNP : -

K ., ,N .1 gy
p d yg : 1.

g , v , 1 y di •d
p ydv p g •d y., v : 1-

v .1 •d S y. yN
Nd : -

vydv V. v N.1 d g d
p d dy. g5 :1-



N S

.1 d cPg

1:1 1—1

.1 d d
p :1 —1

p , NP, .11. •d

-~

,K 515,5 g .1 p •d

pp yg p :11—1 1.

p ,S , dg .1 •d
yp d cl •d. pp : -

K, NP.1 •g •d

V . : -

N, dS, vg , .1 d
cl yd •d. gy- d

gy : -

.1 .S dd •d d

y y N, N, •g .1 •d p d
V : -1.

VK, v S,N N, cl g

v g •d p gd y. •d
1 : —1

• 515,5 N, vd S.1 .5 p d
•d dy •g • . •d :1-1.

dV • , • d .1 . g • p • • g
,d d y p • . dNd

1: —1

d .1 . d

y .1 . d y• .

v gy :1 —1



N S

S.1 1. v d: d : p d

•d d v
d dp g . , : p d

S v , S v

v , , .1 . yd •d
d. S g : 1—

p .1 . p yd

yd •d. pNd : -

• , , , .1 . v y dy
•d p d • . pNdl:1-

v d , y , .1 . • •d d •g
v -d y . p N d 1 :1 -1

• , d N, y , .1 . l-y p v dy

•d • d y dp y g •

p . pNdl :1-

S N, gg N. 1 . •

•d y p :1-

.1 . •d • d

.S. . 1:1 —1

N.1 . • S • • •

g S g •d S• S •d. • pp

.1 . • S

pd • • g • pg . 5 pp • : 1 -

.1 . • S
yd S • y •d • • g -pg.

•d :1 —1 1.

y .1 . • d • • : v . • S

• d , , d .1 . •d •

S •g • •g •d •

S.11. v p
•d Sr • p v • d • . S •d

:1 —11



N S

5, S,Ny , .1 v d
dd gg , p , d

v-p •d d •g
11

,N , .1 d y
•d d yg :1 -1

y , , .11.
p •g-d •d Nd : -

p , g ,N , .1 v
• d p N d p p gy d
:1 —1

y , N, y , 1 • d • • y.

dd .1 •d • p
N • -1.

g .1 • p y
y • d : • d p •

r • l~ ~.

• ,Ny ,K .1 N pd • d •d
• d • d. V : -1.

d .1 yd • d .S v
p • Nd • 1: -1

dg ~.1 1. •d • • d pg. • d
y :1-

N, d .1 p • d p dp
•d v • p v :1 -1

K, M, .1 •d •g • N
y 1d • • : -

d , S.1 v •g • d • pg
d g dp • d. d yg : -

d , .N.1 • pd •d
V • • • y • • 1 : 11— 1



N S

d N.1 . p p
y d •d . p

Nd : -

d ,K .1 .Sy •d p •g •d
g pp . :1

g p . : gg d. gy dy.
g 1 . —

d S.1 . p - d •d
dp . : -

d d ,Sp .1 . d
lpp •d . 1: -

d ,K .1 . d d
y •d •d •g pp

• gv • p . • 1:1—1

d ,K .1 . d
p - d •g • d d p

d Sp N. 1 . • d
dy d • • : • y dp g y

1-

d v .1 . • •

g d p d . • 1:11—1.

d M, • d M, .1 . d p
d • g •d— g • . • 1 :1 —1

d ,K •dg .11. • •

g • d d d . • 1:1-

d g g .11. • p p
d d •d • • g g- •d

d ,Sp .1 . • • •

gd •d.

.1 . • • d • • d g
p y • p • • d. :1 -11.



11

N S

M, .1 Nd gy: •g d
p •g.N ,N: v S •g

p y, 1- - -

dNP, •d y .1 •d p. g d
• y • V • :1-1

dNS, K, .1 yd - •dd

p .V • 1: -

gg •N, 1 p v v •d

d •d • • • • •

•d d • -p p • •d 1 :1 -1

.11. .S. v • g y. d d

g • 1 .1

.1 .S d d p p p •d y.
.S. v • g y. d d g

.1 .S. v • g y. d d
~

.1 .S. v • g y. d d
g • 1

.1 V V p : X.

•d. • • , : y,
d v p , .S. v • g y.

.1 .S d d p p y • d • p

.S. v • g y. d d g
.1 — .1

.1 .S. v • g y. d d

g • 1 1. 1.

.1 1. .S. v • g y. d d

g • 11.

.1 .S. v • g y. d g
1—1

.1 .S. v • g y. d d

g • 11..



N S

.1 . .S. v g y. d g
11 — 1

.1 . yd yd g
•d v d d 1 . g : .S. v

g y. - 5- -

• . . P
.S. v g y, d

v• . -

• .1 .N y d • d d d •d d
pp • . N g N d :111 —111

.1 . yd •d • d g.
gy 1:1 —1

y y .1 . d • d
g • • :N • • . : 1-• .1 . ~ d

di d . d S dl:1-

d p d . : -

.S.1 . d ppy d dy g

d 1: -

v d .1 . d
d dg. d S dl: -

N.1 . dy g
1 pp 1, pp. dS

gy gy p . v

.N 5 -11

M.1 . p y vy N
d d vg p ••y . v p•

: —1.

,V d .11. g d
p d . 1: -

v d .1 .M pp dd •y
v d •. p5 d : -



N S

yd .1 •d p
- v d.

11:1 —

y gd y .1 •d d y
p d p p vy -

S : —

.1 d d y •d:
dv p d yg : -

.1 .S. d d gd S v d
d g 1 1

d ,N dg .1 •d d •g

g .11. d •d p d
y .N N gy 1:1-1

VN, 5, N 1 1.
gy p dy •d d •d.

1:1.

• ,Md , d M.1 d • • • p
d p • : p d v Mdl : -

• ,Sv M, • , .11.S
Md : -

• , • .1 • g -d d
g py • g • pg g y d •d.

• :1 —1

M.1 •d g d
• d S .S. g S v y M g v •g

— , : .S. g S vy.

M, ~I, • , .1 . • .

y d v . V : • d
dd . , :N • d y

S• , —

g 5, • dVS.1 . g •

d • d •d d •

p d •gg • . : -



N S

.1 p ppy •d d .5 d

.1 p •d •d
1 :1 —

.1 p •d d

g , .1 d •d

• , d , d d .1 • -1
p • p : -

d .1 .N • d • • p , d

p p • • dN • v g dN g5 p • :1

v p y
5

dy p

5 .1 .S p d d d g d d d

gd , : . 5
d ~5 gy d g p N 1

K, g .1 pp• -

d v y: d d d
-. . . p y•

1 :1 —1

g .1 d •• p y p
p :1 -1

v , v p .1 gy d pg•
d,N: .S. p d p

N - ,1

p ,S ,S gg , .1 pd d
d d vg : d p

p p p d d - p pp.

d pg 1: 1—

K, d V SN, . 1 . d d p:
p d p dg . d v

-dd , •- d , -S.1 .

p p p p d d -
p pp. . 5 5 d p 1 :11 —11



N S

d .1 Sd •d d .N g Nd :1-1.

vv , gg K.1 , •d,

dv N 1:1-1.

d .1 y v •d d d

d .1 p d : •d d

v,S d: d g M g p

S ,1—1

d , , v , 1 1.
S p Mdl :1 —1

d ,My , , .1 •d dp

d d y •d d - yd
gy : -

.1 K •d p

v d •d 1 :1 —11

.1 —1 •g
M~ -

d ,S ,pp g .11. p
yd g p p g :1. g yp

p v :11—11.

d ,S ,pp g .11. p
yd g •d p p g : dy,

d y. v :11-1

.1 g y d

p pMd 1 : -

.1 v •d
v g d ,S d K 11-1 v

S : —

K, g , .1 •d •g
p p d y •d

.1 v p •d d

d d S d -1.



N S

1 . y v y d y pp d g p g y.
y. d : 1-

.1 . d pp d •g
pg y . dy p•gp d d.
y 1 : -

1 5, .

p p . p :1 -11.

d , N, N, ., d.1 . d
• g g • .N , : pp & g,1 , —1,

cfr SN,Sv N, p .11. d yp y
S d d • . • Nd : -

d •d ~. 1 . • . : N • , d. • y. d,
g d: d , -

g y K.1 . v d •d
p . p 1: -

r • . .

-

.1 . • • d • • d
y • - d.

g v :11—1

,S , dg .1 . • • • gy
p d . d. • , M : • • & • , 11, 1 —1

1 . v • • • y
dMd : - 1.’

K, M.1 .M y d dy
vy p • d p . pd • 11: -

v N, g .1 . d • • dg p
y . 1: 1—

y M, d 1 . K - y p d • gy.
V .1, d d.N ,N: • y&S , -

d , • , .1 . yd • d-d d
yp • . :1 —1



N S

gS.1 •d p

• p y • Nd : -

gS.1 • y p y g y p d
•d • d 1 :11 —1

gS.1 • p pp •g

P 1 P •

dy R1~I, dg • 1 • d d d yd d.

• S. : —

d .1 • d • • • • y v : -1.

g y .1 • • y• • • g
11:1 1—

• .1 • • • d • • y •d

d • : S d d. yd g • d d y

g 1—1.

• .1 • d • d y g y
K pd • y : -

g .1 • d •d d •

•d d • d :1-1

.1 • v • p • g d g y
- v v p • y •d. •d : -

•g 5, y , gS—, .1 •

d • • d • d • •

—, g —, g —5, .1 .Sy g•

d -d y d • -. • y •d. • Md
1 1: —

.1 • • y d yg p

S : —

gg • K,S • , • y .1 •

dd d • • p p • • • -1.

M,S • .1 • • • g • d
y p d •d • Md 1:1-

MK,Np ,M , .1 • • •d

d •g v • • N 11: -



N S

ddd N, .1 . g p •g dd g
v d .S d d, . d p. : .5 d p y,

— , 1 —1 , 1 —1 ,1 1, 1 1 —1 11, 1 1 —1 1 , 1 , 1 1.

d N.1 .S . d. p

y. p : -

• , d , .1 . d • • • p
V y. p g Nd : -1.

K pp , S • , . 1 . K • d •d
v 1: -

.1 . p p • d • • -. g
g p • . y : -

N, • • , y .1 . • y v d •g
p yd g •d. • gy d,

d. p N.

r • • • ~

p d • p • • y •d d d
- d dd •g . • S Spp

v .1 . p •d
- d •y. •

:1 —1

.1 . . d d dp . g S : -

M.1 . d
yp• yN dN . : -

g .11. p v y
d g py yd d

1 :1 —1

yS, .1 .

y g g . y

M.1 . y N d
N :1 —1



N S

d , V. 1 . v d q pd d
1:1 —1

d .1 . - d •d
y p . : -

y.l .

S .1
S. — 5— —

K, N, K. 1 . yd - d y
p p d yd y. gy- d

gy :1 —1

y .1 . d d d y. d.N ,N:
V N d d ., -

y .1 . g d •d pd d
d .S.. : gy p d .

y .1 . y •d d y •dd g. :
N 5, ., d. cfr d ‘: p g

r ~.N ,N~ ~ ,~ ~

.1 . g y S d g y S
yl,1

I~L~,N .1 .N y •d
pp .N N S v

1:1 —1

d d , g .1 . d •d p
p d d •d. N : -

g d .1 . dd •d
V . S v 1:1 —11

5, S.1 . d •d
p : S y •d d . y

5, S.1 . d -d d
d pd :S y •d •d . d : -



N S

5, 5, 5, .1 v d dd
• • p d v-p

v-y -p vy.
11 : —

• , , dv d , .1 . • •

d v •d di d d •d.
N —~

351.1 . • • v d . v

.1 . d • g
:1 1—1

,S , .1 . d • d g
dy • . 1:1—1.

,N .1 . d •d
p g •g •

d. • : -1.

y . 1 . g . : y , d. d • yg d
~ ~.N ,N~

N, • d .1 . • • • d
-

• d , g .1 .S - v : pd

• d , .1 .S - v d • • y.
5 1: —

g , vy M.1 . yp y d d
d •d • dy . yS :1-

.1 . • y y d •d yd g •d, d
vd d d vg • • • d.

1: —1.

dg .1 . • d • d •g gv
p y. : -

dg .1 .N •d dp dy •

kMP •v d • 1: - , -



N S

dg .1 1.N •d 11411 :1—1.

dg ,S .1 p p •d

dg ,S .1 p : : ,N d
d N d N , N : d

dg ,S .1 g pp g •d
S , d. p. : -1

dg ,S .1 N : dd
p v d •g , :

S y, —11

dg ,S .1 p •d p pNd
1 :1 —

dg , v .1 . dy.
•d d . v,S d: d g

S . —

pd : g v ,g , d d p
g. :1—

,N , d , .1 . d p g
N N p . d : -

g d .1 . d . : d.
g• g d v p d

p •g p ,1 —1

gg N, , , .1 .N p

d ygy d 41

d .1 , p p 41. d S d : -

K, d .1 . . ‘-p

d d p p 41. p
p41 1 : -

g , g K, d .1 . 41 vp
41 g . : -



N S

g g K, d , .1 y SN
dy, dv , g g- di •d

v N,NKy , .1 •d dd •g d
Ni : -

5, 33, , . . . S
d q •d d y. : S. v

d : p d •d
d v d dp g

p d S v
S v

d , .i p vd -

y g •d •d v d yg

S .i d S .N y Nd
N gy Sy , d,N.

d ,S y K,N .i p •d
g pg. i: —

g •d d d •g- dd
pp : N g p v g

:S , d
p d, d g •d d d •g- dd

pp y , : d g , g y

g p v g
.Spp : d d : pd •g

d g p v i y , : d

g , g y ,i—i, i,

g .i g ~• d

d d g p : .S •y
- ~gd g d p d p

i—i.
g , N M, i g p

d d d g p :
v y. : -



N S

• ,N N, d N.1 •d g

d N dp • y •

—11.

d K,K d d ,N g y , .1 pd • gy

•d • d •g
S • pNd • : -

S.1 g d • • Sy .S. v

g y, v • • d • ,

y V, , •g • , 1 • d • p d

dy g p • • d • • d • • d v

.1 • d d
y • V • • 1: -

•d SN.1 • p g d

d • d : g vy.

.~ ~. • r

•d p . •d 1: -

5, .11.S v • d y •d

vg • . : g d N, y , d. cPg S d
g .N ,N: d • , -

5, • • .1 .S pg d y •d:N d

d • • , , , d d. p

Ndl : -

5, , .1 . v d •

•d • . : p , d. v

dg Syp • .N ,N: N,11-1

5, d g ,N , .1 . g v • •

• •d p : .S. • gd y d d .

y y K,N .1 . •d • d d •

di • d •d d p d •d-p d • . •d

g , • S.1 Sd •d p • g •

gg. V : -



N S

SN, S N. 1 d d dy
v :11—1

1-54.1 d d •d •d

g -, d , N.1 •d

S S
1 :1 1—1

g -, d , d , .1 d
•d d d •g

S d : -

.1 p v p •d cl •d,
•d, d •d pd y di d

p - p v g d v p :11 -11

N, dg 451.1 .S v d

N.1 •d p
v Sd 1: -

N.1 d d
vg d : -

v .1 p d d g
di y.Nd y : 1-

v , y .1 di~ d di
p : , v , , d. v

di d , : didv S -

cl d cl

:1 —1

.1 yd cl
d yg~ d gy 1: -1.

y •gg .1 •g
p d.N : 1-

cl ~y .1 d 5145



N S

K ,S .1 •d p
d d yd g •d pp

p d p 1:1 —11.

K 5, y- .1 •d d
p 5 d dv d d

d S : -

K d ,N , JM, .11. p d
d g .N : -

K •d N, d N, y V, .1 vy
p •d p pNdl: 1-1.

K N,S d .1 d
p d : -

K K , S g M. 1 1 , pp , d g v v
g •d di p :1 -1

K K,Sg M.1 1. dp •g p-

K .~ -~. . -~. . .

,M d -1.

KyM, g , S.1 y yd yp
N :1 —1

K , d .1 v
p v dy. p : 1-

K M, p ,K , .1 .

d p . p•
y d d d Np 1:1-1

K S,M JM,K .1 . - g d
d d p . : -

K p , M y MM, . 1 . Sp dy d
dg . -

K p , d ,N V.1 .S d
p d. Md :11 -11

Kp~g M.1 . p d -pp 1:1 -



N S

Kpg N,S .1 -

d yg 1 :1 —1

K •N, , .1 •d d
p 5 .5 v : -

K N, , d , .1 . dy y d

K N, , g -S V, . 1 1. p d d

•d p y. : -

K •N, , , .1 . p d
•d p g p: , p , d . d

pp :1 -1

Kg , g N,Ng •d .1 . pd d y
•d g . dNdl:1 —11.

K . 1 . d d v

pp . 1 : 1-

K , . 1 1. d pp d

pd y : -

K p .1 . g y p •d y. S

K d V,S , K.1 . d p d
• d • d.~4P v d d • 1:1-1.

K p M, , • p , .1 . • d
•d pyd d v • p p

p • . 1:S

K• g , g .1 . • dv • y
p • y. : dg

gy, 1, , d 1 . p Md
y, 1 - 1

K• 5, .1 . •d d

d • kM v . • :1 -11

K• dM.1 . p y d • g.



N S

K ~.11. •d S •d p g

S :5 d g •g : 1

K RJ~J, N, .1 . d d
d g d N . pp

Kg , K, .1 . y
y. :1 -11.

K , d d , , .1 . y p
1 : 1—

K , N,S .1 .S v g - g pyd
- d: .S v d

p d. 1: -

K K, d , d , . 1 . d d
yd •d . dg
p : -

K K, •d , M, . 1 . y •d
r

K K, •d , g , . 1 . y •d g
yd •d p . v :1-

K -K M, .1 . , , d •d y
v g •g d dMg .Mg

:1—1.

K K, S g . 1 . g d g g
d •g . d 1:1—1

K ,S •d ,Sg , .1 . g d
d d q •d g.M

K K , K y K. 1 . pd g dy
yd v g g •d d

d d . d Md :11-1

K ,My .1 . d •d p :
p g d . V Spp :-



N S

Kg N,N .1 .Sp d p d

d p Nd5 : -1.

K d N, dy .1 •d p d
y y vy d g •g v d

:11 —11

Ppd d g , d g

:1 —1

K , g , d .1 d d
g .Ng — :11—11.

K 5, p K.1 d dl : -

Np ,Kv .1 d. d v

K ,S .1 d v : p y

dy. : - 1.

Ky , y .1 . d d, , d
~ —~

N,S N.1 . . dp p
y 1 : -

v N-, V N, .1 . d-d d
Kd y 1:1-1

p N, .1 Sd d, y, d
p g y : p

S P . 1

p .1 . . d d

NNP v d yg d N d : -

p .1 .N p d . : d

p . g , :

dv 5 -

p .1 . d .~NP v

d 1:1—

.1 . p d . —

p d. dNdS p1: -



N S

5, dd 1 1. 5 5 5
1 — 1.

N,K g d , S.1 d
p •d d •g

:1 —1

dSy y d
11—

N, .1 •d

S,V -.1 •d y. g
S d : -

.1 .N g •d v :N y
d. •d .1 d.N yd, d

v , , dd N, .1 .S d g
d - g vy y d

.1 p •d : p d pp
• p •d • Ndl : 1-

.1 p ,d • • , • , d
d. • pp 1:

• 1 • • ‘ d d •d • • d 1 :1 -1

d , v .1 • v • V • g
v y d d • q • y. S •d • 5 :1 -1

dMP,M y .1 •S p d • •

p vd g p v p • d
• y : -1

N, d , • M, .1 •

y •dg d: • • dy. :1 -1

N,M • ,M g • , .1 . d dg
v,S d: d g • • ,S • , —1.

N,S • M, d , .1 Md p •v
ppy. • p 1 : -



N S

N,S v , , .1 g g dy
pp p d •g- •d d : y

dy. g d N Nd : -

N,N g , , ., .1 . p yg
v Sd

:1 —1

v .1 . v d •d d d
d d - p yv •g

:1 —1

vS. , , .1 . p •d
d y. dNd :1 -1

N, p ,S y K.1 .

p p gy . :1 —111.

N, p , S y K. 1 . d
v . N 1 :1 —1

N, N, p , .1 .

v d y - d g.N 1 :11-1.

,N N.1 . d
d g ‘p . 1: -

d.1 . cfr y dpy~ . d.

K, d , p .1 . d, d

d d d - p p p d
1:1—1

d .1 . y ppp5 d : -

d .1 . d dy d.

,M 5 .1 . y

~gd d ppy. :M , d.
d g . d,M: .S. p , d d

S V ,N



11

N S

v v NN, S v v N. 1 . . : v VS. d.

gy . y .V 1:
y : d g g y

,1 -1, d N 1

N,S g .1 . •d
p v y y •g d.

p Nv 314. 1 . d y •d d, v g

dd . :1-1.

5, , .1 . y 31 •d
y d y

1 . V . 1:1—

p g ,S•g .1 . V ~ d

•d gy gy .

1 :1 —

y .1 . p 31. d g d •g

y S.1 . v p . g
31 . p . pNd :1 - 1.

N S.1 . . 5 31 g
y . :1 -1

N d , NP.1 . d: g
d p . N 1: 11— 1

N .1 .Sp p d 311: 11— 1

N ,K P.1 . yd g

d: . p g p
d yg~ 1 : -

N , g .1 . p d 31:
v . d yg•

d gy :11—1

N ,S .1 . yd g
31: . g •g p -

d yg~ 1: -



N S

M ,S g .1 p d
d yg

d gy :1 -

N ,S .1 .N y d
• d d • yg

:1 —1

N K • K, 1
• • yd g •d: p •g p •g

d • yg 1 :1 —1

N ,S •d .1 •d • y g
v • • p yd g •d. v

y : 1-

N , v , v , .1 yg •

• v d
pp • • vy • p yg pd • N

N ,K , v , .1 d d yd g
dp p

~ ~

Nd ,K • , - y .1 • p •p
d •d • : y • d

Nd .1 •d y d
y 1 :1

Nd , , d , .1
v •d • pg y 1 : -

N dv N,N yV,N .1 •d y g
g p p • v :1 -1

N • ,Kg , • , .11. •d
pg d pg pNd : -

N • ,Kg , y , .1 •d d •g
y d pg y. pNd : -

N • ,S •d VS,N d , .1 • d
y •d v •d • • y

S : —



N S

M .11. •d V V : -

N SS,Sg , p S.1 g— •d
di : p dy g p •d

N , N,Sg - .1 d p v

S I
pd 1 : -

N 5, , .1 y p •d y,
d v y •d d •g

N g S,N S.1 p •g yd
dg gNd : -

N S.1 .N •d, p •p “g
p y g. d p V S d

N , N.1 .S - d d
d p : -1.

M .1 .S p v
V : -

M ,S g ,M M, .1 dg d
g pp •d pd v

1: —1.

M K.1 d •d
d Md 1: -

M 5, d .1 p d d
yd g •d y : 1-

M , KS,M , .1 y g
S vg d •d.M

:1 —1

M K, gM, y , .1 - g y dy
•d N 1 :11—11

M , y .1 - y
N : 1-



N S

M y .1 d-d d g

p p y y -NM pp :1 -1

My .1 y d yd •d
• gMdl:1 —1

My ,K .1 N pd p d •d

P • -

My ,K .1 • •d dy

V • V : -

N .1 • •d •g
p d y d

N .1 • d. p • •S.
S v • p :1 1—1

M .11. ddg • :1—1

M ,M .11.

M p .1 • y g d

• : d. N
d p. : .5 d 1-

M ,M 5 .1

g d v d d y v y g

d yg~ d gy :1 -1

M y M, .1 • yd
y. pMd : -

M .11. v vd~ dv~ •g q •y

d vg • d yg : -1.

M vy .1 .S g
• V 1 :1 —11

M 5 .1 •M d-d d yp gy
• . pp : -

M 5 .1 • v y d
yp gy • . pp : -11.



N S

Mv N, g ,N I~ll~I, .1 p
p d g •d : p py.

gy : -

Mv N, g ,M 1+1, .1 .Sdd d d
p . gMd

1 : — 1.

N .1 . y •d. •d
:1 —11

MN y .1 . d d y d •d. IMP 1:11.

Nd N, S~I.1 .Syg pg q dvd
y •v g . v S : -

N , v , y .1 .K dd p d
d g •d d -p d.

N SM, . 1 . yd d p g. N d

N ~ , , , .~ .M H
pp d : -

N , g ,Sg .1 . •d
pd . N 1 :11—1

M , p ,S 5, .1 N d-d d
g d p p p •v

p . p1 : -

N S.1 .M y d p . pMd

N , p .1 . y d
•d y •g d y . N : -

N g .1 . p d d d •d dg
dd . : •d d . v,S d:

d g ,S , -

N , 5d SS, K SS. 1 . pp g
p dy . d :1-1

Mdy , .1 . g •d
p . : -



N S

M d , d N.1 y g d •d
d 1 :11 —11

N d ,K .1 y g yd g •d
p — g 1: 1—

N d ,pp g ,S .1 y g •d d y

P — P 1

N N.1 1. y p
1 d SN N •g,N ,N, 5, g — ,1 1.

p 5 yl

N , d SV. 1 N v d •g
1 11: —

N ,K g ,Sd .1 •g v d
d •d p y d , , d

:1 1—1

N ,K g , , .1 •d p •g
d •d .Nd 11: -

N g .1 g d g p d p •g.
d g , : .S. v g y.

— g— — 1.

M d ,v .1 p v v d •d d y kM v
p 1: —1.

M ,S .1 g dp d p d
yd g •d pp :1-.

M ,S .1 d
g yd g •d. pp

M N.1 d p y .Sv S S
1:1—1.

M N, v .1 g pp d y
.Sv S 5 1: —

M dg ,Sv v R1~,V dv, .1 ppg
d d d : -



N S

N g .1 . p
p p : -

N P155 .1 . cl cl d
cl cl p -. cl p

p .N :1-

S , . .

p yv .

:1—1.

N ,N g 5 , .1 . cl p
cl . . : -1.

N .1 . cl dp . cl :1-1

N p5tm5 .1 . d N
cl v . : -1

N p V,V 5 . V.1 .
g g : cl ~dp d . 1:1-1.

Np 1-115.1 . cl dd .N g S :1-
N5 N,,~ K, 55 .~ ..~ ., S

cl . cl 1:1—1

N V.1 . pg . : p , dp ,Np K,
d. y .V .V.N ,N: d

N V.1 . dp p p pg
1 : 1—

NS.1 1. g• p p : cl
:N d p 5 ,N

p

NS.1 1. cl - p p p
cl g pd g cl. gp.

:N d p 5 . - ,N 5- - ,1.

NSN .1 . g• pd v p.N d p
S N~ ~. g , :N d p

N .1 .N . g

g ,N: .S. v g p

p g dS d d.



N S

Nv JM, p -N d , y •g K.1 . d
d d

N .1 . y p g y. d,
N:N ,N g p 5
N. ,1 , d N 1

N .1 . v d .5
v :1-

Nd , SN, K.1 . d d
yd . N g Nd 1: 1-

N , ,S .1 . d •d
d-p d. d yg

N .1 . y d g V

N ,N N1/,N K, .1 . y
d dp . 1 : - 1.

N .~ . r r
gy, y, d y. :1 -1

NI-ff4 . 1 1. •d
p , g d y5 v ,N

d N d

N N.1 . d •d , , d
d 1:1—1.

N S.1 . dd d d: p p
g •d . , : .S. p , d

d , S v ,

p 5 y d . p
N 5 -1

N S.1 . dd d d: p p
yd g •d. , : .S. p , d

d , S v , ,N
p 5 y d , p . N S

N S.1 .N p d vy, p d
S v . , :N p 5 y

d



N S

N S.1 .N p p vy 1 -1
:N p 5 y d p

d S v

N S.1 .N S p gd d. •g : .S.
p d S v ,N p

S y d SN S p -11.

N S.1 .N p d vy.
N p 5 y d p

d S v

N S.1 .N S y d. v
d v p . :N

p 5 y d .S. p d d

N S.1 .N S p gd d. •g : S
p d S v ,N

p 5 y d v S d d v p
d gy . N S p . -11

N 5 5 .1 . p gd d.
r

p 5 y d d

Np MK,M .1 . d dp d
d •g v •g . :11—11.

Nd d d .1 . -d d y
g g . 1: —

N .1 . d : . p -: p
d •g . : N

d y S ,S •g dv y
gy y S• . -

N .1 . d : . p d
p d •g . : N

d y S ,S •g
dv y gy y S . -

N .1 . ddd y .1 d.S
d dN d,

S .N •,N d y S
:N d y -



N S

N d.1 1. V dli. ,

• d,N • • S
v y.N p . .1

N d.1 . v d,1 . ,

• d,N • • S • •

v y.N .1 1.

N .1 .N • p • gy d • g
d d •d • N d • d •g
d . , : p , d • , d

N • gy g .N ,N p • • . -

M.1 .Sp p p p •g p:
•d.N V :1

.11. d • • • K d d d • d
p v ,S • . : -1.

gg .11. •d p • • d dp • .

d ,N .1 . d • pp d
rr • • • ~ —~

,K y , M.1 Sd •d d g
p .M : -

1 . g d • •.S. • .S y • — 1: 1

5 .1 . p 5 y d d . d

g

5 .1 . p 5 y d d . d d
g . 11.1

5 .1 . . . p 5 y d
d g : -

yM, y .1 . g •. d
yg :1—

,S K, , .1 .S dp . d d: g

v d . d M
1 :1 —1



N S

d , g v NS, 5, .1 . d
S d: dy v vd pd d

d d v d . d Nd

N.1 . yg v p •d
- dg d . p ygi: -1.

d .1 . •d p :N
p v d p g pg. :1 1-1

N, S p. 5 p . 1 . d y v
p d •d: g pg

g g d dd y . 1: 1—1.

N, .1 . •d d •g
p •d •d p . :1

y , N, , .1 . •d
g . 1: —

y S.1 . v p
•d, vv y . y g : -

y SN, S d N. 1 . d y •d
pd - . v 1:1-1.

y ,N , .1 .N -1
d . y 1 : -

,S N,N y .1 . y: d
p p .N :1 1-1

.1 .

p ppy yp •d •d
11— 1

dvg N, , . 1 . •d
y g •d p pp .S d

11: —1 1.

g .1 . •d d •g
p y p . •d : -

• p , , , .1 .S d •

pd • . y



N S

• KS,N • , .1 . • p d
-

KS,N • , .1 . d g
1-

• N.1 . vp dd v • • . d

.1 . • •

• . V yll: — 1.

S,N ,N , .1 . V d
N •d gd •g d V.

1 :11 —11

,Sy .1 . • • d
d. : -

d - • ,S •g , • N, .1 . yd d
dV p d • p • d p •g

pp. • 1 :11 —1

K., • ,M , .~ . r • r

d • V • d • • . : 1.

S.1 . • p d • V • d. V

N :11 —1

5, P , • .1 . d •d
• • . p • d 1: -

g , p • K, Kd • KN. 1 . • • g • y
• d •d. •d :1-

g• p K, Kd KN. 1 . d
p• d . V

:1 —1

p 11 pg . p p dg d

d g . :1—1

,S N, d g .1 . p gp
d d d. : -1.

ddp 5, 5. 1 . dd d V • . d Nd



N S

ddy 5,5 S.11. d y ,V , d

p dv p p
y, d g p d d g pp

N : -

ddy , 5, N.1 p p •d
•d v v d

• , d y , , .1 • p g

•d • • , dg • d • • •d
y dg •g •d : -

d y .1 • p

•d • dd • p • • 1: -

,S , • , .1 v
p d •d y. • 1: -

y d K, • d M, y .1 •d y:

•d- • pp :1-

• M.1 vy y
—

• d , • v , d .1 •d p •

d • pg. 1:1 —11

• d ,K g p ,N -Kd .1 •

•d • g • • g • gpg : —

• dV.1 • yy •d • : v • N

1:1 —1

gg , dg 5, —, .1 •d

p p • p
N g Md : -

• , , .1 • gy d • • y
p y • g • -pg d g- p yd g •d

•d 1 :1 —1 1.

pp , v v .11.

dg • p ,

• dg 1 p g

d • g •g , N d,1 -1



N S

,N g P5.1 . yd - d p

gNd :1 —1

V.1 .N y d d p
d dp . pNd : -

.1 . p y . v pNd

N,Sg ,N , .1 . d

•d d d d p . y pd

1: 1 — 1

N, d .1 . g v
p yd g •d. dg d ,N: .S.

y d v p . 1

N, , N, .1 . p g dy
• • g p yd g •d. d yg

5 , , q V.1 . •d

p y •d vy d • -d .

y , .1 . • • d d • • • y

•d. d yg :1-1.

d p ,K , • • , .1 .

•d y • • g. S v

,N , y v P.1 .Sp-d dr~

•d • • v • p • d • . •

y .11. •d dp p -- v

p y • p p p • . • g p
y - , 1 . 1-

S dy , S.1 . S •d •g •

• 1 : — 1.

S S V NS, • . 1 1. yg

• S . ygS :11—1

S S v NS, S y K S K. 1 . p 5

yd g d v y . ygS
:1 —1



N S

Sg N.1 pd-d •d p .N

11 : —

5 .1 g p d:1.
y d •d d g,

g d d .5 :11—1

• p 5 g 1 :1 1—

S pp , .11. •d
p v y g d • 1: -

S d g , .1 • d d

• p 5 g 1 :1 1—1

S N, , N.1 • p
d N d : 11- 1

S , K, .1 •N •d p

g .S d V S : -

S , y N,S .1 •

r M~ ~ —~

S ,Sg , g NN, .1 •

v p •d.

S ,Sg , 5, .1 • y g d
•d p d : pd g dy.

pd 1 :1 —1

S , yK.1 • d y

q •g. y : -

S .1 • d dp d y
d d ‘p • : -

S , g .1 • y •d

y p •Np : -

S , g .1 • dg •d y

y :1-1

S , , gg M, .11. •d
p v v d •g

dp d •d y •Np : -



N S

S — ,S .11. •d p
d y N 111: -

S .1 •d
g d pd .5 1: -

S K,N .1 . g

S .1 . g•
d g : -

S g ,K .1 .S d
dS .

.S. p . g S vy

S d ,N .1 .

y SN pd p y . y N •d : -

S y ,Sp ~.1 . d p •g. kMP

5 .1 .V d g
r ~ —~ ~.

S .1 . y •dg dd •g
p . d 1:1 —1

S yq R1~I, Kd kM. 1 .

p y d d y . d

S d ,N .1 . d p gv

5 .1 . p •v p •d y dv
d •d. S p Mdl : -1.

S dg .1 . d- d
d . N 1 : 1-

S g ,M ,M M, .1
p d v p ddv p 5 d pdg.

V : -1.

S -, v .1 . d p d
d d d. y 11: -



N S

S •d N, N K, d N. 1 . d y g
• • . N v5 :1-

S y ,K , NIl, .1 .

d p . : -1.

5v N, v .11. cl • • cl d

PP
1:1 —1

S , .1 . cl • cl •g- p v
g • y d p • . : -

5~ ,S , ~ ~ .1 . •
cl •d p •g. • • 1:1—1.

5g , g .1 . • • cl p d d p
cl • yd g •d. : -

5g , g .1 . • • d • d
1:1 —1

5g ,p g .1 . • , , d d

5g , p g .1 . • d • • d • p
V • S • 1 :111—1

5g N.1 . • • d y • • • v d •d y
g p • . d 1:1—

5g , ySS.l . • y
d d . v,S d: d g

N g p ,S • , -

S g , y SS, , . 1 . d • • : pd • g
• d • • dy •

• ccl . Nccl • : -

S ,S K,N .1 . N- d
vv • cl •d.N

S • .1 .N d • cl •d. kMP
:1 —1

S , .1 . d •d
y . • :1-1



N S

S .1 1. g gg •d : d d yg

S , d.1 gy •d :
d. d p gy. 1:1-

5 .1 : d d : yp .X

5 .1 . y •d- gd pp

V .5 v :1-1.

5 .1 . •d, v , d . p
Nd S : -

5 .1 . •d d •d .S SNd : 1-

5 .1 . •d dp

p •.N Nd 11:1.

5 .1 . •d g .5 v : —

S , dg .1 . •d d :

S , d , dg .1 . g •d
d 1:

S , d , N, .1 . p

d.~4P v d 1: -

S , g ,Sg .1 . v y d

p •dp p dy y •d
S p Ndl :1 —1

S , d .1 .S - •d d

g : p dy. : -

Syd , , .1 . d gg
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[fl TASLE 2-1. LeveLs of Slgiificant Eiiposlae to LthIcaL xl - Irthatatlon

Exposure LOAEL (effect)
Key to frequency! NOAEL Less serious Serious
figurea Species duration System (ppm) (ppm) (ppm) Reference

INTERMEDIATE EXPOSURE

~1_~Systemlc

18 Rat 13 wk Resp
3

b 10 (hyperptasla) Nltschke et at.

5d/wk 1981
6hr/d

CHRONICEXPOSURE

Cancer liii
I ~0
V m

38 Rat 18 no 20 (CEL, uuttlpte 110mg et at. 1982

5d/wk organs)

Thr/d

39 Rat 89-104 wk 10 (CEL. Ua~gtuuors, NTP 1982
5d/wk nasal tunors)
6l~r/d

40 House 79-103 wk 10 (CEL. Luig tunors, NTP 1982
5d/wk hemanglosarcomas)
óhr/d

a The nurI~ercorresponds to entries In Figure 2-1.

b Used to derive an intermediate InhaLation Minimal Risk Level (HRL) of 5 x 1O3 ppm; dose adjusted for Intermittent exposure
and divided by an uncertainty factor of 100 (10 for extrapolation from animal to hunens, 10 for hunen variability).

CEL • cancer effect level; d • day(s); hr • hour(s); LOAEL • towe.t-cbserved-adverse-effect level; ma ~ month(s); N~EL• no-
observed-adverse-effect level; Resp z respiratory; wk week(s)
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ACRONYMS, ABBREVIATIONS, AND SYMBOLS

ACGIH American Conference of Governmental Industrial Hygienists
ADME Absorption, Distribution, Metabolism, and Excretion
ATSDR Agency for Toxic Substances and Disease Registry
BCF bioconcentration factor
BSC Board of Scientific Counselors
CDC Centers for Disease Control
CEL Cancer Effect Level
CERCLA Comprehensive Environmental Response, Compensation, and Liability

Act
CFR Code of Federal Regulations
CLP Contract Laboratory Program
cm centimeter
CNS central nervous system
DHEW Department of Health, Education, and Welfare
DHHS Department of Health and Human Services
DOL Department of Labor
ECG electrocardiogram
EEG electroencephalogram
EPA Environmental Protection Agency
EKG see ECG
FAO Food and Agricultural Organization of the United Nations
FEMA Federal Emergency Management Agency
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act

first generation
fpm feet per minute
ft foot
FR Federal Register
g gram
GC gas chromatography
HPLC high performance liquid chromatography
hr hour
IDLH Immediately Dangerous to Life and Health
IARC International Agency for Research on Cancer
ILO International Labor Organization
in inch
Kd adsorption ratio
kg kilogram
Koc octanol-soil partition coefficient
Kow octanol-water partition coefficient
L liter
LC liquid chromatography
LCLO lethal concentration low
LC50 lethal concentration 50 percent kill

lethal dose low
LD50 lethal dose 50 percent kill
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LOAEL lowest-observed-adverse-effect level
LSE Levels of Significant Exposure
m meter
mg milligram
mm minute
mL milliliter
nun millimeters
nunol millimole
mppcf millions of particles per cubic foot
MRL Minimal Risk Level
MS mass spectroscopy
NIEHS National Institute of Environmental Health Sciences
NIOSH National Institute for Occupational Safety and Health
NIOSHTIC NIOSI-l’s Computerized Information Retrieval System
nm nanometer
ng nanogram
NBANES National Health and Nutrition Examination Survey
nmol nanomole
NOAEL no-observed-adverse-effect level
NOES National Occupational Exposure Survey
NOHS National Occupational Hazard Survey
NPL National Priorities List
NRC National Research Council
NTIS National Technical Information Service
NTP National Toxicology Program
OSHA Occupational Safety and Health Administration
PEL permissible exposure limit
pg picogram
pmol picomole
PBS Public Health Service
PMR proportional mortality ratio
ppb parts per billion
ppm parts per million
ppt parts per trillion
REL recommended exposure limit
RfD Reference Dose
RTECS Registry of Toxic Effects of Chemical Substances
sec second
SCE sister chromatid exchange
SIC Standard Industrial Classification
SMR standard mortality ratio
STEL short-term exposure limit
STORET STORAGE and RETRIEVAL
TLV threshold limit value
TSCA Toxic Substances Control Act
TRI Toxic Release Inventory
TWA time-weighted average
U.S. United States
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UF uncertainty factor
WHO World Health Organization

> greater than

greater than or equal to
= equal to

less than
less than or equal to
percent
alpha

jI beta
ô delta

gamma
micron
microgram
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PEER REVIEW

A peer review panel was assembled for fluorine, hydrogen fluoride and
fluoride. The panel consisted of the following members: Dr. Ingeborg
Harding-Barlow, private consultant, Palo Alto, California; Dr. Thomas Hinesly,
Professor of Soil Ecology, Department of Agronomy, University of Illinois,
Urbana, Illinois; and Dr. Caroline Kramer, Assistant Professor, Department of
Pharmacology and Toxicology, Medical College of Virginia, Richmond, Virginia.
These experts collectively have knowledge of the physical and chemical pro-
perties, toxicokinetics, key health end points, mechanisms of action, human
and animal exposure, and quantification of risk to humans of fluorine,
hydrogen fluoride, and fluoride. All reviewers were selected in conformity
with the conditions for peer review specified in the Comprehensive
Environmental Response, Compensation, and Liability Act of 1986, Section 104.

Scientists from the Agency for Toxic Substances and Disease Registry
(ATSDR) have reviewed the peer reviewers’ comments and determined which
comments will be included in the profile. A listing of the peer reviewers’
comments not incorporated in the profile, with a brief explanation of the
rationale for their exclusion, exists as part of the administrative record for
this compound. A list of databases reviewed and a list of unpublished
documents cited are also included in the administrative record.

The citation of the peer review panel should not be understood to imply
its approval of the profile’s final content. The responsibility for the
content of this profile lies with the ATSDR.
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