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Purpose

TheMulti-Citystudywasdesignedtoobtainpreliminarydataaboutdispersionof
fluorochemicalcompounds intheenvironment,uptakeintofoodsand presencein
drinkingwater,and tounderstandthepotentialsourcesofhuman exposuresthatmight
resultfromthisqW of dispersion.

Methodology

The typesofsamplesthatwould be neededtoestablishbaselineenvironmental
levels,testhypothesesaboutsecondarypointsources(e.g.,landfillsand POTW plants).
and dispersionviaairand water,and determinewhetherhuman exposuresresultfrom
environmentaldispersionarelistedinTable 1. These samples encompass varioustypes
ofwater and food samples,varioustypesofsamplesfrom secondarysources,and
samples from theenvirorunentalreservoirsof sedimentsand air.

These samplesarebeingcollectedfrom diversecities/towns(cities)oftheUS
accordingtoa statisticaldesignand selectionprocess.A case/controlstudydesignwas
selectedforthisinvestigationbecausethisdesignisgenerallyefficientwithrespectto
power and sample sizeinidentifyingtrendsand drawing conclusions.For thepurposes
ofthisstudy,thetestcasegroup consistsofthosecitiesthatareknown tohave a major
produceror userof3M fluorochemicalcompounds since1993. The testcontrolgroup
consistsofcitiesthatdo nothave a majorproduceroruserof3M fluorochemical
compounds (since1993),and exhibitsimilarcharacteristicsasthecasestudycitieswith
respecttopopulationsizeand drinkingwatersourcetype.

The case/controldesignwas alsoselectedbecauseof itsabilitytotesthypotheses
abouttheroleofprimaryand secondarysourceswithrespecttothelevelsof
fluorochemicalcompounds measured intheenvironmentaland foodmedia. Primary
sourcesarethosemanufacturingoperationsassociatedwithproductionand/oruse of 3M
fluorochemicalcompounds. Primarysourcesdo notexistinallcitiesoftheUS.
Secondary sourcesexistinallcitiesoftheUS. SecondarysourcesarethePOTW and
landfilloperationsthatreceivefluorochemicalcompound-containingwaste from
industry,residencesand businesses,and dischargea fractionofthatreceived.A
secondaryfactorinhuman exposureisthenatureofthedrinkingwatersource-whether
surfacewateror ground water.The presenceor absenceoffluorochemicalcompounds in
ground watercouldprovideadditionalinformationaboutmigrationofthesechemicals
throughsoilfrom pointsources.For thisstudy,then,a 2 x 2 matrixofcitieswas needed,
based on primarysourcesand drinkingwatertype.

The initialselectionoftestcasecitieswas a pool of30 cities.The first26 cities
were thosewiththehighest3M fluorochemicalproduction/usevolume in 1997.The
remainingfourcitieswere chosenas oneswithgenerallylowerusesof fluorochemicals.
The 30 citiescoveredthemajorityof3M businessapplications,includingcarpets,paper,
textiles,apparel,and fluorochemicalsproduction.Of the30 testcasecities,15 used
ground waterasdrinkingwater,and 15 used surfacewaterfordrinkingwater.
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The 30 citieswere furtherdividedon thebasisoftheratioofthepounds of3M
fluorochemicalcompounds used in 1997 tothecity'spopulation.On thebasisofthis
ratio,the15 citiesofeach watersourcetypewere furtherdividedinto3 groupsof5 each
(foreachwatertype),and designatedaseithera "high","medium", or "low"ratioof
fluorochemicalstopopulation.Thisratiowillbe usedtoassesstherelativeeffectsof
primary and secondarysources,inasmuch asthesourcestrengthofsecondarysourcesis
usuallypopulationdriven.The divisionofthe30 testcasecitiesamong thesecategories
islistedinTable 2.

The studydesigncalledfora fmal selectionof sixtestcasecities.Because
surfacewateristwiceasprevalentas groundwater(intheUS) asthesourceofdrinking
waterforcities,theselectionofthesixcitieswas similarlyweightedthus,withfourcities
beingsurfacewater casesand two beingground watercases.Within each of thehigh
ratioand medium ratiocities,thefinalselectionofcitieswithineach subgroupwas a
random selection,withtheprobabilityofchoosinga citybeingweightedby the
populationsize.

Sixcontrolcitieswere thenrandomly chosentoresemblethecharacteristicsofthe
sixstudycities.Each controlcitywould have thesame watersourcetypeand
approximatelythesame populationasitscorrespondingstudycounterpart.To ensure
similarpopulationsizesbetween thestudyand controlgroups,citypopulationswere
separatedintothefollowingcategories:0-1000,1000-5000,5000-10000,10000-25000,
25000-50000,50000-100000,and greaterthan100000. Citiesfrom the1990 U.S.
Census Bureau datafilewere separatedintosixdistinctgroupsforeachstudycity'swater
source,regionofthecountry,and population.Severalpotentialcontrolcitieswere
randomly chosen from each subgrouptoensuretheminimum distanceof 50 milesfrom
producingcitiesand a compatiblewatersourcetype.The firstcitywith thecorrectwater
sourcetypeand minimum distancewas chosenasthecorrespondingcontrolcity.The
probabilityof a particularcitybeingpickedvarieswhen usingthismethod. For example
iftherewere 25 citiesinthecontrolcitypopulation,thenthefirstcitychosenwould have
had a 1 in25 chanceof beingpicked.Ifthatcityfailedtomeet thecriteria,thenthenext
citychosenwould have a I in24 chanceofbeingpicked,and so on.

Citywatersources,eithergroundor surfacewater,were determinedfrom theU.S.
EnvironmentalProtectionAgency Officeof Ground Water and DrinkingWater website
aLttX://www.epa.gov/op,wdw).Inaddition,eachcontrolcitywas atleast50 milesfrom
any cityusingorproducingfluorochemicalcompounds. Distancesbetween citieswere
calculatedathttp://www.indo.com/distance.Controlcitieswere alsochosen from a
regionof stateswithsimilarattributes.These regionsaredistinguishedby theUSEPA at
http://www.ei)a.gov/epahome/locate2.litm.A filefrom theU.S.Census Bureau
containingallcitiesintheUnited Statesand their1990 populationswas downloaded
from theCensus Bureau websiteand used asthelistfrom which potentialcontrolcities
were chosen http:Hftp.census.gov/ftp/pub/tiger/tms/gazetteer/places.zip.
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The twelvecitiestocomprisetheMulti-Citystudy(sixteststudycitiesand six
controlcities)arelistedinTable3. The sixtestcitiesrepresenttwo casesofcarpet
industryfluorochemicaluse (Daltonand Pensacola),two casesofpaperindustry
fluorochemicaluse(Mobileand Kaukauna),one ofappareland textilefluorochemicaluse
(Spartanburg),and onemanufacturingproductionsite(Decatur).The firstround of
samplingwas conductedatthreepairsofcities(sixcities):

Pensacola,FL and PortSt.Lucie,FL
Mobile,AL and Columbus, GA
Decatur,AL and Cleveland,TN

The threetestcitiesrepresentthethreemajor .3M businesses:carpets(Pensacola),paper
(Mobile),and manufacturing(Decatur).The initialroundofsamplinginthesesixcities
isexpectedtoform a compact pilotstudyfordefiningapproximateenvironmentallevels
forthisgeographicregion,and can be used asthebasisfordevelopingand testingfurther
hypotheses.
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Table1.Samplemediatobecollectedineachcity

Matrix Quantitypersample Replicates

Urbanair 12 hr at250 L/min 1

Drinkingwaterplantintake IL 3
Drinkingwaterplantoutflow IL 3
Tap water atretailestablishments IL 3

Surfacewater(upstreamof drinkingwaterplant) IL 3
Sediment associatedwithsurfacewater 200 g 3
Surfacemonolayer atsurfacewatercollectionsite IL 3
Fishatsurfacewatercollectionsite As available

POTW influent(onlypostchlorination) IL 3
POTW sludge 200 g I
POTW effluent IL 3

Landfillleachate IL 3

Food from 3 localgrocerystorechains
Ground beef-highfat 1 lb 3
Pork-moderate fat 2 chops 3
Chicken-low fat 2 breasts 3
Hot dogs-beef/porkmixture Ipackage 3
Regionalfish 0.5-1lb 3
Eggs 1/2dozen 3
Milk I quart 3
Bread-white Iloaf 3
Green beans 1 package 3
Apples-fresh 2 3
Organicbreadorflour I lb 1
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Table2.PotentialTestStudycities,categorizedbywatersourceand ratioof
populationtoindustrialuseof3M fluorochemicalcompounds(FC)

1990us Percent
Water Ratio

City State Pounds of FC
Census Rat!.o Chance

Source Group SolidsUsed
Population ofBeing

Chosen

Cordova IL -- 638 -- 0.9

Parchment mi 295,000 1,958 150.66 2.9
High I Riegelwood NC 14,000 5.00 28.00 0.7

Rittman OH 133,000 6,147 21.64 9.1

Pensacola FL 1,128,000 58,165 19.39 86.3

St.Francisville LA 25,000 1,700 14.71 2.4

Rhinelander wi 87,000 7,427 11.71 10.6
Ground Middle Prairiedu Chien Wi 48,270 5,659 8.53 8.0

Kaukauna wi 54,000 11,982 4.51 17.0

Elkhart IN 84,660 43,627 1.94 62.0

Milford NJ 21,000 15,990 1.31 19.8

Walpole MA 18,000 20,212 0.89 25.0
Low Devers TX 55.25 318 0.17 0.4

Norco LA 441.28 3,385 0.13 4.2

Texas City TX 697 40,820 0.02 50.6

Dalton GA 2,700,000 21,761 124.08 19.4

Jay ME 223,000 5,080 43.90 4.5
High SocialCircle GA 36,000 2,755 13.07 2.5

PortHuron mi 68,000 33,694 2.02 30.1

Decatur AL 92,452 48,761 1.90 43.5

Augusta GA 82,052 44,639 1.84 13.5

Spartanburg sc 40,488 43,467 0.93 13.2
Surface Middle Mobile AL 175,458 196,278 0.89 59.5

Lumberton NC 14,100 18,601 0.76 5.6

Rochester NH 12,000 26,630 0.45 8.1

Greensboro NC 29,515 183,521 0.16 7.2

Erie PA 14,000 108,718 0.13 4.3
Low Milwaukee wi 61,065 628,088 0.10 24.7

Philadelphia PA 40,000 1,585,577 0.03 62.4

Linden NJ 216.75 36,701 0.01 1.4
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Table 3. FinalselectionofTestStudy and ControlCities

WaterSource
Ratio

Study/Control city State 1990Census
Group Population

High Study Pensacola FL 58,165

Ground Control PortSt.Lueie FL 55,866

Middle Study Kaukauna wi 11,982

Control Englewood OH 11,432

High1 Study Dalton GA 21,761

Control Greeneville TN 13,532

High2 Study Decatur AL 48,761

Surface Control Cleveland TN 30,354

Middle1 Study Mobile AL 196,278

Control Columbus GA 178,681

Middle2 Study Spartanburg sc 43,467

Control BovAingGreen KY 40,641
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