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StudyDesigns- 3M MicrobialMetabolismProgram

Goal:To optimizeconditionsthatpermitenrichmentofmicrobial
populationscapableofmetabolizingfluorochemicals.

A. Introduction

The programand testsystemsdescribedbelowoffera widerangeofconditions
designed toenrichformicrobialpopulationsthatcan metabolizefluorochemicals.
Even though these systems are fairlycomplex and requiresignificant
maintenance,they are designed primaryas "screening"systems to assess if
microbialmetabolismof individualfluorochemicalscan occur. At the screening
phase,allpossiblecontrolsystems,multiplereplicates,etc.can not (and should
not)be includedbecause ofthenumber ofanalyticalsamples generated and the
effortrequiredto serviceeach testsystem. Because ofthe complexityof many
fluorochemicals,metabolism may be limitedor notoccur inmost ofthe systems.
Ifmetabolism is seen in screeningsystems,they willserve to guide more
detailedmetabolism studiesunder a wider range oftestconditions.

The key toa successfulmicrobialselectionorenrichmentprogram (i.e.one that
maximizes the chance for enrichment of those organisms capable of
metabolizingfluorochemicals)isoftenbased on providingthefollowing:

- Use ofnaturalecosystems as the basisforenrichment
- Use of naturalnutrientsfrom those ecosystems with supplemental

traceminerals,co-factorsand vitamins
- Continualintroductionofnew microbesfrom differentnaturalsources
- Periodicreplenishmentof naturalnutrientswithoutdiluting-outthe

speciesbeing enriched.
- Providinga realistictimeframe topermitenrichmentand acclimation
- Protectionofmicroorganismsfrom toxicproductsormetabolitesby use

of low substrateconcentrations,replenishmentof nutrients,balanced
medium (C:N:P,etc.),properpH and provisionof a protectivesurface
forgrowth (vermiculate,sand, soil,activatedC, diatomaceous earth,

etc.)
- Enrichmentinmore concentrated(higherbiomass& testmaterial

conc.)systems and examinationof biodegradationin more dilute
systems.

- Separationof systems selectiveforfastgrowing (zymogenous) and
slow growing (autochthonous)species.

Note that throughout the scheme outlinedbelow, we have attempted to
incorporatethe principlesoutlinedabove for enrichment. Most of what is
describedhas been gained from our background in microbialecology and
practicalexperiencewithisolationand cultureofunique microorganisms.
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B. AerobicEnrichmentSystems- GeneralDiscussion

Three aerobicsystemsare proposed:a sewage treatmentbased systemto
selectforfastergrowingspecies(Zymogenous), a soilbased system toselectfor
slowergrowing species (Autothonous)anda pure culturesystem forexamining
specificmetaboliccapabilities(Cytochrome P-450 monooxygenase).

1. Sewage treatmentbased system

Secondary aerobicsewage treatmentsystems includeprimarilyactivatedsludge
(AS),rotatingbiologicalcontacters(RBC) and tricklingfilter(TF) wastewater
treatmentplants. We also includeas partof sewage treatmentsystems the
immediate receivingwater and top-mostfloc(sediment)on the banks of the
receivingstream or pond (tertiarytreatment!).Two sourcesofactivatedsludge
willbe used, Wareham and New Bedford,and one RBC plant,Bridgewater,will
be sampled. Wareham and Bridgewaterare primarilydomestic wastewater
treatmentplants(VVRP)ofabout 1MGPD flow. New Bedfordisa new 30 MGPD
WTP which receiveslightindustryand domesticwaste (approximately20:80).
The New Bedford planthas been shown to have greatermetaboliccapabilities
forcertainclassesofchemicals. The receivingwatersystem, siteforsediment
collection,willbe downstream from theWareham STP outfall,sinceNew Bedford
dischargesfarout intothe Bay. There are no TF plantsinthe nearby area,but
microbialgrowth from the BridgewaterRBC plantshould mimic attachedgrowth
from a TF plant.Fresh raw sewage from theWareham plantwillbe collectedon
a weekly basisand used as the primarygrowth medium. DOC from each of
these plantsistypicallybelow 40 mg/L, so supplementationwithactivatedsludge
extractto achievelevelsof -100 mg C/L willbe done. AS extractisprepared
from driedBridgewaterAS by mixingone partdriedsludgewith4 partswater and
autoclavingfor30 min. Aftercoolingthe mixtureissettledand filteredthrougha
fiberglassfilter.TOC ofthisextractisinthe range of3500 mg/L.

Test vesselsforacclimationwillbe baffled300-mL Erlenmeyer(DeLong neck)
flaskscontaining-100 mL ofenrichmentmedium and sealedwitha polyurethane
plug. Naturalsewage willbe supplemented withOECD mineralsaltsat the
concentrationsspecifiedforthe OECD 301 B test,traceminerals(TraceMinerals
Corp.0.01 mUlOO mL) and yeastextract(5mg/100 mL). A sandy soilwillalso
be added (19/100 mL) to providea surfaceformicrobialgrowth as wellas an
additionalsource of microorganisms. Thissoilwas collectedby American Ag
Services,Inc.on 10/28/98and isclassifiedas a loamy sand with77% sand, 21%
siltand 2% clay.Itcontains2.5% organicmatterand has a pH of4.9. Activated
sludge,RBC sludgeand receivingwater sediment (1 g/L each d.wt.basis)will
be the primarysource of microorganisms. Test materialwillbe added at a
concentrationof20 mg a.i./L.A blankcontrolflaskcontaininginoculum but no
testsubstance willalsobe included.Once per week, media from acclimation
systems willbe centrifugedand two-thirdsof the supernatantand 10% of the
biomass willbe removed. Fresh medium and testmaterialwillbe added.
Additionalfreshbiomass (activatedsludge,RBC sludge and sediment at a
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concentrationof 10% of the originalconcentration)willbe added and the pH
adjustedto -7.0,ifnecessary. Weekly additionof -100 mg C/L from natural
sewage and AS extractshould allowthe microbialpopulationto increaseon a
weekly basis(perhapsby 50 mg cells/Lbased on a 50% growthyieldfrom C).

On a weekly basis,testmedium andlo% of the centrifugedbiomass willbe
extractedand analyzed forDOC, parent materialand potentialmetabolites.
Depending on the testsubstance,foam stoppersmay also be extractedand
analyzed. The acclimationprocess willcontinueuntilevidence oftestmaterial
degradationhas occurredor for a maximum of 8-10 weeks. Ifmicrobial
metabolism isseen, a more definitiveassay willbe conducted. Assay forratesof
degradationand metaboliteformationwillbe conducted insealed 20 or 40-mL
serum bottlescontainingtwo-thirdsofthe volume as nutrientmedium, inoculum
and testmaterial(Oiomass concentrationsinthe 10-50 mg/L range). Bottle
headspace willperiodicallybe assayed forcarbon dioxideand volatileorganics
witha Thermoglas 1200 TOC analyzer.Medium willalso be assayed forparent
materialand metabolitesviaappropriateLC-MS technology.

Priorto initiationoftesting,each fluorocarbonwillbe examined foritsmicrobial
toxicity.The assay system willconsistof125-mL Erienmeyer flaskstowhich 50-
mL OECD mineralsaltsmedium containing20 mg/L testsubstance and 10 mg/L
14C-labelledsodium benzoate willbe added. Blank controlswillbe includedand
containallingredientsexcept testsubstance. The flaskswillhave a reservoir
above the testmedium thatcontains750 @iLO.lN KOH. The assay willbe
initiatedby adding 1.0 mL of medium from the blank controlflask,described
above, and sealingthe vesselwitha siliconestopper.Assay for

14C
02 willbe

conducted at 4-6 hours and for severaldays (e.g.at days 1,2 and 4) by
removing 100 @tLfrom the KOH reservoirand countingon the LSC. Toxicitywill
be assessed by comparing therate

of 14
C02 evolvedfromthetestsubstanceand

controlsystems.

2. Soil/sediment based system

Soil/sedimentstudieswillbe conducted in 50-ml testvessels containing20 g of
the soil/sedimentmixture.Individualtestvesselswillbe sacrificedateach time
interval.Three soilsand two sediments,freshlycollected,willbe used as the
source ofmicroorganisms.Soilswillbe from severaldiversesources (hardwood
forest,pineforestanda riverbanksoil/sedimentfromBridgewater),mixedand
screenedthrougha 2-mm mesh screen.The twosedimentswillbe collected
from the Agawam Riverfrom areas below the Wareham WTP and at low tide
from a brackishsitebehindthetown of Wareham. These sedimentswillbe
combined inequalvolumesbased on dryweight.Equalamounts ofeach soil
and theone sedimentmixturewillbe combined(drywt.basis)supplementedwith
traceminerals(1.0mukg, yeastextract(50 mg/kg)and soilextract(100 mg
C/kg).Soilextractispreparedfroma richorganicsoilor humus by mixingone
partwithfourpartswaterand autoclavingfor30 minutes.Aftercoolingand
filtrationthrougha glassfiberfilter,TOC isintherangeof500-800mg C/L. Test
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materialwillbe added at 20 mg/kg. Blank controlsoils/sedimentsystems will
alsobe setup and willcontainallingredientsexcepttestsubstance.

On a weekly basis,individualtestvesselswillbe sacrificedand analyzed forthe
particularfluorocarbon.Soilextractand yeast extractwillbe added as fresh
nutrientsand to adjustsoilmoisture.

3. Pure culturesystem

Springbornmaintainsa bank ofbacteria,actinomycetesand fungithathave been
demonstrated to metabolizecomplex molecules in a manner very similarto
mammalian (microsomes)and plantspecies.These specieshave been isolated
from naturalecosystems (soilsprimarily)and containthe cytochrome P-450
monooxygenase enzyme system. Mammalian systems (liverhepatocytes)are
known to rapidlymetabolizeET-FOSE-OH and there is potentialfor these
microorganisms todo the same.

We have revieweda portionofour data base consistingofnineteenspeciesand
ten complex molecules and have selectedthreefungiand one actinomycete
based on theirabilityto metabolizethe greatestrange of molecules. These
species are:Cunninghamella echinulata,Mucor circinelloides,Phanerochaete
chrysosporiumand Streptomyces griseus. These cultureswillbe grown in
complex media in 250-mL shake flasksin the presence of the chemical of
interestforseven days. Followinggrowth,cellswillbe separatedfrom brothand
both willbe extractedand examined forthe parent materialand metabolites.
Also, since certainculturesmay not readilymetabolizedifficultto degrade
substances,restingcellsuspensions (washed to remove complex organics
growth nutrients)may be examined for theirabilityto transformthe test
substance. Ifcertainculturesare observed to metabolizethe chemical of
interest,definitivestudieswillbe conducted to establishkineticsof degradation
and to identifymetabolites.

C. Aerobic Enrichment Systems - Test System Summaries

1. Sewage Treatment Acclimation System (Zymogenous sp.)

a. Test vessels - 300-mL baffledErlenmeyer flasks,polyurethane & s.s.
stoppers.

b. Test medium - Naturalsewage from one A.S. plant+ OECD mineralsalts+
traceminerals& yeastextract(50mg/L). Supplementationwillbe done withA.S.
extractto achieve-100 mgll C. Also,an appropriatesurfaceformicrobial
growth(sandysoil).Totalvolume 100 muflask; incubationat220C.

c. lnoculum - A.S from Wareham & New Bedford,attachedmicrobialgrowth
(periphyton)from BridgewaterRBC STP, receivingwater sediment (floc)from
Wareham STP (each@1000 mg/L d.wt.solids).
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d. TestMaterial- Testsystemwillbedosedat20a.i.mg/L.Blankcontrolswith
no testmaterialwillalsobe includedand flaskswillbe somewhat larger(500-
1000 mL) to accommodate analyticalneeds forfivetestsubstances. Additional
flasks,identicalinevery way except thatthey containno biomass willalso be
includedas analyticalcontrols. Potentialtoxicityof testmaterialwillbe
establishedvia respirometry(3-4day study ina miniaturizedtestsystem using
14C-benzoate).Sterilecontrolsmay be added based on analyticalrequirements.

e. Enrichment Conditions - Once per week, testmedium willbe centrifuged
and 2/3rdofthe supernatantand 10% ofthe biomass willbe removed. Medium
removed willbe replacedwithfreshmedium and testmaterial.An additional
amount ofA.S.,RBC microbes and sediment equivalentto 10% of the original
amount willalsobe added weekly. Medium pH willbe adjustedto-7.0 withO.lN
HCI orNAOH ifnecessary. Enrichmentwillcontinueforatleast8-10wks.

f. Analysis - On a weekly basis,testmedium andlo% of the centrifuged
biomass willbe extracted(ifappropriate)and analyzedforparent& metabolites.
Samples not assayed immediatelywillbe refrigerated.Carbon analysiswillbe
conducted on supernatants.Analysisoffoam plugsmay be includedbased on
the testmaterial.Analyticalresultswilltriggerneed fordefinitivetestingas
indicatedbelow.

g. Test MaterialRequirements - Enrichment systems willrequire16.0 mg of
activeingredient(a.i.)[2.0mg day 0,1.5mg weeklyfor9 weeks, and 1.0mg for
toxicityassay]. Definitiveassays willrequireabout 10 mg [setup 16 vialswith20
mL medium].

h. DefinitiveAssays - For enrichment systems showing positivesigns of
biodegradation,metabolism profileswillbe developed in 20 or 40-mL serum
vials.Vialswillcontain2/3ravolume as nutrientmedium and inoculumat a
concentrationfrom the acclimatedenrichmentmedium (10-50mg solids/L)plus
testmaterial.Headspace willbe assayed on days 0, 1,3,7, 14,21 and 28 for
C02, volatileorganicsand perhaps 02. Medium willbe assayed forparentand
metabolites.ondays 0,7,14,21 & 28.

2. SoilBased System (Autochthonous sp.)

a. Test vessels - 50-mL culturetubeswithpolyurethanestoppers.

b. lnoculum - Three soilsand two sedimentscollectedfrom varioussitesinthe
Cape Cod area willbe used. Soilswillbe sievedthrougha 2 mm screen and
mixed. Sediments willbe collectedatlow tideand mixed on an equal d.wt.basis
withthesoils.Ten grams ofthe soilmixturewillbe added toeach culturetube.

c. Test Material- Test materialwillbe added at20 mg/kg. Blankcontrolswith
no testmaterialwillalsobe included.Need forabioticcontrolswillbe dependant
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on testmaterial.Potentialtoxicityof testmaterialwould not need to be re-
establishedviarespirometrysinceitwillbe done inthesewage system.

d. Enrichment Conditions - Soils willbe adjusted to approximately75%
moistureholdingcapacity(MHC) withsoilextractpreparedfrom a richorganic
soilor peat. MHC isdetermined on driedsoilsamples placed ina column and
passing water throughthe column untilbreak-through.Additionalsoilextract,
tracemineralsand yeastextractwillbe added on a weekly basis.The enrichment
willcontinueforatleast8-10 wks.

e. Analysis - On a weekly basis,blanktubes and tubes containingtestmaterial
willbe sacrificed,extractedand analyzed forparent& metabolites.Based on
analyticalresults,freshsamples of the same soil/sedimentmixturewillbe re-
dosed withtestmaterialand kineticsofdegradationwillbe monitoredovertime.

f. Test MaterialRequirements - Enrichmentsystems willrequire6 mg [0.4mg
foreach tube timesenough tubes for 10 weeks, and 2 mg fortoxicityassay].
Definitiveassays willrequireabout another6 mg.

3. Pure Culture Systems (Cytochrome P-450 Enzyme System)

a. Test vessels - 250-mL Erienmeyerflasks,polyurethane& ss stoppers.

b. Test medium - Growth willbe conducted incomplex microbiologicalmedia
(soybean grits-glucose)forallspecies.Totalvolume -60 mL /flask;incubationat
260C.

C. Microorganisms - Four species [Cunninghamella echinulata, Mucor
circinelloides,Phanerochaete chrysosporium and Streptomyces griseus] will be
evaluatedfortheirabilitytometabolizetestmaterials.

d. Test Material- Test materialwillbe added at20 mg/L. Blank controlswith
no testmaterialwillalsobe included.

e. Growth Conditions - Activelygrowing cultureswillbe transferredfrom agar
slantsto freshmedium (Stage 1). Stage 1 cultureswillbe grown for3-6 days
and 6.0 mL willbe transferredto 60-mL offreshmedium containingtestmaterial
(Stage 2). Stage 2 cultureswillbe grown forseven days untilthe earlyto mid-
stationaryphase of growth. Cellswillbe separatedfrom brothand each
examined analytically.Based on resultsfrom growing cellsuspensions,cells
may also be grown in complex medium withouttestmaterialto the early
stationaryphase, centrifugedand washed. Washed cellswould then be
resuspended in mineralsaltsmedium containingtraceminerals,vitaminsand
testmaterial(restingcellsuspensions).After72 hr,cellsand brothwillbe
separated foranalysis.
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f.Analysis- Cellsand brothareextracted(attimeszeroand aftersevendays)
and analyzedforparent& metabolites.Foam stoppersmay be analyzed based
on potentialvolatilityoftestmaterialsordegradationproducts.

g. Test MaterialRequirements - Assays willrequire9.0 mg forgrowing cells
and an additional9.0mg ifrestingcellsare studied..

h. DefinitiveAssays - Establishkineticsof degradation and metabolite
identification.

D. Test matrix

Tables 1 and 2 summarize the proposed testsampling matrix.Table 1 displays
the samples under studyand those to be assayed on a weekly basis. Fivetest
substances(Group 1)willbe examined first.Additionaltestsubstances(Group
2)as wellas testsystems willbe added over time. Table 2 presentsmore detail
ofthe actualnumbers of samples foreach testsubstance on a weekly basis.A
"0"inTable 2 indicatesthe day ofinitiationforthatparticulartestmatrixand that
no sample was taken. Pure culturestudiesaresampled on day "0".

E. Additional test matrices

Additionaltestmatriceswillincludeanaerobicsludgesand sedimemts as wellas
soiland sewage sources providedby 3M. These willbe added tothistextinthe
near future.Also,theneed toincorporatesterilecontrolmatriceswillbe
evaluatedas analyticalresultsare received.

Anaerobic Enrichment Systems

A. Sewage Treatment Acclimation and Assay Systems

Test vessels - 160-mL serum boftleswithcrimped butylrubberor Teflon@
stoppers.Assay based on OPPTS 835-3400 and subsequent modificationsby
BirchetaL At leastthreeboftleswillbe setup foreach testmaterial.

Test medium - OECD mineralsalts+ traceminerals& vitaminsand 0.0002%
resazurinwillbe added toA.S.extract.Totalvolume -100 mL/boftleafter
inoculum addition.

Inoculum - Mixtureofanaerobicdigestersludgefrom Wareham & New Bedford
STP's willbe mixed equallyunder conditionstomaintainanaerobicityand added
tothetestmedium (10% v/v).Incubationwillbe at35'C.

Test Material- Additioninthe 30-50 mg/L (carbonbasis)range. Blankcontrols
withno testmaterialalsoincluded.
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EnrichmentConditions- On aweeklybasis,addadditionalactivatedsludge
extractthroughtheseptum whilemaintaininganaerobicconditions.Continue
enrichment forat least8 wks.

Analysis - On a weekly basis,remove 5 mL ofmixed liquorfrom the test
vessels,centrifugetestmedium, extractand analyzeforparent& metabolites.
Methane and carbon dioxidewillalsobe followedinthe headspace viaGC.

Test MaterialRequirements - Enrichment systems willrequire22.5 mg [50
mg/L C - assume 75 mg/L testmaterial,300 mL medium = 7.5mg pervessel].

DefinitiveAssays - Definitivetestsystems willbe used toevaluatemetabolic
ratesinmore detailand willbe designed based on resultsfromthe initialtest
bottles.Definitiveassays willprobablycontainlessbiomass tofacilitate
analyticalmeasurements.

B. Soil/Sediment Acclimation and Assay Systems

Test vessels - 160-mL serum bottleswithcrimped butylrubberor Teflon@
stoppers.Assay based on OPPTS 835-3400 and work ofSuflitaetaL At least
threebottleswillbe setup foreach testmaterial.

Test medium - OECD mineralsalts+ traceminerals& vitaminsand 0.0002%
resazurinwillbe added toan aquifersediment extract.Totalvolume -100
muboffle afterinoculumaddition.

lnoculum - Inoculumwillbe obtainedfrom an anoxicreceivingwater oraquifer.
Water and sedimentwillbe collectedunder conditionstomaintainanaerobicity
and added tothetestmedium (-5 g d.wt.basis).Incubationwillbe at220C.

Test Material- Additioninthe30-50 mg/L (carbonbasis)range. Blankcontrols
withno testmaterialalsoincluded.

Enrichment Conditions- On a weekly basis,add additionalaquiferextract(5
mL) throughtheseptum whilemaintaininganaerobicconditions.Continue
enrichmentforatleast8 wks.

Analysis- On a weeklybasis,remove 5 mL ofmixedliquorfromthetestvessels
(anaerobically),centrifugetestmedium, extractand analyzeforparent&
metabolites.Methane and carbon dioxidewillalsobe followedinthe headspace
viaGC.

Test MaterialRequirements - Enrichmentsystemswillrequire22.5mg [50
mg/L C - assume 75 mg/L testmaterial,300 mL medium = 7.5mg pervessel].

DefinitiveAssays - Definitivetestsystemswillbe usedtoevaluatemetabolic
ratesinmore detailand willbe designedbased on resultsfromtheinitialtest
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bottles.Definitiveassays willprobablycontainlessbiomass tofacilitate
analyticalmeasurements.

I
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Table1.3M TestMatrix

CleanSystem(M) Sewage(M+B) Soil(S)
Week # I

Week #
Product 0 1 2 3 4 6 8 10 0 1 2 3 4 6 8 10 0 1 @2 3 4 6 8 10

Date Date Date
4/5 4/12 4/19 4/26 5t3 5/17 5124 5/31 4/5 4/12 4119 4/26 5/3 -5/17 5/31 6/14 4/26 5/3 5/10 5117 5124 6f7 6/21 7/5

BlankControl 0 3 5 5 5 6 7 8 0 6 10 10 10 12 14 16 0 3 5 5 6 7 8 8
FC-1395 0 0 1 1 1 1 1 1 0 0 2 2 2 2 2 0 1 1 1 1 1 1
AO Foamer 0 1 1 1 1 1 1 1 0 2 2 2 2 2 2 2 0 1 1 1 1 1 1 1
54F 0 0 1 1 1 1 1 1 0 0 2 2 2 2 2 0 1 1 1 1 1 1
Et.PFOS alc. 0 1 1 1 1 1 1 1 0 2 2 2 2 2 2 2 0 1 1 1 1 1 1 1
PFOS 0 1 1 1 1 1 1 1 0 2 2 2 2 2 -2 0 1 1 1 1 1 1 1
27C 0 1 1 1 0 2 2 2 0 1 1 1 1
FX-3539 0 1 1 2 2 o 1 1 1
PFOSA 0 1 0 2 0 1 1
34E

10 10 10 12 -f4--f6 20 20 24 -T8--32 0 6 10Total 6 -- 10$12 14 16 16

PureCulture(M+B) AnaerobicDigestor(B+M) AnaerobicSediment(B+M)
G Week # Week #

Product Days #0 & 7 0 1 2 4 6 8 10 0 1 2 4 6 8 10

4112 4/19 4/26 513 5t3 &10 5/17 5t3i6M4 6/28 7/12 5/10 5/17 5/24 6f7 6121 7/5 7/19

BlankControl 161 321 32116 0 6 10 101 12 14 14 0 4 1 101 iO 112 14 14
FC-1395 a 8 0 2 2 1 2 2 2 0 2 2 2 2 2
AO Foamer 0 8 8 0 2 2 2 2 2 2 0 2 2 2 2 2 -2
54F 0 0 8 8 0 2 2 2 2 2 0 2 2 2 2 2
Et.PFOS aic. 0 8 8 0 2 2 2 2 2 2 0 2 2 2 2 2 2
PFOS 8 8 0 2 2 2 2 2 0 0 2 2 2 2 2
27C 8 8 0 2 2 2 0 2 2 2 1
FX-3639 -2 2 0 2 2
PFOSA 0
34E

0- @l2t20240 24 28 20 20

Sterilecontrolsmay be includedbased on analyticalresults.
Legend :M = medium; P = foam plug(optional);B = biomass/sludge;S = soil;G growingcells;R = restingcells

OtherHighPriorityProducts-Existing(FX-3539,FC-807A,FC-1395,FC-228,FC-845);Now (Ll5655,Ll5656,Ll5660)

2

0

2

20120

012

PFOS

0 0

27CFX-31539
PFOSA

34E

0

0 8

Total

a I

Standards(PFOSAA, PFOSA, ME.PFOS Aic.)



Table2. 3M weeklysamples

Week of: samples)
415 4/12 4/19 4/26 5/3

FTest Mati, Product Group W Th F M T W Th F M T W Th F M.. T W Th F M T W Th F

Clean Blank 1 0 * 0 0 0 0 1 1 1 1
54F 1 0

FC-1395 1 0
AO Foamer 1 0
ET.PFOS Aic. 1 0

PFOS 1 0
Blank 2 0 1 0

FX-3539 2

PFOSA 2
35E 2

27C 2

Sewage Blank 1 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 -2 2 2 2 2
54F 1 0 2 2 2

FC-1395 1 0 2 2 2
AO Foamer 1 0 2 2 2 2
ET.PFOS Aic. 1 0 2 2 2 2

PFOS 1 0 2 2 2 2
Blank 2 0 2 0
27C 2 0 2

FX-3539 2 0
PFOSA 2

I 35E 2

Soil Blank 1 0 0 3 2
54F 1 o I

FC-1395 1 0 1
AO Foamer 1 0
ET.PFOS Aic. 1 0

PFOS 1 0
Blank 2

27C 2
FX-3539 2
PFOSA 2
35E 2

itotal I Group I I 1 0 1 0 JE 1 0 1 0 1 6 1 6 F-6116 1 6 1 6 1 6T-6 6 6 1 6 F6-T-61 1 6 1121 6 1 1OF67
Group I samples Mon.= FC-1 395, Tues.= 54F, Wed.= PFOS, Thur.= ET.PFOS Aic.,Fri.=AO Foamer

ITotal I Group 2 1 E@@ 10 1 0 10 1-0-F-01 1 0 1 0 1 0 1 0 FO-1 0 1 0 10 1-0-F-0-1 10 10 1 6 1
Group 2 samples- Mon.=, Tues.=, Wed.= 27C, Thur.= Fx-3539, Fri.=PFOSA

Fill

0 = Day zero



Table2 (cont.)3M weeklysamples

Week of: samples)
4/5 4/12 4/19 4/26 5/3

TestMatrix Product W Th F m T W Th F M T W Th F M T W Th F M T W

Pure Culture Blank 1 8 8 8 8 8 8 8 8 8
54F 1 8

FC-1395 1 8 8
Samples on AO Foamer 1 -8 8-Day 0 & 7 ET.PFOS Alc. 1 8 8

PFOS 1 8 8
Blank 2 8 8
27C 2 8 8

FX-3539 2
PFOSA 2
3SE 2

Anaerobic Blank 1
0Sludge 54F 1
0FC-1395 1
0AO Foamer 1 0ET.PFOS Ale. 1
0

PFOS 1
Blank 2
27C 2

FX-3539 2
PFOSA 2
35E 2

Anaerobic Blank I
Sediment 54F 1

FC-1395 I
AO Foamer 1
ET.PFOS Aic. 1

PFOS 1
Blank 2
27C 2

FX-3539 2
PFOSA 2
35E 2

itotal Group I F161 0 1161 0-F-0@ 116116 IT6-F-Ol-16-1 1 0 1 161 0 11 0 0 1
1
20

Group I samples-Mon.= FC-1395,Tues.=54F, Wed.= PFOS, Thur.=ET.PFOS Alc.,Fri.=AO Foamer

18

itotal Group 2 0 1 0 1 0 Fo-To-I Lo-I o Io I-oT--o-IF-0-10 1161 0 1 0 1 1__O1 0 1161
Group 2 samples-Mon.=, Tues.=,Wed.= 27C,Thur.=FX-3539,Fri.=PFOSA


