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1 EXECUTIVE SUMMARY
A monitoring study was conducted to assess the current extent, status, and magnitude of
fluorochemical concentrations from a 3M Facility near the Tennessee River in the
Decatur Alabama area. The objectivesofthe study were to determine the concentrations
ofselected fluorochemicals in biotic and abiotic phases withinthe Tennessee River in the
vicinityofthe 3M Facility. Surface water, sediments, clams and fish were collected from
locations upstream and downstream of the 3M facility and analyzed for four
fluorochemicals: perfluorooctanesulfonate (PFOS), perfluorooctanesulfonamide (FOSA),
perfluorooctanoate (PFOA), and perfluorohexanesulfonate (PFE).

Surface waters and sediments were collected from five primary locations. These areas
consisted ofa location near the 3M pointofdischarge (Outfal), a stream the receives the
3M Facility effluent (Bakers Creek), a downstream location (Fox Creek), a location
upstreamof3M Facility but below the CityofDecatur (DWTP), and a reference location
upstreamofGuntersville Dam. Clams were collected from the Guntersville location and
the Fox Creek location. Fish were collected from the 3M Outfall and from the
Guntersville location. All samples were collected according to standard procedures and
analyzed for fluorochemicals accordingto 3M Environmental Laboratory methods.

Results from the monitoring study indicate that the while the effluent from the 3M
Outfall did cause changes in some water quality parameters within Bakers Creek, it did
not cause any statistically significant changes in water quality parameters at the farthest
downstream location, Fox Creek. Average surface water PFOS concentrations ranged
from 0.009 to 151 ug/L. for Guntersville and Outfal, respectively. Average PFOS
sediment concentrations ranged from 0.180 to 5930 pg/kg (wet weight) for Guntersville
and the 3M Outfall, respectively. However, while fluorochemical concentrations in
sediments and surfacewaterswere greater in locations downstreamofthe 3M Outfal, the
downstream sample locations within the main stemofthe Tennessee River (Fox Creek)
were not statistically greater than those upstream (DWTP and Guntersville) of the 3M
Outfall. Only samples collected from the 3M Outfall and Bakers Creek, locationsthatare
in the immediate vicinity the 3M Outfall, were significantly greater than those in the
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reference location. From these results, it can be concluded that the effluent from the 3M
Outfall does not significantly affect fluorochemical concentrations in sediments or
surface watersinthe main stemof the Tennessee River.

Fluorochemicals were detected in al fish collected from both the Guntersville reference
area and 3M Outfal. The least fluorochemical concentrations were observed in fish
collected from Guntersville while the greatest concentrations were observed in fish from

the Outfall. For instance, at Guntersville, average whole body concentrations for PFOS,

FOSA, PFOA, and PFHS were 59.1, 9.43, 11.7 and 7.50 ugg, (wet weight)

respectively. For fish from the outfall, average whole body concentrations for PFOS,
FOSA, PFOA and PFHS were 1332.0, 20.1, 106.4, and 86.9 pg/kg, (wet weight)

respectively. While there were species specific differences in the accumulationofthe
selected fluorocarbons into fish collected from either Guntersville or 3M Outfall
locations, these differences were not statistically significant due to the small sample size
and among-individual variability. Concentrations ofFOSA and PFOA in clams collected

fromtheOutfallweregreaterthanconcentrationsobservedinclamscollectedfromthe

‘Guntersville reference site. However, PFOS and PFHS tissue concentrations in Outfall
clams were not greater than concentrations in clams collected from Guatersville. In
conclusion, fish downstream of the 3M Outfall contained greater concentrations of
fluorochemicals than did fish from the Guntersville area but the significance of these

differences is difficult to assess duetothe small samplesizeand variability.
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2 INTRODUCTION
Entrix, Inc (ENTRIX) is providing a report on activitiesto assess the impactofeffluents
containing fluorochemicals from the 3M Facility in Decatur, Alabama to the Tennessee
River. Water, sediment, clams and fish were collected from upstream and downstream
locationsofthe 3M Facility and wereusedto evaluate the magnitudeofreleasesoftarget
‘compounds from the Facility to the Tennessee River. The objectives ofthe research are
to determine concentrations of selected fluorochemicals in abiotic and biotic phases of
the Tennessee River system in the vicinity of the 3M Facility at Decatur, Alabama.
Fluorochemicals selected for evaluation in this study included: perfluorooctanesulfonate:
(PFOS), perfluorooctanesulfonamide (FOSA), ~perfluorooctanoate (PFOA) and
perfluorohexane sulfonate (PHS) (Appendix A). In addition, trifluoroacetic acid was
also evaluated in water and sediment samples taken from the Tennessee River.

3 FIELD SAMPLING

3.1 SiteDescription
Four primary locations were selectedforthe field investigation (Figure 1, Appendix B).
These areas consisted of a location near the 3M point of discharge (Outfall), a
downstream location, a location upstréam of 3M but below the City of Decatur, and a
reference location upstream of Guntersville Dam. Specifically, samples were collected
adjacenttothe 3M Facility Outfall (includes Outfall and Bakers Creek) that corresponds
River miles 301-302. Samples were also collected downstreamof the 3M Facility near
the mouthof Fox Creek (River miles 296-297). Sediment and water were collected
upstream of the 3M Facility adjacent to the Decatur Wastewater Treatment Plant
(approximately river mile 303.5). Finally, fish, clams, sediment, and water were
collected from a reference site above the Guntersville Dam (approximately river mile
370). Tobetterevaluatethe impactofthe effluentfromthe 3M Outfall,the Bakers Creek
location was divided into two sub-locations, Bakers Creek-1 included Stations 1, 2 and 3
thatwerecollected neartheoutfallandwithinBakersCreek.Stations4, 5 and6andwere
collected near the interfaceofthe mouthofBakers Creek and the Tennessee River and
are identified as Bakers Creek-2.
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Fox Creek sampling locations were also divided into two sub-locations. Fox Creek-1
included Stations 7, 11, 12 and 26/27 that were collected from the mouth of Fox Creek.

Fox Creek-2 included Stations 8, 9, and 10 that were collected onthe northern sideofthe

‘Tennessee River across from the mouth of Fox Creek. Locations and sample codes for

samples collected from the Tennessee River are given (Table 1).

3.2 FieldSampling Logistics
‘Sampling at selected sites on the Tennessee River was initiated on June 19, 2000 by
ENTRIX. Collectionofwater and sediment samples continued until June 21, 2000.
During the collection of sediments, clams were also collected. Fish collection was

initiated on June 21 and continued through June 22, 2000. Water, sediment, clams and
fish were collected as outlined in Entrix sampling protocols (Appendix C).

3.3 SAMPLE COLLECTION

3.3.1 Water Collection

Water samples were collected using ENTRIX sampling protocols from a totalof26

locations (Table 1, Appendix B). At each location, water quality parameters were
‘measured using YSI Model 63 and 95 meters. Six samples were collected from the areas

surrounding the 3M Outfall, the City of Decatur wastewater treatment facility and the

upstream reference location. Seven water samples were collected from the area

‘downstreamofthe 3M Facility near Fox Creek. In addition tothese25 samplesofsurface
‘water, water was collected from the 3M Facility effluent stream. All sampling locations

were documented using TRIMLBE PRO-XRS Global Positioning Satellite technology

and these locations were recorded on topographic maps. Samples were properly labeled,
stored on iceat 4°C, and deliveredtothe 3M Environmental Laboratory, St. Paul, MN.

3.3.2 Sediment Collection

Sediment samples were collected from the same location, as were the water samples

(Table 1, Appendix B). A total of 25 grab samples were collected from the Tennessee
River. Six samples were collected from areas surrounding the 3M Outfal, the City of
Decatur’s wastewater treatment facility, and the upstream reference location using either
a Petite PONAR and/or Eckman dredge. Seven samples were collected from the
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downstream area in the vicinity of Fox Creek. All sampling locations were documented
using TRIMLBE PRO-XRS Global Positioning Satellite technology and these locations
were recorded on topographic maps. Sediments were collected by use ofaPONAR

dredge following standard protocols. Sediments were placed into labeled 250 mi wide-
‘mouth LDPE containers, stored on ice at 4°C, and shipped to the 3M Environmental
Laboratory, St. Paul, MN.

‘Table 1. Location and identificationofsediment and water samples collected
from the Tennessee River in Alabama
Water Sample _ Sediment Sample _ Location Sublocation/Code
SW-0 SED-01 ‘Bakers Creek, BCRI
SW-02 SED-02 Bakers Creek BCRI
SW-03 SED-03 Bakers Creek BCRI
SW-04 SED-04 Bakers Creek BCR2
SW-05 SED-05 Bakers Creek BCR2
SW-06 SED-06 Bakers Creek BCR2
SW-07 SED-07 Fox Creek FCRI
SW-08 SED-08 Fox Creek FCR2
SW-00 SED-09 Fox Creek FCR2
SW-10 SED-10 Fox Creek FCR2
SW-11 SED-11 Fox Creek FCRI
SW-12 SED-12 Fox Creek FCRI
SW-13 SED-I3  . Decatur WIP WWTP
SW-14 SED-14 Decatur WWTP WWTP
SW-15 SED-15 Decatur WWTP WWTP
SW-16 SED-16 Decatur WWTP WWTP
SW-17 SED-17 Decatur WWTP WWTP
SW-18 SED-18 Decatur WWTP WWTP
SW-19 SED-19 Guntersville GTVL

© oswao SED-20 Guntersville GTVL
sw-21 SED-21 Guntersville GTVL
sw-22 SED-22 Guntersville GTVL
sw-23 SED-23 Guntersville GTVL
SW-24 SED-24 Guntersville GTVL
SW-25 SED-25 3M Outfall OUTF
SW-26 Fox Creek FCRI
Sw-27 SED-27 Fox Creek FCRI

3.3.3 Clam Collection
Samples of the Asian clam (Corbicula fluminea) were targeted for collection from a
location downstream of the 3M Facility and from a location upstreamofGuntersville

7
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Dam. Historically, various state and federal agencies have used clams in monitoring
programs for organic and inorganic pollutants in aquatic systems, as a result, they were
also included in this study. Furthermore, due to their ubiquitous distribution in the
Tennessee River and their sessile behavior, they provide site-specific information
concerning the potential accumulationoffluorochemicals into aquatic biota. Due to the
habitat requirementsofC. fluminea, clam samples were not co-located with water or
sediment samples. Clams were collected using a Petit PONARdredge. However, due to
difficulties in locating clam beds as well as interferenceofsubstratum with the PONAR
dredge, the collectionofclams was limited to two composite samples from locations in
the vicinityofsediment samples. One sample (approximately 25 clams/sample) was
taken from a location downstream of the 3M Facility (SED-0, -09, -10) and one
‘upstream sample was collected from the Guntersville location (SED-20, - 21, - 22, -23, -
24). Clams from each location were placed into labeled plastic bags and shipped on ice
to the MSU-ATL (Michigan State University-Aquatic Toxicology Laboratory), East
Lansing, MI

3.3.4 Fish Collection
Fishwere collectedfromtwo locations (Table 2). One location was in the vicinityofthe
3M Outfal and the other was located within the reference area upstreamofGuntersville
Dam. The fish samples were collected using both hook and line as well as gil net. Gill
nets (passive gear) were placed in the lower energy environments where concentrations
offish were generally greater. Due to the. techniques employed for collection of fish, all
fish caught in eachof the sampling locations were retained for analysis. Collected fish
were removed from the nets, measured (total length), weighed, and immediately wrapped
in aluminum foil and stored in plastic bags. Samples were labeled placed on ice, and
shipped to the MSU-ATL (East Lansing, MI) for processing.

4 CHEMICAL ANALYSIS
‘Water and sediment samples were collected from the Tennessee River and analyzed by
the Centre Analytical Laboratories, State College, PA (CLA, Report No. 023-0140;
Appendix D). The analytical methods used for the water samples were validated by
Centre,
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The methods were modified for the analysis of sediment samples but were not fully
‘validated for this matrix. Fish livers and clam samples were extracted and processed at

MSU-ATL. LC/MS/MS characterization of fluorochemicals was conducted at 3M
Environmental Laboratory. Summariesofeach protocolaregiven:

Table 2. Sample identification and locationofindividual fish collectedfromthe
Tennessee River.
Sample ID. Location Species
py Guntersile  Largemoutibass| Micropters samoides
M2 3M Outfall Largemouth bass Micropterus salmoides

SHAD1 3M Outfall Skipjack Herring Alosa chrysochloris
SHAD2 3M Outfall SkipjackHerring Alosa chrysochloris
SHAD3 3M Outfall Skipjack Herring Alosa chrysochloris
SHAD4 3M Outfall SkipjackHerring Alosa chrysochloris
SHADS 3M Outfall Skipjack Herring Alosa chrysochloris
SHAD6 3M Outfall SkipjackHerring Alosa chrysochloris
SHAD? 3M Outfall ‘Skipjack Herring Alosa chrysochloris
SHADS 3M Outfall ‘Skipjack Herring Alosa chrysochloris
WPL 3M Outfall ‘White Perch Morone americana
WP2 3M Outfall ‘White Perch 'Morone americana
CAT1 Guntersville Catfish Ictalurus punctatus
CAT2 Guntersville Catfish Ictalurus punctatus
CAT3 3M Outfall Catfish Ictalurus punctatus
CAT4 3M Outfall Catfish Ictalurus punctatus
GARI Guantersville Gar Lepisosteus sp.
GAR2 Guntersville Gar Lepisosteus sp.

‘GAR3 Guntersville Gar Lepisosteus sp.
GAR4 Guntersville Gar Lepisosteus sp.

‘GARS 3M Outfall Gar Lepisosteus sp.
GARG 3M Outfall Gar Lepisosteus sp.
SBI Guntersville Striped Bass 'Morone saxatilis
SB2 Guntersville Striped Bass Morone saxatilis
SB3 Guantersville Striped Bass Morone saxatilis
SB4. Guntersville Striped Bass Morone saxatilis
SBS Guntersville Striped Bass Morone saxatilis
SB6 Guntersville Striped Bass Morone saxatilis
SB7 Guntersville Striped Bass Morone saxatilis
SBS Guntersville Striped Bass Morone saxatilis
SB9 Guntersville: Striped Bass Morone saxatilis
SB10 Guntersville Striped Bass ‘Morone saxatilis
SBI Guntersville Striped Bass Morone saxatilis
SBI12 Guntersville Striped Bass Morone saxatilis
SBI3 Guntersville Striped Bass Morone saxatilis
spud Gunterville SripodBass Moronesaxailis
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41 WaterAnalysis
‘Water samples were initially treated with 200 pl of 250 mg/L sodium thiosulfate to
remove residual chlorine. Solid phase extraction was used to prepare the samples for
LC/MS/MS analysis. A forty-millilter portionofsample was transferred to a Cig SPE
cartridge and the cartridge was eluted with § mi of 40% methanol in water. The eluate
was discarded and the SPE column was eluted with S ml of 100% methanol. The eluate
was collected for analysis by LC/MS/MS. This treatment resulted in an eight-fold
concentrationof the samples.

4.2 SedimentAnalysis
Forsediment samples, a 5 gportion was extracted into 5 ml methanol. The extracts were
filtered and diluted to final volume of 40 ml with ASTM Type I water. The diluted
extracts were then treated in the same manner as the water samples, beginning with the
solid phase extraction.

Sediment and water extracts were analyzed by use ofa Hewlett-Packard HP1100 HPLC
system coupled to a MicroMass Ultima MS/MS. Analysis was performed using selected
reaction monitoring (SRM). HPLC conditions and MS/MS methods used for analysis
and instrument parameters are given in the procedure described below.

4.3 FishLiverAnalysis
Fluorochemical surfactants were extracted from fish livers using an ion pairing reagent
and methyl-tert-butyl ether (MtBE). Details of the analytical procedure have been
outlined in 3M Environmental Laboratory (St. Paul, MN) standard operating procedures

of the analysis of fluorochemicals in tissues. The title of the SOP is: ETS-8-6.0,
“ExtractionofPotassium Perfluorooctanesulfonate or other Fluorochemical Compounds
from Liver for Analysis using HPLC-Electrospray/Mass Spectrometry”. Briefly, fish
‘were thawed and livers were removed, weighed and then homogenized in HPLC grade
‘water. An aliquot of liver homogenates were spiked with a surrogate standard and then
05 M tetrabutyl ammonium hydrogen sulfate (TBA) and 025 M sodium
carbonate/sodium bicarbonate was added to each sample. Five ml methyl-fert-butyl ether
‘was added to each tube and the sample was capped and shaken for 20 min. The samples
were then centrifuged for 25 min at 3500 rpm and 4.0 ml of the organic layer was
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transferred to a fresh tube. The extracts were evaporated under nitrogen gas to dryness
then reconstituted in methanol. The methanol extracts were then passed through 0.2 pm
nylon filters into glass autovials for chromatographic analyses.

4.4 ClamTissue Analysis
Clam tissues were extracted with acetonitrile followed by a solid phase column cleanup
ofthe extract. Briefly, frozen clam tissues were thawed and the tissues were composited
and homogenized in an Omni homogenizer. A 5 gram sample was weighed a 50 ml
polypropylene tube and 15 ml acetonitrile was added. Samples were shaken for 30 min
andthencentrifugedfor30minat3500xg. Thesupematantwaspassed througha
column of Florisil and activated charcoal and the eluate was collected in 50 ml
polypropylene tube. The column was eluted with 15 ml methanol and both eluates were

combined. Twodropsofoctanolwereaddedtotheeluateandthenthe samplewas
reduced to near dryness under a flowofnitrogen gas. Thesamplewas resuspended in 1
mi methanol and passed through20.2 um nylon filter into autovials for chromatographic
analysis.

5 QaQC
Standard operating procedures for sample collection and preparation were maintained
during the entire project. Proper QA/QC samples, as required by 3M, were collected in
the field (Appendix C). Two field matrix spikes and two field control samples were
collected. Field matrix spikes solutions were prepared by collecting one liter of site
water and spiking with 20 or 100 ul ofa 10 ppm stock solution containing PFOS, FOSA,
PFOA, and PHS to yield 200 and 1000 ppt solutions, respectively. The same procedure
was followed to spike one liter of distilled water to prepare the field spike control
samples. All samples were shipped under ENTRIX chain of custody forms and a field
book was used to document conditions and activities. A field camera was used to
‘document all locations and to provide a visual recordofthe conditionsofthe site during
the sampling events. In addition, ambient water quality parameters, such as temperature,
conductivity, salinity, pH and dissolved oxygen were measured at each location during
each sampling event. Since the method detection limit (MDL) and limitofquantification
(LOQ) are analyte and matrix specific, method and matrix blanks along with matrix
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spikes were used to determine accuracy and precision of the extractions and final
chemical determination. Water and sediment concentrations were not corrected for either
‘matrix spike recoveries or corrected for purity ofthe fluorochemical standards. Fish
tissue fluorocarbon concentrations were reported as wet weightandwere not convertedto
a dry weight basis.

6 STATISTICAL ANALYSES
Statistical analyses were preformed with SAS® (Version 8, SAS Instiute, Cary NC,
USA). General linear models (PROC GLM) were used to test for differences among
locations for all endpoints measured in the study. If values of F tests indicated a
significant difference, Tukey's HSD test for multiple comparisons was used to compare
meansofthe different locations.

7 RESULTS

7.1 Water quality parameters
Water quality parameters of river water from each location are reported (Table 3,
Appendix E and F: figures la, 1b, 1c, and 1d). Dissolved oxygen and pH were variable
‘within thestudy there were no significant differences observed between values measured
inwaterscollected from the 3MOutfall or BakersCreeksand thosefromupstream or
downstream locations. Conductivity and temperature measured at the 3M Outfall and
within Bakers Creek (BCRI) were significantly different from the upstream and
downstream sample locations. However,therewas no significant difference between that

fromBakersCreek 2 samplesand those collectedfrom eitherthe upstreamand
downstream sampling locations. This resultindicatesthat the effectofthe effluent from
the 3M Facility on water quality parameters was limited to a small area near the 3M
Outfal,
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Table 3. Water quality parameters for samples collected from the Tennessee
River, in the Decatur Alabama area. Values are reported as means and standard

deviations
DO Conductivity Temperature pH

Location (mg) (umhosem) © Gu)
‘Guntersville 76 1928 29.0 82

©8) 64) ©3) ©4
DWTP 100* 184.7 293 838

3) (34) 03) ©2)
Outfall 6.5 4650 * 332% 72

Bakers Creek-1 175 18433 * 307% 1 "

a4 (1745.0) (1.4) ©3)
Bakers Creek-2 9.0 463.0 29.6 8.0

0.6) (108.9) (0.6) ©.1)

Fox Creek-1 8.1 179.0 278 82
(©4) @9) ©2) ©3)

Fox Creek-2 8.8 162.7 278 82
3) @®1) (0.5) (0.5)

Smet;Gl omGee Sea00

72 Fluorochemicals in Surface waters
Fluorochemicals were detected in all surface waters collected from the sample locations

in the Tennessee River (Table 4) (Appendix F: figures 2a, 2b, 2c, and 2d). The least

concentrations of all measured fluorochemicals, were observed in samples taken at

Guntersville while the greatest concentrations were observed at 3M Outfall In

increasing order, the concentrationsof PFOS, FOSA, PFOA and PFHS in surface water
wasasfollows: GTVL < DWTP < FCR1 <FCR2 < BCR2 < BCRI <Outfall.

Concentrationsofsurface water fluorochemicals at only the 3M Outfall and Bakers Creek

1 locations were significantly greater than those measured at Guntersille Reservoir
Trifluoroacetic acid (TFA) concentrations were elevated in 3M Outfall (mean =1420

4/1), Bakers Creek (mean = 680 ug/L) and Bakers Creek 2 (143 gL) samples but
‘were less than the reporting limit of 100 ug/L in water samples collected from the other
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sampling locations. This result indicates that the effectofthe effluent from the 3M
Facility on TFA water concentration was limited to a small area near the 3M Outfall.

Table 4. Mean concentrationoffluorocarbons in surface watersofthe Tennessee
River in the Decatur, Alabama area. Concentrations in means and standard
deviations

PFOS FOSA PFOA FFAS
Location (ug/L) (ug/l) (ug/L) Gel)
‘Guntersville 0.009 0.004 0.008 0.003

(0.002) (0.002)

DWTP 0.053 0.016 0.028 0.006
(©0013) 0.025) (0.006) 0.006)

Outtall 15050 7.985% 1900.00% 42.704
@.778) (0.148) (0.00) (1.697)

Bakers Creek-1 ~~ 82.260% 5.424% 1023600 22374*
(56.672) 3.074) (71264) (14.665)

Bakers Creek2 13.838 1191 129375 4.034
(2351) 0244) (31.892) 0.575)

Fox Creek-1 0.54 0.169 2.647 0.566
©05) 002) ©6149) (©.102)

Fox Creek-2 0.179 0.055 1.001 0.168
©.110) 0.033) ©441) ©1149)

TSignificantlyGiferet FromGuatersvlle Reservoirat =0.05
*Limitofquaniation for all luorochemicalswater is0.025 g/L. Allluorochemical
‘concentrationsreportedbelowtheLOQareestimates.

Additional statistical analyses were conducted on fluorochemicals in surface waters to
further examine the difference between sample locations (GTVL, DWTP, BCR2, FCRI,
and FCR2) located within the Tennessee River. Results from the first analysis showed
that both the 3M Outfall and BCRI could be influencing the resultsofthe statistical

analysesbyactingin amannersimilartothatofanoutlier. For instance,the
‘concentrationofPFOS at the 3M Outfall and BCR1 were approximately 17,000-fold and
9,700-fold, greater, respectively, than the concentration observed at the Guntersville
Tocation. Removalofthe 3M Outfall and BCR1 samples from the analysis allowed for
the evaluationofthe hypothesis that there were no statistically significant differences in
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fluorochemical concentrations within the main channel and near shore locations within

the river.

Results from the second analysis (Table 5) show that for water concentrations of PFOS

and PFOA, only BCR2 was statistically greater than Guntersville Reservoir

‘concentrations. Furthermore, while the concentrations ofFOSA and PFHS at BCR2 and

FCRI were significantly greater than Guntersville, they were not significantly different
from the furthest downstream location. Thus, at FCR2, the furthest downstream location,

the concentrationoftargeted fluorochemicals was not significantly different from that

observed at Guntersville Reservoir, which was selected as an upstream reference

location.

‘Table 5. Tukey’s range test results for surface water fluorochemicals taken

fromwithinor nearthemain channeloftheTennesseeRiver"

Site. PFOS FOSA PFOA PFHS

BCR2 A A A A

FCR1 B B B B

FCR2 B BC B c

WWTP B Cc B c
GTVL B Cc B c

From these results, it can be concluded that the 3M Outfall does not significantly effect

concentrations of fluorochemicals farther downstream than FCR2. In addition, there

were no statistically significant differences in the concentrations of fluorochemicals
within the main channelofthe river immediately below Bakers Creek as compared to

thosemeasuredatthereference location.

7.3 Sedimentconcentrationsoffluorocarbons
Fluorocarbons were detected in all sediments collected from the study sites (wet weight:
Appendix F-figures 3a, b, c, dand dry weight: AppendixF-figures4a, b, c, d).
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Table6 Mean concentrationof forochenicalsi seiments ake rom he Tennessee Rive nthe Decatur Alba rs’
Wetweigh sedimentconcnraons DryweightsedimentconcentrationsLocation POs’ FOSA POA BEES BROS FOSA PFOA pS
TgGalan Gg

(007) ©o1 on) (020) (0.04) (0) ©09)

pwr oss ols om om 1m os ol ou0@) © Em 0) 0%) em 00) 00)
oust S000 1200000 ISSS00T DSO IZENO0C 255000 395000% 2870

Qs) @4) 060) G2) Ges) Lm) ea 019)
BeCrkl DOSE ZI 82000 QI WISE SMT ISAT Teer

Osi) (Tez) GSR) (209 (279 Gea) (rey (ss)
BheaCrsk2 19200 S®  zmer  wa  mes mol mar lem

9127) (3633) (283.01) (8.08) @1905) (303) (41079) (1191)

FCs 25% 1m 18 02 4st 2% an osam am om om am em ae om
FoxCok2z 09 ow 0% oof 2m oss 1m ort© 00) on) 02 eo sw
StyGl ormGeter Ren 005
RSp————————Lil arcanea cron mt 20gvetweight. Allo ond lowtsLOQi ies
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Least concentrations of fluorochemicals in sediments were observed at Guntersville

Reservoir while the greatest concentrations were observed in sediments collected in the

vicinity of the 3M Outfall (Table 6).

Concentrations of fluorochemicals in sediment decreased in the following order: GTVL

< DWTP < FCR2 < FCRI< BCR2< BCRI< OUTF. For PFOS and FOSA, only

‘concentrations in sediments at the 3M Outfall and BCR1 locations were significantly

greater than those collected from the reference location in Guntersville Reservoir. In

addition, concentrationsof PFOA and PFHS in sediments at the 3M Outfall, BCR1 and

BCR2 were significantly greater than concentrations in sediments from Guntersville
Reservoir. However, the fluorochemicals in sediments at BCR2 were not significantly

different from concentrations measured at DWTP, FCR1 or FCR2. When sediment

concentrations of targeted fluorochemicals were evaluated on a dry weight basis, only

concentrations at the 3M Outfall and BCR1 were significantly different from those

‘measured at Guntersville Reservoir.

As was done with the surface water data, statistical analyses were conducted that

examined only the Tennessee River channel sample locations (GTVL, DWTP, BCR2,
FCRI, and FCR2). Results from the second setofanalyses showed that only the BCR2

concentrations of targeted fluorochemicals were greater than those observed at

‘Guntersville Reservoir reference location on both a wet and dry weight basis. Thus,

‘while concentrationsattheOutfall and within BakersCreekwerestatisticallygreaterthan

the reference location, concentrations in sediments downstreamofthe 3M Facility were

not statistically greater than those measured at the upstream reference location. The

results of both of these analyses indicated that that there is little accumulation of the

target fluorochemicals in sediments downstreamofthe 3M Outfall.

Sediment trifluoroacetic acid (TFA) concentrations were not significantly different

between the sampling locations within the main channel of the Tennessee River. TFA

concentrations for all sample locationsexceptthe 3M Outfall werelessthanthe reporting.
limit of500 pg/kg, wet weight. The 3M Outfall sediment TFA concentration averaged
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510 pg/kg. This result indicates that the effluent from the 3M Facility only alters
sediment concentrations in the immediate vicinity of the 3M Outfall, but does not
significantly affect sediment TFA concentrations within Tennessee River.

74 Fish
‘Mean length, whole body weight and liver weight data for al fish species collected from
the Tennessee River intheDecatur Alabama area are given (Table 7, Appendix G).

Table 7. Mean length, weight, and liver weight for fish collected from
the Tennessee River (Collested on 06/21/00-06/2200)',
ED) Length Weight  Liverwi

Location (cm) 2) 8)
™I Guntersvlle 265 195 137

3M Outall 2 54 292
SHAD 3M Outtall 34 352 195

6) (160) 0385)
wei 3M Outil 168 7 0.02

©36) [2 ©04)
CAT Guatersville 32.5 376 5.6

en) a) ©18)
3M Outfall 40.5 659.2 638

2.0) ($5312) 338)
GAR Guntersville 58.4 765 64

525) 170) @3)
3M Outall 433 160.7 36

63) (704) as
SB Guntersville 233 168 1.01

ain (55.6) ©39)
‘valuesare meanswithstandarddeviations(inparentheses)

Due to the small sample size and large amountofvariability in the endpoints,therewere
no statistically significant different between the sites for species common to both the
Outfall and Guntersville locations.

Physiological condition factors were calculated for each species and are given (Table 8,

Appendix G). Statistical analysisofboth condition factor and LSI showed no significant
differences between sites for the species collected from both locations. The lack ofany
statistical significance was influenced by large amount variability in the data and by the
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small sample size. The small sample size was due the fact that only a few species were
collected at both locations. Furthermore, replicate fish samples were only collected for
catfish and gar at both Guntersville and the Outfall location while largemouth bass, only
a single fish was collected at both locations.

‘Table 8. Species and location specific condition factor (K) and liver somatic index (LST)
for fish collectedfromthe Tennessee River inthe Decatur Alabama area.

Species Location K ST
Largemouth Bass 3M Outfall 13855 292

Shad 3M Outfall 08207 04772
©1224) (02877)

‘White perch 3M Outfall 1.6146 0.5463
(0.0481) (0.0043)

Catfish 3M Outfall 0.8724 1.1935
(0.0102) (03923)

Largemouth Bass Guntersville 1.0478 0.6769

Catfish Guntersville 1.0743 1.5826
©1142) (05186)

Gar Guntersville 03815 0.8649
(0.0180) ©6137)

Striped Bass Guntersville 12004 0.6241
(0.1207) 0.1902)

"Data presentedas meanand scandard doviation —
2 Condition factor (€) wascalculatedas K=(Wi x 1001
®Liversomatic index(LSDwascalculated as LSI= (Liver wiAotalw)x100

7.4.1 ConcentrationsofPFOS, FOSA, PFOA, ANDPFHS infish livers.
Fluorocarbons were detected in all livers removed from fish collected at both the
Guntersville and Outfall locations (Table 9, Appendix H). The least liver concentrations
for all measured fluorocarbons were observed in fish collected from the Guntersville
location while the greatest concentrations were observed in Outfall fish. Average for
PFOS, FOSA, PFOA, and PFHS liver concentrations for all fish collected from the
Outfall were approximately 19-fold, 340-fold, 109-fold and 710-fold greater than those
observed in Guntersville fish, respectively.
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Average liver concentrations for PFOS, FOSA, PFOA, and PFHS for all fish collected at
the Guatersville site were 1036, 22.0, 22.1 and 3.79 pg/kgwetweight, respectively.

‘Table 9. Liver concentrationsofselected fluorocarbon in fish collected from the
‘Tennesse River inthe Decatur, Alabama area. *

PFOS FOSA PFOA PRS
Species (ugk) (gk) (eke) (uke)
Guntersville
Catfish 873 203 188" 375"

222) 5.0)
Gar 2493 20.95 18.8" 4.58

(859) 64) (163)
Striped Bass, 1330.0 23.19 24.7 3.75"

(763) (10.0) 7.6)
Largemouth Bass 643 18.8" 18.8" 3.75

Outtall
© Catfish 10093.5 145215 2529 302

G78) (2009) (173) (286)
Gar 138920 50800 19345 256.5

GOB (7392 627) (#99)
Shad 91952 44200 96.9 120.1

32522) @0473)  @90) (453)
White perch 492850 174030 16285 2069.5

G76577) (146795) (12282) (1941.0)
Largemouthbass 271430 2456.0 375° 16
Concentrations ar reported 2means and standard deviations.

*Results wasreportedasthe mitofquantitation:18:8pg forPFOS,FOSA, PFOAand3.75yghg
for PFHS

Estimated value

Differences in liver fluorocarbons concentrations were also observed between fish
species collected at the site. Liver concentrations for the selected fluorocarbons
increased in the following manner:

PFOS: Catfish < Gar <Largemouthbass<Striped bass
FOSA: (Largemouth bass)< Catfish < Gar < Striped bass
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PFOA: (Catfish= Largemouth bass)< Gar < Striped bass
PFHS: (Striped bass = Catfish< Largemouth bass) < Gar

The fish in parentheses indicate liver fluorochemical concentration below the LOQ.
‘Except for PFOS, there were no statistically significant differences in fluorochemical
liver concentrations between fish species collected at Guntersville. For PFOS, there was
2 160-fold difference between catfish that had the least concentration and striped bass
with the greatest liver concentration. FOSA, PFOA, and PHS liver concentrations in
fish from Guntersville were all less than their respective LOQs. The significanceofthese
results and a true understandingofthe magnitudeof the observed differences at this site

areunknown at this timedue to thevariability in thedata and small sample size.

Average liver concentrations for PFOS, FOSA, PFOA, and PEHS for all fish collected
from the Outfall location were 15,692, 7,195, 581, and 384 pg/kg wet weight,
respectively. Aswas observedatthe Guntersville site, differences in liver fluorochemical
concentrations were also observed between fish species collected at the site. Liver
‘concentrationsofthe selected fluorochemicalsat Outfall site increasedasfollows:

PFOS: ‘Shad < Catfish < Gar <Largemouth Bass <White Perch
FOSA: Largemouth Bass <Shad< Gar < Catfish < White Perch
PFOA: LargemouthBass <Shad < Catfish <WhitePerch <Gar
PFHS: Largemouth Bass < Catfish < Shad <Gar <WhitePerch

Except for PFOA, there were no statistically significant differences in species specific
liver concentrationsofthe selected fluorocarbons for fish from the Outfall. For PFOS,
FOSA, and PFHS there were 5.4, 7.1 and 178-fold differences between the least and
greatest liver concentrations. However,dueto the small sample size and large amount of
vaiability observed in the data, these differences were not statistically significant. For
PFOA liver concentrations, there was a 516-fold difference between the least and greatest
concentration. However, only shad and gar liver concentrations were significantly
different. Largemouth bass was not included in the analysis dueto the fact that there was

21
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only a single valueforthis species. The magnitude and significanceofthese differences
is unknown at this time due to the variability in the data and small sample size.

7.4.2 Wholefish concentrationsofPFOS, FOSA, PFOA,andPFHS
Fluorochemicals were detected in all fish collected from both the Guntersville and Outfall
locations (Table 10, Appendix I).

‘Table 10. Whole body concentrations (wet weight) ofselected fluorochemicals in
fish collected from the Tennessee River in the Decatur Alabama area. *

PFOS FOSA PFOA PRES
Species or) Ggke)  Ggke) (uke)
Guntersville

Catfish 75° 75 201° 7.58"

Gar 15.1 75° 201° 75"
(52)

Striped Bass. 65.6 104 8.03" 7.5"
@32) 0.96)

Largemouth Bass 230 8.76 8.03 7.5*

Outtall :
Catfish 1190 ND 1196 1.4

a7) (1406) 5.52)
Gar 1863 ND 1545 355

1679) (403) 250)
Shad ND ND 540 389

82) (602)
‘White perch ND ND 278 405.5

©3) 299)
Largemouth bass ND 557 201° 75°

Concentrations ae reporteds means andstandard deviations.
*Results wasreported sthelimitof quantification: 5kg/kgforPFOS,FOSA,PFHS,8.03 g/kgforPFOA
NDsignifies thatthe compoundispresentbutnotquantified due fo th dat not meeting quality

‘control criteria
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The least fluorocarbon concentrations were observed in fish collected from the
Guntersville location while the greatest concentrations were observed in fish from near
the Outfall. Mean PFOS, FOSA, PFOA and PFHS concentration for all fish collected
from the Outfall were approximately 23-fold, 2-{old, 9-fold and 12-fold greater than
those measured in Guntersville fish, respectively.

Mean whole body concentrations for PFOS, FOSA, PFOA and PEHS for all fish
collected from the Guntersville site were 59.1, 9.43, 11.7 and 7.50 pg/kg wet weight,
respectively. Species differences in whole body concentration at the site were also
observed with concentrations increasing as follows:

PFOS: Catfish <Gar< Striped bass< Largemouth bass
FOSAA: Catfish = Gar < Largemouth bass < Striped bass
PFOA: Largemouth bass= Striped bass <Catfish < Gar
PFHS: All species equal duetobeing at LOQ

Due to the small sample size, there were no statistically significant differences between
‘whole body concentrations for the species collected at this site. Furthermore, except for
PFOS, there was less than a 3-fold difference between the least and greatest
fluorochemical concentration in the species being evaluated in this study. For PFOS,
there was a 30-fold difference between the least (catfish) and the greatest (largemouth
bass) concentrations indicating that there is a potential for differences in the
bioaccumulation ofPFOS by fish species at this ite.

Mean whole body concentration for PFOS, FOSA, PFOAand PFHSforfish caughtat the
Outfall were 1332.0, 20.1, 106.4, and 86. 9 pg/kg wet weight, respectively. As observed
at the Guntersville location, differences in whole body fluorochemical concentrations
were also observed between species caught on site. Whole body concentrations of
fluorochemicals in Outfall site increased as follows:
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PFOS: Gar <Catfish (Shad, White perch, Largemouth bass)
FOSA: Largemouth bass (Gar, Catfish, Shad, White perch)
PFOA: Largemouth bass < Shad <Catfish <White perch
PFHS: Largemouth bass < Catfish = Shad <White perch

‘The species listed in the parentheses were not quantified during the analyses and could
not be evaluated in this report. Aswith the Guntersville fish, small sample size precluded
any statistical analysisofthe data to evaluate differences between species at the Outfall
location. Thus, while these data show that there are differences between locations and
between fish and locations, the small sample size precludes an evaluation of the
significance and magnitudeofthesedifferences.

75 Fluorochemicals in Clam Tissues
Fluorochemical concentrations were also measured in clam tissues collected at both sites
(Table 11, Appendix H). PFOS concentrations did not differ between the sites and

rangedfrom15.6 ug/gto 14.1 ug/gwetweightat GuntersvilleandtheOutfall,
respectively. Tn contrast, there was a 42.8-fold difference in FOSA clam tissue
concentrations with 25.1 pg/kg and 1074 pg/kg, wet weight, being measured at
Guntersville and Outfall locations, respectively.Therewere no significant differences in
the concentration of PFOA and PEHS in clam tissue collected at eachofthe two sites.
Theresultsofthe clam analysesreflectthe areas from which the samples were collected.
Due to substrate problems, Outfall clams were collectedatthe Fox Creek location. This
location had surface water and sediment fluorochemical concentrations that were
statistically similar to those observed at the Guntersville location. Thus, these results
indicate that for at least clams, the environmental concentrations of fluorochemicals
downstreamof the 3M Outfall have retumedto backgroundlevelswithin in the
Tennessee River.
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Table 11. Tissue concentrations of selected fluorochemicals in clams
collected from the Tennessee River in the Decatur Alabama area. '

PFOS TFOSA PFOA PRES
Location (ug/ke) (g/kg) Ggkg) (vg/ke)
Guntersville, 156 251 43 0.946

Outfall 14.1% 1074 8.42" 037
37) (358) [AD ©53)

“Concentrationsproscniod 2s meansandsandarddeviations.
*Limitsofquaniation: 18.8 gigforPFOS, FOSA, PFOA, 3.75 ggforPFS.
‘ConcentrationsreportedbelowLOQsareestimatedvalues

8 REFERENCES
Hansen, KJ. and HO. Johnson. 2000. Determination of perfluorooctanoate sulfonate

(PFOS), perfluorooctane sulfonylamide (FOSA), and perfluorooctanoate (PFOA) in
waterby liquid-solid extraction and high-performance liquid chromatography/tandem
mass spectrometery (HPLC/MS/MS). 3M Environmental Laboratory method.
Number ETS-8-154.0.

3M Environmental Laboratory, St. Paul, MN. LIMs Report numbers: E00-2361, E00-
1958, E01-0520.
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9 APPENDICES

Appendix A. Structure and chemical characteristics of selected fluorochemicals
‘monitored in water, sediment and biota ofthe Tennessee River in the
Decatur Alabama area.

Appendix B. Water and Sediment locations within the Tennessee River study areas

Appendix C. Water, sediment, clams,andfish sampling protocols

Appendix D. Centre Analytical Laboratories analytical reportforthe characterization of
fluorochemicals in water and sediment.

Appendix E. Water quality data collected at sample locations.

Appendix F. Topographic maps of sample locations in the Tennessee River study area.
Maps include water quality data, water or sediment fluorochemical
concentrations for sample locations.

Figure1. Water quality parameters.
Figure 2. Fluorochemicals in surface waters
Figure 3. Fluorochemicals in sediments, wet weight
Figure 4. Fluorochemicals in sediments, dry weight

Appendix G. Physiological data for fish collected from the Tennessee River.

AppendixB. Fluorochemicals concentrations in fish livers and clam tissues collected
fromthe Tennessee River in the Decatur Alabama area

AppendixI. Whole body fluorochemical concentrations in fish collected from the
Tennessee River in the Decatur Alabama area.
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1 Introduction

Rousaoreportedfo th analysisofa series ofwarandsecmentsample rece by
GantAyalLabortoris, Ih. (Conte)fmthe IMEnviormentalLaboratory. Tha
Sampleswrecolocod ram ho Tonnssae River and ar partof 3 Projo E00-1958, The
Garrsy numberassignedotha project 023.014.
‘Specificfluorochemicalcharacterizationbyliquidchromatography /tandemmassspectrometry

(LCMS/MS)was requestedforallsamples.Atotalof68samples werereceivedforanalysis.

Th sampioswerapropered ar analyz byLCMSMS for tho folowing st of fuorochomicals:

+ Tabi : TargetAries

“Theanalyticalmaihodsuse forwater samples were vacated by Gani.Th vacationprctocol
androutsarsonHlwihGani.Thamethodsweromadefo tho sodmentsamples,
Rowevertn procureshavenotbeenflyvakatad fo his mals.Dota resendhere the
highestquality dataavallableatthistime.

2 SampleReceipt

“Thasamples oro subrtd n chilpls containers andwere ot preserved. Siyaix
Sampcoarseeco.Sampleswere cone on 7250.Th sams

ars Soloedbetween £1900and £2300.Chaka<uslodyinfomatn fpresented in
AttachmentC..

3 HoldingTimes

The anaytcalmoth sodwasvadatodagainst miuholding moof 14 days. Samples
werorocaedaa ha. 14-dayhing time.Hovaver, shoulboredthatfed forticatons
Ir watlrandtho maticos havo shown a0copae recoveries at 100and 1000 oh.fo periods
ongerthan14 cays.

raceacrs
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'

; 4 Methods -AnalyticalandPreparatory

41 LOMSMS
) 41.1 SamplePreperationforLCMSMSAnalysis

Watersamploswero nlyratedwih200 ul.of250 MGA.Sock thiosuloSolonto
removeresiduel chiine.Soiphaseextraction (SPE)wasused10preparethesamplesfor

! LOMSMS nasi. A for-militerpotion ofsampleWes ranserrod 0 a Gry SPEcarticge.
“Thocartcgowasfstoktod with 5 mi.of40% methanolinwate soliton.Tho alate vas
discardedandtheSPEcolumnwas enaiiedwith100% methanol. A 5mi.partonof

i methanol was colecte foranalysisbyLOMSMS. Thistestmentresulted in anoightiod
concentrationof thosamposprior10 nals.

Forthesedimentsampie,a representativepotion ofsample (5 rams)wasfrst extracted nfo
5miofmethanol.Thoextracts woro teredand dited10 falvoumeof40mLwihTypo |
Vater. Thediutedextracts werothentreaedIn the samemannarasthewatersamples,
beginingwihthesoi phaseexiacion.

412 SampleAnalysisbyLOMSMS
In HPLC, an aliquotofextract s injectedandpassedthrough a ucphasechromatographic
column. Basedonthe affinty of theanaltofrthe stationary phase nthe cokann relative 10
ho iuidmobilephase, theanata irainedfor acharacteristicamounto me. Folowing
HPLCsaparation,ESIMSprovides rap andaccuralo means foranalyzing awide range of
organiccompounds,includingfuorocharical.Electrosprayisgenerally operaiedatrelatively
midtemporaturos;malecuias aro lonized,fragmenta, anddetocied. onscharacterisof
Knownfurochemicals araobserved and quantitatedagains standards.
AHowitt PackardHP1100 HPLG aystomcoupld to aMicromassUtimaMSMSwesused o
‘analyzethe sampleextracts.Analysiswasperomedusing sslectedreacionmonitoring
(SFM).Walorsamploswero axtactodon8200and8/3/00andanalyzadbyMSSbetween
£3100and 17/00. Secimentsamples weroextracted 84100and8/10/00andwereanalyzed
‘byMSIMSbetween8/00and 17/00. ThoHPLCandMSIMSmethodsusedforanalysis
‘andinstrumentparamelorscanbefoundinAtiachments and E.

5 Analysis

51 Callbration
A7-pointcalbratonuvewasanalyzed at ho beginingandendof he analyticalsequenc

for thacompoundscf Introst. The caloraton points Woreproparedat 0, 25,50, 100,250,
500, and1000nL(opt.Tho instrumentresponse versus he concentrationwasplodfor
chpoi.Using ina rgresnwih1xwing, ope. rept a ord

coefficient (1)andcoeficentofdetenminaton(1) wero determined. Acalbration uveis
acceptable 120985 (20970).
Calbrationstandardserepreparedusingthesame SPEproceduro usedforsamples.

racesors
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\
Calbratoncheck siandardswero analyzedporcicaly (sory oo to fvsamp jeciors)

\ Froughou he anaes.sequence. Canplance.1s abained A the. andar anahaConcantatonsrsWhe+/20%ofre chalve,
, Forthresusreports her,clbrationcreaveromat.

52 Blanks
Extonbarkswore ropedand analyzevahavyaxaconbach of sample.The) exracion harks shoud nokhavoany rootanaesprose atosboveiconcerto of

ow evel calbraion inca.For seSamos, ho sachinberkswerd compan.
, Insumentblanks nth fom ofcoan methanolsovertwere soanalyzedfaaveryih

lovlcatatonsandard, an foknown hihovssamples. Again, ibarksshoudnotavoany artanaes prosont i aabove 1 lowleelclbraion sacar. For 1} Sampesprosaiodne th ns parksare compan
53 Sumogates

‘Suogatospies aro not component of the LGMSMSanalyticalmethod.
! 54 MatrixSpikesalr 5p veropreparo forevery eldsamp using llcompoundsof lcs. Matix

5pkorecoveries arogen InAzchmont8.
Fdspikeswerosubrted with nosedimentand one usfaco ater sample.Fkspikerocvefsars io cluded iAtschmentB Thesediment saleshowed no focovery of
10 kd 3pko,Ncaing that herews aproiem wi he sedimentSeid King rococre.
Fi contsamplesspd a 200pptand 1000ptveresubmited.Thofis cont
Samples showedrecoversbetween70and 130%. Theresusaroals nckded
Aacments. "

55 Duplicates
A kd sampiosweroanalyze i cpiate Reusaro hen alongwihthesamp resusAman

56 Laboratory Control Samples.ForLGMSIVSanalyses, Mi waiorwsspa with al compound ofilerest at 25an 250
ng tng achaacionst.Al ecovees fo al compoundsworbaw 70-10% in
65chLCS.Ressar givensongwihtho raw ata InAichmon's and E.

57 SampleRelatedComments
Therearo 10othrsamp rete comets for isca st

6 Data Summary

Placescotachment A fo cal Ising of hoanataoul.Surface toresus
ar reported parsper lon(5%)(1).Semen samp resusar pore parspr
Sion 5p) (09KG) on both an 8ocoodand rywohbasi.
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|
7 Data/SampleRetention

)
Samp aro oposod fanmonth fr heroarssuedrss three posed.Al
ocho a bate on rotoablemodaandhardGop opors areSod da

, {orsmarianabyGens.

; 8 Attachments
a1 Amon ess
[PRT ————
83 Atachment:GainofCust
4 AtachmontD:LOMSISRawAnica Di(SucoWal Sampies)
85 AtachmontE:LGMSMSRaAnsysDea(ScimentSamp)

9 Signatures

/0/
Tom Fan, Bue

= i bfpg)e,
Kevindoa,Vo Hes [

Ore Lab MembersCantiing0Data
KarenStn
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