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A biodegradation study is described which allows the 
evaluation of the susceptibility of FC-95 and FC-143 
to aerobic microbial degradation. The culturing pro- 
cedures used in this study are modeled after the Soap 
and Detergent Association’s presumptive <~h~ke culture) 
test for the determination of ABS/LAS biodegradability. 
~icrobial inocula were obtained from activated sludge 
collected at Chemolite, Decatur and Metro waste 
treatment plants. Analytical procedures included GLC, 
TLC, -~C-scintillation counting and analysis for released 
fluoride. Degradation of reference compounds demonstrated 
the suitability of the biodegrmdation Zes~ conditions. 
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‘Summary
) Fluorochemicals FC-95 and FC-143 were shown to be completely

resistant to biodegradation in a 23-month shake culture biodegrada—
tion study. The mixed microbial test cultures used in this study were
derived from activated sludge inocula obtained from three waste treat-
dent systems (Chemolite, Decatur, & the Twin Cities Metro plant). The
cultures were maintained in dilute yeast extract-basal salts media
Supplemented with the hydrogen analog of the respec:ive fluorochem-
Seals. Test cultures also contained FC-95 or FC-143. Phenol and
1-dodécene-derived linear alkyl sulfonate (LAS) were used as
reference compounds. Their degradation demonstrated that biode-
gradation could occur under the test conditions. All cultures were
transferred 15 times over the 23-month period, and temperature was
controlled at 25° C. during the latter half of the experiment.
In the final growth period, degradation products of 1‘C-labeled 4
fluorochemicals were assayed for by thin-layer chromatography (TLC)
and gas 1iguid chromatography (GLC). Chemicals separated by TLC
were visualized by TLC-autoradiograph. Methylated and nomethylated
culture extracts separated by GLC were detected by oloctron capture.
No degradation products were detected, Scintillation counting
showed that all radioactivity associated with the labeled fluoro |chemicals remained in the culture mediun. |
In all but the final growth period, fluorocarbon biodegradation was
monitored simply by measuring the initial and final fluoride

1} concentration in the media. No increase in fluoride concentration
was observed indicating that if biodegradation did occur, it did
not result in the release of fluoride. Control cultures supplemented |
with fluoride showed that fluoride is not 10st from the media under
the experimental conditions used. i
While this study cannot rule out the possibility that conditions |
could be found that would allow the biodegradation of these compounds, |
the results of this study suggest that these chemicals are likely to
persist in the environment for extended periods unaltered by
microbial catabolism.
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Fluorochemicals FC-95 and FC-14S were shown to be completely 
resistant to biodegradation in a 2½-month shake culture biode~rada- 
tion study. The mixed microbial test cultures used in this study were 
derived from activated sludge inocula obtained from three waste treat- 
ment systems (Chemolite. Decatur, & the Twin Cities Metro plant). The 
cultures were maintained in dilute yeast extract-basal salts media 
supplemented with the hydrogen analog of the respective fluorochem- 
icals. Test cultures also contained FC-95 or FC-143. Phenol and 
l-dodecene-derived linear alkyl sulfonate (LAS) were used as 
reference compounds. Their degradation demonstrated that biode- 
gradation could occur under the test conditions. All cultures were 
transferred 15 times over the 2~-month period, and temperature was 
controlled at 25~ C. during the latter half of the experiment. 

In the final growth period, degradation products of 14C-labeled 
£1uorochemicals were assayed for by thin-layer chromatography (TLC) 
and gas liquid chromatography (GLC). Chemicals separated by TLC 
were visualized by TLC-autoradiograph. Methylated and nonmethylated 
culture extracts separated by 6LC were detected by electron capture. 
No degradation products were detected. Scintillation counting 
showed that all radioactivity associated with the labeled fluoro- 
chemicals remained in the culture medium. 

In all but the final growth period, fluorocarbon biodegradation was 
monitored simply by measuring the initial and final fluoride 
concentration in the media. No increase in fluoride concentration 
was observed indicating that if biodegradation did occur, it did 
not result in the release of fluoride.. Control cultures supplemented 
with fluoride showed that fluoride is not lost from the media under 
the experimental conditions used. 

While this study cannot rule out the possibility tha% conditions 
could be found that would allow the biodegradation of these compounds, 
the results o~ this study suggest that these chemicals are likely to 
persist in the environment for extended periods unaltered by 
microbial catabolism. 
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I NTRODUCT I ON 

The fluorochemicals selected ~or this study, FC-143 and FC-95, 
have perfluorina~ed carbon chains and are chemically stable. 
The perfluorinsted portion of fluorocarbons h~ve not been ~ound 
to be susceptible to biological degradation (I). Therefore, 
biodegradation studies were conducted on these compounds primarily 
for the s~ke of completeness. Without such testing, it could not 
be said with certainty Zhat these compounds would resist microbi£1 

modi ficatio~ ¯ 

Since biode~radation was unlikely, the bes~ fessible test condi- 

tions for biode~radation were selected. Inocula were obtained from areas considered likely to cost~in acclimated microorganisms. 
Lon£ acclimation periods were used in ~n aZtempt to select and 
develop populaZions o~ microbes capable of de~radin~ these compounds, 
and hydrogen a~alo~s o~ the fluorocsrbons were added to try to 
select organisms that might ~ratuitously "comet~bolize" the 
fluorocarbons ¯ 
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METHODS AND~ MATERIALS 

FC-@S, FC-~43, the hydrogen analog of FC-95, ammonium octanoate 
(the hydroMen analog of FC-143), carbon-14 labeled FC-143, and 
carbon-14 l~beled FC-95 were obtainedfrom Commercial Chemicals 
Division. These chemicals were used as received unless designated 
otherwise (Arthur Mendel-Report in Progress). 

Standard l±~ear alkylate sulfonate prepared for use as a reference 
compound for biodegradation studies was obtained from the US/EPA 
Laboratory in Cincinnati, Ohio. Except where noted, all other 

compounds were reagent grade. 

Culture 

The control medium used in these studies had the composition shown 
in TABLE i. 

TABLE i 

CONTROL MEDIUM COMPOSITION 

Basal salts solutions" 

1.0 g/l - NH4CI 

2.0 g/l - K2HP04 

0.25 g/l - MgS04.7H20 

0.002 g/l - FeSO4-7H20 
Well water - 25 ml/l 
Yeast extract - 0.3 g/l 

Hydrogen analogs of either FC-95 
or FC-143 - 20 mK/l 

r~x-epared from stock solutions which were combined and 
Media were ~olume just prior to each culture transfer. A fresh brought to 
solution of ~eS04-7H20 was prepared and dry yeast extract was used 
in media pr~l~aration at each transfer. The pH of all media was 
adjusted to ~.5 with 1.0 N HCI and if overshot adjusted back with 
1.0 N NaOH. The well water was added to insure an adequate supply of 
trace elemen ~s. Analyses of the well water made during the 12-month 
period prior    to the initiation of this study showed its calcium 
hardness to ~z-ange from 92 to 144 mg/l expressed CaC03. Any precip- 
itate result ~_ng from the addition of well water was removed by 
filtration ~-~rough a #54 Whatman filter. 
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Disdburified hydrogen analogs of FC-85 and FC-143 were used inPioderadation test media and controls. These compoungs acedegiiged in an attempt to select a miciobial population 1ibesy to{a¥ride the fluorocarbons. Enzymes capable of catalysing seriurceination reactions are frequently identical to ensymes imborord csSheognihydrogen bond cleavage (1). Additional components st othrspecific media are listed in TABLE 2.

TABLE 2
GROWTH UEDIA FORMULATIONS

Media Components
Fe-05 FC-95 Control Medium - 50 mg/l PC-85FC-143 Test FC-143 Control Medium + 50 mg/1 FC-143Phenol Controls FC-95 or FC-143 Contrcl Medium +30 mg/1 PhenolLAS Controls FC-95 or FC-143 Control Mediu +30 mg/1 Standard Linear Alkyl-benzenesulfonate (LAS)Fluoride Controls FC-95 or FC-143 Control Medium +: 33.2 mg/1 NaF (15.0 mg/1 5°)
Meorc-95 Test FC-95 Control Medium + 50 mg/1

Heore-95
He-re-143 Test FC-143 Control Medium -.50 mg/1

Meope-143
FC-95 + Las FC-95 Control Medium + 30 mg/l LAS+50 mg/1 FC-95
FC-143 + Las FC-143 Control Medium + 30 mg/l LaS+50 mg/1 FC-143

Culturing Procedures
megiinitial growth period was started by inoculating 19 ml of eachTiaiem with 1 ml of activated sludge supernatant. hs ameioateySaodes used was a mixture of two sludges collected on the dup cidooeslation. The sludge was obtained from the Metropolitan bacieGontrol Commission's Metro plant in Saint Paul, Wispieots  ams’crsChemolite Waste Treatment Plant in Cottage Grove. Himeroin
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The purified hydrog’en analogs of FC-95 and FC-143 were used in 
biodegradation test media and controls. These compounds were 
included in an attempt to select a microbial population likely to 
degrade the fluorocarbons. Enzymes capable of c.~talyzing defluor- 
ination reactions are frequently identical to enzymes involved in 
carbon-hydrogen bond cleavage (1). Additional components of other 
specific media are listed in TABLE 2. 

TABLE 2 

GROWTH MEDIA FORMULATIONS 

~edia 

FC-95 

FC-143 Test 

Phenol Controls 

LAS Controls 

Fluoride Controls 

14C-FC-95 Test 

14C-FC-143 Test 

FC-95 + LAS 

FC-143 + LAS 

Culturing Procedures 

Components 

FC-95 Control Medium ,- 50 mg/l FC-95 

FC-143 Control Medium + 50 mg/l FC-143 

FC-9S or FC-143 Control Medium + 
S0 mg/l Phenol 

FC-95 or FC-143 Control Meditun + 
30 mg/l Standard Linear Alkyl- 
benzenesulfonate (LAS) 
FC-95 or FC-143 Control Medi%tm + 
33.2 mg/l NaF (15.0 mg/l F-) 

FC-95 Control Medium + 50 mg/l 
14C_FC_95 

FC-143 Control Medium ---50 mg/l 
14C-FC_143 

FC-95 Control Medium + 30 mg/l LAS 
+ 50 mg/l FC-95 

FC-143 Control Medium , 30 mg/l LAS 
+ 50 mg/l FC-143 

The initial growth period was started by inoculating 49 ml of each 
medium with 1 ml of activated sludge supernatant. The activated 
sludge used was a mixture of two sludges collected on the day of 
inoculation. The sludge was obtained from the Metropolitan Waste 
Control Commission’s Metro plant in Saint Paul, Minne~:ota, and the 
Chemolite Waste Treatment Plant in Cottage Grove, ].{inr~esota. 

~79.0005 
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following inoculation, the cultures in polypropylene ErlenmeyerF1asks wore shaken at'200 rpm on rotary’ shakers at soem tem encure @)45 he ead of cach growth period, each culture was transferred to{fentical fresh media using a 1%inoculus from the presessey: culcure(ire: 0.5 nl of existing culture to 49.5 nl of Senticel new sesiicy.ThsoEronth period between transfers varied as is noted in TABLE 3.Aa 1 sample was taken from each culture at 15 miseres aries§hoculation or culture transfer and at the ead of seh gress period.Sines were, centrifuged for 10 nin. at 17,000 x ¢ peios vo mantisOf the centrifugate. ‘Deviations from this culturing posceguin lsnoted tn TABLE 3.
Drepiinal growth period differed from preceding periods. Nedia wereDigpared with Carbon-1d labeled FC-95 ang FO-199. Goe hunmecs ayContures were grgun in flasks ona rotary shaker fn a poorer hoverSatya ang af 25,0. £1. Twenty ml samples vere fakes at 30 mins2 days and at 7 days.

ChemicalAnalysis
Ijuoride ion concentrations were measured using a “luoride fon“a4Lode (Orion lon analyzer fluoride electrode modes Se 0s)nd 2 Standard curve drawn from the results of meacesemecre atigourately prepared fluoride standards. The coneorsiersors of* fpese fluoride standards bracketed the concentrations Lacrone inShe sxperinental samples. Fluoride curves were set up ne ninINSIRE PgILod, except for transfer 1. For the analses jorjowingthas, transfer, 2 1.0 ppm fluoride standard was used rh colimiicyHieosistrunent with the assumption that the slope. of the wrens usfluoride curve remained constant
phenol analysis was done according to Standard Methods for theSamnation of Water and Wastewater, 13thFATtTon1075 Tie,EEoenzengsulfonate(LAS) was analyzed for by the oasyloit blue,Shaoroform extraction method described in the 14th sarin ngbyindard bethods (3), except in transfers 5-14, LAS was snaiizedOJ 4 modification of ‘this method. Tn this modified metho LieSamples was diluted to 100 ml in a separatory fumes Aves Lied59.5he separatory funnel were 25 m1 of Standard Nesiods mechrooedShue Solution and 100 ml of chloroform. This mixpume san hibenfor, 30 seconds, allowed to settle, swirled, and the chyosoriosPemun OFS through glass wool into's 2.5 cn diameter, spor ao urvettePercent transmittance was read at 852 nn and comaréd Loa otommieygurve Prepared with surfactant samples of Known bensonteartostreated in the same manner.
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Following inoculation, the cultures in polypropylene Erlenmeyer 
flasks were shaken at 200 rpm on rotary shakers at room temperature (4). 

At the end of each growth period, each culture wa:~ transferred to 
identical fresh media using a I~ inoculum from the preceding culture 
(i.e., 0.5 ml of existing culture to 49.5 ml of identical new medium). 

The growth period between transfers varied as is noted in TABLE 3. 
A i0 ml sample was taken from each culture at I0 minutes after 
inoculation or culture transfer and at the end of each growth period. 
Samples were centrifuged for I0 rain. at 17,000 x 2 prior to analysis 
of the centrifugate. Deviations from this culturing procedure are 
noted in TABLE 3. 

The final growth period differed from preceding periods. Media were 
prepared with Carbon-14 labeled FC-95 and FC-143. One hundred ml 
cultures were grown in flasks on a rotary shaker ia a growth chamber 
controlled at 25 C. + i. Twenty ml samples were taken at I0 min., 
2 days and at 7 days.- 

Chemical Analysis 

Fluoride ion concentrations were measured us£ng a fluoride ion 
electrode (Orion ion analyzer fluoride electrode model 96-09), 
and a standard curve drawn from the results of measurements of 
accurately prepared fluoride standards. The concentrations of 
these fluoride standards bracketed the concentrations present in 
the experimental samples. Fluoride curves were set up at each 
sampling period, except for transfer I. For the analyses following 
this transfer, a 1.0 ppm fluoride standard was used to calibrate 
~he instrument with the assumption that the slope of the previous 
fluoride curve remained constant. 

Phenol analysis was done according to Standard Meth.ods for the 
~xaminaZion of Water and Wastewate~., 14~h Edition, 1975. Linear 
alkylbenzenesulfonate (LAS) was analyzed for by the methylene blue, 
chloroform extraction method described in the 14th edition of 
Standard Methods (3), except in transfers 8-14, LAS was analyzed 
by a modification of this method. In this modified method, the 
samples was diluted to I00 ml in a separatory funne:.. Also added 
to the separatory funnel were 25 ml of Standard Methods methylene 
blue solution and I00 ml of chloroform. This mixture was shaken 
for 30 seconds, allowed to settle, swirled, and the chloroform 
drawn off through glass wool into a 2.5 cm diameter, spec 20 curvette. 
Percent transmittance was read at 652 nm and compared to a standard 
curve prepared with surfactant samples of known concentration 
treated in the same manner. 
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TABLE 3
SUMMARY OF CULTURING PROCEDURES USEDIN THE SHAKE FLASK BIODEGRADATION STUDY CFFC-85 AND FC-143
Culture GrowthIranster s Period (days) Notes

° 3 Used activated sludge inoculun fromMetro and Chemolite.
1 3 FC-143-hydrogen analog added to 143cultures and controls.
2 a
3 3 At the time of culture transfer,1 ml of Decatur sludge supernatantadded to cultures.
4 3 LAS replaced phenol us a referencecompound. LAS media was inoculatedwith a mixture of control culture2nd Chemolite and Decatur Sludgesupernatant.

) 5 3
6 3 The use of fluoride control wasdiscontinued.
7 6 Shaker was inadvertently turned off,possibly for 5 days, during thisgrowth period.
8 3 4 ml of Metro sludge supernatantwas added to all cultures.
° 6

10 4
1u 4 In this and subsequen: growth periods,cultures were grown in a reciprocatingshaker-vateg bath at 100 strokes permin. and 25° C.
12 6
13 6
1 5
- +6 (2)

1s 7
78 days = Total Enrichment Period

3MAT0054935
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Transfer # 

0 

1 

2 

3 

5 

6 

7 

9 

10 

11 

12 

13 

14 

TABLE 3 

SUMMARY OF CULTURING PROCEDURES USED 
IN THE SHAKE FLASK BIODEGRADATION STUDY CF 

FC-95 ~ND FC-143 

Culture Growth 
Period (dayS) ~otes 

3 

Used activated sludge inoculum from 
Metro and Chemolite. 

FC-143-hydrogen analog added to 143 
cultures and control.~. 

3 At the time of culture transfer, 
i ml of Decatur sludge supernatant 
added to cultures. 

LAS replaced phenol as a reference 
compound. LAS media was inoculated 
with a mixture of control culture 
and Chemolite and Decatur sludge 
supernatant. 

The use of fluoride control was 
discontinued. 

6 

6 

Shaker was inadvertently turned off, 
possibly for 5 days, during this 
growth period. 

½ ml of Metro    sludge supernatant 
was added to all cultures. 

In this and subsequen.- growth periods, 
cultures were grown in a reciprocating 
shaker-wate~ bath at L00 strokes per 
min. and 25 C. 

6 

6 

8 

+6 (2) 

78 days = Total Enrichment Period 
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Scintillation counting vas pepggrned on 1 ml samles of cultureConti fupnte added to.ApencorCAS. "aad counted wri an’ aereutStandard quench correction: The’ radioactivity of theyq sampleswas compared to known weight samples of LIC-Fe-05 or Licorerieyadded directly to Aquasol.
Solid samples were collected directly onto millipore HA 0.45 ym£i1ters composed of cellulose acetate and ceiluises nitrate, “Tnefilters vere then washed with doionizpyvater and placed info papercombustion cong) wet with Combustatal 1, andygonbusted. in AgriChen's Packard\") corbustion equipment. ‘The cor resulting ironcombustion was trapped in a scintillation fluid cBataining anOrganic amine and Counted in Akrichens Packard sciatiilationCounter." Samples were recourtéd with in intersa) sesadand forGueach correction.

Thin-Layer Chromatography (TiC)
Thin-layer chroggtography was,performed to detect radioactiveBesabolites of LIC-FC-85 and LIC-PO-143. Ten mh cuteums sampleswere collected and immediately frozen. These samples sere ioesdfrozen for about 1 month. The samples were sxtrested emedioiseafter thawing with 10m of ethyl acetate. The sumpies meus: pil§ centrifuged at 17,000 x g to ensure the separesion bb chemohinacetate, water, and solids phases. The water shave sod poutiiisOf the $tay1 acetate phase were evaporated so Deymcoe cant he”The dried Samples were resuspended in a 9:1 hexane:ethyl eihedmixture. (Some samples which evaporated io Grpmces ir Lis beroreSPOTTing were resuspended in methanol.) The risespessed tantowere spotted on E. Merck silica gel Ghye.. Sealh Lyoes of thridTesiavt vers also’ apniied directly. to;filie Simms ghi baomieJere Teforenced against a mixture of MC-Pe-143 snd Moire.The plates were developed with 103 ethanol ia ethyy acorace sadvisualized by exposing Kodak mo-sereen aorsy fiom an te tiaraeTor one week.
TLC was repeated on the remaining portion of the tolvent samples.The solvent was allowed to evaporate to dryness is ale: ang Tacresidue resuspended in methanol These plates were shéting maceheavily, developed as before, aad visualized with werby bse oneBueeks.
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Carbon 14 Countin~ Techniques 

Scintillation counting was pe~grmed on 1 ml samples of culture 
centrifugate added to Aquasol" J, and counted with an internal 
standard quench correction The radioac~}vity of the~ s~2nples was compared to known weight samples of C-FC-95 or C-FC-143 
added directly to Aquasol. 

Solid samples were collected directly oqto millipore HA 0.45 pm 
filters composed of cellulose acetate and cellulose nitrate. The 
filters were then washed with deioniz~water and placed into paper 
combustion con~) wet wi~h Combustaid" ", and~ombusted in Agri- 
chef’s Packard     combustion equipment. The ~C0o resulting from 
combustion.was trapped in a scintillation fluid cSntaining an 
organic amine and counted in Agrichem’s Packard scintillation 
counter. Samples were recounted with an internal standard for 
quench correction. 

Thin-Layer Chromatography ~TLC~ 

Thin-layer chromatography waslserformed to detect radioactive 
me:abolites of    C-FC-95 and C-FC-143. Ten ml culture samples 
were collected and immediately frozen. These samples were stored 
frozen for about 1 month. The samples were extracted immediately 
after thawing with I0 ml of ethyl acetate. The samples were then 
centrifuged at 17,000 x g to ensure the separation of the ethyl 
acetate, water, and solids phases. The water phase and portions 
of the ethyl acetate phase were evaporated to dryness under No. 
The dried samples were resuspended in a 9:1 hexane:ethyl ethe~ 
mixture. (Some samples which evaporated to dryness in air before 
spotting were resuspended in methanol.) The resuspended samples 
were spotted on E. ~erck silica gel GF~4. Small s~ots of solids 
residue were also applied directly tOl~ese plates, l~ll samples 
were referenced agains~ a mixture of C-FC-~43 and C-FC-95. 
The plates were developed with i0~ ethanol in ethyl acetate and 
visualized by exposing Kodak no-screen x-ray film on the plates 
for one week. 

TLC was repeated on the remaining portion of the ~olvent samples. 
The solvent was allowed to evaporate to dryness in air, and the 
residue resuspended in methanol. These plates were spotted more 
heavily, developed as before, and visualized with x-ray film for 
2 weeks. 

1179.0008 
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Gas-Liquid Chromatography (GLC)Sas-LiquidChromatography(GLC)
Ethyl acetate extracts were prepared as described in the thinLayer chrompjosrashy methggs. Control solutions were mde bydissolving “IC-FC-95 and 1'C1FC-143 in ethyl acetate. "Sestiins ofIhe thy] acetate extract samples and the athyl acetate conserSoluciom were also methylated. Aliguots of the metnyisces cigDonmethylated ethyl acetate extracts and controls weve ieyemmcdgato the S713 Hewlett Packard gas chromatograph wiih eindeers :SiPrure detector. Methylated samples were injected within 5 irs.§fgineir methylation. The chromatograpaic colum was 13 sc. o148750;D; stainless steel packed with 20% DC 200 (13.508 8 ta i10% Bentone 34 and 70% 80/50 mesh Anakeom BoA. The injection portGothen" tane ras 250. C.. and the detector tomperature So00g. borfob uPeIaRuze vas frosrummed to hold for 4 min: ac gsS'c.Fonise,fo, 180" C. at 8° C. per min., and to hold ai 1800°C." tne“lov rate was adjusted to 35 ml/min. of Argonmethuse, 3/5.
oFEstsons were performed by adding a 20 41 aliquot of a 3 yg/ml5251g000K solution, as a reference compound to ech canisDfaifnethane was thea added unis a eryiont io, persisted. Theaes ner then loosely capped, swirled and a1)oweq so ciang for33 diautes. Nitrogen was blown over the samples mil che onsing3 color disappeared, and the sample was returned te its originalvolude with ethyl'acetate,

RESULTS AND DISCUSSION
Fluoride Release
In all bu the final growth period, degradation of FC-95 andTC-143 was monitored only by analysis of fluoride coneontoionSiqihe beginning aud end of each culture period. rt wee Ascaandhat if the fluorochemical portions of these molecules sensdegraded, fluoride ion would accumulate in the media. mo casure{tar fluoride was not 1ost from the culture by sbaorption, precipSEfon or volatilization, control cultures wore frown wiih 19 anr1of Muoride.” This fluoride concentration is approximates wiotould result if FC-95 or FC-143 underwent degradation wich oypercent fluoride release. The results of the fiucride analocesconducted on different diys showed considerable vriagion niswis due fo the variable and very sluggish response of tha’ 1omnideTABLEinchBLE #4 shows ‘the results obtained at such fraserTABLE 4b Shows the results obtained whon the ant site IESE:Sid poem stored in polyethylene containers, were snaljoed togecherALTer the termination of the experiment. Despite the’ variseriiry4,52 the analytical technique, the results indicate that fluoride,iforeleased to the media through biodegradation, waouid ne he viesJ trom the media.
Ihe results of the fluoride analysis on fluorocarbon-containingcultures and controls are shown in TABLE 5. The resuiee chew thatno biodegradation with fluoride release oceurreg.

MAI0054537
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Gas-Liquid Chromatography (GLC) 

Ethyl acetate extracts were prepared as described in the thin- 

layer chromatography meth~s. Control solutions were made by 
dissolving C-FC-95 and C-FC-143 in ethyl acetate. Portions of 
the ethyl acetate extract samples and the ethyl acetate control 
solutio~were also methylated. Aliquots of the methylated and 
nonmethylated ethyl acetate extracts and controls were injected 
onto the 5713 Hewlett Packard gas chromatograph with electron 
capture detector. Methylated samples were injected within 3 hrs. 
of their methylation. The chromatographic colum, was 12 ft. x 
i/8" O.D. stainless steel packed with 20% DC 200 (12,500 CS) on 

10% Bentone 34 and ~0~ 80/90 mesh Anakrom P.A. The injection port 
~emperature was 250 C., and the detector temperature ~00 ~. The 
columu ~empera~ure was ~rogrammed to hold for 4 min. at ~5 C., 
to rise to 180 C. at 8~ C. per min., and to hold at ~80 C. The 
flow rate was adjusted to 3~ ml/min, of Argon/methane, 9~/~. 

Methylations were performed by adding a 20 ul al~.quot of a 1 u~/ml 
C~FIpC00H solution, as ~ reference compound to each sample. 
D~azomethane was thenadded until a yellow color persisted. The 
samples were then loosely capped, swirled and allowed to stand for 
IS minutes. Nitrogen was blown over the samples until the yellow 
color disappeared, and the sample was returned to its original 
volume with ethyl acetate. 

RESULTS AND DISCUSSION 

Fluoride Release 

In all but the final growth period, degradation of FC-S5 and 
FC-14~ was monitored calf by analysis of fluoride concentration 
at the beginning and end of each culture period. It was assumed 
that if ~he fluorochemical portions o~ these molecules were 
degraded, fluoride ion would accumulaze in the 
tha~ fluoride was not lost from the culture by media. To ensure 

absorption, precip- 
itation or volatilization, control cultures were grown with 15 mg/1 of fluoride. This fluoride concentration is approximately what 
would result if FC-98 or FC-143 underwen~ degradation with 
percent fluoride release. The results of the flueride analyses 
conducted on different days showed considerable variation. This 
was due to the variable and very sluggish response of the fluoride 
electrode. TABLE 4a shows the results obtained at each transfer. 
TABLE 4b shows the results obtained when the same samples, which 
had been stored in polyethylene containers, were ~nalyzed together 
after the termination of the experiment. Despite the variability 
due to the analytical technique, the results indicate that fluoride, 
if released to the media through biodegradation would not be lost 
from the media. 

The results of the fluoride analysis on fluorocarbon-containin£ 
cultures and controls are shown in TABLE 5. The results show that 
no biode~radation with fluoride release occurred. 

1179.0009 
3MA10054937 
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TABLE 4a
a INITIAL AND FINAL FLUORIDE CONCENTRATION

(mg/1) OF TLUORIDE SUPPLEMENTED CONTROLSMEASURED BY SPECIFIC ION ELECTRODE ATTHE TIME OF TRANSFER
Fc-o5 Fe-143Fluoride Control Fluoride ControlTranster # Initial  Fizal Thitial—Final

o 21 23 20 2
1 23 22 21 20 2
2 20 22 18 2
3 26 1.5 25 16.5 5
4 8.5 19.2 16 17.3

TABLE 4b
INITIAL AND FINAL FLUORIDE CONCENTRATION(ng/1) OF FLUORIDE SUPPLEMENTED CONTROLSMEASURED BY SPECIFIC 10M ELECTRODE) MEASURED COLLECTIVELY AT END OF STUDY

Bc-05 Fe-143Fluoride Control Fluoride ControlTransfer # InitialFinal InitialFinal
o 6.4 16.2 15.7 17.0
1 15.6 16.2 15.7 15.0
2 15.6 16.2 1.5 16.4
3 16.2 16.2 6.4 15.6
4 15.6 18.7 15.7 17.0
s 19.3 17.0 15.0 16.4

J

MA10054538
1179.0010
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Transfer # 

0 

1 

2 

3 

4 

TABLE 4a 

INITIAL AND FINAL FLUORIDE CONCENTRATION 
(mg/l) OF FLUORIDE SUPPLEMENTED CONTROLS 
MEASURED BY SPECIFIC ION ELECTRODE AT 

THE TIME OF TRANSFER 
FC-95 FC-143 

Fluoride Control           Fluoride Control 
Initial    Final           Initial     Final 

21 23 20 21 
23 22 21 20 
20 22 18 21 
26 17.5 25 16.5 
16.5 19.2 16 17.3 

TABLE 4b 

INITIAL AND FINAL FLUORIDE CONCENTRATION" 
(mg/l) OF FLUORIDE SUPPLEMENTED CONTROL~; 

MEASURED BY SPECIFIC ION ELECTRODE 
MEASURED COLLECTIVELY AT END OF STUDY 

Transfer # 

0 16.4 16.2 
i 15.6 16.2 
2 15.6 16.2 
3 16.2 16.2 
4 15.6 15.7 

5 19.3 17.0 

~C-95 
Fluoride Control 
Initial     Final Initial 

FC-143 
Fluoride Control 

15.7 

15.7 

14.5 

16.4 

15.7 

15.0 

Final 

~7.0 

15,0 

16.4 

15.6 

17.0 

16.4 

1179.0010 
3MA10054938 
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TaBLE 5
INITIAL AND FINAL FLUORIDE CONCENTRATION(mg/1) OF ¥C-143 AND FC-05-CONTAINIAG.CULTURES AND OF NONSUPPLEVENTED 85 ANC143 CONTROL CULTURES

FC-95 Test 95 Control  Fo-143 Test 143 Control
Irmnsfer# Init.Final Init. Final Init. final Insc. Final° 0.46 0.51 0.31 0.3 <0. ou 1 wa

1 0.50 0.46 0.35 0.35 <0. wi 0.1 0a
2 0.42 0.66 0.31 0.56 0.1 <1 0.1 0.1
3 175 16 17s 1s Les aoa
4 0.73 0.71 068 0.0 <0. 0.1 <0. <1
s 0.72 0.73 0.61 0.68 0.1 «1  <0.a 0.58
6 0.73 08 0.63 0.70 0.1 <1 0.1 <1
’ 0.18 047 Wi wl 0.1 <1 0a <u
8 0.90 0.84 0.66 0.68 0.1 «0.1 0.1 <1
9 0.88 0.73 0.72 0.60 wi «0.1 01 «0.1

10 0.72 0.81 0.60 0.68 «0.1 <0. <0.
n 0.81 0.80 0.69 0.62 @.1 0.1 <0. <0
2 0.74 0.73 oes 0.62 wi 0.1 <0. con
15 0.73 0.88 0.64 0.66 0.1 0.1 <0. <u
4 081 0.78 06s 0.64 0.1 01 <0.

aMAI0084939
1179.0011
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TABLE 5 

INITIAL mND FINAL FLUORIDE CONCENTRATION 
(mg/l) OF FC-143 AND FC-95-CONTAINING 
CULTURES AND OF NONSUPPLEMENTED 95 

143 CONTROL CULTURES 

Transfer 

0 

1 

2 

3 (5) 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

FC-95 Test 95 Control FC-143 Test 
Init. Final Init. Final Init. Final 

0.46 0.51 0.31 0.33 <0.1 <9.I 

O. 50 0.46 O. 36 O. 36 <0.I <0.I 

O. 42 0.66 O. 34 0.56. <0.i . <I). 1 

1.75 1.6 1.75 1.5 .83 .. 

0.73 0.71 0.68 0.60 <0.i <0.]. 

O. 72 O. 78 O. 61 0.68 <0.1 <0.1 

O. 73 O. 8 0.63 O. 70 "~0.1 <(. 1 

O. 14 O. 17 <0.1 <0.1 40.1 <C. 1 

O. 90 0.84 0.66 0.66 <0. I <0.1 

0.84 0.73 0.72 0.60 <0.i <0.i 

0.72 0.81 0.60 0.68 <0.I 40.1 

O. 81 0.80 0.69 0.62 <0.1 <0.1 

0.74 O. 73 O. 66 O. 62 <0.1 <0.1 

O. 73 O. 84 O. 64 O. 66 <0.1 <0.1 

O. 81 O. 78 O. 66 O. 64 <0.1 <0.1 

143 Control 
Init. Final 

<0.1 <0.1 

<0.1 <0.1 

<0.1 <0.1 

.81 1 

<0.1 <0.1 

<0.1 O. 56 

<0.1 <0.1 

<0.1 <0.1 

<0.1 <0.1 

<0. i <0, I 

.1 <0.1 

<0.1 �;0.1 

<0.1 <0.1 

<0.1 <0.1 

<0.1 <0.1 

1179.0011 
3MA10054939 
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Reference Compounds
Reference compounds were used to demonstrate that the biodegradationtest conditions used were suitable to degrade comoounds known Eo besomewnat resistant to degradation.
In the first four growth periods, 30 mg/l phenol was added to twocultures which were identical to the test cultures, except thatthey lacked fluorocarbons. Analytical problems prevented themeasurement of phenol concentration during the ficet three growthperiods. In the fourth growth period, phenol was found to degradeTo less than 1.3 mg/l, the limit of sensitivity of the method asapplied. This demonstrated that the test conditions were suitablefor the biodegradation of phenol.
In the fifth through final growth periods, reference linear alkylsulfonate (LAS) was used as the reference compound, This compoundis a standard Teference material used in the Soap and DetergentAssociation's biodegradation test method for anionic surfactants(6).This material is considered to be relatively easily degraded, Inthe Soap and Detergent Association's shake flask biodegradationtest, the results are considered invalid if the removal of 1-dodecene-derived LAS is not nearly complete.
The data showing the extent of degradation of LAS in surfactantsupplemented controls are depicted in TABLE 6. The data showingthe equivalent amount of methylene blue active substances in thecontrols not supplemented with LAS are depicted in TABLE 7. LittleLAS degradation occurred during the first few adaptive transfers.Three transfers were required before the majority of the LAS beganto degrade in the surfactant supplemented control for FC-95. Fivetransfers were required for LAS degradation in the 143 control.Therefore, it appeared that organisms capable of degrading l-dodecene-derived LAS were not initially present in sufficient numbers forLAS degradation. The test condition allowed for earichment ofthese organisms, but enrichment occurred at a slower rate than hadbeen anticipated. Consequently, changes were made in the procedureto increase the rate and likelihood of acclimating organisms capableof degrading the fluorochemicals. Growth periods were excended from3 3004-6 dags, and temperature was raised fromroom temperature(<20° to 22°C) to a constant temperature of 25°C. Results of LASdegradation in the final growth period are shown in TABLE 8.
In the growth periods following transfers 11 and 12, an experimentwas done to determine if S50 mg/l of FC-95 or FC-113 inhibytedthe degradation of LAS. These results are shown in TABLE 9. FC-95appears to have an inhibiting effect on the microb-al degradationof LAS. lowever, its presence was not completely -nhibitory.Comparison with TABLES 8 and 6 shows that the prescnce of 50 mg/lof ¥C-95 inhibited LAS degradation by 18% and 23% during taese twotest periods. On the other hand, within the limits of the precisionof our method, FC-143 did not appear to have a significant effect< on LAS degradation.

3MAT0054940
1179.0012
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Reference Compounds 

Reference compounds were used to demonstrate that the biodegradation 
rest conditions used were suitable to degrade compounds known to be 
somewhat resistant to degradation. 

In the first four growth periods, 30 mg/l phenol was added to two 
cultures which were identical to the test cultures, except that 
they lacked fluorocarbons. Analytical problems prevented the 
measurement of phenol concentration during the first three growth 
periods. In the fourth growth period, phenol was found to degrade 
to less than 1.3 mg/l, the limit of sensitivity of the method as 
applied. This demonstrated that the test conditions were suitable 
for the biodegradation of phenol. 

In the fifth through final growth periods, reference linear alkyl 
sulfonate (LAS) was used as the reference compound. This compound 
is a standard reference material used in the Soap and Detergent 
Association’s biodegradation test method for anionic surfactants(6). 
This material is considered to be relatively easily degraded. In 
the Soap and Detergent Association’s shake flask biodegradation 
test, the results are considered invalid if the removal of l-dodecene- 
derived LAS is not nearly complete. 

The data showing the extent of degradation of LAS in surfactant 
supplemented controls are depicted in TABLE 6. The data showing 
the equivalent amount of methylene blue active substances in the 
controls not supplemented with LAS are depicted in TABLE 7. Little 
LAS degradation occurred during the first few adaptive transfers. 
Three transfers were required before the majority of the LAS began 
to degrade in the surfactant supplemented control for FC-95. Five 
transfers were required for LAS degradation in the 143 control. 
Therefore, it appeared that organisms capable of degrading l-dodecene- 
derived LAS were not initially present in sufficient numbers for 
LAS degradation. The test condition allowed for enrichment of 
these organisms, but enrichment occurred at a slower rate than had 
been anticipated.     Consequently, changes were made in the procedure 
to increase the rate and likelihood of acclimating organisms capable 
of degrading the fluorochemicals. Growth periods were extended from 
3 to 4-6 da~s and temperature was raised from room temperature 
(<20° to 22vCi to a constant temperature of 25°C. Results of LAS 
degradation in the final growth period are shown i;l TABLE 8. 

In the growth periods following transfers Ii and 12, an experiment 
was done to determine if 50 mg/l of FC-95 or FC-143 inhibited 
the degradation of LAS. These results are shown in TABLE 9. FC-95 
appears to have an inhibiting effect on the microblal degradation 
of LAS. However, its presence was not completely ::.nhibitory. 
Comparison with TABLES 8 and 6 shows that the presence of 50 mg/l 
of FC-95 inhibited LAS degradation by 18,% and 23% during these two 
test periods. On the other hand, within the limits of the precision 
of our method, FC-143 did noz appear to have a significant effect 
on LAS degradation. 

1179.0012 
3MA10054940 



-1-

In the final growth period, 50 mg/l of carbon 14-labeled FC-5and FC-143 were used as test substrates in place of the nonlabeledfluorochenicals. Both FC-95 and FC-143 cultures were prepared intriplicate. The concentrations of the radioactive fluorocarbons.present in the aquecus phase as determined by scintillation countingare shown in TABLE 10. ‘The initial FC-95 concentration is muchlover than expected. This low value could have resulted from asystematic error in the collection of the initia. FC-95 samples.It is also possible that FC-95 had not completely dissolved in thecultures when the first sample was taken, but this seens unlikely,since the initial values for FC-95 concentration from all 3 paraiielcultures were almost identical (30.3, 29.8 and 30.4 mg/l). Nevertheless, the remaining data show that the radioactivies associatedwith FC'95 and FC-143 remained in solution during the entire7-day degradation test period. Analysis Gf the biological solidsshowed some binding of radioactive material, but the vase majorityremained in the 1iquid phase.

TABLE 6
CONCENTRATION OF LAS (mg/l) IN SUPPLEMENTED

CONTROLS AND % LAS REMOVED
85 - Surfactant Control 143 - Surfactant ControlIs Ts

i Iransfer# Init. Final %Removal(?) Init. Final3Removal
3 3.5 26.8 18.4 38.5 20.5 10.4
5 28.3 27.5 0.1 32.8 25.8 212
6 20.8 25.5 15.5 27.0 26.0. 7.0
7 25.0 12.0 91.1 25.0 30.6 2.0
8 31.2 3.75 so.8 37.0 ass 11a
° 33.0 3.17 es. 3.9 13.7  ea6

10 2.7 2.33 95.0 42.7 12.8 se.7
1 3.0 20 95.0 8 13.7 eas
12 3.3 2.33 ees 41.3 197 179
13 37 2.5 eas 41.3 18.0 88.3
1 33 30 es 90.3 137 0.7

MAT0054941
1179.0013
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In the final growth period, 50 mg/l of carbon 14.-labeled FC-95 
and FC-143 were used as test substrates in place of the nonlabeled 
fluorochemicals. Both FC-95 and FC-143 cultures were prepared in 
triplicate. The concentrations of the radioactive fluorocarbons 
present in the aqueous phase as determined by scintillation counting 
are shown in TABLE i0. The initial FC-95 concentration is much 
lower than expected. This low value could have resulted from a 
systematic error in the collection of the initia]~. FC-95 sa~nples. 
It is also possible that FC-95 had not completely dissolved in the 
cultures when the first sample was taken, but this seems unlikely, 
since the initial values for FC-95 concentration from all 3 parallel 
cultures were almost identical (30.3, 29,8 and 30.4 mg/l). Never- 
theless, the remaining data show that the radioactivity associated 
with FC-95 and FC-143 remained in solution during the entire 
7-day degradation test period/ Analg~’f~ dr. t~4 biological solids 
showed some binding of radioactive material, but the vast majority 
remained in the liquid phase. 

TABLE 6 

Transfer # 

4 

5 

6 

7 

8 

9 

i0 

Ii 

12 

13 

14 

CONCENTRATION OF LAS (mg/l) IN SUPPLEMENTED 
CONTROLS AND % LAS REMOVED 

95 - Surfactant Control     143 - Surfactant Control 
LAS                               LAS 

Init. Final % Removal(7) Init. 

31.5 26.8 18.4 35.5 

28.3 27.8 0.i 32.8 

29.8 25.5 15.5 27.0 

25.0 12.0 91.1 25.0 

31.2 3.75 89.8 37.0 

33.0 3.17 95.1 38.9 

32.7 2.33 95.9 42.7 

31.0 2.0 95.0 39 

31.3 2.33 96.5 41.3 

31.7 2.5 93.5 41.3 

31.3 3.0 92.8 40.3 

Final 

29 5 

25.8 

24.0 - 

30 6 

35 8 

13 7 

12 8 

13 7 

19 7 

18 0 

13 7 

Removal 

19.4 

21.2 

70 

-2.0 

Ii.I 

94.6 

89.7 

93.8 

77.9 

88.3 

90.7 

1179.0013 
3MA10054941 
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TABLE 7
‘CONCENTRATION OF METHYLENE BLUE ACTIVE SUKSTANCE(mg/1) IN NONSUPPLENENTED CONTROLS

95 = Control 143 = control
Transter # Init. Final Inte. Final

4 10 18 45 as
5 115 La 4.5 3s
6 0.50 7s 7.1 s.s0
7 5.25 10.2 5.0 10.2
8 3.0 0.8 9.0 10.3
9 5.75 1.83 0.8 12.2

10 417 17 12.3 er
1 4.33 0.67 ms 12.0
12 3.0 13 12.3 1a.}
13 3.67 0.67 1.3 as
4 3.67 1.0 4.5 ac

TABLE &
CONCENTRATION OF MBAS (mg/1) IN SURFACTANTSUPPLEMENTED AND NONSUPPLEMENTED CONTROLSDURING FINAL GROWTH PERIOD

FC-95 Controls FC-143 ControlsFILAS 72 LAS Nou. FILA #2 LAS FensTime Suppl. Suppl. Suppl. Suppl. Suppl. Suppl
Initial 28.7 20.3 1.0 34.0 %.7 65
Dayz 13.0 26.0 1.0 8.0 22.3 5.3
Day 7 1.67 2.0 7 6.3 6.3 4.0—_— 7 8 40
BLAS 96s 95.4 s1.6 92.3 -Removal (7)

3MAT0054942
1179.0014
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TABLE 7 

CONCENTRATION OF METHYLENE BLUE ACTIVE SUBSTANCE 
(mg/l) IN NONSUPPLEMENTED CONTROLS 

Transfer # 

4 

5 

6 

7 

8 

9 

I0 

ii 

12 

13 

14 

95 - Control 143 - Contlol 
I n i t______~ Final lnit. Final 

1.0 1.9 4.5 4.5 

1.15 .38 4.5 3.5 

0.50 .75 7.1 5.50 

5.25 10.2 5.0 10.2 

3.0 0.88 9.0 i0. ~) 

5.75 1.83 i0.9 12.’2 

4.17 1.17 12.3 9.67 

4.33 0.67 ii.5 12.() 

3.0 i. 33 12.3 13.:I 

3.67 0.67 II. 3 14..% 

3.67 i. 0 14.5 ii..’; 

TABLE 8 

CONCENTRATION OF MBAS (mg/l) IN SURFACTANT 
SUPPLEMENTED AND NONSUPPLE~[ENTED CONTROLS 

DURING FINAL GROWTH PERIOD 

Time 

Initial 
Day 2 

Day 7 

% LAS 
Removal 

FC-95 Controls FC-143 Controls 
#i LAS #2 LAS Non- #i LAS #2 LAS 
Suppl. Suppl. Suppl. Suppl.    Suppl. 

28.7 29.3 1.0 34.0 36.7 
13.0 26.0 1.0 8.0 22.3 

1.67 2.0 .7 6.3 6.3 

96.5 95.4 - 91.6 92.3 
(7) 

Non- 
Suppl. 

6.5 

5.3 

4.0 

1179.0014 
3MA10054942 
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TABLE ©
hi EFFECT OF FC-95 AND FC-143 ON THE

BIODEGRADATION OF LAS ANALYZED
FOR AS MBAS

FC-95 + LAS Culture  FC-143 + LAS Culture
——3s FL

Transfer # Init. Final Removal(s) Init. Final Removal(s)
un 58.0 34.7 73.6 53.7 21.1 91.8
12 64.3 40.3 78.9 53.7 34.0 71.4 5

} TABLE 10

CONCENTRATION OF Y4c-rc-95 or *c_Fc-141 INTHE CENTRIFUGATE OF TEST CULTURE DURING
THE PINAL GROWTH PERIOD

Mcrc-05 cultures 4c-pc-143 Cultures
TTStmasrd Standard
Concentration Deviation Concentration Deviation

Init. 30.1mg/l 0.3 mg/l 46.2 ng/1 0.9 mg/1
Day2 52.8 0.5 5.0 0.3
Day 7 53.5 3.1 49.7 0.4

3MAT0054943
1179.0015
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TABLE 9 

EFFECT OF FC-95 AND FC-143 ON THE 
BIODEGRADATION OF LAS ANALYZED 

FOR AS MBAS 

Transfer 

ii 

12 

FC-95 + LAS Culture FC-143 + LAS Culture 
~ LAS % LAS 

Init. Final Removal(8) Init. Final Removal(8) 

58.0 34.7 73.6 53.7 27.3 97.8 

64.3 40.3 78.9 53.7 34.0 7&.4 

TABLE I0 

CONCENTRATION OF 14C-FC-95 OR 14C-FC-143 IN 
THE CENTRIFUGATE OF TEST CULTURE DURING 

THE FINAL GROWTH PERIOD 

14C-FC-95 Cultures 
Standard 

Concentration Deviation 

14C-FC-143 Cultures 
Standard 

Concentration Deviation 

Init. 30.1 mg/l 0.3 mg/l 46.2 mg/l 0.9 mg/l 

Day 2 52.8 0.5 48.0 0.3 

Day 7 53.5 3.1 49.7 0.4 

1179.0015 
3MA10054943 
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Thin-layer chromatography did not reveal the presence of radio-
y active metabolic products of either FC-143 or FC-95. Likewise,

gas liquid chromatography of the same culture extracts, both
before and after methylation, showed no products that were not
initially present or mot also present in controls. From the
combination of these results, it can be concluded that no bio-
degradation of these fluorochemicals occurred

REFERENCES AND FOOTNOTES
(1) Goldman, Peter, Enzymology of Carbon-Halogen Bonds.

Degradation of Synthetic Organic Uolecules in the Biosphere,
eeuot Se WasnTagion, DO(ToTsyheBleshere |

(2) There was a six-day period before the onset of the final :
growty period during which the test cultures were shaken +
at 25° C. in the presence of FC-95 or PC-143.

(3) Standard Methods for the Examination of Water and Wastewater,
Tdth Edition, American Public Health Assoeistion (1975).

(4) Dagtime temperatures were observed to range between 20 and
22° F. Night temperatures were not measured during that part
of the study in which cultures wero shaken at ambient temp-
erature (see TABLE 3). However, measurcment made near the

) termination of this 2i-nonth stidy, in Januagy, showed that
nighttime temperature frequently drops to 170 C.

(5) At this transfer, Decatur sludge was added which contained
a high fluoride concentration.

(6) Subcommittee on Biodegradation Test Methods of the Soap and
Detergent Association, A Procedure and Standards for the
Determination of the Biodegradability of Alkyl Benzene
Sulfonate and Linear Alkylate Sulfonate, J. of the American
011 Chemists’ Society, 42:986 (1966).

(7) Percent LAS removal was calculated as:
(MBAS, - MBAS) - (MBASgy - MBAS)

% Removal = — SL CL~ SF_ "CF y 449
MBASg) - MBAS

Where
NBASg; = The initial methylene blue active substances (NBAS)

concentration of the surfactant supplemented culture
MBAS; = The initial BAS concentration of the nonsupplemented

control (TABLE 7).
; UBASG; = The final MBAS concentration of the surfactant
/ ST" supplemented culture.

BAS; = The final MBAS concentration of the nonsupplemented
control (TABLE 7).

3MAT0054944
1179.0016
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Thin-layer chromatography did not reveal the presence of radio- 
active metabolic products of either FC-143 or FC-95. Likewise, 
gas liquid chromatography of the same culture extracts, both 
before and after methylation, showed no products that were not 
initially present or not also present in controls. From the 
combination of these results, it can be concluded that no bio- 
degradation of these fluorochemicals occurred. 

REFERENCES ~ND FOOTNOTES 

(1) Goldman, Peter, Enzymol0gy of Carbon-Halogen Bonds. 
Degradation of Synthetic Organic Molecules in the Biosphere, 
Nat. Acad. of Sci., Washington, DC (1972). 

(2) There was a six-day period before the onset of the final 
growt~ period during which the test cultures were shaken 
at 25v C. in the presence of FC-95 or FC-143. 
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(7) Percent LAS removal was calculated as: 

(MBASsI - MBAScI) - (MBASsF - MBAScF) 
Removal =                                              X I00 

MBASsI - MBAScI 

Where" 

MBASsI = The initial methylene blue active substances (~BAS) 
concentration of the surfactant supplemented culture. 

~BAScI = The initial MBAS concentration of the nonsupplemented 
control (TABLE 7). 

MBASsF = The final MBAS concentration of the surfactant 
supplemented culture. 

MBAScI = The final MBAS concentration of the nonsupplemented 
control (TABLE 7). 
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(7) The percent LAS Removal was cRlculated as- 

Removal = 

Where: 

(MBASsTI - MBAScI) - (MBASsTF - MBAScF) 

(MBASsI - MBAScI) 
X I00 

MBASsTI = The initial methylene blue active substances ~AS) 
concentration of the culture supplemented by both 
LAS surfactant and either FC-gG or FC-143. 

MBAScI = The initial MBAS concentration of the nonsup- 
plemental control (TABLE 7). 

MBASsTF = The final MBAS concentration of cultures 
supplemented with surfactant and fluorocarbon. 

MBAScF = The final MBAS concentration of the nonsupplemental 
control (TABLE 7). 

MBASsI = The initial MBAS concentration of the surfactant 
supplemental culture (TABLE 6). 

It was assumed thatMBAS concentration due to FC-95 or 
FC-143 was not reduced by the biodegradation or other loss 
of these compounds. 
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