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SOIL ADSORPTION

TEST SUBSTANCE

Identity:Perfluorooetanesulfonate;may alsobe referredtoas PFOS or
FC-95. (I-Octanesulfonicacid,1.1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
heptadecafluoro-,potassiumsalt,CAS # 2795-39-3)

Remarks field: The testsubstanceisa whitepowder of
uncharacterizedpurity.Thistestingisbeingrepeated
percurrentproceduresand bestavailablepractices.

METHOD

Method: Adsorption-Desorptionstudyusingtheapproach
recommended by the U.S.EPA forpesticideregistration

GLP (Y@N): No
Year (study performed): 1978
Statisticalmethods: Statisticalanalysisand plottingofthedatawas
done withtheMINITAB package ofthe3M TRAC computer service.
Temperature: 16-19"C
Stock and testsolutionpreparation: Test solutionswere made by
dilutinga stocksolutionof 14C_IabeledPertluorooctanesulfonate.The type
ofsolventused tomake thestocksolutionisnotnoted,nor istheactivity
oftheradio-labeledtestsubstance.

Remarks field: The Bdllsandy loam soilwas characterizedas having
57% sand,36% silt,7% clay,2.5% organicmatter,1.5% organiccarbon,
withpH 6.5and cationexchange capacityof15.3meq./l00 gms.
Standardsolutionsofthe 14C-labeledcompound were prepared inD.I.
wateratconcentrationsof282 mg/L, 158 mg/L, 90 m'@g/L,51 mg./L,and 28
mg/L. Twenty-fiveml ofeach solutionwas shaken m(ithduplicate5 gram
samples ofthesoilina 50 ml polypropylenecentrifugetubesfor24 hours
on awristshakeratroom temperature(16-19'3C).

Desorptionextractionwere performedVithD.I.wateraftertheadsorption
phase oftheexperiment.The samples fromtheadsorptionand
desorptionexperimentswere centrifugedindividuallyat5000 rpm for10
minutes,afterwhich,threealiquotsofeach supernatantsolutionwere
preparedforscintillationcounting.From the raw countingdata,compound
concentrationswere calculatedforallofthesupernatantsolutions.

RESULTS



K: 0.99(N=1).
K,,,:66*

Remarks field: The linearshapeoftheadsorptionisotherms
indicatedthatperfluorooctanesulfonateadsorptionon soilwould be
independentofconcentration.

* The studyreporthad calculateda soil/organiccarbon partitioning
coefficientof45. Afterreview,itwas determinedthatthevalueshould
have been 66 based on theformula(K. = K'x 100/1.5(%organiccarbon);
K'= (x/m)/C.).

CONCLUSIONS

The studysubstance isexpected toexhibithighmobilityinthe kindofsoil
testedand would move withthe groundwater.

Submifter: 3M Company, EnvironmentalLaboratory,P.O. Box 33331,
St.Paul,Minnesota,55133

DATA QUALITY

Reliability:Klimischranking2. This studylacksdetailon the stock
solutionand thepurityoftheradio-labeledtestsubstance.Additionally,
some calculationshave questionablereliability.
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3M TechnicalReportmadsorptionof FC 95 and FC 143 on Soil."S.K.
Welsh, Project9970612633 Fateof Fluorochemicals,Report No. 1,Feb.
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SUMMARY OF THE SOEL ADSORPTION STUDY OF THE
POTASSIUM SALT OF PERFLUOROOCTANESULFONIC ACID

Introduction

Soiladsorption-desorptionstudieswere conductedto indicatethe mobilityof

potassiumperfluorooctanesulfonatein a sandy loam soil.The approachused was that

recommended by theU.S.EnvironmentalProtectionAgency forpesticideregistration.

Materialsand Methods

The Brillsandyloam soilwas charactmizedas having57% sand,36% silt,7%

clay,2.5% organicmatter,1.5% organiccarbon,with pH 6.5 and cationexchangl-c-

-capacityof 15.3meq./lOOgms. Standardsolutionsof the "C4abeled compound were

preparedinD.I.wateratconcentrationsof282 mg/l,158mg/l,90 mg/l,51 mg/l,and

28 mg/l. Twenty-fiveml ofeachsolutionwas shakenwith duplicate5 gram samplesof

thesoilina 50-mlpolypropylenecentriffigetubesfor24 hourson a wristshakeratroom

temperature(16-19"C).

Desorptionextractionswere performedwith D.I.wateraftertheadsorptionphase

of theexperiment The samplesfi-omtheadsorptionand desorptionexperimentswere

centdfugedindividuallyat5000 rpm for10 minutes,afterwhich,threealiquotsof each

supernatantsolutionwere preparedforscintillationcounting.From theraw counting

data,compound concentrationswere calculatedforallofthesupernatantsolutions.

Resultsand Discussion

The linearshape of the adsorptionisothermsih'dicatedthat potassium

pm-fluorooetanesulfonateadsorptionon soilwould be independentof concentration.A

soiladsorptioncoefficient(K)of 0.99indicatedthatthiscompound would be mobilein

thiskindofsoilandwould move withthegroundwater.

A soilorganiccarbonpartitioningcoefficient(Yj was calculatedinthisreportto

be 45. However,aftercloserexaminationtheK. valueshouldbe 66 (Kw = 100 * K

(1.5%organiccarbon)).Again,thisvalueindicateshighnjobifityinthiskindofsoil.
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St. Paul, HN 55144-1000

Dear Dr. Howell:

Enclosed are my review comments regarding the nine 3M Techuicial Reports,
recommendationsfor improvingthe quality of the individualstudies, and
some recommendationsfor future research. Please review this information
and let me know if I can be of any further assistance.

I do have interestin submittinga researchproposal to 3H in accordance
with the recommendationsfor future research. Perhaps we could discuss
this further. I enthusiasticallysupportyour effortsto obtain information
on the environmentalfate and behavior of the 3M products.

Xy consultingfee for the work performedto date is $3,200.00(threeand
one half days for review of materialsand preparationof reportsplus one
half day consultationwith Dr.,,@ell at MSU, at $800.00 per day).

Sincerely

StepihenA. Boyd, P
Professor
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Review of TechnicalReport Summary
Adsorptionof FC 95 and FC 143 inSoil

Materialand Methods

Shouldgiverecoveriesofcompounds -inblank(no-soil)experiments.Statesthatpolypropylene
sorbslessthanglasson polyethylene,but doesn'tgivea numericalvalue.

The largeheadspace(25mi ina 50 tube)isundesirable;any lossesofthe"'C-Ltbd,e.g.,from
volatilizationor stickingto the tube,willinflatethesorptioncoefficientsincethe method
calculatestheamount sorbedby differencebetween theinitialand finalequilibriumsolution
concentrations.Also the24 hour mixingperiodseems arbitrary.Were experimentsdone for
differentperiodsof time toestablishthatequilibriumwas reachedwithin24 hours?

Detailson the stocksolutionarelacking.What solventwas used and what isthe specific
activityand radjoCheMiCalpurityofthe14C_FC 95.

The ideaof usinga cottonswab afterthedrainingstepisunusual.Hopefullythisdi viove
soilaswellaswater.Ite - 20% orlessdecreaseinsoluteconcentrationdue l@@ n't
as high as I'dliketoseeit.A 50% or greaterdecreasewould be better.

This sectiongenerallylacksdetailthatwould normallybe requiredfor IL)

Resultsand Discussion

The linearityof theisothermhas been shown over theconcentrationrange us Zell
demonstratethattheentireisothermislinear,thelinearitymust extendto equi
concentrationsthatapproach thewater solubilityof thecompound. Do you kno% -.Y
of FC95 or FC 143: Ifnot,how were the'uu'dalsolutionconcentrationsseleemd@i

The sorptioncoefflcient(K)of FC 95 appearsto be about I as indicated.The organicmatter
normalizedsorptioncoefficient(K. = K/f.)isK. = 1/0.025= 40,orlogK. = 1.6.-7%s
isa soilsorptioncoefficientintermediatebetweenbenzene and toluene.Itwould
toexamine some additionalsoilstoconfirmthisK. value. Generally,theK.
convergewithina factorof 2 to3 fordifferentsoils.This would increasemy coi
accuracyof the one measured value.

I've spotchecked the soilconcentrationsof FC-95 for both the sorptiona
experimentsand Igetessentiallythesame values.ne calculationslook good.

Ile K valuesforFC 143 islowerthanFC 95 indicatingthatitprobablyhas a
solubility.7le hystersisinthedesorptionisothermissurprising,and hasbeen ovi
The sorptionisothermislinearindicatinga singlesorptiveprocess.The conclusionregarcang
"duw differentbindingmechanisms ...with strongerbindingathigherconcentmtionsand the
converseatlower concenftadons*isvery speculativebased on thesingleexperiment. Ifone
examines column I "Amount Desorbed asa PercentofAmount Adsorbed" thevaluesrangefrom



26 to212 percent,soit'sprettyinconclusive.nere isa fairlygood discussionofhysteresisin
J.Environ.Qual. 12:325-330by Kosldnenand Cheng who observedthisphenomena forthe
weak acidpesticide2,4,5-T.The causesof hysteresisarevariedand complicatedand may
includemicrobialdegradationof thecompound duringdesorption,and changesin thephysical
and/orchemicalpropertiesofthesou-solutionsystem.For example,desorptionusingdistilled
water(asisthecasehere)couldresultinsoildispersionso that-aclearsupernatantsolution
couldnotbe obtained.Thiscan causequenchingofradioactivityinsolutionand otherproblems
leadingtoerror.

Ile "materialbalance"aspresentedinthereportisa littlemisleading.To obtaina material
balanceyou shouldmeasuretheamount of '4C-activityinsoilattheend of theexperiment,and
add ittothemeasured solutionconcentrations.

GeneralComments. The Yu.valuescalculatedhere usean organiccarboncontentof 2.2%
whereas thevaluestatedin theMaterialsand Methods is1.5%?

The watersolubilitiesarecitedas300 mg/L forPC 95 and > 20g/L forPC 143. Surelythe
lattervalueiswrong. Ifthesolubilitiesaretrulythatdifferent,thenthesorptiveproperties
shouldbe vastlydifferent,whichtheyarenot. IfFC143 hasa solubilityof >20,000 mg/L,
thenIwould expectno sorption.Thisvaluemust be erroneous.

Recommendations:

1. ObtainingK, K.. valueson additionalsoils.DetermineifX. isrelativelyconstant.

2. Obtaina truemass balanceby measuring"C-activityinsoiland solutionphase.

3. Interpretdesorptiondatamore cautiously.

4. Get correctvalueofwatersolubilityofPC 143.
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Soil

As a part of the Fate of Fluorochemicals Project, an indication
Adsorption

of mobility of FC 95 and FC 143 in sandy loam soil was desired.'
Mobility

Ads.orption-desorption experiments (after Davidson, 1976, and Hamaker,

1975) along with water solubility*data can provide such information.

The adsorption coeffioritsfor FC 95 and"FC 143 were determined to be

6.99 and 0.38, respectively. For FC 9S adsorption and desorption

could be described by a single valued function while for FC 143,

they could not. Based on these data, both compounds would be

judged mobile in the sandy loam soil used in this study.
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nitials;
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CONCLUSIONS

Adsorption coefficientfor FC 9S and FC 143 were 0.99 and 0.39,

respectively. For FC 95, adsorption and desorption could be described

by a sin'le valued functionwhile for FC 143, they could not, Considering9

adsorptioncoefficients,desorptioncharacteristicsand water solubilities.9

both compounds would be judged mobile in the sandy loam soilused in this study.

INTRODIJCTION

As a part of the Fate of FluorochemicalsProject, an indication.of

mobility of FC 9S and FC 143 in sandy loam soil was desired. Adsorption-

desorption experiments(afterDavidson, 1976, and Hamaker, 197S) along with

water solubilitydata can provide this indicatignof mobility. This approach

is used by the U. S. EPA in pesticide registrationrequirements.

MATERIALS AND METHODS

Duplicate 5-g samples of air-dried Brill sandy loan soil (57% sand,

36% silt, 7% clay, 2.5% organic matter, l.S% organic carbon, with pH 6.S and

C.E.C. of 15.3,meq./lOOg) were shaken with 2S ml of solution in SO ml. poly-

propylene centrifugetubes for 24 hours on a wrist actioltshaker at.room temp.

(16-190C). Polypropylenetubes were used because they were found in separate

experiments (3M Tech Notebook #470673, C. H. Schrandt) to absorb less FC 95

and FC 143 than glass or polyethylene tubes.

Solutions were made by diluting a stock solution of each chemical.

14Concentrations of C-labeled FC 95.were 282 mg/l., IS8 mg/l., 90 mg/l.io

Sl mg/l., 28 mg/l., (100%,S6%, 32%, 18%, 10%, 1% of stock). Concentrations

of 14
C-labeled FC 143 were S23 mg/l., 293 mg/l., 167 mg/l., 94 mg/l., 52 ing/l.,

and 5.2 mg/l.
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After shakingthe initialsolutionsas well as the three

desorpiion extractions with deionized water, the samples ?gerecentrifuged

at 5000 rpm for 10 min., and three aliquots of each supernatantsolution

were taken for scintillationcounting.

After the adsorptionstep, 22.5 ml of solutionwere recovered.

Therefore, it was assumed that 2.5 al of liquid remained with the'soil in

each step and this-amount was accounted for in the desorption calculat*:Lons

(see Results and Discussion section).

In the FC 95 experiment, the supernatant liquidwas simply drained

off at each step and the next 25 ml of,l'iquidwe.reput into the tubes.

In the FC 14.3experiment,the supernatant liquid remaining after the

draining step was absorbedwith a cotton swab before putting the next

25 ml of liquid into the tubes.

The procedures for the FC 95 and FC 143 experiments were recorded

in 3M Technical Notebook #40673, p. 49 and p. 51, respectively.

From the raw counting data, disintegrationsper minute (DPN).and

FC 95 and FC 143 concentrationswere calculated for all of the supernatant

,solutions..

Statisticalanalysis and plotting of the data was done with the

MINITAB package of the 3M TRAC computer service.

RESULTS AND DISCUSSION

FC 95

Adsorption data for FC 9S are presented in TABLE I and FIGURE 1.

Comparing the regression equation of the adsorption isotherm (FIGURE 1)

x/m = -0.29 + 0.99C with the Freundlich equation x/a a KC1IN, it could be

seen that the adsorption coefficient,K, equaled 0.99 and the exponent,N,

equaled one. The linear shape of the adsorption isotherms (N=l) indicated
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that FC 95 adsorption on soil ivouldbe independent of concentration. The

low adsorptioncoefficient(K=0.99)indicatedthat FC 95 would be mobile,

i.e., it would move readilywith the ground water through this sandy loan

soil.

TABLE I

FC 95 ADSORPTION DATA

A

InitialFC 95 Equil. Conc.,
Removed

Conc., mg/l C. mg/l. A-BBY So"
7-A-x 'Do

282.2 233.9 17.1
158.0 134.2 is.1
90.0 76.9 14.6
Si.0 42.0 17.8
28.0 22.1 21.1
2.8 2.0 27.0

D E F

Total PC 95 Total FC 95 in FC 95 Adsorbed
.In InitialSolln golln at Equil.,mg on'Soil. xim, lig/g
(A x 0.025 liters) (B x 0.025liters) (D-E) x 10 UK/MR

5 1 Soil

7.0500 S.84 7.1;0 240.8
3.9S00 3.3SSDO 1l@9.0
2.2SOO 1.922SO 6@.7.
1.2750 I.DSOOO 45 3
0.7001) 0.55250 29:S
0.0700 d.osoo6 3.8

Desorption data for FC 9S are shown in TABLE II and FIGURE 2. For comparison,

desorption isotherms for the pesticide fluometuron are given in FIGURE 3.

For.clarityFC 95 desorption isotherms are not drawn in FIGURE 2.

However, all of the data points lie very close to the adsorption isotherms

indicatingthat adsorption and desorption could be described by a singie-valued

function with desorptioncoefficients,Kt, equaling the adsorptioncoefficient,

K.
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FI.GURE I

PC 9S Adsorption Isotherm

Thisi along -withthe observationthat approximately all of the adsorbed

FC 9S.was subsequently desorbed (TABLE Ii, Co'lummH) in4kcated tha
.
t

binding forces were weak and would be another indicaiionof high mobility

of FC 9s.

@aterial balance data for FC.9S'are presented in TABLE III and these

data indicatethat all of the chemical was accounted for throughout the

experiment.
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TABLE II

FC 95 DESORPTION ISOTHERM DATA*

A c D
Equil. Conc. in Equil. Conc. in Equil. Conc. in Equil. Conc. in
Solution, C, First Desorption Second Desorption Third Desorption

mg/l. mg/l. -Big/I. mg/l.

233.900 S2.7000 14.9000 S.20000
134.200 30.3000 9.0000 2.80000
76..900 18.3000 S.3000 i.9oooo

.42.000 9.6000 2.9000 1.06000
22.100 S.3000 1.7000 0.60000
2.000 0.6.000 0.2000 0.10000

E F G H

Amount -Adsorbed Amount on Soil Amount-on Soil Amount oh Soil
on Soil, After First After @econd After Third
.X/m pa/g Desorption, ug/g Desorption, lig/g Desorption, ug/g

(Column F, TABLE 1)

240.800 67.6000 12.0000 -9.1500
119.000 19.4SOO -14.9000 -2S.8000
65.700 3.3000 -16.7000 -23.gSbO.
45.300 13.2000 -2.OSOO -2.0000
29.SDO 11.4-000 4.7000 2.2SOO
3.800 1.7000 0.9000 0.4SOO

*ColuiinsP, G, and H were calculated in the same way as Column P, TABLE I,
with correction for the amount of FC 9S in the 2.S ml of solutioriremaining
from the previous step in each case (See Materials and Methods Section.)

LO

9-656 caft

Adsorption Isotherm

oi- "a cam

----------
--------- --------- -------------------

IZO. o?4u. CAI
to

'Ads@orption Is4

Cll-

$mum" cme (AIVUA

FIGURE 2 FIGURE 3

FC 95 DESORPTION DATA POINTS ADSORPTION AND DESORPTION ISOTHERMS FOR
AND ADSORPTION ISOTHERM FLUOMETURON ON COBB SAND. SOLID AND BROKEN

LINES ARE BEST FIT FOR ADSORPTION AND
DESORPTION, RESPECTIVELY. (From Davidson,
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TABLE III

FC 9S Material Balance*

A B c
Total Initial FC 95 in Solution FC 9S on soil

FC 95 in Solution, mg. at Equil.,mg. at Equil., mg.
(Column D, TABLE I)'- (Column E, TABLE ii LA - B)

7.OSOOO S.847SO 1.20250
3.95000 3.35500 o.s9soo
2..25000 1.992SO 0.327SO
1.27SOO' I.OSOO 0.22SO
0.7000 0.552SO 0.147SO
0.0700, O.OSO,60 0.02000

D E F
-Amount Removed by Amount Removed by Amount Removed by
First Desorption,mg. Second DesorEtion, mg.. Thi-rdDesorption, mg.

0.864500 0.278000 O.lOS750
0.497750 0.1717SO O.OS4SOO
0.311000 0.100000 0.0362SO
0.159000 0.055750 0.0202SO
0.090soo 0.0.33SOO 0.0122SO
O..Ollsoo 0.004000 0.0022SO

G H I
Total Amount Amount Remaining on Amount Desorbed as
Des.orbedby Three Soil Af

'
ter 3*Desorp- Percent of Amount Adsorbed

Desorptions, mg tions,mg. (C G) (G/C x 100)
-(DtE+F)

1.2483 -0.4S7SO 103.805
0.7240 -0.12900 121.681

..0.4473 -0.1197S 13@&.56S
0.2350 -0.01000 164.444
.0.1363 O.il2SO 92.373
0.0178 0.002250 88.7SO

.*Columns D, E, and F were obtained by first calculatingthe amount (mg)
of FC-95 in 27.5 mi (2S ml added plus 2.S ml remaining from previou'sstep)
of solution in each respective step and then subtractingthe amount (mg)
in the 2.S ml of solution remaining from the previous step.
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FC 143

Data for FC 143 are presented in TABLE IV and TABLE V and in FIGURE 4.

The adsorption isotherm indicated FC 143 mobility similar to that of FC 9S

with K=0.38 and N=I. Regression analyses were not performed on the desorp-

tion isotherms, however, the graphed data (FIGURE 4) indicated that adsorption

and desorption could not be described by a single-valued function. That

is, the KI and Ni values for desorption would not be the same as K and N for

adsorption. Subjective evaluation would indicate that the desdrptiolicoefficients..

would be much smaller than the adsorption coefficient, K, at solution

concentrations greater than about 2S mg/l, since the slope of the adsorption

isotherm was much greater than the slopes of the desorption isotherms in

this range-. At solution concentrations less than 2S mg/l., the desorption

coefficients would appear to be much greater than the adsorption coefficient.

From this it would appear that two or three different binding mechanisms.

-were involved with stronger binding occuring at the higher concentrations and

the converse at lower concentrations. While this way indicate a tendency

for FC 143 to be immobile at high concentrations, it would be quit.emobile

in any situations involving low concentrations.

Material balance data for FC 143 are presented in TABLE VI. While

the two concentrations resulting in 212%and 201% ii@sorption (last column

in TABLE VI) were erratic, in general, the data indicated that all of the

FC 143 was accounted for throughout the experiment.



TABLE IV

FC 143 Adsorption Data

A B c

Initial FC.143 Equil. Cone., z Removed
Conc.j mg/j. co us/l. By Soil

A - B
-A x 100)

522.5 .485.8 7.0
292.6 279.1 4

.

.6
167.2 160.3 4.1
94.1- 92.2 2.0
51.3 49.9 4.5
5.2 5.1 1.9

D F

Total Ft 143 Total FC 143 in F@ 143 Adsorbed
in InitialSolln, Sol'n at Equil., on Soil, r
mg

ug/g
(D-E) X 10

(A x 0.025 liters) (-Bx 0.025 liters)

13.0625 12.1450 183.5
7.3150 6.9775 67.5
.4.1800 4.0075 34.5
2.3525 2.3050
1.3075 1.2475 -'12.0
O.i3O'o 0.1275 0.5
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.'TABLE v

FC 143 Desorption Isotherm Data*

A. B c D

Equil. Conc. in Equil. Conc. Equil. Conc. Equil. Conc.
Solution, Ci in first Desorp- in Second Desorp- in Third Desorptiati

tion Solution, mg/l. tion Solution, mikli. solution, =A/j.

BTable IV)

485.i600 47..6000' 6.80000 3.50000
279.'100 @8.8000 4.80000 2.90000
160.300 17.2000 3.40000 2.00000
92.200 10.7000 2'.00000 6.50000
49.900 6.1000 0.80000 0.20000
5.100 0.6000. 0.10000 o.oiDO6

E F G

Amount Adsorbed Amount on Soil Amount on Soil Amount on Soil
on Soil,x/m, After Firstbesorp- After Second Desorp- After Third Desorp-
ug/$. . ug/i -Aion pg/g tion Ug/g tion.
(ColuimnF. TABLE IV)

183.500 164.600 151.000 135.150
67.500 50.850 38.650 25.100,
34.50

'
0 20.050 9.950 0.650

9.500 -3.250 -8.900 -10-'650
12.000 3.400 2.050 1:350
0.500 -0.250 -0.500 -0.'505

*Colum'nsF, 0, and B were calcuuted in the same way.'@"'Colimn P. TABLE IV
with correctionfor.the amount of FC 143 in the 2.5 &1 of solutionremaining
from the previous step in each case (See Materials and Methods Section).
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FIGURE 4

FC 143 ADSORPTION AND DESORPTION ISOTHERMS

Solid line is best fit adsorption is
*
otherm. Dotted lines are estiviated.@-

desorption isotherms. A's are adsorption isother'mdata points. B, C, DilE,
and F are desorption data points for the respective concentrations.

GENERAL COMMENTS

The FC 95 and FC 143 adsorption coefficients fr.oa"thesee-Veriments

may be converted to the analogous constants based on soil organic.'earbon

content Koct with the equation Koc n 160 K/(% organic carbon) giving

a K
oc 6.f45 for FC 95 a:nd17 for FC 143 (2.2% organic carbon for this

soil). Comparing these values to those in TABLE VII, it can be seen

that PC 95 and PC 143 are at the low end of the spectrum, again indicating

high mobility of these compounds.
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TABLE VI

PC 143 T@ATERIAL BALANCE*

A c

Total FC 143 FC 143 in Solution FC 143 on Soil
Initiallyin Solution at Equil., mg. at Equil.,mg.

mg. (Column E, TABLE IV) (A - B)
(ColumnD, Table IV)

13..0625 12.1450 .0.917S
7.31SO @.'977S 0.337S
4.1800 4.007S 0.172S
2.3S2S 2.30SO 0.0475
1.30@S 1.247S 0.0600
0.1300 0.127S 0.002S

D E F

Amount RemoVed by Amount Removed by Amount Removed by..
First Desorption,mg. Second Desorption, mg. Third Desorption, mg.

0.09450 0.06800 0.0792SO
0.0832S 6.06100. 0.0667SO
OiO7225 O.OSOSO 0.046500
6.0637$ 0.0282S 0.008750
0.0430.0 0.00675 0.003SOO'
0.00375 0.0012S 0.00002S

G H I

Total Amount De- Axmnt Remaining on Amount De'sorbed.as
sorbed by Thiee Soil After 3 Desorp- percent of Amount Ad-
.bes.orptions,mg tions, mg. sorbed (G/C x 100)
(D+E+F). __LC G

0.2416 0.676750 26.349
0.2120 0.12SSOO 62.8is
0.1693 0.0032SO 98.116
0 .'l008 -0.6532SO 212.105
O.OS35 0.0067SO 89.7SO
0.0050 -0.00252S 201.000

*Columns D, E, and F were obtained by first calculatingthe amount (mg) of
PC 243 in 27.5 ml (25 ml added plus 2.5 ml remaining from previous step)
of solutionin each respective step and then subtractingthe amount (mg)
in the 2.5 ml of solution remaining from the previous step.
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TABLE VII

Comparison of AdsorptionCoefficients
fdr a SelectedGroup of Pesticides

(Hamaker and 7bompson, 1972)

Che*mical Koc

(mobile)ChIOTamben 12.8
(FC 143 - - - - - - - - - 17)
2,4-D 32
(PC 95 - - - - - - - - - -45)
Propham si
@gromacil 71
monuron 83
Sinazine 13S
Propazine lS2
.[)ichlbbenil 164
@*'razine 172
oloropropham 24S
Prometone 300
Ametr)m 380
D3'Luron 485
Prometryne 513
Chloroxuron 4,986
Paraquat 20,000

(iiiriobile)DIYT 243,000

The small amounts adsorbedand ease of desorptionis consistentwith'the

relatii,elyhigh watersolubilityof FC 9S (300 mg@k) and FC 143 26 i/l.)

and with th6.*chanicalnature of the molecules - organic salis which

ionize in aqueous solution:

c8
F
'17S03-e C7Fl@C02-N"4*

FC 95 FC 143
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Terms

DPM - Disintegrations per minute

C -- Concentrationof chemical in solution at equilibrium

x/m - Concentration of chemical adsorbed on soil at equilibrium

R2 Coefficientof determination

K Adsorptioncoefficient

KI Desorptioncoefficient

N - Exponentialterm in Freundlich Equation-

Ni - Exponentialterm for desorption equation

Koc A4sorptioncoefficient based on soil organic carbon content
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Review ofTechnicalReportSummary
Adsorptionof PC 95 and PC 143 inSoil

Materialand Methods

Should giverecoveriesof compounds -inblank(no-soil)experiments.Statesthatpolypropylene
sorbslessthanglasson polyethylene,but doesn'tgivea numericalvalue.

The largeheadspace(25ml ina 50 tube)isundesirable;any lossesof the14C-label,e.g.,from
vol;ltiliz@tin or stieldngto the tube,willinflatethe sorptioncoefficientsincethe method
calculatesthe amount sorbedby differencebetween the initialand finalequilibriumsolution
concentrations.Also the24 hour mixingperiodseems arbitrary.Were experimentsdone for
differentperiodsof time toestablishthatequilibriumwas reachedwithin24 hours?

Detailson thestocksolutionare lacking.What solventwas used and what isthespecific
activityand radiochemicalpurityof the"IC-FC 95.

The ideaofusinga cottonswab afterthedmining stepisunusual:Hopefullythisdidn'tremove
soflas wellas water-.Ile - 20 % or lessdecreasein soluteconcentrationdue tosorptionisn't
as highas I'dEke totm it.A 50% or greaterdecreasewould be better.

This sectiongenerallylacksdetailthatwould normallybe requiredforpublication.

Resultsand Discussion

The linearityof theisothermhas been shown over theconcentrationrangeused. However, to
demonstratethattheentireisothermislinear,thelinearitymust extendto equilibriumsolution
concentrationsthatapproachthewatersolubilityofthecompound. Do you )mow thesolubility
of FC95 or FC143: Ifnot,how were theinitialsolutionconcentrationsselected?

lle sorptioncoefficient(K)of PC 95 appearstobe about I asindicated.The organicmatter
normalizedsorptioncoefficient(K. = K/fj isK. = 1/0.025= 4R,orlogK. = 1.6.This
isa soilsorptioncoefficientintermediatebetweenbenzene and toluene.Itwould be worthwhile
toexamine some additionalsoilstoconfirmthisK. value. Generally,theK. valuesshould
convergewithina hcwr of 2 to3 fordifferentsoils.This would increasemy confidenceinthe
accuracyof theone measured value.

I'vespot'checkedthe soilconcentrationsof FC-95 for both the sorptionand desorption
experimentsand I getessentiallythesame values.The calculationslookgood.

The K valuesforPC 143 islowerthanPC 95 indicatingthatitprobablyhas a higherwater
solubility.The hystersisinthedesorptionisothermissurprising,and hasbeen over-interpreted.
The sorptionisothermislinearindicatinga singlesorptiveprocess.The conclusionregarding
*threedifferentbindingmechanisms ...withstrongerbindingathigherconcentrationsand the
converseatlowerconcentrations"isvery speculativebased on thesingleexperimenl Ifone
examinescolumn I 'Amount Desoibed asa Percentof Amount Adsorbed" thevaluesrangefrom



26 to212 percent,so it'sprettyinconclusive.nere isa fairlygood discussionof hysteresisin
J. Environ.Qual. 12:325-330by Kosidnenand Cheng who observedthisphenomena forthe
weak acidpesticide2,4,5-T. The causesof hystereeisare variedand complicatedand may
includemicrobialdegradationof thecompound duringdesorption,and changes in thephysical
and/orchemicalpropertiesof theso*il-solutionsystem. For example,desorptionusingdistilled
water (asisthecasehere)couldresultin soildispersionso thata clearsupernatantsolution
couldnotbe obtained.Miiscan causequenchingofradioactivityin solutionand otherproblems
leadingtoerror.

Ile "matmw balance"as presentedinthereportisa littlemisleading.To obtaina material
balanceyou shouldmeasuretheamount of "IC-activityinsoilattheend of theexperiment,and
add ittothemeasured solutionconcentrations.

GeneralComments. Ile K,.valuescalculatedhere use an organiccarbon contentof 2.2%
whereas thevaluestatedintheMaterialsand Methods is 1.5%?

ne watersolubilitiesarecitedas300 mg/L forFC 95 and >'20g/L forFC 143. Surelythe
LiV= valueiswrong. Ifthesolubilitiesaretrulythatdiffereni,thenthesorptiveproperties
shouldbe vastlydifferent,which theyarenot. IfFC143 has a solubilityof.>20,000 mg/L,
thenI would expectno sorption.This valuemust be erroneous.

Recommendations:

1. ObWning K, K. valueson additionalsoils.DetermineifK. isrelativelyconstnt.

2.' Obtaina truemass balanceby measuting "'C-activityin soiland solutionphase.

3. Interpretdesorptiondatamore cautiously.

4. Get coned valueofwatersolubilityofFC 143.
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CONCLUSIONS

Adsorption coefficien.tfor FC 9S'and FC 143 were 0.99 and 0.38,

respectively. For FC 95, adsorption and desorption could be described

by a single valued functionwhile for FC 143, they could not, Considering

adsorptioncoefficients,desorption characteristics and water solubilities,

both compounds would be judged mobile in the sandy loam soil used in this study.

INTROIXJCTION

As a part of the Fate of Fluorochemicals Project, an indicationof.

mobility of FC 95 and FC 143 in sandy loam toil was:desired. Adsorption-

desorption experiments (after Davidson, 1976, and Hamaker, 1975) along with

water solubilitydata can provide this indicatign of mobility. This approach

is used by the U. S. EPA in pesticide registration requirements.

MATERIALS AND METHODS

Duplicate S-g samples of air-dried Brill sandy loam soil (S7% sahd,

36% silt, 7% clay, 2.S% organic matter, 1.5% organic carbon, writhpH 6.S and

C.E.C. of IS,.3meq./lOOg) were shaken with 2S ml of solution in SO ml.'poly-

-propylenecentrifuge tubes for 24 hours on a wrist act'l@bnshaker.at room temp.

(16-190C). Polypropylene tubes were used because they were found in separate

experiments (3M Tech Notebook #470673, 'C. H. Schrandt) to absorb less FC 9S

and PC 143 than glass or polyethylene tubes.

Solutionswere made by diluting a stock solution of each chemical.

Concentrations of 14C-labeled FC 9S were 282 mg/l., 158 mg/l., 90 mg/l.,

Sl mg4l., 28 mg/l., (100%, S6%, 32%, 18%, 10%, 1% of stock). Concentrations

of 14C'-labeledFC 143 were S23 mg/l., 293 mg/l., 167 mg/l., 94 mg/l., S2 mg/l.,,

and 5.2 mg/l.
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After shakingthe initial solutions as well as the three

'@esorptionextractionswith deionized water, the samples Were centrifuged

at SOOO rpm for 10 min., and three aliquots of each supernatant solution

were taken for scintillationcounting.

After the adsorption step, 22.5 ml of solution were recovered.

Therefore, it was assumed that 2.S ml.of liquid remainedwith the soil in

each step and this amount was accounted for in the desorption calculations

(see Results and Discussion section).

In the FC 9S experiment, the supernatant.liquid was simply drained

f re into the tubes.off at each step and the next 2S ml o liquid we * put

In the FC 143".e#eriment, the supernatant'liquid remaining after the

draining step was absorbed with a cotton swab before putting the @ext

2S ml of liquid into the tubes.

The procedures for the FC 9S and FC 143 experiments were recorded

in 3H Technical Notebook #40673, p. 49 and p. 51, respectively.

From the raw counting data, disintegrations per minute (DPM)-and

FC 95 and FC 143 concentrations were calculated.for all of the supernatant

solutions,

Statistical analysis and plotting of the data was done with the

MINITAB package of the 3K TRAC computer service.

RESULTS AND DISCUSSION

FC 95

Adsorption data for FC 95 are presented in TABLE I and FIGURE 1.

Comparing the regression equation of the adsorption isotherm (FIGURE 1)

x/m = -0.29 + 0.99C with the Freundlich equation x/m m KC1IN, it could be

seen that the adsorption coefficient, X, equaled 0.99 and the exponent, N,

equaled one. The linear shape of the adsorption isotherms (N=l) indicated
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that FC 95 adsorption on soi.1would be independent of concentration. The

low adsorptioncoefficient (K=0.99) indicated that FC 95 would be m*obile,

i.e., it would move'readilywith the ground water through this sandy loam

soil.

TABLE I

FC 95 ADSORPTION DATA

A B c

Initial FC 9S Equil. Cone., Removed

Cone., mg/l C, mg/l. A4
By Soil
x 100

282.2 233.9 17.1
158.0 134.2 IS.1
90.0 76.9 14.6
Si.0 42.0 17.8
28.0 22.1 21.1
2.8 2.0 27.0

D E F

Total FC 9S Total FC 95 in- FC 95 Adsorbed-
In InitialSolln Solln at gquil*.,mg on Soil, xim, ug/g.
(A x 0.025liters) (B x 0.02Sliters). (D-E)x 10 ut/mg

5 & SoiI
7.OSOO .5.84 7.r%n 240.8
3.9SOO 3.35SOO 11-9.0

.2.2500 1.92250 'i@S.7
1.27SO 1.OSOOO 4S.3
0.7000 O.SS2SO 29.S
0.0700 O.OSOOO 3.8

Desorption'data for FC 9S are shown in TABLE II and FIGURE 2. For comparison,

'desorptionisotherms for the pesticide fluometuron are given in FIGURE 3.

For clarity FC 95 desorption isotherms are not drawn in FIGURE 2.

However, all of the data points lie very close to the adsorption isotherms

indicating that adsorption and desorption could be described by a single-valued

functionwith desorption coefficients,KI, equaling the adsorptioncoefficient,

K.
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FIGURE -1

FC 9S Adsorption Isotherm

This, along with the observation that approximately all of the adsorbed

FC 95 was subsequently desorbod (TABLE II, Column H) indi@catedthat.

binding forces were weak and 'wouldbe another indication of high mobility

of FC 95.

Maierial balance data for FC.9S are presented in TABLE III and these

data indicatethat all of the chemical was accounted for throughout the

experiment.
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TABLE II

FC 9S.DESORPTION.'ISOTtIERN DATA*

A B c D

Equil. Conc. in Equil. Conc. in Equil. Conc. in Equil. Conc. in
Solution, C, First Desorption Second Desorption Third Desorption

mg/l. mg/l. mg/l. mg/l.-

233.900 52.7000 14.9000 5.20000
134.200 30.3000 9.0000 2.80000
76.900 18.3000 S.3000 1.80000
42.000 9.6000 2.9000 1.00000
22.100 S.3000 1.7000 0.60000
2.000 0.6000 0.2000 0.10000

E G H

@mount Adsorbed AmDunt on Soil Amount on Soil Amount on Soil
on Soil, After First After Second After Third
x/m ug/g Desorption, ug/g DesoEBtion, lig/g Desorption, ug/g

,'ColumnF, TABLE I)

240.800' 67.6000 12.0000 -9.1soo
119.000 19.4500 -14.9000 -25.8000
65.700 3.3000 -16.7000 -23.9500
45.300 13.2000 2.0500 -2.0000
29.500 11.4000 4.7000 2.2500
3.800 1.7000 0.9000 0.4SOO

*Columns F, G, and H were calculated in the same way as Column F,'TABLE -I
with correction for the amount of FC 9S in the 2.S ml of solution remaining
from the.previousstep in each case (See Mat.erialsand Methods Section.)

s-cmem
140.-o

to
z

20634 CO"

Adsorption Isotherm,

0. c

Ito. E4u. cuoi

Msorption Isi

too. io 10
SOLUTM CONC fwot=P)

FIGURE 2 FIGURE 3

FC 9S DESORPTION DATA POINTS ADSORPTION AND DESORPTION ISOTHERMS FOR
AND ADSORPTION ISOTHERM FLUOMETURON ON COBB SAND. SOLID AND BROKEN

.-@^-r%VrTr%Lt ALIN
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TABLE III

FC 9S Material Balance*

A B c
Total Initial* FC 9S in Solution FC 9S on soil

FC 9S in Solution, mg. at Equil., mg. at Equil., mg.
(Col@= D-;-TABLE I)'. '(Column E, TABLE I) (A - B)

7.OSDOO 5.847SO 1..20250
3.95000 3.35SOO 0.59500
2.2SO00 1.99250 0.32750
1.27SOO 1.OSOO 0.2250
0.7000 O.SS250 0.14750
0.0700, 0.05000 0.02000

D E F
Amount Removed by Amount Removed by Amot&t Removed by
First Desorption,mg. Second Desorption, mg.. Third Desorption, mg.

0.864500 0.278000 O.lOS750
0.497750 0.1717SO 0.054500
0.311000 0.100000 0.036250
0.159000 0.055750 0.020250
0.090500 0.033SOO 0.0122SO
0-.Ollsoo 0.004000 0.0022SO

G H
Total Amount Amount Remaining on Amount Desorbed as
Desorbed by Three Soil After 3 Desorp- Percent of Amount Aas'orbed
Desorptions, mg tions,mg. (C G) (G/C x 100).
-(D+E+F)

1.2483 -0.457SO 103.805
0.7240 -0.12900 1.2-1.681
0.4473 -0.1197S ii6.S6S
0.2350 -0-01000 104.444
0.1363 0.11250 92.373
0.0178 0.0022SO 88.750

*Columns D, E, and F were obtained by first calculatingthe amount (mg)
of FC-9S in 27.S ml (2S ml added plus 2.5 ml remaining from previous step)
of solution in each respective step and then subtracting the amount (mg)
in th6 2.S ml of solutionremaining from the previous step.



FC 143

Data for FC 143 are presented' in TABLE IV and TABLE V and in FIGURE 4.

The adsorption isotherm indicated FC 143 mobility similar to that of FC 9S

with K-0.38 and Nal. Regression analyses were not performed on the desorp-

tion isotherms, however, the graphed data (FIGURE 4) indicated that adsorption

and desorption could not be described by a single-valued function. That

is, the KI and N' values for desorption would not be the same as K and N for

adsorption. Subjective evaluation would indicate that the desorption coefficients

x
I, would be much.smaller than the adsorption coefficient, K, at solution

concentrations greater than about 25 mg/l, since the slope of 'th6 adsorption

isotherm was much greater than the slop46sof the'4#soTption isotherms in

this range. At -solution concentrations less than 25 mg/l., the desorption

coefficients would appear to be much greater than the adsorption coefficient.

From this it would appear that two or three different binding mechanisms

were involved with stronger binding occuring at the higher concentrations and

the converse at lower concentrations. While this may indicate a tendency

for FC 143 to be immobile at high concentrations, it would be quitb.mobile

in any situations involving low concentrations.

Material balance data for FC 143 are presented in TABLE VI. While

the two concentrations resulting in 212%and 201% deiorption (last column

in TABLE VI) were erratic, in general, the data indicated that all of the

FC 143 was accounted for throughout the experiment.
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TABLE IV

PC 143 Adsorption Data

A B. c

Initial PC 143 Equil. Conc., Z Removed
Cone.0 Be/le C, ms/l. By Soil

A - B
x 100)

A

522.5 485.8 7.0
292.6 279.1 4.6
167.2-- 160.3 4.1
944-1., 92.2 2.0
.52.3 49.9 4.5
5.2 5.1 1.9

D E

Total PC 143 Total PC 143 in FG 143 Adsorbed
in InitialSol'n, Sol'n at Equil., on Soil,

7 g/g
mg mg (D-t) X'10__ug/a
(A x 0.025 liters) (B x 0.025 liters) 5 a So 1j.

13.0625 12.1450 183.5
7.3150 6.9775 67.5
4.1800 .4.0075 -,U.5
2.3525. 2.3050 :-9.5
I.3075' 1.2475 12.0
0.1300 0. 1275' 0.5
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TABLE V

FC 143 Desorption Isotherm Data*

A B c D*

Equil. Conc. in Equil. Conc. Equil. Conc. Equil. Cone.
Solution, C, in first Desorp- in Second Desorp- in Third Desorption
ux/l tion Solution, na/l. tion Soluticin,as/l. solution, mg/j.

(Column B.Table

485.800 47.6000. 6.80000 3.50000
279.100 28.8000 4.80000 2.90000
160.300 17.2000 3.40000 2.00000
92.200 10.7000 2.00000 0.50000
49.900 6.1000 0.80000 0.20000
5.100 0.6000 o.ioooo 0.01000

E G H

Amount Adsorbed Amount on Soil Amount on Soil Amount on Soil
on Soil, X/M, After First besorp- After Second Desorp- After Third Desorp-

---Uon tion ug/g tion'
(Column@F, TABLE IV)

183.500 164.600 151.000 135.150
67.500 50.850 38'.650 25.100
34.500 20.050 9.950 0.650
9.500 -3.250 -8.900 -10.650

12.000 3.400 2.050 1.350
0.500 -0.250 -0.500 -a.505

*Columns F, C, and R vere calculated in the same way as Column'F, TABLE IV
vith correction for the amount of FC 143 in the 2.5 al of solution remaining
from the previous step in each case (See Materials and Methods Section).
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FIGURE 4

FC 143 ADSORPTION AND DESORPTION ISOTHERMS

Solid line is best fit adsorptionisotherm. Dotted lines are estkmated
desorption isotherms. A's are adsorption isotherm data points. B, C, D. E.
and F are desorption data points for the respective concentrations.

GENERAL COMMENTS

The FC-9S and..FC143 adsorption coefficients from these experiments

may be converted to the analogous constants based on soil organic carbon

colaten;K
oc , with the equation kocm 100K/(% organic*carbon) giving'

a Koc of 4S for FC 9S and 17 for FC 143 (2.2% organic carbon for this

soil)i Comparing these values to those in TABLE VII, it can be seen

that FC 95 and FC 143 are at the low end of the spectrum, again indicating

high mobility of these compounds.
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VI

FC 143 MATERIAL BALANCE*

.A B c

Total FC 143 FC 143 in Solution FC 143 on Soil
Initiallyin Solution at Equil.*,Mg. at Equil., mg.

Mg-* - (Column E, TABLE IV) (A B)
(-ColumnD,-Table IV)-

13.062S 12.1450 0.9175
7.31SO 6.977S 0.337S
4.1800 4.007S 0.172S.
2.352S 2.30SO 0.0475
1.307S 1.247S 0.0600
0.1300 0.127S 0.002S

D E F

Amount Removed by Amount Removed by Amount Removed by
First Desorption, Mg- Second Desor2tion, mg. Third Desorption, mg.

0.09450 0.06800 0.0792SO
0.

'
0832S 0.06100. 0.0667SO

O.-07@25 0.05050 0.046SOO
0.06375 0.02825 0.0087SO
0.04300 0.0067S 0.003500
0.0037S 0.0012S 0.00002S

G H I

Total Amount.De- Amount Remaining on Amount Desorbed as
so-rbedby Thiee Soil After 3 Desorp-, percent of Amount Ad-
Desorptions, mg tions, mg. sorbed (G/C x 100)
(D+E+P) (C - G

0.2418 0.676750 26.349
0.2120 0.125500 62.91S
0.1693 0.0032SO 98.116
0.1008 -0.053250 212.10S
0.053S 0.0067SO 88.750
0.0050 -OiOO252S 201.000

*Columns D, E, and F were obtained by firstcalculatingthe amount (Mg) of
FC 243 in 27.5 ml (25 ml added plus 2.5 ml remaining from previous step)
of solution in each respective step and then subtracting the amount (mg)
in the 2.S mi of solution remaining from the previous step.
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TABLE VII

Comparison of Adsorption Coefficients
for a SelectedGroup of Pesticides

(liamakerand Thompson, 1972)

Chenical Koc

(mobile) Chloramben 12.9
(FC 143 - - - - - - - - - 17)
2,4-D 32
(FC 95 :--- - - - - - - - -4S)
Prophan si
BTomacil 71
Monuron 83
Simazine 135
Prbpazine @152
Dichlobenil 164
Atrazine 172
Chloropropham 24S
Prometone 300
Ametryn 380
Diuron 48S
Prometryne 513 t

Chloroxu"n 4,986 F H 12 2. OW

Paraquat 20,000
(immob'3*.le)DDT 243,000

The small'amountsadsorbed and ease of desorption is consistent with the

relativelyhigh water solubilityof FC 9S (300 mg/@) and It 143 (>20 g/l.)

and with the eltemicalnature of the molecules - organic salts which

ionize in aqueous solution:

C F %so C F CO
8 17 3 7 is 2 NH4*

FC 95 FC 143
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Terms

DPM Disintegrationsper minute

C Concentrationof chemical in solution at equilibrium

x/m - Concentrationof chemical adsorbed on soil it equilibrium

R2 - Coefficientof determinati6n

K. - Adsorptioncoefficient

KI - Desorptioncoefficient

N - Exponential term in Freundlich Equation

N' - Exponential term for desorption equation

Koc - Adsorptioncoefficientbased on soil organic carbon content
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