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TOXICITY TO AQUATIC INVERTABRATES (E.G., DAPHNIDS) ARY oll

TEST SUBSTANCE

Identity: Perfluorooctanesulfonate; may also be referred to as PFOS or
FC-95. (1-Octanesulfonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
heptadecafluoro-, potassium salt, CAS # 2795-39-3)

Remarks field: The test substance is a white powder of
uncharacterized purity.

The following summary is abbreviated due to the fact that this study has
been superceded by a more recent test.

METHOD

Methods: ASTM, 1981, Proposed Standard Practice for Conduction
Renewal Life-Cycle Toxicity Tests with the Daphnia magna; OECD, 1981,
Daphnia sp., 14-day Reproduction Test.
Type: Acute static and Chronic renewal
GLP: No
Year completed: 1984
Species: Daphnia magna

RESULTS

48-hour ECs (immobilization): 27 (25-28) mg/L
14-day ECso (reproduction): 14.7 (12-18) mg/L
21-day EC (reproduction)”: 12.4 (11-14) mg/L
28-day EC (reproduction)®: 11.4 (10-13) mg/L
28-day NOEC™*: 7 mglL
14, 21, and 28-day MATC: 11.2 mg/L.

* Cumulative (Young/Adult)

++ This concentration applies to no observed effects on Cumulative resis
ofYoung/Adult and Broods/Adult and on the total number of Young/Adult.

DATA QUALITY

Reliability: Klimisch ranking = 2. This study satisfied all criteria for
quality testing at the time performed, but actual concentrations were not
measured. Results were based on nominal concentrations. Additionally,
sample purity was not adequately characterized.
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“This study was conducted by the 3M Company, Environmental
Laboratory, 1984.
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Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331,
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Abstract - acute static and chronic renewal Daphnia magnaests were conducted to evaluate this organisms Tesponss to
varying concentrations of potassium perfluoro-octanesulfonate. The acute 48-h EC: was 27 mg/L. with 953C.L. of 25 to 28 mg/L, In 14, 21, 38-day chronic exposurestudies the NOEC was 7 mg/L. At the highest concentrationtested (18 mg/L) reproductive indices; viz: cumulative liveyoung per adult, average number of young per brood, andaverage number of broods per adult, wers inhibited to asignificant degree p<0.05. This concentration of potassiumperfluorooctanesulfonate was several orders of magnitudegreater than lovels anticipated under normal use
conditions. The survival, growth, and reproduction of this= species will not be impacted negatively by chromic 14, 21,or 28-day exposure to potassium perflucrooctanesulfonater
This study should be repeated since the two highestconcentrations tested, 7 and 18 mg/L represent the NOEC andsignificant effect levels respectively. There is a need todevelop information on concentrations iying between thesetwo extremes.
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INTRODUCTION
ubel et a1'!) reported that perfluorinated chemicals had been found inthe serum of manufacturing plant workers. Ong of these materials hasbeen the subject of animal toxicity studies'2), Data on a similarcompound, potassium perfluorooctanesulfonate, a off-white solid,indicates that this material is water soluble and preliminaryinformation suggests that it will neither readily biodegrade’ norbioconcentrate. Preliminary aquatic testing of potassiumperflurorooctanesulfonate indicated that toxic signs could be eliciteduring acute exposure conditions.
Of the aquatic species available for use as test organisms, thecrustacean, Daphnia magna is being utilized widely in acute and chroniccEfocts esting.Advantages associated with the Loe of Saphaids Aretheir size, comparatively short 1ife cycle jeqological importance, easeof laboratory culturing, sensitivity, etc.' ’3/21\ Guidelines forconducting acute 48-h tests have been published!s!, and chronicexposure protocols are being developed or have been adopted’). Abroad database consisting of both acute and chromic studies utilizingD; magna presently exists.” Daghnids were used, therefore, to evaluate
‘the effect of acute (48-h) and 14, 21, or 28-day chronic exposures tovarying concentrations of potassium perfluorooctanesulfonate.

METHODS AND MATERIALS
Water Diluent .
The dilution water used in all tests was an unchlorinated, carbon£ilterad well vator, aerated to saturation before use. Mean valuesfor some water quality parameters were: pH 7.6 (40.1), total hardnessas ma/L CaCO, of 256 (247-265), alkalinity ag mg/L Cabos of 234
(219-229) and conductivity as umhos/cm at 250C of 349.(325-373).
Test Species
The laboratory stock culture of D. magna was maintained underintegmittant illumination, 16h 1IGht and 8h dark, at a temperature of2042°C., Stock and organisms used during chronic exposure tests wereEed blended fish food of known nutritional quality and yeast at therate of 30 mg solids/L of test solution.
Acute Tests
During these tests the dilution water temperature averaged 22+1°C,
while a photoperiod of 16-h light and 8-h darkness was maintainedthroughout the test. For the 48-h tests, 20 daphnids 12 + 12-h oldwere placed in duplicatectest beakers, 250 ml capacity, each containing200 mi of test solution(¢). All acute tests were run without foodadditions. Five concentrations of potassium perfluorooctanesulfonate,
and an untreated control group were run in duplicate. The endpointused in these tests was daphnid immobilization as characterized by alack of coordinated movement. The calculated ECs) value was used to
define the range of concentrations to be used in>fhe life-cycle renewaltest.
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Chronic Tests
The chronic daphnid studies using first instars 12 + 12-h old yoreconducted in a temperature controlled growth chambof at 23 + 15C withphotoperiod automatically fixed to a 16-h light, and 8-h dark cycle.This static renewal chronic test was conducted using ten 250 mi’ beakerscontaining 200 ml test solution at each of five concentrations of thetest material plus an untreated control set of 20 beakers. Each test |concentration was replicated three times with five Daphnia magna firstinstars per beaker for survival data and seven times with but onedaphnid per beaker for reproductive measurements. Stock solutions wereprepared in deionized water. Fresh solutions were made up thriceweekly (MWF) with food also being replenished at this time. Disposableglass pipettes having an I.D. of 5 mm were used to transfer the aGuitdaphnids to fresh solution. The young daphnids were then counted anddiscarded.
During the test the following data were tabulated: day of initialbrood release, number of young per adult per day, number of broods peradult, mortality of young or adult daphnids. All data are based onnoninal concentrations of potassium perfluorooctanesulfonate,
Statistics
The 48-h, acute and 14, 21, and 28-day chronic EC,, values and thelrSemoctattSi ont dans nits vase socemioscdl Limes orthanalysis'") or the moving angle average method\)). Reproductive andsurvival data were analyzed by analysis of variance. Throughout thetext "significant" will refer to statistical significance, having a pvalue of .05.

RESULTS
Acute Test ’
The calculated 48-h ECc) value was 27 ng/L of potassiumperfluorooctanesulfonald with a 95% C.L. ranging from 25 to 28 mg/l.Based on this value the range of test concentrations selected for thedaphnid chronic test were 0.26, 1.0, 2.6, 7.0, and 18 mg/l of potassiumperfluorooctanesulfonate. Temperature and pH varied minimally whilethe dissolved oxygen level did not fall below 70% saturation.
Chronic Test = 14, 21, and 2-Day Duration
Indices of reproductive performance and survival of Daphnia magnaexposed to the above listed concentrations of the test materialaretabulated in Tables 1-4.
Untreated control reproductive and survival indigggas shown in Table 1are in agroement with reported literature values! 10). Literaturevalues cited for the cumulativenumber of young per adult ranged. from30-122 at temperatures of 20-25°C while at temperatures of 18220°CDaphnia magna survival varied from 80-924.
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The effect on reproductive indices elicited by chronic exposure topotassiun perfluorooctanssulfonate are illustrated (Table 1). Over the8-day exposure period and at chemical concentrations varying from 0.26£0 7.0 mg/L the mean values of the above cited parameters variedmininally when compared to control data. Thus, the absence of aconcentration dependent response up to 7.0 mg/L is apparent.
Interference with the normal reproductive process did occur at atoxicant concentration between 7.0 and 18.0 mg/L. At this latterconcentration, the cumulative number of live young per adult werereduced by 80%, average number of live young per brood was inhibited by55%, and the number of broods per adult was reduced by 62%.
It has been recommended!”) that three brood studies replace 21 or 28day chronic exposure tests (Table 2). At potassium perfluorooctans—sulfonate concentrations up to and including 7.0 mg/L the time to threebrood release was either 14 or 15 days after initiation of the study.At 18 mg/L it required approximately 17 days for release of the threebroods, a statistically significant difference when compared to controlvalues.
Calculated values for 50% reproductive impairment at 14, 21, and 28
days of exposure to potassium perfluorooctanesulfonate are shown (Table3). Adult mortality ECc) values could not be determined as they
exceeded the highest teSf concentration used in this study. The 26-dayEC,, values calculated for all reproductive parameters were similar,raRding from 11.4 to 16.1 mg/l. Overlap of the 95% C.L. is indicativeof the absence of statistically significant differences in thesevalues.
In this study statistically significant changes in all reproductiveindices did occur at a concentration of 18 mg/L potassiumperfluorooctanesulfonate (Table 4). Exposure to concentrations of0.26,.1.0, 2.6, and 7.0 mg/L Of the test substance did not afect theseindices or mortality to a significant degree. Thus, a concentration of7.0 mg/L of potassium perfluorooctanesulfonate is considered to be thechronic NOEC or no observable effect concentration.
Table 5 illustrates the derived acute/chronic ratios for thosereproductive indices evaluated throughout the potassiumperfluoraoctanesulfonate exposure period. The 28-day acute/chronicratios for all parameters studied were identical and were equivalent tothe 14 and 21-day acute/chronic ratios derived from cumulative numberOf young per adult data, This may indicate a concentration dependentprocess which is not affected by increasing the exposure duration.
Table 6 shows the chronic renewal toxicity of potassium perfluoro-octanesulfonate expressed as the NOEC, MATC, and ECy, which values werederived from reproductive indices. As in the preceding table, thederived values are chemical dependent and time independent. Thus, theNOEC and MATC are identical for all parameters measured at all exposureperiods, The EC.) values differ slightly however there is nostatistical diff8fence in these values based on variable exposureaurations.

001517



Sa-
DIscussIon

Reproductive measurements have been used as indicators of toxicanteffects following exposure to sublethal copgentrations of Poh, pp!DDT,
or Atrazin®. Furthermore, Parkhurst et al investigated thereproducibility of the Daphnia magna chronic test and concluded that,
of the toxicity criteria studied, the number of young producedperbrood or per adult were sensitive indicators of a chronic Loxicanteffact.
Our resylys are in agreementwig those reported by Maki andJohnson’ 237 and Parkhurst et 2103) that changes in indices ofreproduction are sensitive parameters of a toxicant effect. Changes
occuring at concentration levels of 18 mg/L of potassiumperfluoro~octanesulfonate included reductions in: 1) the average number of
broods per parent, 7 to 3; 2) number of live young per parent, 190 to3713) average number of young per brood 27 to 13: “An incresse in thenumber (to 54) of dead young per parent was also noted. When combining
the number of live and dead young a 52% reduction in total number ofyoung released was observed. The most noteworthy result of daphniyexposure to high levels of potassium perfluorcoctanesulfonate has beenthe attenuation of all reproductive indices. On the other hand, atthis concentration maturation was not delayed nor was longevity of theparent affected.
Water quality guidelines have specified the use of two protective
concentrations, namely a 24-h average equivalent to the no observableeffect concentration (NOEC) and either a 24-h maximum or 48oh BC.level. Neither of these protective concentrations should be excidedover the indicated time period. Utilizing this concept, protectiveconcentrations of 7.0 and 27 mg/L would be established for potassiumpertluorooctanesulfonate, Over the 28-day exposure period ho
observable effects occurred using either mortality or reproductiveindices as the response criteria. A NOEC of 7 mo/L and the toxicantlevel which elicited an effect, 18 mg/L, give us a gross approximationOf the GH-MATC, equal to 11 mg/L. Conversely, during a 20-day chronicexposure to 18 mg/L of potassium perfluorooctanesulfonate, reproductive
impairment was noted. This phenomenon was observed as early as the
second week and remained at the same ECgo value for the duration of thestudy.
Based on these findings and considering the concentrations of testchemical necessary to elicit a chronic effect, it is concluded thatpotassium perfluorooctanesulfonate will not impact negatively on thesurvival, growth and reproduction of Daphnia magna under presentenvironnéntal release conditions.
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TABLE 1 :
Chronic Exposure of Daphnia magna toPotassium Perfluorooctanesylfonate:YoungReproduct ion!

Cumulative LiveTreatment Young/Adult Average Number Avg. Numbermg/L. n Number Young/Brood _Broods/Adult
Control 1n 190 27 7+36 4 a

0.26 n 169 26 7+33 bo a

1.0 7 183 25 7240 bo a

2.6 7 186 26 7+29 Ed bo

7.0 6 199 27 7#19 a eS

18.0 7 37° 12° 3°
128 8 Lon

2 28-day exposure dats. Mean £ 5.3. :p<0.05.
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TABLE 2

Chronic Exposure of Daphnia magna to PotassiumPerfluorooctanssul fonater ComparTeon of et and3rd Brood Release Days

Treatment Initial Brood Third Broodng/L Release Day Release Day

Control n? 9 15
2 +

0.26 Rt] 10 15~ 2 2

1.0 10 ° 15
2 1

2.6 10 ° 1520.3 2

7.0 9 9 14
10.3 ES

18.0 10 10 17°
2 »

p Beakers in test.p<0.05.
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Table 3
Acute and Chronic Toxicity of Potassium Perfluorooctanesulfonate

to Daphnia magna: Acute and Chronic ECgy

Reproduction BCe) B/L (958 C.L.)Exposure “Cam Tative tiveoils Avg. No.Period Immobilization Young/Adult Per Brood Broods/Adule
48-hr 26.6

(25-28)
14 Day 14.7 2 2

o (12-i8)
21 day 12.4

(11-14)
28 day 1.4 16.1 14.7

(10-13) (13°20) (13418)
2 Not calculated.
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TABLE 4
Comparison of the Chronic Effects of 7 and 18 mg/LPotassium Perfluorooctanesulfonate to Daphnia magna

La-pay 21-pay 28-Day

A. 7.0 mg/L:
Number Live Young 59 129 199/adule

Number Dead/Adult 3 Ts 4
Total Number Young 369 793 1220
Adult Mortality % 0 4.5 4.5

5. 18.0 myst :
Number Live Young 24 33 37 '/adurt’
Number Dead/Adult® 12 51 54
Total Number Young 249 591 641
Adult Mortality % as 9.1 18.2

Comparison of 7.0 and 18.0 mg/L p<0.05. :
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TABLE5
Acute/Cheonic ECe Ratios Following Exposure of ,Daphnia magna to Poffssium Perfluorooctanesulfonate

Day of Cunulative Cumulative Number ofExposure Young/Adult  Broods/Adult  Young/hdult

1 Ls ,

21 1s

28 Lo Ls Ls 1.5

48h Concentration Eliciting an. Acute Effect in 508 ofAcute/Chronic ECgq Ratio = Organisms
(FXpowuEsDutatlon) Concentration3 Eliciting a Chronic Effect in 508of Organians
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TABLE 6

Chronic Renowal Toxicity of Potassium ,Perfluorooctanesulfonate to Daphnia magna

Cumulative Cumulative Number ofYoung/Adult Broods/Adult Young/AdultDays 14 21 28 28 28

Noe? 7 7 7 7 7

matcerd 1.2 1.2 1.2 1.2 11.2

Cg, 24.7 12.4 11.4 14.7 16.1(12-18) (11-14) (16-13) (13-18) (13-20)

2 Data in mg/L.

© No observable effect concentration.
© Maximum acceptable toxicant concentration.
? MATC = Geometric mean between highest test conccentrationhaving no significant (p>0.05) effect and the lowesttest concentration having a significant (p<0.05)effect.
© Dose at which 508 of organisms are affected by thetoxicant. Expressed as Mean (958 C.L.). .
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