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SUMMARY

Light Water FC206 Is an aqueous film forming foam AFFE used for
fire fighting Biodegradability studies show that it can be biologically
treated in controlled concentrations up 200 ui/i in synthetic sewage on
continuous basis Higher concentration appear amenable to treatmrt in

oxidation ponds over long time periods Toxicity studies with fathead minro
juveniles and fry indicate that FC206 is less toxic than AFFFs previouslytested The 96-hour LC0 for fathead minnow juveniles and fry were 1080 ui/i
and 170 ui/i respectiveTy Using 0.05 application factor concentration
unit of 54 ui/i is recommended for discharge to any waters containing cquaticlife
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II INTRODUCTION

This is the fourth report on the biodegradability and toxicity of
coninercial aqueous film forming foam used to fight fires by the Air Force

The results of studies of Light Waters FC206 product of Minnesota Mining
and Manufacturing Co St Paul Minn are presented here The FC206 is used
to make six percent solution for the fire fighting operations This study
was conducted at the request of Hq USAF/SGPA and Hq USAF/PREE

UI DISCUSSION

Composition

Results of analysis at this laboratory are shown in Table
The specific gravity of the concentrate is 1.020 with pH of 7.8

Table Composition of FC206

PARAMETER QUAUTITY

Water -70%

Diethylene Glycol Monobutyl Ether -27%

Flurocarbon Structure not Determined 2%

Sodium Sulfate 1%

Chemical Oxygen Demand 500000 mg/i
Total Organic Carbon 96000 mg/i
Surfactants MBAS as LAS 41000 mg/i
Fluorine 14000 mg/i

Respiration Studies

Biochemical Oxygen Demand

The need for measurement of biochemical oxygen demand SOD
over incubation periods in excess of the standard five days has been pointed
out by several investigators and reported previously Additionally
incubation at 25C rather than the standard 20C allows determination of the

Ultimate SOD in shorter time period without adverse affects on the micro
organism composition although temperatures in excess of 30C would alter

composition Figure is curve showing the SOD over 20-day period
as measured with the EIBOD Respirometer as previously reported Table
is summary of these E/BOD measurements
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Table Sumary of Data From Measur8ment of
Extended ROE of FC206 at 25 with
the E/BOD Respirometer

mg/i Percent of

E/BOD2O

E/BOD5 2.68X105 65.2

E/B0D10 3.95X105 96.1

E/80015 4.10X105 99.7

E/80D20 4.11X105

Warbur9 Respirometer Studies

Figure shows the variation in oxygen uptake with respect

to concentration of the FC2OG Acclimation of the microorganisms can be

seen by the increase in oxygen uptake rates at the higher concentrations

with respect to time Since the dilution of FC206 from normal usage is

to six percent solution oxygen up take was not measured beyond the 10

percent solution

Pilot Plant Studies

Two bench-scale activated sludge pilot plants were fed in
creasing concentrations of FC206 in synthetic sewage of composition shown

in Table The plants began to show solids loss at an FC206 concentration

of 200 to 225 ui/i Most of the solids loss appeared to be physical in

nature from the foaming action forcing the solids over the side of the

reactor Tables and are surmiaries of the measured parameters for each

plant Table shows the recovery of solids in the first plant when the

FC206 concentration was lowered from 500 ul/l to 200 ui/i

Table Composition of Synthetic Sewage Used

in Biodegradability Studies

Glucose 160 mg/i

Peptone 160 mg/i

Urea 28.6 mg/l
Na HCO3 102 mg/I

KH2 P04 32.5 mg/i

Tap Water
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Five Fathead minnows Pimephales promelas were placed in
container receiving effluent from each of the plants at the beglnnin9

the study One fish succumbed in the first plant effluent after 27 days
and one in the second plant effluent after 43 days indicating that the
effluents were relatively non-toxic Five giant water fleas pphnia rnagna
were placed In each effluent container on the 36th day and survived to the
termination of the study 51 days

Table Sumary of Analysis of
Sludge Pilot Plant No
Synthetic Sewage

Table Surnary of Analysis of

Sludge Pilot Plant tb
Synthetic Sewage

Samples From Activated
Receiving FC206 and

Samples from Activated

Receiving FC206 and

No of ui/i mg/i Avg pH D.O Percent Percent

Days FC206 MLSS Range je BOD5 Removal TOD Removal

50 3045 7.2-7.3 4.0-6.2 97.8 95.8
75 3315 7.17.2 4.2-4.4 No Data 95.4
100 3363 7.2-7.3 4.C-5.6 98.9 95.6
200 3587 7.1-7.2 4.0-5.6 98.8 99
300 3016 7.2-7.4 4.0-6.0 92.1 99
400 2685 7.3-7.4 5.8-6.2 97.6 91.5

14 500 1763 7.4-7.8 5.0-7.4 94.8 54.5

300 1000 7.7 6.6 17.7 99
200 1513 7.7-8.1 6.07.2 85.7 No Data

No of ui/i mg/i Avg pH D.0 Percent Percent

Days FC206 MLSS Range Range B0D Removal TOD Removal
mg/i

50 2397 7.2-7.5 2.0-6.0 98.0 96.1
75 2648 7.2-7.3 4.8-5.8 98.8 95.4
125 2863 7.3-7.3 4.6-5.6 98.7 99
225 3052 7.2-7.4 4.6-5.4 98.3 99
250 2985 7.0-7.2 4.6-6.0 98.2 97.9

22 300 2414 7.1-7.4 4.4-7.0 96.5 98.2
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Table Daily Measurement of MISS in

From 30th to 51st Days

Toxicity Studies

METHODS AND MATERIALS

Experimental Animals

Toxicity studies used the fathead minnow Pimephales
promelas to determine the relative toxicity of FC206 solutions --

centrate and pilot plant effluents Sexually-immature fathead minnows

were supplied by the Flational Fish Hatchery at Uvalde Texas The fish

were acclimatized to the laboratory conditions and local water for
minimum of 30 days before use Mean fish weight was 0.913 gm 0.370
The fish were fed commercial fish food Immature fathead minnow fry

used in static bioassays were reared at EHL/K Age of fry at time of use

was 21 days

posure Procedure

Continual flow type bioassays used proortional dilu
ting equipment as developed by Mount and Brungs These diluters

supplied logarithmic scaled dilutions of the compound being tested to flow-

through chamber for each concentration in which the experimental animals were

held Studies with fry were static bioassays with three fry per each one-

liter test concentration

Tetramjn Distributor Tetra Sales Corp Heyward CA 94545

E-19

Plant No

Day ui/i FC206 mg/i MISS

30 500 2810
31 500 2650
32 500 2820
36 500 40
38 500 1020

39 500 1100

43 500 1100

44 300 1000

45 200 1280

46 200 1460
51 200 1800
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Bloassays were performed in accordance with principles
described in Standard Methods 12 and Sprague Test animals were not

fasted prior to testing They were not fed during the actual assay period
Ten fish were used for each concentration and the control Exposure chambers
were plastic rat cages modified to contain liters of diluted toxicant

Response of the test animals was recorded throughout
96-hour test period Problt analysis was performed on the data recorded at

24 48 72 and 96 hours of exposure to evaluate quantal response to graded
doses After the first bioassay true 96 hour replicate was performed

using the same procedures and concentrations as used in the first run In all
these bioassays the test animals were placed into the exposure chambers in

random order by using table of random numbers The chambers themselves were
positioned in random order The control chamber contained water from the same
water tank as the water that was used as the diluent in the other test chambers
The flow of diluted toxicant into the chamber was adjusted to retention time
of hours This is equal to hour 95% replacement time and insures ade
quate maintenance of the dissolved oxygen concentration The quantal response
measured was death fish was counted as dead when all gill movement ceased
Dcssolved oxygen and pH were monitored to insure that the cause of death was
not lack of oxygen or changes in pH

Dilution Water

Unchiorinated well water from deep well was used as
the dilution water in these studies The water was collected in 400 gallon

bfiberglas trailertanks at an on-base well site The water trailers were
hauled to the Laboratory and allowed to sit at least 24 hours before the

water was used Air was bubbled through the water The water was adjusted

by heating or cooling to 24C before it was run into the proportional diluter
The pH was 7.2 Hardness EDTA as mg/i CaCO3 was 194 Total alkalinity
as CaCO3 was 160 mg/i

Treatment use of Data

LC50s or TL50s were determined by the probit analysis
method of Litchfield and Wilcoxon Other statistical treatments such

as the CHI2 test for Goodness of Pit were by standard formulas
To be used in this report and the previous reports on Fire-Fighting foam

chemicals toxicity study results had to fulfill two important criteria
Graded quanted responses had to definitively relate to the logarithms

of serial dilutions in each test chamber the results had to be repli

______
or Lethal Concentration 50% Is concentration value statistically

derived from the establishment of dose-related response of experimental
organisms to toxicant The IC50 represents the best estimation of the
dose required to produce death in 50% of the organisms Note that more
toxic chemical has smaller IC50 The time period for which the 50%

response was derived must also be indicated

E20
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cable The establishment of dose-effect and time-effect relationships allowed
scientifically based predictions of the ecological effects of the tested
chemicals on body of water during use accfdental spillage or disposal
Also the relative toxicity of one material could be compared with another
perhaps with the goal of selecting one that would have the least effect on

aquatic biota Finally the results could be used to set allowable or
minimal effect concentrations In bodies of water that may receive these

materials as waste

Results of Toxicity Studies

The sexually immature minnows were exposed to concentrations
of FC2OG ranging from 800 ui/i to 2500 ui/i see Figure At 48 72 and
96 hours of exposure there was 100 percent death at the 2500 ui/i concentra
tion and no deaths at the 800 ui/i concentration At 24 hours of exposure
there were no deaths in the 1050 ui/i concentration and 75 percent deaths

in the 2500 ui/i concentration.

Figure illustrates the change in LC0 with increasing time

of exposure As the percent of deaths increase with time of exposure lower
LC50s there is reduction in the slope of the curve between 72 and 96

hours The reduction in the slope indicates that the 96 hour value may be

approaching the incipient IC50 lethal threshold concentration Therefore
for FC206 the 96 hour LC50 is considered to be an adaquate estimation of

the incipient IC50 and can be used to set acceptable concentration limits

of FC206 for short periods of time

The 96 hour IC50 for week old fry was 170 ui/i The IC50
value for fry compared with the 1080 ui/i value for the juvenile fish indicates

that the FC2OG concentrate is approximately times more toxic to the fry than

more mature forms Thus the increased sensitivity of immature forms indicates
that the limits of safety using 1/10 application factor for short term

exposure would provide just adequate protection and that 1/20 value would
be more desirable
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Figure

CHANGES IN IC50 VALUES WITH TIME OF EXPOSURE

95% CONFIDENCE LIMITS INDICATED

3000_.....

c2000

jN

1000

700

24 48 72 96

HOURS OF EXPOSURE
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Comparison with AFFFs Previously Studies

Table Is summary of the various parameters measured for
each of the A1F products studied thus far 4513 The greater percentage
of the ultimate SOD being measured in the first five days on the newer pruducts
indicates more rapid degree of biodegradability

Table Comparison of Various Parameters of AFFFs

3M LIGHT WATER NATL FOAM SYSTEMS

PARAMETER FC199 FC200 FC206 AOW AOW

pH 4.6 7.6 7.8 7.8 7.9

Specific Gravity 1.02 0.989 1.020 1.062 1.031
Water 59% 70% 72% 72%

Diethylene Glycol

Monobutyl Ether 39% 27% 10% 10%
COD Xi03 550 mg/i 730 mg/i 500 mg/i 500 mg/i 350 rg/1
TOC X103 235 mg/i 96 mg/i 130 mg/i 100 mg/i
BOD X103 18 mg/i 450 mg/i 411 mg/i 354 mg/i 300 mg/i
BODE BODu 37 65 45 45

Table summarizes the daily changes in LC5s during 96-hour

bioassays for each of the AFFF concentrates previously studied

Table Changes in Toxicity of AFFFs to Fathead Minnows
with increase in time of exposure

FC199 FC200
Fcl06

AOW

24-Hour 650 2OO 1030

48-Hour 588 135 1810 820

72-Hour 450 97 1300 630

96-Hour 398 97 1080 600

AOW

635

255

245

225

No mortality in 24 hours in one bioassay but 50% in highest

concentration 150 l/l in duplicate bioassay

IC50 Concentrations in ui/l

3M LIGHT WATER NATL FOAM SYSTEMS

E- 24
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IV CONCLUSIONS

No acute toxicity to activated sludge microorganirns was exhibited
by FC206 up to 100000 ui/i of the concentrate In synthetic sewage/activated
sludge Dilution of the concentrate for fire fighting operations Is six percent60000 ui/i

Respiration studies indicate that acclimation of microorganisms
to concentrations up to 100000 ui/i could occur and would allow successful
waste treatment in oxidation ponds

Bench scale activated sludge treatment plants effectively treated
concentrations of 200 ui/i on continuous feed basis Above this concentra
tions sludge microorganisms were not able to build rapidly This was probably
due primarily to the physical removal of solids through foaming rather than
direct toxicity to the rnicroorgnisms Fathead minnows and daphnia lived in
effluent from the plant being fed 500 ui/i

In acute toxicity studies in which the test fish Pir.aphales
promelas were exposed to continously replenished concentrations of FC205
the 96 hour LC5 was 1080 ui/i 0.11% The 96 hour value was considered
to be anadequac estimation of the incipient LC50 lethal threshold concen

..r..
tration and suitable for use with application factors to predict safe levels
for short-term exposure periods

In comparing toxicitles FC2OG concentrate was approximately six times
more toxic to fry than the larger juvenile Fathead minnows Also FC206 con
centrate was less toxic to Fathead minnows than previously tested fire ftghting
foams

E-25
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RECOMMENDATIONS

Wastewater from fire-fighting training operations should be

passed through gravity oil separator The waste shoud then be held

in pond for natural oxidation and decomposition or pumped to secondary
sewage treatment facility at controlled flow rate Secondary treatment
could be provided with the domestic sewage such that the influent to the

sewage treatment plant will not contain in excess of 20 ui/i of the FC206
This recommendation is based on training exercises and Is not necessarily
intended for operational use

Using the 96 hour IC50 of 1080 ul/i and an application factor of
0.05 the calculated safe level of FC2OG concentrate is 54 ui/i for short

term exposure For situations In which the aquatic animals will be exposed

more than days concentration of FC206 should not exceed 20 ui/i in the

affected body of water

E26
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APPENDIX

SMALL SCALE AFFF/DYE DISPERSION TEST
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small scale test was conducted in Dungan Basin at the

David Taylor Naval Ship Research and Development Center

Annapolis Laboratory on September 1975 Released into the

basin was mixture of 1.2 gal 4.5 P4 of AFFF 3M Co FC-206

and 18.8 gal 71.2 94 of water drawn from the basin The

AFFF/water mixture was dyed to concentration of 100 ppm

by weight with rhodamine WT dye The mixture was poured

overboard at 1412 hours from small boat in the center of

the basin Samples were pumped into collection bottles from

depths of one foot called surface samples six feet

and nine feet from areas within the visible dye patch visually

estimated to be those of highest dye concentration Samples

were analyzed for dye concentration TC and COD Results of

analyses are contained in table F-i It was assumed that the

increase in TC above background levels was due to the presence

of AFFF

Rhodamine dye concentration and TC data for samples col

lected at the one foot 0.3 in depth are plotted in figure

F-i The relationship between dye and TC demonstrates that

dye can be used to simulate the dispersion of AFFF Although

the rate of change in AFFF and dye was different the dilution

factors remained the same Therefore dilution data from an

in situ dye dispersion study can be used to develop dilution

factors applicable for predicting the decrease in AFFF con

centration after release of known quantity of AFFF under

similar conditions in the study area

F-i
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Table F-i
Results of Laboratory Analyses of Water
Samples from Dungan Basin Before and

After the 1ddition of AFFF and Rhodamine Dye
DepthThye oncentration1 TC COD

Time TT Tm ppb jj/2
Bkgd 0.3 15.6 128
13krd 0.3 13.8 125

1.3 i4.S 68
Bkg 1.3.8 70
1.412 Release dye

l.OxlO5_ppb
1.1T5 D.3 8.9 18.6 96
1415 1.8 8.3 1S.7 80
1.417 0.3 40.6 29.6 1.50

1.417 1.8 49.5 33.2 144
1.419_ 25.7 24.8 160
1419 14.6 84
1420 0.3 21.8 23.8 184
1420 34.8 104
1422 17.8 22.4 100
1422 1.8 14.8 80
1423- O.3_ 10.9 19.4 68
1423 1.8 14.1 148
1424 0.3 8.5 18.2 76
1424 1.C 15.3 64
1425 0.3 3.7 16.6_ 88

1425 1.8 14.1 132
1425 2.7 14.1 152
1427 0.3 11.9 19.2 100
1427 l._8 14.6 68
1427 2.7 14.1 188
1430 0.3 2.1 64
1430 1.8 13.6
1430 2.7 14.8 96

F-2
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APPENDIX

TENTATIVE ALLOCATION PLANS AND CONSTRUCTION

SCHEDULES FOR SHIP CHT SYSTEMS SWOBS

AND PIFR SEWERS
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