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ABSTRACT

(Distribution Limitation Statement A)

The biodecradability of aqueous film-forming foams (AFFF) used for fire fight-
ing was evaluated in laboratory-scale activated sludge and trickling filter
reactors at the Air Force Weapons Laboratory (AFWL). Three AFFFs were evalu-
ated: "Light Water" FC-200 from 3M Company; Aerowater 3 percent from Mational
Foam Company; and Aerowater 6 percent, also from National Foam Company. Con-
centrations not to exceed 100 ma/1 of AFFF influent to the biological treatment
process could be satisfactorily treated without affecting the performance of
the process and with apparent detoxification of the AFFF. More detailed bio-
assay tests are required. Adsorption of AFFFs onto activated carbon is practi-
cal with removals varying from 75 to 100 percent, depending on the AFFF,
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SECTION I
INTRODUCT ION

1. BACKGROUND

Aqueous film-forming foams (AFFF), MIL-F-24385, are fire-fighting agents
for use on fuel and oil-type fires. Agqueous film-forming foams are concentrates
and are, therefore, diluted prior to use. The specified ¢ilution 1s 6 percent
AFFF and 94 perceni fresh or sea water. Aqueous film-forming fcams have or are
currently replacing the protein-type foams as the primary fire-fighting agent
at most Air Force installations.

The Military Specification for AFFFs, MIL-F-24385, is a performance speci-
fication and, therefore, the composition of the products will vary to some
extent., Basically., the AFFFs are fluorccarbon surfactants with foam stabilizers
(Ref. 1). The fluorocarbon surfactant is 1ikely to be a sulfonate compound
such as sodium fluorocarbon sulfonate where the sulfonate group is soluble in
water and the fluorocarbon group soluble in the fuel or oil. The flucrocarbon
group is generally in the 8- to 10-carbon chain Tength. The foam stabilizer
is likely to be a polyethylene glycol or alycal ether derivative (Ref. 2).

Three specific AFFFs were investigated by the Air Force Weapons Laboratory
(AFWL) to determine the trcatability and hazards of disposing of AFFFs, These
were Light Water FC-200 manufactured by 3M Company, 5t Paul, Minnesota, and
Aerowater 6 percent and Aerawater 3 percent manufactured by National Foam
Company, West Chester, Pennsylvania., FC-200 s on the Qualified Products List
(QPL) of the Mjlitary Specification, and Aerowater & percent is being considered
at the time of this report. Aervowater 3 percent cannot satisfy the require-
ments of the Military Specification; however, hangar deluge systems may use a
3 percent AFFF instead of the 6 percent. FC-200 concentrite has a chemical
oxygen demand (COD) of 710,000 mg/1 and a pH of 7.4. Aerowater 6 percent
concentrate has a COD of 456,000 mg/1 and a pH of 7.6. Aerowater 3 percent
concenlrate has a COD of 495,000 mg/) and a pH of 8,0,
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2. PURPOSE OF STUDY

The original purpose of this effort was to solve the specific problem of
disposing of AFFFs from the "Crash Rescue Fire-Fighting Training Smoke-Abatement
System' at Hill AFB, Utah. Basically, the smoke-abatement system consists of
water-spray injection just above the burning fuel. For the system at Hill AFPR
the water injected into the fire would be collected, retained, and recirculated.
Retention would be accomplished in an earthen reservoir. There was concern
that the AFFFs uzed in the fire-fighting training would be solubilized in the
spray injection water and through recirculation of this water, the AFFF concen-
tration would increase to the point where the spray injection water would have
a detrimental effect on the fire. Therefore, to prevent the AFFF concentration
from "building up" in the recirculated water, an attempt was made to determine
if micrebial growth could be achieved in the reservoir when AFFFs represented
the anly source of organic matter for the micretryanisms (the required nutrients
added). If the microorganisms could use the AFFFs as a source of organic
matter, the AFFF concentration might be bept Tow enough to prevent build-up
problems.

During the Second Annual Environmental Workshop hosted by the Air Force
Yeapons Laboratory (AFWL), numerous major Air Command environmental coordinators
expressed concerr for disposing of AFFFs after use, whether in a real fire or
in a training situation., This, coupled with concern voiced by Hq USAF/PRE about
the disposal of Jarge volumes of AFFF from proposed warehouse and hangar deluye
systems, led AFUL to expand the effort to investigate the disposal of AFFFs in
a more gencral situation. Of prime importance was the determination of the
feasibility and tne limitations of using existing biclogical waste treatment
processes for achieving biodegradation and detoxification of the AFFFs. Also
investigated was the use of activated carbon adsorplion with the intent to
employ a simple adsorption column at fire-training sites which are remotely
located and unable to tie into & sanitary sewer. This would become an integral
part of a smoke-abatement system. After treatment withlactivated carbon, water
could then be directly discharged onto the land, into a water course, or
possibly recyclec into the water source of the smoke-abatement system.
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SECTION 11
LITERATURE REVIEU

The Environmental Health Laboratory at Ke]ly AFR, Texas, conducted an
investigation on the biodegradability and taxicity of Light later FC-189
(Ref. 3). On a macroscopic basis FC-199 is different from FC-200 in thet the
pll of FC-199 concentrate is in the range of 4.5. FC-200 was deyeloped to
eliminate the corrosive properties of FC-109.

Lefebre (Ref. 3} demonstrated a toxic effect to microarqanisms, as measured
by oxydgen uptake rates, at an FC-199 concentration of 2500 ppm. Laboratory-
scale continuous-flow activated-sludge reactors were operated on a mixture of
synthetic sewage and varying concentrations of FC-199, At 250 ppm of FC-159
in the influents and a 12-hour detention time, COD and RODs removals were 91
and 96 percent, respectively, At 500 ppm FC=199, detention time 6 hours, COD
and BODs removals were 90 and 96 percent, respectively. At 500 ppm there was
significant inhibition of nitrification (Ref. 3).

Systematic bioassays were conducted on untreated FC~199 using {athead
minnows. It was deteymined that the 96-hour LCsp (concentration &t which 50
percent of the test fish are killed in 96 hours of exposure) was 398 ppm.
Further, it was demonstrated that fathead minnows were able to survive during
8 days of testing in the clarified activated sludge vreactor effluent when the
FC-199 concentration was 250 ppm (Ref. 3).

The 3M Company has conducted some investigations into the dispesal of Light
Water FC-200, the AFFF product that they now manufacture, They have opernted
laboratory~-scale continuous-flow activated-sludge reactors in which FC-200 was
the only source of organic matter available to the microorganisms, At an
FC-200 concentration of 250 ppm (COD - 175 mg/1), COO removal averaaed 85
percent. At concentrations above 250 ppm, COD remaval efficiency decreased.
The source of micreorganisms for the 3M Company laboratory-scale experiments
was from their industrial wastewater-treatment plant activated-sludge reactor
which has been receiving wastewater for years from the manufacturing of Light
Water and other halogenated hydrocarbons (Ref. 4),
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The 3M Company has also evaluated nonbiological methods of disposal. Oxi-
dation with ozone, adsorption with activated carbon, foam fractionation, and
incineration were investigated. Ozone oxidation and foam fractionation did not
prove to be feasible. Incineraticn would be applicabie only if the AFFF con-
centration were maintained fairly High, i.8., in the range of 1 to 6 percent.
Activated carbon adsorption proved to be quite effective for dilute solutions
of AFFF (Ref. 4).

Static bioassays have been conducted by the 3M Company on FC-200 using
fathead minnows, It was demonstrated that both before and after biological
wastewater Lreatment, the 96-hour LCsq was 80 ppm of FC-200 (Ref. 4).
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SECTION III

MATERIALS AND METHODS

1. SCREENING EXPERIMENTS

The initial tests conducted on the three AFFFs consisted of 15-day
biochemical oxygen demand (BOD) experiments using the static dilution technigue.
Biochemical oxygen demand tests for FC-200 were accomplished with both unaceli-
mated and acclimated seed at an FC-200 dilutien of 2/100,000. Aerowater 3
percent and Aerowater 6 percent concentrations were evaluated with unacclimated
seed at a dilution of 1/100,000.

2. DOXIDATICN POMD EXPERIMENTS

Four Taboratory-scale oxidation ponds were operated at different grganic
loadings using Light Water FC-199 as the only source of organic matier available
to the microorganisms. FC-199 was used because FC-200 had not yet been intro-
duced at the time of the oxidation pond experiments. The oxidation ponds
consisted of stainless steel water baths 18 inches (0.456 m) wide, 36 inches
(0.912 m} long, and operated at a water depth of 10 inches (0.254 m). This
yvielded a 1iquid volume of 105 Titers. The oxidation ponds were operated
outdoers in direct sunlight during the months of May and June 1972. Originally,
the oxidation ponds were filled with 103 liters of tap water and 2 liters of
seed taken from the oxidation ponds on Kirtland AFB, New Mexico.

The primary purpose of the oxidation pond experiments was to simulate the
loadings on the recirculation reservoir of the "Crash Eescue Fire-Fighting
Training Smoke-Abatement System" at Hill AFB, Utah. T2 simulate the training
operation which would be 3 to 5 days per month and several fires per day, Light
Water was added to the four oxidation ponds in different amounts and at differ-
ent time frequencies. Oxidation pond 1 (OP1) received 44 ml of Light Water
concentrate initially to yield a 0.042 percent solution and a COD of 294 mg/1.
For OP1 this was repeated every fifth day to simulate a fixed Tevel of training
every 5 days. The 44 ml was added in 4~ to 11-m1 aliquota every 2 hours for an
B-hour period. O0PZ received 44 ml, repeated every tenth day. OP3 and OP4.
received three times the amouni of Light Water (132 mi) as did OP1 and OP2.
This yielded an initial COD of 882 mg/l. Light water was added to OP3 every
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fifth day and to OP4 every tenth day. Ammonium nitrate and 8 phosphorous
solution was added each time to maintain a COD:N:P ratio of 100:5:2. Evapora-
tion 1nsses were made up daily, and samples were then taken for COD and sus-
pended solids determinations.

3. ACTIVATED SLUDGE EXPERIMENTS

Activated sludge experiments were conducted for each AFFF, usinq'1ahoratory-
scale continuous-flow completely mixed reactors with separatc upflow clarifica-
tion (figure 1). The reactar volume was 8 liters, and the clarifier volume was
3 Titers. Retention time in the reactor was 4 hours, taking into account a
25 percent return sludge flow rate. Reactor ] was the control and received
only synthetic wastewater, simulating domestic sewage. The synthetic waste-

water consisted of a nrotein source, nonfat dry milk, and a carbohydrate

source (common sugar). The nonfat dry milk represented 220 mg/1 of COD, as did
the sugar. Ammonium chloride, NHsC1, or ammonium sulfate, (NH.)2504, was

added to yield 40 mg/1 of NH;N. A mixture of monobasic and cjbasic potassium
phosphate, KH,PQ. and K,HPO,, was added to yield 20 mg/1 of F, Reactor 2

Figure 1. Activated Sludge Systems
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received the synthetic wastewater and varying concentrations of FC-200.

Reactor 3 received synthetic wastewater and Aerowater 3 percent. Reactor 4
received synthetic wastewater and Aerowater & percent. The last three reactors
vere brought to a steady-state condition with the synthetic wastewater before
dosing with the AFFF,

Three separate activated sludge tests were conducted. Test 1 consisted of
operating the four reactors until significant degradation in effluent quality
occurred, Test 2 was conducted only on FC-200 and Aerowater 3 percent because
the concentrations of each that yielded poor effluent quality in test 1 appeared
too low. Therefore, ﬁhe purpose of test 2 was to verify the results of test 1.
1t should be noted that near the end of test 2 reactor 4 was restarted on the
synthetic wastewater and Aerowater 6 percent tglely to provide an effluent for
the toxicity experiments. Test 3 consisted of "slug loading" reactor 2 with
200 my/1 of FC-200 and reactor & with 200 mg/1 of Aerawater € percent to
determine the adverse effects, if any, on unacclimated microorganisms. This
was done after the reactors were drained, reseeded, and brought to steady state
on just the synthetic wastewater,

The AFFF concentration was increased in steps in each reactor for tests 1
and 2 (table I). It was originally intended to increase the AFFF concentration
every 3 days; however, after observing the performance of the units, the
frequency of increasing the AFFF concentration became variable, depending on
the effluent quality. It should be noted that the influent wastewater was
made during the late afternoon. Therefore increases in AFFF concentration were
first reflected in the next morning's samples,

The performance of each reactor and the effluent quality was judged by
analysis for mixed Tiquor suspended solids (MLSS), sludge volume index (SVI),
total effluent COD, filtrate effluent COD, and effluent suspended solids (see
analytical procedure for methods of analysis). Mixed liquor suspended solids
(MLSS) and SVI were determined once & day in the morning. An attempt was made
to maintain the MLSS concentration between 2000 to 3000 mg/1. Effluent samples
were taken from a reservoir which contained 24 hours of flow and, therefore,
represented composited szmples.
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Table I
AFFF CONCENTRATIONS TN ACTIVATED SLUDGE EXPERIMENTS

AFFF concentration (mg/1)

Aerowater Aerowater
Hay FC-200 3 percent & percent
Test 1
1- 4 Q Q a
5- 7 10 10 10
8-11 25 25 25
12-13 50 50 50
14-23 a0 20! an
24-26 802 20
27-32 150
33-37 210
38-53 250
Test 2
1- 4 0 0
5- 8 10 10
3-11 20 20
12-19 50 50
£20-25 an 80
26-32 120 120
33-39 160 160
40-44 200 200
45-52 250 250
53-59 320 220 ot
60-66 320° 400 75,% 125%
87-70 600 2007
Test 2
1- 8 200 200
9-11 0 200
'Day 18 reactor shutdown. *Reactor hegins 75 ppm AFFF on day &3.
“Day 26 reactor shutdown. SReactor begins 125 ppm AFFF on day 66.

3Day 62 reactor shutdown. ’Reactor begins 200 ppm AFFF on day 69.
“Reactor started; being brought
to steady state.

]
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4, TRICKLING FILTER EXPERIMENTS

A laboratory-scale trickling filter (figure 2) was operated to determine
the adverse effects that FC-200 and Aerowater 6 percent would have on the
performance of the trickling filter process. The trickling filters consisted
of two columns operated independently (in paratlel). Both contained 5.5 feet
(1.680 m) of polypropylene plastic media (Kock Flexirings* 5/8 inch (0,0175 m)
105 ft3/ft® (348 m®/m®)). As illustrated in fiaure 2, samples could be taken
at depuhs of 148 inches (C.456 m), 36 inches (0.912 m), and 66 inches (1.815 m,
full depth). This final discharge entered a small clarification and recircula-
tion basin which was flushed with tap water every ¢ to 1 days to remove sloughed
biological solids,

Both columns were brought to steady state on the synthetic wastewater as
described in the activated sludge experiments. Then column A (the calumn on
the 1efr) received varying concentrations of FC-200, and column B received
Rerowater & percent. The concentrations received versus time are shown in
table II.

Two tests were conducted for the FC-200 and the Aerbwater € percent. Test
1 was without recycle at a hydraulic loading of 200 gpd/ft® (8150 1/day/m?),
and test 2 was with a one-to-one recycle at a nydraulic loading of 200 gpd/ft?,
i.e., 100 gpd/ft* of influent and 100 gpd/ft® of recycled effluent. fetween
tests 1 and 2 tne trickling filters received only synthetic wastewater for a
periad of 2 days.

Samples were taken from the two Sampling ports of each column aend from the
final discharge. These samples were grab samples taken in the morning, with
COD being the only parameter analyzed. Hecause the samples contained varying
amounts of settleable solids, the samples were allowed to settle, and the
supernatenl was used for COD analysis.

&,  ADSORPTION EXPERIMENTS
Both batch and continuous-flow activated-carbon adsorption experiments were
conducted using Calgon Filtersorb 400 granular activated carbon. Only Bero-

water B percent and FC-200 were evaluated. Solutions were made up to contain
anproximately 2000 mg/1 of each AFFF. It was believed that this would represent

*Registered trademark.
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Figure 2. Trickling Filter System

Reprody, 3
Lhest ﬂva?ﬂilém
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Table II
AFFF CONCENTRATIONS IW TRICKLING FILTER EXPERIMENTS

AFFF concentration

(mg/1)
Aerowater
Day Fu-200 f percent

Test 1, No recycle

1- 2 0 0
3-6 25 25
7-1 50 50
12-16 80 80
17-20 120 120
21-35 169 160

Test 2, Ope-to-gne recycle

1 0 0
2- 8 25 25
9-14 50 50

15-2] 80 80
27-29 120 120
30-37 160 160
38-45 200 200
46-50 250 250
51-54 300 300

1"
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an expected discharge of AFFF from a fire-training facility employing a water
spray injection system for smoke abatement. For the batch tests, 4 liters of
each AFFF solution were made. To 2 liters of each AFFF solution, 20 mis of
JP-4 jet fuel were added, shaken, and allowed to separate. The purpose of
adding JP-4 was to determine if certain compounds in the AFFF were preferen-
tially soluble in JP-4 and would thereby be extracted from the aqueous phase.
The effect of this extraction, if any, on the adsorption of the AFFF was deter-
mined by conducting batch adsorption tests on both the untreated (no JP-4)
solutions and the aguecus phase of the JP-4Z-treated solutions. Five hundred mil
erienmeyer flasks were used, each containing 200 mls of sglution &nd varying
amounts of pulverized (-700 mesh) activated carbon. Five flasks were used for
each solutjon, containing 0.1, 0.4, 0.8, 1.2, and 2.0 grams of activated
carbon, weighed to four decimal places. The flasks were agitated for 1 hour

on a gyratery shaker at 22°C, after which the activated carbon was removed by
vacuum filtration, using GFC filter paper.

Continuous-Flow experiments were conducted for the 2000-mg/1 solutions
(not treated with JP-4) of Aerowater 6 percent and FC-200. Small columns were
used to achieve breakthrough in a reasonable time frame. The columns used
were 1,25 inches (0,318 m) inside diameter and contained 24 inches (0.6] m)
of activated carbon. The flow of 23.8 ml/min was set to yield an empty-bed
contact time of 20 minutes. The flow was downflow with the discharge restricted
to maintain a 2- ta 3-inch liguid level above the activated carbon. Sampling
ports were provided at 6 and 15 inches of activated carbon depth. Samples were
taken perijodically for apalysis of COD.

6, TOXICITY EXPERIMENTS

To ascertain the detoxification, if any, that the biological wastewater
treatment processes were achieving on the AFFFs, rainbow trout (4 to 6 inches
in Tength (0.103 to 0.153 m)) were axposed to the activated sludge effiuents
(clarified effluent) from each reactor that, at the time, was receiving 200
mg/1 of each AFFF. The trout were also exposed to the secondary effluent from
the control. In addition, trout were exposed to each of the influents, i.e.,
synthetic wastewater and 200 mg/1 AFFF, and to distilled water plus 200 mg/1
AFFF, Four trout were added to egch cantainer having approximately 4 Titers
of liguid. The liquid was mainteined at 10°C in an incubator and was aeratec
to maintain a dissoived oxygen concentration of 6 to 7 mg/1. During the test
period (4 days), the liguid was changed once every 24 hours.

12
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7. ANALYTICAL PROCEDURE

Chemical analyses were conducted on collected samples for determination of
the desired compound {contaminant), thereby permitting evaluation of the treat-
ment process performance. Chemical oxygen demands were determined in accordance
with Standard Methods for the Examination of Water and Wastewater (Ref. 5)
Doth the standard and diTute technique were used as appropriate. Filtrate COD
was determined on samples after filtering through GFC filter paper in accordance
with Standard Methods.... For the activated sludge effluents, the effluent
suspended solids and filtrate COD were determined from filtering of the same
sample. For MLSS and SVI, 100 mis were drawn from the reactor, placed in a

.

100-m] graduated cylinder, and allowed to settle for 30 minutes, at which time
the volume of settled solids was read. The 100 mis were then filtered through
GFC filter paper for determineatien of the MLSS. The SVI was then calculated
from equation (1)

SVI = mls of settled solids x 10,000/MLSS (1)

Free fluoride was analyzed for in the activated sludge effluents to deter-
mine if the fluorocarbon compound was being biologically metabolized, yielding
free fluoride. This analysis was conducted using both the SPADNS method and
the free ion electrode method described in reference 5.

Several attempts were made to develop a method of analysis for determining
the fate of the fluorocarbon fraction of the AFFF. The first attempt was to
measure the absorbance of infrared light energy for the fluoracarbon bond in
the infrared region of 7.5- to 10-micron wavelength. Several concentrations
of pure AFFF in distilled water were scanned in this wavelength region.

IR-Tran calls of various celi thicknesses were used. In the corncentration range
of interest for the AFFFs, 1 to 300 mg/1, the strong absorb nce of the water
in the 7.5- to 10-micron wavelength made this technique impractical.

Since extraction of the fluorocarbon fraction from the agueous phase into
a solvent could not be quantified without having the pure fluoreccarbon compound
by itsel®, i.e., na method to determine extractian efficiency, an attempt was
made to evaporate the sample, then take it up in a pular ar nonpolar solvent.
The solvents used were benzene, chloroform, carbon tetrachloride, iopropyl
ether, hexane, and methanol. Fifty mls of sample were evaporated at 103°C in
100-m1 test tubes, then 50 ml of solvent was added and agitated on a vortex

13
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mixer. The degree of resolubiiization was determined visually. Aerowater 3
percent was the only AFFF that could be completely resolubilized,-and this was
in benzene. This was true even after 48 hours. However, the background
adsorbance from benzene was too strong in the 7.5- to 10-micron wavelength.
Thus, this technique was also ineffective for pure solutions.

The 3M Company developed a gas chromatographic technique for analysis of
FC-2D0. However, "ghosting*" was a serious problem and made this method of
analysis impractical. Further, it was learned from the 3M Company that the
gas chromatographic method was for determination of the foam stabilizer
fraction and not the fluorocarbon fraction.

*Ghosting is subsequent elution of the organic compound when the next sample
is injected.

14
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SECTION 1Y
RESULTS

1. SCREENING EXPERIMENTS

The screening experiments consisted of determining the biological oxygen
demand (BOD) uptake over a 15rday period.  FC-200 was evaluated using both
acclimated and unacclimated seed. The acciimated seed was obtained from the
activated sludge reactor receiving FC-200. The two Aerowater AFFFs were anly
evaluated using unacclimated seed. The results of these experiments are
detailec in figures 3 through 5. For FC-200 it is seen that the acclimated
seed demonstrated a s1ightly increased rate of oxygen uptake but not a higher
overall total uptake, The 5-day BOD for the concentrated FC-200 is approxi-
mately 70,000 mg/1 with the ultimate BOD (assuming this to occur at the 15-day
point) of approximately 360,000 mg/1, The B0ODs of Aerowater 3 percent concen-
trate was approximately 75,000 mg(T with a BDDWlL of 315,000 mg/1. Aerowater
6 percent concentrate had a B0Ds of 40,000 mg/1 with the ultimate ROD n
excess of 280,000 mg/1.

Because of the tremendous dilution reguired (2/100,000 apd 1/100,000) to
determine BODs by the static dilution technigue, the "typical" first order
curve did not result. This is not to say that the data are invelidated but
rather points out the Timitation of BOD analysis. The significance to be
drawn from the BOD tests performed 1s that at least some of the compounds in
the AFFFs are available for binlogical metabolism, and further untreated
AFFFs discharged into a watercourse would exert a very high oxygzsn demand.

2. OXIDATION POND EXPERIMENTS

As described in sectjon III, four oxidation ponds were operated to simulate
the AFFF Toadings on the recirculation reservoir of the "Crash Rescue Fire-
Fighting Training Smoke-Abatement System" at Hill AFG, Utah. 1In a more general
sense, the results of the oxidation pond experiments could be related to any
oxidation or holding pond where AFFFs represented the only source of organic
matter available to the microorganisms.' The COD reductions achieved in oxida-
tion ponds (OP) 1 and 2 are shown in figure 6. Reductions from OP3 and OP4
are shown in figure 7, Reiterating, OP] was loaded with 0.042 percent FC-199

15
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every fifth day (initial COD - 294 mg/1) and OP2 every 10th day. Oxidation
pond 3 vias loaded with 0.136 percent FC-199 every fifth day (initial COD - 882
mg/1) and OP4 was loaded every 10th day. The results demonstrated a COD reduc-
tion occurring after dosing with FC-199 with most of the reduction occurring in
the first 2 days after dosing. However, it is seen that there is a general
build-up of some substance that is chemically but not biologically oxidizable.
This COD reduction is not consistent with the concentration of suspended solids
(taken to be biological solids) in the oxidation pond which did not increase
with the decreasing COD, but rather followed no ascertainable pattern, varying
in concentration between 10 and 70 mg/1 for each of the oxidation ponds. I
one assumes cell yields of 0.5 mg/1 of biological oxidation of domestic waste-
water to apply for the oxidation ponds, then biological solids concentrations
in excess of 150 mg/1 should have been abserved.

The COD reduction achieved coupled with the lack of appreciable biological
growth led to the assumption that some of the compounds in FC-199 were under-
going photochemical oxidation. Therefore, a fifth oxidation pond was set up
but not seeded. The initial COD in this oxidation pond was 296 mg/1. Within
the experimental error of the analysis, the COD concentration did not change
over a 10-day period. Thus, it was concluded that photochemical oxidation was
not the cause of the COD reduction. This lcaves unanswered the reason for the
observed COD reduction without appreciable biological growth.

3. ACTIVATED SLUDGE EXPERIMENTS
a, Test 1

The data collected for test 1 are listed in table IIl and are graphi-
cally represented in figures B8 through 11. The data show that none of the
reactors were achieving proper settling characteristics as measured by sludge
volume index and/or effluent suspended solids. This led to nccasional use of
alum (aluminum sulfate) and/or a cationic polyelectrolyte. Control of MLSS
between 2000 to 3000 mg/1 was attempted, but much of the time the reactors
were outside of this concentration range. The control performance was mors
erratic than that desired., However, in general, COD removal was in the range
of 85 to 90 percent far total effluent COD and consistently in excess of 90
percent removal for filtrate COD.
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Table 111

CODyyp  CODp  CODp  SSpepr s
Contral

500 24 20 <10 788

44 48 <10 1086

133 71 <0 12w

440 55 16 48 1645

45 . 95 103 2 2325

82 38 % 2640

466 62 25 4 2278

24 25 16 2420

457 150 34 18 2536

474 68 A 18 2240

53 37 25 2693

73 49 21 2569

434 57 21 15 2384

43 31 <10 2262

48 28 12 2652

54 60 22 1079

150 35 70 909

43 20 (VI PV

46 23 12 M6

58 35 12 1290

16 20 15 1343

89 28 37 2384

351 101 40 M 2860

15 16 10 3625

25 23 12 3375

34 26 <10 4056

17 22 <10 3364

24 7 <0 2356

8 14 <10 1958

74 18 17 2114

51 27 ‘s 2319

22

V1

800

A70
480
400
363
370
334

313
215
237
252
252
294
638
1023
559
785
450
707
411
339
270
190
160
214
293
460
426
328

Remarks

Adding 20 mg/1 alum

fMscontinue alum
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3z
33
34
35
36
37
38
39
an
41
42
a3
a4

45
46
47

49
50
51
52

B W —

CODyy e OB

CODF

Table I11 (cont'd)

S8

EFF  MLSS
66 3 23 2208
35 26 <10 2490
40 36 8 2675
32 53 43 2606
72 14 50 2420
36 58 15 44 2396
40 27 10 2571
454 33 33 20 2430
50 21 34 1189
74 33 14 1083
No sample
53 15 14 1464
19 17 13 1453
182 36 123 1823
124 23 114 1444
75 18 71 1478
B9 32 2 1295
345 73 38 14 1602
59 19 13 1945
92 20
87 67 45 2116
FC-200
81 40 40 774
59 24 10 609
a7 80 12 1232
559 31 15 1123
445 82 40 <10 2240
an 4 <10 2599
404 88 33 13 2516
60 38 27 1742
468 120 73 a5 1430

23

syt

290
246
202
279
288
221
307
407
580
553

41a
475

521
270
420
386
393
396

261

450
490
402

380
378
419

Remarks

Begin 1 ma/1 polyelct.
10 mgl alum

First sample 10 mg/1
FC-200

First sample 25 mg/1
FC-200
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18
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24
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26
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coD

cOD

Table III (cont'd)

SSEFF

i F MLSS

474 155 51 91 914
122 €5 71 795

219 93 105 403

426 117 73 23 734
83 59 16 690

171 60 77 565

100 72 49 661

77 73 <10 974

83 Y] 18 526

. 54 <10 939

A9 65 <10 1108

48 52 <10 1015

121 65 d4a 925

186 61 40 1394

149 46 35 1477

70 35 26 1288

33 32 17 1565

Aerowater 3 Percent

57 32 16 766

4a 28 15 421

223 102 <10 1277

85 35 18 1199

450 198 155 61 21¢8
9] 36 <10 2020

428 b2 25 16 3298
48 57 26 2772

453 85 54 19 2856
458 131 31 25 2591
91 44 33 2687

83 53 36 2836

24

492

755
695
926
1377
1664
1362
981
760
958
560
887
1087
710
670
776
633

9e0

220
233
237

356
258
238

208

261
310

Remarks

First sample 50 mg/1
FC-200
Adding 10 mg/1 alum

Addina 20 mg/1 alum

First sample 20 ma/1

First sample 10 mg/1
3 percent

First sample 25 mg/1
3 percent

First sample 50 mg/1
3 percent
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Table 11T (cont'd)

pay Whye C0p M0 Sy omst  su Remarks
13 481 105 93 37 3€80 226
14 39 31 10 3371 267 First sample 80 mg/1
15 187 44 90 3500 274
16 300 68 108 2153 246
17 340 62 393 1889 529
18 130 38 65 326 552
Aerowater 6 Percent
1 73 49 22 501 860
2 63 55 14 848
3 180 43 11 1166 450
4 47 27 12 1184 439
5 450 77 64 15 2063 339 First sample 10 mg/1
6 percent
6 55 37 31 1300 4584
7 436 59 30 <10 2010 393
8 44 44 <10 1277 297 First sample 25 mg/]
6 percent
485 73 51 15 687
10 240 55 31 <10 1420 317 First sample 50 mg/1
6 percent
T 67 44 19 1055 351
12 73 53 19 199¢ 385
13 473 65 45 10 1823 521 First sample 80 mg/1
6 percent
14 71 47 <10 2400 117
15 108 52 40 2434 403
16 72 b6 19 1610 602
17 88 85 19 2494 401
18 110 54 43 1469 640
19 54 50 54 1448 663
20 69 54 <10 317¢ 246
2] 40 40 12 2730 231
22 49 28 <10 3684 166
23 424 57 50 <10 2776 180 First sample 120 mg/1
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24
25
26
27

28

29
30
31
32
33
34

35
36
37
38

40
4
47
a3
44
45
4
47
48
43
50
51
52

Table I1I (cont'd)

GOBpye 0By BODp  BBie ke
45 48 4 3164

117 26 32 3365

96 6h 27 2848

73 40 26 3007

56 25 9 2854

e a8 28 2055

68 33 24 2112

146 38 82 1914

08 42 48 1988

43 49 13 1226

75 24 40 1600

66 33 98 1554

59 40 12 14498

48 37 10 1962

529 B9 54 33 2462
546 72 57 17 3052
70 48 21 2877

127 101 —— 1636

262 211 — il

172 114 33 2380

105 80 76 2670

162 94 3 1675

67 134 147 038

277 169 64 755

230 153 47 728

456 278 110 95 on
182 112 61 1157

- S - S ~e-

95 g9 118 756

26

sv1

305
285
337
326
347

332
459

Remarks

First sample 150 mg/1
6 percent

First sample 210 mg/1
6 percent

First sample 250 mg/1
6 percent
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For reactor 2 table 111 and figure 9 show that at the time the FC-200
concentration was increased to 50 mg/1, day 10, the MLSS decreased drasticelly,
and the SVI increased roughly twofold. The use of alum to control this condi-
tion was only marginally successful. Effluent COD concentrations increasec
to unacceptable values. Although the FC-200 concentration was increased to
80 wmg/1, it was clear that the activated sludge reactor performance had been
upset at 50 mg/1 of FC-200.

The performance of reactor 3, in which Aerowater 3 percenf was used,
yielded higher effluent CODs than either the control or the other two reactors
up ta the time (day 14) the concentration was increased to 80 mg/1. The total
effluent COD increased drastically then, primarily because of effluent sus-
pended solids. At day 16 the MLSS began to decrease rapidly, and the reactor
was shut down on day 18.

Reactor 4 (Aerowater 6 percent) performance was reasonakly consistent
and acceptable (see table IIT and figure 11), althaugh effluent CODs were
somewhat higher than that of the control, until the concentration reached
250 mg/1. Shaortly after the Aerowater € percent concentration was increased
to 250 mg/1 (day 38), the effluent COD, total and filtrate, increased-signifi-
cantly, the MLSS decreased, and the SVYI increased appreciably at this time, It
thus appeared that the activated sludge process could not tolerate 250 ma/1
of Aerowater 6 percent.

b, Test 2

The results for test 2 are presented in table IV and figures 12 through
15. The primary purpose of test 2 (as stated in section III) was to determine
ify in fact, the 1imiting concentrations of FC-200 and Aerowater 3 percent were
valid. It is noted that during test 2, the performance 'of the reactors with
respect to settlability and acceptable MLSS concentrations, effluent CODs,
total and to some-extent filtrate, were sporadic for the control. There were
some mechanical difficulties encountered--the sludge recycle would stop during
the night because of the geometry of the sludge hopper causing a clear zone
with no sludge. This was corrected for the most part by keeping the volume of
siudge in the bottom of the clarifier to a minimum.

The performance of reactor 2 (FC-200, table IV and Tiqure 13) was
unsteady during the initial dosing of rC-200, days 4 through 13, but was
relatively satisfactory thereafter until day 37 when effluent quality began to

3
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S  SEENC R . T SR NI T

10
1
12
13
14

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

CoD

CODT

ACTIVATED SLUDGE ANALYSES, TEST 2

ECIDF

Table IV

SSgrr

INF MLSS
69 Control
69 30 26 2123
54 38 21 2366
52 32 22 2084
41 ?5 <10 2453
53 45 16 2557
429 61 52 <10 2349
71 43 <10 2009
44 39 31 1840
417 128 101 <10 1834
3R6 61 44 18 2353
407 43 30 <10 1845
70 33 8 2866
304 218 162 61 3432
63 31 <10 3476
llo data
46 44 13 3269
a4 35 42 2945
184 39 36 2808
a4 41 52 2999
402 185 32 45 2866
86 24 186 2764
37 35 87 2073
62 35 30 2575
422 145 40 35 2398
414 72 52 17 2148
Ele 34 14 2672
36 34 <10 2972
409 94 64 16 3710
73 63 24 2658
48 43 34 2237

3z

sv1

57
42
18
15
43
&4
50
54
55

Remarks

Solids concentration
in clarifier

No recycle or sludge

Mo sludse recycle

Mo siuddge yecyele

Me sludye recycle
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31
32
33
34
35
36
37
38
39
40
4
42
43
44
45
46
a7
48
19
50
51
52
53
54
55
56
57
58
59
60
61
62
63

CoD

cop

COD,.

Table IV (cont'd)

SS

INF T F EFF MLSS  SVI
26 21 29 3306 51
382 30 28 53 3034 53
27 20 <10 3217 50
22 19 <10 3426 50
25 25 12 4017 42
24 27 17 3682 43
28 27 a5 4169 A
42 30 13 2010 55
417 39 26 17 1968 61
35 31 25 2148 56
42 35 12 2105 57
62 32 23 2396 71
38 26 15 1819 71
361 31 36 <10 249] 20
37 33 21 1860 76
87 — 23 2021 89
168 42 27 1840 109
50 27 1 1680 101
47 35 23 1673 90
45 37 <10 2451 78
46 30 19 227 88
404 50 30 34 2204 109
456 16 12 <10 2209 100
30 30 12 2607 4
29 37 <10 2213 an
32 30 12 2015 g4
34 48 <10 2254 20
64 70 <10 2216 a1
445 57 56 <10 3121 61
44 58 10 3541 56
41 27 <10 3580 50
56 30 12 3733 54
54 49 16 3997 50

33

Remarks

lpset; hroker Tine
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Day

64
65
66
67
68
69

SR YR

o~ M, m

13
14
15
16
17
13
19
20

21
22

coD

CDDT

ooD.

Table IV (cont'd)

SS

INF EFF MLSS

454 112 117 18 3820

65 37 22 3916

461 52 a7 26 3795

: 11 38497

414 44 35 14 4319

26 3042

FC-200

34 3z 13 1491

50 32 39 1770

51 33 19 1814

348 62 32 32 2083

44 32 28 2351

444 52 39 <10 2698

184 65 122 2038

153 47 27 2279

474 111 91 <10 2260

339 68 46 24 2100

ap2 43 30 <10 1846

104 58 31 18€1

215 162 35 1700

375 53 43 20 21
Mo data

79 45 55 2584

71 47 36 2146

24 26 44 1756

49 44 54 1560

480 54 50 92 1231

56 45 22 1618

114 36 81 1354

34

67
51
50
67

51
47
54
57
62

67
54

65
62

68
65
68
64
73

68
66

Remarks

First sample 10 mg/1
FC-200

First sample 20 mg/1
FC-200

First sample 50 mg/1
FC-200

First samples 80 mg/|
FC-200
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23
24
25
26

27
24
29

-
-

3i
32

33
34
35
36
37
38
39

10
11
42
43
A

45
46
47
18
49
50
51
52
53

Table 1V (cont'd)

COlpyp: W0y DR SBeps  itse
40 38 51 1635
434 35 27 14 2500
471 79 6l 20 2430
89 36 28 3139
45 L5 11 3100
504 61 53 22 3625
98 56 24 3266
13 13 35 4160
61 45 31 4414
546 44 39 30 4654
59 42 10 4175
90 41 53 3520
LY 54 18 3374
a9 45 19 3386
4] 39 32 3elz
48 39 25 3982
551 /6 67 15 3406
98 84 33 3808
108 108 13 3758
139 118 117 3674
134 63 63 3209
615 72 67 <10 3749
-—- -—- 44 3470
60 50 20) 2555
139 139 17 2549
4() 39 <10 2211
43 13 23 1872
No data; reactor overflowed
No datas reactor overflowed
645 .98 71 10 235
537 170 95 25 1414

35

45
50
55
48
41
39

50
55
50
b3
b3
50
59

32
67

2
4

65
53

52
63
59
59
69

96
78

Remarks

First sample 120 mg/1
FC-200

First sample 160 mg/1
FC-200

First sample 200 mg/l
FC-200

First sample 260 mg/1
FC-200

First sample 320 mg/1
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Table IV (cont'd)

pay . n G A0 ASpe  mss  s@ Remarks
54 173 97 39 802 499
55 180 78 58 962 343
56 165 77 46 1257 684
57 86 34 60 2227 292
58 197 66 48 1433 188
59 671 176 109 70 1559 603
60 1568 86 83 1474 468
61 158 110 30 1149 305
Aerowater 3 Percent
| 84 55 37 1509 60
2 7% 37 31 143 49
3 33 27 10 1522 53
4 418 30 25 <10 1825 43 First sample 10 mg/1
3 percent
5 b2 4] 14 2098 43
6 421 52 48 <10 2305 52
7 m n 32 2013 50
8 24 57 21 2412 54 First sample 20 mg/1
3 percent
9 472 182 89 <10 2062 49
10 449 17 a4 3 1706 41
11 425 46 43 <10 1649 67
12 75 43 24 1904 74 First sample 50 mg/]
3 percent
13 394 261 152 6b 1258 70
14 46 4 86 1615 124
15 No datz
16 a7 a7 10 1575 70
17 54 43 12 1592 85
18 68 43 1¢ 1761 85
18 44 44 23 1810 a8
20 457 77 46 36 1522 .. '78 First sample 80 mg/1
21 140 47 e 1662 90
22 37 36 57 1434 77

36



AFWL-TR-73-279

Table IV (cont'd)

pay P OB 00 SSerr miss  sur Renarks
23 46 29 32 1792 57
24 465 69 32 43 2310 71
25 457 7 58 22 2540 71
25 60 40 23 3330 60 First sample 120 mg/1
27 47 12 <10 3166 gg, < pereent
28 465 9] 63 22 3720 a8
29 78 56 23 2R47 60
30 38 33 39 3682 7
31 51 43 37 3232 56
32 515 4] 35 - 3736 51 First sample 160 mg/]
3 percent
% ) 44 27 13 3441 54
34 37 37 <10 3779 53
35 36 37 13 3880 a6
36 49 | 28 3609 83
37 &5 46 19 3867 52
38 66 AB 15 3676 50
39 528 57 47 24 3770 53 First sample 200 mg/|
3 percert
40 B6 50 356 3974 1
41 71 56 22 3637 57
42 71 49 40 3940 53
43 47 36 13 4048 52
a4 486 54 57 10 4519 51 First sample 260 mg/]
3 percent
45 54 66 15 3896 54
46 62 22 22 4374 50
A7 101 56 31 A272 5k
48 43 39 <10 4474 51
49 61 46 14 4556 58
50 63 b5 <10 494¢ 51
51 62 45 <10 5418 42
52 562 63 63 <10 5230 52 First sample 32D mg/1
3 percent
53 A58 65 62 <10 6027 50

37
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pay  SOpye GO0y COD-  SSerr  gwss
54 58 67 18 5857
55 112 65 1" 5830
56 106 73 13 4709
57 75 74 <10 5172
q8 103 93 1 5152
59 634 152 105 23 2490
60 140 100 49 2858
61 121 82 3€ 2867
62 122 79 37 3374
63 90 92 152 2917
64 530 110 o8 21 3458
65 93 a0 20 4061
66 722 102 69 35 4026
67 -—- - 38 3664
68 659 304 77 100 2654
69 4z 98 147 -—-
*Fpaming causing bacteria to wash out of reactor
Aerowater 6 Percent
i - --= - 3051
pa 69 49 35 3565
3 48 19 15 3508
4 61 30 31 3451
5 Ag 51 11 4048
6 155 89 19 4z27
7 510 69 50 13 4485
41 31 15 494
—= S <10 3994
10 53 58 1:3 4636

Table IV (caont'd)

SVL

51
45
4z
13
37
40

35
35
36
34
32
30
35

27
30

187
19
80
72

67
62

66
€0
58

Remarks

First sample* 400 mg/1
3 percent

First sample 600 mg/1
3 percent

First sampla 75 mg/1
6 percent

First sample 125 mag/1
6 percent

First sample 200 mg/1
6 percent
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Table 1V (cont'd)

sur

1 i -— 29 4580
12 61 58 <1C 3190
13 39 40 17 2712

KL

Remarks
61
s
97
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degrade. This 75 several days after the reactor had bezen receiving 160 mg/1
of FC-200. On days 50 and 51 the overflow line from the reactor to the clari-
fier plugged during the night. The reactor spilled over and washed ocut much
of the MLSS. From that point on the reactor was unable to recover, and the
effluent quality degraded seriously.

The effect of Aerowater 3 percent on the activated sludge process for
test 2 is shown in figure 14. Again, unsteady performsnce was observed during
the dosing of Tow concentrations of Aerowater 3 percent on days 4 through 14.
After day 14 perfarmance evened out, witn the exception of day 21 when the
effluent contained a high concentratjon of effluent suspended solids. This
appears to have been caused by the increase of the Aerowater 3 percent concen-
tration to BO mg/1. At about day 35 the total and filtrate effluent COD began
to rise gradually, apparently in response to increasing concentrations of
Aerowater 3 percent. On day 53 effluent gquality degraded rapidly in response
to the increase of Aerowater 3 percent concertration ta 320 mg/l1. This
degradation in effiuent quality would have occurred sooner except that the
MLSS was allowed to rise to over 5000 mg/1.

As stated earlier, reactor 4 was restarted on Aerowater 6 percent
primerily to obtain an effluent for the toxicity experiments which were con-
ducted at 200 ma/1 of AFFF. Even though the Aerowater 6 percent concentration
was increased relatively faster than for the cther AFFFs, effluent quality
(with the exception of day 6) was consistent and acceptable when measured
against thd control,

€. Test 3

Recognizing that slug loads of AFFIs would oczur at domestic wastewater
treatment plants, an attempt was made to determine what impact would result
from suci, adesirable occurrences. Unacclimated sctivated sludge reactors
were slug Toaded with 200 mg/1 of FC-200 and Aerowater & percent, then increased
in the case of Aerowater 6 percent to 400 mg/1. The results of these slug
loadings are listed in table V and figure 16 for FC-200 and in figure 17 for
~ Aerowater 6 percent.

For FC-200 it was observed that 200 mg/1 Ted to Targe volumes af foam
which encapsulated much of the MLSS, carrying them cut of the reactor. Effluent
(0D increased dramatically on day 7 (FC-200 was added the evening of day 6)
and though the effluent COD decreased sharply on day B8, the upset for day 7
was cieanly unacceptable.
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Table V
ACTIVATED SLUDGE ANALYSES, TEST 3, SLUG LOADING

CODpyp 0Dy CODp  SSppp 6
FC-200

112 2z 33 1552

139 42 77 1592

446 95 59 49 1892
79 47 M 3120

445 85 31 % 3604
.. £ 37 3526

556 420 9 274 2478
o 116 257 5.5

Aevrowater 6 Percent

61 58 <10 3190

29 40 17 2

535 30 3 <10 3881
64 BB o

646 175 7 51 3003
374 133 120 2755

435 135 121 3204

628 183 125 47 3779
209 134 59 3724

19 12 83 4093

217 104 69 3995

45

sv1

64
236
476
212

77

65

77

72
g2
126

254

334
179
233
207
230
2358

Remarks

First sample 200 mg/1
FC-200

Uncantrollable foaming

At 200 mg/1 6 percent

FMrst sample 400 mg/1
6 percent
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The slug load of 200 mg/1 of Aerowater 6 percent did not appear to
cause any drastic effects on the reactor performancz, as shown in figure 17.
Therefore, on day 4 the concentration was doubled, after which the total and
filtrate effluent COD climbed rapidly, coupled with decreasing settlability.
Thus, it appeared that the unacclimated reactor could tolerate a sTug load of
200 mg/1 but not 400 mg/1.

d. Summary of Activated Sludge Results

Summarizing the results of the activated sludge experiments, average
percent COD removal and average effluent COD is plotted against influent AFFF
cencentration in figures 18 through 20. These figures were constructed by
averaging the effluent COD values for a given influent AFFF and then connecting
the lines between each point, thus permitiing determination of where the
effluent quality begins to decrease. Percent COD removal was p1ptted far both
total and filtrate. Effluent COD was plotted for just the total. It must be
remembered that increasing the AFFF concentration causes an increase in the
influent COD (10 mg/1 FC-200 = 7 mg/1 COD, 10 mg/7 Aerowater 3 percent = 5 ma/1
COD, and 10 mg/1 Aerowater 6 percent = 4.5 mg/1 COD). Therefore, even if the

same percent COD removal was obtained after increasing the AFFF concentration,

Il

the effluent COD would be higher. For this reason a more practical value is
placed on the effluent COD curves.

For FC-200 (figure 18) it is seen that percent COD removal tends to
increase and effluent COD tends to decrease up to 160 mg/1. The percent
removal increase can be explained by the increasing influent COD attributed to
the FC-200. Tne effluent COD decreace can he attributed to either unsteady
performance initially or possibly to an inhibiting effect of the FC-200 on the
unacclimated microorﬁanisms. Effluent COD takes a sharp rise between 160 to
200 mg/1; however, at 260 mg/1 the effluent COD decreases significantly. Since
these are averaged values, these phenomena are not readily explainable.

In figure 19 it is seen that for Aerowater 3 percent the percent COD
removal, total and filtrate, shows a gradual decline above an influent concen-
tration of 160 mg/1. However, between 400 and GOD mg/1 the percent filtrate
C0D removal remained constant, while the percent total COD ramoval dropped
significantly. This is explained by the increased effluent suspended solids
concentration. For the effluént COD there is a decrease in concentration. up ta
120 mg/1 infiuent Aerowater 3 percent which, 1ike FE-éOO, is attributed to
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either unsteady performance initially or an initial inhibiting effect. Above
250 mg/1 the effluent COD increases to clearly unacceptable levels.

Summarizing the effects nf Aerowater 6 percent on ‘the activated sludge
process, it is seen from figure 20 that total effluent COD increased guite
gradually up to 2i0 mg/71, above which there was a sharp increase. This is
reflected by the percent COD vemoval curves. Effluent CODs of 60 to 70 mg/)
are as expected from a reasonably well-operated activated sludge plant.

4. TRICKLING FILTER EXPERIMENTS
a. Test 1

The data collected for test 1 are demonstrated in table VI and in
figures 21 and 22, As stated in section 111, test 1 was conducted with no
recycle of the effluent. The hydraulic Toading was 200 gpd/fL?. Since both
columns were receiving AFFFs and there were no additional columns available, a
control was not run concurrently. However, just before the dosing of the AFFF,
both columns A and B were achieving 75 to 85 percent COD remuval when receiving
synthetic wastewater. Samples were taken from the two sampling ports and the
final discharge. These data are presented in table VI. Only the final dis-
charge is presenied in the figures to avoid cluttering of the jllustrations.
During Test 1, sloughing of the microorganisms was moderate and observed to be
it a relatively constant rate. It is seen from table VI that, in general, for
both FC-200 and Aerowater 6 percent, most of the COD removal occurred between
sample port 2 and the final dischargz. This is contrary to expected perform-
ance for standard trickling filters recciving domestic wastewater. This,
coupled with the fact that the COD concentrations at sample ports 1 and 2 were
frequently the same value with sample port 2 sometimes having higher COD than
sample port 1, Teads to the assumption that the samples taken at sample ports
1 and 2 were unrepresentative.

From Tigure 21 for FC-200 it is seen that the effluent CODs from the
final discharge were guite erratic but do demonstrate an increasing effluent
concentration with time (increasing FC-200 concentration). Essentially, the
same observation is made for Aevowater 6 percent in that the effluent CODs were
clearly unacceptable by the time 160 mg/1 of AFFF was reached: the columns
were converted back to receiving enly synthetic wastewater on day 25,
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Table VI

TRICKLING FILTER AMALYSES, TEST 1, NO RECYCLE
[COD (mg/1)]

>
Day Influent Port 1 Port 2 dis;L:?';c Remarks
FC-200
T 331 331 60
2 417 359 103 First sample 25 mg/1
FC-200
3 330 293 h]
4 208 216 74
§ 296 264 86
b 373 2N 240 85 First sample 50 mg/1
FC-200
? 279 256 85
8 238 234 83
9 197 205 65
10 165 213 1314
11 163 202 120
12 168 182 253 96 First sample 80 ma/|
FC-200
13 245 285 111
14 310 278 a4
15 278 242 88
16 245 240 106 First sample 120 mg/1
FC-200
17 326 294 110
18 397 413 113
19 an 340 158
20 550 387 308 133 First sample 160 ma/1
FC-200
21 368 225 186
27 ao0n 354 300
23 377 392 285
24 226 365 2m
25 414 367 176
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Table VI (cont'd)

Final
Day Influent Port | Port 2 discharge Remarks

Aerowater 6 Percent

1 317 314 . 67 First sample 25 mg/1
6 percent
2 296 348 89
3 386 337 al
4 220 Zhe 70
5 216 304 62
6 357 136 209 74 First sample 50 mg/1
6 percent
7 120 213 74
8 155 202 100
9 110 173 61
10 189 193 54
1 83 163 94
b 364 150 174 152 First sample BO mg/]
6 percent
13 a1 202 146
14 246 214 146
15 111 206 122
16 205 187 80 First sampie 120 mg/1
6 percent
17 290 278 115
18 294 270 95
19 372 304 126
20 484 332 324 117 First sample 160 mg/)
& percent
21 298 306 134
22 377 300 192
23 338 269 177
24 -—- 274 89
25 348 270 109
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b, Test 2

Test 2 consisted of dosing the columns with equal volumes of influent
and recycled effluent, i.e., one-to-one recycle. The recycle was taken from
the collection basin to which the final discharge entered. As stated in
section IIT, the hydrauiic Toading was 200 gpd/ft® (8150 1/day/m?) of which
100 gpd/ft® was synthetic wastewater plus AFFF and 100 gpd/ft? was recycled
effluent. After test 1, the columns were dosed with synthefic wastewater for
9 days, at which time it was considered acceptable to begin adding the FC-200
and Aerowater 6 percent. Table VIT and figures 23 and 24 represent the results
for test 2. It should be noted that the influent listed in table VII is that
which was in the feed tank and not that which entered the top of the column.
The COD concentration entering the top of the column at any time would equal
the feed tank COD plus the recycled effluent COD divided by 2.

From figure 23 it is seen that for the trickling filter column receiving
FC-200, no change in performance at the final discharge is observed up to about
day 36, at which time the FC-200 concentration was increased to 200 mg/l.
However, even up to this point the effluent COD was higher than expected and
guite variable. Above 200 mg/1 FC-200 effluent quality started to degrade
beyond the already less than acceptabie quality.

Recycling of effluent is a commen practice in the operation of trickling
filters to improve effluent quality. For the trickling filter loaded with
FC-200, recycling the effluent did not improve performance but rather had some
deleterious effects when the data is compared against test 1. However, there
is insufficient data to determine if this occurrence is caused by the FC-?00.

Figure 24 i1lustrates the performance of the twickling filter recejvina
Aerowater 6 percent during test 2. 1t can be seen that up to 300 mg/1 of
Aerowater 6 percent, influent to the trickling filier, there was no observed
degradation of effluent quality. When compared against the data of test 1
(figure 22}, it is seen that recycle of the effiuent, which in turn lowers the
organic loading, permitted the achievement of higher AFFF Toadings than without
recycle, while still yielding acceptable effluent quality.

c. Summary of Trickling Filter Results
Summarizing the resulits of the two trickling filter tests, influent
AFFF concentration is plotted against averaged percent COD removal and effluent
COD concentration for both no recycle and one-to-one recycle. This is plotted
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Table VII

TRICKLING FILTER ANALYSES, TEST 2, ONE-TO-ONE RECYCLE
[cop (