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ABSTRACT

The determination of the fate of aircraft de-icing fluidsin near runway soilsisimportant in evaluating
environmental impacts and in the design of treatment system. The effect of biodegradation of the primary
component of de-icing fluids, propylene glycol (PG), was tested in waters-saturated sand columns. Biogrowth
significantly reduced the hydraulic conductivity of the sand. This change in hydraulic conductivity affects both
theflow of water and the rate of migration of dissolved chemicalsin the flowing water. With intermittent loading
averaging 43 mg PG/d, hydraulic shear and endogenous biomass decay balanced bacterial growth. A lower final
conductivity occurred at alower flow rate, but increased loading (by two to four times) did not lower the final
conductivity. After significant sand plugging by the bacteria grown on PG, periods of five to eight days when
PG was not present resulted in significant partial recovery of the original conductivity. A trend of decreasing
hydraulic conductivity with increasing biomass was observed. The results are important to consider when
determining the fate of de-icing compoundsin near runway soils and in the design of biofiltersfor treatment.
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INTRODUCTION

Concernisbuilding about rel easesinto the environment of thede-icing chemica sapplied
to airplanesnear both civilianand military airports. Themixturecommonly used to de-iceaircraft
isacombination of approximately 88% glycol, 2.5% surfactantsand corrosion inhibitors, and
water. Glycol isthereforereeased into the environment at very high concentrations (onthe order
of 1,000t0 100,000 mg/L). Glycol isreadily degradable by common soil bacteria, but if this
glycol entersstreams, the dissolved oxygen could be compl etely removed, thereby impacting
aquaticlife. Another problem associated with the de-icing compoundsisthetoxicity of the surfac-
tantsand corrosioninhibitorsto fish, water flea, and microorganisms(Cornell et al., 1998).

Studiesare ongoing to determinethefate of de-icing compoundsin“near runway” soil.
Astheglycol permeatesthrough the soil and entersthe groundwater, significant bacteria growth
may occur whichinturn may decreaseinthe hydraulic conductivity of theaquifer. This*plugging”
of thesoil could besignificant infield applicationssincewith thelower conductivity therecould be
increased spreading of the contamination dueto barrier effectsand by-passing or areduction of
the biodegradati on capacity dueto oxygen or nitrogen limitation, which could lead to PG contami-
nation of the groundwater. Understanding how biologica growth affects subsurface hydrodynam-
icsand predicting theeffect of thisbioactivity on contaminant fate and transport will helpimprove
bi oremediation design and risk management strategies.

PROCEDURES
Experimentswere conducted by feeding aqueous solutionsof propyleneglycol (PG) into
columns(7 cmdia. X 15 cmtall) containing saturated sand. Theuniform#50 sand with an aver-
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age particle diameter of 0.32 mm was passed through aNo. 200 sieve to removefinesand burned
at 550°C to remove organic matter prior touse. The sand was pre-seeded with natural bacteria
that were enriched from soil samplescollected at Denver International Airport by growthonPGina
mixed, aerobicbatchflask. Thisresultedinaninitially evendistribution of biomassthroughout the
sand that was packed in the columns (approximate sand depth 8 to 10 cm, with gravel pack at each
end). Simulated groundwater containing PG and trace nutrientswas continuoudy circulatedinthe
upflow direction through the columnsat aconstant rate viaaperistaltic pump. Thefeed solutiowas
incubated on arotary shaker table (160 rpm) to provide aeration prior to entering the columns.

Changesinthehydraulic conductivity (K) of the sand weremeasured over timeusing
constant head tests. The head drop acrossthe sand was measured using piezometer tubes attached
to thesidesof the column; the piezometerswere attached at thelevel of gravel pack beforeand
after the sand (and negligible head lossinthe gravel wasassumed). 1n someexperiments, apiezom-
eter tube waslocated at the mid-depth of thesand. Using Darcy’s L aw, the measured flow rateand
thehead losswereused to calculateK. Effluent PG, ammonia, and biomass concentrationswere
measured. PG was measured using awet chemitry/colorimetric glycol method (New York State,
1991). Ammoniawas measured by the Nessler method using Hach reagents. Biomasswas
measured asdry weight by volatile suspended solids(APHA, 1992). Attheend of agivengrowth
period, the columnswere sacrificed to determine the total mass of biogrowth onthe sand asmg
volatilesolids(VS) per dry weight sand. Thebiomassdistributionwith depthinthe columnwas
determined by sectioning the column sand into 1 to 2cm depth dices.

Experimenta conditionswerevaried to smulatearange of environmental conditions.
Nitrogen availablefor biogrowth waslimited rel ative to the carbon avail able from the PG; nutrient
limitation would be comon in natural soilsdueto the high carbon leading fromthe PG. Thewater
vel ocity through the columnswasvaried to test for the effect of shear onthebiofilm growth. Influent
PG concentrationswerevaried, representing arange of environmental dilution prior to the PG
entering the saturated zone. Thefrequency of PG exposurewasvaried to smulate periodsof high
loading and absence of |oading (Sinceaircraft de-icing operationsareintermittent).

Initia studieswere conducted with intermittent PG feeking (spikeload of 100 mg PG into
nutrient solution that wasrecircul ated for two daysand then refreshed; C:N ratio 7:1). Other tests
were conducted with continuousfeeding of PG without recirculation of thecolumn effluent at aC:N
ratioof 2:1. Inaddition, controlled periods of water flow without PG were used to determinethe
rate at which the biofilm shearsaway and decays.

RESULTS
Inthe analysisof theexperimenta data, of most interest wasthe significant decreasein the
conductivity of the sand that occurred dueto the growth of the bacteriaon PG. TheK of clean #50
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sand was0.035 cm/sec. Intheintermittent PG |oading experiments, up to three orders-of-magni-
tude decreasein K occurred over aperiod of threemonths. After 60 to 70 days, the hydraulic
conductivity appeared to have reached asteady-state minimumvalue. Thisislikely thepoint at
which shear of biomassout of column and endogenous decay balanced biomassgrowth. Therate
at which hydraulic conductivity decreased depended on theflowrate of water being recirculated
through thecolumns. Thelog K decreased linearly over timeuntil reaching asteady statevalue.
Resultsaresummarizedin Table 1.

At anaverageloading of 43 mg PG/d, the conductivity changeand final steady stateK were
similar for the8and 12 mL/minflow rates. Inaddition, therateof conductivity changeat the higher
flow rateswassignificantly slower thanthelower flow ratesof 1.5 and 3.5 mL/min. Thefina steady
stateK at the dower flow rate of 3.5 mL/minwasalso lower than thefina K inthe sand subjected
toahigher flow rate. Theseresultsarelogica sincethe biofilmwould accumulate moredowly
under the conditions of higher shear imposed at the higher flow rate. Similar resultsof faster con-
ductivity declineand lower fina steady state conductivity at |lower flow rateswere obtained for
continuous PG feeding at 0.35 mL/minversus 1.14 mL/min at 100 mg PG/d loading.

Theeffect of PG loading on hydraulic conductivity changesisaso shownin Tablel. Com-
paring the columnsoperated at 8 mL/min flow ratewith aloading of 43 mg/d and 96 mg/d, therate
of conductivity decreaseissimilar, though dightly faster withthehigher loading. Comparingthe
testsat 3.5mL/minflow rate, an unexpected result wasobtained. Thehigher loading of 173 mg/d
resulted inadower conductivity decrease over timeand asignificantly higher fina steady state
conductivity compared to the43 mg/dloading. Intheseteststheinitia PG concentrationimmedi-
ately after the spikeload was 400 mg/L versus 1600 mg/L ; thetemporarily higher concentration
caused the effluent from the higher loaded column to smell significantly anaerobic. Thebiomassin
thiscolumn may have had ahigher basdline metabolism dueto temporarily high activity induced the
the high PG load which caused afaster decay rate of the biomass. However, thisresult cannot be
fully explained at thistimeand isunder further investigation.

Theeffectsof periodsof timewithout asupply of PG on changesin the hydraulic conductiv-
ity of the saturated sand containing biomasswereinvestigated. After intermittent feeding of 43mg
PG/d and 173 mg PG/d for 46 daysat 3/5 mL/min, theK of the#50 sand had dropped to 7.6 x
10° cm/sand 1.9 x 104 cm/sec, respectively. Then after afive-day period with groundwater flow
but without PG addition, K increased to 1.3 x 10-3 crm/sin both columns. During the endogenous
period, the effluent bimassfrom the columnswas significantly higher than pre-endogenous conditions
inboth columns. Therefore, the conductivity increase observed islikely dueto acombination of
increased biomass detachment, and washout and endogenous decay. By increasing the PG loading
four timesby feeding PG every 12 hoursover the next two days, the conductivity returned to near
pre-endogenouslevels (6.7 x 10° cm/sec and 3.9 x 10 cm/s, respectively). Thisindicatesthat
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loading amount and frequency will beimportant in the clogging of thesoil.

Another test for the effect of endogenoustimewas conducted with continoudly fed columns,
Three columnswerefed 100 mg PG/d at an averageflow rate of 0.8 mL/min. After 16 daystheK
of all three columnsdroppedto 3.3x 10 cm/s. Then PG loading to two columnswas stopped,
and by day 24, K increased to 1.04 x 103 cm/sin the unfed columns; K in the column that contin-
ued to befed PGwas 3.0 x 10 cm/s. PG feeding was resumed on day 24 and by day 32 K had
returned to the pre-endogenouslevel of 3.3x 10 cm/s. Theeffluent biomassfrom theendogenous
columnswasabout half the effluent biomassfrom thefed columns, indicating that the primary
mechanism of biomass|ossin the unfed columnswas endogenous decay.

Inthe columnswith themost significant drop in conductivity, the biomasswas not evenly
distributed in the column. Most of the biomasswas present in the bottom 2 cm of the sand, closest
totheinlet of PG. For example, inthe column fed 43 mg PG/d at 3.5 mL/min, the biomass concen-
trationinthebottom 2cmwas 3.1 + 1.4 mg V S/g sand versus an average biomassin thetop 8 cm
of 0.6+ 0.1 mgVSgsand. Incontrast, the biomassin the columnfed 43mg PG/d at 8 mL/min
had biomassevenly distributed withat 1.6 + 0.2 mg VvV S/g sand. Looking at al the dataof biomass
versusK, including caseswhere the columnswere sacrificed prior to reaching afina steady state
vaue, the biomassin the bottom of the column seemsto control the observed overall conductivity,
with atrend to decreasing K with increasing biomass. When mid-depth piezometerswere used, it
was observed that morethan 90% of the head | osswasin the bottom half of the columnswithinthe
first 7 to 15 daysof growth, and more than 98% head lossin the bottom half of the columns after
15t0 24 daysof growth. Thisillustratesthat the conductivity of the sand throughout the column
depth was not uniform, and this can be attributed to the high biomass at the bottom.

In all casesthe measured effluent PG concentrationsfrom the columnswerevery low (<2
mg/L ), despitethefact that oxygen waslikely limitedin the columns. Sincetherewasno nitrogen or
ferricironinthegroundwater and only asmall amount of sulfate, most of the propylenegycol
bi odegradati on apparently occurred under methanogenic or fermentative redox conditions,

DI SCUSSION

Theseexperimenta resultsfrom packed-sand columnsindicatethat biologica growth onthe
primary component of de-icing fluids, propyleneglycoal, can have significant impactsonthe hydraulic
conductivity of thesaturated sand. Previoustestswith napthaenefound that dispersivity of satu-
rated sand wasa so significantly impacted by biogrowth. Similar resultshave aso beenreportedin
research with glucose and methanol (Cunninghamet al., 1991; Taylor and Jaffe, 1990; Vandevivere
and Baveye, 1992). Further experimentsinlarger two-dimensiona tankshave demonstrated that
thisplugging of the aquifer with biogrowth significantly changesgroundwater flow dueto dower
groundwater movement through the area contai ning biogrowth and groundwater flow around the
areaplugged by the biomass.
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CONCLUSIONS

Biologica growth on propyleneglycol cansignificantly reducethe hydraulic conductivity of
saturated sand in one-dimensional columns. Thisbiologica growth occursunder either aerobic or
anaerobic conditionsand with nitrogen limitation. At dower groundwater flow rates, the hydraulic
conductivity of the sand decreasesfaster and to alower fina steady statelevel than at higher
groundwater flow rates. Ongoing effortsto mode these systemswill alow theresultsof |aboratory
studiesto be applied at afield scale. Understanding how biogrowth affectsthe propertiesof porous
mediawill aidin predicting thefate of de-icing compoundsin theenvironment and engineering
processesto reducetheir environmental impact.
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Tablel. Effect of intermittent PG loading on changesin the hydraulic conductivity of #50 sand.

. Avg steady
Avg. loading | Flow rate Rate of K Days of Final steady Days state biomass
(mg PG/d) (mL/min) decrease constant K state K + steady + stdev (mg
([log cmi/s]/d) decrease stdev (cm/s) | state K VS/g sand)
43 15 0.069 0-24 not reached NA NA
22 x10° 31+ 1.4
43 35 0.076 0-28 s 03x10s | 6072 06401
7.7 x 10°
43 8 0.036 0-60 4 12%105 71-80 1.6+0.2
75x10° 14+0.3°
43 12 0.042 0-60 4 33%10° 66-80 06 £ 0.1t
96 8 0.041 0-23 not reached NA NA
5.9 x 10 99+ 19
173 35 0.056 0-23 L 06x10s | 6072 09402
NA = not applicable; ® = bottom 2-cm of sand from column; t = top sand from column
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