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Analysis of Airport Runoff Waters

Anna Maria Sulej, Zaneta Polkowska, and Jacek Namie$nik
Chemical Faculty, Gdarisk University of Technology, Gdarisk, Poland

A particularly important facet of airport operation is the impact of the pollution caused by
runoff waters. Runoff waters at an airport may contain relatively high concentrations of differ-
ent contaminants resulting from the various aspects of its operation: de/anti-icing operations,
washing and cleaning operations, spills of fuel and lubricants, exhaust fumes, and weed removal.
The pollution caused by airport operations affects soil, surface waters, and groundwater. This
issue is important to various stakeholders, particularly those residing in communities near air-
ports, whose health, property values, and quality of life can be affected by such environmental
impacts. The authors’ intention is to present a critical review of literature data concerning (1)
the types of pollution generated at airports, (2) methods for sampling runoff waters, (3) the
analytical methods available for sample preparation, and (4) the analytical methods available
for determining contaminants produced during airport operations. In addition, the article sup-
plies literature information on the analytes contained in samples of runoff water from airports
in different parts of the world.

Keywords Airport runoff waters, pollutants, sources of emission, sample collection, analytical

procedures

INTRODUCTION

Despite the many positives ensuing from the rapid expan-
sion of the air transport sector, airport operations as a whole
are a substantial source of environmental pollution (Wensveen,
1999). These operations are connected with movement of air-
craft and airport infrastructure. They include the deicing and
anti-icing of aircraft and airfields; the movement of passenger
vehicles and airport ground service equipment; the cleaning and
maintenance of aircraft, ground service equipment, and motor
vehicles; airport facility operations and maintenance; and re-
moval of weeds and other vegetation from the airport apron
(Luther, 2007). Very large amounts of harmful chemicals are
utilized during these operations: for example, the quantities of
de/anti-icing sprays range from as few as 11 gallons/plane to
as many as 3, 900 gallons/plane for large aircraft during bad
weather (Zitomer, 2001).

All airport operations have adverse effects on water, air, soil,
and animals, and further environmental problems are associated
with climate change and aicraft noise (Douglas and Lawson,
2003; Kijewski, 2001).

A particularly important aspect is the contamination caused
by airport runoff waters, which are produced when rain or other
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precipitation washes the chemicals used during aircraft and air-
field deicing and anti-icing, refueling aircraft, vehicle cleaning
and maintenance, etc., off the airport apron. This runoff gets into
the soil, surface waters, and even groundwater. Figure 1 shows
a diagram of the effects of an airport on the environment.

This issue is important to various stakeholders, particularly
those residing in communities near airports, whose health, prop-
erty values, and quality of life can be affected by such environ-
mental impacts (Luther, 2007).

Continuous monitoring of the airport waste stream is key
in controlling runoff. The airport operator should understand
the potential for and establish measures and procedures to
address situations where there would be adverse consequences
following the discharge of airport industrial waste waters. This
may include reviewing spill prevention and countermeasure
plans and notifying facility authorities of potential problems
(O’Donnell, 2008).

The authors’ intention is to present a critical review of liter-
ature data concerning:

e The types of pollution generated at airports;

e Methods for sampling runoff waters;

e The analytical methods available for sample prepara-
tion;

e The analytical methods available for determining con-
taminants produced during airport operations.
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FIG. 1. The effects of an airport on the environment.

In addition, the article supplies literature information on the
analysis of samples of runoff water from airports in different
parts of the world.

TYPES OF AIRPORT INDUSTRIAL WASTE

The various activities of an airport may affect the abiotic
and biotic environments. We will now discuss the pollution
produced by different airport operations. Airport industrial
wastewaters are generated during the de/anti-icing of aircraft,
aircraft maintenance and repair work, aircraft and ground
vehicle washing, aircraft and ground vehicle movement, and
weed removal. A proper classification of airport-generated
industrial wastes includes industrial wastewaters, hazardous
wastes, and nonhazardous wastes. Industrial wastewaters are
generally characterized in terms of conventional pollutants
(oil and grease, total suspended solids, pH change of water,
and 5-day biochemical oxygen demand) and priority pollutants
(hydrocarbons, polycyclic aromatic hydrocarbon (PAHs),
pesticides, polychlorinated biphenyls (PCBs), heavy metals,
cyanides). Hazardous wastes may be inflammable, corrosive,
reactive, and toxic. Nonhazardous wastes include oily rags or
sludge that may be packaged for disposal in plastic bags or
shipped to be recycled. Table 1 lists the main types of airport
pollutants and their effects on the environment (Luther, 2007;
McConnell et al., 1999; O’Donnell, 2008).

ANALYTICAL PROCEDURES USED IN STUDIES
OF SAMPLES OF AIRPORT RUNOFF WATERS

In order to evaluate the threat to surface waters and soils, and,
by extension, to ground and abyssal waters, the identification
of the chemical compounds contaminating airport runoff is es-
sential. Moreover, to assess the rate at which and the means by
which runoff contaminants migrate through the environment, we
need to know their physical and chemical properties, since it is

these that govern the extent to which chemical, biochemical, and
photochemical processes paprticipate in their environmental ef-
fects (Lesko and Pasek, 1997). Waste composition varies greatly
from airport to airport. This variability reflects the numerous
aspects of aircraft deicing, cleaning, solvents used, and storm
water management, including variable meteorological events,
different deicing/anti-icing and cleaning practices, and collec-
tion systems (Switzenbaum et al., 1999).

The analysis of airport runoff samples presents a big chal-
lenge to analysts. The main problems in this respect are:

e The low, and even very low, levels of a wide range of
contaminants;

e The very considerable variability in the concentrations
of particular contaminants in runoff samples from dif-
ferent airports;

e The difficulties in standardizing measurement results
because of:

»/ The varying intensity of air traffic;
»/ Changes in weather conditions;
»/ The geographical locations of airports;

¢ The possibility that samples contain analytes with very
similar physical and chemical properties but which are
of widely differing toxicities with respect to both biota
and abiota;

e The lack of standard techniques for sampling runoff
waters, which can significantly affect the reliability of
measurements;

¢ The limited availability of suitable standard solutions
and the lack of reference materials (with different
metrological values), which are essential for:

/ Calibrating monitoring instruments;

»/ Validating the various steps in the analyt-
ical procedure as well as whole analytical
methodologies, which are the tools for
obtaining reliable information on the content
of and processes occurring in samples of
runoff waters during their transport, storage,
and preparation for analysis.

Figure 2 shows a general scheme of the analytical procedures
used for investigating samples of airport runoff.

Sampling and preparing samples for analysis are key stages
in every procedure designed to analyze a particular group of
constituents. It is most important that the sample is represen-
tative. However, accurate sampling necessary for the correct
analysis of airport industrial wastes can be difficult because
such wastes are seldom homogeneous, e.g., their composition
may vary widely within a period of minutes.

For continuously flowing wastewater streams, the flow rates
of both individual and combined streams should be measured
at representative points and expressed in standard units such as
gallons per minute (gpm), gallons per hour (gph), or gallons
per day (gpd). The method used by the airport operator to
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FIG. 2. General scheme of the analytical procedures used in
studies of samples of airport runoff samples.

determine the flow rate will depend upon the magnitude of flow.
Common metering devices include weirs, nozzles, flumes, and
flow meters. For wastes that are generated on an intermittent
basis, such as spent process baths, certain hazardous wastes,
and deicing runoff, generation rates can be determined from
the disposal volumes and dates. Flow proportional samples are
recommended where applicable (O’Donnell, 2008).

The intensification of air traffic at airports and the expanding
number of airports means that this particular human activity is
putting significant pressure on the environment. Clearly, then,
the monitoring of airport runoff content should cover the broad-
est possible range of substances. Only monitoring carried out
on such a scale is capable of supplying data that will form a
reliable basis for assessing the effects of airports on the abiotic
and biotic compartments of the environment.

There should be two types of periods during which runoff
samples collected from various parts of an airport are analyzed:

e An initial monitoring period, when samples are col-
lected as often as possible, e.g., several samples should
be collected each time contaminants are produced;

e A long-term monitoring period, when samples are col-
lected, say, every month or every year, in order to con-
firm that the properties of airport runoff waters have
not changed.

Collection of Airport Runoff Samples

An ideal sampling event may be one that takes advantage
of special weather conditions, such as following a major snow-
storm, which requires blowing and deicing. The post-storm

temperature rise will produce runoff from which it is possible
to determine the seasonal and annual fluctuations in constituent
concentration (Halm, 1996).

Itis important to choose the appropriate location of storm wa-
ter monitoring sites (Kent et al., 1999). These should be placed
near sites where the largest amounts of pollutants are emitted,
e.g., deicing pads, fuel distribution pads, fuel tanks, transship-
ment points, fuel pipelines, and repair shops, or at an upstream
reference site, the primary and secondary airport outfalls, and
the receiving stream site (Lesko and Pasek, 1997).

Airport runoff waters are usually collected from storm drains,
each serving a different land use: the main terminal area, the pri-
mary deicing and anti-icing area, taxiways and runways. More-
over, at most airports, aircraft deicing operations are performed
on special pads (aircraft parking ramps or at the passenger ter-
minal gates) (U.S. EPA, Office of Water, 2000). To collect the
wastewaters generated at these locations, some airports have
installed new collection systems or modified existing storm wa-
ter drainage systems. The typical collection system consists of
graded concrete pavement with trench or square drains con-
nected to a wastewater storage facility via a diversion box
(O’Donnell, 2008). The storage facility may consist of detention
ponds (covered or uncovered), tanks, or underground concrete
basins. The diversion box allows uncontaminated storm water
to be diverted to storm water outfalls. The construction or mod-
ification of drainage collection systems with their associated
underground piping, diversion boxes, and storage facilities can
be extremely expensive, especially for larger airports that have
several passenger terminals and a large number of gates. Some-
times aircraft deicing and anti-icing fluid (ADAF) formulations
can be collected directly from storage tanks and deicing/anti-
icing vehicles (glycol recovery vehicles), which remove the de-
icing and anti-icing agents directly from the airport apron (Corsi
et al., 2006a).

Sample bottles for different analytes should be of the appro-
priate type (e.g., tubing model 3700R, Isco Industries, Lincoln,
Neb.; refrigerated glass amber containers for analyzing deic-
ing and anti-icing agents) (Budavari, 1996; Corsi et al., 2006b)
and size (e.g., 500 mL) (Corsi et al., 2003) and contain the
appropriate preservative. To minimize the possibility of sam-
ple contamination, containers must be thoroughly rinsed with
deionized water prior to use (Knott et al., 1995).

For airport industrial wastewaters, grab or composite samples
should be taken and properly preserved before analysis. The
sampling operation should be as frequent as situation-specific
requirements dictate (O’Donnell, 2008).

Airport runoff samples may be collected manually or by use
of an automated sampler (for example, Isco, Lincoln, Neb.) from
the drain outfall (Corsi et al., 2003; Saito et al., 2004).

Techniques of Sample Preparation

The preparation of samples for analysis is often an essen-
tial step in analytical procedure, especially when constituents
present at trace or ultra-trace levels are to be determined. Runoff
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TABLE 4

Literature information on the analyses of samples of runoff water from airports in different geographical regions

Range of concentration

Sampling location Parameter (mean value)[mg/L]* References

International Airport, TOC (446.5) Krzemieniowski
Warsaw, Poland TN (total nitrogen) (142.1) et al.. 2006

0il (26.4)

TSS (total suspended solids) (159)

Airport, Gdansk, Poland Runways, internal BODs 4.1-130.0 Siedlecka, and

roads, aprons, car COD 31-807 Downar,
park, passenger Petroleum ether extract 5.6-553.7 2004
terminal Glycols 5.6-553.7

TKN 9.2-356.6

Commuter terminal BODs 6.9-47.9

COD 42-227

Petroleum ether extract 6.1-208.5

Glycols 3.1-50.4

TKN 2.21-7.1

Heathrow International pH 6.4-8.1(7.2) Revitt et al.,
Airport London, England COD 0.2-18.4 1997

Specific conductivity [S/cm] 347-890 (628)

Glatt River near Zurich Benzotriazole [pg/L] 0.16-5.44 Gigger et al.,
International Airport, Totyltriazole [g/L] 0.04-0.91 2006
Switzerland

Fornebu International Aircraft de-icing Benzotriazole [ g/1] 1.2-1,100 Breedveld et
Airport, Oslo, Norway point PG (Propylene glycol) — al., 2003
(sampling done 2 years DOC (dissolved organic carbon) 21-79
after airport closure) Fe 0,2-6,5

S04~ 87-1,600
Drainage ditch Benzotriazole [g/L] 1,5-3,5
PG —
Westchester County Airport, Taxiway, drainage pH 6-8 U.S. EPA,
N.Y, USA system BODs 2-8.4 (2.53) Office of

PG 0.05-1.3 (0.213) Water, 2000
Oil and grease 5

Buildings, hangars  pH 6.3-8.8
BODs 2-37 (4.9)
PG 0.05-0.82 (0.13)
Oil and grease 5

Ponds pH 6.9-8.6
BODs 2-7.2(2.8)
PG 0.05-220 (32.8)
Oil and grease ®))

Newark International Runway pH 5.1-7.5 U.S. EPA,

Airport, N.J., USA COD 49-338 (189) Office of

TOC 7-1,120 (83.5) Water, 2000
TSS < 2-64

Hydrocarbons < 0.4-8.8

Terminal pH 6.1-7

TOC 9-23 (16)

TSS 3-38 (11.3)

Hydrocarbons 1-3.9 (2.45)

(Continued on next page)
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Literature information on the analyses of samples of runoff water from airports in different geographical regions (Continued)

Range of concentration

Sampling location Parameter (mean value)[mg/L]* References
Salt Lake City International pH 6.6-9.5 U.S. EPA,
Airport, USA BODs 11-1,050 (332) Office of

COD 104-3,880 (835) Water, 2000

Nitrate/nitrite 0.9-9 (4.73)
Baltimore-Washington Main terminal area®  Conductivity [«mho/cm] 120-540 U.S. EPA,

International Airport, USA pH 6.36-8.61 Office of

Alkalinity 38-520 Water, 2000

Hardness 28-800

BOD 3-64

BODs 23-2,510 (1,010)

COD 11,000-270,000

TSS 11-31

NH; ND-23

TKN 1,1-400

EG (ethylene glycol) <10

P 0.2-60

Oil ND-29

TPH ND

Cadmium [pg/L] ND-3

Chromium [ng/L] ND-1

Copper [1g/L] ND-45

Lead [ng/L] ND-16

Nickel [pg/L] ND-5

Zinc [png/L] 240-1,430

Commuter terminal>  Conductivity [mho/cm] 120-2,000

pH 5.91-8.48

Alkalinity 30-158

Hardness 46-168

BOD 1,900-138

BODs 197-769 (412)

EG <10

TPH 1

COD 700-2,700

TSS 14-31

NH; ND-5

TKN ND-26

P ND-6

Oil ND-14

TPH ND-28

Cadmium [pg/L] ND-1

Chromium [ng/L] ND

Copper [ng/L] 3-9

Lead [peg/L] 1-11

Nickel [pg/L] 5

Zinc [ug/L] 35-60

(Continued on next page)
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TABLE 4

Literature information on the analyses of samples of runoff water from airports in different geographical regions (Continued)

Sampling location

Parameter

Range of concentration
(mean value)[mg/L]*

References

Muddy Bridge Branch (receives
runoff directly from
Baltimore-Washington
International Airport), USA

Dallas/Fort Worth International
Airport, Tex., USA

Sites near General Mitchell
International Airport,
Milwaukee, Wisc., USA

Upstream reference

Airport drainage

Receiving stream

Upstream site

Primary outfall

Receiving stream

Conductivity [umho/cm]
DO (dissolved oxygen)
pH

Alkalinity
NH;

EG

PG

BODs

COD

PG

EG

BOD;s

COD

PG

EG

BOD;s

COD

PG

EG

NPnEO [ug/L]
PG

EG

COD

BODs
4-MeBT
5-MeBT
Acetate
Formate
Potassium
NPnEO [ng/L]
PG

EG

COD

BOD;s
4-MeBT
5-MeBT
Acetate
Formate
Potassium
NPnEO [ng/L]
PG

EG

COD

BOD;s
4-MeBT
5-MeBT
Acetate
Formate
Potassium

210.5-328.0 Hartwell et al.,
4.5-6.4 1995
7.0-7.4
69.0-84.2
0.003-0.042
> 25b
> 50°
2-3.1 Corsi et al.,
14-80 2006¢
< 18
< 18
93-9,500
10-37,900
< 18-3,800
< 18-20,000
<2->100
< 9-1,600
< 18-39
< 18-230
(0.89) Budavari, 1996;
< 18 Corsi et al.,
<18 2009
47-84
(16.6)
< 0.08
< 0.08
<50
<25
(6.25)
(776)
1,900-4,400
32-280
5,600-10,200
738
< 0.08-0.6
< 0.08-0.8
(120)
(11)
(59.1)
(16.9)
130-150
< 18
330-480
(201)
< 0.08
< 0.08
(8.75)
<25
(15.5)

(Continued on next page)
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waters have a complex matrix composition, and the metrological e Solid phase extraction (SPE) (Knott et al., 1995; U.S.
parameters of most analytical techniques preclude the determi- EPA, Office of Water, 1999, 2000; Vlaming et al.,
nation of the majority of compounds present in such waters. 2000);
In order to analyze samples of such waters quantitatively, the e Liquid-liquid extraction (LLE) (U.S. EPA, Office of
analytes they contain must first be isolated and/or preconcen- Water, 1999, 2000; Vlaming et al., 2000; Wan et al.,
trated before the relevant extracts can be analyzed using the 1996);
appropriate instrumentation. e Headspace solid-phase microextraction (HS-SPME)

The following analyte extraction techniques are routinely (U.S. EPA, Office of Science and Technology,
used: 1989).

TABLE 4

Literature information on the analyses of samples of runoff water from airports in different geographical regions (Continued)

Range of concentration

Sampling location Parameter (mean value)[mg/L]* References
Kansas City International Airport, BODs (5,100) U.S. EPA, Office of
Mo., USA TOC (3,000) Water, 2000
5-methylbenzotriazole [pg/L] (17,000)
NH; 3.9)
Zinc (140)
Phenol [ng/L] 93)
Diethylene glycol > 20,000
EG (3,200)
PG (16,000)
Aluminum (860)
Magnesium [pg/L] (2,500)
Manganese [pg/L] (170)
Copper [mg/L] (14)
n-tetradecane [pg/L] ND
Lead (15)
Potassium [ug/L] (13,000)
Sodium [ug/L] (1,100)
Calcium [pg/L] (3,400)
Bradley International Airport, BOD; (39,000) U.S. EPA, Office of
Conn., USA TOC (3,500) Water, 2000
5-methylbenzotriazole [g/L] (90,000)
NH; (23)
Zinc (340)
Phenol [ug/L] (280)
Diethylene glycol (15,000)
PE (3,000)
PG (160,000)
Aluminum (1,100)
Magnesium [pg/L] (2,000)
Manganese [pg/L] (140)
Copper (44)
n-tetradecane [ g/L] (140)
Lead (50)
Potassium [pg/L] ND
Sodium [pg/L] (10,000)
Calcium [pg/L] (33,000)

(Continued on next page)
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TABLE 4

Literature information on the analyses of samples of runoff water from airports in different geographical regions (Continued)

Range of concentration

Sampling location Parameter (mean value)[mg/L]* References
Greater Rockford International BODs >173 U.S. EPA, Office of
Airport, 11, USA TOC (12) Water, 2000
5-methylbenzotriazole [pg/L] (120)
NH; (46)
Zinc (45)
Phenol [ng/L] ND
Diethylene glycol ND
PE ND
PG ND
Aluminum [pg/L] (270)
Magnesium [pg/L] (3,000)
Manganese [ug/L] (360)
Copper [mg/L] 9.2)
n-tetradecane [pg/L] ND
n-tetradecane [pg/L] 4.3)
Lead [ung/L] (7,900)
Potassium [ug/L] (14,000)
(64,000)
Sodium [pg/L]
Calcium [pg/L]
Louisville International Airport, pH 7-9,1 U.S. EPA, Office of
Ky., USA BOD;s 3-1,250 Water, 2000
TSS 2-3,530
DO 0.270-13.0
Benzene [png/L] < 0.03-171
Ethylbenzene [pg/L] <597
5-127
Naphthalene [g/L] 5-361
Toluene [p1g/L] <5
Xylene [pg/L] <5
Nashville International Airport, pH 7.2-8.6 U.S. EPA, Office of
Tenn., USA BOD; 3-98 Water, 2000
COD < 20-130
TSS 18-55
DO 6.4-11.9

*Unless otherwise noted.
“Data sample type: peak, composite, and grab.
*Below detectable concentrations.

The use of ultrasound as an assisting agent will accelerate
the extraction of hydrocarbons (PAHs, PCBs).

Table 2 lists information on techniques for preparing samples
of runoff waters for analysis.

Analytical Procedures for Determining Physicochemical
Parameters and Contents of Analytes in Airport Runoff
Samples

To date, not many results of analyses of runoff waters have
been published. This situation is changing, however; interest

in this type of data is growing, as it provides a source of in-
formation on the potentially negative effects of airports on the
environment. The physicochemical parameters of airport runoff
and the analytes it contains can be determined using the appro-
priate analytical procedures.

Usually, airport runoff water samples are analyzed in order
to determine the level of pH, chemical oxygen demand (COD),
5-day biochemical oxygen demand (BODs), total organic car-
bon (TOC), glycol content, total suspended solids (TSS), total
phosphorus, and total Kjeldahl nitrogen (TKN). Apart from
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summary parameters, other groups of compounds are also an-
alyzed (petroleum compounds, surfactants, glycols, benzotria-
zoles, metals, and other inorganic compounds). The following
analytical techniques are used to determine target analytes in
suitably prepared samples of airport runoff: GC-MS, GC-FID,
HPLC, GPC, HPLC-MS, HPLC-UV, HPLC-MS/MS, LC/MS,
TLC, AAS, ICP/MS (Fries and Klasmeier, 2009; U.S. EPA, Of-
fice of Water, 1996, 1999, 2000; Wan et al., 1996). Table 2 also
lists literature information on the analytical procedures used
and the concentration ranges of various types of xenobiotics in
samples of airport runoff.

In tandem with the chemical analysis of airport runoff waters,
their toxicity is also evaluated. Tests using biological material
are crucial, since they constitute the basis for assessing the
overall degree of contamination of particular compartments of
the environment (U.S. EPA, 1996; Namies$nik et al., 2003). Table
3 summarizes the most commonly used tests for assessing the
acute and chronic toxicity of airport runoff waters (Kent et al.,
1999).

LITERATURE DATA ON THE LEVEL OF POLLUTION DUE
TO DIFFERENT XENOBIOTICS IN AIRPORT RUNOFF
WATERS FROM DIFFERENT GEOGRAPHICAL REGIONS

Most cases of pollution by airport runoff waters are defined
using total parameters such as chemical oxygen demand, 5-
day biological oxygen demand, total organic carbon, total sus-
pended solids, and certain specific compounds like hydrocar-
bons, propylene, and ethylene glycol. Table 4 lists literature
information on the analyses of samples of runoff water from
airports in different parts of the world. The waste content of
airport runoff waters varies greatly from airport to airport be-
cause the types of chemical agents used in airport operations
vary widely. Consequently, the characteristics of airport runoff
waters generated by different airports do so, too (Switzenbaum
et al., 1999).

CONCLUSIONS

Airport daily activities, such as fueling operations and
ground vehicle maintenance, aircraft de/anti-icing, ground vehi-
cle washing and cleaning, aircraft maintenance and repair work,
engine test cell operations, and weeding the airport apron, are
all sources of environmental wastes. Airports sometimes have
their own sewage treatment plants, but many smaller airports
do not even have facilities for the pretreatment of wastewater.
In these cases most of the substances from airport operations
left on the apron eventually enter the airport storm water and
are subsequently transported to the receiving waters. The large
discharge of airport wastes to runoff waters may have numer-
ous adverse consequences, especially potential drinking water
contamination.

The levels of contaminants determined in airport runoff wa-
ters varies greatly from airport to airport. The waste content of
airport runoff waters varies greatly from airport to airport be-

cause the types of chemical agents used in airport operations
vary widely.

This issue is important to various stakeholders, particularly
those living in communities near airports, whose health, prop-
erty values, and quality of life can be affected by such environ-
mental impacts. The runoff waters generated by airport activ-
ities thus require special management procedures, e.g., source
reduction, the use of alternative de/anti-icing agents, recycling
of materials, and remediation technologies.

A very important aspect is the changes that should be made to
the standards applicable to airport operations (e.g., deicing oper-
ations and oil spills), pollution prevention procedures, as well as
state and local agency directives for monitoring and controlling
runoff water pollution, particularly toxic water pollutants.
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