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1. ABSTRACT  
 
 This report focuses on the dual challenges of passenger safety and water 

quality by statistically analysing and discussing 3 archival datasets in relation to 

passenger number, water quality and meteorology between 2008 and 2012 at 

London Stansted Airport. This report aims to prove or disprove the overall 

hypothesis that “Aircraft deicing and anti-freeze (ADAF) contamination in ponds and 

external streams will increase with the rise of passenger numbers and harsher 

weather conditions”. This will be determined by analysing concentrations of 

Diethylene Glycol (DEG) as the primary ADAF indicator, supported by Biochemical 

Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) against 

corresponding passenger and weather archives. By researching both UK and EU 

environmental standards for water quality, it can be determined how effective 

Stansted’s main mitigation method (balancing pond) is at obeying to the Pincey 

Brook Project’s objectives of depolluting and rebuilding a wetland habitat for aquatic 

and wildlife in the conjoining stream of Pincey Brook. Overall, a longer dataset 

would be more beneficial in determining the extent of impact passengers and 

weather have on the receiving ponds, but the 5 years show that snowfall events 

have caused a peak in DEG, however there is no strong relationship between 

passenger numbers and adverse water quality between 2008 and 2012.  
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2. INTRODUCTION 
 

2.1 The Big Picture Concerning Airport Water Pollution 
 

Flight safety is the most critical aspect within the aviation industry, especially 

in the winter months when ice and snow is most susceptible. In order to ensure 

aircrafts are safe to fly, aircraft de-icing and anti-freezing agents (ADAFs) are 

applied to runways and taxiways as well as the aircraft itself, as ice and snow, even 

layers as thin as sandpaper, disturbs the aerodynamic performance during flight 

(Switzenbaum et al., 2001). ADAF mixtures are generally composed of propylene 

glycol (PG), ethylene glycol (EG) and various other acetate and formate-based 

products (Switzenbaum, 2001). These exerted chemicals may contaminate moving 

rainwater, known as storm water and consequently have adverse effects on the 

local waterways leading to overground drinking sources. There has been 

international water quality guidelines implemented by each country’s government to 

ensure chemicals don’t reach a high level in freshwater, drinking water and various 

other mediums. Governmental bodies have been set up to manage and deal with 

environmental impacts and ensure these safety guidelines are met, such as 

Environmental Protection Agencies for the US, Water Framework Directive and 

other collectives, as well as national domestic governmental agencies like the 

Canadian Council of Ministers of the Environment who have set up strict regulations 

for Canada’s water quality amongst other environmental aspects.  

Airports must consider a number of factors including weather, size of the 

airport and frequency of aircraft activity, for example, before deciding on which 

mitigation methods are most appropriate to prevent ADAF agents polluting nearby 

waterways. Switzenbaum (2001) provides an overview of different techniques 

airports may use incorporating both meteorological and innovative products to 

minimise pollutants from their source, whereas pollutants may also be minimised 

further downstream using drainage systems leading to balancing ponds, common in 

rural airports with enough surrounding space (Macleod, 1992). 

 
2.2 Rationale Behind The Project And Research 

 
Air travel is renowned for being the safest and quickest method of 

transporting products, people and animals across the world (Mohiley et at., 2015). 
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The skies are progressively becoming busier, especially since the era of low budget 

package holiday companies, such as EasyJet and RyanAir, has evolved. This has 

brought economic benefits to not only local areas, but also whole nations due to the 

increase of jobs created directly, such as airport operations and activities as well as 

the jobs created indirectly through the popularity of traveling and tourism. The tourist 

industry is very important in a number of developing countries, as it is the driving 

factor for social and economic stability (Mohiley et al., 2015). Despite these 

advantages, the environment can be adversely impacted if the socio-economic 

activities aren’t understood and managed to prevent the release of polluting 

contaminants from entering natural ecosystems. This report will mainly focus on the 

dual challenges airports face to ensure passenger safety by using deicers and an 

effort to protect the environment from harmful chemicals. Research efforts concern 

surface run-off contamination due to various airport activities, particularly focusing 

on London Stansted Airport will be considered and drawing on published literature to 

ensure there is a gap in the topic in critical need of researching.  

 
2.3 Introducing The Case Study: London Stansted Airport  
 

In February 2013, London Stansted Airport joined Manchester Airport Group 

(MAG) who set out a new vision for delivering sustainable growth after the fall of 

previous management by BAA (Now known as Heathrow Airport Holdings) (London 

Stansted Airport, SDP, 2015). Stansted, a single runway airport, is currently the 4th 

largest airport in the UK, conducting approximately 25 millions passengers per 

annum and exponentially rising (pers.comm.Churley, M, 2016.). The ex-US Navy 

airport has many plans to further develop aspects of itself including economy and 

surface access, land use, environment and community by expanding business 

operations with commercial airlines beyond the current 150 destinations across the 

world, covering mainly mainland Europe and northern Africa (London Stansted 

Airport, SDP, 2015). 

With this in mind, the impacts of dense human activity has the potential to 

cause great stress on the local tributaries that lead to the River Lea, a critical source 

of drinking and recreational water for East London (Macleod, 1992). Water quality is 

a major and ongoing research topic, especially during the winter period, when high 

quantities of ADAFs are used as a result of the various operations of airport 

activities resulting in contaminated surface run-off (stormwater). Stansted essentially 
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uses Glycomex (glycol-based de-icer) and Isomex 3 (potassium acetate liquid 

deicer); however, the formulas’ list of ingredients is owned by the company 

(omex.co.uk, 2017) and unknown to Stansted, therefore provides difficulties when 

choosing which water quality parameters to test for.  

 There are three main networks of water that account for Stansted’s water 

drainage system; drinking water, the sewerage system and surface water. This 

report will mainly focus on the latter, but a brief explanation of the formers will assist 

the understanding of the overall airport hydrological system. Drinking water and the 

sewerage system both link together as sewage is the product of used and dirty 

drinking water. Drinking water is supplied by Affinity Water and stored in large tanks 

of up to 7 million litres within the airport’s vicinity in order to avoid risk of damaged 

pipework from large volumes and heavily pressurized water. The drinking water is 

used for vehicle washing, irrigation, heating and cooling flows in engineering 

systems throughout buildings like the terminal and offices, as well as water used by 

the onsite fire service and accommodating the freshwater demands of third parties 

including hangars and hotels within the airport’s area. Once the water is used in 

these facilities, it is converted into municipal waste and trade effluent, which is 

collected by Thames Water through a series of pipes and transported to a sewage 

treatment plant. In contrast to these two water networks, surface water is 

predominantly stimulated by precipitation. As the airport is on a hill and the runway 

is the highest point, surface water naturally drains into several directions into the 

catchment area. Within the catchment area there are single discharge points, the 

largest being the master catchment, also known as a balancing pond “C” (Figure 2) 

that can hold up to 130 million litres of water and three sub-catchments, ponds “A”, 

“B” and “D” of a much smaller size. Once the water has reached these locations it is 

analysed by a total organic carbon (TOC) machine to record the extent of which the 

water is contaminated and indicates immediately whether the water is clean enough 

to pass through the oil separators and into the nearby stream, or in the cases of 

ponds A and D, transported to dirty pond C if TOC levels are too high. The 

balancing ponds are designed to take large amounts of deicer without risk of 

contamination to the surrounding environment and the oil separators are installed to 

mitigate against the second most common polluter being fuel and oil. This 

catchment area is the main method of mitigation Stansted’s Environmental 

Department (ED) have applied (Figure 1) to analyse, monitor and control aircraft 
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related contamination. The growing concern lies with the capacity of, especially dirty 

pond C, during the occurrence of more deicing activities during the winter months, 

however expansion will be highly expensive and environmentally detrimental. The 

system, initially, was only designed for 15 million passengers per annum (1992), but 

with the expected rise from its current standing at 25 million, it is clear critical water 

analysis, monitoring and further mitigation is required before the surrounding 

environment encounters further aircraft-related pollution (Pers. Comm. Doggart. A, 

2017). 

The purpose of this research is to assess the contaminants reaching 

surrounding bodies of water to the airport, which may cause harmful effects on 

aquatic life, including fish and biota and potentially upstream drinking water.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure	1:	London	Stansted’s	map	of	the	4	balancing	ponds	and	the	zones	of	surface	run-off	in	which	
they	flow	to.	Map	provided	by	London	Stansted	Airport’s	Environmental	Department.		
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3. LITERATURE REVIEW 
  

 This section will focus on the impacts of seasonality for water bodies 

influenced by aircraft contaminated surface run-off followed by the legislation behind 

parameters identified and their environmental standards. Lastly, effective and global 

methods of mitigation will be discussed against the methods in place at London 

Stansted Airport.  

 

 

3.1  The Difference Between Winter And Summer Mode At The Airport 
 Half of the year the airport operates in summer mode and the other half is 

winter mode. Deicing events occur within winter mode when temperatures are too 

low to satisfy the safety concerns of passengers due to icey runways and aircrafts. 

Summer mode is declared 6 weeks after the last application of ADAFs (Pers comm. 

Doggart, A., 2017). 

 
 
 

Figure	2:	Aerial	photo	of	Stansted	Airport’s	Balancing	Pond	C.	Red	=	Dirty	Pond.		Blue	=	Clean	Pond.	
Source:	Google	maps	(2017)	
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3.2  Airport Activities And What Contaminants They May Discharge Into 
 Surface Run-Off 
 
 The main way to distinguish airside from landside is the security barrier set 

up in every airport. Airside consists of all areas past security procedures, accessible 

to aircrafts, such as the runway, taxi ways, stalls etc as well as the airside fire 

service and an airside control tower run by the airport’s air operations department. 

Landside, on the other hand, involves areas such as check-in, car parks, airport 

offices, flight catering facilities and third party businesses within the vicinity of the 

airport.  

 The various ongoing operations in both areas of the airport environment have 

great potential in discharging contaminants into local water sources. In 2016, during 

a period of work experience, a couple of occasions occurred where environmental 

water quality standards were breached at both sides of the airport. 

   

 
3.2.1  Airside  
 
 As airside is determined by functional and operational requirements related to 

aircraft movement and safety and security (Macleod, 1992), the biggest threat to the 

environment is ADAF’s applied during winter mode. ADAF’s are applied in two 

areas: Maneuvering areas i.e. runways, taxiways and stands, in order to maintain 

acceptable friction coefficients. Secondly, directly onto the aircraft to prevent and 

remove ice, improve the aerodynamics during flight and maintain passenger safety 

(Macleod, 1992). The amount of ADAFs applied to both areas depends on various 

factors including, weather, the number of aircrafts present or expected, the type and 

size of aircrafts and their length of stay. A common environmental issue when using 

in particularly pavement de-icer, is high concentrations of sodium chloride, otherwise 

known as salt. However, despite it’s effective utilisation as a deicer, it is uncommon 

for airports to use salt-based de-icer airside, due to the potential corrosion it may 

cause on aircrafts and their sensitive electrical systems (Mohiley et al., 2015). 

Airports may use chloride based ADAF’s landside, however London Stansted Airport 

does not as they use glycol and acetate based ADAF (Omex, 2010), therefore salt is 

not an immediate threat to water quality (Pers. Comm. Doggart, A, 2016), despite it 

being part of an initial hypothesis.  
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 Typically, the formulas of ADAFs are 50% propylene or ethylene glycol based 

and 50% additives, such as corrosive inhibitors, wetting agents, polymeric 

thickeners and surfactants (Corsi et al., 2003). The sensitivity of information is of the 

manufacturer’s rights; therefore it is not exposed publicly, hence why analysing a 

wide range of parameters is important to understand the quality of ADAF-

contaminated waters. The main parameter to identify glycol concentrations when 

analysing Stansted’s water quality is Diethylene Glycol (DEG), a by-product of 

ethylene glycol. There are, however, no water quality standards found on the 

Environment Agency’s database, although toxicity concerns are still apparent due to 

high quantity consumption of DEG causing slight irritation on eyes and skin, but 

more adverse effects upon ingestion on the respiratory tract, causing vomiting and 

nausea, which is typical on both humans, aquatic and wildlife 

(Pubchem.ncbi.nlm.nih.gov., 2017).  

 The de-icer and anti-freeze are initially applied to the aircraft in designated 

de-icing stands, where also aircraft washing takes place as there is a good drainage 

system. If weather conditions are harsh, a secondary application of de-icer can be 

applied immediately prior to take-off at the end of the runway (Switzenbaum et al., 

2001). In 2016, Stansted Airport experienced an influx of heavy metal contamination 

within their waterways due to the non-compliance of environmental regulations from 

an airline undergoing an engine cleaning procedure at one of the aircraft washing 

stands airside. It resulted in a peak in cadmium concentrations meaning the water 

was unsafe to discharge into local waterways and instead discharged to the Airport’s 

Sewerage Treatment Plant in Harlow, which costs Stansted’s Environmental 

Department. This is an example of how vulnerable waterways are to contamination 

from every-day aircraft activities. Biochemical Oxygen Demand (BOD) and Chemical 

Oxygen Demand (COD), as well as analyzing by products of glycols, such as 

Diethylene Glycol (DEG) are all reliable parameters to test for ADAF contaminations 

set off by airport activities (Mohiley et al., 2015).  

 Fire Training facilities as well as the firehouse is situated airside. Frequently 

activities involving fire fighting foam and uses of drinking water will be used as 

training protocol. The fire fighting foam in particular has a strict environmental 

regulation that it is controlled and discharged to the sewerage system, not the 

service drains that lead to the balancing pond. Firstly, this is because the thickness 

of the foam can interfere with the free flow of water by build up, creating a foam bath 
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resulting in blocked and failed pumps. The pumps are important to control the level 

and distribution of sewage, however this can only be done when an automatic beam 

is released into the water to find out the depth, but can only operate if the water is 

clear as foam bubbles may reflect the beam, therefore indicating an unclear and 

weak signal. This can be prevented with the use of an anti-foam agent, which 

Stansted uses, however the formula has corrosive qualities, reiterating the 

predicament of passenger safety over environmental quality.  

 
3.2.2  Landside 
 
 The biggest issue concerning landside activities is not so much the offices 

affiliated with the Airport’s business operations, but the third party businesses and 

warehouses located within the vicinity of the airport’s grounds. Private companies 

have the right to locate themselves within the airport’s ground, however, with 

consent from the environmental department, so formal inspections and monitoring 

can be taken place incase the company’s activities include excessive discharge of 

effluent water. For example, the environmental department, in 2016, was 

undergoing regular auditing of third party companies and discovered a coach 

washing company emitting above standard pollutants to the service drains that lead 

to Balancing Pond C. As a result of further investigations and non-compliance to the 

environmental regulations set, their water utilities were ceased temporarily until they 

gained the consent to discharge into the sewerage system and ratification by the 

airport’s environment department (Pers. Comm. Doggart, A., 2016)  

 
 

 
3.3 The EU and UK Environmental Standards for Water Quality 
 
3.3.1 Introduction to Chemical Standards 

 Chemical standards are used as a basis of assessing water quality, as well 

as the risk of the contaminant and the scale of improvements needed to maintain 

healthy conditions for fish populations and reduce chemical pollution and increase 

the general water quality for the various aquatic mediums. Different standards apply 

to different water bodies; for example, water bodies with the intent of abstraction for 

drinking water would have much rigid guidelines than groundwater, as the water will 

directly impact human health from consumption (Environment Agency, 2011). The 
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standards for the parameters identified in this research topic can be found in the 

“Results” section (Section 5.1, Table 4). 

 There are two types of standards used in the UK: EU Standards and UK 

Standards which both implement different penalties by different bodies if not abided 

by, depending on the extent of pollution and the pollutant itself. 

 

3.3.2  EU Environmental Standards 

 The EU standards derive from the Water Framework Directive (WFD), an 

environmental department of the European Commission who are in charge of setting 

water quality objectives for each member state, including the UK (Environmental 

Law, 2017). These standards are usually statutory, set in legislation by the EU, 

therefore if not met it results to a non-compliance with statutory obligations, which 

may result in penalisation (Environment Agency, 2011). The WFD came into force 

on the 23rd December 2000 and published the first list of standards and objectives in 

2008 with the aim of achieving and maintaining “Good Status” until the next 

assessment taken every 6 years (UK Technical Advisory Group [UKTAG] on the 

Water Framework Directive [WFD], 2008).  

The two objectives appointed in 2008 were: 

 

   

 However, alternative objectives and standards may be applied to particular 

water bodies depending on the financial feasibility of reaching Good Status or the 

time-frame of Good Status may be increased from 6 to 12 years.  

 Furthermore, the WFD have categorised particular chemicals that may pose 

a particularly detrimental effect on the aquatic environment across the EU as 

“Priority Substances”. For those causing concern at a national level has been further 

categorised as “River Basic Specific Pollutants”. This is particularly in compliance to 

 

“Prevent Deterioration of the status of all surface water and groundwater bodies” 

 

“Protect, enhance and restore all bodies of surface water and groundwater with  

the aim of achieving Good Status for surface water and groundwater by 2015.” 

  
 (UK Technical Advisory Group on the Water Framework Directive, 2008) 
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the UK’s River Basin Planning Management Scheme, a national mitigation strategy 

to manage the environmental quality of rivers. The first list of priority substances, set 

by the WFD was released in 2008 and then revised and amended in 2013 via the 

Priority Substances Directive in preparation for the second cycle of the Good 

Standard River Basin plan. However, the listed chemicals as part of the priority 

substances category focus majorly on agricultural and industrial polluters, as 

opposed to aircraft related and de-icing pollutants, which this report focuses on. 

Nevertheless, organic contaminants must still be analysed in airport surface run-off 

to maintain a general assessment of water quality. 

 

3.3.3   UK Environmental Standards 

 Since the introduction of the Environment Act, 1995, the UK government has 

established an environmental agency for each government-state within 

(UKmarinesac.org.uk, 2017). 

 Scotland’s environment agency is “The Scottish Environment Protection 

Agency” (SEPA), Northern Ireland’s is “Environment Heritage Services” (EHS), 

Wales’ is “Natural Resources Wales” (NRW) and England’s is “The Environment 

Agency” (EA) (Environmental Law, 2017). The UK Technical Advisory Group 

(UKTAG), who works closely alongside the EA, recommends the precise values for 

the UK Environmental water quality standards in which are published online and 

manage the UK’s River Basin Management Plan (RBMP) (Environmental Law, 

2017). These standards are not statutory like those produced by the EU WFD, 

therefore although the chemicals are still considered a concern, they are not 

covered by any specific legislation (Environment Agency, 2011). Despite this, the 

UK standards are still important in order to protect and improve the ecological health 

of rivers, lakes, estuaries, coastal and ground waters nationally. The UK’s RBMP’s 

aim was to regionalise the various river basins throughout the UK and focus efforts 

on assessing the health of river basins by analysing general water quality 

parameters including the likes of phosphorous, pH (acidity), nitrates, heavy metals, 

general oxygen conditions including dissolved oxygen, COD and BOD, as well as 

the 16 river basic specific pollutants, displayed in table 1 (UKTAG on the WFD, 

2008). Furthermore, they act to improve ecology and the chemical status’ of each 

region within the 6 year timeframe by meeting the WFD objectives (ec.europa.eu, 

2016). 
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 The standards for London Stansted Airport focus more so on pH, BOD, COD 

and DO as general water quality indicators in the ponds before discharging water 

into local streams. Low pH measures as acidic water. It can cause detrimental 

effects on aquatic life as toxicity increases with acidity of water, therefore reliable 

and frequent assessments must be taken. DO, BOD and COD are part of another 

form of standards known as the intermittent standards and 99th percentile standards, 

meaning if the pollutant is greater than the standard for 1% or more of the time, then 

the quality assessment has failed (DEFRA, 2014). Environmental standards are 

important to enforce in order to preserve the natural aquatic ecosystem, therefore it 

is vital environmental standards are met before discharging into streams. 

 
 
 

Pollutant Short Term 
Existing/Proposed Standard 

Long Term 
Existing/Proposed Standard 

Benzyl Butyl phthalate (µg/l) 20 / 7.5 100 / 51 
Carbendazim 

(µg/l) 0.1/ 0.15 1.0 / 0.7 

Chlorothalonil 
(µg/l) 1.0 / 1.2 0.1 / 0.035 

Copper 
(µg/l) N/A 1-28µg/l dissolved / 1µg/l 

bioavailable 
Diazinon 

(µg/l) N/A N/A 

3,4-dichloroaniline 
(µg/l) N/A / 5.4 N/A / 0.2 

2,4-dichlorophenol 
(µg/l) N/A / 140 20 / 4.2 

Glyphosate 
(µg/l) N/A / 398 N/A / 196 

Manganese 
(µg/l) N/A N/A / 123 µg/l 

Methiocarb 
(µg/l) 0.16 / 0.77 0.01 / 0.01 

Pendimethalin 
(µg/l) 6.0 / 0.58 1.5 / 0.3 

Permethrin 
(µg/l) N/A / 0.01 0.01 / 0.001 

Tetrachloroethane 
(µg/l) N/A / 1848 N/A / 140 

Triclosan 
(µg/l) N/A / 0.28 N/A / 0.1 

Toluene 
(µg/l) N/A 50 / 74 

Zinc 
(µg/l) N/A 8-125 µg/l total / 10.9 

bioavailable 

Table	1:	The	existing	16	major	pollutants	identified	in	the	RBMP	to	be	the	“River	basic	specific	Pollutants”	
and	the	proposed	standards	for	the	second	cycle	of	the	RBMP	pollutants,	which	commenced	in	2015.	Sourced	
from	Department	of	Environment,	Food	and	Rural	Affairs	(2014).	
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3.4  Mitigation Methods Aimed To Reduce The Impacts Of Airport Pollutants  
 
 In order to reduce the impacts of ADAFs and other airport-related pollutants 

from entering external waterways it is important to consider the suitability of 

mitigation methods that can be applied in airports from both a source location and 

further along the airport’s hydrological system. These methods may be used at 

airports throughout the world, some more suited than others.  

 

3.4.1 Mitigating From The Source 

 The most common and simplest form of mitigation at the source is pavement 

and aircraft ADAFs. However, due to monitoring from the governmental environment 

agencies around the world to protect environmental and human health, airports 

strive to reduce the concentration of usage. For example, a method called 

“Optimised fluid mixture” is a simple yet effective solution. It involves monitoring air 

temperature to determine the application ratio of pressurised hot water and the 

ADAF formula. Table 2 shows some basic guidelines (Switzenbaum, 2001): 

 

Table 2: An example of the ADAF and water ratio 
used for Optimised Fluid Mixture mitigation 
method.  (Switzenbaum, 2001) 
Temperature Guideline 

-2oC and above Hot water may be 

effective enough 

-4oC and below 20% ADAF,  

80% Water 

-18oC and below 40% ADAF,  

60% Water 

  

 A Hybrid De-icing system, first produced by Allied Signal™, a US aerospace 

company utilises pressurized hot air, rather than water, simultaneously with a low 

flow of de-icing or anti-freeze fluid modes. This has been proven to significantly 

reduce BOD levels and 80% of ADAF usage at General Mitchell Airport, Milwaukee, 

WI, USA, after Delta Airlines initially trialled the idea from 1998-1999 (Switzenbaum, 

2001).  
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 A mitigation method that may be more beneficial to smaller airports is the 

usage of deicing pads. These pads provide a localized area where deicing 

operations occur. At Munich Airport, there are three pads where approximately 95% 

of aircrafts are deiced just before take-off. Due to the localisation of deicing, excess 

fluids are collected and treated at an onsite recycling facility, producing new deicer 

agents (Munich-airport.de, 2017). This is very beneficial economically, in terms of 

recycling the product, however, an issue that may evolve in very active airports, like 

Stansted are delays and wait times to use these deicing pads before take-off 

(Switzenbaum, 2001). Other mitigation methods require heavy machinery, i.e. snow 

ploughs and grit spreaders, or providing strict regulations and legislations and 

penalties when environmental standards are breached as mentioned in the previous 

sections.  

 

3.4.2 Mitigation Methods Further Along the Hydrological System 

 A necessity to a busy airport, like London Stansted Airport, is the easy 

access to a central wastewater treatment plant. In the instance of Stansted’s offsite 

plant, Harlow is the closest treatment works that can hold the extra hydraulic and 

organic loads resultant from the contaminated stormwater discharge (Pers. Comm. 

Doggart. A., 2016). This only occurs if the process of biodegradation of glycol-

acetate substances in balancing pond C does not biologically break down 

independently by the summer period, one of the main purposes of this mitigation 

method as well as balancing and storing water quantities, controlling pollution and 

reducing storm flows (Macleod, 1992). The level of biodegradation is determined by 

the COD/BOD ratio. Using statistics of COD/BOD concentrations, the ratio helps 

indicate how easily biodegradable the contaminant in the water is; high being 

hardest to biodegrade in the water and low being the easiest. (table 3) (Henze and 

Comeau, 2008).  

 This pond was built with the initial developments of the airport in 1992, and in 

conjunction with impermeable 

airside and landside pavements to 

aid the ease of surface run-off into 

the ponds and reduce the 

infiltration of contaminated 

Table	3:	Categories	that	lie	within	the	ratio	of	COD/BOD.	High	
meaning	the	contaminant	will	find	great	difficulty	to	degrade	
and	low	indicates	the	contaminant	may	degrade	as	quickly	as	a	
few	hours	after	entering	the	water	body.	Source:	(Henze	and	
Comeau,	2008)	
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stormwater discharge into groundwater and soil. A mitigation method, like a 

balancing pond may not be suitable for all airports as space is required. Urban 

airports, like London City Airport do not have the space for an external mitigation 

method like this; instead they are highly dependent on Thames Water to transfer 

polluted waters straight to the sewerage treatment plants through the drainage 

system whilst the airport is in winter mode (London City Airport Environment, 2012). 

 In the last decade, especially as passenger numbers have exponentially risen 

with the increased popularity of low package and short haul holidays departing from 

London Stansted Airport, the pressure on the balancing pond has taken effect and a 

river restoration project had been announced by Essex Biodiversity Project in 2008 

for its conjoining stream, Pincey Brook. This is a mitigation strategy external to the 

airport itself, but still requires full cooperation with airport operations to maintain 

minimal pollution concentrations and control water levels to reduce the risk of 

flooding, enhance the river valley for wildlife, and enhance the landscape’s character 

(Essex Rivers Hub, 2008).  

The project consists of 27 individual catchment projects (ICPs) along the River Stort 

and its tributaries like Pincey Brook, directly in contact with Balancing Pond C. Out 

of the 26 ICPs, 3 have been completed, 7 are still ongoing, 7 are in the planning 

process and nine are projects being considered for the future 

(Riverleacatchment.org.uk). 

 
 

3.5  Objectives and Aims for this Research Project 
 

3.5.1  Overall Aim 

• Using three dominant datasets, published literature and work experience, this 

report will aim to focus on the dual challenge at airports to ensure passenger 

safety by using ADAFs and the effort to protect the environment from ADAF-

contaminated surface run-off into receiving waters around the airport.  

 

3.5.2  Objectives to the Aim 

• Evaluate the different airport activities and their contribution of contamination 

to surface run off. 

• Evaluate the degree of ADAF contamination using chemical indicators in the 

airport’s mitigation ponds over a 5 year period.  
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• Assess the significance of seasonality when determining the extent of 

contamination in ponds. 

• Assess legislation and safety standards for water quality set by governmental 

bodies both within the UK and EU. 

• Assess widely used mitigation methods from other airports. Analyse if 

Stansted’s mitigation methods are effective. 

 

3.5.3 Hypotheses 

• Aircraft deicing and anti-freeze (ADAF) contamination in ponds and external 

streams will increase with the rise of passenger numbers and harsher 

weather conditions.  

• There will be higher concentrations of ADAF agents in the winter months as 

opposed to the summer months collected in Stansted Airport’s Balancing 

Pond. 

• The higher the passenger intake is per annum, the more contaminant 

concentrations are discharged into water bodies. 

• There will be a higher concentration of deicer in periods of abundant snowfall 

and rainfall. 

 
 
4 METHODOLOGY 

 
4.1  Site Selection and Details 

A map of the four main sites selected in both winter and summer for analysis 

is shown in figure 1 (excluding Pond A). They make up all four ponds in which 

stormwater runoff discharges into from various areas of the airport’s grounds. No 

data was available for pond A, therefore this research project will focus on Pond B, 

C and D. Pond C is the dominating focus as it contains both a clean pond and dirty 

pond, which acts as an advantage as the majority of analysis can be done in one 

location (figure 2). Pond C is also the central system for contaminated water that is 

transported by a network of underground pipework from each of the other ponds.     

 A splitter chamber, built at Pond C, separates the inflow of storm water after a 

sample of discharge is instantaneously analysed through a Total Organic Carbon 

(TOC) machine analysing Carbon Monoxide levels. Water quality of a clean 

standard is discharged to the clean pond where it will slowly flow through the outlet 

into the surrounding waterways, however at the time of attending, clean pond C was 
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closed and therefore not discharging water into the conjoining stream, Pincey Brook. 

Contaminated water in the dirty pond is stagnant until summer to allow the natural 

biodegradation of chemicals, if not then Thames Water sewerage collects the water 

for treatment. This lag period of stagnation also allows a detailed analysis into the 

contaminants disgorged by airport activities as water samples are collected and sent 

off for laboratory analysis of an extensive list of parameters. A small collective of 

parameters were chosen for this research project in relation to answering the 

hypothesis question and reaching the objectives and aims.  

The selection of the sites was based on the accessibility and relevance to 

completing the projects aims and objectives, however not all ponds were active and 

discharging in both winter and summer periods, therefore water may not have been 

pumped and circulated in the pond. This may occur often and is the main reason for 

gaps in the dataset, especially during the summer seasons. 

 
 

4.2  Secondary Data Collection 
 

Secondary research consists of integrating already academic papers and 

online research with the three datasets obtained by London Stansted Airport’s 

Environment Department and Meteoblue online weather archive. Three datasets 

were collected: Water quality, Passenger number and Meteorology archive of the 

past 5 years at Stansted airport. The data provided was manipulated, combined and 

presented alongside supporting evidence using desk research of academics and 

online research from ‘Web of Knowledge’, ‘Google Scholar’ as the dominate 

academic search engines. 

 

4.2.1  Water Quality Data Derived From London Stansted Airport Environment 

 Department 

This dataset was compiled by London Stansted Airport’s Environmental 

Department based on a series of water samples retrieved by each pond (location 

shown) and sent off to a laboratory in Cambridge, where the analysis of various 

parameters including organic chemicals, physiochemicals, heavy metals, fuels and 

oils are tested for and recorded for Stansted’s water quality database. 

   

 

 



N.C.Fairchild	 GEG6000	-	IGS	 2017/18	
	

	 24	

4.2.2 Passenger Numbers Derived By Stansted Airport Environment Department 

 Stansted Airport’s Environmental department also issued this dataset. An 

annual record of passenger numbers is kept in order to observe, assess and 

manage any changes alongside the development of the airport and its business 

relations. With this information graphs were generated in conjunction with chemical 

parameters to present the extent of effect passengers have on water quality. 

 

4.2.3  Meteorological Archive for Stansted Mountfitchet Provided by Meteoblue  

 Meteoblue is a Swiss online-based forecasting company that provides an 

archive of weather forecasts across the globe. After communication with the service, 

access to a weather archive of 100 years or so for Stansted Mountfitchet, Essex 

was obtained and from this the last 5 years was assessed for temperature, 

precipitation and snowfall. With this information, and the combination of water 

quality parameters, graphs were generated to present the extent of effect weather 

has on water quality. 

 
 
5.  RESULTS 

 
 To test my hypothesis, “ADAF contamination in ponds and external streams 

will increase with the rise of passenger numbers and harsher weather conditions”, it 

is critical to test for a variety of parameters, listed in Table 4. Three other datasets 

were also used to help analyse and conclude an answer to the hypothesis; water 

quality dataset, passenger intake levels (London Stansted Airport Environment 

Department, 2017) and a meteorological dataset for Stansted Mountfitchet obtained 

from Meteoblue.com’s weather archive. A discussion and analysis of the results 

from this section will be provided in Section 8 drawing on these three preliminary 

datasets. 

 

 
5.1  Number Of Parameters Exceeding Environmental Standards 
	 Table 4 shows the various parameters identified and analysed at pond C 

each year, alongside their EU environmental standards set by the Environment 

Agency. DEG was the only parameter where standards were not set by the EA, 

therefore toxicology assessments were the closest solution to identifying the safety 

guidelines for this contaminant. These will be discussed in chapter 8. For the rest of 



N.C.Fairchild	 GEG6000	-	IGS	 2017/18	
	

	 25	

the table, most parameters do not show signs of high or dangerous concentrations 

compared to their environmental standards, except BOD, COD and turbidity, which 

will be further discussed and analysed in chapter and the next.  
 

 
 
 
 

 
 
 
 
 
 

Table	4:	The	parameters	identified	at	balancing	pond	C,	their	EU	environmental	Standard	set	by	the	Environment	
Agency	and	the	frequency	of	above	standard	measurements	in	relation	to	the	amount	of	samples	taken	between	
2008	and	2012.	
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5.2  A General Evaluation of Water Quality Over Time 
 

This section presents the results of how individual water quality parameters 

have changed over a 5-year period between 2008 and 2012 at each pond. The 

results will focus on averages and variability, using calculated standard deviation 

and presented as error bars on each clustered column graph created on Microsoft 

Excel.  

 

5.2.1  pH 

 pH is an important indicator to distinguish the acidity or alkalinity of the water 

body, which influences the degree of livability for organisms. The results for 2008, 

2010 and 2011 are shown in figure 3. There was no data available for 2009 and 

2012, however the three years available should be sufficient enough to evaluate the 

quality of water at each pond located around Stansted Airport. The averages do not 

differ immensely from year to year, however there is a very slight increase per year 

and pond C shows to have a slightly higher pH in comparison to pond A and D. All 

pH results are within environmental guidelines, therefore each pond has been 

deemed safe in this aspect per year. 2008 shows the most variability in pH results, 

whereas 2011 shows the least, meaning in 2011, not much change in pH occurred 

throughout the year from the samples that were collected. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure	3:	The	average	values	of	pH	taken	from	each	pond	(B,	C	and	D)	between	2008	and	2012,	although	
there	is	data	missing	for	years	2009	and	2012.	Data	derived	from	London	Stansted	Airport	Environment	
Department,	2016.	
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5.2.2 Dissolved Oxygen 

 Dissolved Oxygen (DO) is an important water quality indicator to suggest the 

presence of any pollutants that may alter oxygen levels negatively, causing a 

vulnerable aquatic ecosystem in which fish and vegetation may suffer rather than 

thrive (Corsi et al., 2001).  

 Figure 4 shows the average DO levels between 2008 and 2012, although 

data is missing for 2009 and 2012, due to unavailability. Each year shows a 

descending step-wise pattern from pond B to D, signifying pond B always has the 

highest DO levels and pond D has the lowest, meaning water quality conditions are  

more adverse in pond D. It is noticed that in 2011, pond B experienced the highest 

levels of DO, however the same year pond C underwent the most variable year out 

of the three recorded with a standard deviation reaching 29.21% and the lowest 

average DO level for pond C at 75.38% saturation. Pond C was greatly variable as 

the lowest period of DO reached 4.60% saturation, whereas the highest reached 

110.10% saturation, showing a significant range compared to the other years and 

ponds. 

 

 
 
 
 
 
 
 

Figure	4:	The	average	values	and	variability	of	Dissolved	Oxygen	for	each	pond	between	2008	and	2012.	Data	was	
unavailable	in	2009	and	2012	due	to	a	lack	of	sample	collection	and	analysis.	Data	derived	from	London	Stansted	
Airport’s	Environment	Department,	2016.	
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5.2.3 Total Organic Carbon 

 A Total organic carbon (TOC) machine is installed at Pond C site to get 

accurate and immediate water quality data continuously measures TOC, but it is 

also measured in the laboratory to maintain an archive of water quality for each 

pond, which is presented in figure 5. It is important to understand the organic carbon 

composition as it may indicate the presence of pollutants if carbon levels exceed 

environmental guidelines. 

 The yearly averages for each pond follows a rough pattern where pond D 

appears to acquire the highest results of TOC out of all three ponds. It is difficult to 

establish a definitive figure due to the incredible variability shown in pond D, 2009, 

causing the error bar to stretch from -200 mg/l to 350 mg/l, reducing the sizes of the 

other columns on the graph. Referring to table 4, this shows the most abnormal 

change in TOC levels, therefore may be an indicator of environmental standard 

exceeding. 

 

 

 
 
 
 
 
 

Figure	5:	The	average	values	and	variability	of	Total	Organic	Carbon	for	each	pond	between	2008	and	2012.	Data	
derived	from	London	Stansted	Airport’s	Environment	Department,	2016.	
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5.2.4 Turbidity 

 Turbidity is a useful parameter in order to indicate the amount of suspended 

sediment within the water that may have the potential to absorb pollutants, which 

could consequently reduce the clarity of the water body. Figure 6 shows the results 

collected for each year at each pond. The mean average shows a distinguishable 

increase of turbidity in pond C every year. This may be due to this pond being the 

central water body in which most surface run-off from airport activities runs in to. 

Pond C also proves to be the most variable through most years, with 2010’s error 

bars stretching from – 5 NTU to 40 NTU, with a standard deviation value of 23.20, 

the most variable set of results in one year. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure	6:	The	average	values	and	variability	of	turbidity	for	each	pond	between	2008	and	2012.	Data	derived	
from	London	Stansted	Airport’s	Environment	Department,	2016.	
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5.3      Passenger Numbers for London Stansted Airport 
 
	 The Passenger numbers are used as a proxy to indicate the level of activity 

operating within the airport’s arrivals and departures, therefore, it is important to use 

this dataset to assess the impact of human activity on water quality. 

 Figure 7 displays the number of aircraft passengers that operate through 

London Stansted Airport between the years 2008 and 2012. It clearly indicates 

August as a peak month of passenger intake, whereas November has the least 

activity with no years reaching as high as 1,500,000 passengers. During most 

months, passenger numbers have been steadily declining year by year since 2008. 

The exceptions are November and December, where 2012 experienced a slight rise 

from 2011 and an abrupt drop in numbers during April 2010. 

 

 
 

 
 
 
 
 
 
 

Figure	7:	Passenger	intake	data	derived	by	Stansted	Airport	Environmental	Department,	showing	the	monthly	
result	from	2008	and	2012	and	the	highest	and	lowest	overall.	Dataset	derived	from	London	Stansted	Airport’s	
Environment	Department,	2016.	
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5.4  Do Passenger Numbers affect ADAF agent indicators? 
 

Figure 8 shows the number of passengers against the abundance of DEG in 

surface run-off leading to pond C throughout 2009. Other than a sharp spike in DEG 

in mid January to mid March and October, DEG levels are below limit of detection 

(<5 mg/l). This may be due to a gap in the dataset or such low or no concentrations 

detected in the samples of pond C. Therefore, figure 9 was produced to further 

acknowledge BOD and COD, also indicators of biological and chemical pollutants 

found in ADAF agents. This graph offers a more active and comprehensive overview 

of the year’s samples taken in pond C. The pattern between DEG, BOD and COD 

are all fairly similar where they peak and trough. The glycol event from January to 

March is backed up by the sharp increase in particularly by COD levels and 

decreases simultaneously with the BOD and DEG. August was the only month 

where no BOD, COD or DEG data was retrieved. This graph does not particularly 

show a pattern between the parameters measured and passenger numbers. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure	8:	Passenger	numbers	and	average	monthly	Diethylene	Glycol	(mg/l)	concentrations	in	Pond	C	for	2009.	Data	
retrieved	from	London	Stansted	Airport’s	Environment	Department,	2016.	
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5.5  The Weather’s Role in Affecting ADAF Chemicals in Pond C 
	 	

5.5.1. Relationship Between DEG and Precipitation 

 Two aspects of the weather were analysed; Rainfall and snowfall, against the 

direct parameter of ADAF concentrations, DEG and indirect indicator of pollution, 

BOD and COD (Figure 10). A trendline for COD was placed to show clearly how 

levels change throughout the year. In this instance, a stable decline from January to 

December. Snowfall indicates freezing temperatures for Stansted Airport, thus the 

necessary usage of deicer to keep aircraft operations running safely. The amount of 

rainfall is also necessary to be presented as this indicates the potential rate of DEG 

contaminated run-off into the Pond C transported as stormwater. 2009 was the 

chosen year to show the effects of weather on the usage of deicer. In Figure 10, it is 

clear to see February experienced a rather substantial amount of snowfall and a 

spike of DEG in Pond C follows. For the most of the year, DEG concentrations are 

below the limit of detection of 5 mg/l. This can be anticipated when the airport 

encounters summer mode from approximately April to October (depending on 

weather conditions) as deicer agents are not used.   
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Figure	9:	Graph	representing	passenger	numbers	against	Chemical	Oxygen	Demand,	Biological	Oxygen	Demand	and	
Diethylene	Glycol	results,	all	of	which	can	indicate	the	presence	of	ADAF	agents	in	pond	C	in	2009.	Data	derived	from	
London	Stansted	Airport’s	Environment	department,	2016.	
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5.5.2. Relationship Between Turbidity and BOD and COD 

 Figure 11 was produced to support Figure 10’s results showing DEG and 

weather patterns at Stansted Airport in 2009. Figure 11 focuses more on BOD and 

COD, which also indicates pollutants within the water body, but are more abundant 

parameters to analyse, therefore a larger dataset was possible to obtain. In terms of 

comparing COD and BOD, the COD value must always be higher than BOD as BOD 

only measures a fraction of organic matter present (Henze, 2008), therefore their 

trend is simultaneously similar, but BOD’s values are much lower. This can be 

identified through the COD/BOD ratio. The ratio varies throughout the year, mostly 

in the region of 2:1 and 4:1, meaning the contaminant is in the medium to high 

category of biodegradability (table 3). The higher values would need more time to 

biodegrade, or will be taken to Harlow’s waste treatment plant, and the lower ratios 

may be discharged into Pincey Brook sooner (Henze and Comeau, 2008).  

 Turbidity may reflect rainfall patterns, as it is proven that turbidity increases 

with rainfall events due to the influx of water carrying and suspending sediment into 

Figure	10:	Diethylene	Glycol,	BOD	and	COD		data	derived	from	London	Stansted	Airport	Environment	Department	and	
Meteorological	data	derived	from	Meteoblue.com	weather	archive	for	2009.	This	graph	is	used	to	shows	the	relationship	
between	weather	and	ADAF	indicators	into	Pond	C	as	2009	was	a	year	of	significant	snowfall.	
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the water body (Post D. and Jakeman A., 1993). If figure 10 and 11 are compared, it 

is noticeable to see a few patterns that coincide with eachother. For example, there 

is a peak in turbidity at the beginning of February simultaneously with a period of 

increased snowfall, thus increased DEG, which may have sorbed the ADAF agent 

into suspended sediment in Pond C. There is a lag period after the increase of 

turbidity and a rise in COD is abundant a month after the snowfall event. 

 There is clearly a seasonal pattern occurring within both figure 10 and 11 as 

DEG, BOD and COD seem to intensify concentrations especially during the first 3 

months of the year. By the end of the year, entering back into the airport’s winter 

mode from approximately October, an accumulation of DEG and turbidity seems 

apparent in mid-October, followed by a further increase of turbidity as rainfall spikes 

in early November too. Furthermore, the summer months still encountered periods 

of intense rainfall, but due to higher temperatures, DEG was not abundant in the 

water samples, as ADAF products are not utilised when the airport operates in 

summer mode. However, there were still spikes in COD in May and July, suggesting 

alternative pollutants in the water body. 

 

 
 
 
 

Figure	11:	Scatter	graph	representing	three	aspects	of	water	quality:	Biochemical	Oxygen	Demand,	Chemical	Oxygen	
Demand	and	turbidity	for	pond	C	in	2009.		
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6.  ANALYSES AND DISCUSSION  
 
 

6.1. Number Of Parameters Exceeding Environmental Standards 
 
 Natural England and the Environment Agency (EA) have closely observed 

London Stansted Airport since the “Pincey Brook Restoration Project” commenced 

in 2008 in order to reach their environmental aims of depolluting rivers and restoring 

aquatic and wild life. This increases the importance for assessing water quality at 

Stansted Airport to maintain depollution of the smaller tributaries connected to the 

River Stort, a major tributary running into the River Lea, which is a major drinking 

source for east London and a popular medium for recreational water sports (Shaw, 

2017).  

 The Environmental Standards were obtained from the Environment Agency’s 

database, providing a comprehensive outlook to chemical concentrations in a variety 

of mediums, such as air, freshwater, drinking water and groundwater. In this 

instance, concentrating on freshwater where statistics were available (Table 4). 

Although the EA displays consistent information for most parameters, the difficulty 

that overcame was by the slight difference in what the standard is intended to 

protect from parameter to parameter. For example, the BOD chemical standard is 

provided for the “protection of inland Freshwaters”, COD’s (a parameter that links 

closely with BOD) environmental medium in which the standard applies is for 

“Surface water intended for abstraction of drinking water” and the standard is 

applied to protect the quality of water intended for drinking. On the other hand, the 

EA only provided DEG chemical standards for the medium of air. After extensive 

research through the EU Water Directive, Environmental Protection Agency and 

Canadian Water Guidelines finding a chemical standard for DEG in a water body 

proved to be difficult as Ethylene Glycol seemed to be the dominating glycol to 

observe in water quality testing. DEG is a by-product of Ethylene Glycol; therefore 

this may be a reason why DEG standards are so obscured in online research, a 

potential research gap for the EA or other international water quality agencies. For 

now, the toxicity results of DEG are the next best option to explain their potential 

affects on drinking water intended for abstraction and freshwater biota abundant up 

stream beyond the vicinity of the ponds in Pincey Brook. DEG data, provided by 

Stansted Airport Environment Department is analysed to indicate deicer in the 
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ponds. If this parameter is not identified, especially in Pond C, where most surface 

run-off from airport activities is held for storage and analysis, it is possible this 

contaminated water will be discharged into the Pincey Brook stream, travel the 

course of the river and ultimately reach the River Lea. ADAF agents or DEG, for that 

matter, has minor effects on humans directly, however the result of the 

biodegradation process of glycols, which consume dissolved oxygen may act as an 

indirect impact on aquatic life in the river (Environmental Protection Agency, 2000).  

 A valuable set of results is the exceedances of COD and BOD levels in 

relation to water quality standards. This is displayed as Figure 12. In most cases 

concerning water quality assessment, these two parameters are considered 

together to analyse biological and chemical consumption of oxygen in the water 

body, however BOD takes 5 days to produce reliable results and COD is immediate 

(Environmentalleverage.com,2017). BOD is favoured as a contaminant indicator as 

it measures the amount of bacteria feeding on pollutants present in the water body 

and together with COD gives an indication of the level of biodegradation by 

calculating the COD/BOD ratio. Using the COD/BOD ratio guidelines in table 3 and 

the results of COD and BOD in Balancing pond C figure 13 was produced to show 

the amount of coupled results and their rate of biodegradability over the 5 year 

period. The majority of samples show high degradability, which means the 

contaminant is hard to break down and different aspects may have influenced this. 

Revitt, Garelick and Worrall (2002) conducted a lab-based experiment which 

confirmed that with the increase of temperature the more productive biodegradability 

is (Adeola et al., 2009), therefore when glycol is emitted in the coldest season of the 

year, the biodegradability level is not very active. Nevertheless, looking at figure 12, 

2009 and 2010, both BOD and COD show the highest percentage of exceedances 

indicating there is an abundance of a biological pollutant. The safety sheet for 

Glycomex deicer, provided by Omex (2010), only discloses Ethane-1,2-diol vapour, 

also known as Ethylene Glycol vapour, an organic compound, as part of the 

ingredients, therefore during these years more deicer may have been used. This will 

be further explored against passenger activity and meteorology in sections 6.4 and 

6.5. 
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 Furthermore, it was assumed that Pond C is the most heavily affected by de-

icer-contaminated run-off as it is the central balancing pond for all surface run-off; 

therefore for each year the highest category of environmental standard values, i.e. 

A3 Waters, was used as the threshold of safety. A3 waters means, “Surface waters 

needing intensive physical and chemical treatment, extended treatment and 

disinfection, e.g. chlorination to break-point, coagulation, flocculation, decantation, 

filtration, adsorption (activated carbon) and disinfection (ozone, final chlorination), 

for transformation into drinking water.” (The Environment Agency, 2011).  

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure	12:	Two	bar	graphs	showing	the	exceedances	of	COD	and	BOD	in	relation	to	their	environmental	standards.	

Figure	13:	The	frequency	of	contaminants	that	are	categorized	as	high	medium	and	
low	biodegradability,	determined	by	the	COD/BOD	ratio	for	83/100	samples	
collected.	Data	sourced	from	London	Stansted	Airport	Environment	Department	and	
manipulated.	
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 Total Organic Carbon’s (TOC) standards were a little more flexible than the 

rest of the parameters provided by the EA (table 4), therefore when analysing the 

dataset the samples deemed above standard were distinguished by using own-

interpretation of what an “abnormal change” would be. For example, April 2008 

succumbed a jump in TOC by 6.16 mg/l, whereas other samples throughout that 

year stabilised to no more than 5 mg/l per sample week by week. The majority of 

abnormal changes seem to occur in the winter months when the airport was 

encountering “Winter Mode” – the period in the year when de-icers and anti-freezes 

are used. Figure 14 presents supporting evidence. Most of these abnormal changes 

were due to rapid increases from one week to another, however 4th of November, 

2009 encountered abnormally lower levels of less than the detectable limit of 0.20 

mg/l, which in retrospect, can mean near to no pollutants were detected if using that 

parameter alone.  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure	14:	Abnormal	changes	in	total	organic	carbon	during	the	winter,	which	may	
indicate	exceeding	of	environmental	standards	-	using	2009	and	2012	as	examples.	
Data	derived	from	London	Stansted	Airport’s	Environment	Department.	
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 Turbidity levels at Pond C showed the highest proportion to be over EU  

Environmental Standards. 2009 was the only year where not all of the samples 

exceeded the limit of 1 NTU, however there was only 1 sample, in mid-July, at a 

measurement of 0.54 NTU. It seems the EA is very strict on their turbidity 

guidelines, or the standards differ between freshwater and drinking water. Table 4 is 

based on the latter, as freshwater was unavailable. The natural geology of the 

southeast England, where Stansted Airport is located, is clay, an important factor to 

consider for turbidity analysis (BGS, 2004). During precipitation events, the 

transportation processes for sediment along the surface run-off system of the airport 

will absorb ADAF agents directly exposed on the surface and deposit them as 

suspended sediment, or simply wash the ADAF agents directly into the ponds 

(USGS.gov, 2009).  

 Ammonia, conductivity and pH all show a low frequency of exceeded 

standards. If ammonia was testifying high concentrations then that could indicate 

municipal waste and be detrimental to aquatic life found in Pincey Brook Stream and 

the adjoining River Stort. Due to the low concentrations, this is not a problem. 

However, conductivity is showing a small amount of exceeded measurements over 

the 5-year period, mainly in 2008, 2010 and 2011. However, gaps in the dataset 

within these years and the whole of 2009 and 2012 mean the information is not 

consistent and there’s a possibility that the weeks missed may have experienced 

high conductivity levels as 2010 proves to have the most, but that may be due to it 

being the most substantial dataset provided. Conductivity would not directly indicate 

pollutants such as de-icing agents, but is used as a factor taken in situ to evaluate 

the general water quality, similarly to pH.	
	

 

6.2.  A General Evaluation of Water Quality 
 Evaluating the general state of water quality in any water body is highly 

important to prevent or mitigate pollutants. This can be done in various ways. A 

renowned and reliable ecotoxicology assessment includes the analysis of indicator 

species, such as Daphnia Magna. These are tiny freshwater crustaceans that 

inhabit freshwater lakes and ponds. By assessing population size and swimming 

behaviour, changes in clarity of water, pH, temperature, algae and other food 

sources and predation can be detected (Bownik, 2017). The latter would not be an 
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issue as there is no aquatic life, like fish, within the ponds but there will be within 

local streams and in tributaries downstream (Chapman, D., 2016).  

 All of the parameters included in Table 4 are important in determining water 

quality and de-icing contamination, however a general evaluation of water quality 

parameters over time is vital in identifying longer-term patterns of water quality. This 

section will focus on basic water quality parameters measured by Stansted Airport: 

pH, dissolved oxygen (DO), total organic carbon (TOC) and turbidity (Figures 3-6). 

 

6.2.1. pH 

 At first sight, pH, an important indicator of acidity or alkalinity of water bodies 

does not show much variability by pond and year (figure 3), although not all years’ 

and ponds’ data was available. pH is relatively neutral throughout the years, 

however it appears 2008 entailed a year of lower pH, mostly between 6.5 and 7. 

2010 is showing slightly higher than neutral levels and 2011 has no pH levels below 

neutral at all. There could be many explanations for this differentiation, but 

considering the Omex Glycomex mix is dated for 2010, it might mean 2008 

underwent the contamination of slightly different ADAF agents (concealed 

information), which may have slightly lowered the pH of the water body. However, it 

must be acknowledged there is a wide expanse of factors affecting the ponds from 

internal and external, biological, chemical, aquatic, atmospheric and so on, that 

ultimately could be the reason of pH alteration. 

 

6.2.2.  Dissolved Oxygen (DO) 

 DO levels may become low in airports due to contaminants with a high BOD 

or COD who will take up oxygen, leaving anaerobic conditions where aquatic life 

cannot survive. This will lead into the process of degradation, which glycols undergo 

if conditions are right, but will entail adverse effects downstream. Figure 4 shows 

Pond D experienced a pattern of the highest DO reductions each year, although 

there is a considerable amount of variability of results throughout both years. This is 

the smallest pond out of the three; therefore the ADAF agent, which runs off into the 

pond, does not get as diluted as balancing pond C where biodegrading processes 

may occur over a longer period of time. Pond C is the largest pond, and the central 

system where the other ponds discharge into when water quality is adverse; 

therefore more pollutants are emitted there, although less of an effect is apparent, 
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possibly due to larger volumes of water able to dilute ADAF concentrations. Overall, 

DO levels are best in Pond B and fairly variable throughout each year and pond.  

 

6.2.3.  Total Organic Carbon (TOC) 

 TOC is analysed at the monitoring stations at each pond to detect the 

immediate presence of ADAF agents within the water. However, figure 5 is based on 

the 5-year dataset produced by the laboratory analysis of water samples, rather than 

samples analysed in situ. The average quantity of TOC across the 5 years at each 

pond is generally quite low, with the exception of pond D, 2009 and Pond C and D in 

2010 with vast variability showing, especially in 2009. There are no specific 

standards set by the EA, however according to Chapman (1996) “TOC 

concentrations are generally less than 10 mg/l unless the water receives municipal 

or industrial waste, or highly coloured due to natural organic material”. The latter 

particularly refers to a swamp in which is a different hydrological environment to the 

airport’s balancing ponds, so irrelevant, but wastewater may be a suitable 

description, although her book is quite out-dated. 6 of the 18 datasets of ponds and 

years display figures above Chapman’s 10 mg/l. Again, these results are based on 

yearly averages, but it could be evidence that there was an influx of 

municipal/industrial waster, or organic material over these years. Pond B was the 

only pond that did not experience above 10 mg/l in any year, whereas pond D 

experienced above threshold concentrations every year with the exception of 2008. 

 

6.2.4. Turbidity  

 Each year’s turbidity results in pond C show the most distinguishable trend 

reigning higher values than pond B and D (Figure 6). Nevertheless, all results from 

all years and ponds exceed the environmental guideline of 1 NTU, therefore this can 

allow for suspension of contaminated sediment into the ponds, hence why turbidity 

must be closely analysed and managed. These exceedences in turbidity 

experienced could be due to higher amounts of rainfall, as rainfall is the medium in 

which sediment transports in until it is suspended into the ponds (Post D. and 

Jakeman A., 1993). However, this hypothesis does not necessarily prove to be true 

as the highest average rainfall occurred in 2012 when turbidity was the third highest 

average in 5 years (figure 15). However, turbidity is lowered from 2008 to 2009 

respectively, with rainfall and 2011 shows both lowest rainfall and lowest turbid 
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activity, therefore it is difficult to justify Post and Jackman’s (1993) findings using 

Stansted’s data.  

 Overall, figure 6 shows turbidity is a critical issue of water quality, although 

there is great variability throughout the year in turbidity and figure 6 only represents 

averages for the year. Could these high values be influenced by stormy British 

weather? Figure 15 does not justify this assumption. It could be possible that there 

were several storm events throughout the year, which increased the mean average. 

There were several minimum turbidity values reaching below 1 NTU, hence why the 

error bars in figure 6 show to have great variability. 

 

 

  

 

  

6.3.  Passenger Numbers for London Stansted Airport 
 

 Another dimension of this research entails the analysis of operational trends 

in terms of terminal passengers per year. Figure 7 has been collated to show this 

over a period of 5 years. A descending step-like pattern is the most obvious trend 

noticed from year to year. Contrary to the initial assumption that passenger numbers 

were likely to increase each year, due to increase in population and demand of low-

budget European and North African holidays, the results show the opposite. In fact, 

Figure	15:	Average	Turbidity	(NTU)	compared	with	average	rainfall	levels	for	each	year	at	London	
Stansted	Airport.	
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each year decreases and this may be due to the recession of 2008. Due to the 

economic instability in the UK, people were more cautious with spending; therefore 

this could have deterred the surge in flight numbers for the following years. This is a 

plausible idea when analysing Figure 7 and considering other sources of data. 

Figure 7 indicates 2008 totaled the most airport activity at 22,337,353 passengers 

from January to December compared to 2009-2012. In addition to this statement, 

there was a 19% increase between the business year of 2006/07 and 2007/08 and 

then a decrease in the following business year of 6% (UK Airports Industry, 2010), 

so ultimately it’s clear to see 2008 was a year of passenger upsurge.  

 April 2010 encountered a particularly significant loss in passenger numbers 

accounting for 1,232,036, whereas the April prior accounted for 1,628,938, 

succumbing a loss of almost 25%. The most prominent reason for this downfall was 

due to the grounding of flights during the eruption of Eyjafjallajokull, Iceland, 

between 14th and 21st April 2010. The ash cloud blew easterly towards mainland 

Europe at an altitude of up to 35,000 feet, therefore this did not only disrupt 

Stansted Airport’s operations, but the EU air industry as a whole reducing both 

outgoing and incoming flights at Stansted Airport (BBCNews, 2010). By the next 

month, flight operations were running as normal and the trend in figure 7 continues 

consistently.	Figure 16 was produced to show any detrimental effects on water 

quality caused by the volcanic eruption at Stansted. It is clear to see prior to the 

eruption, there was a steady incline in DO and during the week of eruption rates of 

DO elevated exponentially, hitting a peak at 117.8 mg/l on 14th April. This may have 

been due to a direct influence of the eruption and ash cloud altering the atmospheric 

composition, thus water composition.  
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6.4. How do Passenger Numbers and ADAFs Affect Eachother? 
 
 This section is important in identifying how passenger levels interact with the 

concentration of ADAF agents in water bodies, primarily focusing on the Diethylene 

Glycol (DEG) parameter. Figure 8 presents the results for 2009 as this particular 

year showed significant statistics of DEG. It is inevitable ADAFs are used whilst the 

airport is operating in winter mode, however, for at least half of the season DEG 

concentrations are below the limit of detection. Reliable results were not available, 

therefore figure 9 was produced to determine a better rate of understanding of the 

overall pollution level using BOD and COD, both significant parameters used in 

water quality analysis.  

 It can be assumed that periods of increased passenger numbers, more flights 

entering and exiting the airport’s vicinity and more airport operations taking place in 

general, that DEG results would increase and overall water quality would suffer, 

however that is not entirely the case in Figure 8. February is marginally more active 

than January, but still one of the least active months in terms of passenger numbers, 

yet concentration levels of DEG are substantially higher than the rest of the year, 

peaking at 10.17 mg/l. BOD and COD follow a simultaneous pattern to DEG, 

supporting a period of high glycol emissions. Furthermore, it is unclear to say 

Figure	16:	Relationship	between	passenger	number	and	water	quality	parameters	(BOD,	COD	and	DO)	before	
during	and	after	the	Eyjafjallajokull	eruption	in	Iceland	in	April	2010.	
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passenger numbers affect deicing contamination of the ponds as much as initially 

assumed as there would be a corresponding pattern between adverse water quality 

and passenger influx.	
	

 

6.5.  Precipitation’s Role in Affecting ADAF Concentrations at Pond C 
 

 In response to the last section, it is vital to consider the meteorological effects 

on ADAF emissions. It is the upmost priority to entail passenger safety over the 

winter months of airport operations, so for approximately half the year, ADAFs are 

applied directly to the aircrafts and the taxiways, runway and aircraft stands. 

Unfortunately, the aircraft stands (in which aircraft washing takes place) is part of a 

different water system, where trade effluent is discharged directly as wastewater to 

water treatment plants, therefore the water quality dataset for these sites are 

sensitive information to the airlines and concealed. Nevertheless, this research topic 

is focusing on surface run-off, therefore storm water produced by rainfall, which 

provides the DEG information, supported with indirect indicators of pollution, COD 

and BOD, represented on Figure 10. Other than rainfall, snowfall is also presented 

to indicate freezing temperatures; of which are periods where ADAFs are used more 

intensely. 

 The results of DEG between 2008 and 2010-2012 show the majority of 

samples taken were on average below the limit of detection of which is <5 mg/l, 

other than the exception of 1 sample in November 2011, which reached a level of 10 

mg/l of DEG. This was sampled closely after its highest rainfall event of the year, 

which produced vast amounts of contaminated storm water to the ponds all at once 

after weeks of low rainfall and build up on airport surfaces. However, in order to 

simplify the results, 2009 was chosen to present as it contained the most significant 

DEG concentration events in comparison to the other years. February to March and 

October in 2009 saw a rapid increase in DEG concentration reaching a maximum of 

12.2 mg/l on the 18th February. This evidence was supported by a peak in COD, the 

supporting evidence of the presence of an organic pollutant, like glycol (Fan et al., 

2011). At this time, the southeast was at the brunt of the highest amount of snowfall 

experienced in 18 years (Gillan and Jones, 2009) and with the mix of rainfall to 

contribute to stormwater levels of deicer reached this height. The southeast 
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experienced up to 10cm of snow in some parts, leading to London Heathrow and 

Gatwick to close their runways temporarily (BBCNews, 2009). There is no evidence 

Stansted Airport’s flight operations were disrupted to the same extent, but it is 

evident large quantities of ADAFs were used significantly in order to prevent 

cancelled flights and a vulnerable environment for passenger safety. Snow can be a 

major problem for not only the water network, but for the economy of the airport, as 

cancelling flights can result in a loss of millions of pounds per day, therefore the 

environment may not be seen as important to preserve than airport business 

operations.  

 There is a pattern throughout the results where deicing agents are abundant, 

as deicing indicators rise after rainfall events, but only in autumn/winter months 

when the airport is running in winter mode and ADAFs are used. Apart from the five 

weeks of the year that have detected increase in DEG and ODs, figure 10 shows 

rainfall and snowfall does not consistently affect DEG levels as such, however 

peaks of ADAF indicators are abundant, but more research must be made to reach 

a conclusive answer.	
	

	

7. CONCLUSION  
 
7.1. The Conclusion to the Results and Hypothesis 

 This section will focus on the success of this research project and ultimately 

determine whether the hypothesis “Aircraft deicing and anti-freeze (ADAF) 

contamination in ponds and external streams will increase with the rise of passenger 

numbers and harsher weather conditions” can be proved or disproved drawing on 

the results and methods. 

 In terms of general water quality of the ponds, pH, DO and TOC are generally 

within good range, however turbidity exceeds guidelines set by the EA fairly 

frequently. DO and turbidity are the best indicators of pollution in the receiving 

waters because if oxygen levels deplete, then it is likely a pollutant is consuming it. 

Furthermore, Stansted sits on a bed of Thames clay, very absorbing to pollutants, 

therefore higher turbidity can result in a higher rate of polluted suspended sediment 

within the ponds. 

 The hypothesis assumes ADAF usage will increase, as passenger numbers 

will raise, however figure 7 represents that this is not the case and in fact, 
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passenger intake declines over the years. This was an unexpected set of results 

and the best explanation was the 2008 recession, reducing the amount of people 

affording to travel. Possibly, if passenger numbers were to increase between 2008-

2012 there would be more adverse effect on the water quality; however there is no 

strong evidence signifying passengers have had little, if not any impact on ADAF 

usage. 

 Lastly, there has been evidence that with stronger snowfall events comes an 

influx of DEG and the COD and BOD levels showed corresponding results. February 

2009 was chosen to present (figure 10) as it was the significant year when the UK 

was at the brunt of the most snow experienced in 18 years, so an influx of ADAF 

agents in the water system was abundant. 

 

7.2. Improvements For Next Time 

 This report aimed to focus on the importance of acknowledging the risks of 

ADAFs to the environment’s water quality at Stansted Airport and distinguish 

whether their main mitigation method, being the balancing ponds are effective. 

During the time of research, it was aimed to explore the different airport activities 

and scopes of influence that may impact the water quality at Stansted Airport. This 

is why passenger intake levels and weather were chosen as primary research topics 

against the overall water quality for a span of 5 years. After data analysis and 

synthesisation of this report, it’s been realised that a longer dataset of 10 years or 

more could have shown more patterns in each aspect of the research and given 

more conclusive results. Furthermore, a lack of available academic papers that 

focus purely on Stansted did not allow a holistic overview of what other mitigation 

methods have been put into place. For example, section 3.4 suggests different 

mitigation methods airports use globally to reduce ADAF impacts on receiving 

waters from the source. This includes application onto the aircraft through methods 

like hybrid de-icing and optimizing the fluid mixture, or encompassing the impact by 

having deicing pads. However, observed knowledge was only gained in the 

mitigation methods further along the water system at Stansted Airport, such as the 

balancing ponds and sewerage treatment plant, hence why this research project is 

heavily based on the balancing ponds. 
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 Overall, Stansted’s mitigation and management of ADAF agents into 

receiving waters, conjoining with tributaries to major river networks is proving to be 

successful. Where there have been influxes of DEG, there has also been fast 

response times where concentrations have thoroughly reduced back to safe levels. 

As Stansted thrives, expands and develops in business, the stress on the 

environment will need further maintaining and mitigating, especially with an 

expected 10 million passenger rise within the next decade and the effects of climate 

change on weather patterns across the UK. Will London Stansted Airport’s 

balancing ponds be able to withstand its future fate? 
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