Earth Science Partnership

TECHNICAL ADVICE NOTE

Consulting Engineers | Geologists | Environmental Scientists

The process of Monitored Natural Attenuation
What is Natural Attenuation
Groundwater contamination through anthropogenic activities is a widespread problem in the brownfield urban environment with mobile groundwater pollution
often resulting in the migration of contaminants. Natural Attenuation (NA) is the successful demonstration that naturally occurring processes are sufficient to
mitigate against the risk of exposure to dissolved contaminants. Monitored Natural Attenuation comprises the monitoring of these process.
The Environment Agency (EA) Defines NA in Groundwater as:
“The effect of naturally occurring physical, chemical and biological processes, or any combination of those processes to reduce the load,
concentration, flux or toxicity of polluting substances in groundwater. For natural attenuation to be effective as a remedial action, the rate at which
those processes occur must be sufficient to prevent polluting substances entering identified receptors and to minimise expansion of pollutant plumes
into currently unpolluted groundwater. Dilution within a receptor, such as in a river or borehole, is not natural attenuation.”
With Monitored Natural Attenuation (MNA) defined as:
“Monitoring of groundwater to confirm whether NA processes are acting at a sufficient rate to ensure that the wider environment is unaffected and
that remedial objectives will be achieved within a reasonable timescale; this will typically be less than one generation or 30 years.” 1
NA relates mainly to organic environmental contaminants that can be biodegradable under aerobic and/or anaerobic conditions and it is this principle that NA
utilises as a remediation method for groundwater contamination in place of less sustainable and more costly techniques such as “pump, treat and inject” or air
sparging.
Regulatory Background
Whilst there are a number of regulatory and guidance documents that inform decisions around NA, the base regulatory text comprises Part IIA of the
Environmental Protection Act of 1990 (Contaminated Land Regulations) which has been in force since the year 2000 in England (2001 in Wales). Under this Act,
Local Authorities have a duty to identify contaminated sites within their boundaries and establish both what remediation is necessary and who should bear the
responsibility and cost of remediation. Under Part IIA the statutory definition of contaminated land is:
“Land which appears to the local authority in whose area it is situated to be in such a condition, by reason of substances in, on or under the land,
that:
(a) Significant harm is being caused or there is a significant possibility of such harm being caused; or
(b) Pollution of controlled waters is being, or is likely to be, caused."2
The contaminated land regime in the UK operates with retrospective liability and even though this system
may seem unreasonable to developers and land owners acquiring sites of unknown (or known) condition,
it ensures that contaminated sites are dealt with in a uniform manner under Part IIA.3
The principles behind NA within the wider implementation of Part IIA seeks to allow the natural
degradation of potential contaminants arising from contaminated land, that may otherwise cause harm.
When groundwater becomes contaminated, there is a chance that harm will come to a human, or another
target. For example, harm may result from drinking of contaminated water abstracted from public water
supplies.

Source

(Such as tanks,
contaminated soils, free
phase in groundwater)

Pathway

(Such as permeable soils, fractured
Rock strata, infrastructure and
Contaminant plumes)

The chance that harm will result from groundwater contamination is termed the risk, but before a risk can
exist, a chain of characteristics (pollutant linkage) must exist, comprising:4
 A source of contaminations;
 A pathway for contaminant transport from the source to the receptor;
 A target, or receptor to which the contaminant may cause harm.

Receptor

(Such as groundwater
aquifers, surface
waters, potable
supplies)

Establishing the Occurrence of Natural Attenuation
NA is likely to occur to greater or lesser extents in every contaminant plume, however,
the key to NA is the successful demonstration that naturally occurring processes are
sufficient to mitigate against the risk of exposure to dissolved contaminants in place of
physical treatment methods. The Environment Agency document R & D Publication 95,
“Guidance on the Assessment and Monitoring of Natural Attenuation of Contaminants
in Groundwater” (2000) is a collaborative piece of work between the EA and
contaminated land and groundwater specialists for managing the risks associated with
contaminated groundwater in the UK. The time frame set for remedial objectives to be
met in the UK is not more than one generation (30 years) and the acceptance of MNA
by the EA is reliant on a number of criteria:
 No/low risk to receptors proven during the initial stages;


The effectiveness of MNA can be demonstrated through long term monitoring;



Controls are in place to allow the monitoring of NA on site (funding, ownership);



Remedial objectives set must be reached within a reasonable time frame;



It can be shown that a contaminant plume is shrinking or stable and where there
is no unacceptable impact or risk to receptors;

Insert 1: Conceptual Model of Potential Contamination Source and
Movement (Price 1998)5



A plume must not expand from its present position more than 10% of the distance
to the nearest receptor or 100m from point of source (whatever is the lesser).

Environment Agency (2000). Guidance on the Assessment and Monitoring of Natural Attenuation of Contaminants in Groundwater. R &D Publication 95.
Environmental Protection Act – 1990 (Part IIA).
3 After Bell & McGillivray (2000) Environmental Law, Fifth Edition.
4 CIRIA, 1998. Hydraulic Measures for the control and treatment of groundwater
pollution. CIRIA Report 186.
5 Price. M. (1998) Introducing Groundwater
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The ultimate objective of NA modelling is to reproduce effectively the chemical and physical behaviour of the site from a sufficiently fundamental understanding of
the processes (Khan & Husain, 2003). Modelling allows a study of plume geometry with time, concentrations, and time required for the contaminants to reach the
potential receptors. The modelling of NA involves:
 A conceptual model a representation of the natural system (see Insert 1);


A mathematical model representing controlling mechanisms in mathematical terms;



Solution of the mathematical model; and



Calibration of the solution by adjusting the computed to observed response of the natural system.

The biogeochemical process of NA has been well documented through
laboratory studies. Khan and Hussain (2001)6 have identified the processes at
work in a contaminant plume as encompassing a number of in situ physical,
chemical or biological processes, which without human intervention reduce the
mass, toxicity, mobility, volume or concentrations of contaminants in soil and
groundwater.
These in situ processes include biodegradation, dispersion, dilution, sorption,
volatilisation, and chemical or biological stabilisation of contaminants; NA may
include any or all of these processes, but a common feature of all attenuating
plumes is a decline in the contaminant concentration with time and downgradient from the source zone.
The biogeochemical characteristics of a contaminant can be zoned according
to the primary process in operation spatially and vertically. This has been
displayed by CIRIA document C549 as a zonation in the redox zones in
contaminated groundwater (see Insert 2).

Insert 2: Redox Zonation in Contaminated Zones (CIRIA C549)7

Table 1: Relationship between determinant and process (Modified after EA 2000) 8
Determinant

Observed/Required Trend

Process
Aerobic respiration, denitrification,

Petroleum hydrocarbons
(TPH)

Decrease

Mn (IV) reduction, Fe (III) reduction,
sulphate reduction,
methanogenesis

Dissolved Oxygen

Decrease

Aerobic respiration

Nitrate

Decrease

Denitrification

Mn (II)
Fe (II)

Increase (metabolic byproduct)
Increase (metabolic byproduct)

Mn (IV) reduction
Fe (III) reduction

Sulphate

Decrease

Sulphate reduction

Methane

Increase

Methanogenesis

Chloride

Increase

Reductive dechlorination or direct
oxidation of chlorinated compound
Aerobic respiration, denitrification,

Redox (oxidation/reduction
potential)

Mn (IV) reduction, Fe (III) reduction,
Decrease

sulphate reduction,
methanogenesis and
halorespiration
Aerobic respiration, denitrification,

Dissolved inorganic carbon

Increase

Fe (III) reduction and sulphate
reduction

In order to establish the occurrence of MNA Primary and Secondary
lines of evidence are investigated. Primary lines of evidence are based
on a demonstration of the reduction of contaminant concentrations
down-gradient of a source, or over time.
Secondary lines of evidence involve presentation of chemical and
analytical data, and an assessment of contaminant properties, to
prove that loss of contaminant mass is occurring/likely within the
geochemical environment of the site.
Organic compounds are biodegraded/metabolised via biological
oxidation when electron donors, electron acceptors and nutrients are
combined by micro-organisms to produce metabolic by-products and
energy for microbial growth. Both aliphatic and aromatic compounds
serve as the electron donor and are broken down in the process.
Oxygen is the most favoured electron acceptor for microbes in the
biodegradation of organic material. Anaerobic bacteria cannot function
if dissolved oxygen concentrations exceed 0.5 mg/l and so if dissolved
oxygen levels are greater than this aerobic degradation is the most
likely process.
Following oxygen and in order of preference utilisation by microbes,
include nitrate, manganese (IV), iron (III), sulphate and carbon dioxide.
Manganese and iron are typically present in the mineral form.
Depending on the electron acceptor used, the metabolic by products
include carbon dioxide, water, nitrogen gas, Manganese (II), Fe (II),
hydrogen sulphide and methane.
Laboratory testing of groundwater can be utilised to determine the
increase/decrease of certain determinants. Table 1 (left) identifies
those routinely tested for, the trend required for each and the process
involved.

Khan and Hussain (2001) Risk-based monitored natural attenuation – a case study.
CIRIA C549 (2001) Remedial processes for contaminated land – principles and practice.
8 Environment Agency (2000). Guidance on the Assessment and Monitoring of Natural Attenuation of Contaminants in Groundwater. R &D Publication 95.
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Determining the Outcome of Natural Attenuation
Through the process of monitoring, an investigation should aim to establish that MNA is occurring through the increase or decrease of the respective determinants
and the likelihood of a satisfactory decrease in source contaminants within the accepted time period (30 years). Once this has been established approaches can
be made to the local regulators outlining the findings and recommendations of acceptance of ongoing NA. Insert 3 (Khan and Hussain 2001) identifies this idealised
process9.

Insert 3: General Procedure for Determination and Acceptance of MNA (Khan and Hussain 2001)
The successful establishment of MNA can help open up sites for development that may have previously been considered undevelopable due to the requirement
for less sustainable and more costly techniques such as “pump, treat and inject” or air sparging. The acceptance and use of MNA in the remediation of brownfield
sites can be considered a passive yet thorough approach that would otherwise remain derelict and an environmental liability due to the potential costs of more
traditional remediation techniques.
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