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ABSTRACT

Sustainable Drainage Systems (SuDS) is an established method for managing runoff in urban
areas mitigating the effects on the environment of the modified water cycle mautilicingthe

amount ofurbandiffuse pollution washed into rivers.

This Thesis presents the performance of two different SuDS located in East London, in the
Salmons Brook catchment, a tributary of river Lekring their staup period It is
demonstrated that the main sources of hdion for the area are misconnections, with

household appliance connected into the separate sewage system.

The SuDS are evaluatday monitoring specific target parameters, chosen after a literature

review for their ability to act as markers of differeype of contamination.

The target markers are nutrients (Nitrate, Ammonia, Total Nitrogen and Total Phosphate),
COD and Total Coliform, as markers of misconnections, and Total Petroleum Hydrocarbons
(TPH) and Heavy Metals (Cadmium, Lead, Zinc and Copgpenarkers of diffuse pollution

and urban runoff. Other parameters, such as Dissolved Oxygen, Electrical Conductivity and pH,
are monitored to gain a better understanding on the general biological conditions of the river.

A particular focus is put on thEPH analysis, which are performed both on soil and on water
samples. While in the case of the water samples a standard methodology was used, for the

soil samples a new methodology was set up.

The systems perform well in term of organic content removal with an average COD reduction
(relative to Glenbrook SuDS) during thenbnths sampling period of 61.3%. In terms of
nutrients removal the SuDS are reducing the nitrogen compounds 0% (depeding on

the specific compound) while the phosphorus proves harder to remove.

Since the study took place during the stag period the efficiency is expected to increase as

the vegetation in the ponds matures atitk removal mechanisms become fully opevat
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Chapter 1I¢ Introdudion

1 INTRODUCTION

Water makes life as we know it possible. Every drop cycles continuously through air, land, and
aSlzy G2 0S dzaSR o0& a2YS2yS 62NJ a2YSGKAy3AO ¢
surface, but only 3% is fresimd only a fraction of one percent supports all life on land.

Everyone needs wateyand not justfor drinking. Society uses water to generate and sustain
economic growth and prosperity, through activities such as farming, commercial fishing,
energy production, manufacturing, transport and tourism. Water is at the core of natural
ecosystems, and climatregulation. But the pattern of supply is particularly vulnerable to

climate change.

Comparison of observed drought episodes
in Europe between 1971-1980 and 2001-2011

B 1971-1980
M 2011

(2]
a
-
fras]
c
=]
(=
o
Y
o
(2]
—
Q
D
E
=]
=

Morth EU (8 Countries) Central EU (12 Countries) Eastern EU (5 Countries) South EU (7 Countries)

Figure1-1 Comparison of observed drought episodes in Europe (source: EU WFD 4th Implementation Report)
Scientists warn of increased risk of both droughts and floods in the coming decades. Overall
demand for water is growing, putting a strain on available suppli&s.the 6urth
implementation report from the European Commission statéVater scarcity is an
increasinglyfrequent and worrying phenomenon that affects at least %4 of the European
population and 17 % of EU territorgince1980, the number of droughtsin Europehas
AYONBIFaSR: FyR GKS& KI @S 6S02YS Y2NB aSOSNEB
30 years.
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Chapter I¢ Introdudion

At the same time, threats to water quality come from pollution, caéstraction and
hydromorphological changes due to industry, agriculture, urldevelopments, flood

defenses, power generation, navigation, recreation, wastewater discharge and more.

1.1 THEEUWATEHRAMEWORKIRECTIVE
The EU Water Framework Directive (WFD), adopted in 2000, takes a pioneering approach to
protecting water based on natal geographical formations: river basins. It sets out a precise

timetable, with 2015 as the deadline for getting all European waters into good condition.

The definition of ecological status looks at the abundance of aquatic flora and fish fauna, the
avaibbility of nutrients, and aspects like salinity, temperature and pollution by chemical
pollutants. Morphological features, such as quantity, water flow, water depths and structures

of the river beds, are also taken into account. The WFD classificatiomsdbesurface water
SO2t23aA0Ff &aGFGdza AyOfdzRSa FTAGS OFGSI2NRASAED
YSFEyad y2 2N OSNB 26 KdzYly LINBaadaNBEd® WD22R
O2yRAGAZ2Y S WY2RSNIY (S & dandzoon. YSIEYya WY2RSNI

To define good chemical status, environmental quality standards have been established for
45 new and eight previously regulated chemical pollutants of high concern across the EU. In
this respect, the WFD is backed up by other EU legislatich as the REACH regulation on

chemicals, the Industrial Emissions Directive (IED) and EU regulations on pesticides.

The rules for groundwater are slightly different and good chemical and quantitative status is
the objective set by the WFD. Member Statesst use geological data to identify distinct
volumes of water in underground aquifers and limit abstraction to a portion of the annual
recharge. Groundwater should not be polluted at@kny pollution must be detected and

stopped.

In2012,the EuropearCommission published its third implementation report. It found that 43
% of surface water bodies weredgood status in 2009 and that this is projected to increase
to 53 % by 201b6ased orthe measures planned by Member States. Therefore, a 47% slhortfal

is expected in 2015 if no further action is taken.

11



Chapter 1I¢ Introdudion

1.2 THE IMPACTS ORBANIZATIGNCHANGE OF NATURAWFIPATTERNS

Development may reduce the permeability of the land surface by replacing free draining
ground with impermeable roofs, roads and paved artes are drained by pipe or channel
systemgKonrad, 2003)Clearing of the area removes the natural vegetation that intercepts,
slows and returns rainfall to the air through evapotranspiration. During development, the
natural surface vegetated soils armoved and the subsoil is compacted. All these processes
reduce the amount of water that can infiltrate into the ground, and significantly increase the
rate at which water runs off the surfac€CIRIA, 2007)

Figure 1.2 shows the change in paad postdevelopment hydrological processes, and Figure

1.3 demonstrates the impact of these changes on the resulting runoff hydrograph.

Evapotranspiration

Evapotranspiration

Surface flow

= ' Interflow

Interflow Baseflow

W ~ Baseflow

Figurel-2 Pre and post development hydrological processes

A Higher and more
‘ Large storm N\ rapid peak discharge
\
1 /’ \ Pre development
\
/ \ Steeper recession - ——~— Post development
More runoff volume l, \
Flow ' I ™ \\’
(m’/s) ,I \ Lower and less
| \ - rapid peak

Gradual recession

S ———

S i i s
| sruse.

Time -

Figurel-3 Pre and post development runoff hydrographs following storm rainfall
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Chapter I¢ Introdudion

The alteration of natural flow patterns (in terms of both the total quantity of runoff and the
peak runoff rates) may lead to flooding and channek&rn downstream of the development.
The decrease in percolation into the soil can lead to low base flows in watercourses, reduced

aquifer recharge, and damage tostream and streamside habitatd<onrad, 2003)

Table 1.1summarizes the impacts of urbanizam on runoff quantity and quality and on the

morphology of the receiving watercourse.

Tablel-1 Impacts of developmeriadapted from CIRIA, 2007)

Processes Impacts Environmental effects
increased runoff
s reduced infiltration and yolumes Unrestrained discharges
- increased peak from a devéoped
evapotranspiration
Changes to . . runoff rates catchment can be orders
4 rapid urban arealrainage . .
streamflow o increased of magnitude greater than
& reducedinfiltration, :
. downstream those for an undisturbed
interflow, recharge. .
flooding catchment.
reduced baseflows.
Channels widen to
. ) accommodate and convey
& increased stream profile -
. o the increased runoff.
instability
. . - More frequent events
4 increased erosion rates stream widening
. " . undercut and scour the
4 sediment deposition stream erosion
Changes to ; . stream bank.
4 increased flow rates and loss of streamside
stream Tree root zones are
flood frequency tree cover
morphology . . eroded and trees
4 floodplain development changes in channel uprooted
(including inchannel bed profiles. P o
. Channel erosion and extrg
structures, bridges, .
sediment sources cause
culverts). o
deposition as sandbars or
substrate.
Higher flows can wash
away biological
communities.
Streambank erosion and
degradation to loss of riparian vegetation
4 increased flow rates and habitat structure reduce habitat.
flood frequency loss of pootiffle Sediment deposits can
4 loss ofriparian vegetation structure smother streardbed
4 increased erosion rates increased stream aquatic habitat, and pools
Impacts to . " .
aquatic habitat 4 sediment deposition temperatures and riffles are refaced
q & reduced habitat variability decline in with more uniform
& reduced baseflows aburdance and streambeds.
& stored runoff, from warm biodiversity Increased temperatures
urban areas. siltation or reduce oxygen levels and
sedimentation. disrupt the food chain.
Composition of the
aquatic community will
deteriorate with poorer
quality waters.
redup(_ed oxygen in Oxygen depletion weaken
" . receiving waters .
& decomposition of organic . ) stream life and affects the
Impacts to : nutrient enrichment . .
. matter presentin runoff . . release of toxic chemicals
water quality (e.g. raised nitrogen, . .
(uses up oxygen) from sedimentdeposited
phosphorous .
) in the watercourse.
concentrations)
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washoff of fertiliser,
vegetative litter, animal
wastes, sewer overflows,
septic tank seepage,
sewage spills, detergents
dashoff of oils, greases,
diesel/petrol

washoff from industrial
and commercial sites,
rooftops, vehicles,
household chemicals,
landfills, hazardous waste
sites.

pathogen
contamination
hydrocarbon

contamination (e.qg.

TPH, PAH, VOCs,
MTBE)
increased levelsf

toxic materials (e.qg.

metals, pesticides,
cyanides)

raised sediment
loads,
sedimentation
raised water
temperatures

litter and debris
weed and algal
growth.

Increased nutrient levels
promotes weed, algal
growth, eutrophication.
Can result in fish Kills.
The level of bacteria found
in urban runoff can exceeq
public health standards fo
water contact recreation.
Toxic materialgincluding
hydrocarbons) kill aquatic
organisms and accumulatg
in the food chain. Their
presence increases
drinking water treatment
costs.

Construction site runoff,
exposed soils, street
runoff, and stream erosion

are the primary sources of
sediment in urlan runoff.
Debris, litter, weed, algae
and sewage spills are
aesthetically unattractive,
obstruct flow paths and
present risks to humans,
flora and fauna.

1.3 THE IMPACTS OF UREANION; DIFFUSE POLLUTIOB MUISCONNECTIONS

As seen before, my Q& | giva ds@td a lr§ednumber of pollutants such as sediments,

oils, grits, metals, fertilizers, pesticides, salts, pathogens and litter that, along with animal
waste, can affect public health and cause environmental dand@grIA, 2007Erosion poses
addtional problems, especially if the sediments washed out come from contaminated land,
construction sites or land restoration sites. Another intermittent source can be accidental
spills of liquids(e.g. oil or milk spills from tankers), or dischargesning from vehicular
AYRdAzZAGNA L LINRPOS&aa €SI113Sd ¢KSaAS
L2t fdziA2yé a GKS@ R2 y20 FNRAS TN

all the land use and human activity in the urban ar@ainwater mobilizes these pollutants

accidentsl y' R
RATTFdza S

which are then washed into surface water sewers and eventually into rivers, or into
groundwater. The loss of topsoil and vegetation removes a valuable filtering mechanism for
runoff, and because traditional drainagessgms are designed to carry water away quickly
without treatment, they transfer pollutants rapidly to receiving wagedownstream of the
development(CIRIA, 2010).

Diffuse pollution produced from urban surface runoff is recognized as one of the major factors

that can severely undermine the quality of receiving water bodies (Arnold and Gibbons, 1996;
14
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Slonecker et al., 2001). The surface water recipients receive thswater runoff through

the local urban drainage system. The groundwater is affected by the seepage water, which is
filtered through the soil. The filtration process is also a natural treatment process, improving
the quality of water that ends up in ageifs. The level of purification that is accomplished
depends on the pollutant retention capacity of the subsurface soil. The comparative
investigation of the degree of environmental hazards on surface water, seepage water and
groundwater, has been investiga through longterm numerical modelling (Zimmermann et

al., 2005).

Table 1.2n the next pageresents the sources of pollution from impermeable surfaces, and

the typical pollutant classes.
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Tablel-2 Sourcs of pollution from impermeable surfaces (adapted from CIRIA, 2007)

Source Typical pollutants Source details
Atmospheric Phosphorous, nitrogen, Sulphur Industrialactivities, traffic air pollution and
deposition Heavy metals (lead, cadmium, agricultural activities all contribute to

copper, nickel, zinc, mercury)
Hydrocarbons.

atmospheric pollution. This is deposited as
particulates. Rain also absorbs atmospheric
pollutants.

Trafficc exhaust

Hydrocarbons

MTBE

Cadmium, Platinum, Palladium,
Rhodium

Vehicle emissions include polycyclic aromati
hydrocarbons (PAH) and unburned fuel and
particles from catalytic converters

Trafficc wear and
corrosion

Sediment
Heavy Metals (Lead, Chromium,
Copper, Nickel, Zinc)

Abrasion of tyres and corrosion of veichles
deposits pollutants onto the road or car
parking surfaces

Leaks and spillageg Hydrocarbons Engines leak oil, hydraulic and-abéng fluids
(e.g. from road Phosphates and spillages occur when refueling.
vehicles) Heavy Metals Lubricating oil can contain phosphates and
Glycolis, Alcohols metals. Accidental spillages can also occur.
Roofsg Heavy Metals (Copper, Lead, Zinc)| Roof water is often regarded as ale It can,
atmospheric Bacteria however, contain significant concentrations f
depositions, bird Organic matter heavy metals resulting from atmospheric
droppings, deposition or the corrosion of metal roofing
corrosion and or from other coatings such as tar.
vegetation
Litter / animal Bacteria, viruses Litter typially includes items such as drinks
faeces Phosphorous, Nitrogen cans, paper, food, cigarettes animal excreta

plastic and glass. Some of this will break doy
and cause pollutants to be washed off urban
surfaces. Dead animals in road decompose
and release pollutants including bacterRets
leave faeces that wash into the drainage
system.

Vegetation /
landscape
maintenance

Phosphorous, Nitrogen
Herbicides, insecticides, fungicides
Organic matter

Leaves and grass cuttings are an organic
source. Herbicides and pesticides used for
weed andpest control in landscaped areas
such as garden, parks, recreation areas and
golf courses, can be a major source of
pollution.

Soil erosion

Sediment
Phosphorous, Nitrogen
Herbicides, insecticide$ungicides

Runoff from poorly detailed landscaped or
other areas can wash onto impervious
surfaces and cause pollution of runoff

Deicing activities

Sediment

Chloride, sulphate

Heavy Metals (Iron, Nickel, Lead,
Zinc), glycol

Deicing salt is commonly used for -ig@ng
roads and car park&ock salt used for this
purpose comprises sodium chloride and grit]
can also include cyanide and phosphates ag

chemicals and oil

Cyanide anti-caking and corrosion inhibitors, heavy
Phosphate metals, urea and ethylene glycol.

Cleaning activities | Sediment Washing vehicles, windows, bins or pressur¢
Phosphorous, Nitrogen washing hardstandings leads to silt, organic
Detergents matter and detergents entering the surface

water drainage.

Wrong sewer Bacteria Wrong connections of foul sewers to surface

connections Detergents water sewers where separate sewers exist.
Organic matter

lllegal disposal of | Hydrocarbons lllegal disposal of used engine oils or other

Various chemicals

chemicals can occur at small (domestic) or
large (industrial) scales.
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Misconnections occurwhenadyal 3S 2NJ ' LA LIS AYyGSYRSR F2NJ 2
has been connected to the wrong sewer system. The first type of misconnection is when
surface runoff water or stormwater outfalls (SWOSs) get polluted by foul (contaminated) water

coming from pipesntended for the sewage system.

The second type is when the surface runoff is connected to the foul sewer, leading to hydraulic
overloading as well as placing increased burdens on treatment process downstream (DEFRA
2015).

The term misconnection is consgently misleading, as it covers a variety of urban sources
AyOft dzRAYy3I a3aINBesgl G§SNE | YR a0 tconAettions hedddn RA &
surface water and foul sewers. Other potential illicit wastewater sources to the surface water
network (even hough these are not strictly misconnections) can be spillages from septic
tanks, industrial processes and sewer lines, water from vehicle wash and contaminated

groundwater.

A principal focus in the misconnection issue has been on the weongection of hasehold
appliances (i.e., greywater discharges) into separate surface water sewer althdugpilet
(blackwater) misconnémns present a particular problem due to their high pollution potential
(Ellis et al., 2015)

Polluted stormwater outfall dischargdrom such misconnectiomsight place receiving Water

Quality Standards (WQSs) at risk of failared prejudice good potential ecological status
(Defra, 2012) in additioto causing aesthetic impacts. This potential source of urban receiving
waterLJ2 f f dziA2y KlFa 0SSy NBOSy It by hRUiKyfaguatb R | a
Environment Agency (Defra, 201R) the United Statesjmilar riskgposed to receiving water

bodies by such illicit discharges associatgth municipal separate ston sewer systems

(MS4s) have also beerecognised (Brown etla 2004). lllicit discharge tkction and
elimination (IDDE) regulations under Phase Il of the NatiBodlitant Discharge Elimination
{ealdSY o0bt 59{ Otargetedhiscoansatians axfenddrst piejudicing municipal

permit consents (Brzozowski, 2004).

Despite this increasing perception that misconnections potentially is a major problem, the
pervasiveness and severity of the problem is uncertain or misunderstood, even because many

indirect discharges are caused by common residential behaviours and may not be classified as
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GAfftAOAGE SOSYy G(K2dza3K (GKS& Oly O2yGNRO6dzGS 0
et al., 2011).Urban catchment studies in both the UK and the Unifdes of pollution

loading from illicit discharges to SWO/MS4 sewsaise demonstrated that the majority of

such discharges are undetectpdmarily due to a lack of survey and monitoring data for urban
surfacewater sewer (stormwater) pipes (Johnson and fanm, 1998{ G G A2y SNB h F U
2011; Lilly et al., 2012). Given the mixed surfaeg¢er and combined sewer inputs as well as

sewer infrastructurey’ | € Fdzy Ot A2y as GKSNB g A fffl AXSESAINVG 14a1S:
differentiating and attributhg source SWO impacts on the ovegaiality status of a receiving

water body. Is it possible to distinguish between misconneetierivedsewage from that of
crossO2yy SOiA2ya 2N SE Uménidring AayicH analygindzNOpidtad 6 K Sy

stormwater dran outfall.

Ellis et al. (2015) demonstrate that source backtracking and stringent compliance procedures
are critical factors in elimination of illicit discharges although it is clear that these approaches
must be accompanied by preventative and continuablic awareness campaigns and related
incentives. In the same paper the costs of misconnections addressed, and in terms of
equivalent annual value (EAV), surface water sewer misconnections have been estimated to

cost the UK water industry about £285k @ S+ NJ 6 e HyH ake&SIFND Ay GSNH

and maintenance.

Type of pollution| Target Methodology Conclusions Paper
Substance
Urban runoff Cd, Cu, Pb, N| Lysimeter soail 4 Inlet design influencey Evidence  of
Zn, TPH, Totg core study the pattern of | traffic-related
PAH contamination in the| pollutant
basin soils, but not thg control in soH
average pollutant| based

concentration. Howevel Sustainable

it influences the| Drainage
average sedimen] System (Napie
quality et al., 2008)

4 Degradation of organi
pollutants in submergeg
sediments is slowe
than in exposed soil

4 Most pollutant are
retained in the top10

cm of soll
Urban runoff pH, electricall ASTM D7066 4 Filtering effect of the| Comparative
conductivity, SuDS confirmed analysis of the

DO, TSS, TPH
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High impact registered
on water pollutants
associated with solig
particles

2dzib2 g
quality of two
sustainable
linear drainage
systems

(V. C. Andrés
Valeri et al,
2014)

Urban run-off

COD, TSS
Nitrogen,
Phosphorus

Unspecified

Pollutant load actually
increased after the
treatment during the
start-up period. The
high loads were
believed to be due to 3
combination of residueg
from the construction
process and from the
very long anteceden
dry period before the
Ust event observed.

{ds5{ 9%
during the
StartUp
period under
Mediterranean
Climatic
Conditions
(Perales
Momparler et
al., 2013)

Jetfuel
contaminated
run-off

Various
hydrocarbons

Gas
Chromatography|

Subsurface infiltration
of jet fuelcontaminated
surface runoff has beel
shown tobe a feasible
treatment method.
Biodegradation is
believed to be the mair
process responsible fo
the observed removal
of the hydrocarbons.

Treatment of
Jet Fuel
Contaminated
Runoff

Water by
Subsurface
Infiltration
(Gijs D.
Breedveld,
Gunnar Olstad
& PerAagaard
,1997)

1.4 RoLE oF THRIDS

Swstainable Drainage Systerage technically regarded a sequence of management practices,
control structures and strategies designed to efficiently and sustainably drain surface water,

while minimising pollution and managy the impact on water quality of local water bodies.

¢KS ARSI G(KS& INB oF&aSR 2y A& (2 -dBlaghenOl (S

drainage from a site.

The most authoritative guide to SuDS is currefittieg SUDS ManuéTIRIA, 2007), wise goal

Ad (G2 2FFSNI aO2YLINBKSYaAaAdS | ROAOS 2y GKS AY
A Sustainable Drainage System can address many of the previous issues, thus mitigating many

of the adverse effects on the environment of stormwater runoff. Theekgeved through:

¢ reducing runoff rates, thus reducing the risk of downstream flood@irIA 2007)
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¢ reducing the additional runoff volumes and runoff frequencies that tend to be
increased as a result of urbanisation, and which can exacerbate flood rislkaarafe
receiving water qualityJefferies et al., 2004; Scholes et al., 2008

4 encouraging natural groundwater recharge (where appropriate) to minimise the
Impacts on aquifers and river baseflows in the receiving catchment

¢ reducing pollutant concentrations stormwater, thus protecting the quality of the
receiving water body

¢ acting as a buffer for accidental spills by preventing a direct discharge of high
concentrations of contaminants to the receiving water body

¢ reducing the volume of surface water rumialischarging to combined sewsystems,
thus reducing discharges of polluted water to watercourses via CSO spills

¢ contributing to the enhanced amenity and aesthetic value of developed gi¢eal
aO[ SIy 3 5Q! ND& wunnan

¢ providing habitats for wildlife in nlban areas and opportunities for biodiversity
enhancement(R.A. Briers. 201DEFRA 2006

In the UK there are at least 56 case studies for SuDS, without considering all the systems for

individual buildings.

In Scotland, where the acceptance of stormwateanagement advanced more rapidly than
England and Wales (Fletcher et al.,, 2014), SuDS have been mandatory in most new
developments since 2003 (WEWS, 2003) and aimed at improving water quality in receiving
waters. In England and Wales the focus is switcmede on the control of water quantity

rather than quality (Defra, 2011).

An example of a success case study is related with the SuDS built in North Hamilton, Leicester.
This system is surrounded by a residential development, located on former agritultura
grassland. The aim of the project was to mimic natural drainage patterns in order to remove
the need for traditional sewers and therefore reducing costs. The use of swales and retention

pond was chosen to help solving existing flooding problems in theyeMelton Brook.

The results have shown an increase in biodiversity and a benefit for the local flood risk

management.
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Another case study is the SuDS at Hopwood M42, Worcestershire. In this system, source
control components trap most of the contaminarftem the motorway service area before
diverting the runoff from the car parking and the fuel filling area to a tributary of the Hopwood

stream.

Both case studies are from CIRIA, 2010.

1.5 SUSTAINABLE DRAINRBECTICES IN TH&C THESALMONSBROOKCATCHMENT

This Thesis is written and developed under the framework of the Salmons Brook Healthy River

Challenge.

9Fad [2YR2y Q& NAGSNAR FINB &a2YS 2F GKS -owlizaid L
sewage bacteria, waste water from homes and oils androbals from roads. Rivers of the

Lea Catchment which fall within the boroughs of Tower Hamlets, Newham, Hackney, Waltham
Forest, Haringey, and Enfield are being impacted daily. (Thames21, 2011). To deal with this
issue Thames21 has launched the Love tlee@ampan, in which the Salmons Brook Healthy

River Challenge plays a major role.

The Salmons Brook Healthy River Challenge aims to improve the water quality in the Salmons
Brook Catchment using Sustainable Drainage Systems (SuDS). Three communi§ugxales

have currently been created as part of the Salmons Brook Healthy River Challenge. One more
community scale SuDS is in the planning stage and expected to be delivered the summer of

2015.
The four sites chosen for this project are:

The woodland at Grovands Park (Chapter 2.1.1), where the road-aihfrom Seaforth

Gardens and Branscombe Gardens will be treated before it goes into Grovelands Stream.
The Spinney at Houndsden Rd, next to Houndsden Stream (Chapter 2.1.2)
The Glenbrook at Lonsdale Drive &pter 2.1.3)

The land next to the A10 northbound carriageway, a former council tree nursery, where the

run off goes into the Salmons Brook (Chapter 2.1.4)
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1.6 OBJECTIVES

This project aims to monitor and evaluate the efficiency of the existing and the new BubS.
will be achieved through the determination of the removal of target contaminants by the
SuDS. The target contaminants are nutrie(strate, Ammonia Total Nitrogen and Total
Phosphate)CODand Total Coliform as markers of misconnections, and Td®adtroleum
Hydrocarbons (TPH) and Heavy Met@sadmium, LeadZinc and Copper)as markers of

diffuse pollution and urban runoff.

Nitrogen and Phosphorus are the principal nutrients of concern in urban storm water, and
both are addressed in the Water Framork Directive. The degree to which they are present

in a water body can determine the trophic status and amount of algal biomass produced.
Excessive amount of nutrients can cause eutrophication, which is the general deterioration of
a water body due to ncreased microbial respiration, resulting in reduced levels of Dissolved
Oxygen in the water, therefore depriving other organisms and life forms of oxygen. Between
the two, Phosphorus is usually the limiting element, as nitrogen is more soluble in wager. T
Total (Ortho)Phosphate level was chosen because it measures the phosphorus that is most
immediately biologically available, and most of the soluble phosphorus in storm water is

usually present in this form.
The Chemical Oxygen Demand determines the amhotiorganic pollutants found in waters.

The Total coliform level is used as an indicator of presence of pathogens in the water. Since
they are associated mainly with fecal contamination of water, they can be used as markers of

misconnections from house®ming into the separate sewage system.

TPH analysis will help to identify pollution sources and diffuse pollution, since chemicals that
occur in TPH include hexane, benzene, toluene, xylenes, naphthalene, and fluorene, other
constituents of gasoline, oéj fuels, of mineral oils, and of other petroleum produ@gency

for Toxic Substances and Disease, 2014). For this reason, TPH are great markers of diffuse

pollution and urban runoff.

Lastly, Heavy Metals are chosen as markers of diffuse urban pollutiparticular,
atmospheric deposition is an important source for Cadmium, Lead and Copper. Zinc and
Copper are traffic related pollutant, as they come from wear of brake pad and tyres,

respectively (Quinn et al., 2014, Davis et al., 2001). Another mayocs of Zinc is roof
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runoff (Gnecco et al., 2005). Copper and Cadmium can also be washed into water after the
corrosion of galvanized pipes or household plumbings, discharge from metal refinery or

runoff from waste batteries and paints (US EPA, 2013)

Suge@stion for improvement of SuDS operation will be provided after the result evaluation.

1.7 NOVEL ASPECTS OFSTHIDY

A bibliographic analysis of the available methods for TPH determination revealed that the
most used ones have been gravimetry (EPA Method 98711998), infrared (IR)
spectrophotometry (U.S. Environmental Protection Agency, 1996), and gas chromatography

GAUK DIFYS A2yAl-FIDUSYEnR® MR iProtRogion Adericy, 2000), the

Urst two being cheaper and quicker than the last ongt, less precise and informative aswell.

In order to provide a simple, expeditious and economic tool that can be used as preliminary
screening, IR spectrophotometry analysis combined with US extraction has been chosen as
TPH determination method in thiEhesis. Moreover, tetrachloroethylene (@) was used as
solvent for TPH extraction from the samples, since after a bibliographic analysis it showed
environmental advantages on the other solvents commonly used (cheaper, less toxic, less
quantity used persample, no depletion of the ozone layer). Indeed, only three studies
(Nascimento et al., 2008; ldoddmeh and Ogbeibu, 2010, Couto et al., 2014) that reported
the use of @Cl for TPH extraction were found, and only in one (Couto et al., 214) it was used

in conjunction with IR spectrophotometry and US extraction.

Therefore, this work will try to establish a new methodology for TPH extraction from soll

samples, based on the work from Couto et al.

Additionally, hisThesiswill hopefully shed some light oh¢ effectiveness of early stage SuDS.
To the best of our knowledgehe impact of the startup period on theaccumulation of
pollutant in SuDS and the treatment efficiency has not been sufficiently addressibe

reviewed literature

Another expected outcome i® investigate the correlation between the selected markers of
pollution. This will result in the development afnew and more costfficient monitoring
strategy that can be used by water utilities aredlevant stakeholders, in place of extensive

sampling campaigns.
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2 MATERIALS ANMETHODS

2.1 THECASESTUDES

The case studieshosenin this workinclude the three new SuDS of Grovelands Park,
Houndsden Spinney and Glenbrook, as well as the site for a fdraieage system on the

A1Q As said before, this work is written in the framework of the Salmons Brook Healthy River
Challenge, which aims to improve the quality of River Lea by tackling the pollution coming in
its major tributary. Figure -2 is a schemefahe Lea Catchment where the three already

existing SuDS on the Salmons Brook are circled in red.

Catchment projects

Hoveraver 3 numbered spot to see 2 project summary. Clickon 2

=pot to sea the full project details. Altarnatively Project status
Potentia
@; Planned
a Ongoing
N P -
- @ compictad

\_ ‘\
\ \
S, \
\D)
\\
.n"\\
X \..”
)
N J/

Figure2-1 Lea Catchment
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2.1.1 Groveland SuDS
The Groveland Park SuD@th a total catchment area of 11 hectares|lects water fronthe
stormwater sewers of Branscombe Gandeand Seaforth Gardeisarked in redn figure 2

2) before discharging it into the brook

o

Grovelands Park'SuDS ‘ i

Thames21
Existing stommwater SuDS projects
sewer from
Bansombe Gardens  Grovelands Park
Stormwater Low Flow

Boulders protect Watland Diversion «
swale fromeresion  Concept Plan

150mm pipato Low fows from the

new outhet shormwiter sewers from
Brarscomba Gardens and
Sesforth Gordens wil be

In to surroundings New wetiand arsa planted divarted theough planted

J N A o
with attrective Sedge o/ _'_\ swisles 30 m wetland ares
provides treatment of (4 3 \ in ceder to naburally

New bund to contaln wetiand

g /y remove & lot of the
poN /, , N polhtants that are washed
'y \ ot romch, drivewsys snd
; 10085,
~ The cleaned woter wit

ether sosk nito the
MRtment basin N Groand as it wodd in
Wi3s2s Q‘“ nature or return 1o the

beook at the bottam of the
* valiy

row diversion
b

Shalow swala cut into MM:'&
slope meandering down conwaywce md
Y 4 to wethind area Vet s v

,‘.‘-ﬂ-'_.:v nred concreta
4

g (i Vv howvetar
[ Cgent

Casext ponlutar (
will bo plantad In the wettand a2 along valley bottom
1 - ol

Bunding forces swalo to moander

” x» ’ Boukiers protect swale f‘ -

Existing stomwares , J Troen erosion
sewer from Sexforth h
Gardons
hs - \ New chambers In the existing pipes wik dirct the
l V. \ most pollutsd day-to-day watsr into tha wetland

» y whilst diverting flow at times of vory heavy rainfall
X \ 0 existing sewer 1o peevont excessive erosion

‘D ans ® o 10m \ % 20d floading in the wetlind Robert Bray

H !‘gi' %:h Associates

Figure2-2 Grovelands Park SuDS
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Sampleswere collectedin correspondence of the two inlets, as close as emergence as
possible, and from the stream, directly beldle outfall from SuD$see figure 23). This way,
is possible to calculate the amount of pollution intercepted by the system as the difference

between the levels in the brook and the levels from the inlets.

During high flow conditionthe SuDS outflow is samplekdowever, theg condition did not
occur during the implementation of the present studgd the flow was always contained in

the vegetated pond.

In Figure 24, 25 and 26 the two inlets are presented, as well as the vegetated pond and the

system outlet.

Figure2-4 View of Inlet 1
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Figure2-5 View of Inlet 2

Figure2-6 SuDS outlet
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2.1.2 Houdsden Spinney SuDS

LZEEERLLY

Figure2-7 Houndsden Spinney SuDS

The highway drainage is intercepted and diverted into a meandering treatment swale, and

from there into the woodlandFigure 26).

However, in the sampling period no flow was obsehin the swale. For this reason, samples

were taken only from theearbystream, in two different points.

2.1.3 Glenbrook SuDS
¢KS adNBFY fSFRAYy3I (2 .2ESNR&a [1S Aa Lkt
evidenced by smelkolourand the presence of Sewer Fungus. This has been confioped

Thames21 laboratory testing on nutrients and total coliform contents (See Appendix for

complete results).

The SuDS diverts the fldwy means of weirgto sixnew wetlandareas, whichreat the water

using natural biologic and filtration process, as in the other SuDS.

This system is more complex that the otherdias one inlet that collects the water from a 42
hectares catchment, and 6 stdasins in which the flow is diverted by meaof weirs on the
existing watercourse. This six new wetland areas treat the water using natural biologic and

filtration process, as in the other SuDS.
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Figure2-9 Glenbrook SuDS (part 2 of 2)

The sampling poistselected are the inflow
pipe above thesixtreatment subbasins(fig.
2-8), the SuDS outflow at the end of the
system and the outflow to the lake, below

the other nonSuDS outflovpipes(Fig. 29).

Moreover, each of thesix basinsis sampled

during extended testing runs

- (approximatively once every 2 months), in
Figure2-10 Cloudy effluent from the inflow pipe

order to gain a better understanding of the

conditions and the pollution removal processes within the wetlands.
2.1.4 A10(Great Cambridge Roa8)yDS

- Thames21
Bury Lodge

Gardehs: Bury Lodge

% SuDS Park :
SuDS Park Context
Plan

{ RN 4
Approkimate ‘:',,/
SuDS Park area ’,’/'
-

-

Robert Bray
v - Associates

Figure2-11 A10 SuDS Proposed Site
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Figure2-12 A10 SuDS Concept Plan
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The A10 SuDS Park will becooperativefrom spring 2016nd it will occupy a former council
tree nursery The systenwill intercept the road runoff from the A10 carriageway and prevent

it from going into the Salmons Brook.

The first sampling pointhat were selected arapstream

of the new proposed SuDS park, in order to obtain a
baseline level of pollution not influenced by the
carriageway. Another twosampling points are set
directly upstream and downstream the A10 to gain a
better understandingof the road impact on the brook.
Lastly, the outflow fronthe drainage pipe in figure-23

issampled during rainfall periods only

> : S
- ~

Figure2-13 Drainage pipe collecting ruoff
from the A10
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2.2 DECISION OF A NEW NTDRING STRATEGY

Thetarget areagresented in the previous paragraphs were the ones originally chosen at the

beginning of this work, in May 2015.

However, the evaluation of the preliminary results showed the necessity of a change in the
monitoring strategyThe results that led to this @ésion are presented in ChaptergdResults

and Discussions.

2.2.1 Grovelands Paikake
A newreed bedwas constructed in Jun2015, modifying the inlet of the lake to slow the
LI2ffdziA2yQad RAFTFdzaA2Yy GKNRBAAK GKS o6l airayo

As a consequence, 4 new points were seledtedrder to measure the levels of pollution

around the new inlet and in various parts of the lake. The points are shown in figiie 2

Point B
(B &

o ¥
¢Point A - Main Inlet Rebedding

© 2015 Google

(’0(38\[? earth

at
Data di acquisizione delle immagini: 6/4/2015  51°37'54.57"N  0°06'52.16"0 elev. "55im.. alt 453 m

Figure2-14 Grovelands Park Lake sampling points

Point A is the maimlet, that collects runoff water from an approximate 100 ha catchment.
Point B is a sampling point on the right side of the lake4@on from the main inlet.

Point C is a secondary inlet, collecting water from the nearby Cafe andHeostreets behind.
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Point D is the lake outlet, that leads to the stream sampled as part of the Grovelands SuDS
(see above)The distance between this point and the SuDS outflow sampling point is about
400 m.

The monitoring of the éew points willshow the level of pollutin enteringthe lake and how
it varies between the different parts of the baslhwill alsoidentify the beneficial impacts of
0KS tF1S IYyR (KS yladzNYt aOtSIFHyAy3aé FyR R

stream

N

Figure2-15 Sampling point B
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Figure2-16 New Lake Inlet (Sampling point A) as seen from point B

2.2.2 Houndsden Spinney and the A10 site
Both sites were totally removed from the sampling campaign, as the results obtained were

uninteresting

With regards to Houndsden Spinney, no flow was observed in the SuDS, so samples collection

could not be performed

Concerninghe A10, the pollutiondvels observed were very low, both in terms of Heavy
Metals and TPH. The C@éncentrationwasalsosimilar tothe onesdetected inan urban

river. The impact of the A10 was negligilide all of the measured parameters.

However samplescan be taken in both sites during rain events, when the runoff fligw

sufficiently high, especially from the A10 drainage pipe.

The following table (Table-B) resumes the sampling point chosen in this work, the

parameters measured and other informations
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TaHe 2-1 Sampling points chosen

) . Parameter Method of
Point of detection . Sample type Frequency
measured analysis
COD, Nutrients,
Standard
Heavy Metals,
methods for
Total Coliform,
water samples Water Once every two
Groveland Park SuD&Inlet 1 TPH, DO, pH,
New TPH Sediment weeks
Temperature, ;
method for soil
Electrical
o samples
Conductivity
Water Once every two
Groveland Park SuD@&Inlet 2 | All of the above 1
Sediment weeks
In case of
heavy rainfall
All of the above ;
_ Water (when water is
Groveland Park SuDSOutlet + Flow (if 1l ; ;
; Sediment actually flowing
appropriate)
out of the
system)
All of the above
. Water Once every two
Groveland Park SuDSStream + Flow (if I
_ Sediment weeks
appropriate)
COD, Nutrients,
Heavy Metals,
Total Coliform,
Once every two
Groveland Lake Outflow TPH, DO, pH, 1l Water
weeks
Temperature,
Electrical
Conductivity
_ Once every two
Groveland Lake Cafe inlet | All of the above 1 Water
weeks
Groveland Lake Right side Once every two
; All of the above 1 Water
(Point B) weeks
Groveland Lake Main inlet Once every two
All of the above I Water

(Point A)

weeks
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COD, Nutrients,
Standard
Heavy Metals,
methods for
Total Coliform,
water samples Once every two
Glenbrook SuDSlInlet TPH, DO, pH, Water
New TPH weeks
Temperature,
method for soil
Electrical
samples
Conductivity
Water Once every two
Glenbrook SuD§ Outlet All of the above i
Sediment weeks
Once every two
Boxer Lake Inlet All of the above Il Water
weeks
Approx. once
Water
Glenbrook- Intensive All of the above I every two
Sediment
months

2.3 SAMPLING PROCEDURE

2.3.1 SedimentSamples
For the TPH analysis, bodediment and water samples were taken. The soil samples

procedure followed the principles described in the Standard Method ASTM D7066.

The samples were collected usif mlglass bottles equipped with a screw cap having a

fluoropolymer liner.

The soil collectedrom siteswas as close the water sampling point as possible, and always

belowthe water level, in order to prevent loss of volatile compouapier et al., 2008).

The samples were taken from the mud under the superficial armour layer (made by bigger
grains and stones)kince the TPH tends to accumulate in the smallest particles (Pitt et al.,
1999) and in the first-80 cm of soil (Napier et al., 2008)

The samples werpreservedin a cool box to keep them refrigerated urthleir storing in the
university laboratory. Acid was not added, although the ASTM method suggested it, to avoid
excessive risks in the field and during the carrying of the samples by London Underground

services.
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2.3.2 Water Samples
As for the soil samples, theollection of thewater sanpleswas performed accordintp the

Standard Method ASTM D7066.

The samples were collected using 250 ml glass bottles equipped with a screw cap having a
fluoropolymer liner, and as close as the emergence as possible, or directly from the pipes

when feasile.

The samples were preserved in a cool box to keep them refrigerated until their storing in the
university laboratory. Acid was not added, although the ASTM method suggested it, to avoid
taking excessive risks in the field and during the carrying of Sséwmples by London

Underground services.

2.3.3 Measurement of target parameters

Besides the samples collectidhe following parameters were analysédectly on the field:

1 DO
o Hanna HI9146 Portable Dissolved Oxygen Meter
0 Instrument calibrated in air
o Watermovement of at least 30 cm/s is required for accurate DO measurement.
This can be achieved by manually stirring the probe.
1 pH/ Temperature / Electrical Conductivity
o Using HI98129 pH/EC/TDS/temperature meter.
o Instrument calibrated before the sampling
0 Measuements taken in plastic beaker to minimise electromagnetic
interference.
1 Flow
o Surface flow velocityv, [m/s])measured by timing float to travel 10 m
o Channel depth and width measured every 30 cm to create profile
o Bulk flow velocity is related to theurface flow velocity by a factor of 0.8, such
that discharge Q [dis] can be calculated as Q = 0.8*V*A
1 Timeof the day

1 Rainfall volume over previous fortnight
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1 Other notes or observations (such as presence of sewage fungus, issues/malfunctions

withinthe aGSY SGHO0OX0
2.4 CODMETHODOLOGY

The COD test was performed using photometric evaluation of Hach LCI 500 cuvette

The detection limits of this test are €150 mg / L @ The measurement was performed

according to the Standard Method of Analysis.

2.4.1 Principle
Oxidzable substances react with sulphuric acigootassium dichromate solution in the
presence of silver sulphate as a catalyst. Chloride is masked by mercury sulphate. The

reduction in the yellow coloration of Cr6+ is evaluated.

2.4.2 Steps
1. Preheat the thermosit to 148°C.

2. Bring the sediment into suspension by inverting the cuvette a few times.
3. Carefully pipette into the Cuvette test:
Reagent blank: 2.0 mL C@e water
Sample cuvette: 2.0 mL homogenized sample
4. Close cuvettes, thoroughly clean thatside.
5. Invert.
6. Heat in the preheated thermostat at 148°C for 2 h.
7. Remove the hot cuvettes. Allow to cool to app. 60°C and invert a few times.
8. Allow to cool to room temperature.

9. Thoroughly clean the outside of the cuvettes and evaluate.
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2.5 NUTRIENTBETERMINATION
In order to test nutrients concentration in sampleiach Lange cuvette test kisse used All
tests involve a reaction that produces a colaimange, whichs then read automatically by

Hach Lange DR3900 spectrophotometer.

All the nutrients test kits used come in two detection range, low and high. The first step
consists in performing an analysis with the low range test kit, then if the result is over
detection limits the test is reran using the high range test kit. The methoddtdyoth is the
same, the only difference is that a smaller volume of sample is introduced in the higher range

test kits.

2.5.1 Ammona

Tested with Hach LCK304 (low ranfé152.0 mg/L NH4N) and Hach LCK303 (high range
2.0-47.0 mg/L NHN). Both tests meage dissolved quantities, not total, sbey require the
water sample to be pre filtered. This is done by drawing some sample in to a syringe, then
attachinga membrane filter with pore width 0.45 um to the bottorfihe required amount of
filtered sample isthen pipetted into the test kit according to the working procedure

instructions.

2.5.2 Nitrate

Tested with Hach LCK339 (low ran@2313.5 mg/L NO3) and Hach LCK340 (high range

35 mg/L NO3N). As for Ammonium, both tests measure dissolved quantitiestatal, sothey
require the water sample to be pre filtered. This is done following the same procedure as in

chapter 2.5.1.

2.5.3 Total Phosphorus
Tested with Hach LCK349 (low ran@€®51.5 mg/L PO4) and Hach LCK350 (high rang&®
-20.0 mg/L PO#).

As anexample the steps for the low range test are reported. The high range test follows the

same steps, but with different volumes of sample and reagents.

1. Carefully remove the foil from the screwedon DosiCap Zip.
2. Unscrew the DosiCap Zip.
3. Pipette 2.0 mL sample.
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4. Screw the DosiCap Zip back tightly; fluting at the top.

5. Shake firmy.

6. Heat in the thermostat. HT 200 S: in standard program HT for 15 min. Thermostat: 60
min at 100°C

7. Allow to cool to room temperature. Shake firmly.

8. Pipette into the cooled cuvette: 0.2 mL Reagent B (LCK 349 B). Close Reagent B
immediately after use.

9. Screw a grey DosiCap C (LCK 349 C) onto the cuvette.

10.Invert a few times. After 10 min invert a few times more, thoroughly clean the outside

of the cuvete and evaluate

2.5.4 Total Nitrogen
Tested with Hach Latoh38 (low rangel-16 mg/L TNpand Hach Laton28 (high range5s -
40 mg/l TND. As an example the steps for the low range test are reported. The high range test

follows the same steps, but with diffemévolumes of sample and reagents.

1. Add in quick succession to a dry reaction tube: 1.3 mL sample, 1.3 mL solution A (LCK
138 A), 1 tablet B (LCK 138/238/338 B). Close immediately reaction tube. Do not invert.

2. Heat immediately. A) HT 200 S: in standardgpaon HT for 15 min. B) Thermostat: 60
min at 100°C

3. Cool down and add 1 MicroCap C (LCK 138/238/338 C).

4. Close reaction tube and invert a few times until the freezedried contents are fully
removed from the MicroCap C and all streaks are vanished.

5. Slowly ppette into the Cuvette Test: 0.5 mL digested sample.

6. Slowly pipette 0.2 mL solution D (LCK 138/238/338 D). Immediately close cuvette and
invert a few times until no more streaks can be seen.

7. After 15 min thoroughly clean the outside of the cuvette andlaate.

2.6 HEAVWIETALS

In order to test nutrients concentration in samples Hach Lange cuvette test kits are used. All
tests involve a reaction that produces a colour change, which is then read automatically by
Hach Lange DR3900 spectrophotometer.
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Hach Lage cuvette tests are designed to measure by means of a photometer the dissolved
and non complexed ions. In waste water, however, heavy metals are often undissolved and
complexly bound. In order torack these bounds arahalyse the metal load photometridgl

the CrackSet LCW 902 was used. The principle followed is that undissolved and complexly
bound heavy metals are dissolved by boiling in an acidic medium in the presence of an

oxidising agent.

2.6.1 Cracking

10 ml of homogenized sample and 1 ml of sulphadad (LCW 902 A) are added into the
enclosed reaction tube. A control of ptalue is performed and 2 dosing spoon of Potassium
peroxodisulphate B (LCW 902 B) are added if necessary. The reaction tube is then closed and
inverted a few times, and then heatea the thermostat at 100°C for 60 min. After the cooling
down to room temperature, 1 ml of Buffer solution C (LCW 902 C) Is pipetted into the reaction
tube. The tube is then closed andverted a few times.The metal content of the sample

prepared by craking can now be analysed.

2.6.2 Copper
Tested with Hach LCK329

The detection limits of this test are 0¢18.0 mg / L Cu.

1. Pipette 2.0 mL sample.

2. Close cuvette and invert a few times until the freeltéed contents are completely
dissolved.

3. After 3 min, invert dew times more, thoroughly clean the outside of the cuvette and

evaluate.

2.6.3 Zinc
Tested with Hach LCK360

The detection limits of this test are 0¢26.0 mg / L Zn.

1. Carefully remove the foil from the screwsh DosiCap Zip.
2. Unscrew the DosiCap Zip.

3. Pipette0.2 mL sample.

4. Pipette 0.2 mL solution A (LCK 360 A).
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2.6.4

Immediately screw the DosiCap Zip back; fluting at the top.
Shake firmly.

After 3 min thoroughly clean the outside of the cuvette and evaluate

Lead

Tested with Hach LCK306

The detection limits offiis test are 0., 2.0 mg / L Pb.

o o~ W DdPE

2.6.5

Pipette 10 mL sample to a reaction tube.

Add 1 dosing spoon reagent A (LCK 306 A).

Close reaction tube, invert repeatedly and wait 2 min.

Pipette into the Cuvette Test: 1.5 mL solution B (LCK 306 B).

Pipette into the sameuvette: 4.0 mL preteated sample.

Close cuvette and invert a few times. After 2 min thoroughly clean the outside of the
cuvette and evaluate

Pipette into the same cuvette: 0.3 mL solution C (LCK 306 C).

Close cuvette and invert a few times, thoroughly oléae outside of the cuvette.

After 1 min evaluate.

Cadmium

Tested with Hach LCK308

The detection limits of this test are 0.@20.3 mg /L Cd.

o

1. Pipette 10 mL sample to a reaction tube.
2. Add 1 ml reagent A (LCK 308 A).

3.
4

. If the concentration of Calcium and Magnesium is above 50 mg/L use the Method LCW

Close reaction tube, invert repeatedind wait 2 min.

903 in order to separate Calcium

Pipette into the Cuvette Test: 0.4 mL solution B (LCK 308 B).

Close cuvette and invert a few times. After 2 min thoroughiamlthe outside of the
cuvette and evaluate

Pipette into the same cuvette: 4.0 mL pretreated sample.

Close cuvette and invert a few times, thoroughly clean the outside of the cuvette.

After 30 sec evaluate.
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2.7 TPHVETHODOLOGY

Soiland watercontamination by ptroleum hydrocarbons (PHC) is of environmental concern,

as they can cause different kinds of stress on ecosystem and human hellteover,
hydrocarbons ar¢éargetsmarkers of urban runoff, since they are one of the mairpbyducts

of combustion enginesThereforeit is useful to set up guickand reliable methods for their
determination, in order to provide eitherapid information oncontamination levelor to

monitor environmentrecovery rate aftethe application of aertainremediationtechnology.

In most cases, information on levels ¢fPH, without ARSY G A UOI GA2y«kljdzly
individual compounds, is enough for that purpo$eafter this preliminary screening more
information are deemed necessary, in depth analysis can be perforiha@l peroleum
hydrocarbonss a commonly used parameter for quantifying environmental contamination

originated by various PHC products such as fuels, oils, lubricants, waxes, and others.

A bibliographic analysisf ahe available methods for TP#etermination revealed that the

most used ones have been gravimetry (EPA Method 9071 B, 1998), infrared (IR)
spectrophotometry (U.SEnvironmental Protection Agency, 1996), and gas chromatography
gAUK DI YS A2y XdGFID; USyEnRdmedtBrotdcioy Agency, 2000), the

Urst two being cheaper and quicktran the last onebut less precise and informative aswell

In the case of sediment analysia previous step fonydrocarbonsextraction from the solid
matrix is requiredAvailable proceduws include, among others, microwave assisted extraction
(Shu and Lai, 20015upercritical C@extraction (U.S. Environmental Protection Agency, 1996;
Morselli et al., 1999)ultrasonic (US) extraction (Liste and Felgentreu, 20D&uto et al.,
2014, as vell as the more classic procedures such as soxhlet extraction (Gallego et al., 2006).
Among them, US extraction offesome advantagessuch as lower costjme-consuming
effectiveness or relatively low requirement of harmful solvents. For instance, goxhle
extraction requires relatively large volumes of organic solvé@tdlego et al., 2006)vhich is

an ecological disadvantage. After the extraction step, TRetérmination by gravimetry
requires elimination (by evaporation) of the solvent before analygigch can imply loss of
FyFfedsS 2N AyOfdzaArzy 2F O2YLRdzyRa GKIFG O2y

target contaminant (Villalobos et al., 2008).
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For all these reason® spectrophotometry analysis combined with US extrachias been
chosenas TPH determination method in thvgork. The method isimple, fast and cost

efficient.

In theIR spectrophotometry determinations the solvardedfor the extraction step must be
transparent in the target wavelength interval and mumtt includeGH bords. Otherwise it
could givefalse positive resultPotentialoptions for solvent selection ar&reon 113 (Liste
and Felgentreu, 2006¢arbon tetrachloride (Cg}| tetrachloroethylene (&Ck ; Farmaki et al.,
2007, Coutoetal., 2002 NJ RAYSNX G NRYSNJ 2F OKf 2 NBifcHi¥e b dz2 NI
Montreal Protocol (1987Freon 113has been identified a®one of the substances that may
cause the depletion of the stratospheric ozone layerits useassolvent should be avoided.
Moreover, CCJ must be avoided to@wing to its toxicological effects (Faaki et al., 2010)
while OK f 2 N2 (i NR& b idrzebsesthé €ost ped deferminationTherefore @Cl is the
better choice however this solvent is not widely used for this type of asialyndeed, only
three studies (Nascimento et al., 2008; ldedoneh and Ogbeibu, 201Couto et al., 2014)

that reported the use of £k for TPHextraction were found.

2.7.1 Soil methodology

The soil samples are collected following the steps described ineha&.1.

2.7.1.1 Pretreatments
After the collection, the samples are sieved through a 1 mm meshiltéo and clean the
sediment from potential extraneous elements (rocks, small pieces of wood, elgée) = | Y R

then grinded in order to obtain a sample laesmogeneous and representative as possible.

The sample is then drieghd maintainedat room temperature until extractiors performed

2.7.1.2 Extraction

About 1 g of solid sample (soil or sedimeistjnixed withsilica gel (1:1 [w/w])n order to
chemically dryig the sample. A suitable amount ofC% (1:10[m sample & solvent) isadded
and Ultrasonicextraction is performed for 30 min. The obtained extraist decantedand

refrigerated at 4°C until FTHRectiophotometry analysiss performed
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2.7.1.3 Calibration

TPHE SNBE ljdzZt YGAUSR o6& RANBOO O2YLI NRAZ2Y GAlF
calibration curvesvere developed using standaswlutions that were prepared in2Ch, from

a stock standard solution containing equal volumes of isooctaneoatahoicacid as per

ASTM D 7066 methodology.

Preparation of Stock Solutin®.55 mL of octanoic acidensity 0.9100 g/mLgnd 0.72 mL of
isooctane(density 0.6920 g/mlare mixedin a 10Y [ @2 f dzY She RdsiOs theili@d

to the mark with solvent. A dotion prepared with this volumes has a density of 0.998 g/mL,
therefore the resulting concentration is 50 mg/nalf octanoic acid and isooctareach (100
YakY[ G20Ft 2Af FYyR ANBFraSoed ¢KAa aztdziazy

Diluted Stock Solutio25 mL of the Stock Solutiare placed iR 50Y [ @2 € dzY S NR O
solvent is added until the flask ied to the mark Diluted Stock Solution = 5.0 mg/mL (5000

pg/mL).

Calibration Solution AL.0 mL of Diluted Stock Soluti@placedn a 18mL volun8 G NA O b I &
andthe rest isUledto the mark with solvent. Calibration Solution A = 0.5 mg/mL (500 pg/mL),
equivalent to ®00mg/kg of oil and grease in a 1 g soil sample extracted into a 10 mL volume

of solvent.Similar procedure was followed in orderaaquire the other calibration solutions

Calibration Solution B.25 mg/mL (250 pug/mL), equivalent 2600 mg/kg of oil and grease

in a 1 g soil sample extracted into a 10 mL volume of salvent

Calibration Solution:@.1 mg/mL (10Qug/mL), equivalent to 1000 mg/kg of oil and grease in

a 1 g soil sample extracted into a 10 mL volume of solvent.

Calibration Solution ID.050 mg/mL (5@ug/mL),equivalent to 500 mg/kg of oil and grease in

a 1 g soil sample extracted into a 10 mL volwhsolvent.

Calibration Solution:.025 mg/mL (2fg/mL), equivalent t@50 mg/kg of oil and greasén

a 1 g soil sample extracted into a 10 mL volume of solvent.
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The calibration solutions were poured into the sample cell, and FTIR spectroscopy was
performed, in the range from 3200 c#{3.13 microns) to 2700 ct(3.70 microns).

Three different cells were used in this studye first one is an Omni

Cell fromSpecac, with a 1 mm path length (figl@).

The first run of the method showed that the detection limit
achievable was above the calibration solution E concentration. Thus,
in order to improve the detection limitswo more cells were

purchased: a 10 mm ama 40 mm path length silica cells from Starna.

Figure2-17 Omni Cell (sourc  BOth the calibration and the sample reading was performed in the

s . . .
pecac) range from 3200 cm(3.13 microns) to 2700 ci(3.70 microns). This
range was chosen since, normally, IR spectra of solutions containimgclayblons present

8 Standard Rectangular Cells Home Catalogues characteristic bands of -8B bonds:

Starna” Standard Rectangular Cells with PTFE stopper 2853 le and 2926 Cl'hl (C—H stretch

L | G = Optical Glass 334 - 2500nm

156 G T L ettt oo z0m of CH), 2962 crh! (GH stretch of
A CH), and 3040 cin?! (stretching

I SX = Far UV - IR Quartz {water free} 170 - 3500nm
, vibration of GH aromatic bonds)
5 @ TwoClear windows
SN Pathlengths 1,2,5, 10, 20, 40, 50, 100mm
\I. PTFE stopper in "ground type" joint. Liguid tight (Couto et al . 2014) .
for up to 12 hours (see accessories for spare stoppers)
® Standard window and wall thickness (1.25mm)
for other dimensions on see charts below

In a preliminary step, and with the 0.4

® Can be used with spectrophotometers and colorimeters

B I mm cell, measurements of the bands

Starna Material Path External Internal Nom No of

Type Type Length i Py i i en; Vol |Polished . .
Ro | it ma | mm | [ am am [ am [ waiey WEre carried out in terms of area of
21 GISOGIQNTSX 1 125 35 55 10 1 0.400 2
21 GISOGIQIISX 2 125 15 55 10 2 0.700 2 : ;
21 GISOGIQNISX 5 125 75 48 10 5 1.700 2 the peak in the Interval! but at a later
21 | G/SOGHH/QSN | 10 125 | 125 48 10 10 | 3.500 2
21 GISOGIQIISX 20 125 | 225 2 | 2 i
21 GISOGIQIISX 40 125 42_2 :: :g 42 |74?nr:) 2 Stage they were perfﬂmed In terms
21 GSOGIQITSX 50 125 | 525 a8 95 50| 17.500 2
21 GISOGIQ/SX 100 125 | 1025 | 48 9 100 [ 35.000 2 Of he|ght Of the hlgheSt peak in the
TN Q 10 125 | 125 a8 10 10 | 3.500 2

Figure2-1810 and 40 mm path lenght cells (source: Starna) interval. Both alternatives have been

used to quantify oil and grease in water (Daghbouche et al., 1997) but maximum peak height
is themostwidelyused (EPA Method 8440, 1996; Farmaki et al., 2007). Ajthda theory,
peakarea could provide more accurate data than peak hei@auto et al., 2014)in the
present work it was observed thdiata obtained using areas (by automatic integration) were
not reproduciblewhen the 10 and 40 mm cells were us@dsuts not shown).Therefore,
further measurements were carried out in terms of height of the highest pghlch appears

around2930cmP?!.
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Linear responses(O2 NNB f I G A 2 y=0.99955 fi 8 GX ek lobsawvedor all the

concentrations range teste

Calibration
0.9

0.8
0.7
0.6

0.5

0.4 y =1.6602x0.0211
R2=0.9995

Peak Height [cAi]

0.3
0.2

0.1

0 0.1 0.2 0.3 0.4 0.5 0.6
Calibration solutions concentration [mg/mL]

Figure2-19FTIR Calibration
{AyO0S (KS LSI{1Qa KSA3Iwb2s5mg/mlvksSo closeftoitie Nde ofA 2 Y
the blank solvent, that concentratioof 250 mg of oil and grease each kilogransoil (250

ppm in weightwas used as Lower Detection Limit

2.7.2 Water methodology
Water samples are collected following the steps described in chapter 2.3.2, and then extracted

following the methodology presented in the ASTM D7066

2.7.2.1 Extraction

The sampleis trarsferred from the sample bottle to a clean separatory funnel via a clean
transfer funnel AU f (i S Nis plllcadiSWNJ | U f an&approkiniately 3 § of NSQ is
added

15 mL of solvenis addedo the sample bottleThe bottle is then capped and shaki® rinse
all interior surfacesThe solved isquredinto the separatory funnel, rinsing down the sides of

the transfer funnel.
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The sample is then extractdry shaking the separatory funnel vigorously for 2 minutes with
periodic venting into a hood to release excess presslire funnelhas to be ventedglowly to

prevent loss of sample.

After some time, in order to allow the phases to separate, the solvente(l) layer igirained
from the separatory funnel through the sodium sulfate into a-pkeaned 58mL volumetric
bask.

The extraction is then repeated twice more with-afh. portions of solvent, and all the
equipment used geparatory funnel, N&6Q> U fr LSMIE LIl Yy R) igddinse@wd aT dzy' v S
small (approximately-inL) portion of solventwhich is thercollecedA y G KS @2 dzY S

The solvent extract volumes broughtto 50 mLby adding moresolvent.The extract can now

be measured in the FTIR.

Thecalibration step for the FTIR are the same followed in chapter 2.7.1.3.
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3 RESULTS ANDISCUSSION

3.1 REMOVAL OF TARGETLRIJANTS

In the following section the results of the sampling campaigns for paciimeter have been
reported, toghether with a brief analysis of the outcoméssery parameter subhapter is
organized by zone or system analysed. For a moedepth description of each system please

refer to chapter 2.1 and 2.2.

3.2 CHEMICADXIGENDEMAND

Chemical oxygen demand (hereafter as COD) is a measure of the total quantity of oxygen

required to oxidize all organic material into carbon dioxide and water.

The last two implementation of the Water Framework Directive in the UK proposed the use

of BODR and not COD as standards for oxygen condition in rivers (DEFRA, 2014 and DEFRA,
2015). However, COD measurement are easier and can be made in a few hours, while BOD
measurements take five days; moreover, COD values give a broader idea about the levels of

organic matter found in the sample.

The main COD removal mechansdimat take place in SuDS are filtration, sedimentation and

biodegradation (Wilson et al., 2004).

Sedimentation is one of the primary removal mechanisms in SUDS. Most pollution in runoff is
attached to sediment particles and therefore removal of sediment results in a significant
reduction in pollutant loads. Sedimentation is achieved by reducing flow velocities to a level
at which the sediment patrticles fall out of suspensibiitration within the soil and/or on the
plants that grow in the SuDS can be another removal mechanism. Finally, in addition to the
physical processes, the microbial communities that are within the ground and the plants roots
also degrade the organic matter. The levebhofivity of such bioremediation will be affected

by environmental condition and the supply of nutrients.

3.2.1 Groveland SuDS

In figure 31 the results for the SuDS in Groveland Park are presented.
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Samplings on the 10/08 andl/®9 were not performed since the intensive sampling in

Glenbrook took place in those days.

Groveland SuDS
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Figure3-1 COD levels in Groveland SuDS
In terms ofaverage Chemic&@xygerDemand the north inlet results the most pollute®7.8

mg Q/ L onaverage), while in terms of absolute values, the highest pollution was recorded
on the 05/10/2015 comingut of the inlet south (178 mgL). Table3-1 shows the average an

peak values for the COD levels in Groveland SuDS.

Table3-1 Average and Peak values for COD in Groveland SuDS

Sampling point, Average [mg/l] | Peak [mg/l]

North Inlet 86.1 146.5
South Inlet 58.0 178.0
Stream 19.7 27.8

As expected, the CO&dncentrationsare highly influenced by theeather condition. This is
more evident in the 05/10 samples, which were collected during a storm event after a dry
aLIStt>Y GKSNBF2NBE aK2gAy3d GKS GeLAOIE aFANRIDG
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Theelimination efficiencycan not be calculated, as no water is flowing outdide vegetated
LR2YR® ¢KSNBEFT2NBZ (KA& aAdS GaGrAyYySR | a@ANI

coming into the SuDS is flowing out into the river.

3.2.2 Groveland Lake (new reed bed)

Grovelands Lake
70
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=
£ 40
8§ 30
O
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10 I I
0
15/06/2015 29/06/2015 13/07/2015 27/07/2015 10/08/2015 08/09/2015 21/09/2015 05/10/2015
Date of sampling
m Groveland Lake, inlet Groveland Lake, right side Groveland Park, lake (cafe inlet)
Groveland Lake, outlet B Groveland SuDs, stream

Figure3-2 COD levels in Groveland Lake
A more indepth sampling of the lake started only from the end of July 2015, after the

construction of the new reed beal the lakemaininlet.

Starting from the main inlet (light blue column in fig28 an increase in theéOD levels in time

can be noticed. This might be a consequence of the new beel] whichretains crescent
levels of pollution, but since all the levels in the lake tend to rise in time it might also be just a
consequence of the pollution coming into tlsgstem. Not enough data are available at the

present time to give a definitive answer on this matter.

Rest assured that the highest levels of pollution come not from the main inlet but from the
caféinlet (grey column). This inlet collects water from thearbycaféand from the street and
houseslocated behind the park Higher COD concentrations were detected in this inlet

compared to the ones in the main inlgtee Table ). The higher levels of COD measured
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nearby this inlet are potentially attributetb the small distance between this structures and

the lake.

Table3-2 Average and Peak values for COD in Groveland Lake

Sampling point Peak[mg/l] Average[mg/l]
Main Inlet 36.8 24.6
Lakecg Right side 46.3 33.3
Café Inlet 64.10 38.5
Lake- Outlet 41.6 35.8

The levels arédower than the ones coming out from the SuDS inlet (see previous chapter).
Nonethelessthe café inlet should be one of the main priorities for upgrading the quality of

the lake

Finally, the stream effeavas examinedBetween the lake outlet (yellow column in fig2B

andthe SuDS outlet (dark blue column) there is a 400 m stream that runs through the park.

The COD concentration decreases between this two points in every saxaigined, as
shown in table 3. This can be explained with the natural COD elimination. The sth@am
various meanders and turns, as wellsmsall waterfalls and steps just outside the lake. The
stream bed is irregular, with rocks and wood logs thatfeiffles and turbulent zones. This of

course helps improving the water quality along the stretch.

Table3-3 Average COD reduction caused by "natural" effects

_ Lake outletCOD Streartr|1 ?ecacr)guDS p ¢
Sampling day concentration outiet L ercentage
(mg/] concentration reduction
[mg/l]
27/07/2015 28.4 19.9 29.9 %
08/09/2015 37.3 24.2 35.1 %
05/10/2015 41.6 23.6 43.3 %
Total average 35.8 22.6 36.1%
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3.2.3 Glenbrook SuDS

Glenbrook SubDS
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Figure3-3COD levels in Glenbrook SuDS
High levels of pollutants was observed for Glenbrook sampling area. The concentration of the
target substances was the highest amongst all other poimtgerms of COD, thaverage
concentrationcoming into the system was 80.4 mg / L, as can be seen from tablevBile

two peak level of about 177.0 mg / L were observed in the first and last sample. The 05/10
peak can be explained with a first flush pollution spike coming in, as seen in Gb®&I&xs
inlets. As for the 15/06 peak, no rain was registered during the sampling, and the flow was
normal; the causes of this spike must have been an unusual discharge of organic matter from

the area or from the houses around the inlet.

Generally speakinghe impact of the SuDS is benediciAs shown in table-3, the COD levels

are reduced between the inlet and the outlet in all but one occasion (29/06/2@E)ng that
samplingthe quality of thewater at the outletwas poor and the smell was strongéinan
usualboth at the SuDS outlet and at the lake inlet, a few meters downstream. Hypothesis
were made on a runoff plug or a pollution plume moving through the sysractly during

the sampling, so that it was sampled only at the outlet but not at theti
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In the rest of the cases the SuDS helps visibly in reducing the COD levels in the stream, as can
be seen from fig. 3. The highest reduction ratio achieved was measured during the 05/10

sample, with an 84.2 % decrease in COD. The other results@vged in the table below.

Table3-4 Percentage COD reduction in Glenbrook SuDS

Sampling day SuDS inlet SuDS outlet Percentage
reduction
15/06/2015 177.0 mg @/ L 6.7mg Q/L 96.2 %
29/06/2015 31.3mg G/ L 57.0mg @/ L No reduction
achieved
13/07/2015 45.5mg @/ L 29.8 mg @/ L 34.5%
27/07/2015 28.6 mg Q/L 18.1 mg @/ L 36.7 %
10/08/2015 42.7 mg Q/L 23.2mg Q/L 45.7 %
08/09/2015 94.1mg Q/L 26.9mg Q/ L 71.4%
21/09/2015 47.9mg Q/L 24.3mg Q/ L 49.4 %
05/10/2015 176.0 mg @/ L 38.7mg Q/L 78.0 %
Total average 80.4mg @Q/L 31.1mgQ/L 61.3 %
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3.2.4 Intensive Glenbrook SuDS
The aim of the intensive sampling in Glenbrook igéb a deeper understanding on haach

of the 6 sub-basins in this system work with respect to target paramet&ssultgor CODare

shown below (figure 3).

Intensive Glenbrook
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o

10/08/2015 21/09/2015
Date of sampling

o

m Boxer's Lake, SuDS inla# Boxer's Lake, sb 1 inletm Boxer's Lake, sb 1 middieBoxer's Lake, sb 1 outlet

m Boxer's Lake, sb 2 middieBoxer's Lake, sb 2 outlels Boxer's Lake, sb 3 inletm Boxer's Lake, sb 5 inlet

Boxer's Lake, sb 5 out m Boxer's Lake, sb 6 middiEeBoxer's Lake, sb 6 out m Boxer's Lake, lake inlet

Figure3-4 COD levels measured during intensive sampling in Glenbrook
The generaltrend in both graphs is a decreasing oradthough not costant The most

G a O NXPoasin & ke first one, which receives the highest levels of pollution.

Another pollution hotspot is identified in the inflow of subasin 5.The dam that should
deflecti KS Ft2¢ FTNRBY (KS ay-basinddad been Oypakzdbli the A y (0 2
stream and the water now runs straight below lih figure 35 the Glenbrook SuDS scheme is
presented; the original course of the stream in coloured in dark blue, whilegheldlue areas

are the new wetlands. The red line is the weir bypassed by the stream, as can be seen in figure

3-6.
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Figure3-6 Weir bypass

Contractors have already been alerted of the issue, but as for now théasibs 3 and 4 are
completely dry. Thigactor, together with the additional ruff that comesfrom the area
around the stream, causesnaincrease of the pollution level inside the systefhis is
evidenced by the high COD lewél104 mg @/ Lthat was recorded going in stitasin 5.

Despite this discontinuity in the system, shilsin 5present a significant COD reduction to

around 20 md L.
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In table3-5 (below) the various levels at the inlet and at the outlet of every fasin are

reported, as well as the percentage reduction.

Table3-5 Percentage COD reduction in between-babins- Glenbrook SuDS

Sample point 10/08/2015 21/09/2015
COD Percentage COD Percentage
concentration Reduction concentration Reduction
S”ti’:’l‘:'” 1 59 mg /L 40 mg /L
Subbasin 1 35.8 % 43.6 %
outlet 37.9mg/L 226mg/L
S”?:Ef'” 2 37.9mg/L 22.6mg/L
Subbasin 2 25.6 % 33.8%
outlet 28.2mg/L 15.0mg/L
S“ti’:lgf'” > 104 mg /L 21.9mg /L
Subbasin 5 79.9% 9.6 %
outlet 209mg/L 19.8mg/L
S”ti’rf’lﬁ'” 6 | 209mgL 19.8 mg /L
- (increase) (increase)
Subbasin6 | a5 gL 20.3mg /L
outlet

During both intensive samplings a slight increase in the COD concentnasdreen recorded

before and after sulbasin 6, even though not big enough to be considered an issue. Simply,

GKS ftlad

gSGtlyR R2SayQi

F FF¥FSO

I y&Y2NES

3.2.5 Conclusiomn the performance of SuDS on the organic content removal

The ystems perform welln terms of CODemoval GrovelandSuDS isble to stopall the

pollution coming from the two inlets, mainly because of the outlet waBsign It will be

interesting to sample watecoming from the outlet during high flow conditionshen the

water will flow out of the system and into the stream.

Glenbrook SuDS achieved 61.3 % average COD reduction during thenggrapbd. Since

there are no permit limits for the discharge at Boxers L#ksreduction cannbbe compared
0A3 KSEfLI AY AYLINERJA

to the law,0 dz(i

a dzNBt &

Al

Aa |
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The main problems ithesetwo systems are theaféinlet in Groveland Lake, that brings high
levels oforganic pollutioninto the lake, and the subasin 3 and 4 in Glenbrook SuDS tat

totally bypassed, causing high levels of pollution coming intelsasdin 5.

A brief literature review has been done to compare the results of this work with other studies

and papers.

w2AYylFa SG Ftd® 6unmn0 NBLR NI S Re study bfFypant WOl y
Hampshire, UK, with a median COD reduction of 62%.

Schmitt et al. Z015) observed an high COD removal-9820) in a wetland collecting

stormwater from and urban residential watershed.

Finally, Zheng et al. (2014) studied a seriesmgelavetland constructed near the confluence
of an urban stream to a larger river in China, for treating the stream pollution before it enters

the river. Regarding the COD, it was observed a removal of 72.7% + 4.5%

The performances of the case studies @met®d in this work are therefore in line, or slightly
below the ones found in literature; this can be attributed partially to the low concentration
O2YAy3 AyilG2 (GKS aeadsSyvya O(GKFG FIFFSOGa GKS NB

that are stil in their startup period.
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3.3 NUTRIENTS

Phosphorus and nitrogen are the main nutrients encouraging the growth of organic matter

and algae, which cause eutrophication in water bodies.

When possible, the removal ratio obtained in the SuDS is comparedivetiVFD limits or

the local discharge limits.

The main removal mechanisrabserved in SuDS with regards to nutrients are sedimentation,
biodegradation and precipitation. Bacteria in the ground or in the plant roots play a crucial
role in oxidising more copiex forms such as ammonia and ammonium ions to form nitrate,
which is readily used as nutrients by plants, and therefore not discharged into the river where

it can lead to uncontrolled eutrophication.

3.3.1 Groveland SuDS

In figure 37 thenitrate results for he SuDS in Groveland Park are presented.

Samplings on the 10/08 and /P were not performed since the intensive sampling in

Glenbrook took place in those days.

Nitrate in Groveland SuDS
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-
o> 15
£
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Sampling day

Figure3-7 Nitrate in Groveland SuDS

Nitrate is one of the parametetisted in the Water Framework Directive (2000/60)EC
classification for assessing thger water quality. Thestandards used arghown in the table
3-6 below
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Table3-6 WFDclassificatiorscalefor Nitrate

Parameter Values and Classification

. 20 30

Thecoloursused are the samased in the Directive, going from blue (best quality) to dark red

(worst quality).

As can be noticed from fig-3 the nitratesconcentrationin the water samples a between
GOSNE f26¢ 00X p ¢8EmMg[LVcondiyors. Theksirear iselfthasna nitrate
concentration that stays always under the 5 mg/L threshGlomparinghe two inlets,higher
concentrations are observedihe first one, withlevelsh y G KS & Y 2R®M)Irangeg O M1
andin some case even higher values are obser¥ée. second inleis characterized blpwer
concentrations thatincreaseduring the summer (from the end of July to the beginning of
{SLWESYOSND FNRYSIRKRFIGOEANE GX¥@2KRSNIyYiTé NI y3ISc
As said for the COD analysis, the elimination efficiency for this particular case study can not

be calculated, as no water is flowing outside the vegetated pond.

In table 37 the minimum, maximum and average nitrate conceniwatare reported

Table3-7 Nitrate in Groveland SuDS

Sampling point Min Max Average
Inlet 1 (LH side) 8.17 mgll 22.2mgl/l 15.58mg/I
Inlet 2 (LH side) 0.19 mgl/l 13.00mg/l 6.31mg/l
Stream below SuDS|  1.63mg/I 4.18mgll 3.07mg/l

In figure 38 are presented the results for ammonia concentration in Groveland SuDS

60



Chapter X Results and Discussion

12
10

8

6

4

2

0

IS BRSNS B T IS BN

%\Q%\mg \,\Q&Q 6\0(009 %\QQ&Q %\6\\@ ’\\6\\”Q 0\0%09 x,\&\r& oo\&’»
NN G A R AN R

Figure3-8 Ammonia in Groveland SuDS

In the case of N§lthe Water Framework Directive sets lisibased on annual average. The
time period considered in this study is therefore too short to compare the data presented with
the WFD limits.

Consequently, it was decided to compare the data presented in figwgh the NHsin the
treated effluent ofthe Deephams Sewage treatment worlkéHs: 4 mg/l) a nearby plant that

discharges to Salmons Brook.

Comparing this with the data availabiewas found thatthe valuesin two out of the eight
samples collected from the inlet were above 4 mgfice for @ch inlet. The inlet 1 reached a
value of 11.4 mg N¥AL, almost 3 times above the maximum permitted. The inlet 2 reached a

value a bit lower, 5.39 mg NH.

The average ammonia concentration in the stream wa&8 mg NHL; however,as said
before this vale cannot be compared to existivgFDstandards, as the time period sampled

wastoo short.

The results for ammonia are resumed in tabi8 3
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Table3-8 Ammonia in Groveland SuDS

Sampling point Min Max Average
Inlet 1 (LH side) 0.01 mgl/l 11.40 mg/l 6.25 mg/l
Inlet 2 (LH side) 0.01 mg/l 1.50 mg/I 1.15 mg/I
Stream below SuDS|  0.09 mg/l 0.51 mgl/l 0.18 mg/l

Figure 39 shows the Total Nitrogen levels in Groveland SuDS

Total Nitrogen in Groveland SuDS
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Figure3-9 Total Nitrogen in Groveland SuDS

The total nitrogen bound (TNIshowsthe total pollution of water by nitrogen compoungs
mg/l.

This includesammonia, ammonium salts, nitrites, nitrates and organic nitrogen compounds.
In contrast to its individual determination, the FMovers all components in one analytical

run.

This parametercan be used san indicator othe eutrophication of the river; however, the

Soluble Reactive Phosphorganstead used in the WED

In line withthe precedent results, T{\content was higher in the first inlet, with an average

concentrationof 7.09 mg/I.

The second inlet has an averagencentrationof 5.02 mg/l, while the stream itself has an

average Thicontent of 2.39 mg/l.
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Maximum, minimumand average values are reported in the tal3&® below

Table3-9 TNb values for Groveland SuDS

Sampling point Min Max Average
Inlet 1 (LH side) 2.96 mg/l 14.2 mg/l 7.09 mg/l
Inlet 2 (LH side) 2.25 mg/l 7.75mg/l 5.02 mg/l
Stream below SuDS|  1.66 mg/l 3.06 mg/l 2.39 mg/l

For a comparison, the directive 91/271/EEC concerning urban wastewater treatment fixes
limits for the disbargefrom urban wastewater treatment plants. Total Nitrogen has a limit of

15 mg/ | for plants of 10008 100000 p.e. and of 10 mg/l for plants > 100000 p.e.
The average concentrations coming out the inlets are in bothstaslew theselimits.

Phosphate is used in the Water Framework Directive to evaluate the nutrient content in a
river. The standards used were revised by the UK Technical Advisory Group (UKTAG) in 2012

and are presentedh table 38 below.

Table3-10 Summary of existing and revised standards for phosphorus in rivers (Source: UKTAG 2012)

Type (for LyydzZ- € YSIFEYy 2F NBIFOGAGS LK
existing High Good Moderate Poor
standards| Existing| New | Existing] New | Existing| New | Existing] New
Lowland,
low 30 19 50 40 150 114 500 842
alcalinity
Upland, low 13 40 28 150 87 500 | 752
alcalinity
Lowland,
high 50 36 120 69 250 173 1000 1003
alcalinity
Upland,
high 50 24 120 48 250 132 1000 898
alcalinity

In figure 310 the Total Phosphate results for Groveland SuDS are reported. As with previous
analysis, samplings on the D& and 21/09 were not performed since the intensive sampling

in Glenbrook took place in those days.
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Total Phosphate in Groveland SuDS
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Figure3-10 Total Phosphate in Groveland SuDS
{rty2ya NE21Qa FftGAdGdzRS 2y GKS asSt fS@gSt
literature review, no data were found on its alkalinity. Therefére&K S a [ 2 6f I Y RT f 2 ¢
type is used for characterization as it is the most stringent of the ftWhe standards of this
type arerepeated in table 31
Table3-11 Reactive Phosphorus standards
Parameter Values and Quality
Moderate
It should be noticed that thesstandards are annual mean values
Also, he lowestdetectable concentratiofior P in the analytical methodusédda pn >3 «k |
mg/L, see Chapter 2.5.3ndtherefore the first two quality groups are undetectable
2 0K GUKAA LINBYAAaASas YvYzald 2F (GKS #Pbo¢(isga Of
842>3 k [0 G2 da+SNB aiRPNEA 20WS yanlnY L3S ak o[t 2 v 3
range (4lcmmn >3 Kk [0 D

Maximum, minimumand average values are reported in the taBlé2 below
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Table3-12 PQ3 values for Groveland SuDS

Sampling point Min Max Average
Inlet 1 (LH side) 0.27 mgl/l 3.73 mgl/l 1.72 mgl/l
Inlet 2 (LH side) 0.45 mg/l 3.23 mg/l 1.49 mg/l
Stream below SuDS 1.62 mg/l 3.90 mg/l 2.37 mg/l

It can be noticedhat both the peak and averagPQ?®* concentrationsin the two inlets are
below the values found in the streamhis can be caused by thenount of nutrients coming

from the lake; since the nitrogen has an higketubility compared to phosphorus, of all the

nutrients onlythe phosphors remains detectablafter the 400 m stretch

ThePhosphorus concentration in the two inlets wasmparedagainstthe discharge lirits of
the directive 91/271/EEC. The P levelshe inletsare above in terms of peak concentration,

but below in terms ofaverage concentratiorfthe limits for Total Phosphorus is 2 mg/l for

plants of 1000@; 100000 p.e.)

3.3.2 Groveland Lake (new reed bed)

A more indepth sampling of the lake started only from the end of July 2015, after the

construction of the new reed bed at tHake main inlet.
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Figure3-11 Nitrate in Groveland Lake
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The Nitrate contentn the two lake inlets (Main and café one) is comparable with the one of

the SuDS inlet. The café inlet is the worst of the twterms of Nitrogen asobservedwith

the other examinedparameters.

The impact of the new reed bed is visible, with a sharp decrease in the concentration between

the lake inflow (light blue column) and the point B (dark blue column).

Using the WFD standards (tab813 below) the two lake inflows can be classified as

Ga2RSNI-HMBEY Dm[MO =

Table3-13WFD classification scale for Nitrate

Parameter

GKAE S

GdKS

LIgeA v

Values and Classification

A a

Ay

Nitrate [mg/L]

Table 314 shows the maximum, minimum and average nitrate concentration registered in

Groveland Lake

Table3-14 Nitrate values for Groveland Lake

20
Moderate

30
High

Sampling point Min Max Average
Main lake inlet 9.04 mg/l 18.20mg/I 13.76mg/I
Sampling point B 1.61 mg/I 6.31mg/l 3.23mg/l
Cafe inlet 13.00 mg/l 23.1mgl/l 16.92mg/!
Lake outflow < 0.01 mg/l 7.95mg/l 5.05mg/l
Stream below SuDS 1.63 mg/I 4.18 mgl/l 3.07 mgl/l

Figure 312 below showshe results for Ammonia in Groveland Lake
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Figure3-12 Ammonia in Groveland Lake

The main ammonidbad comes from the main lake inflow, with a peaincentrationof 6.33
mg/l detectedthe 5" of October.This peak can be attributed to a first flush event (it was
raining during the sampling, after a dry period) or to a spot event in the households from

which the inlet collects its water (like a toilet being flushed).

As with the case of nitrate, the impact the new reed bed produces a sharp decrease in the

concentrations between the inflow and point B

The discharge limit of 4 mg/l (permit conditiomsgarding ammonigor the effluent of
Deephams Sewage treatment works) wax met only in the sample take during the peak

event,the 5" of October.

Table 315 shows the maximum, minimum and average ammonia concentration registered in

Groveland Lake

Table3-15 Ammonia values for Groveland Lake

Sampling point Min Max Average
Main lake inlet 0.632 mg/l 6.33 mg/l 2.19 mgl/l
Sampling point B 0.02mg/l 0.99 mg/l 0.50 mg/I
Café inlet 0.12mg/l X wn@in 0.61mg/l
Lake outflow < 0.01 mg/l 0.92mg/l 0.21mg/l
Stream below SuDS 0.09 mg/l 0.51 mgl/l 0.18 mgl/l
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Fig.3-13 showghe Total Nitrogen levels in Groveland Lake

Total Nitrogen in Groveland Lake
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Figure3-13 Total Nitrogen in Groveland Lake

Trend similar to the other target markers are observed for the Total Nitrogen concentration

Registered trogenvalues are reported in tablg-16 below

Table3-16 Peak and average TNb values for Groveland Lake

Sampling point Min Max Average
Main lake inlet 2.96 mg/l 10.80 mg/I 5.28 mg/l
Sampling point B 1.83mg/I 6.03 mg/l 3.49 mql/l
Café inlet X nodnwm 8.84 mgl/l 3.51 mgl/l
Lake outflow 2.05 mg/l 6.10 mg/l 2.75 mgl/l
Stream below SuDS 1.66 mg/l 3.06 mg/l 2.39 mgl/l

In figure3-14are reported the total Ortophosphate concentration observed in Groveland Lake
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Total Phosphate in Groveland Lake
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Figure3-14 Total Phosphate in Groveland Lake
With regards to lakes, the WFD standards on the Total Phosphorus concentiafiend on
a series of parameters, such as altitude, depth or alkalinity of &@ke.lWhere there is

insufficient data to calculate the standards, the following tablE73nust be applied.

Table3-17 Typespecific total phosphorus standards for freshwater and brackish lakes

Annualmean concentration of total phosphoru
Type , ;
0>3kf o
Column 1 Column 2| Column 3| Column 4| Column5
Geological and depth category High Good Moderate Poor
High alkalinity; shallowRegion 1 16 23 46 92
High alkalinity; shallovRegion 2 25 35 70 140
Highalkalinity; very shallowg Region 1 23 31 62 124
High alkalinity; very shallowRegion 2 35 49 98 196
Moderate alkalinity; deep 8 12 24 48
Moderate alkalinity; shallow 11 16 32 64
Moderate alkalinity; very shallow 15 22 44 88
Low alkalinity; deep 5 8 16 32
Low alkalinity; shallow 7 10 20 40
Low alkalinity; very shallow 9 14 28 556
Marl; shallow 9 20 40 80
Marl; very shallow 10 24 48 96

For its characteristics, Groveland lake is identified as a shallow lake with moderate alkalinity.

Therefore itsstandard are highlighted in yellow in the previous table

Comparing the data obtained with these standards, it is evident that with regards to

LIK2 3 LIK2NHzA GKS €1 Spdoy (KA BAQRE 811 ¥ @&@e 9 PSS YA
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inassigningl KS NRAIKG 382t 23A0Ft Of | apapc (ljKdSangedki22a LI
for every possible class, and really above the standards set by the W&4FDuld be noticed
though that these standards are annual mean values, while the period sampileid study

it is only 5 months.

In table 318 are reported the observed values for Total Phosphorus in Groveland Lake

Table3-18 Total phosphorus values for Groveland Lake

Sampling point Min Max Average
Main lake inlet 1.19 mg/I 3.75 mgl/l 2.67 mgll
Sampling point B 1.72mgll 4.07mg/l 2.68mg/I
Cafe inlet X nodwmp 3.86 mgl/l 1.84 mgl/l
Lake outflow 0.71 mg/l 4.34 mgl/l 2.81 mg/l
Stream below SuDS 1.62 mg/l 3.90 mg/l 2.37 mgl/l

3.3.3 Glenbrook SuDS

Nitrate in Glenbrook SuDS
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Figure3-15 Nitrate in Glenbrook SuDS

The nitrate concentration in Glenbrook SuDS follows a peculiar trend. From the beginning of
the sampling period to approximatively the end of July, the concentration in the Guiz%

was way lower than the one in the inlet. After that period the nitrate concentration registered
in the SuDS outflow was higher than the inflow, presenting an opposite trend. This can be

potentially attributed to the warmer air temperatures of thoseonths. In fact, warm air
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temperature hasanimpact on nitrate concentration as it creates more favourable conditions

for the conversion of ammonia nitrogen to nitrate nitrogéRutkoviene et al., 2004).

Table 319 shows the WFD standards for nitrate

Table3-19WFD classification scale for Nitrate

Parameter Values and Classification

. 20 30

laAy3a GKS 2C5 adlyRFENRaz GKS AyTFiz2g OFy o6S
NG /l). The system improves the water guglwith regards to this specific parameter, as at
0KS 2dziFt26 (GKS yAGNIrdS O2yOSYyiaGNXdA2y A& A

problemsrisein the stretch from the SuDS outflow to the lake infldw this stretchpecause

of unwanted bypass ahadditional sourceghe average nitrate concentration rises again to

I @Ftdz2S 2F mndop Y3IkEX 2dzald 2y GKS 02dzyRI NE
Table 320 resumes the results for the nitrate concentration in Groveland SuDS

Table3-20 Nitrate concentration in Groveland SuDS

Sampling point Min Max Average
Inlet 1.50 mg/I 21.10 mg/I 11.72 mg/l
SuDS Outflow 2.60 mg/l 20.20 mg/l 7.92 mgl/l
Boxer Lake Inflow 4.86 mgl/l 19.30 mg/I 10.35 mg/I

Figure3-16 shows the levels of Ammonia registered in Glenbrook SuDS
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Figure3-16 Ammonia in Glenbrook SuDS
The average ammonia level in the system inflom&ginallyabove theallowabledischarge
limit of 4 mg/l for Deepham sewage treatment works (4.44 mg/l on averdtmyever, a steep
increase was observddom the beginning of September, with a peak value of 15.9 mg/l. The
system outflow on the other end is keeping the levels low vathaverage of 2.43 mg/l,

working at an averagpercentageremoval of 45.2% andmaximumremoval of 75.2%.

It has to be noticed that the initial concentration of a parameter plays a role in its removal
efficiency; therefore, in such conditions as the omegistered in Junduly, with low nitrate
concentrations coming into the system, the removal efficiency might be bad, but not for a

fault in the system.

In two occasions concentrations higher at the outflow rather than at the inflow were

registered.

Table3-21 resumes the results for ttmmmoniaconcentration in Groveland SuDS

Table3-21 Ammoniaconcentration in Groveland SuDS

Sampling point Min Max Average
Inlet X nrmdgA m 15.90mg/l 4.44mgll
SuDSutflow 0.02mg/l 4.53mgll 2.43mg/l
Boxer Lake Inflow X nmgA m|  10.90mg/l 2.54mg/l

Figure 317 shows the levels of Total Nitrogen registered in Glenbrook SuDS
72



Chapter X Results and Discussion

L =
N A O

TNb [mg /L]
o

oON B O

9
S

»

Y
Q
Vv

6\\

RS
NN BN
RN,
& ©
NN

Sampling day

Total Nitrogen in Glenbrook SuDS

m Inflow
m Outflow (at final SUDS basin

Outflow to Boxer Lake

Figure3-17 Total Nitrogen in Glenbrook SuDS

Table 322 resumes the results for the total nitrogen concentration in Groveland SuDS

Table3-22 TNb in Groveland SuDS

Sampling point Min Max Average
Inlet 4.47 mg/l 14.5mg/l 9.52 mgl/l
SuDS Outflow 4.55 mg/l 6.91 mgl/l 5.62 mg/l
Boxer Lake Inflow 4.37 mg/l 7.89 mgl/l 5.60 mgl/l

Aswas observedor the nitrate, the system iperformingwell, with a Total Nitrogen average

removal of 40.9 % andrmaximumreduction of 64%Again, the initial concentration plays a

key role in the removal efficiency; the higher the total nitrogen concentration coming into the

system, the higher the removal obtained at the outflow.

Figure 318 shows the levels of Total Phopshate registeredémi@ook SuDS

73



Chapter X Results and Discussion

Total Phosphate in Glenbrook SuDS
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Figure3-18 Total Phosphate in Glenbrook SuDS

Table 323 resumes the results for the total phosphate concentration in Groveland SuDS

Table3-23 TotalPhosphate values Glenbrook SuDS

Sampling point Min Max Average
Inlet 1.14 mg/l 7.58 mgl/l 3.30 mgl/l
SuDS Outflow 0.83 mgl/l 7.10 mg/l 2.79 mgl/l
Boxer Lake Inflow 0.88 mgll 4.31 mg/l 2.37 mgl/l

The phosphate removal is working not as good asdtieer nutrients, since the average
removal is only 15.2%, and the peak reduction is 64T8ts is in line with what has been

registered in the other case studies.

The phosphate concentratioat the outflow of the systenss comparable to the one found in
Groveland Lake,and 1 a | @SNI 3S Aa adAftf tathe WFB Sandaidi® 2 NE
(table 324 below).
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Table3-24 Typespecific total phosphorus standards for freshwater and brackish lakes

Annual mean concentration of total phosphory

Type 6>3Kkt 0
Column 1 Column 2| Column 3| Column 4| Column 5
Geological and depth category High Good Moderate Poor
High alkalinity; shallowRegion 1 16 23 46 92
High alkalinity; shalloiregion 2 25 35 70 140
Highalkalinity; very shallow; Region 1 23 31 62 124
High alkalinity; very shallowRegion 2 35 49 98 196
Moderate alkalinity; deep 8 12 24 48
Moderate alkalinity; shallow 11 16 32 64
Moderate alkalinity; very shallow 15 22 44 88
Low alkalinity; deep 5 8 16 32
Low alkalinity; shallow 7 10 20 40
Low alkalinity; very shallow 9 14 28 556
Marl; shallow 9 20 40 80
Marl; very shallow 10 24 48 96

Again, it should be noted that the class highlighted is just an hypothesis that might be prone

to errors, and that the standards are presented in terms of annual mean.

3.3.4 Intensive Glenbrook SuDS

In this chapter, the results for the two intensive samplimgse in Glenbrook SuDS are

reported (fig. 319 and 320).

All the nutrients are arranged in the same graph, in order to get a better understanding of the

general nutrient trend between each stdasin.

Like the previous analysis, the target markers/diteate, Ammonia, Total Nitrogen and Total

Phosphate.
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Figure3-20 Glenbrook SuDS intensive samgli21/09/2015

In both of the intensivasamplingcampaign®n increase in the nitrate level the stretch from

the inflow pipe to thethe first subbasininflow has been recorded. A smallincreasewas

observedbetween the sukbasin 1 outflow and the dubasin 2 inflow. Finally, the nitrate
concentration rise again at the end of the system, between the SuDS outflow and the lake

inlet. During the 10/08 sampling another increase in correspondence with the basin 4 bypass

has been recorded.

The ammonidas n both cases a steep decrease between the inflow pipe and the first sub

basin, and then a constant, almost linear decrease.
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The Total Nitrogen has a decreasing trend between the ammonium and the nitrate.

The phosphate has shown two different trends durihg two samplings. During the first one
it had an increase between the inflow pipe and the first $asin, followed by a steep
decrease at the subasin 1 outflow, and a more or less constant level up until the end of the
system. During the second samgjjnt showed a constant and slow decrease from the top to

the bottom until the lake inflow.

3.3.5 Conclusion
Both systems are receiving a huge load of nutrients, once more time proving the fact that the
water coming in is not just road runoff but it has eveollution coming from misconnected

household appliances.

The SuDS are working quite well, with the exception of the total phosphate levels that are

harder to reduce.

The new reed bed in Groveland Lake has proved useful in reducimgttbgenlevels in he

lake ecosystem to more acceptable values.

2 AGK NB3IFNR& G2 Dt Sy o N Bijgestpdabldmsdreymight cotd S NI &
from the bypass of subasin 4 in Glenbrook SuDé&hd from the stretch between the SuDS
outflow and the lake inletthat are worsening the quality of the water that pass through the

system.

In table 325the result for the nutrients markers are reported, with the minimum, maximum

and average concentration for each sampling point (intensive sampling not included)
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Table3-25 Nutrients summary table

NGs average NHsaverage TN, average PQO® average
. . concentration concentration concentration concentration
Sampling pint . . . .
(min ¢ max) (min ¢ max) (min ¢ max) (min ¢ max)
[mg/1] [mg/1] [mg/l] [mg/1]
Groveland SuDS 15.58 6.25 7.09 1.72
Inlet 1 (8.17¢ 22.2) (0.01¢ 11.40) (2.96¢ 14.2) (0.27¢ 3.73)
Groveland SuDS 6.31 1.15 5.02 1.49
Inlet 2 (0.19¢ 13.00 (1.50¢ 0.01) (2.25¢ 7.75) (0.45¢ 3.23)
| D
Ggi;’:a?:ijgws 3.07 0.18 239 2.37
1.63¢4.1 0.51¢ 0.09 1.66¢ 3.06 1.62¢ 3.90
outflow (1.63¢4.19 (0.51¢ 0.09) (1.66¢ 3.06) (1.62¢ 3.90)
Groveland Lake 13.76 2.19 5.28 2.67
Main Inflow (9.04¢ 18.20) (0.63¢ 6.33) (2.96¢ 10.80) (1.19¢ 3.75)
Groveland Lake 3.23 0.50 3.49 2.68
Sampling point B (1.61¢ 6.31) (0.02¢ 0.99) (1.83¢ 6.03) (1.72¢ 4.07)
Groveland Lake 16.92 0.61 3.51 1.84
Caféinlet (13.00¢ 23.1) (0.12¢ 1.00) 0 XXn 8B4) (0.15¢ 3.86)
Groveland Lake 5.05 0.21 2.75 2.81
Lake outflow 0 XXn 7o) 0 XXn cOmR) (2.05¢ 6.10) (0.71¢ 4.34)
Glenbrook SubDS 11.72 4.44 9.52 3.30
Inflow (1.50¢ 21.10) 0 XXn ¢hlb.80) (4.47¢ 14.50) (1.14¢ 7.58)
Glenbrook SuDS 7.92 2.43 5.62 2.79
Outflow (2.60¢ 20.20) (0.02¢ 4.53) (4.55¢ 6.91) (0.83¢ 7.10)
Glenbrook SuD$8 10.35 2.54 5.60 2.37
Boxer Lakenflow (4.86¢ 19.30) 0 XX ¢0.90) (4.37¢ 7.89) (0.88¢ 4.31)

A brief literature review has been done to compare the results of this work with other studies

and papers.

PeralesMomparler et al. (2013) compared the performancestote different kind of SuDS
during their startup period and, regarding nutrients, found out that the concentration
increased before and after the SuDS. Total nitrogen increased by a factor of nine, and total
phosphorus by a factor of 15 after the vegetd layer. However, when the vegetation

matures, this results are expected to be better (Perdesnparler et al., 2013).
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Lucke et al. (2014) tested four different field swales to evaluate their performance in removing
target pollutants from stormwater ruoff. With regards to nutrients, the study found no
reduction in TN concentrations due to treatment by the swales. However, it did demonstrate

a reduction in measured TP levels of between 20% and 23% between the inlet and the outlet.

Mason et al. (1999) imstigated the behaviour of various pollutants durpeycolation of roof
runoff through an infiltration site. In their results, orthophosphate behaved essentially
conservatively during infiltration, whereas NH4+ concentration decreased probably as a

consealence of nitrification.

The case studies investigated in this work are therefore in line with what can be found in
literature; the nitrogen compounds are generally easier to remove, while phosphorus
presents more difficulties. Moreovesjncethe time perod studied wasluring the start up

period of the SuDS, a lower removal efficiency was expected. The situation might change when

the vegetation matures.
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3.4 HEAVWMETALS

The heavy metals content in all of the case studies is much lower than the expectdtisn.
canbeseenas an RRAGA2Y It LINR2F 2F (KS LINBaSyoOSs

runoff should contain engine sytroducts.

On almost 400 test ran during the sampling period on 4 different metals (Qadrhead, Zinc
and Copper) only 43 wegbove the detection limits. Copper is the most common, origintat
from the olderpipework Zinc is the seconchost common element found, coming probably

from tire wear.
The complete testing resdtare included in the Appendix.

Because of this low conceamations entering the systems, thedfect of the SuDS on the heavy
metals levels cannot be evaluatetonetheless, a literature review on the specific topic
showed that SuDS are able to affect the heavy metal concentration in the entering water. The
main removal mechanism are sedimentation, adsorption in the soil, filtration and
precipitation (Wilson et al., 2004Accumulation in vegetation is another possible removal
mechanism, but its impact is virtually negligible and found to account for only betw&en O
and 3.3% of the retention (Quinn et al., 201Rppier et al. (2008) observed the behaviour of
traffic-related pollutant in two detention basins serving a motorway in Scotland, and
calculated a retention percentage of Zinc and Copper of 99.69% and%99r&Spectively.
Bressy et al., (2012) demonstrated that SuDS can attain a redudtibe Zinc concentration
varying between 72 and 80%, depending on the incoming concentration and SuDS
characteristics. Many papers agree that the first 10 cm of soitlaemost important with
regards to heavy metal adsorption and sedimentation (Napier et al., 2008; Quinn et al., 2013)
and that the percolation of thee pollutants through the soil is really slow. Finally, Roinas et

al., (203) observed a Copper and Zireenoval ration of around 70%

3.5 TPH

As explained in Chapter 2.7, a new methodology for analysing Total Petroleum Hydrocarbons
both in water and in sediment samples has been set up. The detection limits achieved with

this methodology is 250 ppm in weight
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TPHconcentration for all the collected samples (5 months sampling campaign) was below the

detection limit of this methodology

The main problem faceth the process to increase the precision of this metiveals the
solvent used, that was not transparent toriafed when used in combination with the 40 mm

cell, absorbing almost 100% of the incoming radiation just by itself

Consequentlyin order to lower again the detection limits,was decidedo try with a new
solvent specifically made for use with FTIR Innaes. This new solventas not delivered at
Brunel University lab in time to be used in this work, but will be surely of help in continuing

this study in future.

As for now, what can be said about TPH in the systems analysed is that the concentration is
2SN GKIFIY wpn >3 k 3 62F az2iAft 2N 6 GSNDZ 4¢
bulk of the pollution that is flowing into the SuDS comes mainly from misconnections and not
FTNRBY G(GKS ayzo8XIfé NBIR Nizy

The main TPH removal mechanismsSuDS are sedimentation, filtration and adsorption in
the soil (Wilson et al., 2004). The first two are especially impactful, since TPHs easily attach
themselves to sediment particles, and therefore removal of sediments and filtration through

plants resit in a significant reduction in pollutant loads.

Similar studies have highlighted how difficult is to evaluate SuDS effect on TPH.-¥Xalénes

et al. (2014) reported very low TPH values at the experimental site due to a light traffic flow
(such as the e in the case studies presented here), with some of their results falling below
the detection limit of 0.1mg/l. However, comparing two different kind of Sugdhificant

differences were found between a filter drain (higher removal) and a swale (lowervai)

Bressy et al. (2014) observed a P#&hhoval of 60¢ 70% in four case studies (depending on
the type: green roof, swale, detention pond) in a residential area, characterized leosity
traffic and no industrial activity. The PAH concentration registered in sediment varied

between0.33and1.1>g/g.

Napier et al. (2008) observed a TPH removal >90% in two systems collecting stormwater from
a Scottish highway, and therefore with much higher pollutant concentration than the ones

reported in this study.
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Roinas et al. (2014) compared the effileand influent of two vegetated detention ponds
receiving runoff from the M27, a major motorway in Hampshire, Bid a system of two
detention basins connected by swales in a residential development. In the case of the
motorway, the ponds influenced thEPH levels registered only during spikes events, when the
ponds reduced the pollution coming in by 58 and 67%, respectively. In the residential

development, no clear pattern of TPHs were found.
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4 (QOONCLSION

The aim of this project was to evaluate the efficiencyvad Sustainable Drainage Systems
located in the Salmons Brook catchment, London. This two systems are part of a bigger project

called the Salmons Brook Healthy River Challenge

91 ad [ 2vwrRka&e/raie oNthe most polluted in Britain, and to deal with this issue
Thames2l} Yy SYGBANRYYSy Gl t OKIFINRGE 62NJAYy3I 6A0GK
and canals, has launched the Love the Lea Campaign, in which the Salmons Brook Healthy

River @allenge plays a major role.

The Challenge aims to improve the water quality in the Salmons Brook Catchment using
Sustainable Drainage Systems (SuDS). Three community scales SuDS have currently been

created as part of the Salmons Brook Healthy River Ciggdle

The SuDS should act as a buffer and stop the pollution collected from the separate sewage
system from entering the river; what actually happens is that a lot of houses in the catchment
are misconnected, and discharge their black and grey watershetstormwaters drains. This
causes a higher and different load of pollutants in the water coming into the systems, raising

the need for a constant monitoring to see how the SuDS affect this kind of pollution.

The evaluation has been done by monitoriagecific target parameterschosen after a

literature review for their ability to act as markers of different type of contamination.

The targetmarkersare nutrients (Nitrate, Ammonia, Total Nitrogen and Total Phosphate)
COD and Total Coliform, as markefanisconnections, and Total Petroleum Hydrocarbons
(TPH) and Heavy Metals (Cadmium, Lead, Zinc and Copper), as markers of diffuse pollution
and urban runoffOther parameters, such as Dissolved Oxyggectrical Conductivignd pH,

are monitored to gai a better understanding on the general biological conditions of the river.

A particular focus is put on the TPH analysis, which are performed both on soil and on water
samples. While in the case of the water samples a standard methodology was useda for th
soil samples a new methodology was set up. The purpaseto set up a quick and reliable
methods for the TPH determination, in order to use it as a preliminary screening tool after

which, if deemed necessary, in depth analysis can be performed.
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The TPHletermination method set up in this Thesis is therefore a simple, expeditious and
economic toolbased onlIR spectrophotometry analysis combined with US extraction.
Moreover, tetrachloroethylene (k) was used as solvent for TPH extraction from the
sampes, since after a bibliographic analysis it showed environmental advantages on the other
solvents commonly used (cheaper, less toxic, less quantity used per sample, no depletion of
the ozone layer). Indeed, only three studies (Nascimento et al., 2008pddotth and
Ogbeibu, 2010, Couto et al., 2014) that reported the use-@fk@r TPH extraction were
found, and only in one (Couto et al., 214) it was used in conjunction with IRgplectometry

and US extraction.

The TPH analysis performed with tendard (water samples) and new methodology (soil

al YLX Sa0 aK2gSR y2 ¢tl O2yOSyuNl}dGAz2zy |620S
with what has been found in the literature, since the area around the SuDS studied is a
residential zone with lowraffic flow. A more specific solvent has been ordered by Brunel
University Institute for Environment laboratory, and the improving of the detection limits of

this new method might be object for future studies.

The systems perform well in term of organantent removalChapter 3.2)in line with similar
cases presented in literature. The average COD reduction in Glenbrook SuDS during the 5

months sampling period was 61.3%.

In terms of nutrients remova(Chapter 3.3) both systems are receiving a huggad of
nutrients, once more time proving the fact that the water coming in is not just road runoff but
it has even pollution coming from misconnected household appliarfttes fact is also
confirmed by the Total Coliform analysi$he SuDS areducingthe nitrogen compounds by
40-50% (depending on the specific compound) while the phosphorus proves harder to
remove. The results are in line with what can be found in literature (PeMtaaparler et
al.,2013, Lucke et al., 2014, Mason et al., 1999); ttregen compounds are generally easier

to remove, while phosphorus presents more difficulties.

Concluding, the Sustainable Drainage Systems studied in this @heserking quite well in
terms of target pollutats removal, preventing the pollutiofrom going into the lakeand
stream of the Salmons BrodWoreover, since tfs study took place durinifpe start up period
of the SuDS, a lower removal efficiency was eig The efficiency might therefore increase

in the future,when the vegetation matures.
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