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Mayo County Council The Marine Discharge of Treated Leachate

1. INTRODUCTION AND BACKGROUND

At present, as a condition of the landfill licence issued by the EPA for Derrinumera (Licence
No. W0021-01), leachate is transported by tanker from Derrinumera Landfill to Castlebar
WWTP for treatment in combination with the municipal wastewater received there. An Bord
Pleandla, in certifying the EIS for expansion of the Castlebar WWTP, has made it a condition
of such expansion that the importation of leachate there is discontinued when the new
Castlebar WWTP is in place.

It will be prohibited to bring leachate to the expanded and upgraded WWTP, therefore,
following best environmental practice, it has been considered that the treatment of leachate
should be conducted at the source. For this reason Mayo County Council wish to include
leachate treatment in the scope of the Derrinumera Waste Licence Review, in preparation for
compliance with an An Bord Pleanala instruction to cease leachate imports to Castlebar
WWTP. Part three of the Schedule attached to the An Bord Pleandla Certification of the
expansion and upgrade of the Castlebar WWTP, issued on the 21*' November 2001, stated:

"No sewage sludge or landjfill leachate from outside the expanded Castlebar Waste Water

Treatment Plant shall be transported onto the site for processing at this location having

regard to the limited assimilative capacity of the RiverSsystem relative to the likely

demands arising from within the Castlebar area.’ 6‘6‘®

o

Once the leachate is treated (in accordance wnthoﬁ’gb‘a)lscharge standards as will be specified
by the Environmental Protection Agency) 1@?@@ need to be discharged to the receiving
environment. There are three theorehcal@@ﬁi@hs 1) discharge to groundwater, 2) discharge
to the Glaishwy River, and 3) dischar e nearest coastal waters (i.e. Newport). Option 1
is not considered appropriate due QS@hc volumes being generated (maximum volume of
leachate productlon expected to peeﬂ; at 700 m® per day, maximum discharge from LTF to be
restricted to 500 m® per day). Q§Ion 2 is not considered as appropriate due to the very low
flow conditions in the Glalshxgy River. Option 3 is the best aliernative solution and has been
demonstrated in the Newport Sewerage Scheme Environmental Impact Statement to be an
environmentally sustainable option. The preferred option therefore is to treat leachate on site,
and to deliver the treated leachate to the proposed marine outfall discharge location for
treated municipal wastewater at Newport via a pumped rising main on the selected route as
shown on Drawing No. 1908-2200, Volume III.

An assessment of the issues arising from the above proposal has been undertaken by TOBIN
Consulting Engineers, in order to establish the environmental sustainability of the proposal.
Having regard to the proposed discharge of treated leachate from Derrinumera Landfill Site
to the Newport Waste Water Treatment Plant proposed outfall, this report was drawn up to
assess the characteristics of the untreated leachate at Derrinumera and also to assess any
issues arising from the proposal.

This report examines the following:
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The Existing Leachate Management System;

Typical Constituents of Leachate;

Relevant Regulatory Standards and Recommendations, Required to Protect Migratory
Fish and Mariculture at Clew Bay North;

Derrinumera Leachate Sampling Carried out to date;

Proposal for Discharge Standards;

Implications for Required Treatment of Leachate given Raw Leachate Sampling
Results.

Y ¥V V

YV V VY

2. EXISTING LEACHATE MANAGEMENT SYSTEM AT DERRINUMERA

2.1. BACKGROUND

Derrinumera Landfill has been receiving waste since 1974, and up until 1998 was best
described as an un-engineered, dilute and attenuating landfill site. Due to the unlined nature
of the waste, leachate could not be captured for treatment, however, the surrounding peat did
offer a significant degree of attenuation to leachate migrating from the site.

&
Following licensing of Derrinumera Landfill (Licence T\(@WOOZI-OI, granted December
1999) by the Environmental Protection Agency a8 ,gﬁr the requirements of the Waste
Management Act, 1996 and associated rcgulatiogﬁgo Pentonite cut-off wall was constructed
at Derrinumera in Summer 2001, with the maig®kjective being to retain any leachate flowing
from the permeable deposits in the enclosg@@éa surrounding the wastebody, from escaping
into the surrounding lands. & i§
<(0\ \\'\\0)
With the installation of the cut-off g@cﬁ, leachate captured within the enclosed area was then

diverted to a balancing lagoon, @?ﬂ pumped from there to three on-site storage tanks. As a
condition of the Waste Licencéissued by the EPA for Derrinumera, leachate is transported by
tanker from Derrinumera to Castlebar WWTP for treatment.

After arriving at the treatment plant, leachate is currently discharged to the head of the works
for co-treatment with Castlebar Town’s incoming wastewater. The leachate and municipal
wastewater is treated together prior to discharge to the Castlebar River system. The Castlebar
River system flows into Lough Cullin and the Lough Conn System and from there eventually
reaches the River Moy, south of Foxford. The River Moy ultimately discharges to the coastal
waters of Killala Bay. It should be noted that the Moy Estuary/Killala Bay is a Candidate
Special Area of Conservation (site reference 000458).

The Moy is a designated salmonid water in its entirety, therefore the preservation of high
standards of water quality on the Castlebar River are essential to its salmonid spawning
grounds. The Castlebar River is designated ‘sensitive’ under the Urban Waste Water

TOBIN Consulting Engineers Page 3

EPA Export 25-07-2013:21:45:32



Mayo County Coungil The Marine Discharge of Treated Leachate

Treatment Regulations', partly due to the particularly low flows in dry weather and
seasonally variable assimilative capacity to incoming treated effluent.

Treated effluent from Castlebar WWTP was, up until early June 20035, discharged to the
Castlebar River at Knockthomas. On expansion of the plant, to provide a greater hydraulic
capacity, a condition was applied by An Bord Pleanala to pipe the treated effluent to a new
outfall location further downstream at the confluence of the Castlebar and Manulla Rivers.

The new pipeline and outfall has consequently been constructed and was commissioned in
early June 2005.

The EPA monitor effluent levels, river quality at various locations upstream and downstream
of the Castlebar WWTP new and retired discharge locations, and regularly check the trophic
status of Lough Conn and Lough Cullin. The overall biological rating of the stretch of river
below the retired outfall has shown general improvement of water quality as the Q ratings
improved since biological sampling by the EPA began in 1971. Since the outfall changeover
occurred in June 2005, no EPA biological sampling resuits have become available. The
receiving water Lough Cullin, along with Lough Conn has been classified as having a
mesotrophic status?.  Since leachate importation at Castlebar WWTP commenced, no
additional notable environmental effects have been observed or recorded in the receiving
waters as a result. \{@\0
6\

In November 2001, Mayo County Council’s appllcaﬁgﬁor the upgrade and expansion of the
Castlebar WWTP was certified by An Bord P Qﬂa An Bord Pleanala, in certifying the
application, has made it a condition of such Q&nﬁslon that the importation of leachate there is
discontinued when the new Castlebar WW is in place. The An Bord Pleanéla condition
implies that, once the upgrading amf@ﬁpansron of Castlebar WWTP occurs, alternative
arrangements must immediately fa‘fL@\to place for the treatment of Derrinumera landfill
leachate. &

00{&\
In this regard Mayo County Council must source an alternative means for the treatment and
disposal of the leachate generated in Derrinumera Landfill. Following best environmental
practice it has been considered that the treatment of leachate should be conducted at the
source. The preferred option therefore is to treat leachate on site, and to deliver the treated
leachate to the proposed marine outfall discharge location for treated municipal wastewater at
Newport, via a pumped rising main on the selected route as shown on Drawing No. 1908-
2200, Volume III.

! Urban Waste Water Trentment Regulations, 2001 (S.1. No. 254 of 2001).
* Source: EPA (2005), ‘Water Quality in Ireland 2001-2003"
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2.2, CURRENT LEACHATE VOLUMES AT DERRINUMERA

At present the leachate held within the cut-off wall is collected in a lagoon (with the leachate
collected from the lined cells being pumped directly to holding tanks). From here it is
pumped to, and stored in, 3 large identical precast concrete collection tanks on site. Each
tank has a volume of 297m’ (i.e. 10.4m diameter with a working depth of the order of 4m).

The waste body at Derrinumera has been surrounded by a 1.3km long 600mm wide bentonite
cut-off wall, keyed 0.5m into bedrock since 2001. The purpose of the wall is to stop leachate
migration from the waste body in the unlined historical deposit and it also diverts upland
surface water around the unlined waste. Low permeability flows in the bedrock are not, of
course, prevented by the cut-off wall. This leachate flows to a balancing lined lagoon at
present, with a floor area of 860m® and a volume in the region of 3,600m’. This lagoon
balances peaks in leachate production, which broadly mirrors rainfall, and provides a measure
of settlement. Leachate is pumped from the lagoon to the three holding tanks from which the
tankers are filled through a gantry loading system. The leachate is then taken off site to
Castlebar WWTP for treatment.

The volumes to be handled and the strength of the constituents in the leachate, vary from
winter to summer. Looking at the experience of Eﬂﬁb,\‘f(g])?jmjfd approximately was
transported in May and June and 130m’/d was tankg:rgﬁn September. Over the year an
average daily leachate flow of 258m’/d was record é}:\@'ﬁ\ging from a minimum of 125m*/d to
a maximum of 358m’/d. In 2002, which had X exceptionally wet, volumes as high as
650m’/d were removed in February and in }ol\cﬂ\'\’&ﬂ‘%cr, In 2004 an average daily leachate flow
of 269.7m°/d was recorded, and in 2003 ;@aﬁy leachate flow averaged at 266.4m°/d. In the
future, these volumes will change aogx(\%@s are filled and capped off, with the maximum
volume of leachate expected over lh%odi\sign life of the landfill peaking at 700m*/d, including
a small allowance for supernata \gcnerated from the small volume of liquid sludges and
condensates. Once the LTF een commissioned, the maximum allowable discharge of
treated leachate from the plant will be restricted to 500 m? per day and the existing on-site
lagoon will be utilised as a balancing facility when the daily leachate production exceeds this
volume. This figure has been used for design purposes.

3.  TYPICAL CONSTITUENTS OF LEACHATE

Leachate will contain elements of all substances in the landfill that have not been broken
down by microbiclogical activity within it and which are soluble in water. A landfill
undergoes two distinct stages of biological waste decomposition during the cycle of
breakdown of waste, namely the acetogenic and the methanogenic stages. Both of these
stages can coexist in the one landfill, because the ages of the waste in the landfill can vary
from place to place. The following describes these stages:
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Acetogenic Stage

In the early stages following waste emplacement, acetogenic liquors containing high amounts
of BOD and COD (consisting mainly of soluble organic compounds such as volatile fatty
acids) together with high concentrations of ammoniacal nitrogen dominate the characteristics
of the leachate.

Methanogenic Stage

In the later methanogenic stage of decomposition, although ammonical nitrogen levels
remain, the soluble organic compounds are converted to landfill gas. In the methanogenic
stage, leachate typically contains relatively low amounts of biodegradable organic matter.

Table 3.1 summarises the mean concentrations typically found in large landfills with a
relatively dry high waste input rate for both stages of waste decomposition.
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Table 3.1: Summary of Mean Composition of Acetogenic and Methanogenic Leachates

Sampled from Large Landfills with a Relatively Dry High Waste Input Rate

DETERMINANT ACETOGENIC METHANOGENIC
LEACHATES LEACHATES
pH-Value 6.73 7.52
Conductivity (uS/cm) 16,921 11,502
Alkalinity (as CaCO;) 7,251 5,376
COD 36,817 2,307
BODy 25,108 544
BOD;s 18,632 374
TOC 12,217 733
Fatty acids (as C) 8,197 18
Ammoniacal-N 922 889
Nitrate-N 1.8 0.86
Nitrite-N 0.2 0.17
Sulphate (as SO4) 676 67
Phosphate (as P) 5.0 4.3
Chloride 1,805 2,074
Sodium 1,371 1,480
Magnesium 384 250
Potassium 1,143 854
Calcium 2,241 151
Chromium ] 0.13 0.09
Manpanese 32.94 £ 0.46
Tron 653.8 N 27.4
Nickel 0.42 S 0.17
Copper 0.13 & &Y 0.13
Zinc 17.3F O 1.14
Arsenic 0024 0.034
Cadmium L0682 0015
Mercury R 0004 0.0002
Lead &S 0.28 0.20
Note: 0\\ '\\Q
Results in mg/l except pH-value and condff Qity (uS/em).

Source: EPA Landfill Manuals: ‘Landﬁ!!é'ge Design Manual’ (2000)

The concentration of variouscEonstituents of the leachate also varies greatly depending on
whether it is sampled:

(a) in the waste body itself, or;
(b) in the holding tanks.

Leachate monitoring at Derrinumera has shown that leachate sampled from the holding tanks
tends not to have the same levels of BOD, COD, SS and ammonia as leachate sampled from
the waste body itself. It is the leachate in the holding tanks that is relevant with respect to
this report, as the leachate itself is to be treated after entering the holding tanks. Even
without formal pre-treatment, it has been found that the concentration of the elements and
compounds in the leachate declines from the wastebody to the holding tanks, though, of
course, this requires full treatment before it can be discharged to a receiving water.
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4. RELEVANT REGULATORY STANDARDS AND RECOMMENDATIONS

4.1. GENERAL

The environmentally sustainable of the discharge of treated leachate at Newport WWTP
marine outfall depends largely on a number of factors including: the characteristics of the raw
leachate at Derrinumera; the discharge standards required to protect aquatic life at Clew Bay;
and current international best practice with secondary and tertiary treatment to treat this
leachate to those required discharge standards.

This area of Clew Bay, surrounding the proposed outfall hosts a significant shellfish industry
having achieved the highest classification for shellfish quality under the Shellsan system. In
addition, the area is also a designated area of Special Scientific Interest and is a candidate
Special Area of Conservation, given the migratory salmonid pass into the Fumnace Lough-
Lough Feagh system and the presence of the Salmon Research Station at Furnace en route.
The discharge standards required to maintain this very valuable ecosystem at its current
condition, and to continually ensure the protection of its marine life, therefore require a great
deal of examination.
e

4.2. MARINE DISCHARGE STANDARDS AND R.ECGJ:\-!&]EQB&T]DNS

O \
There are no specific guidelines dealing with t@‘%ﬁ?@ of landfill leachate prior to or after
treatment. The most important EU ]Eng' volving water quality and discharges of
cffluent to receiving waters with regar Q ssessing the standard and inorganic chemical
concentrations within the leachate aze\sﬁL@narls-bd in the following sections:

oQ
\

4.2.1 EU Directives on Watofounﬂgr
O

4.2.1.1 The Urban Waste Water Treatment Directive (Council Directive 91/271/EEC)

The Urban Waste Water Treatment Regulations, 2001 (S.1. No. 254 of 2001) give effect to
this Directive. These regulations specify limits on wastewater treatment discharge of BODs,
COD and Total Suspended Solids. The Regulations also set discharge limits for Total
Phosphorus and Total Nitrogen for discharges to sensitive waters as listed in the Third
Schedule of the regulations. The Urban Waste Water Treatment Regulations set out
deadlines for secondary treatment of wastewaters depending on the size of agglomerations.

4.2.1.2 EU Council Directive (76/464/EEC) on Water Pollution by Discharge of Dangerous
Substances

EU Directive 76/464/EEC, dealing with water pollution by discharges of certain dangerous

substances, was implemented by statute in Ireland, into the Local Government (Water

Pollution) Act 1977. Various regulations gave effect to this Act, including:
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=  Water Quality (Dangerous Substances) Regulations, 2001 (5.1. 12/2001).

In the marine environment, these regulations cover the obligations under the Directive by
setting limits on the concentration of various pesticides, solvents, metals, and some other
substances in a water body. These limits themselves result from extensive testing of the
toxicity of these compounds to marine life, not just at the adult stage, but at the juvenile or
larval stage as well.

4.2.1.3 The Bathing Water Directive (Council Directive 2006/7/EC)

This Directive repeals Directive 76/160/EEC, which was one to the first pieces of European
environmental legislation to be set. The Bathing Water Directive (76/160/EEC) set minimum
mandatory standards for the quality of Bathing Water throughout the European Union. The
aim of the Directive was to protect public health and the environment from faecal pollution at
locations where people bathe. The Directive required Member States to identify popular
bathing areas and monitor the bathing waters for indicators of microbiological pollution
throughout the bathing season. The Directive allowed two years for each member state to set
up the necessary legislation and ten years for compliance. &
&S

The main Irish legislation, which gave effect to Dxmc&mﬁ 160/EEC are as follows:

« Quality of Bathing Waters chulatng Q? 92 (5.1. 155/1992), as amended by
Statutory Instruments: 5.1. 145 of 1933@ 230 of 1996; and S.1. 177 of 1998.
¢ Quality of Bathing Waters (ﬁmcgﬁl‘gé%t} Regulations, 2001 (S.1. 22/2001).
o* \\Q
These regulations designate hathm@@auas and outline water quality parameters to be
measured as well as specified tcs{g&% frequencies and methods for analysis.
&

In December 2005 an agrccrcn}em was reached between the Member States, the European
Commission and European Parliament on a new Bathing Water Directive. This new Bathing
Water Direclive was adopted on February 15" 2006 and revokes Council Directive
76/160/EEC.

Directive 2006/7/EC is aimed al tightening water quality standards and ensuring relevant
information on bathing waters is available to the general public. This new Directive sets out
provisions for the monitoring and classification of bathing water quality, the establishment of
management systems for bathing water quality, and the provision of information on bathing
waters to the public.

4.2.1.4 EU Shellfish Directive (Council Directive 79/923/EEC)

This Directive, (with amendments: Directive 91/692/EEC and Council Regulation
1882/2003/EC), seeks to protect or improve shellfish waters in order to support shellfish life
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(bivalve and gastropod molluscs) and growth and thus to contribute to the high quality of
shellfish products directly edible by man. The Directive sets physical, chemical and
microbiological water quality requirements that designated shellfish waters must either
comply with or endeavour to meet. The Directive is designed to protect the aquatic habitat of
bivalve and gastropod molluscan species of shellfish. This includes oysters, mussels, cockles,
scallops and clams. The Directive does not cover shellfish crustaceans like crabs, crayfish
and lobsters.

The main Irish legislation, which gives effect to the Directive is as follows:
¢ Quality of Shellfish Waters Regulations, 2006 (S.1. 268/2006)

The Quality of Shellfish Waters Regulations, (S.I. 268/2006) revoke previous shellfish
regulations (5.1. 200/1994 and S.1. 459/2001). The revoked regulations previously specified
indirect standards for shellfish inhabited waters. The new Shellfish regulations (8.1
268/2006) now prescribe actual quality standards for shellfish waters, designate the waters to
which they apply, and require the preparation and implementation of action programmes in
respect to all such waters ‘fo rake reasonably practicable steps to reduce pollution in those
waters with a view to meeting the standards specified in Schedule 4'. The 2006 Shellfish
regulations are not intended to overrule the operation ofgthe Water Quality (Dangerous
Substances) Regulations 2001 (5.1, 12/2001). ) N

AN
4.2.1.5 EU Water Framework Directive (Cm{\m?“r%ﬁmcﬁue 2000/60/EC)
This Directive came into force on the 22"@&?§®cccmbcr 2000, and is generally known as the
"Water Framework Directive’ or *WF ,@&%e objective of the Directive is to rationalise and
update existing water legislation bﬁ‘ogﬁting common EU wide objectives for water. The
WFD has a broad scope relatin &8 water quality in rivers, lakes, canals, groundwater,
transitional (estuarine) waters g}g@%uastal waters out a distance of at |least one nautical mile.

The fundamental objective of the WFD aims at maintaining “high status” in relation to all
waters by 2015. Under this Directive Member States are obliged to ensure that a co-
ordinated approach is adopted for the achievement of the WFD and for the implementation of
programmes of measures for this purpose. The main activities for the implementation of the
WFD will take place in the context of River Basin Management (RBD) Projects led by Local
Authorities.

In accordance with the requirements put forward by the European Communities (Water
Policy) Regulations, S.I. 722 of 2003 (which transposes the Water Framework Directive
{2000/60/EC) into Irish law), work to date includes an initial characterisation and analysis of
Ireland’s river basin districts, which was conducted and submitied to the European
Commission in the form of a National Summary Report in March 2005 by the Environmental
Protection Agency. An ‘drticle 5 Characterisation : Summary Report’ was produced as part
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of the Western River Basin District Management System, which encompasses the subject
area of the proposed development.

4.2.2 Irish Wafter Quality Legislation

4.2.2.1 8.1 No. 268, Quality of Shellfish Waters Regulations, 2006 (Revoking S.I. 459/2001
and S.I. 200/1994)

These standards specify mandatory limits and guide values for shellfish inhabited waters, and
also specify allowable concentrations of various parameters in shelifish flesh. The
regulations are aimed at achieving the objectives of the Shellfish Directive (79/923/EEC) by
setting limits on the concentrations of suspended solids, salinity, dissolved oxygen, petroleum
hydrocarbons, organohalogenated substances, dissolved metals and faecal coliforms, etc.
allowable in shellfish waters and allowable concentrations in shellfish flesh. Schedule 3 of
the regulations outlines the designated areas of shellfish waters to which the regulations

apply.

Under the obligations of S.I. 268/2006, a Regulation 6 Action Programme has been
completed for Clew Bay, detailing two sampling locations, one of which is sited in Newport
Bay, with the other sited in Westport Bay. In order to determine whether the shellfish waters
are compliant with the Shellfish Regulations, sampling will be carried out by Bord lascaigh
Mhara (BIM) at these locations, as tasked by the Minister fordCommunications, Marine and
Natural Resources. Any discharges to Clew Bay she]{ﬁ%h waters must not cause the
receiving water to exceed the specified levels, i.e. th@e@eﬂues need to be back calculated on
the basis of dilution factors and tidal currents. A hof S.I. 268/2006 is included in Annex
G of this discussion paper. Q\\}Q@&\\

NI
4.2.2.2 8.1 No. 254, Urban Wastewater Tégﬁ\@@énr Regulations, 2001

The requirements for treated leachate fﬂ?@ﬁ’ne Leachate Treatment Plant will fall in line with
the Urban Waste Water Trealmé{ﬂ@ﬁegulalions (2001), which specify the following
requirements: 6\

N
Q@“
e BOD 25 mg/l
e SS 35 mg/l
e COD 125 mg/l

Because of the salmonid status attached to the Newport River and Lough Furnace, both
situated on the verge of Newport Bay, the following requirement has been included in
accordance with the Quality of Salmonid Water Regulations, 1988 (S.I. No. 293 of 1988), in
order to ensure the protection of migratory fish species:

e AmmN 5 mg/l

4.2.2.3 8.1. No. 12, Water Quality (Dangerous Substances) Regulations, 2001

EU Directive 76/464/EEC, dealing with water pollution by discharges of certain dangerous
substances, was implemented by statute in Ireland, into the Local Government (Water
Pollution) Act 1977. This Act gave effect to various regulations including the Water Quality
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(Dangerous Substances) Regulations, SI 12 of 2001. In the marine environment, the
Regulations cover the obligations under the Directive by setting limits on the concentration of
various pesticides, solvents, metals and some other substances. These limits themselves
result from extensive testing of the toxicity of these compounds to marine life, not just at the
adult stage, but at the juvenile or larval stage as well. An extract from S.I. No. 12 of 2001,
detailing limits of the relevant substances is included in Annex A of this discussion paper.

5. RESEARCH CARRIED OUT TO DATE

5.1 HYDRODYNAMIC MODELLING OF THE PROPOSED QUTFALL

An extensive body of marine research work has been done in support of the Newport
Sewerage Scheme, including the calibration and verification of a Hydrodynamic Model of the
Inner Newport Bay area. At the request of various stakeholders a second model, prepared by
the Marine Institute for Clew Bay, was utilised to verify the findings of the initial model.
This second model was upgraded through the inclusion of LIDAR bathymetric data, which
provided much better resolution when it became available to Mayo County Council in 2004.

Preliminary Hydrodynamic Modelling 0&’

%\é

Based on the initial modeling, an outfall location @’g@ﬁ 4) was selected out of an initial
total of 6 potential outfall locations (refer to Dﬁg}‘ﬂlg No. 1908-2200, Volume III). The
selection of this outfall was based on a nurnbéi- 'Yactors, namely, water quality impact and
initial dilution, navigation requirements {iﬁ.ﬁ@hicnt water depth above outfall risers) and a
number of other engineering mnstraint\i%g&ss and cost). The final location has an ordnance
grid location of approximately E , N294210. The proposed site, at its centroid is
located 50 metres north of Rusmug‘.‘%a&dland in waters having a depth of 3 metres at low
water mean spring tide. The s'gfis located slightly to the south of the deeper entrance to
Burrishoole Bay so as to avéid the navigation channel and is also located approximately
midway between the oyster bed areas to the east and west of the outfall.

The hydrodynamic modeling on Newport Sewerage Scheme has included the modeling of
two types of plume. The modeling has predicted the effects of the discharge of two types of
contaminants, that with a ‘die-off factor’, e.g. faecal coliforms and that with a ‘conservative
factor’, e.g. heavy metals.

The faecal coliform simulations clearly showed that provision of disinfection and the location
of the proposed outfall ensure that the proposed Newport treated sewage discharge would not
impact on shellfish production in the Bay in respect of the extensive oyster bottom culture
areas and licensed shellfish sites. Based on a discharge concentration of 2,000 faecal
coliforms per 100 ml the model simulations give a maximum concentration at the outfall grid
square (20 metres by 20 metres) of 19.43 per 100ml and mean concentration of 2.6 no. per
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100 mi (Spring Tide). The treated leachate discharge standards proposals therefore include a
faecal coliforms limit of 2,000 per 100ml.

To assess the potential impact on Lough Furnace from the build-up of the more persistent
pollutants (for example non-biodegradable persistent compounds) which may be contained
within the discharge, a tracer simulation was conducted utilising the hydrodynamic model.
The model identified that the predicted mean concentration in Burrishoole Bay expressed as a
percentage of effluent concentration was found to be 0.021% and 0.062% for spring and neap
tides respectively. In terms of dilutions this represents 1 in 4,600 and 1 in 1,600 respectively.
In conclusion, no significant build-up of tracer concentration was predicted in the Burrishoole
Bay area.

The results from the modelling exercise were presented at a public meeting held in Aras an
Chontae, Castlebar by Mayo County Council on 5" December 2002. Attendance at this
public meeting included representatives from the Marine Institute, Clew Bay Oyster
Cooperative Society, Newport fisheries, Bord Iascaigh Mhara (BIM), National Parks and
Wildlife Service, Newport Development Association and Clew Bay Marine Forum. During
this meeting a recommendation was tabled, that the Marine Institute had developed a
Hydrodynamic Modelling computer program for Clew Bay at the request of the Co-ordinated
Local Aquaculture Management Systems (CLAMS) and thap’ﬁle suitability of the preferred
outfall location should be validated by utilising this \\mogéf\in addition to a further seaward
outfall at Muckinish Island. Clew Bay Oyster Co 1@@6 Society Limited also requested in
correspondence that an outfall further seawag@ ¢ considered on their model to prevent
accumulation in the inner north eastern corne(&\)\’ ewport Bay.

Additional Validatory Hydrodynamic MQQ

T

<<:oQ\\\(:)&:Ilmg

The request to validate the sel fion of Outfall 4 from the preliminary hydrodynamic
modelling and the request to ¢énsider a further seaward outfall resulted in the selection of
two options (Option A [Outfall 4 from preliminary modelling exercise] and Option B [Outfall
6 from preliminary modeling exercise]). These options were then modelled utilising the
Marine Institute model as developed for CLAMS. The inputs to the model were agreed in
advance with representatives of the Marine Institute at Lough Furnace. Option A is located
in the anchorage between Rosmore and Rossgibbileen Point (as referred to above). Outfall A
has an ordnance grid location reference of approximately E95670, N294210. Option B is
further seaward, located to the south-cast of Muckinish Island and has an ordnance grid
location reference of approximately E93503, N293116.

A copy of the report on the hydrodynamic modelling exercise utilising the Marine Institute
hydrodynamic model, developed at the request of the Co-ordinated Local Aquaculture
Management Systems (CLAMS), is included in the Newport Sewerage Scheme
Environmental Impact Statement.
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Based on a faecal coliform discharge of 2,000 no/100 ml, the highest concentration of faecal
coliforms predicted by the model from Outfall A was 1.82 no./100 ml in the mixing zone. This
value is an order of magnitude lower than the strictest requirements for faecal coliforms. The
highest concentration for Outfall B was 1.09 no/100 ml in the mixing zone.

Based on a Copper discharge of 0.08 mg/l, the highest concentration of Copper predicted by the
model from Outfall A was 0.0000875 mg/l (or 87.5 ng/l) in the mixing zone and Qutfall B was
0.0000488 mg/l (or 48.8 ng/l) in the mixing zone. For a discharge of Cadmium of 0.001 mg/],
the predicted concentrations were 0.000001094 mg/l (or 1.094 ng/l) in the mixing zone at
Outfall A and 0.00000061 mg/l (or 0.61 ng/l) at Outfall B in the mixing zone. As Copper and
Cadmium are ‘conservative’ substances, meaning that they do not biodegrade, the results of this
exercise are useful to apply to all other conservative substances as they present the available
dilution factors. In the case of Qutfall A this was calculated as being 913. In the case of Qutfall
B this was calculated as being 1,492.

At the request of the National Parks and Wildlife Service the discharge of Ammonia (as N) was
modelled. Assuming a discharge concentration of 5 mg/l, the maximum level predicted was
0.0194 mg/l from Outfall A in the mixing zone and 0.0178 mg/l from Outfall B in the mixing
zone. It should be noted that when Ammonia is dissolved in water, it is the unionised form of
Ammonia which is potentially toxic to marine life unless its cgl ntration is maintained within
the limits established by research as being safe for adula‘ju&é\?llc and larval stages of finfish and
shellfish life. The formation of the toxic unionisedsYgfin of Ammonia fraction of the Total
Ammonia solution in water is influence by tem 2 \@, pH, salinity and other ions in a complex
manner. Typically in salt water at tmnpera;uogé?;\’ &?? 10 to 18 degrees celsius at neutral pH, un-
ionised Ammonia represents approximat \0$ % of the Total Ammonia value. Based on
historical EPA analyses of waters in tlégs I Oy estuary and Inner Killala Bay in County Mayo a
maximum fraction of 6.06% was dale‘égﬁ\. Applying this fraction to the results obtained yields a
maximum un-ionised Ammonia regflt of 0.00117 mg/l at Qutfall A in the mixing zone and
0.00101 mg/l at Outfall B in mixing zone. These results are lower than the current

O .
environmental quality standard of 0.021 mg/l for marine life.

Summary Conclusion

Based on the results of the validatory modelling exercise, discharging faecal coliforms at a
concentration of 2,000 no./100 ml, Ammonia (as N) at a concentration of 5 mg/l, Copper at 0.08
mg/l and Cadmium at 0.001 mg/l from either Outfall A or B would not result in the exceedance
of any relevant national standard for these analytes with regard to the protection of the aquatic
environment,

From the preliminary hydrodynamic modelling the minimum dilution factors available under the
worst case scenario (or minimum) dispersion conditions at Outfall A is approx 18.6. Based on
the validatory modelling exercise with the worst case wind conditions affecting Inner Newport
Bay and Lough Furnace, the minimum dilution factors available at Outfall A is 913 and Quitfall
Bis 1,492.
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It is considered that based on the results of the preliminary and wvalidatory hydrodynamic
modelling, that Outfall A is a suitable location for the discharge of the treated sewage effluent
and treated leachate. Tt is contended that the additional dilutions available from constructing the
pipeline to Outfall B do not provide sufficient environmental benefit balanced against the
additional cost, engineering constraints and environmental impact arising from the construction
and operation of the extended pipeline.

Overall Conclusion for Conservative Substances

Having regard to the outcome of both modelling exercises it is considered that a very
conservative approach to worst-case dilution factor for conservative substances would be
18.6. It should be considered that this is very much the worst-case scenario and would occur
temporarily during worst tidal dispersion conditions.

3.2. ANALYSIS OF DERRINUMERA LEACHATE

5.2.1 Toxicity Analysis

TES Consulting Engineers carried out toxicity testing as part gf-a ‘Leachate Characterisation
Study’ conducted in August 2003. Toxicity testing was c@rted out by Microtox™ on both
the raw and treated (Castlebar WWTP) samples by S@lgixm Toxicity Laboratory. This test is
recommended for testing the inhibition of w er treatment plant microflora (i.e.
inhibition of respiration and nitrification). Thg@ ence Batch Reactor (SBR) is a variant of
an aerobic biological system. Unlike a\oﬂt ventional activated sludge plant with pre-
settlement, an SBR system is worked engﬁ‘%b? v bacteria and as such, the Microtox test is the
toxicity test most suited to asscss@a Soxic shock and subsequent negative perfnnnance
effect, which the leachate could h@& on the system. A toxicity unit level of 2.2Tu’ is
regarded as the background lcﬁmﬁ&)r Microtox ™. This represents a dilution of greater than
45% volume of leachate percfblume of saline solution, which is the threshold or starting
dilution used in this test. Results from both raw leachate samples and treated cffluent
samples proved that the requisite level of impact on the bacteria could not be produced, even
by the least possible dilution of raw leachate that the test allows. For all samples tested,
toxicity levels were found to be less than 2.2Tu. (The EPA guideline value for discharge of
effluent to sewer by a licensed facility is 10Tu., which is significantly greater than the values

* Toxicity/inhibition tests are carried out by exposing a group of test organisms in o series of dilutions of the test substance or
mixture, under conditions, which are controlled. On the basis of the recorded effect frequencies in the various dilutions, the
effect concentrations (Effective Concentration (EC) or Lethal Concentration (LC) are vsually caleulated for the 10, 50 and
90% mortality or effeet level in the population. Example: If the results from a 24-hour EC, toxicity test is 20% viv, this
means that 200ml of wastewater made up to o liire with waler had a specified effect an 50% af the test species, in 24 hours,
To oavoid conlusion and le report increasing toxicity with a comespondingly increasing number (i.e. the more toxic the
wastewater, the higher the numerieal TU number assigned 1o it), the result is expressed es a function of the undiluted sample
{100%). This form of expression is known as the Toxic Unit (Tu) and is defined as follows: Tu= MVECs
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obtained for the Derrinumera leachate.) Annex D shows a table of results abstracted from the
2003 ‘Leachate Characterisation Study’ for toxicity testing of leachate generated at
Derrinumera and wastewater samples taken at Castlebar WWTP. Table 6 of Annex D shows
the results of the toxicity tests. (Refer also to Appendix 10 — ‘Leachate Characterisation
Report’).

Mayo County Council conducted further toxicity tests in October of 2004, The Shannon
Toxicity Laboratory again carried out analysis and results can be found in Annex E (The
Acute Toxicity of a Derrinumera Landfill Leachate Sample to Aquatic Organisms, 2004
Results’).

Aquatic toxicity is the science that deals with the effects of substances and physico-chemical
conditions on aquatic flora and fauna. Used in conjunction with limits on chemical and
physical constituents, toxicity limits afford a safeguard against the presence of unknown or
unanticipated contaminants. Nevertheless, it is important to understand that toxicity tests can
only measure the toxicological properties they are designed to detect. The 2004 tests, as with
the majority of tests used in Ireland, were designed to detect acute (rapid), easily observed
and unquestionably harmful properties such as lethality and immobilisation as opposed to
looking specifically at fertility and growth effects.

&
Three different species were chosen for toxicity testing, %‘é@ Plants/Algae Group: Freshwater
Algae pseudokirchneriella subcapita; Crustacean p: Freshwater Cladoceran daphnia

magna or ‘Water Flea’; and Fish Group: Juven&e i%shwater Salmonid onceryhnchus mykiss
or ‘Rainbow Trout’. The toxicity rcsogﬁ @thn testing these species against set
concentrations of untreated leachate fro mumera yielded favourable results of 4.5Tu,
1.4Tu and 4.2Tu respectively, all be@é\ ow the standard 10Tu set as a guideline value by

the EPA.
o

X

ooéé\
522 Raw Leachate Chemical Analysis at Derrinumera
In order to establish the site-specific characteristics of the Derrinumera leachate an initial
‘Leachate Characterisation Study’ was conducted during August 2003. This particular time
of year was chosen, as August is a month, which typically has lower rainfall levels leading to
lower volume, higher strength leachate. The timing of the sampling was as such as to follow
a period of dry weather. Samples were taken from the existing leachate holding tanks at
Derrinumera Landfill. In order to provide an indication of the efficiency of a conventional
secondary treatment plant fo co-treat this leachate with municipal wastewater, the treated
effluent from the Castlebar WWTP was also sampled. A discussion of the results of treated
effluent from the Castlebar Plant is dealt with in the ‘Leachate Characterisation Study’. A
copy of the 2003 resulis is included in Annex D of this report, and the ‘Leachate
Characterisation Study’ (TES, 2003) is provided in Appendix 10, Volume 1V.

On examination of the results, with regard to the majority of parameters analysed for, those
substances were not detected above laboratory limits of detection. Hence a second round of
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sampling for analysis of a selected set of determinands was carried out to a lower level of
laboratory detection, in order to enable comparison of raw leachate concentrations with the
relevant Irish Legislation. As technology enabling extremely low detection levels was not
available in this Country, the analysis was carried out by the National Laboratory Service for
the Environmental Agency in Wales during June 2005. The 2005 lab results are included in
Annex F of this report.

The purpose of the examination of the untreated Derrinumera leachate is purely to assess the
relative levels of the contaminants and it must be emphasised that these are untreated values,
before any process other than settlement in the leachate lagoon has been brought to bear on
the constituents.

5.2.3 Discussion of Resvlts

Overall, by comparing the raw leachate data for Derrinumera with the respective Mean
Composition of acetogenic and methanogenic leachates on Table 3.1, the results (i.e. heavy
metals, electrical conductivity, major cations, BOD, COD, ammonia, phosphate, and chloride
mean levels) detected at Derrinumera are all significantly less than their respective means.
This gives an indication that the raw leachate at Derrinumera has a much lower concentration

than average in Ireland, and lacks the more troublesome trac%éﬁ}nenls typical of leachates.

&
The mean BOD value for the 2003 leachate sampl@\\@é\é approximately 179mg/l. It should
be noted that again this value was less than th °Y? e tive mean composition as quoted on
Table 3.1. These values are typical of mun;@ﬁﬁeachale and are to be expected given that
domestic waste is the principal waste typgﬁog@?pled at Derrinumera Landfill. The strength of
the raw leachate is not greatly in nxcss?gfo domestic wastewater, and while the COD levels
are higher than domestic wasrcwatefﬁ@} are at maximum one quarter of the figure given for
methanogenic leachate in Table 3,\5\0[1 is clear from the discussion up to this point, that the
Derrinumera leachate is quitg\‘%%gniﬁcanﬂy lower in strength by comparison with the

generality of the municipal landfill leachates.

On analysis of the raw leachate, the majority of heavy metals were not detected above the
laboratory detectable limit during 2003 tests. The 2005 analysis, carried out generally at
lower lab detection limits, found some heavy metals at trace levels in the raw leachate.
Results for arsenic, mercury and silver all suggested undetectable levels. For the remaining
heavy metals, traces of these elements were detected by the 2005 testing laboratory, however
all were again found to be of a lower concentration than those expected mean concentrations
set out in Table 3.1. It is therefore envisaged that heavy metals concentrations will not be in
excess of proposed standards set out in Section 6 once the leachate has undergone full and
appropriate treatment.

Elevated levels of ammonia were observed in the 2003 leachate samples with a mean value of
[00mg/l and a maximum of 137mg/l. It should be noted however, that this value was
significantly less than its respective mean concentration. These values, in conjunction with
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the results of the nitrate and nitrite analysis, are typical of landfill leachate and are consistent
with the type of waste accepted and anaerobic conditions within the landfill.

The results of the total and faecal coliform analysis are consistent with the level of values
typically found in a municipal landfill and are to be expected given that domestic waste is the
principal waste type accepted at Derrinumera Landfill.

All of the VOC and almost all of the SVOC parameters analysed during the 2003 Leachate
Characterisation Study proved to be undetectable, however, low traces of pyrene,
naphthalene, antracene, phenanthrene, fluorantrene, benzo(a)anthracene and chrysene were
detected in the raw leachate. When the untreated leachate was analysed for these parameters
again in 2005, results were all below laboratory detection limits.

The 2003 results for the polychlorinated biphenyl (PCBs), chlorinated pesticides and diesel
range organic analysis indicate that no PCB congeners or chlorinated pesticides were detected
above laboratory limits in the leachate samples. It should be noted that the limits of detection
for the PCB congeners or chlorinated pesticides were 0.01 parts per billion (ppb). However,
low concentrations of diesel range organics were detected in the first leachate sample taken.
The laboratory interpretation of the chromatogram indicated that highly biodegraded diesel
was the source. @\0&
&

A total of 11 standard PCB congeners were ana]yse@%ﬁ%uring the 2005 sampling round, all
of which were not detected above ]aborator@b lts of detection. Of the chlorinated
pesticides, which were chosen for analysis gﬁr{ﬁ 2005 (see Annex F), none were detected
above laboratory limits of detection. &‘\@

\Q>
The 2003 results for acid, triazine fﬁad?\mm e herbicides, organophosphorous pesticides and
organotin analyses indicated that 0 acid triazine, nitrile herbicides or organophosphorous
pesticides were detected in th @%\leachate samples with the exception of low concentrations
of triphenlytin, which was detected in the fourth leachate sample taken, whilst none was
detected above limits of detection in all of the other 2003 samples.

5.2.4 Summary of Results

Considering the raw leachate data initially, it is clear that when the raw leachate for
Derrinumera is compared with the respective Mean Composition of acetogenic and
methanogenic leachates on Table 3.1, the results (i.e. heavy metals, electrical conductivity,
major cations, BOD, COD, ammonia, phosphate, and chloride mean levels) detected at
Derrinumera are all significantly less than their respective means. This raw leachate is less
concentrated than average in Ireland, and lacks the more troublesome trace elements typical
of leachates from more industrialised areas.

Polyaromatic hydrocarbons (PAHs), which are commonly found in landfill leachate, were
detected in the raw leachate at trace levels. These are a group of lipophilic substances that
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arc ubiquitous in the environment. They are almost insoluble in water and are commonly
sorbed on to airborne particles. They enter the environment from the following systems:
wood fires, exhaust from petrol and diesel engines and the runoff from bitumen road surfaces.
The most common points of entry of PAHs into the landfill would be through fire ash and
cinders.

With regard to the traces of diesel range organics detected in the raw leachate sample, it is
possible that diesel contaminated soil or another diesel contaminated waste source may have
been accepted in the landfill unknowingly and caused these levels.

Triphenyltin was detected in the raw leachate sample. This substance was used as a
constituent in marine anti-fouling paint. However, its use has discontinued as a result of an
international ban. It is possible that old paint cans containing anti-fouling paint may have
been accepted into the landfill unknowingly and caused the trace levels detected.

In summary, the Derrinumera Leachate, even when sampled in June and August at its most
concentrated likely condition, is of weaker strength than average landfill leachates in Ireland.
Acerobic biological secondary treatment processes are unlikely to be inhibited by any toxicity
effects, as the toxicity tests show, and so the full range of treatment systems outlined in
Section 7 are expected to be suitable for consideration by ('.g:‘ﬁtracturs tendering for leachate

treatment as part of a DBO process. & @0
o°\0\
6. PROPOSED DISCHARGE STﬁNDA éP

Q &*
As there are no specific guidelines deali&?\@ith the quality of landfill leachate prior to or

after treatment, it is proposed to tr\e@@@ﬁ leachate to those standards proposed for the
Mewport Waste Water Treatment Pfa‘ﬁ@&schargc, given the fact that treated leachate will be
co-discharged with Newport WWTB?naI effluent. The standards proposed are as follows:

e BOD: S s mg/l

* Suspended Solids 35 mg/l

e COD 125 mg/l

* Ammonia (N) 5mg/l

s Faecal Coliforms 2000 No./100ml

In addition to the above standards, it has been anticipated that additional requirements are
appropriate to be specified for the treated leachate to ensure the protection of the sensitive
receiving environment of Newport Bay, associated water bodies, protected species and
habitats. There are no specific guidelines recommending the quality of landfill leachate prior
to or after treatment. The establishment of discharge standards as required for the treated
leachate in accordance with the Waste Licence Review is a function of the Environmental
Protection Agency under the Protection of the Environment Act, 2003, Waste Management
Act, 1996, Environmental Protection Agency Act, 1992 and associated regulations. This
Waste Licence is currently being reviewed by the Environmental Protection Agency.
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In obtaining a complete reference list of standards appropriate to substances which could
potentially be contained within the treated leachate and which present a potential risk, a
number of publications and guidances were referenced in addition to consultations with the
Environmental Protection Agency and Bord lascaigh Mhara, including;

e Environmental Protection Agency Act, 1992 (Urban Waste Water Treatment)
Regulations, 2001 (S.L. No. 254 of 2001);

¢ Quality of Salmonid Water Regulations, 1988 (S.I. No. 293 of 1988);

e United States Food and Drug Administration, National Shellfish Sanitation
Program Standards (USFDA, 1995),

e Water Framework Directive 2000/60/EEC,;

e European Communities Directive concerning the quality of bathing waters
(76/160/EEC and 2006/7/EC) and related statutory instruments;

e European Communities Directive concerning the health conditions for the
production and placing on the market of live bivalve molluscs (91/492/EEC);

s Dangerous Substances Regulations, 2001 (S.1. No. 12 of 2001);

e Environmental Protection Agency Towards Setting Guidelines Values for the
Protection of Groundwater in Ireland, Interim Report (EPA, 2003); and,

e European Communities (Quality of Shellfish ;\R\F@ers) Regulations, 2006 (S.I.

No. 268 of 2006). &
VG
The European Communities (Quality of Shc]lﬁsollg‘iag@?crs) Regulations, S.I. No. 268 of 2006
specifies limits for eleven categories of parapgetsys however it could be considered that the

limit values specified in the regulations may’(\g@? cater for every possible substance present in
the treated leachate. Whilst the projeqk@@jﬁmgaged in consultation with the Environmental
Protection Agency and Bord Iasca@@%ara during the environmental impact assessment
process regarding additional envi@ﬁomental quality standards for treated leachate in the
context of the proposed rcccivir@waters, there was no information available with regard to
what these environmental q@dlity standards would be set at. In the absence of this
information, the only approach available to the project team in selecting appropriate
discharge standards for treated leachate was on the basis of a literature review of existing
environmental quality standards as enshrined in national legislation. In many cases
recommended environmental quality criteria in international publications were less than
existing background levels in the Irish environment or there was an insufficient dataset for
assessment of background levels on a national basis. When assessing the appropriateness of
these discharge standards, it should be noted that ultimately the Environmental Protection
Agency will be required to establish the discharge standards for the treated leachate being
discharged from Derrinumera landfill as part of the Waste Licence Review process which is
currently on-going.

From the preliminary hydrodynamic modelling the minimum dilution factors available under the
worst case scenario (or minimum) dispersion conditions at the preferred outfall location is 18.6
(Refer to Section 3.1). Based on the validatory modelling exercise with the worst case wind
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conditions affecting Inner Newport Bay and Lough Furnace, the minimum dilution factors
available at this outfall A is 913. To this extent, in assessing appropriate discharge values for
specific ‘risk’ determinands, it was considered that the most conservative approach would be to
apply a factor of 18.6 to the target environmental quality standard. It is stressed that this was the
minimum dilution factors available for a limited time (i.e. 30 minutes during the tidal cycle)
after which available dilutions significantly increase. To this extent the calculated discharge
limits for the treated leachate are included below in Table 6.1 Proposed Discharge Standards
Jor Treated Leachate. This table presents the discharge concentration to be attained in the
treated leachate (subject to Environmental Protection Agency licensing), the predicted
concentration at the edge of the initial mixing zone and the appropriate relevant Irish statutory
limit.

When referencing the table below, please note the following;

1,000 microgrammes = | milligramme
1,000 milligrammes = 1 gramme
1,000 grammes = 1 kilogramme.

Additional Screening Values for Receiving Environment &
N

Given the extremely low levels of contaminants p{gdigﬁéto be discharged in the treated
leachate, there is no short-term negative impact pr in the environment. Pre- and post-
discharge monitoring will be implemented Su-:g i Il specified standards are met in order to
safeguard the quality of water in the bay. @idition to the monitoring requirements for
treated leachate as specified by the Envj %ﬁental Protection Agency in the Waste Licence
for Derrinumera Landfill, biannual gj@gﬁ%ring of the receiving waters, sediment, fish and
shellfish tissue at sites adjacent tgodﬁz proposed discharge and moving away from the
discharge will be implemented t éafcguard the ecological integrity and in particular the
favourable conservation status 1 the receiving environment in the short, medium and long-
term. The development and implementation of this monitoring programme will be conducted
in consultation with the relevant state and semi-state bodies (i.e. Environmental Protection
Agency, Mayo County Council, Department of Environment, Heritage and Local
Government and the Department of Communications, Marine and Natural Resources
[including the Marine Institute]) with input from local stakeholders. When considering the
above, consultation will be engaged in with the EPA as the establishment of discharge
standards for the treated leachate is a function of the Environmental Protection Agency under
the Protection of the Environment Act, 2003, Waste Management Acts, 1996-2003,
Environmental Protection Agency Act, 1992 and associated regulations through the Waste
Licensing Review process. This process is currently on-going.

When assessing the results of the biannual monitoring programme referred to above, the
‘early warning limits’ as specified hereunder in Table 6.2 Proposed Screening Criteria for
Receiving Environment will be referenced, in addition to any limits specified through the
Waste Licensing process for Derrinumera landfill by the Environmental Protection Agency.
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It should be noted that the development of appropriate standards for the receiving
environment are subject to change (influencing factors include new legislation and the
outcome of new scientific research) and as such the relevant standards will be reassessed on
an annual basis. It should also be noted that in the event of elevated results being detected in
the receiving environment, that the source of such elevated results may not necessarily arise
from the discharge of treated leachate — the purpose of the biannual monitoring programme
will be to confirm the capability of the receiving environment to continue to accept
discharges of treated leachate.

It should be noted that the results of this Biannual Monitoring Programme will be forwarded
to the Environmental Protection Agency for consideration as part of their Waste Licence
enforcement activity at Derrinumera Landfill. Should the results of the Monitoring
Programme indicate that alternative limits or controls are required at the Leachate Treatment
Facility or the landfill in general, Mayo County Council will implement same in agreement
with the Environmental Protection Agency.

As outlined previously in Section 5, from the preliminary hydrodynamic modelling the
minimum dilution factor available under the worst-case scenario (or minimum) dispersion
conditions at Outfall A is approx 18.6. Based on the validatory modelling exercise with the
worst case wind conditions affecting Inner Newport Bay ans®Lough Furnace, the minimum
dilution factors available at Outfall A is 913 and Outfa\lQl‘,ng’\l ,492. To this extent, in assessing
appropriate discharge values for specific ‘risk’ det %@}'ﬁmds, it was considered that the most
conservative approach would be to apply a facto\x\,;\ GL@E» to the target environmental quality.
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Mayo County Council The Marine Discharge of Treated Leachate

7. SUGGESTED TREATMENT METHODOLOGY FOR DERRINUMERA

This section deals with the type of leachate treatment that would be considered to be
the most suitable form of treatment for Derrinumera Landfill. As this is a Design
Build and Operate (DBO) project, the exact nature of leachate treatment processes or
technologies will emerge from the procurement process and thus have yet to be
agreed, however, the following lends insight into the most likely treatment outcome.

The design of the LTF and ancillary works, including any such elements of the
existing leachate handling works as are retained, shall be in accordance with Best
Available Techniques (BAT) and shall be such as to facilitate the operation,
monitoring, sampling and maintenance of all processes and equipment. The process
and equipment chosen shall have been used successfully in similar sized plants
treating similar type leachates.

The following process options will be considered for effective treatment of the
leachate.

e Air stripping/aeration in lagoons or SBR processes; @\\’“&

e Reed beds; &
» Rotating biological contactors; o&gfz@
e Membrane Filtration; Q&?z&\
. e $
s Chemical Precipitation; OQQ‘\’@O\?
e Electrolytic Oxidation: G@g@
e Reverse 0SMosis; 0\‘\‘\.\\&;“
e Other proven systems. Qoo®
\
,\0
The tendering contractor offer the system that he considers to be the most

economically advantageous, and which consistently achieves the required treated
leachate standards.

The choice of treatment process should be a function of the nature of the leachate to
be treated, which in itself is dependant on the composition and volume of the leachate
and the selected discharge medium and its location. Looking at the constituents of the
leachate, it is clear that BOD, COD, Ammonia and Suspended Solids have to be
removed as main targets. Because of the anaerobic character of leachate, aeration is
also necessary to significantly increase the oxygen levels of the treated leachate.

It is clear from these considerations that aerobic treatment is the most suitable form of
treatment. It is the most frequently applied technology in the world with respect to
leachate treatment, and it is a proven technology. This form of leachate treatment is
basically aimed at the decrease of the oxygen demand of the leachate, the removal of
suspended solids and the increase of oxygen levels in the treated effluent. As a side
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consequence, heavy metals and micro-pollutants will also be removed, to a greater or
lesser extent as discussed below. The Sequencing Batch Reactor technology (SBR) is
just one form of aerobic treatment, it is a robust and simple aeration system with good
process flexibility. Indeed, when the existing holding tanks were constructed at
Derrinumera, their size and dimensions were selected so that if the need ever arose,
they could be converted to an SBR. system.

For this type of leachate treatment, the oxidation of nitrogen from Ammonia to the
oxidised forms of Nitrogen is the most critical biochemical process. The design of an
SBR system therefore is based on nitrogen loading as the limiting factor. At the
Derrinumera Landfill Site, two tanks were originally constructed, each of effective
volume 297 m® volume (595 m’ total), which can easily be converted into SBR tanks.
Since then, a third tank has been added.

The effluent quality will be improved by leachate treatment in an SBR system of this
larger volume (750 — 1,000 m*), optimised for the specific leachate characteristics of
Derrinumera. This would be achievable by converting the third Holding Tank to an
SBR unit as well, in which case the expected, and most likely best achievable effluent
quality by secondary treatment is as listed in Table No. 7.1. &

é\\,-
Parameter Unit . &‘?alue
COD mgO. S 400

&

BOD <20
N-Kj ,&\oo%n ; 20
NO3-N &é;§°mgﬂ 10
N-tofal ™ mg/] 30
P-nr;\l'@Q mg/l <2
S§° mg/l <250

Table No. 7.1 - Expegted achievable effluent quality from an SBR process

These levels of reduction of COD, Ammonia and Suspended Solids would not meet
the Urban Wastewater Treatment Regulations standards, and the projected reductions
of some metals would also be small. Improved Suspended Solids reduction can be
brought about by Filtration of the effluent, but metals reduction will also be required
with a further tertiary treatment step involving precipitation using a chemical
coagulant, with filtration following that step, or a membrane filtration stage following
secondary treatment.

Such a filtration step might itself tend to reduce the COD. By Raising the temperature
of the leachate, even by 1-2 deg C, a significant improvement in the efficiency of the
nitrification process will be seen, and waste low grade heat available from the Sludge
Drier, and the landfill gas currently being fiared can be used with heat exchangers to
assist this process. We have been deliberately conservative in predicting the likely
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efficiencies of removal of the various parameters; in the UK case studics examined in
Annex C, considerably better removal rates for COD, 5§ and Ammonia were
recorded in actual working situations.

Given the presence of polyaromatic hydrocarbons (PAHs) and Triphenyl Tin in the
raw leachate sampled at Derrinumera, but at levels only marginally above those
permissible in a treated leachate, an activated carbon filtration system may be required
to ‘polish’ the post-SBR treated leachate with respect to these two elements. Again
activated carbon treatment is a proven technology in the removal of hydrophobic trace
organics, and can be provided for provisionally in design, and added at a later stage if
the actual full-scale performance of an SBR system needs this polishing stage.

In summary, while secondary treatment of leachate at Derrinumera can meet treated
cffluent standards for many parameters, a further polishing stage such as precipitation
and filtration will be necessary to meet all of the standards, and steps to use waste heat
to enhance the removal of ammonia may also be necessary.

The treatment of leachate being discharged into Clew Bay will be to an appropriate
standard based on limits specified in Irish legislation. The design philosophy has
been to comply with the Urban Waste Water Trealme%l\‘;ﬁcgulatiuns, 2001 and to
otherwise treat the leachate such that the environmen &{ﬁuality standards specified in
the Water Quality (Dangerous Substances o@&@latiuns, 2001 and European
Communities {(Quality of Shellfish Waters]\ ations, 2006 are already attained in
the pipeline prio ischa the re@8iging environment. The Environmental
Protection Agency have a key role i&&?&gﬁishing discharge standards for the treated
leachate at Derrinumera landfill O\‘a%@‘art of the Waste Licence review which is
currently being conducted. Digﬁ”\rge concentrations in the treated lcachate and
wastewater will be monitored ensure that the specified discharge standards are
complied with in accordan% ith the requirements of the revised Waste Licence.

Initial Dilutions, even under worst-case conditions will further improve the quality of
the discharge in the mixing zone directly over the outfall (as shown in Table 6.1), and
far field dilutions will take many of the elements to below the measurability level.

Sampling of the treated wastewater from the Castlebar WWTP, when treating this
leachate from Derrinumera, has shown that the secondary treatment process of a
WWTP of the scale of Castlebar and Westport is capable of handling such leachate.
Consequently the tankering of that leachate on an interim basis to Westport, where
there is spare capacity to accept it, during any interruptions in normal treatment and
pumping to the Newport WWTP Outfall, is sustainable.
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ANNEX A - Extract from S.I. No. 12 of 2001 — Water Quality (Dangerous
Substances) Regulations, 2001
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Extract from SI No. 12 of 2001
Water Quality (Dangerous S“hﬁéﬁﬁb"ﬁﬁﬂaﬁm’ 2001

The annual mean concentration in a water body of a substance specified in
a Table hereunder shall not exceed the standard specified in the Table in
relation to that substance. The standards are expressed in units of ug/l, i.e.

STANDARDS

LE&]

micrograms per litre, and incorporate the notes to the Tables.

TABLE 1

PESTICIDES AND SOLVENTS

Substance

Standard (ug/l)

Atrazine

Simazine
Toluene
Tributyltin
Xylenes

Dichloromethane

1.0
10.0

1.0
10.0

0.001
10.0

The standard for Tributyltin shall apply in relation to tidal waters only and
shall be deemed to be met if the results of monitoring for biological effects

indicate no reproductive impairment in gastropods. &
_ 6\@@\
TABLE 2
METALS AND OTHER sugyiﬁcm
\\}V&\}\
Substance Standard (ug/l Standard (ug/l)
fresh Wzgeé?gs for tidal waters
Hardne@ Qﬁ%va ter
mcas\ din
m(gél CaCo,
<1005 >100
Arsenic 25 25 20
Chromium 5 30 15
Copper 5 30 5
Cyanide 10 10 - - 10
Fluoride 500 500 1,500
Lead 5 10 5
Nickel 8 50 25
Zinc (see notes) 100 40

Values for metals are for total metal concentration (dissolved and

colloidal/s.s.).

The term <100 means less than or equal to 100.

The term >100  means greater than 100.

In the case of Zinc, the standard shall be—

8 ug/l for water hardness less than or equal to 10 mg/l CaCO,

50 ug/l for water hardness greater then 10 mg/l CaCO, and less than or

equal to 100 mg/l CaCOs,
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ANNEX B - Final Report — Pollution Inventory Discharges to Sewer or Surface
Waters from Landfill Leachates
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FINAL REPORT

Pollution Inventory discharges to sewer or surface
waters from landfill leachates

Ref: REGCON 70 - May 2001
B
s
S
Report prepared for the Env\l;(gtf ment Agency by:
S
NE)

%wa— S® Sl For

—-— --.).\.é. ____________________________________________
ooo(f

Howard Robinson Keith Knox
Enviros Aspinwall Knox Associates
Walford Manor Barnston Lodge
Baschurch 50 Lucknow Avenue
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1. INTRODUCTION

The Pollution Inventory (PI) for England and Wales provides details of emissions to air, land
and water from processes regulated under Integrated Pollution Control. Ungder Article*19-ofy
‘EY:Dizective 96161 /EEi the UK is required fo submit emissions data by 2003 on all IPPC
activities to the European Pollution Emissions Register (EPER). Reporting for (non-mel )
landfill sites will be achieved by including them in the PI, beginning on a limited basis in
2001, for emissions to sewer and surface waters. ThHe Pollution Inventory ‘lists:57 ‘opganie;
subisfarices and 8 metals,reported as an annual mass for each suhhtance if 2 stlpulaLed
reporting th.reshold 1s exceeded. ‘ThHiS i8 & yich larger list than ‘the 26 subsiafices Currently
requiited foz: EPER. . The list of 65 substances and their reporting thresholds are shown in
Appendlx 1. The reporting thresholds have been set ai lower levels than for EPER, with the
intendon of capturing data for at least 95 percent of all releases from activities that are
regulated by the Environment Agency for England and Wales (the Agency).

To assist the Agency in preparing a reporting protocol for landfill operators, a study has been
undertaken into the occurrence of the relevant substances in raw and treated leachates from
UK landfills. This report presents the results of that study.

2. OBJECTIVES AND SCOPE OF STUDY R4

\Qé

The objectives of the study were to determine the\q?xg@nt to which the listed substances are
likely to be present above their reporting threghiolds in raw and treated leachates, and tof
gengrate a'database suitable for the. denva,nou dgfau.lt values that operators ¢otild ise, as anf
iltern: twe 1;0 I:arrymg ont frequcnt e‘ﬂenSlT(\Qé uonal ‘chemical analysesy

i S
Data were obtained by carrying out @ﬁg%ﬂ analysis of 63 raw leachates, from 58 landfill
sites, and 24 samples of treated effl@aMis’ from on-site leachate treatment facilities, during late
1999/early 2000. Figure 1 bclowO%ompnses a map that shows the locations of landfills
sampled, and where those sites égﬁad full-scale leachate treatment plants, that enabled samples
of treated effluent to be takeps™

Subsequently, during December 2000, supplementary samples were taken from 9 additional
sites, where treatment by reed bed or methane stripping was being carried out prior to
discharge. These samples were taken in order to try and fill in gaps within the database, and
to extend results for removal of specific contaminants by particular treatment types.

3. METHODOLCGY
3.1 Sampling and analysis

Samples of leachates and of treated effluents, from full-scale, on-site, leachate treatment
facilities were obtained during late 1999/early 2000, from landfill sites in England, Ireland,
Scotland and Wales. In all instances, samples were either obtained from frequently-pumped
wells, borehoies or sumps, or specific provision was made to pump leachate or effluent for an
extended period before samples were taken. Thé intention was to avoid the taking of stagnant
samplea, ‘which may have undérgone changes in comiposifion while mthﬂi sdmplings
infrastriicture. s
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No samples were filtered or specifically settled in any way before being taken — the intention
being to represent, as fairly as possible, the quality of leachate or effluent that might
realistically be discharged.

At each site, varions samples were taken. A range of sanitary parameters and metals was
determined by Sevem Trent Laboratories (STL) in Coventry, on samples taken into two one-
litre PET bottles. These samples were refrigerated to 4°C as soon as possible, and in most
cases could be delivered to the laboratory within 24 hours of sampling. For less than 20
percent of samples, generally those from remote parts of Scotlend, Ireland and South-West
England, this period extended up to a maximum of 48 hours.

Samples for detenmination of compounds and elements on the Pollution Inventory list were
taken into prepared sample bottles, and submitted to the laboratories of SAC Scientific in-
Biggleswade, Bedfordshire, as soon as possible. SAC Scientific (SAC) had previously been
used to undertaken determination of Red List Substances, as part 6f a large sampling and
review exercise into leachate quality at UK landfill sites, undertaken during the period
1990 — 95 (Robinson, 1996), on behalf of the UKDoE/EA.

For somne determinations, notably metals, resuits were obtained from both SAC and STL,
although samples submitted to SAC were taken into bottles containing nifric acid or
hydrochloric acid as appropriate, and those sent 10 STL wegg not. Comparison bstween the
two sets of results was of interest, and is discussed in Seg\d%u 4.1 below.

Q)
All samples and site locations remain anogﬁzig\, in order to respect confidentiality
agreements made with site operators. &

EPA Export 25-07-2013:21:45:34



Figure 1. Map of landiills and leachate treatment plants sampled'

@ Landiill Sites

® Leachate Treatmeni Sites
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3.2 Imdependent Analysis

Six samples of leachate or treated leachate were taken in duplicate, and one set of samples
was submitted to Mr Chris Pickford at the laboratories of AEA Technology (AEA) at
Harwell. AEA has been involved in a long-running programme on behalf of the Agency, fo
develop standard methodologies for the determination of Red List substances in landfill
leachates, and undertake inter-laboratory comparison studies of this.

AEBA was able to offer an independent check on some of the resuits being provided by SAC,
for those Red List substances included within the Pollution Inventory list. AEA is far from
being a “routine commercial laboratory”, with costs per sample for just Red List analyses
being in excess of £1000 + VAT, but is able to offer sophisticated techniques such as use of
radioactive isotopes of compounds, to provide more accurate data on extraction efficiencies
for specific compounds from landfill leachate matrices.

Results for the comparison between AEA and SAC results for Red List compounds, on the
six duplicaie samples, are presented in full in Appendix 2, where detailed analytical notes are
included within tables of results. The specialised techniques used by the AEA laboratory
generally provided improved limits of detection, although no recovery of dichlorvos was
achieved, and AEA reported detection of the herbicide atrazine at concentrations of up to 3
times greater than the SAC detection limit, although SAC é{gﬁor’md no atrazine in any of the

six samples. &
NS
Results from AFA nevertheless provided ation that SAC represents a good
commercial laboratory for determination of\ organic substances in landfill leachates,
recognising that analysis involves very lg@ﬁ la‘rels of contaminants, within relatively dirty
samples. &@0 §
&
<<OQ\\
45‘6\
ca
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4, RESULTS
Thf: full raw data set is i.ncluded with this report on a CD—ROM 1": is prcsented as a single

"‘I:rcated 1eac];ates are ﬂeﬁ,ved froth which taw leachates., Fo;;, each 51te thc worucsheet mcludes

descriptors of the waste input types, the relative wetness or dryness of the site and the
biochemical status of its leachate. For the treated leachates, descriptors placing the treatment
process into one of four categories of treatment are included. :

Results from the supplementary samples taken in December 2000 are included as a separate
block of data in the worksheet. They have not been included in the main data analysis
presented here for raw leachates, but have been used when calculating the percentage
removals during various leachate treatment processes.

4.1 Completeness and quality of data

Complete data sets were obtained for most determinands. However, laboratory delays
occurred before analysis for nonyl phenol in a large group of samples. This is thought to
have resulted in significant loss of compound, as result of which, too few reliable resulis for
nonyl phenol were obtained for data analysis. No results were obtained for octyl phenol.
& ,

Metal results compared well between the two labcratoq@s except for some meials at the
iower concentrations, where samples that had Y acidified on site gave higher
concentirations. The comparison between the %ﬁgiatones is shown graphically for all
metals, in Appendix 2. An example is shown | 1-“ﬁ"f'?\.,fé!.l:h: 2, which compares the results for zinc
between the two procedures. For the data anﬁl@is the results from the samples acidified on-

site were used. @é\sﬁ\
RO
NG
100 s — . :
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Figure 2. Comparison of zine in raw and treated leachates, fromtwo different procedures.
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‘4.2 Representativeness of the leachates sampled

The distribution of chloride and concentrations of ammoniacal-N in the 63 raw lezchates is
shown in Figures 3 and 4 and their summary statistics are compared below with those in an

earlier study:
i This study Robinson (1995) |
mean median mean median |
chloride | 1555 | 1290 1256 1140 - |
NH;-N | 611 | 405 491 453 ﬂ
: Frequency —=— Cumulative %
18— 120%
16 |
1 100%
14 |
> 12 } 1 go%
€ 10}
3 { 80%
g BT
£ gl 1 40%
4 - -
r } N 203’9
2T o
0 L £ : - - 0%
S00 1000 1500 2000 2500 3000, 4000 Wore
N ‘
Bln @’
SO - o
Figure 3. Histogram of chlonde .cgt%ﬁ‘mhons in raw leachates in this study
(concentrations in mg/l) S :
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NG
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o
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4 b
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o
0 = : 0%
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Figure 4. Histogram of concentrations of ammoniacal-N in raw leachates in this study
(concentrations in mg/l)

The distribution and statistics for these two key indicator parameters, and their similarity to
the values in earlier studies, suggest that the leachates sampled in this study spanned the
typical range of UK. leachates and are as representative as could reasonably be achieved.
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4.3 'Threshold reporting limits

The reportmg thresholds in the Pollution Inventary are stated as a mass per year. il Table'ld
these have been converted to threshold concentrations for a range of leachate dischar ge flow
rates. The flow rates encormpass the majority of discharges from UK landfills. Also shown in
Table 1 are the detection limits achieved in this study for each substance. Although lower
detection limits can sometimes be obtained in cleaner waters for some of the listed
substances, those in Table t what-is reliably achievable in-leachdte Samples. on &
routing. "basis af cotdmiercial 14boratoriesi For many of the substances, at typical leachate
chscharcre flows, the reporting thresholds are several tens or hundreds of pg/l. For some, at
the h_lgher flow rates, the threshold concentrations are in the ng/l range and are below the
detection limits normally achievable in leachate. Shaded values indicate reporting threshold
concentrations that are below the detection limit. For these substances, at the discharge flows
concerned, there would be difficulty in estimating the annual mass emission and determining
whether it was below the reporting threshold. A% floW: ratcs of: IOOﬁ:l fd or greater, 15 ¢
sqbs a_ng‘.es cquld ‘be’ probleniatic,” Hsing to’ 35, subsiances. “ar. ﬂqw rates -of more thaiy,
1600 ™ /4. :

Table 1. Descriptors used for raw and treated leachate samples

R ACHA 3 ® =
waste input type ‘W1 Mtnicipal
[based on kmowledge of the site] Wgﬁ municipai + non-hazardons industrial wastes
_ . S Co-disposal of Special/hazardous wastes
l—aismre regime ’ Q:S\ﬁei; Dry
[based on knowledge of the site, p.’us‘ analysis da@ < Medium
Jor Cl, NHy-N, eic.] A&j§ D3 Wet
% A4
leachate biochemical status & o\&\\ A Acetogenic
[based on examinaiion of conventional é% es] AT  Transitional
s M Methanogenic
o T1  Methane stripping
_ T2  Wetland
% T3  Biological
T4 _ Biological + polishing (various systems)
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T: -*E’ poRting) - | [LiivalEnt concentration tAFESNOIC
R I FEEhD]H 5 g O » [ i ,!.I! .y
stibstance S annlalmass!
units | value

aldrin o 0.5 D0.14

atrazine o 60] 16.4

azinphes-rmathyl qa | 4 1.1

azinphos-sthyl a 0.5] _0.14 lT;.foBIl?-L git] ""iB 7.-.__ ', B
‘benzene kg 1] 274 55 27 14 i .;5" i P B ) 10
\bentazone kg 1l 274 55 27 14 5 3 0.1
biphenyl ka 1 274 | &5 27 4 5 3 0.1
'carbon tetrachlorids a 250 68 | 137 68 | 34 1.4 GIROTET 1
chigroform ko 4] 1086 | 218 110 | &5 22 11 1
chlorenitrotoluanes : kg 1] 274 5
|4-chloro-3-methyiohenol ko i z74 5

|2-chlorophienol ko 1 274 5

chlorfenvinphos q 0 2.7

2,4 D non-ester lg 1 274

2,4 D estar | @ 400 110

IDDT all isomers | _a 0.5 0.14

\demelon g 200 55 7 2
{diazinan g 1] 27 | 05 | 03 R e
[1,2-dichloroethane kg 2 548 27 |11 1
|2,4-dichlorophenol ko 1 274 14

|dichlorves q 0.5] 0.14 I0H3EEE

[gleldrin 0 2.5 1 0.14  |GHEDIB7RL:

\dimethoate I 400 110 | 22 110

encosulian q 0.5]  0.14 Poobmai a0 olanle

endrin q_ 05 044 SDi0BTIRROMA 7

fanlirothion g 0.5] 0.14 ] 3

fenthion q 0.5 0.14

hexachlerobenzene q 20/ 5 A 0405 0.1
haxachlorceyclohexanes g 20! 5.5

‘hexachlorobutadisne g 4 11 A BS"‘" i

Isodrin a DMR7

linuron a

|ma‘athion |

|maceprop | kg

mevinphos a

naphlhaie ne ko

nonylshenol ethoxylste ke

nonviphenols kg

'octylphenols kq < 55

omethoaie a (O 4 1.1 | 0.2 0.01

parathlon | a & 04 014 003w S -ufﬂ“oo I
parathion methvl | go 15 0.41 & LAB1Da~:1‘fI’-!TD‘B?111rm 4 F
pentachlorophenal & its ( ' 50| 137 27 | 14

compounds ] | -

penmsthrin i:] 10 27 05 | 03

polvecherinated biphenyls a 2]  0.55 041 | 0.055

simazine a 80 22 4.4 | 22

trizazophos g 2] 0.55 0,11 _ I

itributyltin_compounds q 5 137 0.27 . 0437

trifiuralin ) 4 1.10 0.22 0.110

friohenyltin compounds g 5| 137 0.27 0.137

‘teirachloroethylene kg 9| 2466 483 247

toluens kg 1274 55 27 )
trichlorobenzene all isomers g 40/ 110 | 2.2 1.1 3
1,1, 1-trichloroethane q 200 55 | 110 5.5 < z 0.5 1
1,1.2-trichloroethane a 200 55 - | 11.0 5.5 2.7 1.1 nﬁ‘ﬂﬂ‘ﬁwfl 1
irichlcroethylene kg 1|__aD14 603 | 301 151 60 | 30 1
ylznes ke i 274 E5 27 14 Pomeneomessames 10 |
|arsenic kg 6| 1644 329 1684 82 33 18 | 1 .
‘cadmium . kg 1 274 | BB 27 14 m&mma&—am [
1chromium kg 201 5479 | 1088 548 274 110 20
'conper kg 20/ 5479 1096 548 274 110 55 5
[lead ka 20]_ 5479 1096 548 274 110 20
[mersury q | 130l 358 741 3.6 1.8 0.7 ﬁﬂ.drf"’dﬂ 0.5 |
nickel ke | 20| 5478 1096 548 274 110 55 0
zinc kg | 20 5479 | 1096 548 274|110 85 | & |

Table 2. Comparison of threshold reporting levels w1r.h detection limits achieved in this stLdy

EPA Export 25-07-2013:21:45:34



E

4.4 Data analysis

For the raw leachates, each site was given a gualitative descriptor for each of three factors,
namely: waste input fype; moisture regime; leachate status (methanogenic/acetogenic).
These were considered the factors most likely to affect the presence and concentration of the
listed substances. For the treated leachates, the treatment process was allocated one of four
descriptors, representing the generic level or type of treatment process. Data were examined
for correlation between’ concentrations of listed substances and these descriptors as well as
other conventional leachate parameters, such as chloride and TOC. The descriptors used for
this analysis are shown in Table 2.

The leachate biochemical status was determined as follows:

acetogenic: - if any of the following applies:BOD/COD > 0.4
COD > 5 000 mg/1
pH<6.5

methanogenic: if none of the above applies

4.5 OQOverview of raw leachate data set e
N

Table 3 shows the frequency of occurrence of each subst@i%c in the original 57 raw leachates.
Out of the whole list, only 12 substances were pregshtﬁ more than 5% of samples, and only
8 of these were present in more than 50% of s 3. Six of the 12 substances were metals
and 4 were aromatic hydrocarbons. Summ@ﬁ?* tistics for all 12 substances are shown in
Table 4. &

&

Table 4. Summary statistics for subgﬁ?@os found in more than 5 % of raw leachate samples

" in this study (concentrations a:s_g-i‘&%@ﬁ\} pg/t)
= O

o)

ubstance i
zine -

mecoprap

arsenic

Tnickel

! | naphthalene

COppEr

_toluene 54 87 21 | <10 1,287 <10 347

biphenyl 51 0.46 0.1 <0.1 86 | <01 1.6

| xylenes 35- 59 35 <30 208 | <30 147

chromiumm 33 92 50 <50 1,240 <50 | 218

lead 8 60 <50 | <50 410 <50 | 39

PCP 8 032 | <01 | <01 | 1 <0.1 | 1.0

All 12 substances showed a marked positive skew, with the mean being significantly greater
than the median. '

46 Raw leachate correlation with descriptors

For each substance in Table 4, the raw Jeachate data have been graphed as bar charts against
the descriptors for waste input type, moisture regime and leachate biochemical statuis, These
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Figure 7. Correlation of zinc concentrations with leachate status, this study.
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_leachate:s As an example zinc concentratmns are shown avamst leachate status descriptor in

Figure 7.

For most substances then, a single default value would be appropriate for all raw leachates,

whereas for zinc and nickel, two separate values would be needed, depending on leachate
status.

4.5 Efiesct of leachate treatment

Comparisons between concentrations in raw aod treated leachates are shown as 3-D bar
charts in Appendix 5, for each of the 12 substances from Table 4, except lead: no lead was
detected in any of the leachaies at sites with treatment facﬂltes The comparison for
mecoprop is shown, as an example, in Figure 8.

[ET4 @T3@T2@T1 BRaw)

conceniralion ugfl

Sample
type

Figure 8. Mecoprop concentrations in raw and treated leachates, in this study

By examining data for removal of specific contaminants at each of the treatment plants in the
study, it has been possible to summarise the efficiency of removal of each contaminant, by

- each treatment method. For contaminants found only occasionally in raw leachates, it was

not always possible to find sites where these contaminants were being subjected to treatment
by each of the treatment processes. This data shortage led to the supplementary sampling
exercise in December 2000, which focused on landfills with wetland and/or methane
stripping processes prior to discharge.
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The median percentage removal was calculated for the 12 substances listed in Table 4, for
each of the four treatment classes. In some cases, even with the supplementary samples from
December 2000, there were insufficient data to do this rigorously, as many of the raw
leachates at sites with freatment plants did not contain the listed contaminants. In some cases,
percentage removals were therefore estimated, e.g. treatment T4 (biological plus polishing)
was assumed to be at least as efficient as T3 (biological only). The calculated and estimated
removal percentages are shown in Table 5, which is based on the combined data from the
original and supplementary samples.

Table 5. Median percent removal of substances during leachate treatment by different
PIOCESSES.

T
zinc 0 90 70 70
mecoprIop 0 50 99 99.5
arsenic | 20 50 70 70
| nickel ] 0 0 20 20
naphthalene | 40 oM 95 95
| copper 10 | 20 50 I 50
toluene 25 0 o 80 | 80 ]
biphenyl 0 o™ N 60 | 95 |
“xylenes 40 o & 50 75
| chromium 0 oSl 30 30
lead | oW SO o ~ oW
PCP B o RS 50 60

SO

o
notes: (1) little or no data obtained fr@fﬁ(tﬁls study, so default value set at zero, but in practice
some removal may occur, aﬁ%{ﬁay be revealed in future studies.

\
A high percentage removal v:%?fouud for mecoprop, and to a lesser extent for the other
organic determinands listed ipTable 4, during most forms of treatment. Metals were removed
to varying degrees. Of the metals, zinc and arsenic were removed to the greatest extent,

typically 70-90%, while nickel and chromium were least affected, typically being reduced by
only 20-30%.
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Appendix 1. UK Pollution Inventory list for discharges to sewer and surface water
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Appendix 1. UK Pollution Inventory list for discharges to sewer and surface water

atrizine ] g
azinphos-methyl z 4
azinphos-ethyl 4 0.5
benzene kg |
beniezone kg ]
hiphenyl ke ]
carvon tetrachlorde E 250
chloroform kg 4
chloranitrotoluenes kg l
4-chloro-1~metiylphenol - ke 0 [
'2-chlorophennl kg L
|chlarfenvinohos -4 10
2,4 D non-ester leg 1
24D ester g ; 400
DDT all isomers 2 0.5
demeton N g 200
diazinon B 10
(1.3 -dichloroethane ke 2
12,4-dichlorophenal (34 1
dichlorvos 4 03
dieldrin g2 25
dimethoate | g, 400
andosulfan | g 0.5
|endrin ' g 08¢
fanitrothion g i
fenthion g 0.5
hexochlorobenzece 2 e S\ 20
hexachloroevelohiexanes g MO 20
hesnchlorobutadicne 2 P K 4
isodrin q RS \é\" 0.5
linuren g &N 800
[melatbion B 5 S 0.5
mezaprap ,ﬁﬁ XNl | 2
|mevinphos R &§0“ { 8
nashthalene O Oke B 1
nonyipbenal ethoxylate M ke 1
nonylphenols O ke ]
lactylphenols O ke 1
nmethoote g 4
pamthion ,oc% £ 0.5
parnthion methyl ] g 15
[pentachiorophenal & its compaunds 1 2 50
permnethrin i o 10
polychorinated biphenvls g 2
|simazine g 80
triazaphos g 2
tributyltin compounds [ 3
triffumalin g 4
triphenyltin compounds a 5
tetrachloraethyleae ke 9
toluene ke 1
mrichlorabenzene all isomers « 40
1,1, l-trichioroethans [ 200
1,1, 2-trichloroethane g 200
I trichloroethylene ke it
E_.‘;}f}_i;nﬁ leg 1
|arsenic ka | 6
lcadmium ez | i
chromiurmn kg 0 -
copper kg 20
lead ke 20
mereury 4 130
nickel ke 20
|Zne u legr L 20
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Appendix 2. Comparison of results from analysis of six selected duplicate samples of
leachate and treated leachate, by laboratories at SAC Scientific, Biggleswade
and AEA Technology, Harwell
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Notes for tables:

(1)
(2)
(3)
(4)
(S)

(7)

All results in nanogrammes per litre.

Analyses “S" (unshaded) by SAC Scientific.

Analyses "A1" and "A2" where duplicate result obtained, (shaded), by AEA Technology
NR = no result {extraction failed)

Limils of detection (LOD) as shown. Values by AEA within a factor of 10 x LOD are given in
parenthases and have very high uncertainty. Values with reised LODs reflect interferences;
l.e. a posltive value was obtained, but the mass spectrum indicated that the detected
compound was net the target compound.

Red List organophasphorus compounds: 200ml spiked with internal isotope standards,
extracted with dichloromethane (3x), and derivatisation as appropriate.

Red List organochlorine compounds and VOCs: 400ml extracted in duplicate. Poor recovery
for both duplicates of sample 81.
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Appendix 3. Graphical comparison of metals results from two laboratories, using fwa
different methods of sample storage and pretreatment
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