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1.0 REPORT AUTHOR

The report has been prepared by the following AFBI scientists:

. Dr Jim MCAdam, a Principal Scientific Officer and Head of Crops,
Grassland and Ecology Research Branch within AFBI.

. Dr Crawford Jordan, a Principal Scientific Officer within the Agri-
Environment Branch (AEB) of AFBI, leads the soil survey section within
AEB. His team have extensive knowledge of NI soils acquired through
recent and on-going soil monitoring programmes.

. Dr Bob Foy, a Principal Scientific Officer in the Agri-Environment
Branch of AFBI, specialises in the study of eutrophication within
Northern Ireland.

. The report also includes an assessment of the scale of impact on
grazing animals by Dr Frank Malone from the Veterinary Science
Division of AFBI.
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power plant (red star) showing the extent of the acid plume (1 keq
H*/halyr).

Figure 3 Locations of soils around the proposed power plant and sampled by AFBI
during the 1988-97 soil survey of Northern Ireland.

Figure 4 Locations (*) of soils sampled around the proposed power plant during the
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SUMMARY

An analysis was carried out of potential environmental impacts of the proposed
power plant at Glenavy. The analysis focused on the effects of emissions to the
atmosphere of heavy metals and those nitrogen and sulphur compounds which
potentially cause acid deposition. The conclusions are based upon rates of
emissions projected by the Airshed report on the proposed plant and were the
upper limits of emissions as opposed to average or typical projected emissions.
For heavy metals they assume no retention of emissions by the abatement
processes operational within in the plant so that the emissions to the
atmosphere equal the inputs of metals in feedstock to the plant.

This assumption is an obviously unrealistic one with regards to the operation of
the plant, which would be expected to retain metals as ash within the plant.
Despite using this worst case assumption, no significant adverse impacts from
heavy metal emissions were detected by the impact analysis. The only impact
detected by the analysis was that additional acid deposition resulting from plant
emissions would exceed the critical load for grassland over a small area of
approximately 3 ha beside the plant.

The assessment covered impacts on the flora, livestock, soils and freshwaters,
including Lough Neagh and Portmore Lough. Where possible the assessment
was related to data from the local environment with respect to land use, soil
types, current atmospheric deposition rates, and water quality in Lough Neagh
and Portmore Lough.

Acid deposition

Soils The critical load for acidification of the grassland soils in the immediate
vicinity of the plant (area ~3 ha) will just be exceeded (by ~ 0.3 keq H*/halyr)
but no exceedance of the critical load of acidity is expected to occur in any soils
outside the 3 ha impact (acid plume) area.

Flora Emissions of sulphur dioxide ammonia and nitric oxide are predicted to
have no ecological impacts on the general flora which is dominated by
grassland, but there may be negative effects on bryophytes, epiphytic lichens
and mycorrhiza. Thus the critical level for ammonia in the atmosphere of 3 ug
Im3/yr for sensitive ecosystems is already exceeded under baseline or current
conditions (3.33 pg/m®/yr). However, the projected level from the process of
0.002 pg/m®/yr is insignificant in terms of any increased ecological impacts on
flora resulting from the plant

Freshwaters No exceedance related effects of acidity on freshwaters were
detected.

Heavy metals

Soils Concentrations of heavy metals in soils in the Glenavy area are largely
determined by the natural geology of the area. The concentrations of heavy
metals, particularly arsenic and mercury, in soils in the Glenavy area are well
within current standards. Maximum heavy metal deposition rates projected

Agri-food & Biosciences Institute 4
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from the proposed power plant will have no significant impact on the
concentrations of heavy metals in soils in the Glenavy area.

Relative to the other metals assessed, emissions of cadmium were highest.
The critical loading of cadmium deposition depends on soil pH and even if soil
pH declined the maximum emission would not be exceeded.

Flora No adverse effects were detected as a result of mercury, lead and
cadmium emissions from the plant.

Animals The scope of the impact assessment undertaken was the toxicity
effect of metals on grazing ruminants as a result of their ingesting grass
contaminated at the maximum rates projected from the plant. No toxic effects
were detected.

Freshwaters No effects of heavy metals on the ecology of Lough Neagh are
predicted. The worst case and highly improbable scenario, of assuming no
retention of metals by abatement within the plant and maximum transfer of
metals emitted to Lough Neagh, would not result in current drinking water
standards being breached. Ecological standards for freshwaters have yet to be
adopted under the Water Framework Directive, but proposed standards, which
are lower than for drinking water, would not be breached under the scenario
tested.

On the basis of the proposed ecological standards, the proportion of the Lough
Neagh standards utilised by the additional metal emitted by the plant was
highest for cadmium.

Future monitoring

While emissions of heavy metal are considered to be too low to result in
definable environmental impacts, emissions of some metals, notably cadmium
and lead are nevertheless high in relation to deposition rates from the
atmosphere, heavy metals in chemical fertilisers applied to land and in
discharges from waste water treatment works. There is currently only one
atmospheric deposition site for heavy metals in Northern Ireland and that is in
the west of County Fermanagh. Monitoring heavy metals in atmospheric
deposition is technically difficult as not only are concentrations low but rates
measured are strongly influenced by the type of collector used.

The scale of impact from the proposed plant is not judged to be sufficient to
justify monitoring atmospheric deposition rates as this would be costly and
subject to a high degree of uncertainty. It is recommended that monitoring
should be on impacted receptors of heavy metals in the near vicinity of the
plant and include the following:

1) A heavy metal mass balance inventory for the plant that is based on regular
sampling (monthly in the first instance) and analysis of the heavy metal content
of the fuel components of the plant and a parallel monitoring programme of the
export of heavy metals in ash leaving the plant. The mass difference of input
less export in ash would provide a basis for estimating the gross emission to

Agri-food & Biosciences Institute 5
Newforge Lane, Belfast



Rose Energy: Potential Impacts on Flora, Fauna, Soils and Freshwaters from Emissions to Atmosphere

the atmosphere from the plant. The exercise would also provide an
assessment of sources of heavy metals which would be of benefit if it was
considered necessary to lower heavy metal inputs.

2) A programme of monitoring the heavy metal content on and in vegetation
from fields in the vicinity of the plant should be undertaken. This could be
undertaken at least twice yearly, in spring and autumn and would provide
estimates of the metal being ingested by grazing animals as well as the
transfer of metals into the flora. Monitoring of heavy metals in mosses is used
as substitute for atmospheric monitoring and a limited programme of moss
samples would also be useful, although this depends on the ability to find
sufficient habitats to sample in the vicinity of the plant.

3) Heavy metals in the biota of Lough Neagh are not regularly monitored —
concentrations of heavy metals in water are low. A limited monitoring
programme should be undertaken of long lived biota that have the greatest
potential to bio-accumulate heavy metals. Potential candidate organisms are
eels and the swan mussel. These should be sampled at least once per year
with at least one site in the area between the County Antrim shore of the Lough
and Rams Island. This is the portion of the Lough closest to the proposed plant
and is the area most likely to show any impact. Lough Neagh drains a large
catchment and it is difficult to distinguish particular sources to the Lough. It
would be necessary to have at least one, but preferably three control sites
located elsewhere in the Lough.

Agri-food & Biosciences Institute 6
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INTRODUCTION

This report has been prepared by scientists from the Agri-Food and
Biosciences Institute (AFBI) as part of the environmental impact assessment
being undertaken by Marenco — QUB for the proposed Rose Energy
development in Glenavy. It presents a desk study of the potential impacts on
soils, flora and animals from increased rates of aerial deposition of heavy
metals and acidity in the vicinity of the proposed power plant. The rates of areal
deposition were taken from the air quality impact assessment prepared by The
Airshed environmental consultancy - referred to in the text as Airshed 2008 and
from the Marenco Report Terrestrial Ecology Assessment dated February
2008.

LAND USE AND SOIL TYPES IN THE VICINITY OF THE PROPOSED
PLANT

Corine Land Use

A break-down of land use, based on the CORINE Land Cover 1990 classes,
has been compiled for the area around the proposed power pant (Table 1).
Land covers within four buffers of increasing distance around the plant were
assessed i.e. within 250 m, 500 m, 1 km and 5 km (Fig. 1). The 250 m buffer,
which covers an area of only 19.5 ha, encompasses the area where additional
acid deposition modelled from the power plant would exceed 1 keq H'/ha/year

(Fig. 2).

The dominant land cover class within each buffer radius was pasture. CORINE
defines three classes for pasture (good, poor and mixed) and, within the buffer
radius classes of 250 m, 500 m and 1 km, the largest class was for ‘mixed
pasture’. This class is defined simply as mixture of good and poor pastures in
which neither good nor poor occupied more than 75% of pasture area. Only in
the area beyond the 1 km radius did good pasture predominate over either the
mixed or poor pasture classes.

Note: The CORINE methodology does not classify areas under 25 ha.
Therefore the ~6 ha strip of beech woodland that is located about 250m to the
NE of the proposed plant (Fig. 2), and runs east for ~1 km alongside the
Glenavy River, is not included in the list of land cover types within the various
buffer zones in Table 1.

Agri-food & Biosciences Institute 7
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Table 1: CORINE land cover classes within the 250 m, 500 m, 1 km and 5 km buffers from
the proposed power plant as determined by CORINE.

Radius from CORINE % of
o Area
proposed land cover Description (ha) land
power plant class area
250m radius
2.3.1.3. Mixed pasture 19.5 100.0
Total area (ha) 195 100
500m radius
21.1. Non irrigated arable land 6.3 8.0
24.2. Complex cultivation patterns 6.1 7.9
2.3.1.3. Mixed pasture 65.7 841
Total area (ha) 78.1 100
1km radius
21.1. Non irrigated arable land 37.6 12.0
24.2. Complex cultivation patterns 65.3 20.9
2.3.1.1. Good pasture 32.8 10.5
2.3.1.3. Mixed pasture 164.4 52.6
51.2. Water bodies 12.5 4.0
Total area (ha) 312.6 100.0
5km radius
1.1.2. Discontinuous urban fabric 141.5 24
1.2.1. Industrial or commercial units 58.9 1.0
1.2.4. Airports 59.1 1.0
21.1. Non irrigated arable land 173.2 29
24.2. Complex cultivation patterns 1305.9 22.0
243. Land principally occupied by 27.4 0.5
agriculture
2.3.11. Good pasture 2588.7 43.6
2.3.1.2. Poor pasture 101.2 1.7
2.3.1.3. Mixed pasture 1487.3 25.0
3.1.1. Broadleaved forest 110.2 1.9
4.1.1. Inland marshes 113.8 1.9
5.1.2. Water bodies 1831.1 30.8
Total area (ha) 7998.3 100.0

3.2 Soil classification

3.2.1 The predominance of pasture land cover classes reflects the soil typology of
each buffer: as these largely, or in case of the area within 500 m only,
contained soils that exhibited varying degrees of impeded or poor drainage
(Table 2). Only a small percentage of the soils more than 500 m from the plant
consisted of brown earths (<3%) which would fall into the Agricultural Land
Classification (ALC) land quality class 2 (very good). Information on the
methodology for classifying soils in Northern Ireland, the ALC and CORINE
land cover classes is given in Cruickshank, 1997.

Agri-food & Biosciences Institute 8
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Table 2: Soil types within 250 m, 500 m, 1 km and 5 km of the proposed power plant. Soil
series and typology are described in Cruickshank (1997).

Soil . Soil d o La?d Area % of
oil series oil type description quality (ha) area
class
250m radius
Surface water gley (poorly drained) on
SWG2BT basalt till 3B 19.5 100
Total 19.5 100
500m radius
SWG1GVBT  Surface water gley (impeded drainage) on 3A 0.2 0.2
gravel & basalt mixed till
SWG2BT Surface water gley (poorly drained) on 3B 78.0 99.8
basalt till
Total 78.1 100
1km radius
BEGV Brown earth on gravel 2 2.8 0.9
BESAND Brown earth on sand 2 0.8 0.3
G2ALL Ground water gley (poorly drained) on 3B 0.3 0.1
alluvium
G2LA Ground water gley (poorly drained) on lake 3B 10.6 3.4
shore alluvium
SWG1GVBT  Surface water gley (impeded drainage) on 3A 16.0 5.1
gravel & basalt mixed till
SWG2BT Surface water gley (poorly drained) on 3B 269.9 86.4
basalt till
WAT Water NUL 121 3.9
Total 312.6 100.0
5km radius
BEGV Brown earth on gravel 2 167.9 2.1
BESAND Brown earth on sand 2 63.0 0.8
DIST Disturbed land* 5D 325.7 4.1
G1ALL Ground water gley (impeded drainage) on 3B 204.4 2.6
alluvium
G2ALL Ground water gley (poorly drained) on 3B 149.3 1.9
alluvium
G2LA Ground water gley (poorly drained) on lake 3B 137.9 1.7
shore alluvium
G20A Ground water gley (poorly drained) on 3B 273.3 3.4
organic alluvium
NS Not sampled NUL 19.4 0.2
PT Peat 4B 72.7 0.9
SWG1BT Surface water gley (impeded drainage) on 3A 24 .4 0.3
basalt till
SWG1GVBT  Surface water gley (impeded drainage) on 3A 51.4 0.6
gravel & basalt mixed till
SWG2BT Surface water gley (poorly drained) on 3B 4613.8 57.7
basalt till
URB Urban 5U 68.5 0.9
WAT Water NUL 1826.5 22.8
Total 7998.2 100
Agri-food & Biosciences Institute 9
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41.2

41.5

ECOLOGICAL IMPACTS ON FLORA AND FAUNA, (EXCLUDING FISH)

Ecological Impacts can be taken to cover the effects of aerial depositions from
the exhaust tower on water, soil, flora and fauna.

This section of the report covers impacts due to:

- Heavy Metals

- Nitrogen Dioxide (NO,).
- Ammonia (NHj3)

- Sulphur Dioxide (SO5)
- Acid deposition

Heavy Metals

While levels of heavy metals in the air are unlikely to exceed air quality
standards or Environmental Action Levels (EAL), Airshed (2008) reports that the
potential for environmental impact may arise through their accumulation in soil or
vegetation. The potentials for such impacts are assessed as follows.

Cadmium (Cd)

Flora Cadmium has been shown to reduce the growth of plants. Most of the
data are from laboratory studies in which plants were exposed to nutrient
solutions containing soluble cadmium salts (in the mg/l concentration range).
Cadmium found in the environment is likely to be bound to soil and is,
subsequently, less bioavailable (Eisler, 1985; WHO, 1992).

Woodland and hedgerows. Cadmium has been shown to reduce the growth of
both foliage and roots of various species of tree seedlings (Mitchell and Fretz,
1977). Cadmium was found to inhibit colonization of the seedlings by
ectomycorrhizal fungi. Inhibition of ectomycorrhizal fungi may have serious
implications for successful tree establishment in cadmium-contaminated soils.

Grassland/crops. Uptake of cadmium by grassland plants was far greater in
acidic soil compared to calcareous soil (Hammer and Keller, 2002). Most of the
cadmium taken up by the plants in acid soil was bound to organic matter
whereas, in the calcareous soil, it was bound to carbonate. Increased cadmium
concentrations have been reported in grass (Lolium species) sampled from sites
close to roads (Garcia and Millan, 1998).

Conclusion for flora and Cd:

Cadmium is predicted to be of moderate adverse significance based on
maximum permitted emission rates but, in practice, the exhaust gases are
unlikely to contain significant quantities of cadmium (Airshed, 2008). There is no
estimate given by the UK Air Pollution Information (APIS) website for the EAL or
critical level for Cadmium (http://www.apis.ac.uk). However, AFBI predict the
minimum critical load for Cd in soils in the Glenavy area to be 7 — 8 g Cd/halyr
(Hall et al., 2006). No significant effects on flora are predicted.

Agri-food & Biosciences Institute 10
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4.1.10

Fauna Acute exposure of animals to Cd produces hepatic and testicular injury
whereas chronic exposure results in renal and bone injury (Wtostowski et al.,
2006). Cd accumulates in the kidney and liver. Absorption and tissue
accumulation of dietary Cd are influenced by age, gender, dose and nutritional
status as well as other factors. There are industrial and natural emissions of Cd
but phosphate fertilisers can contain significant amounts. Sheep grazing on
fertilised land can have higher Cd levels in kidneys than animals grazed on
unfertilised pastures (Morcombe et al., 1994). Perhaps surprisingly, free
ranging animals can accumulate more Cd than domesticated animals due to
differences in food resources (i.e. herbage and woody plants) and often more
efficient digestibility of nutrients and energy (Wtostowski et al., 2006). Soil pH
can affect Cd solubility and availability for plant uptake with low pH increasing
solubility and plant uptake and, hence, accumulation in animals. Accumulation
rates can vary with season. Cadmium is toxic to a wide range of micro-
organisms and soil fungi with the main effects being on growth and
reproduction. Fish are also sensitive to Cadmium.

Conclusion for Fauna and Cd:

Negative effects of Cd on microorganisms and micro-fauna are reported in the
literature but levels are not quantified and cumulative effects are unknown.
Grassland may produce up to 12 tonnes DM/ha of which about 80% (9.6
tonnes DM) is ingested. Deposition levels quoted are equivalent to 0.3 ppm
(0.3 mg/kg) of Cd in forage. This assumes that all the Cd ends up in the grass
which is unlikely, as some will be adsorbed on to soil and some leached.
Assuming a worst case scenario of 0.3 mg/kg in forage, the maximum a large
ruminant such as a cow could ingest per year in grass or conserved forage is
1160 mg at a stocking rate of 2.5 cows/ha. Cd toxicity in cattle has been
reported after feeding a Cd fungicide at levels of 50-100 ppm (mg/Kg) for 49
weeks.

For sheep, and assuming a stocking rate of 12 ewes per ha, the maximum
each ewe could ingest per year in grass or conserved forage would be 242 mg
or 0.66 mg/day. By comparison, a daily exposure level of 30 ppm of Cd in the
feed is the highest that can be tolerated without producing subclinical effects
over a one year treatment period in sheep.

Mercury (Hg)

For plants and invertebrates, organic mercury compounds are toxic at
concentrations 10-100 times less than inorganic mercury (Boening, 2000).

Flora There is a lack of data on the effects of mercury on plant species
indicative of habitats such as woodland. Mercury normally binds to soil
particles, reducing its availability to plants (WHO, 1989). Terrestrial plants,
particularly woody species, are generally insensitive to the effects of mercury
compounds (Boening, 2000).

Agri-food & Biosciences Institute 11
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Conclusion for Flora and Hg:

Long term deposition of mercury from the process is predicted to be of
moderate adverse significance based on maximum permitted emission rates
but, in practice, exhaust gases are unlikely to contain significant quantities
(Airshed, 2008). Deposition of mercury is predicted to be 0.0008 mg/m?yr,
considerably lower than the EAL maximum rate of 0.004 mg/m?/yr.

No adverse effects are predicted.

Fauna Mercury can be very toxic to wildlife, particularly micro-organisms, but
effects can be variable dependent on season, soil type and form of Hg etc.
Mercurous chloride, an agricultural fungicide, is in relatively common use in the
UK and has been shown, in a few cases, to cause acute mercury poisoning in
heifers (Simpson et al.,, 1997). Fish meal added to feedstuffs, phosphate
fertilisers and sewage sludge contain mercury. Other important sources include
emissions from power generation and smelting. Accumulation rates can vary
with season.

Mercury tends to bio-accumulate and, even at low concentrations, can be
acutely toxic to micro-organisms, particularly those in freshwater habitats.
Environmental variables such as temperature, pH and chemical composition of
water, soil type, and geology have all been shown to affect uptake and effects
of mercury. The life stage of the organism is also important, with larvae being
particularly sensitive.

Conclusion for Fauna and Hg:

Given the proposed emissions rate, no significant adverse effects are
predicted. For larger animals, the same calculations and outcome as for Cd
apply, i.e. no significant effect. The toxic dose of mercuric chloride given by
mouth is 8 g for a cow and 4 g for a sheep.

Lead (Pb)

No adverse effects on microflora, flora or fauna from lead are predicted at the
levels given. Normal background levels from vehicle exhausts etc will likely
exceed the deposition rates from the plant. The deposition of lead on
grassland is predicted at 0.4 mg/m?yr = 4000 mg/halyr i.e. 0.41 ppm (0.4
mg/kg) of lead in forage. This assumes that all lead ends up in the grass
(which will not be the case). Even at this level, this is below the toxic level for
lead in pasture/feed. A daily intake of 2.7 mg of lead per kg bodyweight in the
diet is toxic for calves in 20 days or fewer. Toxic levels are not quoted
specifically for sheep but diets containing 500 and 1000 ppm in the diet, as
lead acetate given to sheep for 84 days, did result in elevated tissue lead
levels.

Agri-food & Biosciences Institute 12
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Nitrogen dioxide (NO,)
The most important effects of NO, on vegetation (Bobbink et al, 1998) are:

i.  accumulation of N compounds resulting in eutrophication. This may lead
to competitive exclusion of characteristic species by more nitrophilic
plants, resulting in loss of diversity on semi-natural vegetation.

ii. soil mediated effects of acidification resulting in acid-resistant plants
becoming dominant at the expense of characteristic species.

iii.  increased susceptibility to secondary stress factors e.g. frost, drought.

Woodland. Increased NO, may lead to ground flora changes related to
eutrophication. Sensitivity of epiphytic lichens on trees is uncertain.

Grassland. Most land in the vicinity of the proposed power plant is improved
grassland but, as this land receives very high doses of N from fertiliser and
manure, there are likely to be no negative effects of increased NO, on plant
species.

Conclusion for NOy:

NO, is the most significant pollutant relative to EAL (Airshed, 2008). The critical
level for air concentration is 30 ug/m*/yr whereas the expected level (baseline +
predicted) is 8.4 pg/m®yr. Therefore, the predicted impact is of minor
significance in terms of its ecological impact on flora.

Ammonia (NHs)

Woodland. Direct exposure to high levels of ammonia is damaging to plants as
it affects their physiology. It may also lead to changes in composition of ground
flora, bryophytes and lichens (Pitcairn et al, 1998).

Grassland. There will be no negative effects of ammonia on improved
grassland

Conclusion for NH3:

The critical level of 3 ug/m/yr for sensitive ecosystems is already exceeded in
baseline (3.33 ug/m®/yr). Therefore, the expected level from the process of
0.00233 pg/m®/yr is insignificant in terms of any increased ecological impacts
on flora.

Sulphur dioxide (SO,)

Woodland. Sulphur dioxide affects tree health, leading to decline (Woodin and
Farmer, 1993). The effects on deciduous woodland have not been studied to
the same extent as coniferous forest. Epiphytic lichens are very sensitive.

Grassland. Very large concentrations can affect grass growth. No negative
impacts are expected on improved grassland.

Agri-food & Biosciences Institute 13
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Conclusion for SOy:

The critical level for air concentration is 20 pg/m®/yr whereas the expected level
(baseline + predicted) is 2.7 pg/m®yr. Therefore, the predicted impact is of
minor significance in terms of effects on flora.

Acid deposition (S+N)

The impacts of acid deposition from the proposed plant are also considered in
Section 6.

Woodland. Effects of acid deposition include the visible decline of trees, poor
tree health and susceptibility to stress factors (N.B. Most research has been
carried out on beech). Effects are mediated by the soil. However, there are
gaps in knowledge and other factors may be involved. Impacts on ground flora
include reduction in diversity as competitors take advantage of higher N levels
(Pitcairn et al., 1998). There may be negative effects on bryophytes, epiphytic
lichens and mycorrhiza.

Grassland. No negative impacts of acid deposition are expected on improved
grassland.

Conclusion for Acid Deposition:

The critical load for acid deposition is 1.79 and 3.38 keqg/ha/yr (for grassland
and woodland, respectively). Existing (background) levels were estimated to be
0.8 keqg/hal/yr (AFBI). Therefore, if predicted acid deposition from the process is
less than 1 keg/halyr, it appears that the critical loads will not be exceeded.
Therefore no negative impacts are expected on flora.

Overall conclusions on the impacts on flora and fauna:

The overall conclusion is that heavy metals, NO,, SO,, NH; at the given
deposition rates will have no significant effect on flora or fauna in as much as is
known about their effects on microfauna or other micro-organisms. There will
be no significant impacts on livestock production within the area.

SOIL HEAVY METAL IMPACTS

Section 3.15 of the Airshed 2008 report covers much of the impact of heavy
metals. The following notes expand further on this topic.

Existing soil metal contents

The levels of ambient background concentrations of metals in soils from the
UKSHS Report 2007 that are cited in the Airshed 2008 report are based on
very few samples from Northern Ireland (10 rural, 6 urban and 4 industrial).
Better data coverage of Northern Ireland soils, including the impact area, is
available from the AFBI soil survey of 1988-97 and the accompanying Soil
Geochemical Atlas (Jordan et al, 2000). The locations of 13 soils sampled in
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the vicinity (<5 km of the proposed development) are given in Figure 3. All were
from the dominant soil type (SWG2BT) in the area viz. surface water gley (type
2 = poorly drained) on basalt till (Table 2).

5.1.2 For the AFBI soil survey the soil A-horizon was sampled at each location. The
mean values for the total concentrations of heavy metals show sample means
significantly higher for Cr, Cu, Mn and Ni (and a lower value for Pb) compared
to the UKSHS survey values used in the Airshed report (Table 3). The high
concentrations prevalent in the Glenavy area reflect the BASALT parent
material from which soils in this region are derived as this consistently gives
high concentrations of these elements in the basaltic areas of Northern Ireland
(Jordan et al., 2000). Thus, they are of natural, rather than anthropogenic,
origin.

Table : Average metal composition in the A-horizon of soils in the vicinity of Glenavy
(n=13). For comparison, UKSHS soil data used in Airshed 2008 report are also shown.

Mean concentration Mean concentration %
AFBI soil survey UKSHS AFBI/
(mg/kg dry wt) (mg/kg dry wt) UKSHS
Total-Ca 9194 - -
Total-Cd 0.35 04 88
Total-Co 31.7 - -
Total-Cr 94.5 574 165
Total-Cu 371 31.6 117
Total-Mg 9191 - -
Total-Mn 1084 433 250
Total-Mo 0.26 - -
Total-Ni 73.4 28.8 255
Total-P 802 - -
Total-Pb 13.4 30.1 44
Total-Zn 84.3 81.9 103

5.1.3 For further comparison, Table 4 details supplementary data on the soil pH, loss
on ignition (LOI) carbon and sand silt and clay composition for the A-horizon of
a nearby single soil sampling pit at Irish Grid coordinates 315000E and
375000N (1997 survey). These data are considered to be characteristic of the
grassland soils in the Glenavy area.

Table 4: Composition of the A-horizon of a single soil pit at Irish Grid coordinates
315000E and 375000N.

Value
pH (water extract) 6.02
%C 3.7
LOI (%) 14.7
Sand (%) 19
Silt (%) 34
Clay (%) 47
Agri-food & Biosciences Institute 15
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TELLUS data

More recently (2004-2006), the TELLUS geochemical survey, carried out under
the auspices of the Geological Survey of Northern Ireland (GSNI, Colby House,
Belfast), sampled the soils (at 5-20 cm and 35-50 cm depth), sediments and
stream waters across Northern Ireland at a sampling rate of approximately 1
sample per 2 km? (Figures 4 & 5). In total, 35 soils, 35 sediments and 35 waters
were sampled in the area within a 5 km radius of the plant. The chemical
analyses for these samples (soils sampled at 5-20 cm depth only) are
summarised in Table 5 below. Mean values for all samples collected across
rural areas of Northern Ireland are also listed in Table 5 for comparison and
context.

On comparing the two it should be noted that TELLUS total concentration data
were measured using XRF, whereas aqua-regia digests were used in the AFBI
soil survey data summarised in Table 3. The XRF analysis gives the true total
concentration while aqua-regia digestion gives the environmentally-important
‘near-total’ concentration. Thus the TELLUS XRF soil values for the Glenavy
area higher than those measured in the AFBI survey (Tables 3 and 5). As for
the AFBI soil survey, the TELLUS elemental concentrations are greater than
the TELLUS average for NI reflecting the basalt geology underlying the
Glenavy area.

Soil mercury is not available from the TELLUS XRF data sets but mercury was
measured as part of the TELLUS survey along with As and Cd using the aqua-
regia digestion and ICP analysis. These data-sets are also listed in Table 5 as
they represent the only source of information on mercury concentrations in the
soils from the Glenavy area.

Note. ICP (aqua-regia) data for all Northern Ireland soils are currently (April
2008) not available from TELLUS so only the mean ICP data for As, Cd and Hg
for the Glenavy area can be provided in the Table 5.

Agri-food & Biosciences Institute 16
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Table 5: Average ‘total’ elemental concentrations (unless labelled otherwise) of 8 elements in soils, sediments and well water within a 5 km radius of the proposed
power plant compared against their Northern Ireland means.

SOILS 5-20 cm
pH

XRF totals mg/kg Count Lol (%)' (CacCl,) As Cr Cd Cu Pb Ni Zn Hg
Glenavy Mean 35 13.0 5.28 4.71 256.2 0.47 52.1 56.6 85.0 102.9 no data
NI Mean 6862 234 4.74 10.48 131.0 0.55 39.7 41.7 46.2 784 no data
ICP data (aqua regia)
Glenavy Mean 35 - - 1.97 - 0.31 - - - - 0.08
SEDIMENTS
XRF totals mg/kg Count As Cr Cd Cu Pb Ni Zn Hg
Glenavy Mean 35 213 364.5 0.35 72.7 23.97 118.8 156.7 no data
NI Mean 5875 14.99 217.2 0.83 41.5 3552 78,5 1601 no data
WATERS
Total Conc in ug/l Count pH As Cr Cd Cu Pb Ni Zn Hg
Glenavy Mean 35 7.77 0.55 0.39 0.006 1.77 0.06 1.77  2.39 no data
NI Mean 5898 7.58 1.21 0.41 0.02 1.73 0.21 226 540 no data
EHS monitoring of groundwater 2000-2002 : Well G82 located at 316583E, 375483N (Crumlin) on good pasture

Count As Hg
Concentration (ug/l) in water for well G82 on 3 1.0 0.21
good pasture
Ave concentration (ug/l) for 58 wells across NI 58 33 0.12

on good or mixed pasture

1 Lol = Loss on ignition
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Soil pH measurements depend on the extractant used to suspend the soil;
AFBI use water while TELLUS use CaCl, which explains the ~0.7 difference
between the soil pH values listed in Tables 4 and 5.

Heavy metal worst case scenarios

Table 10 of the Airshed report gives “worst case” deposition for heavy metals at
receptors in the vicinity of the proposed plant. These have been compared with
the existing burden of heavy metals in the top 10 cm of the soil (Table 6) as per
AFBI's Soil Geochemical Atlas. In this comparison, soil is assumed to have dry
weight density of 1.0 so that an area of 1 ha would contain 1000 tonne of dry
soil in the top 10 cm of soil. The daily rates of deposition in Table 10 of the
Airshed report have been converted into annual rates. This comparison
indicates that, with the exception of cadmium, the worst case deposition rates
are more than three orders of magnitude less than the existing soil burden. For
Cd, the deposition rate is two orders less.

Table 6: A comparison of existing soil burden of heavy metals with worst case
deposition rates.

Element Existing metal Worst case deposition rates
burden in top 10 (from Table 10 of Airshed report)
cm of soil*
g/ha mg/m?/day g/halyear
Total-Cd 350 0.0008 29
Total-Cr 94520 0.0011 4.0
Total-Cu 37050 0.0011 4.0
Total-Ni 73380 0.0011 4.0
Total-Pb 13360 0.0011 4.0

* For a soil density of 1.0, there are 1000 tonnes of soil in the top 10 cm of the soil A-
horizon over an area of 1 ha.

Cadmium deposition rates

Given that the ‘worst case’ impact of the modelled deposition on the existing
soil burden is proportionally largest for cadmium, the impact of this is further
assessed in terms of critical loads for cadmium.

Cadmium deposition across the UK have been estimated and mapped by the
Centre for Ecology and Hydrology (CEH) at Edinburgh and Bangor. Minimum
critical loads of Cadmium (minimum of critical loads in each 1km grid square for
habitats — acid & calcareous grass, dwarf shrub heath, bog, managed conifers,
managed broadleaves, unmanaged woodland) have been modelled by Hall et
al (2006).

For the Glenavy area, background Cd deposition has been estimated by CEH
to be 0.10 — 0.11 g Cd/halyr for grassland and 0.23 — 0.25 g Cd/ha/yr for
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forestry cover. Hall et al (2006) predict the minimum critical load for Cd in soils
in the Glenavy area to be 7 — 8 g Cd/ha/yr. This would allow a deposition of up
to 6.75-7.75 g Cd/halyr from the plant before the critical load would be
exceeded at the current soil pH. If soil pH were to drop, so too would the critical
load for Cd deposition to soils — the lowest critical load predicted for Cd in
Northern Ireland soils by CEH is 4 g Cd/halyr. Therefore, if this is taken as
indicative of soils with lower pH, the critical load for Cd deposition to soils would
be exceeded only if deposition from the power plant was > 3.75 g Cd/halyr.
However, the values given for Cd in the Airshed report are (p4 Executive
summary) 0.0003 (typical) and 0.0008 mg/m%day (maximum) which are
equivalent to 1.10 and 2.92 g/halyr, respectively. i.e. the critical load for Cd to
soils is unlikely to be exceeded even if the pH of the soils drops significantly.

Heavy metal conclusions - soils

Concentrations of heavy metals in soils in the Glenavy area are largely
determined by the natural geology of the area. The concentrations of heavy
metals, particularly As and Hg, in soils in the Glenavy area are well within
current standards. Maximum heavy metal deposition rates projected from the
proposed power plant will have no significant impact on the concentrations of
heavy metals in soils in the Glenavy area.

If it is deemed necessary to monitor the impact of the power plant on soils in
the Glenavy area in the future, the data in Tables 3, 4 and 5 can be used as
baseline data against which future comparisons could be made.

ACID DEPOSITION AND ECOLOGICAL IMPACTS

Airshed’s modelling of the worst-case scenario for acid deposition around the
power plant (Figure 10.2) shows that an acid plume (> 1 keq H'/ha/yr) extends
over an area of approximately 3 ha around the power plant and comprises land
cover described under the CORINE classification scheme as ‘mixed pasture’
on soil type SWG2BT (surface water gley (type 2 = poorly drained) on basalt
till). Beyond the acid plume (> 250 m centred on the power plant), acid
deposition is predicted to fall rapidly to under 0.2 keq H+/ha/yr and to under 0.1
keq H+/halyr for all areas > 1 km from the plant.

Current acid deposition rates

In Section 5.36 of the Airshed report, average annual total deposition of S (non-
marine SO,) and N (NOy, NH,, HNO;) for the Glenavy area have been
estimated by CEH for 2003-2005 using methods developed by Smith et al
(2000) and Smith and Fowler (2001). These methods account for wet, dry and
cloud deposition, use concentration based estimated deposition (CBED) and
are average values for all vegetation types.
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Total annual mean CBED of S and N at the proposed plant was estimated to be
0.23 (range 0.17 - 0.33) keq H'/halyr and 0.53 (range 0.42 — 0.60) keq
H*/halyr, respectively i.e. a total mean acid deposition of 0.78 (range 0.59 —
0.93) keq H'/halyr. Note that the breakdown of the 0.53 keq H'/ha/yr for N
deposition is 0.34 keq H*/ha/yr for NH, (range 0.25-0.38 keq H*/ha/yr) and 0.19
keq H*/halyr for NO, incl HNO; (range 0.17-0.22 keq H*/hal/yr)). The ammonia
annual deposition rate compares well with the values given in section 3.21 of
the Airshed report viz. 0-4 — 0.7 keq H*/ha/yr. The total mean acid deposition of
0.78 keq H'/ha/yr also compares well with measured bulk (wet+dry) depositions
of S & N at the UK secondary network site located at Hillsborough Forest
(324300E, 357700N) viz. 0.38, 0.57 and 0.61 keq H*/halyr in 2003, 2004 and
2005, respectively (AEA, 2007). The site of the proposed power plant and the
Hillsborough Forest monitoring site have identical mean annual rainfalls (896
mm/yr).

The annual acid deposition values quoted above differ markedly from the
predicted total acid deposition rates given by the APIS website
(www.apis.ac.uk) for the location of the proposed power plant. For example,
APIS quote a background annual deposition rate of 3.06 keq H+/hal/yr for
beech, oak or lowland woodland pastures and 1.79 keq H+/halyr for acid
grassland, improved grassland or arable crops®at the location of the plant
(313000E, 372500N) based on data for 2003-05. By comparison, APIS gives
predicted annual acid deposition rates of 4.1 and 2.4 keq H+/halyr for
woodland and grass, respectively, at Hillsborough Forest. These values are
over 4 times those measured by AEA (see above). The APIS deposition rates
for the Northern Ireland sites are considered by AFBI to be inconsistent with
both the measured data and CEH’s prediction using CBED. The reason for the
discrepancy is unknown but the APIS website does warn about uncertainties in
the data. As a result, AFBI has used CEH’s predicted acid deposition rate of
0.78 keq H+/halyr for the area around the proposed power plant in all analyses
in this report.

Ecological impacts

The annual average critical load of acidity for all vegetation types for the
Glenavy area has been estimated to be 1.5 keq H'/ha/yr (Hornung et al, 1995
and Hall et al, 2004). This agrees with the information provided by the APIS
website for this location for soils under acid grassland, improved grassland or
arable crops®. By comparison, APIS? state that the critical load for beech, oak
or lowland woodland pastures in this area is 3.38 keg/ha/yr. Thus, the most
sensitive land cover type around this site is also the dominant one viz. mixed
grassland. Using CEH’s estimation of the background total acid deposition of
0.78 keq H'/halyr and the predicted acid deposition from the power plant as 1
keq H'/hal/yr very close to the plant (Airshed), the critical load for
acidification of these grassland soils will just be exceeded (by ~ 0.3 keq
H+/halyr) but only in the vicinity of the plant. These soils may require liming
if and when the soil pH drops below 5.8. As mentioned previously, the area of
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impact covers only approximately 3 ha. Further from the site, (> 250 m),
deposition rates decline markedly to lower than 0.2 keqg/ha/yr (Figure 10.2),
total acid deposition will be less than 0.8+0.2 = 1 keg/ha/yr and no
exceedance of the critical load of acidity is expected to occur in any soils
outside the 3 ha impact (acid plume) area.

Acid deposition conclusion

The critical load for acidification of the grassland soils in the immediate vicinity
of the plant (area ~3 ha) will just be exceeded (by ~ 0.3 keq H*/ha/yr) but no
exceedance of the critical load of acidity is expected to occur in any soils
outside the 3 ha impact (acid plume) area.

POTENTIAL ACID DEPOSITION IMPACTS ON FRESHWATERS
Lough Neagh

Section 5.35 of Airshed 2008 report states that critical loads are not available
for freshwaters. However Batterbee (1993) reported that most freshwaters in
Northern Ireland, including those in the Lough Neagh catchment, have a critical
load of acidity > 2 keq H'/halyr. For Lough Neagh this is a moderate estimate,
as AFBI monitoring has shown that the Lough is alkaline with a mean pH close
to 8.0 with a measured alkalinity close to 2 meg/L or 2 eq/m®. As the mean
depth of the lake is 8.9 m, the area weighted alkalinity of the Lough can be
calculated as 2*8.9 =17.8 eq/m? or 178 keg/ha. Moreover, as the water
retention time of the lake is 1.25 years, this alkalinity is renewed at a rate of
178/1.25 = 142 keq H'/halyear.

Figure 10.1 of the report Airshed 2008 report shows the modelled isopleths <
0.1 keq H*/halyr for acid deposition falling directly on Lough Neagh arising from
the proposed power plant. For the major body of the Lough (i.e. outside
Lennymore Bay - Sandy Bay and the Lough area to the east of Ram’s Island),
the isopleths are no greater than 0.02 keq H'/ha/year. As these values (plus
the background deposition of ~0.8 keq H'/ha/yr ) are much lower than both
Batterbee’s critical loading and the measured alkalinity of the Lough, it is safe
to conclude that the proposed plant can have no measurable impact on
the pH of Lough Neagh.

Portmore Lough

Portmore Lough is located approximately 6 km to the southwest of the
proposed plant. On current patterns of wind flow for most of the time it is would
be upwind of the proposed plant. Although Portmore is an ASSI much less is
known as to the limnology of the lake, which is large by the standards of
Northern Ireland. According to Gibson (1992) the lake has an area of 1.8 km?
and had a total phosphorus concentration of 167 pg P/L that would justify a
hypertophic (>100 ug P/L) classification. The lake is also alkaline, pH 8.3 and 2
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eg/m®. Calculating the throughput of alkalinity for the lake can only be done
approximately as the mean depth and catchment area (which determines the
volume of water entering the lake) are not known. It has been assumed that the
mean depth is only 0.5 m — the lake is known to be very shallow which would
give a lake volume of 0.9 *10° m®. As the lake is so shallow the area based
alkalinity is estimated at 2*0.5 =1 eq/m? which is much less than the value for
Lough Neagh.

7.2.2 However the throughput of water through Portmore Lough is high. The
catchment area is approximately 60 km?. Assuming rainfall of 900 mm/year and
evaporation of 400 mm/year, the effective rainfall that results in runoff is 0.5 m
year. On this basis the annual lake inflow volume is 30 *10° m®. Thus the lake
water residence time is only 0.9/30 = 0.03 years or 11 days compared to 1.25
years for Lough Neagh. The lake water is renewed approximately 33 times so
the surface loading of alkalinity is 1*33 = 33 keq H'/halyear. This value is
therefore considerably in excess of Batterbee’s critical loading for freshwater of
2 keq H'/halyr, the current levels of acid deposition (0.8 keq H*/ha/yr) and the
likely maximum impact on acidity (< 0.1 keq H*/halyear) from additional acid
deposition the proposed plant on the Portmore Lough. For Portmore Lough it is
concluded that the proposed emission will not significantly alter the alkalinity of
the lake.

7.3 Other waters

7.3.1  With an annual background acid deposition rate around 0.8 keq H*/ha/yr (see
below) and maximum acid deposition from the power plant of 1 keq H*/hal/yr
(and the latter predicted to occur only within the immediate vicinity (< 250 m,
Figure 10.2) of the proposed power plant), the critical load for acidification of
freshwaters in the Lough Neagh catchment is unlikely to be exceeded. This is
confirmed by more recent calculations based on updated methods and data
(Hall et al, 2004) which give a critical load of acidity for a freshwater just outside
the Glenavy catchment of the order of 17-18 keq H'/ha/yr. With a maximum
combined total acid deposition rate of 1.8 keq H*/halyr, waters in this area will
not exceed the critical load for acidity of freshwaters in this area and so will not
become acidified as a result of the emissions from the proposed power plant.

7.4 Freshwaters and acid deposition conclusion

7.4.1 As projected acid deposition values from the proposed plant when combined
with the current background deposition of ~0.8 keq H+/ha/yr are much lower
than both Batterbee’s critical loading and the measured surface loading of
alkalinity to Lough Neagh and Portmore Lough, it is safe to conclude that the
proposed plant can have no measurable impact on the pH of these lakes. With
a maximum combined total acid deposition rate of 1.8 keq H*/ha/yr, waters in
this area will not exceed the critical load for acidity of freshwaters in this area
and so will not become acidified as a result of the emissions from the proposed
power plant.
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HEAVY METAL IMPACTS ON FRESHWATERS
Background

Lough Neagh is considered not to have a heavy metal problem. A Public
Hearing was held by the Water Appeals Commission in April 1998 on a
proposal to increase potable water abstractions from Lough Neagh and in
response to the appellants’ proofs of evidence a detailed rebuttal was issued
(Alexander, 1998). This showed that heavy metal concentrations of arsenic,
cadmium, mercury and cadmium were below the then level of detection (<1 g
L™). Concentrations of zinc (4-10ug L") and copper (0-12 pg L") were low and
within limits for drinking water.

In the late 1980s and 1990s, the former Science Service of DARD (now AFBI)
periodically measured the heavy metal burden of eels in Lough Neagh and
other waters in Northern Ireland. As eels are a long-lived species, males
typically spending around 7 years in the lake and females around 14 years
before returning to sea to spawn, they would be likely to show any
bioaccumulation effects. The lead, cadmium and mercury contents of eels
Lough Neagh measured in 1987, 1992 and 1995 were below the limits for
human consumption (Table 7). These indicate that despite the high levels of
agricultural production and urban populations in the Lough Neagh catchment,
metal burdens of eels from Lough Neagh were low and did not pose a threat to
human consumption.

Table 7: Summary of lead, cadmium and mercury contents of eels from Lough Neagh
in 1987, 1992 and 1995. (Values as mg/kg fresh weight).

Lead
Pb

Cadmium
Cd

Mercury
Hg

1987
1992
1995

0.17
<0.02
<0.16

<0.02
<0.02
<0.02

0.031
0.059
0.014

8.1.3

In assessing the impact of heavy metals from the proposed development on
Lough Neagh there is a relative paucity of information on the current status of
heavy metals inputs to the lake and its catchment. The approach taken in this
assessment has been to compare the maximum emissions given in the Airshed
Report with i) existing heavy metal concentrations in Lough Neagh, ii)
estimates of the heavy metal inputs from atmospheric deposition (termed
rainfall for simplicity but these inputs include dry deposition), iii) inputs to land
from chemical fertilisers applied to agricultural land and estimates of loadings
from waste water treatment works in the catchments. With the exception of
directly measured concentrations of heavy metals in Lough Neagh, the
remaining inputs of heavy metals were estimated from a variety of sources.
The emissions of heavy metal from the proposed plant were based on those
given in the Airshed report Tables 7.1, 7.2 and 7.3. These list heavy metal
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emissions from the plant under conditions of high, normal and low flows. Only
the high flow emissions have been used, while the rate of emissions, given as
g/second have been assumed to occur throughout the year (listed as annual
emissions in Table 9).

It should be noted that these emissions are based on the worst possible case
emissions that are based on are simple mass balance calculations and assume
all the lead, mercury and arsenic present in the feedstock (poultry bedding and
meat and bone meal) will be released through the stack. The cadmium release
assumes the maximum release permitted by the Waste Incineration Directive.
In practice it is anticipated that the emissions of these metals would be much
lower as most emissions will be captured by the abatement systems.

Impact on heavy metal concentrations in Lough Neagh

Northern Ireland Water operates three water abstraction points on Lough
Neagh, at Dunore Point, Castor Bay and Moyola. The Dunore Point abstracts
from the north-east of Lough Neagh and Castor Bay abstracts from the south-
east of the Lough. Both are within 12 km of the proposed plant. The Moyola
abstraction is in the northwest corner of the Lough but is close to where the
Moyola River enters the Lough, which can influence the characteristics of water
it abstracts from the Lough. Heavy metals are measured at each intake and
Table 8 summarises concentrations measured from February 2005 to February
2008 for the Dunore Point and Castor Bay abstractions.
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Table 8: Summary of heavy metal analyses in raw water intakes from Dunore Point and Castor Bay (Lough Neagh) and potential increase in heavy metal
concentrations due to emissions from Rose Energy proposed plant.

Arsenic Cadmium  Chromium Copper Lead Mercury
As Cd Cr Cu Pb Hg

Drinking water standard’ Mg/l 10 5 50 2000 25 1
Lough Neagh samples
Number of samples 8 8 8 25 7 8
Samples below limit of detection % 0% 100 % 75 % 52 % 71 % 100 %
Most common limit of detection? ug/L - <0.02 <0.3 <0.5 <2 <0.04
Measured average * pg/L 0.8 <0.02 0.2 9.1 1.3 <0.04
Rose Energy emission -
maximum impact on lake
concentration” Mg/l 0.10 0.04 0.05 0.05 0.20 0.002
WFD ecological standards® ug/L 0.09° 3.4’ 8.2 7.2 0.05

1) Drinking Water Inspectorate (2007). Drinking water quality in Northern Ireland 2006. Environment and Heritage Service.

2) Limits of detection varied over time.

3) Where the concentration was below the limit of detection, a value of half the limit was assigned in calculating the mean. Where all samples were below the limit of detection, the average was not
calculated.

4) Based on the assumption that all of the emissions originating from the plant are transferred to Lough Neagh (annual inflow 2.72 *10° m3) with no catchment retention.

5) Proposed standards for inland waters to comply with Water Framework Directive (see text). Values are for soluble metal concentrations.

6) Cadmium standard to vary with water hardness. Value listed is for a Class 3 hardness range 50 - 100 mg CaCO;/L. Lough Neagh hardness is close to 100 mg CaCOj /L and hence on the border

between Classes 3 and 4 for hardness. If lake was judged to be Class 4 (100-200 mg CaCOj; /L) then cadmium standard would increase to 0.15 ug /L).

Vi+ Vii+

7) On basis that chromium is present as Cr . If the form is Cr*"" then standard increases to 4.7 pg /L.
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8.2.2 As was the case for the report prepared in 1998, many of the metals measured
in Lough Neagh, including 100% of cadmium and mercury determinations,
were at levels below the respective detection limits. All reported values were
substantially below the relevant standards for drinking water in Northern Ireland
(Table 8).

8.2.3 Table 8 also presents the outputs of a simple screening exercise in which it is
assumed that 100% of the proposed maximum emissions from the plant are
assumed to be transferred to Lough Neagh. This is a highly improbable
scenario as it ignores the capacity of soils to retain heavy metals in deposition
and the fact that under prevailing wind Lough Neagh would generally be
upwind of the proposed plant. It can therefore be considered as a worst case
scenario especially it assumes upper limit emissions from the proposed plant.
The comparison shows that the concentration increases for individual heavy
metals would be low and below 0.1 pug/L. This highest increase is for arsenic
and would represent 12% of the existing mean concentration. The increases
would not cause any breaches of the drinking water standards.

8.2.4 However standards for drinking water are not necessarily the same as those for
good ecological quality that will be required to comply with the Water
Framework Directive (WFD). However WFD standards have yet to be agreed
by member states and the EU. In 2006 the EU published proposals for
maximum allowable concentrations for priority substances including cadmium,
lead and mercury (EU, 2006). These are however proposals and have yet to be
adopted. They are listed in the final row of Table 8. Standards for other metals
have yet to be published by the EU. A recent paper listed proposed WFD
standards for chromium and copper based on unpublished UK reports and
these are also included in Table 8 (Crane et al., 2007).

8.2.5 Each of the proposed ecological standards is considerably lower than the
comparable standard for drinking water. For chromium, lead and mercury the
emission impact from Rose Energy is small and when added to measured
concentrations in Lough Neagh would not cause a breach of the ecological
standard. For cadmium, this is also the case, but, although the ecological
standard would not be breached, the projected emission impact is relatively
large as it would utilise 4/9ths or 44% of the proposed ecological standard.

8.2.6 For copper a different situation is encountered as, while the proposed emission
impact represents less than 1% of the ecological standard, the current
concentration for copper measured at the Lough intakes is slightly above the
proposed standard (9.1 vs 8.2 pg Cu/L). This is surprising as it differs from a
previously published average concentration of copper from Lough Neagh of
2.5 pg Cu/L resulting from monitoring carried out in 1995 and 1996 (Rippey et
al.,, 2004). An examination of the Dunore Point and Castor Bay data sets for
copper highlighted a marked divergence between the two sites. Thus at Dunore
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Point only 17% of samples were below the limit of detection of 5 ug Cu/L with
an average of 18 ug Cu/L (assuming a value or 2.5 ug Cu/L for samples below
the limit detection). In contrast 85% of samples were below the limit of
detection at Castor Bay with only two samples with measurable amounts of
copper which were just above the detection limit at 5 ug Cu/L and 6 ug Cul/L.
The computed average for Castor Bay was therefore only 3 pg Cu/L and so
close to the value given by Rippey et al., 2004. The remaining intake at Moyola
had fewer observations than the other sites, but the data aligned much more
closely with data from Castor Bay as 67% were below the limit of detection with
a maximum concentration of 12 ug Cu/L and an average of 5 ug Cu/L.

8.2.7 It is obviously not possible to identify why copper concentrations were
consistently higher than at Dunore Point intake. Lough Neagh is generally well
mixed and this intake is quite remote from any of the six major rivers that drain
into the Lough, which on the basis of data presented by Rippey et al., 2004
also have copper concentrations of close to 6 pg Cu/L. There may be a
localised source of copper contamination in the vicinity of the intake or
alternatively the contamination is associated with the intake structure. It should
be emphasised the mean copper concentration at the Dunore Point of 18ug
Cu/L represents less than 1% of the drinking water standard for copper.

8.3 Heavy metal sources in the Lough Neagh catchment

8.3.1 In this section estimates of the maximum output of heavy metals from the
proposed plant are compared with what estimates of heavy metal inputs from
rainfall, fertilisers and treated sewage in the Lough Neagh catchment. The
comparison assists in assessing the relative magnitude of the proposed
emissions.

Deposition

8.3.2 Four estimates of deposition of heavy metals from atmospheric deposition
(termed rainfall) are given in Table 9. The first set is the modelled rates for the
Lough Neagh catchment and is based on UK Heavy Metal Monitoring Network
(UKHMMN) which is maintained by CEH on behalf of the UK government
(Fowler et al., 2006). The network is designed to give background rates of
deposition for the UK but contains only one site in Northern Ireland which is
located in the Lough Navar Forest Park in south west Fermanagh. This site is
remote from significant towns and within 25 km of the Atlantic coastline of
Donegal Bay and gives the lowest rates of deposition for most metals within the
UK network although arsenic deposition is close to the highest in the UK
network. Modelled rates for metal deposition in the Lough Neagh catchment
are very similar to the measured rates at Lough Navar, that is they tend to be
low.
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8.3.3 Three other rates for atmospheric deposition are given for comparison in Table
9. The first is based on two sites in Ireland, and shows that for cadmium,
copper and zinc deposition rates are approximately x5 higher than for the
UKHMMN (Nicholson et al., 2003). Higher deposition rates values are also
evident using the lowest values of a rural monitoring network established in the
late 1990s for DEFRA and described by Nicholson et al., 2003. In this network,
the lowest concentrations were generally located in the region of the English
Lake District. Finally deposition based on measurements at three relatively
remote sites in Northern Ireland give higher rates again for copper, lead and
zinc.
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Table 9: Summary of maximum heavy metal emissions from proposed power plant as estimated by Airshed report and estimated heavy metal inputs to Lough

Neagh from treated sewage and to the Lough Neagh catchment from chemical fertilisers and rainfall.

Airshed Sewage'  Chemical Rainfall-1 Rainfall-2 Rainfall-3 Rainfall-4
emmision fertiliser® UKHMMN®  Ireland®  Rural min® Rippey®
kg/year
Arsenic As 269 47 107 668 - 414
Cadmium Cd 108 4 136 56 267 329
Chromium Cr 126 97 1216 668 312 1286
Copper Cu 126 658 672 1335 5785 14151 39472
Nickel Hg 126 485 265 779 712 2683
Lead Pb 546 144 196 2225 5919 8664 19817
Zinc Zn 126 2283 2736 11125 104575 56159 66720
Mercury Hg 4 2 1 - - 218

1) Based on Environment Agency emission inventory of heavy metals to water from waste water treatment works (WWTWs) in England Wales:
(http://www.environment-agency.gov.uk/business/444255/446867/255244/255281/?version=1&lang=_e). Per capita emission factors calculated for 2006

emissions - assumed on basis of nitrogen emissions that population connected to WWTWs was 37*10° and converted pro-rata to Lough Neagh population of
300k.

2) See Table 10

3) Based on UK Heavy Metal Monitoring Network (Fowler et al., 2006) http://www.uk-pollutantdeposition.ceh.ac.uk/?g=reports

4) Cited for two sites in Ireland by Nicholson et al., 2003.

5) Lowest values from rural network of 34 sites in England and Wales (Nicholson et al., 2003) and project report to DEFRA on The vulnerability of soils to
pollution by heavy metals (extension to OC9325) (SP0127). http://www.defra.gov.uk/science/project data/DocumentLibrary/SP0127/SP0127 6080 FRP.pdf

6) Three sites at Silent valley, Four Mile Burn and Altnaheglish monitored in late 1980s and reported by Rippey et al., 2004



http://www.environment-agency.gov.uk/business/444255/446867/255244/255281/?version=1&lang=_e
http://www.uk-pollutantdeposition.ceh.ac.uk/?q=reports
http://www.defra.gov.uk/science/project_data/DocumentLibrary/SP0127/SP0127_6080_FRP.pdf

8.3.4

8.3.5

8.4
8.4.1

8.4.2

There are a number of reasons for these differences. One is that the type of
collector used to sample deposition can give different rates at the same
location. In particular the collectors used by the UKHMMN give lower values
than those used elsewhere (Fowler et al., 2006). Secondly UKHMMN is based
on network of sites that are located in quite remotes semi-upland sites whereas
the DEFRA sponsored network reported by Nicholson et al., 2003 was mostly
based at agricultural research stations on rural lowland sites in England and
Wales. These sites would therefore have been more likely to pick up
contamination from local influences, which however may simply be routine,
e.g., traffic, manure spraying etc. In addition the “Frisbee” samplers used in
this network give higher values of deposition than those of the UKHMMN. The
Northern Ireland data given by Rippey et al., 2004 was measured in the 1980s
and would have been influenced by lead emissions from the use of leaded
petrol.

Sewage and fertiliser

Two other catchment inputs of heavy metals are given in Table 9. One is an
estimate, based on emissions factors of the urban population of England and
Wales of emission from waste water treatment works. It does not include
industrial discharges. The remaining input is from chemical fertilisers. A paper
by Nicholson et al. (1999) listed the metal burden per unit of nitrogen,
phosphate (P,Osy and potash (K;0) fertiliser applied in England and Wales
(Table 10). These have been translated in to areal rates for Northern Ireland
using the 2007 fertiliser statistics for Northern Ireland. It should be noted that
these rates would be historically low as phosphate fertiliser rates have declined
by more than 50% since the mid 1990s.

Comparison of cadmium sources in Lough Neagh catchment

The projected emissions from the Rose Energy plant listed in Table 9 for
cadmium are relatively large, in that they exceed the background rainfall
predicted by the UKHMMN and approach the inputs of cadmium in fertiliser.
The inventory of heavy metals applied to soils in England and Wales calculated
that the input of cadmium in poultry manures is relatively large relative to other
animal manures. Thus while accounting for only 12% of manure applied to soils
(on a dry solids basis), poultry manures accounted for 26% of the input of
cadmium in manures (Nicholson et al., 2003). In this inventory cadmium in
animal manure applications was 35% of the application of cadmium in chemical
fertilisers.

In considering the environmental significance of the cadmium emissions it
should be noted that even at maximum allowable rates of manure applications
based on N limits it would take hundreds of years to raise to soils in England
and Wales from current mean concentrations of cadmium to limit
concentrations. Secondly the emission from the Rose Energy plant is not
necessarily a new source of cadmium to the environment as currently poultry
manure, from which the metal originates, is returned to the land. Depending on
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the retention of cadmium in the ash from the plant and where it is exported to,
the plant would therefore lower cadmium applications.

8.4.3 Of the other heavy metals listed in Table 9, the rate for lead from the proposed
plant is higher than either lead in fertilisers of from WWTWS but is lower than
the background atmospheric deposition (UKHMMN) rate.

Table 10: Heavy metal contents of nitrogen (N), phosphate (P,Os) and potash (K,0)
Heavy metal in fertiliser components (mg/kg)*
Nitrogen  Phosphate  Potash
N P,0s K>O
Copper Cu 10 94 6
Lead Pb 4.6 10.5 2.7
Cadmium Cd 0.9 30.6 0.5
Chromium  Cr 3.4 319 2
Arsenic As 0.9 22 0.5
Mercury Hg 0.03 0.1 0.02
Fertiliser application rates in Northern Ireland (kg/ha)2
Year 2007 92 10 20
Heavy metal application in fertiliser applied (g/ha)
Via fertiliser N P,Os5 K,O Total
Copper Cu 0.92 0.97 0.12 2.01
Lead Pb 0.42 0.11 0.05 0.59
Cadmium Cd 0.08 0.32 0.01 0.41
Chromium  Cr 0.31 3.29 0.04 3.64
Arsenic As 0.08 0.23 0.01 0.32
Mercury Hg 0.003 0.001 0.000 0.004
1 Source Nicholson et al., 2003
2 Source DARD statistics for 2007. Rates normalised to area of managed
grassland and crops in Northern Ireland.

8.5 Freshwaters and heavy deposition conclusion

8.5.1 It is concluded that on the worst case scenario that heavy metals emissions
from the proposed plant will not impact on the ecology of Lough Neagh.
However the maximum amounts of some of metals, notably cadmium,
projected to be emitted are large relative to other sources in the Lough Neagh
catchment.
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