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proposed produced water discharge does not reveal major problems, there remains a
need for comprehensive environmental monitoring of the possible effects of the
discharge.

In the report he also highlights the unknown risks of a fire at the refinery and the
potential discharge to sea of “PAHs from partially-burned hydrocarbons and fire-
fighting foams containing zinc and perfluorooctane sulphonate (PFOS)”

He states

“There is no doubt that two of the likely contaminants of firewater (i.e. zinc and
PAHS) show acute and chronic toxicity to aquatic life, and are able to bio
accumulate in some organisms. Furthermore, recent discoveries (Ankley et al.,
2005; Sanderson et al., 2004; Boudreau et al., 2003a&b) have shown that the
common foam ingredient PFOS is persistent, bio accumulative and toxic to fish

and crustaceans”.
In light of this and other scientific data (attached) you must agree, that to have Shell
E&P in charge of monitoring the effects of this discharge is indeed inapproprnate!

He has also assessed the proposed monitoring regime submitted by Shell E&P, (his
conclusions attached )

While he says “I think it is OK as far as it goes”, he goes on to state “but my main criticism
is that it is unclear whether any attempt will be made to monitog%r biological effects (as
opposed to chemical contamination). &

He lists a number of measures that he feels shouid bg\\‘éiﬁ%d to the monitoring regime.

(1) “I would suggest that chemical analysis of éa&g)% crab or lobster should also be
included, specifically to reassure fishe Jhat their livelihood is not coming under
threat. Crab and/or lobster are useful ely because they are relatively sedentary
scavengers and are likely to be expdsed to contaminants from a wide range of
sources, so | don’t quite follow thé’reasoning of the document in this regard (see
Table 1).” Professor Matthi s subsequently suggested that monitoring of crab
or lobster should also include assessment for possible tainting.

(2) As the programme will be geing to the trouble of taking benthic grab samples of
sediments from around th& outfall (a sound proposal), | believe the programme
should go the extra milé’and analyse the samples for benthic invertebrate community
diversity as well as for chemical contamination. This is a useful catch-all biological
measure of impact. If one cannot see a change in community structure, one can be
fairly confident that invertebrates generally are not being damaged.

(3) While | concur with the choice of mussels as a target of the inter-tidal programme,
again | suggest that they should go the extra mile and monitor them for biological
effects as well as chemical contamination. | would be happy to advise on appropriate
techniques, and would seriously consider broad-spectrum measures of chemical
impact such as lysosomal stability and/or scope for growth. These are sensitive
‘measures of effect which respond to many different contaminants. Metallothionein
induction is also worth considering as a response to metal exposure.

(4) Continuing with the mussel theme, it would be worth considering the deployment of
caged mussels in the zone of discharge, probably attached to buoys, as well as
around the bay. This technique has been frequently used in other areas, and would
be a useful backup to benthic community measurements.

(5) 1support targeting a benthic fish such as dab, although it should be remembered
that they migrate annually to deeper water to breed, and may therefore experience
limited non-local exposure. As with mussels, it would be a pity to go to all the trouble
of trawling for fish without measuring biological effects as well as chemical
contamination. Again, | can advise on possible effects measures, but one very good
one in the present context would be induction of an enzyme system known as
cytochrome P450 1A1. This is specifically induced by hydrocarbons, and would
provide a sensitive measure of overall hydrocarbon exposure.
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Professor Peter Matthiessen is a qualified expert in the field of aquatic eco-
toxicology (CV attached).

We as fishermen have faith and trust in his opinions, his observations sound logical
and reasonable to us.

In conclusion, as well as our request/demand that the monitoring is undertaken by an
independent body/group.

We also request that the concerns/measures outlined by Professor Matthiessen are
covered in the monitoring regime.

List of attachments:

(1) Cheque for €126 made payable to Environmental Protection Agency.

(2) The report by Professor Peter Matthiessen on Predicted effects on local
fisheries of the proposed produced water discharge from the Corrib gas
field, Republic of Ireland.

(3) Professor Peter Matthiessens Curriculum Vitae

(4) Hard copy of email from Professor Matthiessegz@‘n@ proposed monitoring

regime.
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from the Corrib gas field, Repuﬁ)llc of Ireland

Professor Peter Matthiessen, Inde‘pendent Environmental Consultant
peter@matthiessen. freeserve.co.uk .

Predlcted effects on local fishenes of the proposed produced water discharge |
|

January 2007
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1. Summary y.\o?%\xo .
<<°\ N :

1.1 This report assesses the lll@}y impact of the Corrib gas field produced water :
discharge from the prop\g%ed Bellanaboy gas terminal on local marine ,
fisheries.

1.2 The nature of the produced water is similar to most other gas production
waters in terms of volume and content. It contains a number of substances
with the potential to harm aquatic life.

1.3 The proposed treatment of the produced water before discharge is predicted by F
this report to produce an effluent that will cause no significant impacts on :
local fisheries. ' i

1.4 In the event of an accidental discharge of untreated production water, any
impacts are expected to be relatively minor and restricted to within 1 km of the ;
diffuser. !

1.5 A large fire at the Bellanaboy terminal would generate significant amounts of
firewater contaminated with substances that could potentially cause fishery
damage. However, insufficient information is available to predict the risks of
an untreated spill with any reliability.

1.6 The report makes several recommendations for the provision of additional
information that would be desirable to give reassurance about the produced
water and possible firewater discharges.
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2. Introduction

This report was commissioned by Mr William Walker on 19 December 2006. Mr
Walker is a fisherman in the area of Broadhaven Bay in northwest Ireland, and
represents a committee of other fishermen known as the “Lobster V Notching Group’.
They had requested an evaluation of the available information on the proposed
produced water discharge near Broadhaven Bay derived from the new Corrib gas
field, and an assessment of its likely effects on local fisheries. The report is required
to include not only an assessment of the proposed discharge, but an evaluation of the
consequences, a) of a catastrophic failure of discharge treatment processes and
controls at the Bellanaboy Bridge gas terminal, and b) the likely effects of an
unrestricted release of firewater in the event of an emergency at the terminal.

The prime sources of information on the proposed produced water discharge are the
IPPC Licensing Application (reg. no. 738) submitted to the Irish Environmental
Protection Agency (EPA) in 2004 by the developers of the Bellanaboy terminal
(Shell), and the Shell E&P Gas Terminal Planning Application (no. P03/3343) to
Mayo County Council, updated on 30 April 2004. These and other documents have
been accessed via the Irish EPA’s website at .
http://www.epa.ie/terminalfour/inpc/ippc-view.isn?reggogia@OB 8-01 and the Mayo
County Council website at ‘ Aé@
http://services.mayococo.ie/mcc4/Planning/Gas inalIndex.asp. ‘

The information provided therein will be ﬁﬁm the characteristics and
effects of waters produced from other gas ﬁ%fw\?? and the impacts predicted in the
planning application will be compared withéinternationally available information on
the toxicity of the produced water’s gémponents. The objective of this report is
therefore to assess whether the predicted characteristics and effects of the produced
water (the latter claimed in the IPPC application and offshore environmental impact
statement [EIS] to be negligiblg)-are credible in the light of international experience
with other gas field discharges.

3. Background on the environmental effects on marine ecosystems of
hydrocarbon exploration and production

3.1 Oil spills

It is a commonly held belief that offshore oil and gas exploration is harmful to the
environment, and there is no doubt that certain aspects of this activity do indeed cause
damage to marine ecosystems. From the general public’s point of view, the most eye-
catching aspect concerns occasional catastrophic spills of crude oil from tankers,
which can cause greater or lesser degrees of mortality in seabirds and mammals, and
mortality and tainting of fish, crustaceans and molluscs (e.g. the Exxon Valde:z
incident in Alaska ; the Braer incident in the Shetlands; the Amoco Cadiz in Brittany;
and the Sea Empress in Wales ~ GESAMP, 1993; Baker et al., 1991; Patin, 1999).
More frequent but smaller spills and crude oil discharges from tankers, platforms and
refineries also cause some environmental damage, especially oiling of seabirds. It is a
lesser-known fact that crude oil spills, whether small or large, cause little permanent
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environmental damage (mainly because oil is rapidly biodegraded), but the immediate
impacts are very unpleasant and should be avoided if at all possible.

3.2 Well drilling

However, other less visible aspects of o0il exploration and production (or ‘expro’) may
also cause environmental damage. The two principal sources of marine pollution from
offshore expro are the overboard disposal of drilling cuttings and fluids during the
exploration phase, and the discharge of so-called produced water during the
production phase. Produced water is essentially the water which emerges from the
hydrocarbon-bearing formation, which includes natural hydrocarbons and other
substances originating in the formation, as well as various chemicals needed to assist
production, and its volume tends to increase over the lifetime of a field. Produced
water from gas fields also includes water condensed from the gas.

Although not of direct relevance to the objectives of this report, it is worth briefly
considering the environmental effects of drilling cuttings and fluids. Drilling fluids
are complex mixtures of substances designed to maintain hydrostatic pressure and
integrity of the well, lubricate the drill bit and carry the rock cuttings to the surface.
The fluid is largely separated from the cuttings before the loﬁtter are disposed of,
generally over the side of the drilling rig. The cuttings agéumulate in a large pile
which smothers benthic organisms living on and in \geabed, and residual drilling
fluid in and around the pile can cause localiseii?%h\s}g§ effects on the benthos.

P
Many environmental surveys have shomﬂ%@‘éiesel oil-based drilling fluids (which
have been phased out in the area of nogﬂf-\z?ést Europe, including Ireland, under the
jurisdiction of the Oslo and Paris Cosimission — OSPAR) caused major
impoverishment of benthic invertebrz ¢ communities living around drilling rigs. For
example, in the North Sea, serim@‘gnd persistent damage was caused to these
communities at up to 1 km frot'rigs, while more subtle effects could be detected out
to 5 km in some cases (GESAMP, 1993), and drilling fluid residues were present in
sediments out to <12 km. On the other hand, more modern water-based drilling fluids
(such as those used in the Corrib field) cause less impact, and full recovery of the
benthos from these substances can occur within 2-14 months of the cessation of
drilling (Daan and Mulder, 1994). Overall, the total area of seabed in the UK sector of
the North Sea which has been seriously damaged by drilling discharges amounts to
about 106 km? (or 0.04% of the UK continental shelf), while the area that is more
mildly affected in UK waters is about 400 km? (Davies et al., 1989). This compares,
for example, with bottom trawling for demersal fish which temporarily damages huge
areas of seabed (e.g. 2.5 times the area of the Irish Sea bed was swept by bottom
trawls in 1978 - Brander, 1980).

3.3 Produced water

As stated above, water from the hydrocarbon-bearing formation, containing oil in
solution and suspension, plus various other natural substances (e.g. metals and
alkylphenols) and production chemicals, is discharged during oil and gas production.
The discharge is generally into the sea, but sometimes the water is re-injected into the
formation. Far more produced water emanates from oil installations than from gas
wells. While the discharge from an oil-producing installation generally lies in the
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range 2400 40,000 ms/day, gas wells typlcally generate produced water at the rate of

1.6-30 m*/day (with a maximum of 125 m’/day) (E&P Forum, 1994). The Oslo and

Paris Commission (OSPAR, 2006) lists Ireland as having only 2 gas productxon water

discharges, compared with 100 in the Dutch sector of the North Sea, and 145 in the

UK sector. The total Irish produced water discharge in 2004 was a mere 3007 m 3/year

(=8.2 m*/day), compared with 252 million m’/year discharged by the UK. In general,

the volume of produced water increases throughout the lifetime of a field, although it

should be noted that the reverse applies to the proposed Bellanaboy discharge.

OSPAR recommends that all offshore produced water discharges should achieve a
performance standard of 30 mg/1 dispersed oil (although not all do at present, with

concentrations ranging up to 220 mg/1), and refineries are expected to work to a more

stringent 5 mg/l standard. These recommendations have the aim of progressively

reducing the oil content until 2020, when the remaining oil in produced waters should

not be causing any harm to the environment (OSPAR Recommendation 2001/1).
Produced waters are therefore usually subject to some treatment to remove oil, but
they generally still contain a variety of contaminants when discharged.

Gas production waters are often more contaminated than those emanating from
oilfields, although the total volume discharged is small. A summary of these

contaminants in North Sea produced waters as dlschargeg‘fl e. after any treatment) is

shown in Table 1. It is clear that discharged concegtra\\tﬁms vary considerably.

Table 1. Key contaminants found in Nortlbcszéégas production waters (as

discharged). Q {@0
Contaminant Concentraﬁg@(mgﬂ) Reference
mercury <0. Q@%&% 033 Jacobs and Marquenie
S S (1991)
5\ Jacobs et al. (1992)
S Bijstra (1992)

cadmium ¢ <0.002-0.49 “
lead <0.001-18 “
zinc 0.02-150 “
copper 0.007-<0.5 “
chromium 0.004-0.22 “
silver <0.3 “
arsenic <0.001-0.1 «“
carboxylic acids 81-97 Cofino et al. (1993)
phenols 1.1-14 «
volatile aromatic 0.3-440 “
hydrocarbons
polycyclic aromatic <0.001-0.3 (depending on the | E&P Forum (1994)
‘hydrocarbons (PAH) congener)
chemical oxygen 96-15800 O’Day and Tomson (1987)
demand (COD) E&P Forum (1994)
biochemical oxygen 28-6700 “
demand (BOD:s)
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Produced waters of this type can show acute toxicity (e.g. lethality and
immobilisation) to a large range of marine fish and invertebrates (reviewed in:
Middleditch, 1984; Neff et al., 1987; Somerville et al., 1987, E&P Forum, 1994;
Patin, 1999). For example, North Sea gas production waters cause rapid toxic effects
(4 day EC/LC 50) in the concentration range 0.9-36 g/l (algae), 1.8-32 g/1 (amphipod
crustaceans) and 7.5-423 g/l (fish) (Jacobs, 1987, Jacobs and Marquenie, 1991).
These data reflect the fact that gas production water is generally more contaminated
than oil production water, and show that unicellular micro-algae are the most sensitive E
group (although the differences overall in acute toxicity between taxa are not large). !

Chronic toxicity data (e.g. effects on growth and reproduction) are not available for
gas production water, but equivalent data for oil production water obtained with the
planktonic crustacean A4cartia tonsa show that chronic toxicity only occurs at
concentrations within a factor of ten below the acutely toxic level (Girling, 1987,
Girling and Streatfield, 1988). Some components of gas production water (e.g. some
metals and polycyclic aromatic hydrocarbons - PAH) can undoubtedly cause chronic
toxicity, but as with acute toxicity, such effects can only occur if safe levels are
exceeded. The degree of dilution, biodegradation, volatilisation and precipitation
experienced by produced water discharges is therefore a crucial factor driving the
occurrence of actual impacts on the marine environment. &

é\
Providing a produced water discharge is not on or negib&the seabed, or in an estuary or
shallow coastal water, dilution in the sea is ex @ rapid. Under North Sea

conditions (where water depths, tidal flow a @xmg energy are broadly similar to
those found on the west coast of Ireland i ﬁg@area of the proposed Corrib gasfield
discharge), field measurements and com rised modelhng show that medium/large
discharges (much larger than gas dlg\éi@&es) experience near-instantaneous dilution
factors of 600-1000 within 50-1 stres of the installation (e.g. Baumgartner et al.,
1992; Law and Hudson, 1986; ngervﬂle et al., 1987). Further dilution in the far ﬁeld
takes place more slowly, but C@?l reach factors of 10,000 to 50,000 within one day,
and in the northern North Se? factors of up to 1 million are theoretically expected
within 1 km of the discharge point. This dilution and dispersion is augmented by the
rapid volatilisation, biodegradation and/or precipitation of most produced water
components, such as volatile aromatic hydrocarbons, carboxylic acids, and metals,
respectively.

Given that gas production water is discharged in relatively small amounts, it
experiences even greater dilution than most oilfield discharges, and it is predicted on
the basis of the toxicity data described above (and on semi-field mesocosm data —
Gamble et al., 1987) that such discharges to open sea waters, even if untreated, should
only cause acute toxicity within about 100 metres of the installation. This is indeed
borne out by observations, and no adverse effects in the far field of produced water
discharges have been reported. Some studies have shown biochemical reactions to
hydrocarbon exposure (e.g. cytochrome P450 detoxification-enzyme induction) in fish
larvae across significant areas of the central North Sea oil and gas production area
(e.g. Stagg and McIntosh, 1996), but these changes are probably adaptive and do not
indicate wide-scale damage to fish populations.

Recent studies using modern chemical and biological techniques near the large
Statfjord produced water discharge in the North Sea (Hylland et al., 2006a & b; ICES,
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2002) demonstrated some biological changes in fish and mussel tissues very close to
the installation, but with only trivial implications for population-level impacts. Other
recent studies have also shown that produced water can exert some oestrogenic effects
(possibly due to its load of alkylphenols), but again this can only be detected very
close to discharges (Thomas et al., 2004).

Some petroleum hydrocarbons (e.g. PAHs and alkylphenols) etc. derived from
produced water are nevertheless able to bioaccumulate in certain marine organisms,
and this could be an important issue (in terms of saleability) for fisheries if |
accumulated concentrations grew high enough. For example, mussels Mytilus edulis
held beside installations in the large Brent field in the North Sea accumulated
hydrocarbons to levels 60-100 times above background, but tissue concentrations
were only 6-10 times background at 6 km, and were no higher than background
within 10 km (Somerville, 1987). Other species such as crustaceans and fish have ;
more efficient detoxification and excretory systems, and so accumulate far less
hydrocarbon or metal. Metals in produced water discharges rapidly form insoluble
compounds in seawater which precipitate and settle into sediments adjacent to the
installation. Due to their insolubility, they are essentially not available for
bioaccumulation except by detritivorous invertebrates living in the sediment.

Bioaccumulated hydrocarbons can cause tainting in fish gﬁ% shellfish which would
affect their marketability. Such effects have been &cpgﬁ%d in demersal fishatup to 5
km from oil and gas platforms, although this h ﬁg@rally been attributed to oil-based
drilling fluids (now phased out) rather than prédaced water (Patin, 1999). Thresholds
in water for various gas produced water ¢ p&nents that can cause tainting in fish
range from 0.25 mg/1 for ethylbenzene Qgp{@xo mg/1 for phenol (Swan et al., 1994),
and these concentrations are only ra(e%kx&lcountered at sea, very near some offshore
installations. QO;Q\§\

¢ '
Finally, the data in Table 1 shop??hat produced waters can have quite high oxygen
demands, meaning that theydhave the potential to cause dissolved oxygen
concentrations in the receiving water to decrease (or ‘sag’), either by chemical
processes or through microbial biodegradation. However, both field measurements
and modelling have shown that oxygen sags near offshore installations do not occur
beyond about 10 metres of even large produced water discharges (E&P Forum, 1994).
Modelling shows that a dilution factor of only 200 is sufficient to ensure that natural
aeration compensates for the oxygen consumption caused by biodegradation of
organic acids in produced water (Somerville, 1987).

Overall, the OSPAR Quality Status Report (OSPAR, 2000) concluded that although
slight hydrocarbon contamination of fish has been found in the vicinity of platforms
in the OSPAR area, the impact on fish stocks was considered to be small, although
long-term impacts of produced water discharges could not be ruled out. In fact,
despite many years of offshore hydrocarbon expro in northwest Europe, impacts of
offshore oil and gas operations (and particularly of produced water discharges) on
fisheries of any description have never been clearly established.

Despite this generally optimistic picture, it is nevertheless now necessary to assess the

likely specific impact on valuable local fisheries of the proposed produced water
discharge from the Bellanaboy Bridge gas treatment plant.
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4. Key facts and predictions about the proposed produced water discharge
near Broadhaven Bay

4.1 Discharge location

This has been moved further offshore than originally proposed by Shell, largely in
recognition of the fact that Broadhaven Bay itself is a candidate Special Area of
Conservation (¢cSAC 472). It is now proposed to lie just outside Broadhaven Bay in
64 m of water (stated as 68.5 m in the IPPC application) at kilometre point (KP) 71.0
(lat/long 54°19°35.7”°N 09°59°12.3”W). The modelling predictions for the discharge
assume 60 m depth (KMC, 2002), but this is not expected to make any significant
difference to model predictions (if anything, it may cause predicted concentrations to
be slightly lower than in the KMC report).

According to the Offshore EIA (section 2), the discharge pipe will be fitted with a
diffuser to assist in rapid mixing. The precise position of this diffuser is not stated, but
the EIA implies that it will be located at the seabed rather than above it. At the
discharge location, the flood tidal stream tends to set to the north-east, while the ebb
tends to run south-west, and peak current speeds at flood arg ebb are approximately
0.5 m/sec. ' &>

&
This depth and peak current speed are broadly sin@?@?\to those found at many
produced water discharge locations in the N(i , \\&a (see below).
R
W &
&

4.2 Discharge volume G

N\
<<® A'\\Q)
The total produced water ﬂow—ratgﬁ?? Year 1 is predicted in the Bellanaboy EIS to be
3.2 m*/hr (76.8 m*/day), rising @"‘3.3 m’/hr in Year 2, and thereafter steadily
decreasing to 0.2 m*/hr in Year 21. To this is added surface water runoff from paved
process areas at a rate of 2.1 m>/hr. It is noteworthy that almost all the produced water
will consist of water condensed from the gas rather than formation water. This

explains why the discharge volume will not increase with time.

The predicted maximum flow-rate (79.2 m’/day) places the Bellanaboy discharge in
the upper range of gas production water volumes compared with the North Sea (E&P
Forum, 1994), but below the reported maximum of 125 m3/day. It is, of course, much
smaller than produced water volumes from oil fields. Modelling of a representative oil
production water discharge in the North Sea (Baumgartner et al., 1992) used figures
of 6340 m*/day for flow volume, water depth of 80 m, discharge pipe depth of 30.5 m,
and current speed of 0.3 m/sec, and predicted that under well-mixed conditions the
dilution factor at 80 m from the discharge would be more than 500. Under stratified
conditions, the predicted dilution at 80 m is only about 300. The Bellanaboy discharge
is much smaller than the volume used in this model, and the current speed is greater,
implying even greater predicted initial dilution (probably a factor of >1000 within 1
km). However, it should be noted that the Bellanaboy discharge is apparently located
at the seabed, which will curtail dispersion and dilution to some extent.
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4.3 Contaminants in raw produced water

The predicted ‘worst case’ concentrations of contaminants in the Bellanaboy
produced water (before treatment) are shown in Table 2, and are largely based on
those listed as the ‘Design Basis’ in Table 10.9 of the EIS. It should be noted that
these concentrations may be somewhat different from those which are actually
pumped ashore, so it will be important to monitor the produced water for all these
variables once it starts flowing.

Table 2. Predicted composition of the Ballanaboy produced water, prior to
treatment. The majority of these data are taken from Table 10.9 of the EIS
submitted to Mayo County Council, and are identical with those submitted to the
Irish EPA in the IPPC application. In cases where the values in the IPPC
application exceed those in the Mayo CC data, the larger of the two has been

used.

Contaminant

Predicted concentration
in untreated discharge
(mg/] except where stated

Dilution factor required
to reach background
concentrations in

otherwise) Broadhaven Bay (data
from 2000/2001)
Inorganic substances &
Sodium 23,050 . .\© -
Potassium 3,196.5.5° -
Calcium 2,089.& 5
Magnesium I3 0.6
Barium & K25+ 428
Strontium 00461 7
Tron (dissolved) <185 -
Iron (total) S 215 21,500
Chloride & 41,200 -
Sulphate i 4,093 -
Bicarbonate 195 -
Boron 8.1% 400
Aluminium 1.3 -
Silicon 4.6 -
Phosphorus 1.0 -
Hydrogen sulphide 0 -
Ammonia (total) 5 -
Lithium 2.3 -
Heavy metals
Chromium (total) 1.24* 1240
Manganese 5.13* 37
Nickel 15.7 3140
Copper 0.44 40
Zinc 25 5000
Arsenic 0.5 83
Selenium 0.1 2
Silver 0.1 >100
Cadmium 0.05 >1250
8
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Contaminant Predicted concentration | Dilution factor required
in untreated discharge to reach background
(mg/l except where stated concentrations in
otherwise) Broadhaven Bay (data
from 2000/2001)
Mercury 1.0 24 390
Lead 1.51* 1748
Organic substances |
Oil/fat/grease (free) 15 - ;
Total dissolved organic 200 - '
carbon ‘
Methanol 150 - I
Phenol 10 - ‘
BTEX (benzene, toluene, 25 -
ethylbenzene and xylene)
Polycyclic aromatic 1.0 -
hydrocarbons (PAH)
Organic acids 30 -
Other
pH at 20°C 7.4 units K -
Specific gravity at 60°F 1.05 units P ] -
Total dissolved solids 81,900* &3 & -
Suspended solids 320 O -
Chemical oxygen demand Nl -
(COD) R
*Data from IPPC application >
Q&'&(\@{\

Comparison of the predicted cont

inant concentrations in untreated Bellanaboy

produced water (Table 2) with those typical of North Sea discharges (Table 1), shows
adly comparable with the North Sea range. The
exceptions are the organic acids which will be somewhat less concentrated than those
observed in North Sea discharges, and mercury, chromium, arsenic and PAHs which
will be more concentrated. It should be noted that the data in Table 1 refer to water as
discharged (i.e. after any treatment), whereas those in Table 2 are pre-treatment

that the Bellanaboy water is

values.

Table 2 also shows calculated dilution factors required to reduce the predicted
contaminant concentrations in the raw production water to the background values
observed in Ballanaboy Bay. These are of course not relevant for the treated
discharge, but are of interest in the event of an uncontrolled release of untreated
production water (see Section 6 for a discussion of this scenario).
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5. Predicted environmental concentrations of expected contaminants
derived from Corrib produced water

5.1 Treated production water

Shell E&P Ireland has stated in the EIS that, using fairly advanced treatment
technology, they are intending to achieve the Irish environmental quality standards
(EQS) for contaminants in the produced water in the discharge, rather than in the
receiving water. This objective is ostensibly conservative because EQS values are
designed to be protective of the environment i.e. they are usually required to be met at
the edge of a small sacrificial mixing zone around the discharge, not in the discharge
itself. Concentrations beyond the mixing zone are intended to be harmless. It is worth
stating that EQSs are intended in themselves to be reasonably conservative because
they incorporate a range of so-called ‘assessment’ or ‘safety’ factors, and are based on

toxicity data for the test organism found to be the most sensitive to the substance in
question. Table 3 compares the Irish EQS values cited by the EIS with those used in
some other jurisdictions.

Table 3. Predicted maximum contaminant concentrations in the Ballanaboy
discharge (equal to Irish EQS values as presented in \theézEIS), compared with

EQSs from some other jurisdictions. &>
Substance Irish EQS (mg/1 | English and § United States
unless otherwise | Welsh marine g: g@xwologwal chronic marine
stated) — Irish EQS (mg/1 as an Qé assessment criteria values
Environmental | annual averagee, > criteria (mg/1 (mg/1 dissolved)
Protection unless othegﬁ dissolved) - Oslo | - US
Agency stated) —<a” and Paris Environmental
Envn‘érﬁ@ént Commission Protection
‘ Agencgf“ Agency
Barium 0.5 (95%-ile) - & - -
Iron (total) 1.0 .0 (dissolved) - -
Boron 20 7.0 - -
Aluminium | 0.2 (95%-ile) - - -
Chromium 0.1 0.005 (dissolved) | 0.001-0.01 0.05 (chromium
(total) \'4))
Manganese | 0.3 - - -
Nickel 0.1 (annual 0.015 0.0001-0.001 0.008
average)
Copper 0.05 0.005 0.000005-0.00005 | 0.003
Zinc 0.1 0.01 0.0005-0.005 0.081
Arsenic 0.05 0.025 0.001-0.01 0.036
Selenium 0.02 - - 0.071
Silver 0.01 0.0005 - -
Cadmium 0.005 0.0025 0.00001-0.0001 0.009
Mercury 0.0001 0.0003 0.000005-0.00005 | 0.00094
Lead 0.005 0.01 0.0005-0.005 0.0081
Ammonia 0.3 0.021 (un-ionised) | - 0.19-31
(total) depending on
temperature and

10

EPA Export 25-07-2013:21:13:03



TARA

nt

{
H
Substance Irish EQS (mg/l | English and OSPAR United States ,f
unless otherwise | Welsh marine ecotoxicological chronic marine |
stated) — Irish EQS (mg/l as an | assessment criteria values ‘
Environmental | annual average, | criteria (mg/l (mg/] dissolved) 1
Protection unless otherwise | dissolved)~Oslo | -US {
Agency stated) — and Paris Environmental i
Environment Commission Protection
Agency Agency
H
Polycyclic 0.0002 0.00003-0.000002 | 0.000001-0.05 -
aromatic depending on depending on
hydrocarbons congener congener
(PAH)
Phenol 0.0005 0.03 - -
Benzene, 0.01 Xylene 0.03 - -
toluene, Toluene 0.04
ethylbenzene Benzene 0.03
and xylene Ethylbenzene 0.02
(BTEX)
Oil, fatand | 0.3 - - & -
grease &
pH 6-9 units 6.0-8.5 units - & %@O 6.5-8.5 units
(95%-ile) S
Chemical No Irish EQS - 0@‘ & -
oxygen (target conc. will . OQQ@}'\ o
demand be 400) &Q{J\\O§
(COD) S
Total organic | No Irish EQS - 9 R -
carbon (target conc. will N
TOC) be 100) Qv@@

It will be apparent from Table 3 that EQS values vary considerably between
jurisdictions. This is because there is no international consensus on how such values
should be calculated, and some jurisdictions apply much larger (and therefore more
precautionary) assessment factors than others. In the opinion of the author, the
OSPAR ecotoxicological assessment criteria are probably over-precautionary, while
those published by the England and Wales Environment Agency (EA) and the US
Environmental Protection Agency (USEPA) are more likely to be in the right range.
The Irish EPA values cited in the EIS tend, with exceptions, to be less precautionary
than those of the EA and USEPA, so it cannot be assumed that compliance with them
indicates acceptable environmental risk.

Bearing in mind previous experience with, and modelling of, produced water
discharges (see above), it is reasonable to expect that under well-mixed conditions in
the open sea they will be massively diluted. A dilution factor of at least 1000 is
therefore to be expected within <1 km of the Ballanaboy discharge. Inspection of
Table 3 shows that applying a dilution of 1000 to the contaminants in the proposed
discharge gives concentrations that are all below the EQSs used by other jurisdictions,
even the very precautionary Ecotoxicological Assessment Criteria published by

11
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OSPAR. This simple calculation is in agreement with the more sophisticated
modelling work in the Shell EIS (derived for water of 60 m depth), which predicts
that concentrations of the various toxic elements will only increase within 0.5 km of
the discharge by a maximum of 1.2% (in the case of chromium). Given that
Broadhaven Bay is an almost pristine environment with respect to contaminants, such
a small increase can be considered negligible.

5.2 Untreated production water

Turning now to consideration of an accidental, uncontrolled discharge of untreated
production water, it can be seen in Table 2 that some elements (iron, chromium,
nickel, zinc, cadmium, mercury and lead) would be expected to require dilution of
more than 1000 to reach background concentrations. However, a dilution of just 1000
(which is expected to occur within 1 km of the discharge), produces the
concentrations shown in Table 4.

Table 4. Predicted environmental concentrations of key contaminants resulting
from an uncontrolled discharge of untreated production water, assuming a
dilution factor of 1000,

Contaminant Predicted environmental
concentra@@ﬁs assuming
x1000 diiution (mg/l)
Tron (dissolved) $5%70.18
Aluminium & 0.001
Ammonia (total) L& 0.005
Chromium (total) & &° 0.001
Manganese - <&i& 0.005
Nickel <78 0.016
Copper . &~ 0.0004
Zinc & 0.025
Arsenic 0.0005
Selenium 0.0001
Silver 0.0001
Cadmium 0.00005
Mercury 0.0001
Lead 0.0015
Oil/fat/grease (free) 0.015
Total dissolved organic 0.2
carbon
Methanol 0.15
Phenol 0.01
BTEX (benzene, toluene, 0.025
ethylbenzene and xylene)
Polycyclic aromatic 0.0001
hydrocarbons (PAH)
Organic acids 0.03
Suspended solids 0.32
Chemical oxygen demand 0.5
(COD)
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Table 4 shows that a continuous discharge of untreated production water, subject to a
dilution of 1000 and no other mitigation processes, would produce contaminant
concentrations that are almost all equal to or lower than the Irish EQS values. The
exception is phenol, which would be diluted to 0.01 mg/l (in comparison with the
Irish EQS of 0.0005 mg/1). Comparison of the predicted concentrations with the EQS
values published by the English and Welsh Environment Agency (EA) and the US
Environmental Protection Agency (USEPA) shows that they all meet the standards
except zinc which would slightly exceed the EA standard, and nickel which would
slightly exceed the USEPA standard. On the other hand, several heavy metal
concentrations would fail the very stringent OSPAR criteria.

So far, the only mitigation factor to be considered is dilution, but several other
processes operate to reduce contaminant concentrations still further. The first of these
is biodegradation by micro-organisms which would act quickly to degrade organic
substances like phenol to carbon dioxide and water. The second is adsorption to
suspended and dissolved organic matter, which would tend to rapidly reduce
bioavailability of most of the metals, plus non-polar organics such as PAH. Those
substances adsorbed to suspended particulates would then tend to be lost from the
water column through sedimentation, although some would be consumed by
suspended sediment feeders such as certain bivalve mollyscs. Metals would also be
lost to the sediment due to chemical reactions in the water column producing
insoluble substances such as carbonates. In sedind®nts, the metals would also react in

the anaerobic layers to become insoluble sul with negligible bioavailability. A
third process (volatilisation) will act to recimé%ﬁle concentrations of volatile organics
such as BTEX. IS o
™
&0

It is therefore expected that dllutmﬁ Qﬁ factor of 1000 within 1 km will be
augmented by the various mmgatééﬁ processes, producing an even greater reduction

in contaminant levels. %é\
s

6. Predicted impacts on the marine ecosystem and local fisheries

The local fisheries in the vicinity of the proposed produced water discharge (although
largely further inshore) consist mainly of potting for brown crab (Cancer pagurus)
and lobster (Homarus gammarus), but there is also some bottom trawling for various
whitefish. These fisheries could potentially be damaged by produced water, through a
variety of processes including toxic effects on reproduction or sensitive early life
stages (causing impaired recruitment), bioaccumulation of contaminants in adults to
levels unacceptable for human consumption, or induction of tainting which would
impair marketability. It is also possible that even if none of these processes occurred,
the public might nevertheless mistakenly perceive that the fishery products were
somehow harmful, but this is a problem of presentation and public relations which
will not be taken further here.

The issue of possible impacts on the fisheries will be handled in two sections,
covering treated and untreated production water, respectively.

13
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6.1 Treated production water

According to the EIS, the produced water is going to be treated using fairly advanced ! .
technology including distillation to remove volatile organics such as methanol and |
BTEX, ultra- and nano-filtration to remove particulates, granular activated carbon to

remove organics, and ion-exchange treatment to remove metals and other inorganics. !
This is expected to reduce the contaminants in the discharge down to at least the level |
of the Irish EPA EQS values, and it is expected that these concentrations will be :
reduced by a factor of at least 1000 within 1 km of the discharge, due to dilution, i
volatilisation, degradation, chemical reaction and adsorption.

According to the calculations presented above, none of the known contaminants from
the treated discharge will exceed safe levels outside the immediate mixing zone
around the discharge. Even the very stringent OSPAR criteria will be met, and this
will ensure that toxic effects, bioaccumulation and tainting should be avoided. This
particularly applies to bottom-trawled whitefish whose early-life stages mainly occur
elsewhere, and whose adult stages are highly mobile and are able to avoid
contaminated areas. Fish also have highly efficient metabolisms which are able to
degrade and excrete most of the substances in produced water.

. \
The local crustacean fisheries, because they are based on J@i’giively immobile j
organisms (crab and lobster), have a slightly higher .otgﬁial for impact. However, !
this would only apply within a few hundred metres'dfithe discharge, and probably not j
even there. As a precaution, once the producego%%fér begins discharging, it would be i
sensible to take crab and lobster samples fr ‘&@Ei\e immediate vicinity of the discharge

for chemical analysis of a few key contars ts, plus organoleptic tests for tainting,
bqt it is not expected that these will s\l{@g@gmﬁcant effects beyond the immediate
mixing zone. SN

\C’OQ

It is worth pointing out that the gf‘goanisms on which whitefish, crab and lobster feed
are also not expected to suffer ddverse effects of the treated production water, and
none of the contaminants are of the type which could biomagnify up food chains and
damage charismatic organisms such as seabirds and marine mammals. It should also
be noted that predicted environmental concentrations of substances which cause
tainting in fish and shellfish (particularly ethylbenzene and phenol) will be well below
the thresholds for this effect. Finally, it should be noted that the oxygen demand of the
effluent after discharge will be negligible, and no decreases in dissolved oxygen are
therefore expected.

6.2 Untreated production water

The best-designed treatment facilities may nevertheless fail from time to time. It is to
be hoped that such a failure would be detected rapidly as a result of the routine
discharge monitoring that is proposed, but it is conceivable that a treatment failure
might go undetected for several days. Would this cause impacts on local fisheries?

The short answer is that this would be unlikely. The calculations in section 5.2 above
assume continuous discharge of untreated water for at least several weeks, and even
under these circumstances, dilution would reduce the concentrations of most

i
" |
|
|
3
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contaminants below long-term EQS values. The various other mitigation processes
(degradation, adsorption, reaction and volatilisation) would almost certainly reduce all
contaminants to safe levels within 1 km of the diffuser, and tainting of fish and
shellfish would also not be expected except in the immediate vicinity of the diffuser.
Furthermore, a decline in dissolved oxygen due to the oxygen demand of the effluent
would at most only occur very close to the diffuser.

However, in the event of such an unplanned discharge, it would be important to
monitor local fisheries and the organisms on which they depend, both for key
contaminants, and for possible toxic and tainting effects. It is also recommended that
Shell E&P Ireland be requested to give an undertaking that any untreated discharge
would be stopped immediately on discovery, and that Shell would cover the costs of a
survey of the fishery as described above.

7. Predicted effects of untreated firewater

The recent Buncefield incident in the UK made it clear that o1l and gas fires can burn
out of control for several days (http://www.buncefieldinvestigation.gov.uk/index.htm)
and produce very large volumes of firewater contaminated with such materials as
PAHs from partially-burned hydrocarbons and ﬁre-ﬁghg@ﬁ foams containing zinc and
perfluorooctane sulphonate (PFOS). The Buncefield ig@‘ident required the use of
>250,000 litres of foam concentrate, and substa: ik Amounts of this and other
contaminants leaked from the site due to inadeguate bunding, some reaching surface
and ground waters. QQ\\}@O‘

S ©
It is impossible to predict reliably theJikély impact on fisheries of a large fire at the
Bellanaboy terminal because too maj '\%ey factors are unknown. However, it appears
from the Shell EIS that the planneélcﬁre retention pond would only hold 6 hours-worth
of firewater (assuming a rate of firewater generation of 1200 m’/hr), and it is
unknown whether a continuiofé\ incident would lead to the site bunding being
overtopped or breached, or to untreated firewater being discharged via the produced

water outlet.

There is no doubt that two of the likely contaminants of firewater (i.e. zinc and PAHSs)
show acute and chronic toxicity to aquatic life, and are able to bioaccumulate in some
organisms. Furthermore, recent discoveries (Ankley et al., 2005; Sanderson et al.,
2004; Boudreau et al., 2003a&b) have shown that the common foam ingredient PFOS
is persistent, bioaccumulative and toxic to fish and crustaceans. The UK Drinking
Water Inspectorate have set an advisory safe limit for PFOS in drinking water of
0.003 mg/l, and there are moves to phase out its use in the European Union as soon as
possible. The safe concentration for aquatic life is probably below 0.01 mg/l (based
on a 21-day 50% effect concentration for reduced fish fecundity of 0.23 mg/l -
Ankley et al., 2005), but no EQS has yet been derived.

Assuming a worst-case release of >250,000 litres of foam concentrate containing 3%
PFOS (note that this is based on Buncefield, and might be an over-estimate for a gas
blaze), this would represent >7500 litres of pure PFOS that would require >7.5x10"!
litres of water to dilute it to a level that was putatively safe for the aquatic
environment. However, the persistence and ability to bioaccumulate of PFOS suggest
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that it should not be used at all at Bellanaboy if effective alternatives become
available.

It is therefore recommended that Shell should be requested to conduct an impact
assessment of the uncontrolled release of large amounts of firewater, and should also
provide reassurance that the containment facilities on the Bellanaboy site are
sufficient to prevent firewater being discharged untreated into the river or sea. It
would also seem sensible to replace PFOS-containing fire-fighting foams on the site
with environmentally safer alternatives as soon as practicable.

8. Conclusions and Recommendations

8.1 In broad terms, the volume and components of the produced water from the
Corrib gas field are of a similar nature to other gas production waters.
However, it is vital that Shell E&P Ireland should monitor the produced water
as promised, and report the results at regular intervals.

8.2 Despite a large amount of environmental monitoring of produced water
discharges, they have only been shown to have effects within a few hundred
metres of the discharge, and no fisheries are known to have been significantly
damaged by such discharges into well-mixed ope@%ea waters like those which
will receive the Bellanaboy discharge. 0

8.3 Shell E&P Ireland have proposed that theéﬁglzfemaboy produced water will
receive a high level of treatment, and @resent report predicts that the
treated discharge will not cause an @ﬁﬁcant damage to whitefish, crab or
lobster fisheries in the vicinity %gx yadhaven Bay. Damage to other marine
organisms is also not expected+°

8.4 It is, however, recommende‘a@ﬁ%t fish and crustaceans from the fishery should
be surveyed for possible cgﬁ?ammation tainting and effects once the produced
water begins to flow, ar‘;@‘that Shell E&P Ireland should cover the costs of this
exercise. S

8.5 If the produced water were to be accidentally discharged in an untreated
condition, dilution and other natural mitigation processes are likely to restrict
any impacts to the immediate vicinity of the discharge i.e. to less than 1 km
from the outlet. The EIS seems to imply that the diffuser head will be located
on the seabed, but if additional dilution is required, it is recommended that the
head should be moved up into the water column.

8.6 In the event of a discharge of untreated water, Shell E&P should undertake to
close off the discharge as soon as the treatment failure is discovered, and
should cover the costs of a survey of local fisheries for contamination, tainting
and impact.

8.7 It is impossible to predict the environmental impact of firewater emanating
from an incident at the Bellanaboy terminal. However, several components of
firewater (zinc, PAHs, and PFOS) are persistent, bioaccumulative, toxic or all
of these. Recent experience at Buncefield shows that bunding can fail, leading
to the release of large volumes of firewater.

8.8 Shell E&P should therefore conduct a proper environmental impact
assessment of a firewater release, and should provide reassurance that the
Bellanaboy facilities are constructed in such a way that firewater from a large
incident cannot escape from the site without treatment. The replacement of
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PFOS-containing fire-fighting foams with environmentally safer alternatives
should be considered when practicable.
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Nationality: British & \\'\\é\
| Marital status: Married, 2 children ooQ
! o\
I Education Qo\“%@

| 1967-1970 Bristol University
fﬁ BSc (Hons) in Zoology, upper second class

1970-1973 London University, Queen Elizabeth College
PhD in Zoology. Thesis title: Zinc uptake and its effects on the oxygen
consumption and gill ultrastructure of the stickleback Gasterosteus aculeatus L.

Awards

2002-2007 Visiting Professor, Department of Biological Sciences, University of Lancaster
2006-2009 Fellow of the Centre for Ecology and Hydrology

Employers

1973-1985, employed by the Tropical Development and Research Institute (formerly the
Centre for Overseas Pest Research; latterly the Natural Resources Institute), UK Overseas
Development Administration (now Department for International Development).
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1985-1997, Ministry of Agriculture, Fisheries and Food, Fisheries Laboratory, Burnham-on-
Crouch, UK.

1997-2001, MAFF (now Defra) Centre for Environment, Fisheries and Aquaculture Science,
Burmham-on-Crouch, UK.

2001-2006, Centre for Ecology and Hydrology, Lancaster, (Natural Environment Research
Council).

2006-, Self-employed

Experience

Research experience since 1970 has been concerned with the effects of pollutants on aquatic
wildlife. Initially, this involved studies of the effects of heavy metals on the physiology of
fish, but since 1973, attention has been focussed on pesticides, industrial chemicals, and
complex wastes. Between 1973 and 1977, laboratory toxicology studies were made of the
impact of molluscicides, larvicides and insecticides on tropical aquatic organisms, and
progress was made towards the development of more target-specific compounds.
Between 1977 and 1985, my work was largely field-based @é\%frica, where I conducted
studies of the environmental impact of tsetse fly con@l\@erations in Botswana and
Zimbabwe. In particular, the impact of the wides @;‘f use of DDT and endosulfan on both
fish and terrestrial organisms such as birds and bz Swas monitored in remote and
inaccessible areas. Consultancy work for th @@&n Development Bank was carried out in
Indonesia. This involved an assessment. \gﬁ impact of current crop pest control practices
on humans and wildlife, and advice o&@hgb%ossible adverse environmental effects of the
Indonesian National Crop Protection IO{f&ect.

3

Between 1985 and 1997 I was em?ﬁ%i\yed by the UK Ministry of Agriculture Fisheries and
Food (MAFF — now Defra) as an ecotoxicologist at Burnham-on-Crouch Fisheries Laboratory
as Head of the Biological Effects Group. In 1997, our organisation changed its name to the
Centre for Environment, Fisheries and Aquaculture Science (CEFAS), an Agency of MAFF
(Defra), and 1 became Principal Ecotoxicologist and leader of the Pollution Effects Team.
Latterly, I was Science Area Head of the Environmental Quality group, with management
responsibility for about 55 scientists. Research involved field and laboratory studies of the
impact of wastes, industrial chemicals and pesticides on aquatic fauna and flora. I have also
been responsible for monitoring UK marine environmental quality, and my group was one of
the first in the world to discover the oestrogenic or feminising effects of certain polluting
substances on fish. I have also led the field in investigations of the androgenic

- (masculinising) impacts on molluscs of tributyltin-based antifouling paints. I have acted as an

environmental consultant for a large number of commercial and governmental organisations.

1 became Director of the CEH Windermere laboratory in February 2001 and was responsible
for the management of the laboratory, for planning and managing the relocation of the
laboratory to modern premises on the Lancaster University campus, and for developing the
capability for conducting aquatic ecotoxicology within CEH. In 2004, coincident with the
relocation to Lancaster, CEH was reorganised nationally and all Site Director posts
eliminated. In April 2004, I became Head of the Environmental Chemistry and Pollution
Section at Lancaster, and I took Voluntary Redundancy from CEH in October 2006.

2
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I am a member of the UK Advisory Committee on Pesticides and its Environmental Panel,
deputy chairman of the UK Biocides Consultative Committee, and a member of the UK
Expert Panel on Environmental Quality Standards for Annex VIII of the Water Framework
Directive (formerly the Environmental Quality Standards Steering Group). 1have, in
addition, been responsible for advice to the UK Department of Trade and Industry on the
environmental effects of chemicals used in the offshore oil and gas industry, and am a past
member of the Freshwater Sciences Peer Review Committee of the Natural Environment
Research Council (NERC). T have also been an adviser to a number of international
organisations including the Oslo and Paris Commission, the Organisation for Economic
Cooperation and Development (within which I co-chair the Validation Management Group
for Ecotoxicity Tests), the International Council for the Exploration of the Sea (within which
I have been Chairman of the Marine Environmental Quality Committee, chairman of the
Working Group on the Biological Effects of Contaminants, and a member of the ICES
Publications Committee and the Advisory Committee on the Marine Environment), and the
European and Mediterranean Plant Protection Organisation. I am a past member of the
Editorial Board of the international journal Environmental Pollution, a present member of
the Editorial Boards of Environment International and Environmental Toxicology and
Chemistry, and a Founder member and past Council Member of the Society of Environmental
Toxicology and Chemistry - Europe (SETAC-Europe). @‘}&
&
I am an Associate of Watts and Crane Associates (l_:@/@ww.wfcenvironment.co.u_k[), and
have considerable experience in the provision of gﬁ@%nmental consultancy advice to public
and private bodies. Recent contracts have 1nch¢d% N
e advice to a company manufacturln%:g@gd-salt additives on the aquatic environmental
. risks posed by their products;
e advice to a company and theirde @representatlves on the likely environmental
impacts of an accidental spill ¢ Q‘}@%eu cleaning product into a stream,;
participation in the scientifi& audlt of a UK government scientific agency;
provision of advice to a Uk government agency on the development of environmental
quality standards

Languages

Mother tongue: English

Other languages: French, German, Danish (all basic)

Interests

Mountaineering, walking, yachting. 1am interested in education, and for eight years was
Vice-Chairman of Governors at St Peter's High School, Burnham on Crouch.

Training record

- Introduction to Budgeting, 3 days, 2005
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- Directing Safely in a Research Environment, 1 day, 2002

- Molecular biology —~ basic terms and techniques, 1 day, 2001
- Stress management, 1 day, 2001

- Budgeting course, 3 days, 1999

- Internet training course, 1 day, 1996

- MAFF Marketing Seminar, 2 days, 1995

- Equal Opportunities Workshop, 1995

- Workshop for experienced Grade 7's, 3 day STB course, 1994
- Expert Systems, 1 day CSC course, 1993.

- Access database software course, 2 day MAFF course, 1993.
- Civil Service & The Media, 1 day CSC course, 1993.

- Team leadership, 4 day MAFF STB course, 1992.

- Senior Management training, 4 day CSC course, 1991.

- Excel spreadsheet software course, 2 day MAFF course, 1991.

Prior to this, attended a variety of courses on such topics as presentation skllls interviewing
skills and use of statistics.

Publications &
&
\.
See attached list - currently 120 scientific pubhcatlQa'}sﬁ})d major reports (published, in press
or submitted). «\Qogi >
NN
§3, <
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Professor Peter Matthiessen Publications and Major Reports

1. Matthiessen, P. & Brafield, A. E. (1973). The effects of dissolved zinc on the gills of the
stickleback Gasterosteus aculeatus L. Journal of Fish Biology §, 607-613.

2. Brafield, A. E. & Matthiessen, P. (1976). Oxygen consumption by sticklebacks
(Gasterosteus aculeatus 1.) exposed to zinc. Journal of Fish Biology 9, 359-370.

3. Matthiessen, P. & Brafield, A. E. (1977). Uptake and loss of dissolved zinc by the
stickleback Gasterosteus aculeatus L. Journal of Fish Biology 10, 399-410.

4. Matthiessen, P. (1974). The effects of slow-release bis(tri-n-butyl-tin)oxide on the
tropical food fish, Tilapia mossambica Peters. Proceedings of the First Controlled Release

" Pesticide Symposium, Akron, Ohio. 16-18 Sept. 1974, pp 25.1-25.17. University of Akron,

Ghio.

5. Matthiessen, P. (1977). Uptake, metabolism and excretion of the molluscicide N-
tritylmorpholine by the tropical food fish Sarotherodon mossambicus (Peters) (Pisces:
Cichlidae). Journal of Fish Biology 11, 497-509. S

3
&\QQ;

6. Matthiessen, P. & Johnson, J. S. (1977). Accughi\d@?\ion of the organophosphate larvicide
Abate in a tropical food fish, Sarotherodon mosﬁi@tcus (Peters). Journal of Fish Biology
13, 575-586. OQ%@@
7. Adeney, R. J. & Matthiessen, P. (19@9\\)0 Sub-lethal effects of the organophosphate
blackfly larvicide Abate (temephos)«% arotherodon mossambicus (Peters). Journal of Fish
Biology 15, 545-553. Y

@,\\o
8. Douthwaite, R. J., Fox, P. Ji Matthiessen, P. & Russell-Smith, A. (1980).
Environmental impact of aerial spraying operations against tsetse fly in Botswana.
Proceedings of the Sixth International Agricultural Aviation Congress, Turin, Sept. 1980, pp
221-227. International Centre for the Application of Pesticides, Cranfield, Bedford, UK. 480

pp.

9. Matthiessen, P. (1981). Haematological changes in fish following aerial spraying with
endosulfan insecticide for tsetse fly control in Botswana. Journal of Fish Biology 18, 461-
469.

10. Matthiessen, P., Fox, P. J., Douthwaite, R. J. & Wood, A. B. (1982). Accumulation of
endosulfan residues in fish and their predators following aerial spraying for the control of
tsetse fly in Botswana. Pesticide Science 13, 39-48.

11. Fox, P. J., Matthiessen, P. & Douthwaite, R. J. (1981). Physiological and ecological

assessments of the effects of stress in fish, and their application to pesticide pollution
monitoring. In Pickering, A. D. (ed.) Stress in Fish pp 330, Academic Press, London, 367 pp.
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12. Matthiessen, P. & Roberts, R. J. (1982). Histopathological changes in the liver and brain
of fish exposed to endosulfan insecticide during tsetse fly control operations in Botswana.
Journal of Fish Diseases S, 153-159.

13. Fox, P. J. & Matthiessen, P. (1982). Acute toxicity to fish of low dose aerosol
applications of endosulfan to control tsetse fly in the Okavango Delta, Botswana.
Environmental Pollution 27A, 129-142.

14. Matthiessen, P. (1983). Monitoring the environmental impact of pesticides. Zimbabwe
Science News 17, 44-45.

15. Matthiessen, P. & Logan, J. W. M. (1984). Low concentration effects of endosulfan
insecticide on reproductive behaviour in the tropical cichlid fish Sarotherodon mossambicus.
Bulletin of Environmental Contamination and Toxicology 33, 575-583.

16. Matthiessen, P. (1983). Environmental contamination with DDT in Zimbabwe and its
likely impact on wildlife. Proceedings of the International Conference on Environmental
Hazards of Agrochemicals in Developing Countries, Alexandria, November 1983, 204-213,
University of Alexandria, Egypt. .
5

17. Douthwaite, R. J., Fox, P. J., Matthiessen, P. & Russsii-Smith, A. (1983).
Environmental impact of aerial spraying operation@ﬁ‘~ Sihst tsetse fly in Botswana. pp. 626-
633 in 17th Meeting, International Scientific ngﬁgi for Trypanosomiasis Research &
Control, Arusha, Tanzania, 1981. OAU/STR&‘?@%Iication No. 112, Eleza Services, Nairobi.

N

664 pp. L@
G

DN
 18. Matthiessen, P. (1985). Conta jon of wildlife with DDT insecticide residues in

relation to tsetse fly control operati%ﬁg in Zimbabwe. Environmental Pollution 10B, 189-
A

211, P

S
QO
19. Hutson, A. M. & Matthiessen, P. (1984). DDT Monitoring Project - Zimbabwe. Bat
News No. 2, 2 pp.

20. Matthiessen, P. (1985). DDT insecticide residues in Zimbabwean wildlife and their
potential environmental impact. Zimbabwe Science News.19, 3-8.

21. Matthiessen, P. & Douthwaite, R. J. (1985). The impact of tsetse fly control campaigns
on African wildlife. Oryx 19, 202-209.

22. Matthiessen, P., Whale, G. F., Rycroft, R. J. & Sheahan, D. A. (1988). The joint toxicity
of pesticide tank-mixes to the rainbow trout. Aquatic Toxicology 13, 61-76.

23. Whale, G., Sheahan, D. & Matthiessen, P. (1988). The toxicity of tecnazene, a potato
sprouting inhibitor, to freshwater fauna. Chemosphere 17, 1205-1217.

24. Matthiessen, P. (1988). Recent attempts to measure the behaviour and impact of
pesticides in aquatic environments. In Greaves, M. P., Smith, B. D. & Greig-Smith, P. W.
(eds) Field methods for the study of environmental effects of pesticides, British Crop
Protection Council monograph no. 40, pp. 203-212.

6
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25. Matthiessen, P. & Thain, J. E. (1989). A method for studying the impact of polluted
marine sediments on colonising organisms; tests with diesel-based drilling mud and
tributyltin antifouling paint. Hydrobiologia 188/189, 477-485.

26. Brooke, D. & Matthiessen, P. (1991). Development and validation of a modified
fugacity model of pesticide leaching from farmiand. Pesticide Science 31, 349-361.

27. Law, R. J, Fileman, T. W. & Matthiessen, P. (1991). Phthalate esters and other
industrial organic chemicals in the North and Irish Seas. Water Science and Technology 24,

127-134.

28. Thain, J. E., Matthiessen, P. & Bifield, S. (1990). The toxicity of dichlorvos to some
marine organisms. International Council for the Exploration of the Sea. Paper presented to

1990 Statutory Meeting, MEQC CM 1990/E:18, 9 pp + figs.

29. Matthiessen, P., Waldock, R., Thain, J. E., Milton, S. and Scrope-Howe, S. (1991).
Changes in periwinkle (Littorina littorea) populations following the ban on TBT-based
antifoulings on small boats. International Council for the Exploration of the Sea. Paper
presented to 1991 Statutory Meeting, MEQC CM 1991/E:5. & pp + figs.
O
30. Bird, S. C., Brooke, D. N., Clare, R. W. Glendgi?\gé\g P. J., Matthiessen, P., Mills, M. J.
& Williams, R. J. (1991). Pest1c1de Run-off Stt@yc};liosemaund EHF. ADAS, London. 107
pp. S
O é\
31. Williams, R. J., Brooke, D. N, Gle \?ng, P. J., Matthiessen, P., Mills, M. J. &
Turnbull, A. (1991). Measurement @odelhng of pesticide residues at Rosemaund Farm.
British Crop Protection Council, Pr%c%edmgs of the 1991 Brighton Conference, Nov. 18-29,
1991, Vol. 2, pp. 507-514. (\éé‘
QO
32. Matthiessen, P., Alichin, C., Williams, R. J,, Bird, S. C., Brooke, D. and Glendinning, P.
J. (1992). The translocation of some herbicides between soil and water in a small catchment.
Journal of the Institute of Water and Environmental Management 6, 496-504.

33. Thain, J. E. & Matthiessen, P. (1992). Experience with oyster embryo bioassay for
NSTF and NMP purposes in coastal waters around England. Paper presented to 1992
Statutory Meeting of the International Council for the Exploration of the Sea, MEQC/CM

1992/E:34, 6 pp.

34. Amold, D., Hill, I, Matthiessen, P. & Stephenson, R. (eds) (1992). Guidance Document
on Testing Procedures for Pesticides in Freshwater Mesocosms. From the Meeting of
Experts on Guidelines for Static Field Mesocosm Tests, Monks Wood Experimental Station,
3-4 July 1991, Society of Environmental Toxicology and Chemistry - Europe, Brussels, 46

pp.

35. Harland, B. J., Matthiessen, P. & Murray-Smith, R. (1993). The prediction of fate and
exposure of organic chemicals in aquatic sediments. In Calamari, D. (ed.) Chemical '
Exposure Predictions, 115-136, Lewis Publishers, Boca Raton, Florida, 233 pp.
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36. Matthiessen, P., Thain, J. E., Law, R. J. and Fileman, T. W. (1993). Attempts to assess
the environmental hazard posed by complex mixtures of organic chemicals in UK estuaries.
Marine Pollution Bulletin 26, 90-95.

37. Matthiessen, P., Sheahan, D, Harrison, R., Kirby, M., Rycroft, R., Turnbull, A.,
Volkner, C. and Williams, R. (1995). Use of a Gammarus pulex bioassay to measure the
effects of transient carbofuran runoff from farmland. FEcotoxicology and Environmental
Safety 30, 111-119.

38. Sheahan, D. A., Bucke, D., Matthiessen, P., Sumpter, J. P, Kirby, M. F | Neall, P. and
Waldock, M. (1994). The effects of low levels of 17 a-cthynylestradiol upon plasma
vitellogenin levels in male and female rainbow trout, Oncoraynchus mykiss (Walbaum) held
at two acclimation temperatures in Miiller, R. & Lloyd, R. (eds), Sublethal and Chronic
Effects of Pollutants on Freshwater Fish, Fishing News Books, Osney Mead, Oxford, by
arrangement with the Food and Agriculture Organisation of the United Nations, ISBN 0-
85238-207-3, pp. 99-112.

39. Matthiessen, P. (1994). Guidelines for pesticide hazard assessment with freshwater field
tests at the international level. In Hill, I. R, Heimbach, F., Leeuwangh, P. & Matthiessen, P.
(eds) Freshwater Field Tests for Hazard Assessment of Chegz?%als. Lewis Publishers,
Michigan, 455-465. &

G
40. Di Guardo, A., Williams, R. J., Matthiessen oﬁpﬁrooke D. N. and Calamari, D. (1994).
Simulation of pestlclde runoff at Rosemaund &gﬁ (UK) using the SoﬂFug model.
Environmental Science and Pollution Res%ﬁ\sh 1, 151-160.

41, Wllhams R.J., Brooke, D. N. M& <i’essen, P., Mills, M., Turnbull, A. & Harrison, R.

(1995). Pesticide transport to surfacgfwaters wnhm an agricultural catchment. Journal of the
Institute of Water and Enwronmeﬁal Management 9, 72-81.

CJ
42. Matthiessen, P., Waldock, R., Thain, J. E., Waite, M. E. & Scrope-Howe, S. (1995).
Changes in periwinkle (Litforina littorea) populations following the ban on TBT-based
antifoulings on small boats in the United Kingdom. Ecotoxicology & Environmental Safety
30, 180-194.

43. Thain J., Matthiessen, P., Bifield, S. & McMinn, W. (1996). Assessing sediment quality
by bioassay in UK coastal waters and estuaries. Proceedings of the Scientific Symposium on
the North Sea Quality Status Report, Ebeltoft, 18-21 April 1994, Ministry of Environment
and Energy, Danish Environmental Protection Agency, Copenhagen, ISBN 87-7810-699-0,
pp. 145-150.

44. Matthiessen, P., Brooke, D., Clare, R., Mills, M. & Williams, R. (1994). Monitoring
pesticide runoff and leaching in a surface-dominated catchment: implications for aquatic risk
assessment. [n: Copin, A., Houins, G., Pussemier, L. & Salembier, J.F. (eds) £nvironmental
Behaviour of Pesticides and Regulatory Aspects. Proceedings of the 5th International
Workshop on Environmental Behaviour of Pesticides and Regulatory Aspects sponsored by
COST Action 66, Brussels, 26-29 April 1994, European Study Service, ISBN 2-930119-03-9,
pp 306-312.
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45. Hill, LR., Matthiessen, P. & Heimbach, F. (eds) (1994). Guidance Document on
Sediment Toxicity Tests and Bioassays for Freshwater and Marine Environments. From the
Workshop on Sediment Toxicity Assessment, Slot Moermond, Renesse, The Netherlands, 8-
10 November 1993, Society of Environmental Toxicology & Chemistry - Europe, Brussels,
105 pp.

46. Jobling, S., Sheahan, D., Osborne, J.A., Matthiessen, P. & Sumpter, J.P. (1996).
Inhibition of testicular growth in rainbow trout (Oncorhynchus mykiss) exposed to estrogenic
alkylphenolic chemicals. Environmental Toxicology and Chemistry 15, 194-202.

47. Harries, J.E., Sheahan, D.A_, Jobling, S., Matthiessen, P. Neall, P., Routledge, E.,
Rycroft, R., Sumpter, J.P. & Tylor, T. (1996). A survey of estrogenic activity in United
Kingdom inland waters. Environmental Toxicology & Chemistry 15, 1993-2002.

48. Rees, HL., Waldock, R., Matthiessen, P. & Pendle, M.A. (1999). Surveys of the
epibenthos of the Crouch Estuary (UK) in relation to TBT contamination. Journal of the
Marine Biological Association UK 79, 209-223.

49. Waldock, R., Rees, HL., Matthiessen, P. & Pendle, M.A. (1999). Surveys of the benthic
infauna of the Crouch Estuary (UK) in relation to TBT cont%ﬁ?%natlon Journal of the Marine
Biological Association UK 19, 225-232. \\ ﬂ
50. Matthiessen, P., Bifield, S., Jarrett, F., Kirb @%‘\iaw R., McMinn, W, Sheahan, D.,
Thain, J. & Whale, G (1998). An assessment Qfg&hment toxmty in the River Tyne estuary,
UK, by means of bioassays. Marine Enviros tal Research 45, 1-15.

SLO
51. Stebbing, A.R.D., Matthiessen, F«d@“f’raws K. (1993). Emerging trends in
environmental modelling. In Stebbmg,“A R.D,, Travis, K. & Matthiessen, P. (eds),
Environmental Modelling - the Ne‘ﬁ Ten Years Society of Environmental Toxicology and
Chemistry - Europe, UK BranctiTSBN 0-9522535-0-X, pp. 61-63.

52. Thain, J.E., Allen, Y. & Matthiessen, P. (1996). Monitoring sediment toxicity in UK
estuaries and offshore waters from 1990 to 1993. In M. Munawar and G. Dave (eds),
Development and Progress in Sediment Quality Assessment: Rationale, Challenges,
Techniques and Strategies, pp. 127-142, Ecovision World Monograph Series, SPB Academic
Publishing, Amsterdam.

53. Matthiessen, P., Blackburn, M., Kirby, M., Law, R_, Sheahan, D. & Thain, J. (1995).
Toxicity of estuarine waters and sediments resulting from industrial chemicals. Marine
Environmental Management Review of 1994 and Future Trends (ed. R. Earll), 115 pp., Vol.
2, pp. 23-26, Candle Cottage, Kempley, Glos. G1.18 2BU, ISBN 0 9522946 1 3.

54. Harries, J., Jobling, S., Matthiessen, P., Sheahan, D. & Sumpter, J. (1995). Effects of
trace organics on fish, Phase 2. Foundation for Water Research, report no. FR/D 0022,
Marlow, UK., 90 pp.

55. Williams, R.J., Brooke, D.N., Clare, R W., Matthiessen, P. & Mitchell, R.D.J. (1996).
Rosemaund Pesticide Transport Study 1987-1993. Institute of Hydrology report no. 129,
Wallingford, Oxfordshire, ISBN 0 948540 73 7, 68 pp.
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56. Harries, J.E., Sheahan, D.A., Jobling, S., Matthiessen, P., Neall, P., Sumpter, J.P., Tylor,
T. & Zaman, N. (1997). Estrogenic activity in five United Kingdom rivers detected by
measurement of vitellogenesis in caged male trout. Environmental Toxicology & Chemistry

16, 534-542.

57. Law, R.J., Dawes, V.J., Woodhead, R.J. & Matthiessen, P. (1997). Polycyclic aromatic
hydrocarbons (PAH) in seawater around England and Wales. Marine Pollution Bulletin 34,
306-322.

58. Tumnbull, A.B., Harrison, R. M., Williams, R.J., Matthiessen, P., Brooke, D.N., Sheahan,
D.A. & Mills, M. (1997). Assessment of the fate of selected adsorptive pesticides at ADAS
Rosemaund. J. CIWEM 11, 24-30.

59. Lamb, J .C., Balcomb, R., Bens, C.M., Cooper, R.L., Gorsuch, J.W., Matthiessen, P_,
Peden-Adams, M.M. and Voit, E.O. (1998). Hazard identification and epidemiology. In
Principles and Processes for Evaluating Endocrine Disruption in Wildlife, (R.J. Kendall,
R.L. Dickerson, J.P. Giesy and W.A. Suk eds), SETAC Technical Publication, SETAC Press,
Pensacola, pp. 17-37.

1 \&9’
60. Matthiessen, P, (1998). Effects on fish of estrogenic&%bstances in English rivers. In
Principles and Processes for Evaluating Endocrin%@is%ption in Wildlife, (R.J. Kendall,
R.L. Dickerson, J.P. Giesy and W.A. Suk eds), SET\;A\% Technical Publication, SETAC Press,
Pensacola, pp. 239-247. Qw\*f@\‘}

"\\0{\&\ ,

61. Matthiessen, P. and Sumpter, J.P. \&fi@). Effects of estrogenic substances in the aquatic
environment. In Fish Ecotoxicology (TQ\B?aunbeck, D.E. Hinton and B. Streit, eds),
Birkhiuser Verlag, Basel, Switzerla}\gdjopp. 319-335.

62. Kirby, M.F., Matthiessen, P and Rycroft, R.J. (1996). Procedures for the approval of oil
spill treatment products. Fisheries Research Technical Report no. 102, Directorate of

Fisheries Research, Lowestoft, 19 pp.

63. Rycroft,‘ R.J., Matthiessen, P. and Portmann, J E. (1994). MAFF review of the UK oil
dispersant testing and approval scheme. Directorate of Fisheries Research, Lowestoft, 89 pp.

64. Matthiessen, P. (1996). Introduction to environmental oestrogens and their presence in
UK rivers. In: Leonards, P.E.G., Vethaak, A.D. & de Voogt, P. (eds) Oestrogeen-actieve

 stoffen in het milieu, Rijksinstituut voor Kust en Zee (RIKZ), The Hague, ISBN 90-369-0415-
3, pp. 14-16. :

65. Crane, M., Everts, J., van de Guchte, C., Heimbach, F., Hill, 1., Matthiessen, P. and
Stronkhorst, J. (1996). Research needs in sediment bioassay and toxicity testing. In M.
Munawar and G. Dave (eds), Development and Progress in Sediment Quality Assessment:
Rationale, Challenges, Techniques and Strategies, pp. 49-56, Ecovision World Monograph
Series, SPB Academic Publishing, Amsterdam.

10
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~ 66. Matthiessen, P. and Gibbs, P.E. (1998). Critical appraisal of the evidence for tributylitin-
mediated endocrine disruption in mollusks. Environmental Toxicology and Chemistry 17, 37-
43,

67. Tattersfield, L., Matthiessen, P., Campbell, P., Grandy, N. and Lange, R. (eds) (1997).
SETAC-Europe / OECD / EC Expert Workshop on Endocrine Modulators and Wildlife:
Assessment and Testing. EMWAT. Veldhoven, The Netherlands, 10-13 April 1997. ISBN 90-
5607-010-X, Society of Environmental Toxicology and Chemistry - Europe, Brussels, 126

pp.

68 Benson, W.H., Van der Kraak, G., Tyler, C., Brugger, K.E, Daston, G., Fry, M., Gimeno,
S., Hunger, F. Kolossa, M., Lange, R. and Matthiessen, P. (1997) Chapter 4: Strategles and
approaches to in vivo screening and testing in identifying the hazards of endocrine
modulating chemicals to wildlife. In: Tattersfield, L., Matthiessen, P., Campbell, P., Grandy,
N. and Lange, R. (eds) SETAC-Europe / OECD / EC Expert Workshop on Endocrine
Modulators and Wildlife: Assessment and Testing. EMWAT. Veldhoven, The Netherlands,
10-13 April 1997. Society of Environmental Toxicology and Chemistry - Europe, Brussels,
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william walker

From: "Peter Matthiessen" <peter@matthiessen.freeserve.co.uk>
To: "william walker" <walkerfamily@esatclear.ie>
Sent: 12 February 2007 11:21

Subject: RE: monitoring proposals for corrib
William,

| have now given the monitoring plan a quick look. | think it is OK as far as it goes, but my main criticism is
that it is unclear whether any attempt will be made to monitor for biological effects (as opposed to chemical
contamination). The proposals to measure contaminants are fine, but of necessity can only cover a very small
proportion of the likely range of contaminants that one might expect. Carefully chosen biological effects
measures will allow the monitoring programme to account for the effects of substances that will not be
analysed chemically, and will also account for possible mixture effects. My main proposals and comments are
as foliows:- ‘

1) The choice of mussels and dab as the main biological targets looks OK, but | would suggest that
chemical analysis of edible crab or lobster should also be included, specifically to reassure fishermen
that their livelihood is not coming under threat. Crab and/or lobster are useful precisely because they
are relatively sedentary scavengers and are likely to be exposed to contaminants from a wide range
of sources, so | don't quite follow the reasoning of the document in this regard (see Table 1).

2) As the programme will be going to the trouble of taking benthic grab samples of sediments from
around the outfall (a sound proposal), | believe the programme should go the extra mile and analyse
the samples for benthic invertebrate community diversity as well g§ for chemical contamination. This
is a useful catch-all biological measure of impact. if one canncg%iee'a change in community structure,
one can be fairly confident that invertebrates generally are ing damaged.

3) While | concur with the choice of mussels as a target gf'the inter-tidal programme, again | suggest
that they should go the extra mile and monitor then’gﬁ’r logical effects as well as chemical
contamination. | would be happy to advise on ap siate techniques, and would seriously consider
broad-spectrum measures of chemical impact lysosomal stability and/or scope for growth.
These are sensitive measures of effect whichirespond to many different contaminants.
Metallothionein induction is also worth coqéi’q\é?lng as a response to metal exposure.

4) Continuing with the mussel theme, it wauldbe worth considering the deployment of caged mussels in
the zone of discharge, probably attached'to buoys, as well as around the bay. This technique has
been frequently used in other areas, g&d would be a useful backup to benthic community
measurements.

5) | support targeting a benthic ﬁstq,%%ch as dab, although it should be remembered that they migrate
annually to deeper water to breed, and may therefore experience limited non-local exposure. As with
mussels, it would be a pity to go to all the trouble of trawling for fish without measuring biological
effects as well as chemical contamination. Again, | can advise on possible effects measures, but one
very good one in the present context would be induction of an enzyme system known as cytochrome
P450 1A1. This is specifically induced by hydrocarbons, and would provide a sensitive measure of
overall hydrocarbon exposure. '

In summary, | don't think the proposed programme is too far off beam, but | would certainly include certain
biological effects measures to supplement the chemical ones.

Best wishes,
Peter

----- Original Message-~---

From: william walker [mailto:walkerfamily@esatclear.ie]
Sent: 09 February 2007 14:29

To: Peter Matthiessen

Subject: monitoring proposals for corrib

Hello again. _

| have attached A .pdf file outlining the monitoring measures proposed for the outfall/discharge
location.

Do you have any comment to make on it?

Is it sufficient?

15/02/2007
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