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From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Hi Sarah and Stephanie, 

I've bi lled today 6.25hrs. 

Aberson, Marja 

07 March 2019 20:37 
McGlynn, Stephanie 

Kiernan, Sarah; Wilson, Rachel 
RE: GOD - Shellfish Summary 

Lit, eview - e coli.docx 

I am leaving by 3pm tomorrow, when do you need this completed by? 

Attached is a draft dumping of info found t o date, not written formally, wit h comments and notes to self. 

Focussed on those species listed in Table 9.17 of EIAR, but also included the great scallop and blue mussel. 

Document includes so far: 

1) Summary of data sources used 
2) Potential limitat ions /considerations identified from exploring literature 
3) Presented a summary t able of sensitivity assessment of all potential pressures of the proposed pipeline 

4) Summary text from each literature source (short notes currently) 

Unfortunately not much literature on razor clams, as to be expected most on mussels. 

The 2x CEFAS reports were the most useful (seek to find a predictor of E Coli in flesh based on concentration in 

water) 

Unfortunately using t he CEFAS reports (without consideration of any natural changes in environmental condit ions or 

biological variat ion we may find at t he site), the expected concentration of E coli in t issues may exceed guideline 

levels if using the predicted worse-case for the WWTP under Flow to Full Treatment conditions. 

That being said, is it likely the plume will reach this fishery designat ed sites, and at t hat maximum with no dilution 7 

Main points so far are: 

- there likely is a relationship between concentration of E coli in water and E coli in t issues (this seems to contradict 

paragraph 366 (in EIAR) there is no direct relationship between concentration of coliforms in overlying water and the 
concentration of coliforms in shellfish f lesh .... ' ) 

- literature does however agree that there will be wide variation in uptake (inter/ intra species variation and 

environmental factors of importance) 

- literature agrees that 'natural' wide t emporal variability of cone. Of E coli in water column 

- Microscosm experiments found increase in concentrat ion in flesh to that in water to be very high (e.g. factor of 330 

for cockles, but 12 for oysters). 
- CEFAS reports seek to find a predictor of contamination in flesh using concentration found in water. This must be a 

relatively recent object ive (reports written 2011-2014). 
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Apologies I've not been able to find a neat answer of yet. I think the main defence may be distance from pipeline, 
and that if a failure happened there would be immediate shut down. Although the effects of 'chronic' lower levels of 
contamination during normal operation may be put forward as a potential issue. 

Many thanks 
Marja. 

Dr Marja Aberson I Jacobs I Senior Marine Ecologist I Environment, Maritime & Resilience I 
I www. jacobs.com 

From: McGlynn, Stephanie 
Sent: 07 March 2019 15:01 
To: Aberson, Marja <Marja.Aberson@jacobs.com> 
Cc: Kiernan, Sarah <Sarah.Kiernan@jacobs.com> 
Subject: RE: GDD - Shellfish Summary 

Hi Marja, 

The flow to full treatment is the maximum capacity of the proposed facility (population equivalent of 500,000). The 
design value for this, as per the EIAR is 281,250 m3/day and 3.26 m3/sec. 

Kind regards, 

Stephanie 

From: Aberson, Marja 
Sent: 07 March 2019 14:40 
To: McGlynn, Stephanie <Stephanie.McGlynn@1acobs.com> 
Cc: Kiernan, Sarah <Sarah.Kiernan@jacobs.com> 
Subject: RE: GDD - Shellfish Summary 

I do have a (stupid) question 

I understand 'Average daily flow' term in the text 

But what is mean by 'Flow to Full Treatment scenarios'? 
Many thanks 

Marja. 

Dr Marja Aberson I Jacobs I Senior Marine Ecologist I Environment, Maritime & Resil ience I 

From: McGlynn, Stephanie 
Sent: 07 March 2019 14:16 

I www.jacobs.com 

To: Aberson, Marja <Ma r ja.Aberson@jacobs.com> 
Cc: Kiernan, Sarah <Sara h.K1ernan@jacobs.com> 

Subject: RE: GDD - Shellfish Summary 

That's no problem at all Marja. 

Thanks for your support on this. 
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Kind regards, 

Stephanie 

From: Aberson, Marja 
Sent: 07 March 2019 14:11 
To: McGlynn, Stephanie <Stephanie.McGlynn@1acobs.com> 
Cc: Kiernan, Sarah <Sarah .Kiernan@jacobs.com> 
Subject: RE: GDD - Shellfish Summary 

HI Stephanie, 

Many thanks for this. 
I 'II probably get something preliminary to you by end of tomorrow if ok? Apologies as time split between office and 
lab at the moment and just getting head into topic. 

Thanks 

Marja. 

Dr Marja Aberson I Jacobs I Senior Marine Ecologist I Environment, Maritime & Resilience I ~ I 

From: McGlynn, Stephanie 

Sent: 07 March 2019 14:07 

I www. jacobs.com 

To: Aberson, Marja <Marja.Aberson@jacobs.com> 
Cc: Kiernan, Sarah <Sarah.Kiernan@ jacobs corn> 
Subject: FW: GOD - Shellfish Summary 

Hi Marja, 

FCC are a loca l authority in which the Greater Dublin Drainage Project wi ll be located. 

FCC have come back to us with the following query in relation to the Clarifications Response Report (as attached): 

In para.370 the Report states "For Flow to Full Trearment scenario, the maximum predicted coliform concentra 
concentrations were less than 147 cfu/100ml with the average coliform concentration over the course of the i 
value on flooding tides and zero concentration on ebbing tides. This provides equal time for uptake!accumul 
on the shellfish water quality as a result of the proposed discharge. " JO asked what would be the implication fo 
Shellfish classification - Class A? 

The legislative requirements state that: 
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1.6 L<•gislath't:- Stantfard.s 

Table l Cri teria for the clas!.ilication of bi\'Jlve mollusc harvesting areas under Regulatio11 ( EC) No 
85-l:200-1. Regulation (EC) '531200-1 ..inJ Rcgular1un (ECJ 2073':!005. 

Clanificatio Standard per IOOg of LBM Oc.-sh and iniraulmlar Treatment required 
n Ou.id 
A <230 E.coli 1,cr!OO~ offk :.il anJ int rnvah ular liquid' None 
8 Lotvb mm,I 1101 exceed 1he limits of a tive-11.1bc. th~c Puri fication. relaying 

dilution :Vloi.t Probable '!\umber 1MP, ) lC:.t or -1.600 in cla ·s A area or 
E. coli per l 00 g of lle:,h and intra, alvular liquid.~ cooking, bv an 

approYcd method 
C LIJ/\,b must 1101 exceed the li1n1b of a fj\ c-tllbl' . three Relaying for a long 

dilution \1PN 11.::.I of 46.000 £ ,·o/i per I 00 g uf lk:.h pcnocl or cooking by 
anJ uurnvalvufor liquid. an approved method 

Prohibited >46.000 E.coli per I OOg of flesh and i nt ravalvuJar I larvcsting not 
fluid1 

1;ermi1tcd 

Notes: 1 By cross-rderencc from Regulation (EC) No 85-4 1200-I. via Rcgulatiun (EC ) '\o 85' /200-4. 
10 Rcgul.111on ( EC) 207 3 2005. 

amplcs of li\·e bivalve molluscs from these areas must not exceed, in 80 % of samples 
collected Jui ing tlie review perioJ. 230 £. coli per I 00 g of flesh and intravalvular liquid. The 
remaini ng 20 1% or samples mm,t not exceed 700 £. coli per 100 g of !lesh ;:ind intra~alvul :11 
liquid, as amended by Regulation (EC) No 22 51'201 5, 

: By way of derogation fro111 Regulation (EC) No 85412004, the compctcm authority may 
0111inuc 10 cl,l!>si fy as being of Class 13 areas fol' wl11ch the relevant I imit or 4 .600 E. coli per 

I OOg are not exceeded in 90a o of samples. 
1Thi:. kvcl is b) Mfaull as it is t1bove thi: highest limit set in leg1sla1io11. 

Another emerging question is how the level of coliforms in the water column can be related to the uptake and level 
in shellfish flesh and interva lvular liquid. The Shellfish Regu lations currently state that the acceptable level of 
coliforms in the flesh/ intervalvular liquid must be equa l to or less than 300 faecal coliforms per 100ml. 

The environmental documents for the Project are availab le online at https://www.gddapplication.ie/environmental­
documents/ in case you need to look at anything else. 

Please let me know if you require any further information. 

Kind regards, 

Stephanie 

From: Kiernan, Sarah 
Sent: 07 March 2019 13:24 
To: McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com> 
Subject: FW: GOD - Shellfish Summary 

Maritime & Resilience I 

From: Aberson, Marja 
Sent: 07 March 2019 11:46 
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To: Kiernan, Sarah <SMah.Kiernan@jacobs.com> 
Subject: RE: GOD - Shellfish Summary 

HI 
NO problem. 

Thanks 

Marja. 

Dr Marja Aberson I Jacobs I Senior Marine Ecologist I Environment, Mant1me & Resilience I 
I www.jacobs.com 

From: Kiernan, Sarah 
Sent: 07 March 2019 11:40 
To: Aberson, Marja <Marja .Aberson@jacobs.com> 
Subject: RE: GOD - Shellfish Summary 

Hi Marja, 

I suppose its two parts, it's the literature review but once that's compete we w ill need you t o have a ca ll w ith the 
relevant member of the EIA t eam (i.e the marine water quality SME (Irish subbie Marcon) and Marine ecologist (Ian 
Wi lson of Benthic Solutions UK) just t o ta lk through the review and the findings. But yes we shouldn't need it written 

down formally to be introduced as evidence, its for the t eams use in case we are questioned by the fishing groups in I 
the issue. ~~ • 

Thanks, 
Sarah 

Sarah Kiernan BSc. MSc 
Maritime & Resilience I 

From: Aberson, Marja 
Sent: 07 March 2019 09:55 
To: Kiernan, Sarah <Sarah.Kiernan@jacobs.com> 
Subject: RE: GOD - Shellfish Summary 

Hi 

Thanks Sarah, that ' s great. 

Technical Director - Environment I Environment. 
I www.jacobs.com 

I' ll spend a few hours and ping across what I've found to date today, if you think we need more info, or w ritten 
differently then I 'II amend accordingly. 

I assume this is more for your reference shou ld Jacobs be questioned on this potential issue, you can reply orally, 
rather than have it written down formally? 

Many thanks 

Marja. 

Dr Marja Aberson I Jacobs I Senior Marine Ecologist I Environment Maritime & Resilience I 
I www.jacobs.com 
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From: Kiernan, Sarah 
Sent: 07 March 2019 09:44 
To: Aberson, Marja <Marja.Aberson@jacobs.com> 
Cc: Wilson, Rachel <Rachel.Wilson@jacobs.com> 
Subject: RE: GOD - Shellfish Summary 

Hi Marja, 

Thank you. Yes please do commence the review. As I' m sure Rachel mentioned, our Oral Hearing (like Public 
Enquiry) is due to commence on the 20th March so we are under pressure to look into this issue of ecoli and the 
shellfish. 

The job number is 32012902, there is only one task open so please book to that. Let me know if you have any issue 
booking to the code. 

Kind Regards, 
Sarah 

Maritime & Resilience I 

From: Aberson, Marja 
Sent: 07 March 2019 09:39 
To: Kiernan, Sarah <Sarah.Kiernan@jacobs.com> 
Cc: Wilson, Rachel <Rachel.Wilson@jacobs.com> 
Subject: RE: GOD - Shellfish Summary 

Hi Sarah 

Technical Director - Environment I Environment, 
I www.jacobs.com 

Rachel (Wilson) has discussed with me information that may be required to support the existing modelling data of E. 
coli concentrations in the water, following a total failure at the proposed WWTP with regards to the shellfisheries in 
the area. 

I have read the document sent through by yourself yesterday. 

I think we may be able to source from both the peer reviewed and white literature more detail about 
bioaccumulation and clearance (e.g. depuration rates) of those key fishery species cited in the document. Certainly 
for bivalves there is likely to be an abundance of research done. 

I can call later today if that is convenient, or if you're happy I can start a quick trawl of the literature available now 
and prep a short summary text for you based on this? 

Many thanks 

Marja. 

Ps. Apologies for any late replies, as will be in and out of our lab for much of the day. 

Dr Marja Aberson I Jacobs I Senior Marine Ecologist I Environment, Maritime & Resilience I 
I www iacobs.com 

From: Wilson, Rachel 

Sent: 06 March 2019 18:11 
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To: Aberson, Marja <Marja.Aberson@jacobs.com> 
Subject: FW: GOD - Shellfish Summary 

Marja, 

As discussed, this is the information from Sarah. If you could have a look at the documents and then we can have a 
chat to look at whether we can support. 

Thanks 
Rachel 

Rachel Wilson I Jacobs I Technical Director I Environment, Maritime & Resilience I 
I www.jacobs.com 

From: Kiernan, Sarah 
Sent: 06 March 2019 18:08 
To: Wilson, Rachel <Rachel.Wilson@jacobs.com> 
Subject: GOD - Shellfish Summary 

Hi Rachel, 

We've complied the relevant sections of the EIAR and other documents that deal with Shellfish, to try and give a 
reasonable summery of the' history' for Maya. The attached includes text from; 

• Ecology baseline for Shellfish as per EIAR 

• Ecology impacts during Operation as per EIAR 

• Marine Water Quality impact during Operation as per EIAR 

• Marine Ecology impact as discussed in Clarifications Response Report 

• Marine Water Quality impact during standard operations as discussed in Clarifications Response Report 

• Marine Water Quality impact during total failure at WwTP as modelled this week 

As discussed, the area we are hoping to discuss and understand further is how the shellfish (Razorclam, crab and 
lobster primarily) deal with E coli present in the water. 

While we can say what the levels of E coli will be in the water under normal operating conditions of the WWTP and 
under catastrophic failure, we would like to understand the correlation between this and how E coli is 
retained/flushed out of the shellfish. 

We are likely to face questioning on the commercial impacts various fisheries/fishermen. 

Thanks for your help, 
Sarah 

Maritime & Resilience I 
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Document Title JACoas· 

1. Introduction and '.Ai~ 

To understand the potential effects of .. .... . during a ..... . on the commercially targeted species In Northern 
Fingal (as summarised in Table ll.17 of the EIAR). 

Fisheries In the survey area encompass the Brown (edible) crab (Cancer pagurus), velvet swimming crab 
(Neccra puber), European lobster (Homarus gammarus). , whelk (Buccinum undatum), razor clam (Ensis sp.) 
and shrimp (Palaemon serratus) .. .. ... ...... . 

Document No 

Commoated IAMIJ: Irrelevant for this, just part of 
template - not needed 



Document Title JAcoas· 

2. !Method~ 

2.1 Data Sources 

• CEFAS Project Reports (2011 - 2013) 

• Peer revlewed literature (1984 - 2017) 

• On-line sources (Marine life Information Network: Biology and Sensitivity Key lnfonnation Reviews) 

2.2 !Limitat ion~ and considerations 

• Incomplete sensitivity reviews available for all species of interest. 

• Blas towards key species such as M. edulis over other species e.g. Ensls sp. 

• likely high variation In uptake rates and assimilation/depuration between different species. 

• Difficulty In prediction of those mobile species (e.g. C. pagurus and H. gemmarus). 

• Consider the proximity to these fishery designated areas to proposed pipeline to assess potential risk of 
contamination 

Docorrent No 

, ·( Commoattd IAMlJ: Short summary list 

c.,.moated IAl\,IJJ: Brain dump ol llmltatlon of data 
avallabte in how to -a species In quaa11on at study 
area 



Document Title J ACO BS' 

3. Sensitivity Review 

Table 3 1 summarises the sensitivity of key commercial species harvested in the area, in response to potential 
pressures of the proposed outfall. The review Is sourced from the MarLIN sensitivity assessment, which is 
currently being ~upersed~ by the MarE~ approach_ to assessment for species and biotopes. Although 
Pecten maxlmus and Mytilus edulis are not listed as a targeted species in Northern Fingal (Table 9.17, EIAR) 
they are listed as a principal shellfish species in the area (Table 9.16, EIAR). 

Document No 

Commtt1ted (AM4J: According to website, ehould have 
been done by 2016/17. 

Haw extracted their data fonn the website and only 16 
epeciee have been listed: none Included ones of 
Importance here. 
However, muasel habllata aenaltlvtty Info 1, avllilable 
and maybe wo,.., adding. 



Document Title JAcoes· 

Table 31: Sensitivity d commen:ially shellfish species as nl¥iewed under the Mart.IN sensitivity assenment process. 

- ---
lnaease in suspended sedimert Low _ ,. 

._ ___ __,__lnc,;_ ease in ti.rl>idity Toletanl Not relevant Not ..,,.;i;,,,, 
-1------ --J.. ~ . . 

Chemical Changes in nutrient level Tolann Not relevant Not aenlilMI 
:.....~- -1..- ---=..4- - - ~-.- "' r,.; 

1------1-C_hanges__:::...._in_o_x~ygenaoon::...._· _ ___ ___ +-T-alet~ • ~ erytq,_ ~_~ltll= sensiliwl · ~ 

Introduction or microbial pa!hogens/paras~es lnlennediale Moderate I ,.,;;:;;- - -~ Biological 

Velvet swimming crab Nocon, puber No data available Wilson (2008a) 

European lobster Homarus gammarus No data available Wilson (2008b) 

Shrimp Palaemon senatus No data available Neal (2008) 

Whelk Buccinum undatum No data available Ager (2008) 

Great scallop Pecten maximus .... s_m_ot_henng_ ·--=--------------1 Low _____ H91 _ _ l ~~ Moderate Marshall and Wilson 

,_ina-_ ease__:_in_ suspended_ ;__ _ _ s_ed_ im__:ent ____ --11-Low --~•...:H. ~...__ ...._ _ _ f.-l-Low.=---..p.;=_;"-"-=-4 (2008) 

Physical 

._ ____ .,_Increase in turbidity Tolelwll_~_.,_Not __ re1e_ van1 _ _ _ ,1. NotsalSilMI 
--· -

Chemical Changes in rn.Crient lell9J lnlennediale Higb 
- -+---=------------ - -!-- - - ,- - - -

Changes in oxygenation Low 

_1.__ -v.,.,1ow 
Biological lntrodudion or microbial pathogens/parasrtes No data available 

Razor clam Ensis sp. Physical 1-S_m_ ot_ hefing_ · "--- ----------1'-'T--'-'cleranl Nol relevant Notlllnlili!le : High Hill (2006) 

f-1na-_ ease __ i_n_s_uspeoded..;._ __ sed __ im_en1 _ _ _ __ +Ull!- - --~"!Dh- - - ~ Law • High 

f------1-lna-_ e_as_e_,_·n_turoid_ .__;rty'-----------+-Low~ '--- - '-lflgh_~-----l Low Moderate 

Chemical 1-C_ hange-=_s_ in_nut_ nen_· _1_1e_ve1_ s ______ -+lnlennediale _ ~ Low 

Changes in oxygenation lnlennediate law Moderate 

~---------'- ---- - ----'--B_iol_og,ca...:...· _ 1 _..,_ln_t_rod_ uct_ ion_ or_m_ icrobia __ • _I :...pa_thogenslparasites No data available _ ___________ _ _ _ _ __Jc__ ______ __J 



Document Title JAco es· 

Common name ! Scientific name ! Pressure I Pressure Type I Intolerance ; Re-coverability Sensitivity Evidence/ Source 

l I : Confidence 

Blue mussel lllytilus edulis Physical Smothering _________ .. lntem,ediate High I Low 
'......-- - - + 

Tyler-Watters (2008) 

Increase in s 
e---- -

Nol sensiffie - - ---~- -uspended sediment Low Intermediate High 

Increase in turt>idtt Y'--______ _ _,,Tolaranl Not relevant Nol NnSilive Not relevant 
'-----~ ..-I'- -+-- --- -. 

Chemical Changes in nu tnenl le_vet_ s ___ ___ ~ lnlermediate ~ -High _ _ _ _____ Low 

Changes in OX ygenat_ ion ___ _ _ __ + L~ _ _ ___ V_«Y_ i,q,_· _ _ _ _j Ve,y low 

Biological Introduction of m icrobi_ ·at palhogens/parasttes lnlermedlate l ow 

Docun e "1 2 



Document Title JACOBS. 

4. Risk of bioaccumulation 

notes to self 

• Pipeline lies outside of the designated shellfish waters for Malahlde, but will pass through recognised 
active production areas. 

• Majority of fishing occurs of Dai key island which lies ~ 10km south of proposed pipeline. 

• No set values for collforms in watercolumn. Guideline levels are at 300 cfu/100ml In flesh and 
lntervalvular liquid. 

• The Malahlde razor clam fishery has an 'A' classification. Requiring samples of live molluscs not exoeed 
230 E. con per 100g. 

Revised model examined effects of discharge of coliforms at a concentration of 300,000 colony forming 
units (cfu)/100ml for both proposed average dally fiow and fiow to full treatment scenarios 

Results -Average daily= max near seabed 143 cfu/100ml, for 80% of time predicted < 62 cfu/100ml, 
average over course of simulation = 33 cfu/100ml 

Results - Flow to Full treatment= max near seabed was 327 cfu/100ml, but for 80% of time predicted 
concentration <147 cfu/100ml. Average over oourse of simulation= 78 cfu/100ml. 

• lfested total process failure scenario (3,000,000 cfu/100ml over 3 days). Model showed a period of 
significant increase in coliforms, the levels did gradually return to 'baseline' conditions over matter of 
days) • 

Summary of llterature: 

1. Walker 2017VARIATION IN E.COLI ln tnSSUES,: 

The distribution of E.coli among shellfish in any one bed win usually be variable between focalions in that bed and o~r time, dependant on 
• range of lac/ors, •vch as prowth and r&•pirelion of the individual organi•m. th• re•ici.- 6ma. blo,ccumulalion hinotics and decay end 

dispersat of E. coli in the •nvlroomant.ln Uk, E.coli lel'el• in bivalves 11 • particul■r monltorinp point can vary by 2·3 orders of mopnitude or 

more In the space of just• few hou,s. 

AJ,o, varielion botwHn thll somp/lnQ occasions and also In aven,ge level of conttmination from Yffr to ye,r, dtlven by multiple factM 

(contaminant Input, variable wasthllr patl'1ms e/c). Ra,ult!I accumulated o,,.r lima damon5/n,te broadly whethllr the bed a1n be cetoporised 

accorrJingly. A• •uch long lerm data provides best overell indication of the Hnltary status of a given harw5/ing area. and is the relionala 

behind the c1a .. i'1calion syslem usod •=•• the EU. As the c<Jntamination /evels /ncreas• as does the vartabHity. So do•• the ranpa of E. 

coli resutts returned. 

2) MHqulta et 1/. (2011): US OF ECOLI COUNTS TO DETECT ENTERIS ~RUSE~ 

Norov/rus (NV), Hepemus A virus (HAV) an<I enterov/rus (EV) are entaric vlruHa. Bivalves prown In areas of urban •aw•QO polluted wate,s 
tend to bloaccumulate environmentally mbl• ent•ri<: vlruHs. Entaric virus.• can ,urv/ve tor long poriOd• In ,,.,.r column ••pecially if 

H5ocl&tedwlth porticulate matter and Mdlmant. 

St•nd•rrJ• rely exc/uslvely of• col/ no. Saverel studies •how that becterie a,e not reliable Indicators of viral contamination of shellfish end 

as ,uch of limited pn,dlctad value. This becsu .. vlruHs are more robu51 than bacteria/and tharetore res/5t bet/er to inactivation in aquatic 

environment and mo,e res/lianl to removat by <»pure/ion. 

Occumenl No 

Commenttd IAMSJ: may ask, what happens If this 
occurs during a harvesting period (harvesting Is 

• different for different species). 

Commftlted [AM6]: Support defence of not replying on 
a single point measurement of contamination In tissues 
(and thus water also I'll assume too) 

Co•mentfd [AM71: Tears apart argument for reliance 
on E con counts as an Indicator of contamination 
No to be used here, not relevant 



Document Title JAcoas· 

RHult• - vir,I contemlnation found In 9 apec/es of ,,-im,h atudlfld and found th,cughout th• )lfar from 8110 1119• /n<»pendenl oflhelr 

ha,....sffng c/au/ffcaffon sys/9m. Found In 'A c/,sa' Nov, HAV 1nd EV aro RNA \iru,., and known that RNA molecule I• -..ry un!lable, 

railing que&tion If f,.. unproi.ctfld RNA would romein Intact In the onvironment Inc/. sewege and the d/geaffve tract. D•I• connrms previous 

study that lack of auociellon ~twHn the actual ba~rloJOQical .,,...ment c/a$$/ficat/on ay!lam (based only on E. coJO and the p,.,.nce 

of humen ontonc palhOQOnlc viru,.,. May exp11ln pre .. nce of human pathogenic.,;,.,,., /n,helnsh the/..,.,. con•ld•rod aallt - on 

E.coli /eQII limit. 

3) F1ghr1 aU/(1984) CONTAMINATION OF CRABS (COLO~ATER) 

Risk of ct1bs in vk:ini1ytm1grat1ng past outf1M can be contaminated end btoaccumulata bacter111 from the water cohMnn in their gill bssues 

Qu11Pon is · wn,m,r lht bfC!IH:il nlOciltfd with CtJbs contamtnate lb! muscle tissues. the po,11on of the crab lh11 It••., Direct 

scanning el~IC mcoKopte obl8f'Y1hona and the via~• enumeration procect,res indicate that most b1Cte<l1 are 111oci11te with the 

surface tissues ol th1 gills and 1"8111 . HNmolymph and muscle, although not •tonle, normally had low population• of blder1a (but thaM 
lncrtaM poat mortaml). Later 1tudi11 (!0 Indicate that tht rock crab have an exten1ive cellular dtfenM 1yatem lhat llml11 tl,. bacteMel 

contamination of muld• ti11ue. IF crabs damaged, lnJunsd can become contaminated with bactotla. 

4) CamPff tl al (2011) CEFAS REPORT .. 1,11onshtp btlwNn E. coll ltvellln 1Mlnl1h ,,.,.,. watar. 

Species· Pecillc oyster1, native oyatera and muuels. Linear regreulon model done for .. eh ol 3 speciH and for 'pooled ~pedes, aim of 

finding speclflc wa thra1hold E coll values that would ensure similer protection for shellfish beds given by tht 1hellfi1h flesh guideline, 

alandard 300 laceal per 100g. 

Model pradlc11 that this would bt achieved at• geometric mean ol 10 and 90" percentile of 55 E coll per 100ml water (at75% compliance 

wllh guldellntt 

Slg. dlrterenca In compliance rat11 balwean mune~ and pacific oysters. Alms to make standard (water column 1tandard v•ses ahtl fish 

flHh 1tand1rd) fOf shen ftlh protected 811111 l.11d81 the WFO.(Old not distinguish betweao M)II edulis and M)II pallop,ovfncal~. ) 

602 paired Hmple1 from 40 wator and .o nosh monitoring point Data doe• not contain Info as 10 how close In 1pec1 and time the wator 

umpte, wera collected in relation 10 lhall ftah Mmpte, Review of published literatura done to undaratand potantial CAUIH and lnlluonct• 

on FIO contaminaUon ol 1htllfilh n11h and overlying water,. 

Simple linear ragre11lon (aka ordinary lt11t oquares) model• we<e computed to lnves11gate co-vanance bttwHn Ecoll levals In flesh and In 

water. Variable 'acoll In lltlh' it conaidtfed lht responM. Contamination results from ftlttr leeding mechanlam of 1hellftsh and accumulation 

of bacteria preNnt in l"le aeawater (/1 the mechanism cl contamination integrates contamination avalabt• durtng Mawafe' ftowa over the 

preceding hours of Iha tidal cyela. II 1, anumod that Ec91! does no1 muhiPlv wiJh o lht •hellfish but may be reUllnod 9! washed cut 

Logistic regresalon used when rHponM variable i1 ob1erved only as I binary characteristic: yet/not atr:. In thll CAO comply/fall (110) 

Models test lht rolationshlp btlwaan lht throsllold level• used for lht purpose or cla11ifying harve1ting area and the lavt11 ol E coli In 

ae-r. No co vaiates other than moritorir-G point and time, lht data aro grouped at that level, and the fitted value 11 tht proportion of 

umples 1h11 come under the lhralhold for cla11ilicafion. Predicted responae In the probablHty of a sample pasllng the IHI at -ii E coll 

lev.l In seawater. 

Assumptions - meaat.1'81 of• coll and flee.al coliforms consldtred equivalent 

Mu111l1 more contaminated than oy1t■r1 

Regre11k>n of IOQ11)tran1formed E coll levels In flash verses seaw11er shows that a very stgnlficant proportion of E coll retulta lie above the 

line of equality (more In flffh proportlon1i.1y than In waterl Ibis Is txPICted H tht rntSblOllm or E G9I In 1b1H01b OfttO dlf.trm!ntt hiAh 
l•v•!• of 1co(I in tha •b•flfi•b flesh jhln n wait{. Corralatlon coefficient (r • 0.59) Indicative of level ol agrNment between variables. NO 

sign or curvature in relationthlp. OvtrtU ttndencv ror E cou levtfs jn shell fish to ingeatt with E c9!l 11vt11 In fflWlttr and the wk1e sprud 
of values around the line ■r• evident. The regression accounls for 35% of variation in water values. suggesting olhar factors would axpfaln 

the v■rienca between variablea. A moderate R ta tvPlcal ot data obtained under ottural environmental condWons le Rtlabonsoo bttween 

Document No 

Commented (AM81: Good ref to refer to for crabe (t,g. I moat contamlnaUon la In glll1 than muscle Uaaue). 

Though once you klU It, the Immune defence goes and 
may becollle contaminated with bacteria In the gills. 

Commonttd IAM9j: Most useful ref found lo da1e. 

But find correlation between cone. In water with con. In 
tissues. 

Thi• 1ppean, to contradict what 11 written In EIAR 

•p.,. 3H • There Is no direct rellltlonshlp between 
the conc.ntratlon of colfforms In overlying water 
and Iha concenlrate of col/forms In shellfl•h flesh, 
H both the uptallelaccumul1tlon and 
cl•rancelremoval of col/forms by filler fNd/ngs 
she// fish /s a dynamic proceas affected by many 
1r1rlables ..... ,..,). 



Document Title J A CO BS. 

FIO In shellfifh and WfilC! Is ln[lyt[)Cfd by yfdous factors /e.g. pt,yslologlcll mtchani1ms Influencing bactenal accumul•lon in shell fish 
and envi factors determining FIO 1ur,,iv11 and trant port In the marine envlronmen~ 

For musttls, E cow levels in w-explain • higher proportiOn or the variation In E coll level• In that 1pecl11 than !hit In the mod at for lhe 
tl'tff species combined. (mutttlt ,.p,-nt 52% of the total no. of ttmplea). In con~11t E coli In pacific oysters and native explain 
relatively i..s proportion of the variation ol e coll In tt1w1ter. And lhe difference between E coll levats In mussels .,d In Pacific oysters it 
highly significant wt,e,.11 betwNn natl•• &'1d pacific is ma-ginal. 

Pooled species model for compllanc:o, with SWO G for all species and for each spedn, v11BU1 geometric mean of E cou In 1t1water. 

Pooled species model (mu1111 and nlll•• oyster) reulta acrou ,.nge of E coll values In wai.r. 

Pacific oyster achieve higher compliance r1t11 at Nch water quality than mulHI, end nallve oysters. (models lit btlillf for Individual 
1ped11 thin lho 'pooled species model' Pacific oystars higher compliance ra19t (>90'!4>) when lht 90" percentile of E coil In 1uw1ter Is 
contlderad. 

5) Kershaw et II, 2013 CEFAS REPORT: chronic mlcroblll pollutlon on lhtlifllh (COCklH, mu Hell and pacWlc py11e,-. 

Lifted from exee summary: 

Microcosm experiments 

Aim to ID WIier conctntrlllon or E coll that ..-ults in shellfish flHh Yllue• - 300 cfu/100ml following SVvtl 'gudatlne' 

Simulated 'chronic' pollution In lab, to ex different cone. Of E. coll. (1 • 339 clu/100ml) 

Linea, regression - 52% to eo% of Yarianca of Ecotl in Uuu11 are explained by variation of E.coli le•tis In water. 

On exposure to sewege, rapid accumul1Uon of E coll occurred to• m1Klmum 'equllbrium' 1tat1, following end cl dosing, 1 

,.,111v11y rapid durance phtM. 

Maximum levels aooumulattd during expotura, thown to ba proportional to level of water contaminaijon.(& wtth cockl• 
accumulated bacltrta to hlghor levol than mu1sels and oyster•) FICIO<t ranged from 330 (cockea) down to 12 (oysters). 

Experiment ,_pe_ In ihl ftatd & Incorporated DIVAST modelling, to pradlct rea~time cone. Of E.coli. 

lnter-speelH orderlng ol E COIi accumulllion samo II in microcosm. But both modeled and musurad E Co/i in water sanpled 
during preceding Udal Incursion Impacting upon lhe shellfith bags wora not slgnif,cantly correlated wtth measured levels In flesh• 
Alto ·natural' temporal vartabl lty In E coll cone. Over a diurnal cycia, OYon undor dry weelher condiUons. (ovor 2 log,o orders). 

AHumptlon mo1t ln1horo watar will ahow 1uch variability In 'normal' condltlons s low !ovals ci microbiologlcll pollution. Such•• 

tho .. baiow lho Iha INCal col fom, standard cannot be characterlted n constant faecal indicator concentra~n,. Need to 
consider the 'chronc' water quellty condition and usa lhe obsorved acoumul■tion factors l:l denvo an 11soclaltd nosh 
conc:o,ntretlon from any glYtn water1concentratiori 

Oocum-aritNo 

{ Commtntfd 1AM 10]: Still got to relld lull report 

Commented !AMIii: Tills would elevate the levels of E 
coll predicted In the water above the bed layer to be 
much higher In the organism. 



Document Title JACOBS. 

5. References 

Ager, O.E.D. 2008. Buccinum undatum Common whelk. In Tyler-Walters H. and Hiscock K. (eds) Marine Life 
Information Network: Biology and Sensitivity Key Information Reviews, [on-line). Plymouth: Marine Biological 
Association of the United Kingdom. [cited 07-03-2019). Available from: 
https://www.marlin.ac.uk/species/detail/1560 

Campos, C.J.A., Reese, A. , Kershaw, S., Lee, R.J .. 2011 . Relationship between the microbial quality of shellfish 
flesh and seawater in UK harvesting area. CEFAS Project: WT1001 Factors affecting the microbial quality of 
shellfish. Report submitted to DEFRA, 39 pp. 

Faghri, MA, Pennington, C.L .. Cronholm, L.S., Atlas, R.M., 1984. Bacterial associated with crabs from cold 
waters with emphasis on the occurrence of potential human pathogens. Applied and E:nvlronmental 
Mlcrobiology47(5), 1054-1061. 

Hill, J.M. 2006. E:nsls ensis A ruor shell. In Tyler-Walters H. and Hiscock K. (eds) Marine Life Information 
Network: Biology and Sensitivity Key Information Reviews, [on-line]. Plymouth: Marine Biological Association of 
the United Kingdom. [cited 07-03-2019]. Available from: https:1/www.marlln.ac.uk/species/detaill1419 

Kershaw. S., Campos, C.J.A., Reese, A., Mitchard, N., Kay, D., Wyer, M., 2013. Impact of chronic microbial 
pollution on shellfish. CEFAS Project: WT0923. 88 pp, 

Marshall, C.E. & Wilson, E. 2008. Pecten maxlmus Great scallop. In Tyler-Walters H. and Hiscock K. 
(eds) Marine Life Information Networl<: Biology and Sensitivity Key Information Reviews, [on-line]. Plymouth: 
Marine Biological Association of the United Kingdom. [cited 07-03-2019). Available from: 
https:ttwww.mar1in.ac.uk/species/detaiL'1398 

Mesquita. J.I., Vaz. L.. Cerqueira, S., Castilho, F., Santos, R., Monteiro, S., Manso, C.F., Romalde, J.L., 
Nascimento, M.S.J., 2011. Norovirus, hepatitis A virus and enterovirus presence in shellfish from high quality 
harvesting areas in Portugal. Food Microbiology XxXXX. 

Neal, K.J. 2008. Palaemon serratus Common prawn. In Tyler-Walters H. and Hiscock K. (eds) Marine Life 
Information Network: Biology and Sensitivity Key Information Reviews, [on-line). Plymouth: Marine Biological 
Association of the United Kingdom. [cited 07-03-2019). Available from: 
https://www.marlin.ac.uk/species/detail/2033 

Neal., K.J., W~son, E., 2008. Cancer pagurus Edible crab. In Tyler-Walters H. and Hiscock K. (eds) Marine Life 
Information Network: Biology and Sensitivity Key Information Reviews [On-Line). Plymouth:Marine Biological 
Association of the United Kingdom. [cited 07-03-2019), Available from: 
https://www.marlin ac.uk/species/detail/1179 

Tillin, H.M. & Mainwaring, K , 2016. [Mytilus edulls] beds on subllttoral sediment. In Tyler-Walters H. and 
Hiscock K. (eds) Marine Life Information Network: Biology and Sensitivity Key Information Reviews, (on-line). 
Plymouth: Marine Biological Association of the United Kingdom. (cited 07-03-2018). Available from: 
https:ltwww.marlln.ac.uk/habltat/detail/38 

Tyler-Walters, H., 2008. Mytilus edulis Common mussel. In Tyler-Walters H. and Hiscock K. (eds) Marine Life 
Information Network: Biology and Sensitivity Key Information Reviews, [on-line]. Plymouth: Marine Biological 
Association of the United Kingdom. (cited 07-03-2019). Available from: 
https:llwww.martln.ac.uk/species/detail/1421 

Walker, D.I., Younger, A., Stockley, L , Baker-Austin, C., 2017. E:scherichia co/itesting and enumeration in live 
bivalve shellfish - Present methods and Mure directions. Food Microbiology XX,XXXX 

Wilson, E. 2008a. Necora puber Velvet swimming crab. In Tyler-Watters H. and Hiscoek K. (eds) Marine Life 
Information Network: Biology and Sensitivity Key Information Reviews, [on-line). Plymouth: Marine Biological 

Docutl'tmt No 

--- - ___________!J 



Document Title 

Association of the United Klngdc 
https:llwww.marlin ac.uk/specie: 

Wilson. E. 2008b. Homarus gan 
Information Network: Biology an 
Association of the United Kingdc 
https:/Jwww.marlin.ac.uk/specie: 

Docu , 1t No 



---------------------
From: 

Sent: 
To: 
Subject: 
Attachments: 

Hi Sarah 

Aberson, Marja 
08 March 2019 14:38 
Kiernan, Sarah 
RE: CEFAS report 
wt0923-i m pact-of-chronic-microbial-pollut ion-on-shell fish• 2013-fi nal .pdf; CEFAS _ 
2011_-water-flesh-relationships-final-report.pdf 

For your reference please find attached the 2x CEFAS report I sourced yesterday. 

I didn' t want to finish off cleaning up my notes from yesterday t ill I heard back from yourself / Stephanie as didn't 
want to bill any more hours. 
I've been in the lab instead. 

Let me know if you'd like me t o write a few summary paragraphs next week. 

Although the CEFAS work had ind icated a (in some cases large) proportional increase in E.coli in t issues relative t o 
concent ration in water, assumptions had been made and some work was based on microcosm experiments and no 
in situe work in the field. 

Many thanks 

Marja. 

Dr Marja Aberson I Jacobs Senior Manne Ecologist I Environment Maritime & Res1l1ence I I 



--------------------From: 
Sent: 
To: 
Cc: 
Subject: 

Thank you, that's really useful. 

Aberson, Marja 
12 March 2019 16:52 
Kiernan, Sarah 
McGlynn, Stephanie 
RE: GOD - Ecoli levels in discharge 

Especially if even outside of the bathing seasons {I assume winter) the levels <200,000 and not modelled as 300,000 
which is when the main harvesting period is for the razor clams at Malahide (e.g table 9.17 ). 
Am getting there with the lit review (it is just a memo). In the final section I am trying to direct ly pad/ support out 
the responses set out by t he applicant to any concerns raised so a quick prompt if needed. 

A lot of 'chronic' effects are investigated (by CEFAS) lookin at exposure exceeding 5 days and with no variation in 
water concentration of E.coli in that t ime; which in a open coastal nvironment we'd expect so we can use that to 

negate any concerns. ,,_ '?~ \.l\Le.., "'--f-e.._p. _ IL-i ~k l.o <'.!_,.,,,_ \( 

v'\ o ...\ ,ol"1 ~,sk klu.. lv ~ ,,➔, 1-. 
Apologies th is is taking longer than I had hoped, it is a lot of literature to digest and then summarise in discrete ~~--. 
paragraphs. 

Thanks 

Marja. 

Dr Marja Aberson I Jacobs I Senior Manne Ecologist I Environment. ~~anlm1e & Resilience I 
I www.jacobs.com 

From: Kiernan, Sarah 
Sent: 12 March 2019 16:40 
To: Aberson, Marja <Marja.Aberson@jacobs.com> 
Cc: McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com> 
Subject: FW: GOD - Ecoli levels in discharge 

Hi M arja, 

Please see below contest for your lit review advice. 

Kind Regards, 
Sarah 

Sarah Kiernan BSc. MSc. MCIWEM C.WEM CEnv I Jacobs I Technical Director - Environment I Environment, 
1 1 nt '1e & Res l1encr I I www. jacobs.com 

From: O'Keeffe, Ciaran 
Sent: 12 March 2019 16:38 
To: 'Cathriona.Cahill@rpsgroup.com' <Cathnona.Cahill@rpsgroup.com> 
Cc: ' ian@ benthicsolutions.com' <1an@benthicsolut1ons.com>; 'james.mccrory@rpsgroup.com' 
<1ames.mccrory@rpsgroup.com>; 'alan@marcon.ie' <alan@marcon 1e>; Kiernan, Sarah 
<Sarah.Kiernan@jacobs.com>; McGlynn, Stephanie <Stephanie.McGlynn@1acobs.com> 
Subject: GOD - Ecoli levels in discharge 
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I 



• ·1 

Cathriona, 

Following our meeting with Senior Counsel last week we have received data from Ringsend for 2018 providing the 
levels of ecoli in the discharge outside the bathing season (i.e. no UV treatment). These levels vary considerably, 
with very few data points exceeding 200,000 du/l00ml with an average discharge of c. 79,000 cfu/lOOml. The 
model run of a continuous 300,000 cfu/l0Oml is therefore considered very conservative and we are satisfied that 
there will be negligible impact on the shellfish from normal operation of the WwTP. 

Risk of Failure of the WwTP. 
We have reviewed the potential failure mechanisms of the WwTP. The embedded design mitigation measures 
ensures that a total failure of the plant is so minimal as to be non-existent. In the unlikely event that all power 
should fail, raw sewage cannot reach the marine environment, as the WwTP inlet pumps would not be working and 
therefore sewage would not be able to pass through the plant. The Abbotstown and Ballymun pumping stations 
would in turn not pass forward flows to the WwTP and storage in the catchment would be mobilised. A prolonged 
power outage at the plant would eventually cause sewage flooding in the catchment and discharges to the local 
watercourses. Therefore Ignore the previous 3,000,000 cfu/lOOml ecoli discharge. We are satisfied that such a 

discharge would not occur. 0,-s~ ~ lo \ ~ l"rL ~l~. -\--c::v-~-S' • r- W\N..r~ · \s s\.w-~~ ? ta....sp. ~ l-cu( 
The plant has been designed to facilitate planned maintenance, i.e. taking individual process\lnits offline and ~ 

distributing flows to other units, and still maintain the proposed treatment standards. As a result of this planned · , • . 
maintenance the risk of partial failures is minimised. However, in the event of such an event, the flows would be ~ c \S 

distributed to other process units with no Impact on the treatment standards. -\-t.:. S . 

The recent plume In Rlngsend, caused in the main by significant non sewage suspended solids over loading on the 
treatment plant also coincided with a failure of the aeration system in one of the SBR tanks. The tank in question 
had to be taken off line resulting in a decrease in treatment capacity and the flows on that tank could not ne 
distributed to the already overloaded other tanks. Ecoli levels in the discharge during this event were measured at 
233,300 cfu/lOOml. Therefore the failure run of 300,000 cfu/lOOml over a continuous three day period as previously 
reported is representative of such a partial failure of the WwTP and we are satisfied that there is negligible impact 
as a result. 

Regards 

Ciaran 
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A scenario to assess the impacts of discharging untreated effluent over a three day period, simulating 
a process failure at the proposed WwTP was undertaken. The flows and loads defined to the model are 
detailed in the table below. 

The model commenced the simulation on 18/04/2015 at 00:00hrs with the proposed ~OD Project 
discharging at average daily flow rate of 1.63 m3/s with a coliform concentration of 300,000 mpn/100ml. 

The process failure was simulated to occur on 26/042015 at 12:00hrs resulting in Immediate increase 
In coliform concentrations to 3,000,000 mpn/100ml in the discharge flow until 29/04/2019 at 12:00~rs 
when coliforms concentrations reverted back to the normal discharge level of 300,000 mpn/100ml. 

Table 1: WwTP Flows and loads defined to Numerical Model 
I 

WwTP , Flow rate (m3/s) Cohforms (mpn/100ml) 
I 

Ba rnageeragh 0.09 1,000 

Portrane 0.06 1,000 

Malahlde 0.05 1,500 
·-- -~ 

Swords 0.16 100,000 
--

s hanganagh 0.36 100,000 

Rln gsend (future 6.95 300,000 average) 

oposed GDD 300,000 (from 18/04 00:00 to 26/04 12:00) I 
Project 1.63 3,000,000 (from 26/04 12:00 to 29/04 12:00U 

(average) 300,000 (from 29/04 12:00 to 06/05 00:00) 

The extents of the coliform effluent plume at mid flood, high tide, mid ebb and low water on the final 
day of the process failure (29/04/2015) are presented below in Figure 1 to Figure 4. The 
concentrations are coloured in accordance with the contouring intervals adopted previously in the 
EIAR report. 

The attached video (Video_ProcessFailure_MaxColiforms.avi) shows the evolution of the coliform 
plume over time from 26/04 through the period of the simulated process failure(26/04-29/04) and 
continuing until 03/05. Whilst the process failure does obviously result in period of significant increase 
in coliform levels throughout the coastal waters of north county Dublin, the receiving waters are 
shown to gradually return to conditions preceding the process failure over a matter of days. 
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29/04/2015 3:00:00 Time Step 267 of 426. Sigma Layer No. 5 of 5. 
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i Above 1000 
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250 - SOO 

D Below 250 
D Undefined Value 

Figure 1: Coliform concentrations during mid flood on final day of process failure scenario. 
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29/0412015 6:00:00 Time Step 270 of 426. Sigma Layer No. 5 of 5. 

COLi (/100ml) 

Above 1000 
500-1000 
250 - 500 

Below 250 
D Undefined Value 

Figure 2: Coliform concentrations during high water on final day of process failure scenario. 
¥t8 
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Figure 3: Coliform concentrations during mid ebb on final day of process failure scenario. 
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Figure 4: Coliform concentrations during low water on final day of process failure scenario. -

• .. 



----------------------
From: 
Sent: 
To: 
Cc: 
Subject: 

Attachments: 

HI 

FYI- here is the extract from : 

Aberson, Marja 
14 March 2019 13:35 
O'Keeffe, Ciaran; 'dwhite@water.ie' 

Kiernan, Sarah; McGlynn, Stephanie; 'ian.wilson@benthicsolu tions.com' 

RE: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 
300k model 
CEF AS_ WT0923-i mpact-of-chronic-rnicrobial-pol lution-on-shel I fish-2013-final. pdf 

Cefas, 2013. Impact of chronic microbial pollution on shellfish. Project WT093. Cefas/CREH report to DEFRA. 88 pp (report also 
attached). 

Highlighted for both tables is t he values for cockles (assumed worse case) and the 'all species', standard values for 
the SWD standard of 300 and the Class A of 230 

Note - in table 5.3 of the memo i mistakenly lifted of the values for all three species for 75% target a nnual 
compliance for Class A and not 80% 

I 



fable S - lndi<atrve water stc111dar ds required to ~chie"e shellfish flesh standard of 300 E. <oli MPN/ 100g) 

Species No Target Compliance Geomean Estimated geomean Estimated ~ile 
samples annual required in ,equlred in Oesh E. co/i in ieawater E. coli in seawater 
annual coniplian<e individu~I (MPN/lOOg) (cfu/lOOml) (cfu/lOOml) 

rate ('6) "1mples ('6) 
4 95 99 28 2.2 8 
4 90 97 45 3.4 l3 
4 80 95 57 4.3 16 

Mussels 
4 75 76 149 10 38 

.l2 90 95 57 4.3 16 
12 80 87 97 7 26 
12 75 76 149 10 38 
4 95 99 14 2.1 16 
4 90 97 26 3,6 27 
4 80 95 36 4.8 36 

Pacific 4 75 76 121 14 108 
oysters 

12 90 95 36 4.S 36 
12 80 87 71 9 66 
12. 75 78 112 13 100 
4 95 99 8 0.03 0.3 
4 90 97 16 0.05 0.5 
4 80 95 23 0.07 0.7 

Cockles 4 75 76 102 0.28 2.8 

12 90 95 23 0.07 0.7 
12 80 87 53 0.16 l.5 
12 75 78 93 0.26 2.5 
4 95 99 2.8 0.39 5.6 
4 90 97 7.1 0.66 9.5 
4 80 95 11 0.38 13 

All 
4 75 76 74 2.7 38 

specles 
12 95 99 2.8 0.39 5.6 
1.2 90 95 11 0.88 13 
12 80 87 32 1.6 23 
12 75 78 74 2.7 38 
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Table 6- Indicat ive ., ate, standards rec1uh ed l" ~,I ,Ieve shellfish flesh .t,1ntlar<I of l30 E. u:r/i M 0 N/100g 

Species No. Target Com11Ha11ce Geomean Estimated geomean Estimated 900Aile 
samples annual recIuirecl in required in flesh E. coli in seawater E. coli in seawater 
/annum compliance Individual (MPN/lOOg) (du/1001111) (d u/l OOml) 

rate (%) samples (%) 
4 95 99 21 1.7 6 
4 90 97 34 2.7 10 
4 80 95 44 3.4 12 

Mussels 
4 75 76 114 8 30 

12 90 95 44 3.4 12 
12 80 87 75 5.5 20 
12 75 76 114 8 30 
4 95 99 11 1.7 12 
4 90 97 20 2.9 21 
4 80 95 28 3.8 28 

Pacific 4 75 76 9,1 11 85 
oysters 

12 90 95 28 3.8 28 
12 80 87 55 7 52 
12 I 75 78 86 11 79 
4 95 99 5.8 0.02 0.2 
4 90 97 12 0.04 0.<l 

4 80 95 18 0.06 0.6 

Cockles 
I! 75 76 79 0.22 2 2 

12 90 95 18 0.06 0.6 
12 8t' 87 41 0.12 1.1 
12 75 78 71 0.2 2.0 
d 95 99 2.2 0.33 4.8 
4 90 97 5.4 0.57 8 
4 80 95 8.7 0.75 11 

il.11 
4 75 76 57 2.3 33 

species 
12 95 99 2.2 0.33 4.8 
12 90 95 8.7 0.75 11 
12 80 87 15 1.4 20 
12 75 78 50 2.1 30 

Dr Marja Aberson I Jacobs I Senior Marine Ecologist I Environment Maritime & Resilience I 
Mana.Aberson@jacobs corn I www.jacobs corn 
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From: O'Keeffe, Ciaran 
Sent: 14 March 2019 12:08 
To: 'dwhite@water.ie' <dwhite@water.ie>; Aberson, Marja <Marja.Aberson@jacobs.com> 
Subject: FW: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

fyi 

From: Cathriona Cahill <Cathriona.Cahill@rpsgroup.com> 
Sent: 14 March 2019 11:33 
To: O'Keeffe, Ciaran <Ciaran.0Keeffe@jacobs.com> 
Cc: McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com>; Ian Wilson <ian.wilson@benthicsolutions.com> 
Subject: [EXTERNAL] Fwd: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

Hi Ciaran 
Ian has set out some notes below on his review of the memo 
Chat at 12 

Get Outlook. for Android 

From: Ian Wilson <ian.wilson@benthicsolutions.com> 
Sent: Thursday, March 14, 2019 11:03:57 AM 
To: Cathriona Cahill 
Cc: James Mccrory; Simon Zisman 
Subject: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

CAUTION: This email originated from outside of RPS 

Cathriona, 

Thanks for the document. This makes for an interesting read and is very useful as a general literature review of the 
situation. However, this has highlighted a few potential points. 

• The proposal for revised E.coli discharge is 300k/1O0ml, would appears to be very conservative and may 
create unnecessary impacts. 

• The revised model was pulled out of the response document (already sent in the submissions). This uses the 
250cfu/100ml as the bottom contour so is very insensitive to low level contours that may exist over the 
shellfish waters as a whole. 

• The review was not specific for Ensis, but from an ecological point of view, the impact to this species from a 
chronic coliform is more likely to reflect that of the cockle than the mussel. This means that this species will 
be quite sensitive to continual import inputs. 

• The details in the shellfish study indicates that there is a direct linear relationship between water quality and 
shellfish uptake of coliforms. Uptake is rapid within 1 hour of exposure and plateaus at 17 hours. Flesh 
counts reduce almost as quickly on flushing events so an equilibrium based on a tidal cycle and constant 
input could be expected. 

• The key area of concern would be maintaining a Class A status for this species at these rates. A comparison 
from the 300k model and the uptake factor described for other species would suggest that this is unlikely to 
be maintained, although we have no current level of flesh or water quality for this area. 

• Comparison with levels given in the submission for Velvet strand varies from 4 to 18 cfu this might be similar 
to what would be expected at the seabed in the Malahide SW. If we assumed an average of these rates at 
around llcfu (based on a tidal flushing), then this would arguably only meet Class B for Mussels, with Ensis 
likely to be significantly more sensitive than this. 

Overall, the question of meeting water quality requirement of <250cfu/100ml for the Shellfish waters is likely based 
on the model, but a chronic release based on the 300,000cfu/l00ml is also likely to degrade the waters where Class 
A is unlikely to be achieved. Therefore, if a specific question is raised as to the expected Class qualification to 
shellfish as a result of this outfall within the Shellfish waters, it would be impossible to argue against a degradation 
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of quality based on the recent model used and the uptake data that is currently available for this species. We need 
to be sure of IW and Jacobs position on this if this is raised in the OH. Note that th is is a socio-economic and not an 
ecological issue. 

Regards 

Ian Wilson 
Benthic Solutions Limited 

ian@benthicsolutions.co.uk 
www.benthicsolut ions.co.uk 

Reg,ste•ed n f~g and Co'llpMy P.eg s1 a:,o Number Sl1S407 
Regi tered C' ce: Cop1•'ord, Ha 1,·. I Road W o,I,a01, Norfo, /1,Rll ST. 

This emt11l ._11,d any files trans1111t1e vmh 1t i..11 corlf1dent1al and ri1i1y be legallyµ, iv1ll1-ged If you have received this emarl i r, error, pit a,e notify the sender by replying by C'm :1, and 
delete 1t from your system Done;· copy or disclo~L~ ,,) content!) to anyone The content of th1., em"il o, any;.H' (hn 1 t-11t may cont 11n software v1r u_,es w h1c 1 cou1a dam.ii yow own 
co01p11te, Althou •t Wt tiave tu11:e1, preca•.1t1ori 1., n1,..·mise this risk. we c:annot acceru te pon b1t:ty for a11y dJmage res\.llt•n& frcni a comp..1?er v1ru::. Yo1.1 must c.arr)i ulJl your own 
vh..1> cl e t_J, befo·e _.,. •riln tn1 ema r ., ,, a~ .ad merts 

In lne ,·,,th the G ene0 al Da•~ Prc:e 1,on Regulat•on {GDPR) o.ir Pr",1cv Policy Mas be•n upd,1ted for comp. l'te A copy o' °"' P ,vdty Pol,C', ea~ be pro,id~ on Ieq1.e t. 

From: Cathriona Cahill <Cathriona.Cahill@rpsgroup.com> 
Sent: 13 March 2019 18:38 
To: Ian Wilson <ian.wilson@benthicsolutions.com> 
Cc: James Mccrory <James.McCrory@rpsgroup.com>; Simon Zisman <Simon.Zisman@rpsgroup.com> 
Subject: Fwd: Marine 

Hi Ian 
See attached. 
I will give you a call to discuss in the morning 

Get Outlook for Android 

From: McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com> 
Sent: Wednesday, March 13, 2019 6:30:34 PM 
To: Cathriona Cahill 
Cc: Kiernan, Sarah 
Subject: RE: Marine 

Hi Cathriona, 

Please see attached preliminary memo re. shellfish from our expert. 

. . . .. 

Could you please revert as soon as possible with any comments and we wi ll aim to arrange a call with the shellfish 
experts and relevant specia lists tomorrow. 

Kind regards, 

Stephanie 

From: Cathriona Cahill <Cathriona.Cahill@rpsgroup.com> 
Sent: 13 March 2019 15:29 
To: McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com>; Kiernan, Sa rah <Sarah Kiernan@jacobs.com> 

5 



Cc: O'Keeffe, Ciaran <Ciaran .OKeeffe@ jacobs.com> 
Subject: [EXTERNAL] Marine 

Hi Girls 
Apologies for the delay. 

Just to note that Ian has proposed t o include Figure 1 which addresses the failure event at the outfall pipeline. 
(please note this is new information) 
However, I am unsure now if this should be included based on Ciaran's email last night regarding the change in the 
failure event. 
Also see comment re : shellfish. 

Let me know if you need to discuss. 

Cathriona Cahill 
Associate Environment 
RPS I Consulling UK & Ireland 
West Pier Business Campus 
Dun Lao ha1re , Co. Dublin A96 N6T7 Ireland 

rpsgroup.com 

This e-mail message and any attached file is the property of the sender and is sent in oonfidence to the addressee only. 

Internet communications are not secure and RPS is not responsible for their abuse by third parties, any alteration or corruption in transmission or for any loss 
or damage caused by a virus or by any other means. 

RPS Group Pie, company number: 208 7786 (England). Registered office. 20 Western Avenue Milton Park Abingdon Oxfordshire OX14 4SH. 

RPS Group Pie web link: http 1/www rpsgroup corn 

r~OTICE • Th co 1m m1cat1on 'l"-lY contain co fidential and ·1legtd information tl1at Is for the ~ole use of the ,tended recipient. Any 
vIewI11g, coI ylng or 1istnbut,or of, o r rehanc' on this m1.ssage. by l I ntencled , •cIpIents Is strictly pro 1ibited. If you have received th,s 
message ,n error, please notify us 1mmPd1ately by reply -ig to the m, ssage an I delet ing it from your omputer. 

This e-mail message and any attached file is the property of the sender and is sent in confidence to the addressee only. 

Internet communications are not secure and RPS is not responsible for their abuse by third par~es, any alteration or corruption in transmission or for any loss 
or damage caused by a virus or by any other means. 

RPS Group Pie, company number: 208 7786 (England). Registered office: 20 Western Avenue Milton Park Abingdon Oxfordshire OX14 4SH. 

RPS Group Pie web link: http //www rpsgroup corn 

This e-mail message and any attached file is the property of the sender and is sent in confidence to the addressee only. 

Internet communications are not secure and RPS is not responsible for their abuse by third parties, any alteration or corruption in transmission or for any loss 
or damage caused by a virus or by any other means. 

RPS Group Pie, company number: 208 7786 (England). Registered office. 20 Western Avenue Milton Park Abingdon Oxfordshire OX14 4SH. 

RPS Group Pie web link http //www rpsgroyp con~ 
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___________________ ,_ 

From: 
Sent: 
To: 

Subject: 
Attachments: 

Hi Sarah 

Aberson, Marj a 
13 Ma, ch 2019 16:32 
Kiernan, Sarah 
RE: DRAFT memo 
Memo_GDD E coli.docx 

Please find attached a draft version of memo. IT has not been through CRAV so may not be fi t for external 

d istribution . 

Please accept my apologie s for the long de lay, I t hink I would have happily spent all week o n it , not so helpful. 

Am wo rking latish today (7ish) and t omorrow so avai lable if needed. 

Thanks 

Marja. 

Dr Marja Aberson I Jacobs I Senior Manne Ecologist Environment. Maritime & Resil ience I I 



.JACOes· Memorandum 

Kenneth Dibben House 
Enterprise Road, Southampton Science 
Park 
Chilworth, Southampton SO16 7NS 
United Kingdom 
T +44 (0)23 8011 1250 

F +44 (0)23 8011 1251 

Subject Literature review E. coll Project Name Dublin Drainage Project 

Attention <Name> 

From Marja Aberson 

Date 13 March 2019 

Coples to <Name> 

1. Aim 

This short literature review of accumulation of the bacteria Escherichia coli in shellfish , encompasses 
the following: 

Section 2: Summary of data and literature sources used. 

Section 3: Potential limitations and important considerations identified. 

Section 4: A high-level summary of the sensitivity of targeted commercial shellfish to potential 
pressures from the proposed discharge during operation (of the marine section). 

Section 5: Background summary information of factors affecting concentrations of E. co/i in the 
environment, in shellfish, and current understanding of the relationship between these 
parameters. 

Section 6: Additional text to supplement 'The Applicant's response to consultees concerns of 
potential impact on shellfish waters and shellfish from the proposed discharge ( of the 
marine section), as documented in Jacobs (2019). 

2. Methods 

Peer and non-peer reviewed literature has been sourced, and these have included the following: 

• Cefas Project Reports to DEFRA (2006 -2013). 

• Cefas Shellfish Water Quality Investigation Reports (2012) 

• Scientific peer-reviewed literature (1984-2018). 

• Marine Life Information Network (Marlin): Biology and Sensitivity Key Information Reviews. 
[Accessed On-Line March 2019). The reviews are cited from the MarLIN sensitivity assessment 
process, which is currently being superseded by the MarESA approach to assessment for 
species and biotopes. 

Much of the information summarised in this document, is cited from reports submitted by Cefas to 
DEFRA as part of the Projects WT1001 ('Factors affecting the microbial quality of shellfish') and 
WT0923 ('Impact of chronic microbial pollution on shellfish'). These technical reports themselves 
provided a comprehensive overview of scientific literature, and report upon results of experimental 
work that investigate the relationship between concentrations of E. coli in ambient waters and in the 
tissues of shellfish. 
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3. Limitations and considerations 

• The Marlin sensitivity review data Is not available for all commercial shellfish species of 
Interest, and with low level of associated evidence and/confidence In assessments made. 

• Significant bias In studies of commercial shellfish species (e.g. Mytl/us edu/1s) over others 
(e.g. Ensls sp.). 

• Likely high inter-species variation in accumulation and depuratlon rates. 

• Difficulty In assessment of mobile species (e.g. Cancer pagurus and H. gammarus) due to 
life history and lack of data. 

• Assessments of rate of uptake and clearance are often undertaken under a microcosm 
laboratory condition where expected variations In environmental conditions will not be 
Incorporated. 

4. Sensitivity Review 

Table 4 1 summarises the sensitivity review of key commercial species harvested in the area, in 
response to all key potential pressures of the proposed discharge. Although Pecten maximus and 
Mytilus edulis are not listed as a targeted species in Northern Fingal (Table 9.17, EIAR) they are listed 
as a principal shellfish species in the area (Table 9.16, EIAR). 

Potential pressures may encompass physical (smothering, increased sediment deposition and 
turbidity), chemical (changes in nutrient and oxygenation levels), and biological (increase in 
pathogens). No sensitivity review data was available for the following commercial species of interest: 
Necora. puber, Homarus gammarus, Palaemon serratus and Buccinum undatum. 

Except M. edulis, all species are assessed to have a low level of intolerance and high recoverability to 
any potential physical disturbances, and with all species (except P. maximus) being of low sensitivity 
to such pressures overall. All species are assessed to have low level of sensitivity to chemical 
pressures overall, but with the bivalves P. maximus, Ensis sp. and M. edulis exhibiting an 
intermediate level of intolerance to one or both potential chemical pressures listed in Table 4 1. 
Responses to an increase in microbial pathogens/parasites had only been assessed in 
Cancer pagurus and M. edulis; with both species assessed as being of low sensitivity. 
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Kenneth Dibben House 

Enterprise Road. Southampton Science 

Park 

Chifworth, Southampton S016 7NS 

United Kingdom 

T +44 (0)23 8011 1250 

F +44 (0)23 8011 1251 

Table 4 1: Sensitivity of commercial shellfish species, as reviewed under the Marlin sensitivity assessment process. 
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Cancer pagurus , Very high l Very low 

Increase in suspended sediment Low ·r~ ---- Low - - . 
Increase in turbidity Tole,ant Not relevant Not sensitiw 

Chemical Changes in nutrient level Tolerant Not relevant 
Notsens~ f~--

Changes in oxygenation Tolerant l Very high Not sensitive High 

Biological Introduction of microbial pathogens/parasites Intermediate 
1 

Moderate Moderate High 

Velvet swimming crab Necora puber I No data available Wilson (2008a) 

European lobster Homarus gammarus No data available Wilson (2008b) 

Shrimp Palaemon serratus No data available Neal (2008) 

Whelk Buccfnum undatvm I No data available Ager(2008) 

Great scallop Pecten maximus Physical Smothering low 
I 

I High Moderate Moderate Marshall and Wilson 

Increase in suspended sediment Low I High ! Low (2008) 
__._ 

Increase in turbidity Tolerant Not relevant Not sens'itiw Not relevant 

Chemical Changes in nutrient level Low Moderate 

Changes in oxygenation Low I Very low 

Biological Introduction of microbial pathogens/parasites No data available 

Razor clam Ensissp. Physical Smothering Tolerant Not relevant Not sensillve i High Hill (2006) 

Increase in suspended sediment Low High ~ - ~ High 

Increase in turbidity low High Low Moderate 

Chemical Changes in nutrient levels Intermediate High Low 

Changes in oxygenation Intermediate High j Low 
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Biological Introduction of microbial pathogens/parasites No data available 

Blue mussel Mytilus edulis Physical Smothering Intermediate High Tyler-Walters (2008) 

Increase in suspended sediment Law lntennediate 

Increase in turbidity 

Chemical Changes in nutrient levels Intermediate 

Changes in oxygenation Low 

Biological Introduction of microbial pathogens/parasites Intermediate 
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F +44 (0)23 80111251 

5. Accumulation of E. coli in commercial shellfish 

5.1 E. coll concentrations In seawater 

The degree of E. coli contamination of a receiving water body by a Waste Water Treatment Works 
(WwTW) will be primarily influenced by the level operational activity of the plant itself, but in addition 
to this the potential risk of accidental release from sewage overflows or plant failure. Heavy rainfall 
and increased fluvial inputs may also increase the loading and subsequent E. coli contamination of a 
receiving water body (Craig et al., 2008; Cefas, 2012a; Cefas, 2012b). 

The concentration of the bacteria E. co/iwithin crude sewage itself will not exhibit a clear normal 
distribution pattern (curve) with often skewed abundances as bacteria often occurs in clumps. 
Following dilution with the receiving waters, the distribution curve of bacteria will be expected to flatten 
across its range of concentrations, thereby also increasing its variation in levels (Cefas, 2013). The 
fate and transport of faecal bacterial once released into ambient waters will be influenced by a 
number of complex and interacting processes where concentrations may be further affected by 
temperature, salinity, tidal conditions, current velocities and geomorphological features of the water 
body itself. Discharges into shallow tidal inlets with constricted entrances may create complex tidal 
currents and flow patterns restricting the potential mixing and dilution of any contaminants in the water 
column (e.g. Portsmouth Harbour, UK (Cefas, 2012a)). Discharges into an open coastal system 
subject to strong tidal currents may promote rapid diffusion and dilution of faecal bacteria levels in the 
plume. Hydrodynamic modelling of the narrow, Dart Estuary (Devon, UK) were simulated across five 
days in January for a sewage overflow of untreated sewage discharge of 200 m3 (Garcia et al., 2018). 
It was computed that overall, the largest area of E. coli contamination (> 10 cfu/100ml) occurred du ring 
periods of neap tides and low river discharges, but also with a maximum value obtained during neap 
tide and high river discharges; these both representing the worse-case scenarios. 

The exponential decay (die-off) rates of E. coli in the environment will be a function of natural factors 
including temperate, salinity and irradiation (Garcia et al., 2018). A review by Craig et al., (2004) 
concludes that in general, within the water column, there is a positive relationship with rates of decay 
and temperature and sunlight. However, an increase in turbidity of the water may restrict any solar 
penetration through the water column. An in-situ study by Craig et al, (2004), further showed that 
E. coli can persist in coastal sediments even after any rapid decline of levels in the overlying water. 
Within contaminated sediments, particle size has also been shown to be important factor with an 
increase in E. coli decay rates in those sediments comprised of larger particles and containing low 
organic carbon. It may be that increased nutrient availability in those finer sediment may provide an 
important food source for bacteria. 

5.2 E. coll concentrations in shellfish (review by Cefas, 2012c) 

Accumulation of E.coli bacteria in bivalves will occur during filter-feeding (process of water pumping 
and filtration). This process can be limited by the physical properties of the filter pump and 
concentration of food in the water. Filter feeding has been shown to be autonomous and not regulated 
at the organism level with processes kept open and operating at a constant rate during optimal 
conditions. The efficiency of accumulation can naturally vary with external environmental conditions 
such as concentration and composition of particulates, temperature, current speed, and in part 
viscosity of the water. 

Pumping rates are shown to increase with increasing temperature and also with a decrease in 
viscosity; of which is in itself temperature dependant. Effects of changes in salinity have not been 

Enter Document No. via Document Properties 



JACOBS
9 

Memorandum 

Literature review E. coli 

shown to be as important as temperature but with a general pattern of delayed valve opening with a 
decrease in salinity. Euryhaline bivalves can tolerate and thus feed in lower saline conditions (e.g. 
M. edulis) than others (e.g. Ostrea edulis and Ensis sp.). Species-specific responses to different 
environmental conditions thus may overall, naturally result in different rates of accumulation. 

There has been shown to be wide inter-specific differences in relative levels of accumulation and so 
contamination in different bivalves. For example, levels of E. coli in M. edulis and Cerastoderma edule 
have been shown to be approximately 1 <2, to 3 times higher than Magal/ana gigas (previously called 
Crassostrea gigas), respectively. Variations in accumulation may be attributable to physiological 
differences but also due to methods of growth (e.g. in bags on bed verses grown directly on bed 
itself). Even among shellfish of the same species in any one bed, the distribution of E. coli in tissues 
can be variable both spatially and over time, with levels between monitoring points varying by 2-3 
orders of magnitude within just a few hours (Walker et al. , 2017; Cefas, 2011 ). 

5.3 Uptake of E. coll in shellfish in response to concentrations in seawater 

it can be difficult to directly quantify the relationship between E. coli concentrations in the water to the 
uptake and accumulation in the flesh of shellfish. However, recently funded DEFRA projects 
undertaken by Cefas in the UK sought to: explore the relationship between microbial quality of 
shellfish flesh and seawater, investigate the dynamics of uptake and clearance of E. coli in shellfish 
subject to chronic contamination, identify water concentrations of E. co/i which would be compliant 
with the Shellfish Water Directive (SWD) "guideline" standard (G) of 300 cfu/100g (in 75% of 
samples), and make recommendations regarding an E. coli standard (water column standard verses 
shellfish flesh) for shellfish protected areas (Cefas, 2011 ;Cefas, 2012b; Cefas, 2013). 

5.3.1 Relationship between concentrations In seawater and shellflsh 

The relationship between E. coli counts in sampled seawater and shellfish flesh of three species 
(0. edulis, M. gigas and Mytilus spp. (M. edulis and Mytilus gal/oprovencialis data not separated)), 
sampled between 1991-1994 within six different production areas in the UK was analysed 
(Cefas, 2011 ). The level of contamination between the three bivalves, as expected was variable with 
M. edulis being more contaminated overall and for all species a greater geometric mean 
concentration calculated in the tissues than in the seawater. For all data pooled (all three species, 
n=602) a positive linear relationship between increasing E. coli levels in the seawater and in the 
shellfish was apparent, however, with a wide spread of values around the computed regression line. 
This wide range in measured values around the predicted values is an expected artefact of data 
obtained under natural environmental conditions. 

Microcosm tank experiments monitored the uptake of E. coli in the tissues of the bivalves M. edulis, 
M. gigas and C. edu/e exposed to chronic exposure (continuous dosing for 5 days) to a range of water 
quality levels (1 cfu/100ml- 330 cfu/100ml) (Cefas, 2013). Across all concentrations, a rapid uptake 
of E. coli was shown for all species to a maximum 'equilibrium' (plateau) state (within 17 hours) and 
on cessation of dosing, a rapid clearance was also exhibited.Previous studies have shown that there 
is a threshold for E. coli concentrations in the water, above which bivalves are unable to accumulate 
more bacteria, however this maximum 'equilibrium' state will vary between both individuals and 
species (Cefas, 2011 ). 

Figure 5.1 shows the time-series data for each species in the microcosm tanks under the maximum 
target E. co/i seawater conditions (330 cfu/100ml). Changes in concentrations in the shellfish appear 
to mirror changes in the ambient seawater for all species during the 10-day experiment. Where only a 
low percentage (35% overall) of the variation in concentrations of shellfish tissue was explained by 
concentrations in the water from analysis of historic monitoring data (Cefas, 2011 ), under these 
microcosm conditions, this was found to be much higher at 55 - 60%. The overall factorial increase 
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between seawater and shellfish E. coli concentrations (as calculated across all tank concentrations) 
ranged from 11 . 7 for M. gigas, 15.2 for M. edulis, and 330 for C. edule with a wider range of 
accumulation rates found overall for C. edule at each seawater tank concentrations. Although flesh 
concentrations increased linearly with concentrations of the tank seawater, there was no direct 
association with an increase in seawater concentration of the microcosms and resulting accumulation 
factor. 

The rate of accumulation in tissues in the study was overall proportionate to the changes in water 
quality, the rate of clearance following the end of dosing was not as much (Figure 5.1 ). Bacteria can 
be rapidly cleared from shellfish when exposed to clean waters, with an initial phase of greatest 
clearance lasting <1 0hrs then followed by a less evident phase of 10-30 hrs. Within 24 hours of 
exposure to un-contaminated waters, clearance rates of approximately 100 times the initial 
concentrations have been observed in mussels and oysters (Cefas, 2011). 
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Figure 5.1: Time series of levels of E. coli in tank water and tissues of a) M. edu/1s, b) M. gigas 
and c) C. edu/e for the target tank water concentration of 330 cfu/100ml. X-axis is hours 
relative to start of sewage dosing with Green line= period of sewage dosing. Red line = flesh 
concentrations and Blue line= tank water concentrations (Cefas, 2013). 
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Investigations of E. coli accumulation in M. edulis, C. edule and M. gigas was also undertaken in 
Mumbles Bay, UK across 10- day exposure period in September 2011, by attaching specimen bags to 
the intertidal zone at the site (Cefas, 2013). The relative ordering in inter-species E. co/i accumulation 
remained valid with other studies and the microcosm experiment (e.g. greatest uptake in C. edule). 
However, no clear statistically significant difference between mean E. co/i concentrations between the 
three species sampled from these environmental investigations was reported; only in comparison with 
E. coli seawater concentrations. Variation recorded in both water and flesh concentration is expected 
and will reflect variations in the environmental waters. 

Direct measurements of water quality in the study area did not significantly correlate with E. co/i 
shellfish concentrations. Therefore, a hydrodynamic two-dimensional water quality model (DIVAST) 
predicted E. coli concentrations for Swansea Bay was also done to provide near-real-time prediction 
of E. coli concentrations for where the shellfish bags had been positioned. The results of the model 
could not find a statistically significant correlation between water quality and the laid shellfish in this 
study. Diurnal and tidal patterns in concentrations have been found to be important, indicating a 
ubiquitous and high 'natural' variability in E. co/i concentrations with differences exceeding 2 log,o 
orders diurnally even under dry conditions (review by Cefas, 2013). Such short term variability in 
bacterial concentrations may now be considered the 'normal' condition 

5.3.2 Predicting compliance using E. coll seawater concentrations 

Using the historic data collected in 1991-1994, models were computed for the three shellfish species 
0 . gigas, M. gigas and Mytilus spp., to predict compliance with the SWD G value of 300 cfu/100g 
against a range of E. coli water quality concentrations (Cefas, 2011 ). The greatest proportion of 
samples compliant was shown to be for the Pacific oyster M. gigas. Assessing all three species 
together, indicated that a geometric mean threshold of 9.6 cfu/100ml and a 90th percentile of 
55 cfu/100ml in seawater would be equivalent to the current SWD G standard. 

The indicative thresholds for E. coli water concentrations for each species to meet the SWD G based 
on this study is listed in Table 5 1, and for 90% compliance with thresholds for Class B 
(<4,600 cfu/100g) is listed in Table 5 2. However, in terms of compliance with Class A threshold (<230 
cfu/1 00m) none of the samples in this study met the criteria. 

Later studies by Cefas (2013) also calculated indicative water quality standard values, to meet both 
the SWG G and Class A thresholds for concentration of E. coli in shellfish. Estimations were semi­
quantitative (pass/fail), based either on samples taken quarterly, or monthly per annuum looking at 
overall distribution of readings to derive parameters. It is assumed that samples are taken equally 
spaced through the year and are independent; excluding any risk-based or biased sampled. 
Table 5 1 and Table 5 3 lists the indicative standards estimated for meeting the SWD G and Class A 
thresholds based on monthly sampling per annum. The indicative E. coli seawater concentrations for 
individual species are more conservative when compared to values calculated based on monitoring 
data (Cefas, 2011). 

As the thresholds determined in the Cefas (2011) study were based on historic data (1991-1994), it 
has been recommended that these are validated with more up to date samples from production areas 
to draw more accurate comparisons and be comparable with the microcosm experiments of project 
WT0923 (Cefas, 2013). 
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Table 5 1: Indicative concentrations of E.coli in seawater (geometric mean and 90th percentile) 
to achieve 75%* compliance with SWD G (300 fcu/100g) in shellfish. *Cefas (2013) data 
predicted for 75% target annual compliance rate. 

Species Study Type Geometric mean 9011
' percentile Sample size 

Seawater seawater 

cfu/100ml cfu/100ml 

Mytilus spp. Natural sampling 8.9 102 313 individuals Cefas 

(pooled sites) (2011) 

Mytilus edulis Microcosm 10 38 predicted from 12 Cefas 

samples taken per annum (2013) 

Magallana gigas Natural sampling 41 492 111 individuals Cefas 

(pooled sites) (2011) 

Magallana gigas Microcosm 13 100 predicted from 12 Cefas 

samples taken per annum (2013) 

Ostrea. edu/is Natural sampling 8.3 64 178 individuals Cefas 

(pooled sites) (2011) 

Cerastoderma. Microcosm 0.26 2.5 predicted from 12 Cefas 

edule samples taken per annum (2013) 

Table 5 2: Indicative concentrations of E. coli in seawater (geometric mean) to achieve target 
annual 90% compliance with SWD standard for harvesting Classification B (<4,600 cfu/100g) In 
shellfish (Cefas, 2011). 

Species I Study Geometric mean Number of samples 
I seawater 

cfu/100ml 

Mytilus spp. Natural sampling 33 313 individuals (pooled sites) 

0 . edulis Natural sampling 177 178 individuals (pooled sites) 

M. gigas Natural sampling 4,200 111 individuals (pooled sites) 

Table 5 3: Indicative concentrations of E.coli in seawater (geometric mean and 90th percentile) 
to achieve annual 80% compliance with SWD standard for harvesting Classification A 
(<230 cfu/100g) In shellfish (Cefas, 2013). 

Species Study 

I 
Geometric mean 90th percentile seawater Number of 

seawater cfu/100ml cfu/100ml samples/annum 

M. adulis Microcosm 8 30 12 

C. adula Microcosm 0.2 2.0 12 

M. gigas Microcosm 11 79 12 

Enter Document No. via Document Properties 10 



JACOBS
8 

Memorandum 

Literature review E. coll 

6. The Greater Dublin Drainage Project (GOD) 

The below section lists responses from the 'Applicant' to consultee submissions following the lodging 
of the Planning Application; responses are regarding the impact of Proposed Project on shellfish and 
shellfish waters during operation. The responses are sourced and numbered, as cited in the Greater 
Dublin Drainage Report: Response to Submissions (Jacobs, 2019). 

Succeeding each statement response(s) is further information that aims to support/ or expand upon 
these given statements. 

6.1 .1 Concerns regarding impact of Proposed Project on designated shellfish waters 

457. In summary the plumes arising .... ... from the discharge of treated wastewater from the 
proposed outfall pipeline route (marine section) fall outside the designated shellfish waters. 
Furthermore, the modelled data for the discharge during the Operational Phase indicates that the 
impact plume has a limited spatial impact and will disperse significantly into the prevailing 
oceanography at the site. This fact coupled with the discharge parameters will ensure there will be no 
impact to shellfish waters. 

Response remains valid. 
Comparisons with monitoring studies of the dispersal and fate of E. coli in water bodies in the UK 
where they are more restrictive in tidal flow and exposure, would support conclusions that the 
outcome of the model for the GOD project has a plume with a restricted impact on any surrounding 
areas, such as the designated shellfish waters at Malahide. 

6.1.2 Concerns regarding Impact of Proposed Project on shellfish 

364. Schedule 2 of S. I. No. 268/2006 does not set values for the coliform concentrations in 
the water column. Schedule 4 of S. I. No. 268/2006 sets a guide value for coliform concentrations 
equal to or less than 300 faecal coliforms per 100 millilitres in the shellfish flesh and intervalvular 
liquid but does not set values for coliform concentrations in the water column. 

Response remains valid. 
There is at present no agreed upon E. coli seawater concentration guideline value in which to monitor 
against. Recent studies have shown that for compliance with the current SWD G, there can be a wide 
range in predicted E. co/i water concentrations calculated, that primarily depend on the targeted 
species in question and methods of assessment (e.g. microcosms vs. environmental studies). As 
such these studies have not support the application of a single guideline value for water quality 
standard , where more than one species is harvested. 

Such studies done to date have focussed on only a few commercial species, primarily the blue mussel 
Myti/us edulis, the Pacific oyster Magallana gigas (previously known as Crassostrea gigas) and the 
common cockle Cerastoderma edule. There is no data available for those commercial bivalve species 
known to be harvested within the study area (razor clam Ensis sp), whelks (Buccinum undafum) and 
large mobile crustaceans (Homarus gammarus and Cancer pagurus). 

366. There is no direct relationship between the concentration of coliforms in overlying water 
and the concentration of coliforms in shellfish flesh as both the uptake/accumulation and 
clearance/removal of coliforms by filter-feeding shellfish is a dynamic process affected by many 
variables (e.g. temperature, food availability, salinity, shellfish age, season, reproductive state, health 
of the shellfish and the impacts of toxins and other contaminants. 
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Statement may require further validation If questioned further on. 
Although there is still a high level of variance in the data that remains unexplained when paired values 
of concentrations of E. coli in seawater verses shellfish are analysed; there is still a clear linear 
relationship between these two measured parameters. However, differences in the strength of this 
relationship has been shown to vary between species and between artificial microcosm conditions to 
in situ studies in the field, where natural fluxes in environmental conditions may mask any patterned 
responses or reduce any predicted effects. 

It will be important to acknowledge that following exposure that there will be likely rapid increase 
(within 1 hour) in uptake and assimilation of E. coli in tissues of bivalves, with 'equilibrium' reached 
within 17 hours (in these tested cases), and clearance following end of exposure. Microcosm studies 
done to date have looked at chronic exposure, with aim of continuous contamination over a period of 
5 days. In this data set, declines and subsequent increases in tissue concentration occurred during 
this dosing period when there had been a short-term fault in equipment, reducing the flow of diluted 
sewage into the test tanks. The patterned decline with decline in water concentration bears evidence 
that under natural conditions when these fluxes occur it will instantly result in a reduction in tissues of 
shellfish, and as likely to occur regularly and over longer periods this will naturally allow clearance to 
occur (e.g. during tidal periods). However, it also highlights the rapid physiological response by 
bivalves to uptake, which may occur following heavy rainfall for example which may for the short term 
increase uptake in tissue of resident shellfish. 

Variations in uptake and maximum concentrations at 'equilibrium' state between species has been 
shown, with an agreed ranking of greater concentration accumulated in cockles compared to mussels 
and oysters. The literature suggests that there is a maximum accumulation level a species can reach, 
independent of any further increase concentrations in the ambient waters. The duration of exposure 
will be of importance, for allowing full clearance from the tissues. It is unlikely that bivalve shellfish of 
the study area will be subject to prolonged exposure periods comparable with these experimental 
studies (e.g. 5-10 days) and 

367. The potential impacts on the Malahide shel/fishery were examined using a revised 
modelling simulation examining the discharge of coliforms at a concentration of 300,000 cfu/100ml for 
both the proposed Average Daily Flow and Flow to Full Treatment scenarios. 

370. For Flow to Full Treatment scenario, the maximum predicted coliform concentration in 
the water near the seabed was 327 cfu/100ml. For 80% of the time the predicted concentrations were 
less than 14 7 cfu/100ml with the average coliform concentration over the course of the simulation 
predicted to be 78 cfu/100ml. The coliform concentrations fluctuate between a maximum value on 
flooding tides and zero concentrations on ebbing tides. This provides equal time for 
uptake/accumulation and subsequent clearance/removal of any coliforms by shellfish. No impact is 
predicted on the shellfish water quality as a result of the proposed discharge. 

Response may require to be updated 
The modelled simulation at 300,000 cfu/100ml for normal operation of the proposed WwTP may be 
considered to be conservative (C. O'Keeffe pers. comm. 12 March 2019). 2018 discharge data from 
Ringsend WwTP have reported variable levels, with very few data points exceeding 
200,000 cfu/100ml, and with an overall average discharge of 79,000 cfu/100ml. The maximum 
modelled coliform in the water near the seabed of 327 cfu/100ml, will therefore, likely be considerably 
less than this, as will the concentrations for 80% of a given period, and the overall average. 

There will be variation in rate of uptake and rate of clearance between species, as shown in previous 
studies. This will also be expected to vary across seasons. During winter periods (low temperature 
and solar irradiation), the natural decay of E. coli in the water column may be slower than in the 
summer months, possibly also further impacted by increased rainfall and fluvial inputs during this 
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period. The lowered values currently sourced for the Ringsend WwTP were taken outside of the 
bathing season (e.g. the winter months with no UV treatment) and excluding an overflow or plant 
failure event, may indicate a worst-case chronic exposure scenario for the receiving water body and 
one that is not as conservative as the modelled scenarios. 

Local shellfisheries harvest throughout the year but with specific collection periods for some species. 
Harvesting of the razor clam Ensis sp. (predominantly Ensis siliqua) occurs over the winter months in 
the area. The Malahide production area (site name: ON-ME) has a shellfish harvesting classification 
of A, and as per the status of the last sample analysed (taken 5 February 2019), remains as 'Open'. 
Monthly monitoring data for biotoxins over the last 12 months (January 2018 - February 2019) 
reported on only one occasion (14 June 2018) a failure (status changed to 'Closed pending') but an 
additional sample taken that month, had a reported status then of 'Open' (Marine Institute, 2019). 

Unfortunately, studies to date of E. coll accumulation in Ensis spp. have not been undertaken, with 
focus on other commercially important bivalves. Substances within sediments are known to have 
longer residence time than water-borne contaminants. As bottom dwelling infaunal species, there is 
the higher risk that they will be exposed to any contaminants within the sediment compared to 
bivalves that grow above the seabed. Ensis spp. tend to inhabit coarser sediments, but with spatial 
distribution in different sediments between this con-specifics. Such sediments will likely contain a 
lower organic content and thus support a relatively lower resident population of bacteria than finer 
sediments. 

It will be imprudent to estimate a potential accumulation factor in the tissues of razor clams at 
Malahide as current work has shown a wide range of uptake rates and maximum concentrations 
between bivalve species, and with spatio-temporal differences also expected. The distance of the 
Malahide production area from the point-source (outfall pipe), and consideration of the predicted 
plume in the far field zones, and the current data from an existing WwTP in Dublin Bay, reduces the 
level of assessed risk of contamination to shellfish. It will be important to acknowledge potential 
increased risks to harvesting post heavy rainfall events and the expected natural tidal and seasonality 
in water column E. coli concentrations when harvesting. 
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8. Glossary 

Definitions sourced and adapted from: Cefas (2012c), 

Accumulation: Uptake and storage of FIOs within the cells of the living 
shellfish species. 

Accumulation factor: Measure of the intensity of the accumulation of FIOs in bivalve 
shellfish. This measure is given by the ration between the 
concentration of FIOs in shellfish relative to the concentration 
of FIOs in the overlying water. 

Bivalve filter pump: Group or bands of lateral cilia on filaments arranged in parallel 
within the mantle cavity of the bivalve. 

Chronic exposure: Contact of shellfish with E. coli in the overlying waters that 
occurs over a long time (e.g. > 5 days). 

Clearance: Process by which shellfish eliminate FIOs (e.g. from filter­
feeding in bivalve species). 

Microcosm: Artificial simplified ecosystem up under often laboratory 
conditions to predict responses to a variation in environmental 
conditions. 
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-------------------From: 
Sent: 
To: 
Subject: 

Thanks Gerry. 

I will forward to Brian Deegan too. 

Olwyn James 
Pro;ect Planning Manager 
Asset Deltve,y 

Irish Water 

Olwyn James <oj arnes@water.ie> 
14 March 2019 14:42 
Gerry O'Donoghue; Brian Deegan 

RE: GDD - Ecoli levels in discharge - Shellfish expert rnerno 

Please consider the environment befo, e printing this e-mail 

From: Gerry O'Donoghue 
Sent: 14 March 2019 13:10 
To: Olwyn James 
Subject: Fwd: GDD - Ecoli levels in discharge - Shellfish expert memo 

Olwyn, 

FYI. 
Gerry 

From: "O'Keeffe, Ciaran" <Ciaran.OKeeffe@jacobs.com> 

Sent : Thursday 14 M arch 2019 11:13 
To: Dara White <dwhite@w ater.ie> 

CC: Geoff Osull ivan <Geoff.OSullivan@ervia.ie>,Gerry O'Donoghue <godonoghue@w ater. ie> 
Subject : GDD - Ecoli levels in discharge - Shellfish expert memo 

Dara, Geoff, 

Tried calling you re above. We received a memo from our inhouse shellfish specialist last night , see attached. In my 

opinion it is not as st rong as I would have hoped for and it leaves some doubt that requires a discussion. 

Regards 

Ciaran 
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Jacobs Engineering Ireland Limited 
Merrion House, Merrion Road, Dublin 4, I reland 
Registered in I reland under number 111945 

The information transmitted is intended only for the person or entity to which it is addressed and may 
contain confidential, commercially sensitive and/or privileged material. Any review, retransmission, 
dissemination or other use of, or taking of any action in reliance upon, this information by persons or 
entities other than the intended recipient is prohibited and may be unlawful. Irish Water accepts no liability 
for actions or effects based on the prohibited usage of this information. Irish Water is neither liable for the 
proper and complete transmission of the information contained in this communication nor for any delay in 
its receipt. If you received this in error, please contact the sender and delete the material from any computer. 
E-Mail may be susceptible to data corruption, interception and unauthorised amendment. Irish Water 
accepts no responsibility for changes to or interception of this e-mail after it was sent or for any damage to 
the recipients systems or data caused by this message or its attachments. Please also note that messages to or 
from Irish Water may be monitored to ensure compliance with Irish Water's policies and standards and to 
protect our business. Irish Water, a designated activity company limited by shares, is a subsidiary of Ervia, 
established pursuant to the Water Services Act 2013, having its principal place of business at Colvi II House, 
24-26 Talbot Street, Dublin I. 

Thank you for your attention. 

Ta an thaisneis a seachadadh dfrithe ar an duine no ar an eintiteas chuig a bhfuil si seolta amhain agus 
feadfar abhar faoi run, faoi phribhleid no abhar ata iogair o thaobh trachtala de a bheith mar chuid de. Ta 
aon athsheachadadh no scaipeadh den thaisneis, aon athbhreithniu ar no aon usaid eile a bhaint as, no aon 
ghniomh a dheantar ag brath ar an bhfaisneis seo ag daoine no ag eintitis nach doibh siud an thaisneis seo, 
toirimiscthe agus feadfar ea bheith neamhdhleathach. Nil Uisce Eireann faoi dhliteanas maidir le 
seachadadh iomlan agus ceart na faisneise sa chumarsaid seo no maidir le haon mhoill a bhaineann lei. Ni 
ghlacann Uisce Eireann le haon dliteanas faoi ghnfmh n6 faoi iarmhairti bunaithe ar usaid thoirmiscthe na 
faisneise seo. Nil Uisce Eireann faoi dhliteanas maidir le seachadadh ceart agus iomlan na faisneise sa 
chumarsaid seo no maidir le haon mhoill a bhaineann lei. Ma fuair tu an teachtaireacht seo in earraid, mas e 
do thoil e, dean teagmhail leis an seoltoir agus scrios an t-abhar 6 gach aon riomhaire. Feadfar riomhphost a 
bheith soghabhalach i leith truaillithe, idircheaptha agus i leith leasaithe neamhudaraithe. Ni ghlacann Uisce 
Eireann le haon fhreagracht as athruithe no as idircheapadh a rinneadh ar an riomhphost seo i ndiaidh e a 
sheoladh no as aon dochar do ch6rais na bhfaighteoiri deanta ag an teachtaireacht seo no ag a ceangaltain. 
Mas e do thoil e, tabhair faoi deara chomh maith go bhfeadfar monat6ireacht a dheanamh ar 
theachtaireachtaf chuig n6 6 Uisce Eireann chun comhlionadh le polasaithe agus le caighdeain Uisce 
Eireann a chinntiu agus chun ar ngn6 a chosaint. Fochuideachta gniomhaiochta de chuid Ervia is ea Uisce 
Eireann ata faoi theorainn scaireanna, de bhun thoralacha an tAcht um Sheirbhisf Uisce 2013, a bhfuil a 
bpriomh ionad gn6 ag 24-26 Teach Colvill, Sraid na Talb6ide, BAC I. 

Go raibh maith agat as d'aird a thabhairt. 

The information transmitted is intended only for the person or entity to which it is addressed and may 
contain confidential, commercially sensitive and/or privileged material. Any review, retransmission, 
dissemination or other use of, or taking of any action in reliance upon, this information by persons or 
entities other than the intended recipient is prohibited and may be unlawful. Irish Water accepts no liability 
for actions or effects based on the prohibited usage of this information. Irish Water is neither liable for the 
proper and complete transmission of the information contained in this communication nor for any delay in 
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its receipt. If you received this in error, please contact the sender and delete the material from any computer. 
E-Mail may be susceptible to data corruption, interception and unauthorised amendment. Irish Water 
accepts no responsibility for changes to or interception of this e-mail after it was sent or for any damage to 
the recipients systems or data caused by this message or its attachments. Please also note that messages to or 
from Irish Water may be monitored to ensure compliance with Irish Water's policies and standards and to 
protect our business. Irish Water, a designated activity company limited by shares, is a subsidiary of Ervia, 
established pursuant to the Water Services Act 2013, having its principal place of business at Colvill House, 
24-26 Talbot Street, Dublin 1. 

Thank you for your attention. 

Ta an fhaisneis a seachadadh dirithe ar an duine n6 ar an eintiteas chuig a bhfuil sf seolta amhain agus 
feadfar abhar faoi run, faoi phribhleid n6 abhar ata fogair 6 thaobh trachtala de a bheith mar chuid de. Ta 
aon athsheachadadh n6 scaipeadh den fhaisneis, aon athbhreithniu ar n6 aon usaid eile a bhaint as, n6 aon 
ghnfomh a dheantar ag brath ar an bhfaisneis seo ag daoine n6 ag eintitis nach d6ibh siud an tbaisneis seo, 
toirimiscthe agus feadfar ea bheith neamhdhleathach. NH Uisce Eireann faoi dhliteanas maidir le 
seachadadh iomlan agus ceart na faisneise sa chumarsaid seo n6 maidir le haon mhoill a bhaineann lei. Ni 
ghlacann Uisce Eireann le haon dliteanas faoi ghnfmh n6 faoi iarrnhairti bunaithe ar usaid thoirmiscthe na 
faisneise seo. Nfl Uisce Eireann faoi dhliteanas maidir le seachadadh ceart agus iomlan na faisneise sa 
chumarsaid seo n6 maidir le haon mhoill a bhaineann lei. Ma fuair tu an teachtaireacht seo in earraid, mas e 
do thoil e, dean teagmhail leis an seolt6ir agus scrios an t-abhar 6 gach aon rfomhaire. Feadfar rfomhphost a 
bheith soghabhalach i leith truaillithe, idircheaptha agus i leith leasaithe neamhudaraithe. Ni ghlacann Uisce 
Eireann le haon threagracht as athruithe n6 as idircheapadh a rinneadh ar an riomhphost seo i ndiaidh e a 
sheoladh n6 as aon dochar do ch6rais na bhfaighteoirf deanta ag an teachtaireacht seo n6 ag a ceangaltain. 
Mas e do thoil e, tabhair faoi deara chomh maith go bhfeadfar monat6ireacht a dheanamh ar 
theachtaireachtaf chuig n6 6 Uisce Eireann chun comhHonadh le polasaithe agus le caighdeain Uisce 
Eireann a chinntiu agus chun ar ngn6 a chosaint. Fochuideachta gnfomhaiochta de chuid Ervia is ea Uisce 
Eireann ata faoi theorainn scaireanna, de bhun fhoralacha an tAcht um Sheirbhfsf Uisce 2013, a bhfuil a 
bprfomh ionad gn6 ag 24-26 Teach Colvill, Sraid na Talb6ide, BAC 1. 

Go raibh maith agat as d'aird a thabhairt. 
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--------------------From: 

Sent: 
To: 

Cc: 
Subject: 

Aberson, Marja 
14 March 2019 14:47 
O'Keeffe, Ciar an; 'dwhite@water.ie' 

Kiernan, Sarah; McGlynn, Stephanie; 'ian.wilson@benthicsolu tions.com' 
RE: Malahide - !>hellfish monitoring 

Also - p lease click on link for latest sample results (early Feb 19) for Malahide as analysed by the M arine Institute 

https//webapps.marine .ie/HABs/AreaStatus/AreaStatusSummary71ocationld=44&1ocationNameCode=Malahide%2 

0%20{DN·ME}&locationType=Onshore&isFinfish=false#/biotoxin 

SampleCode 

1 
Carrlgaholt CE-CT-CT 04/02/2019 Crassostrea gigas Whole BTX1906051 

Ardgroom CK-AM-AM 04/02/2019 Mytilus edulis Whole BTX1906042 n.d.(a) <LOD(a) <LOD(a) I 
Gouleenacoush CK-GH-GH 04/02/2019 My1ilus edulls Whole BTX1906041 n.d.(a) <LOD(a) <LOD(a) 

Lough Foyle DL-LF-MF 04/02/2019 Crassostrea gigas Whole BTX1906047 n.d.(a) 0.02(a) <LOD(a) 

Lough Foyle DL-LF-QP 04/02/2019 Mytilus edulis Whole BTX1906046 n.d.(a) 0.02(a) <LOD(a) 

Lough Foyle DL-LF-QP 04/02/2019 Ostrea edulis Whole BTX1906048 n.d.(a) 0.02(a) <LOD(a) 

Kllmakilloge KY-KE-KE 04/02/2019 Mytilus edulis Whole BTX1906039 n.d.(a) <LOD(a) I <LOD(a) 

Carlingford LH-CL-MY 04/02/2019 Mytilus edulls Whole BTX1906045 n.d.(a) I <LOD(a) I <LOD(a) 

Clew Bay North MO-CN-IL 04/02/2019 Mytilus edulis I Whole BTX1906044 <LOD(a) <LOD(a) 

Bannow Bay WX-BB-BB 04/02/201 9 Crassostrea glgas I Whole BTX1906050 n.d.(a) <LOD(a) <LOD(a) 

Bannow Bay WX-BB-BB 04/02/201 9 I Mytilus edulis I Whole BTX1906049 n.d.(a) <LOD(a) <LOD(a) 

Donegal Harbour DL-DH-MS 05/02/2019 j Mytilus edulis Whole BTX1906043 n.d.(a) 0.02(a) <LOD(a) 

Malahid~ ON-ME-ME 05/02/2019 Ensls slliqua Whole BTX1906054 <LOD(a) I <LOD(a) 

Germans town I MH-GN-GN 05/02/2019 Ensls slliqua Whole BTX1906055 <LOD(a) <LOD(a) 

Achill South MO-AS-CN 05/02/2019 Crassostrea gigas Whole BTX1906052 n.d.(a) 0.0S(a) <LOD(a) 

Waterford Harbour WD-WH-WN 05/02/2019 Crassostrea gigas I Whole BTX1906053 I n.d.(a) I <LOD(a) I <LOD(a) I 
Wexford Harbour I WX-WH-WH I 05/02/2019 I Mytilus edulis I Whole I BTX1906040 I I <LOD(a) I <LOD(a) I 
LOD = Limit of Detection, LOQ = Limit of Quanijfication. ULQ = Upper Limit of Quantification, N.D. = Not Detected 

Malahlde DN-ME-ME 05/02/2019 Ensis siliqua Whole BTX1906054 

Thanks 

M arja. 

<LOD(a) <LOD(a) 

Dr Marja Aberson I Jacobs I Senior Marrne Ecologist I Environment. Maritime & Resil ience I 
I www.jacobs.com 

From: Aberson, Marja 

Sent: 14 M arch 2019 13:35 

To: O'Keeffe, Ciaran <Ciaran.OKeeffe@jacobs.com>; 'dwhite@water.ie' <dwhite@w ater.ie> 

<LOD(a) <LOD(a) I Op! 

Cc: Kiernan, Sarah <Sarah .Kiernan@jacobs.com>; McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com>; 



'ian.wilson@benthicsolutions.com' <ian.wilson@benthicsolutions.com> 
Subject: RE: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

HI 

FYI- here is t he extract from : 

Cefas, 2013. Impact of chronic microbial pollution on shellfish. Project WT093. Cefas/CREH report to DEFRA. 88 pp (report also 
attached). 

Highlighted for both tables is the values for cockles (assumed worse case) and the 'all species', standard values for 
the SWD standard of 300 and the Class A of 230 

Note - In table 5.3 of the memo I mistakenly lifted of the values for all three species for 75'6 target annual 
compliance for Class A and not 80% 

T3ble !°> - lndl, ative IY<lte, standards required to .ithieve shellf~h fle$h $landard of !00 f . col/MPN/l•JOgl 

5pedes No Target Compliance Geomean rnlmated pomean Estimated~ 
sample, an...al required In required In flwt E. coll In seawater E. coll In seawater 
annual compflin<e lndMclllll IMPN/lOOg) lcfu/100ml) lcfwtOOmll 

rat1"6I sanmles f1i I 
4 95 99 28 2.2 8 
4 90 97 45 3,4 13 
4 80 95 57 4.3 16 

Mussels 
4 75 76 149 10 38 

12 90 95 57 4.3 16 
12 80 87 97 7 26 
12 75 76 149 10 38 
4 9S 99 14 2.1 16 
4 90 97 26 3.6 27 
4 80 95 36 4.8 36 

Pacific 4 75 76 U2 14 108 
oysters 

12 90 95 36 4.8 36 
12 80 87 71 9 66 
12 7S 78 112 13 100 
4 95 99 8 0.03 0.3 
4 90 97 16 0.05 o.s 
4 80 95 23 0.07 0,7 

Cocklts 
4 75 76 102 0.28 2.8 

12 90 95 23 0.07 0.7 
12 80 87 53 0.16 1.5 
12 75 78 93 0.2«! 2.5 
4 9S 99 2.8 0.39 5,6 
4 90 97 7.1 0.66 9.5 
4 80 95 11 0.88 13 

All 
4 75 76 74 2.7 38 

species 
12 9S 99 2.8 0.39 5,6 
12 90 95 11 0.88 13 
12 80 87 32 1.6 23 
12 75 78 74 2.7 38 
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T~ble 6 • ,/i,. "i"e wakr S\d11tl.11ds 1equi1('<1 ! ( , f ,leve shellfi~l 1esh ~t~ndar(I of HO f ((\ ,.. ;,1PN/ lnflg 

Species No. Target Comµliance Geomean Estimated geomean Estimated 90"~ile 
samples annual required in required in flesh E. coli in seawater E. coli in seawater 
/annum cornpliante inclividual (MPN/ l OOg) (du/1001111) (cfu/ 100ml) 

rate(%) samples (%) 
4 95 99 21 1.7 6 
4 90 97 34 2.7 10 
4 80 95 4'1 3.4 12 

Mussels 
4 75 76 114 8 30 

12 90 95 44 3.4 12 
12 80 87 75 5.5 20 
12 75 76 114 8 30 
4 95 99 11 1.7 u 
4 90 97 20 2.9 21 
4 80 95 28 3.8 28 

Pacifit 4 75 76 94 11 85 
oysters 

12 90 95 28 3.8 28 
12 80 87 SS 7 52 
12 75 78 86 11 79 
4 95 99 5.8 0.02 0.2 
4 90 97 12 0.04 0.4 
4 80 95 18 0.06 0.6 

Cockles 
4 75 76 79 0.22 2.2 

12 90 95 18 0.06 0.6 
12 80 87 .n 0.12 1.l 
12 75 78 71 0.2 2.0 
j 95 99 2.2 0.33 4 .8 
4 90 97 S.d 0.57 8 
4 e.o 95 8.7 0.75 11 

411 
4 75 76 57 2.3 33 

specle5 
12 95 99 2.2 0.33 .1,8 
12 90 95 8.7 0.75 11 
12 80 87 25 1.4 20 
12 75 78 50 2.1 30 

Dr Marja Aberson I Jacobs I Senior Marine Ecologist I Environment, Maritime & Resil ience I 
I www.jacobs.com 
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From: O'Keeffe, Ciaran 
Sent: 14 March 2019 12:08 
To: 'dwhite@water.ie' <dwhite@water.ie>; Aberson, Marja <Marja.Aberson@jacobs.com> 
Subject: FW: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

fyi 

From: Cathriona Cahill <Cathriona.Cahil l@rpsgroup.com> 
Sent: 14 March 2019 11:33 
To: O'Keeffe, Ciaran <Ciaran.OKeeffe@jacobs.com> 
Cc: McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com>; Ian Wilson <ian.wilson@benthicsolutions.com> 
Subject: [EXTERNAL] Fwd: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

Hi Ciaran 
Ian has set out some notes below on his review of the memo 
Chat at 12 

Get Outlook for Android 

From: Ian Wilson <ian .wi lson@benthicsolutions.com> 
Sent: Thursday, March 14, 2019 11:03:57 AM 
To: Cathriona Cahill 
Cc: James Mccrory; Simon Zisman 
Subject: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

CAUTION: This email originated from outside of RPS. 
Cathriona, 

Thanks for the document. This makes for an interesting read and is very useful as a general literature review of the 
situation. However, this has highlighted a few potential points. 

• The proposal for revised E.coli discharge is 300k/100ml, would appears to be very conservative and may 
create unnecessary impacts. 

• The revised model was pulled out of the response document (already sent in the submissions). This uses the 
250cfu/100ml as the bottom contour so is very insensitive to low level contours that may exist over the 
shellfish waters as a whole. 

• The review was not specific for Ensis, but from an ecological point of view, the impact to this species from a 
chronic coliform is more likely to reflect that of the cockle than the mussel. This means that this species will 
be quite sensitive to continual import inputs. 

• The details in the shellfish study indicates that there is a direct linear relationship between water quality and 
shellfish uptake of coliforms. Uptake is rapid within 1 hour of exposure and plateaus at 17 hours. Flesh 
counts reduce almost as quickly on flushing events so an equilibrium based on a tidal cycle and constant 

input could be expected. ~s~ ~ ~ ~-"" ~~ oCL~ ? 
• The key area of concern would be maintaining a Class A status for this species at these rates. A comparison 

from the 300k model and the uptake factor described for other species would suggest that this is unlikely to 
be maintained, although we have no current level of flesh or water quality for this area. 

• Comparison with levels given in the submission for Velvet strand varies from 4 to 18 cfu this might be similar 
to what would be expected at the seabed in the Malahide SW. If we assumed an average of these rates at 
around llcfu (based on a tidal flushing), then this would arguably only meet Class B for Mussels, with Ensis 
likely to be significantly more sensitive than this. 

Overall, the question of meeting water quality requirement of <250cfu/100ml for the Shellfish waters is likely based 
on the model, but a chronic release based on the 300,000cfu/lOOml is also likely to degrade the waters where Class 
A is unlikely to be achieved. The 'fa specific question is raised as to the expected Class qualification to 
shellfish as a result of this outf I within he Shellfish waters, it would be impossible to argue against a degradation 

4 



of quality based on the recent model used and the uptake data that is currently available for this species. We need 
to be sure of IW and Jacobs position on this if this is raised in the OH. Note that this is a socio-economic and not an 
ecologica l issue. 

Rega,ds 

Ian Wilson 
Benthic Solutions Limited 

ian@benthicsolutions.co.uk 
www.benthicsolutions.co.uk 

Re.g1,1ered n Fn~IJnd Company Reg,st•at,on tJcmbe, 5115401 
Reg, Mred 011,ce Copselord Hartwell Road W1oxha 11, Norfolk NR!l 8TL 

Ths ema,I Jnd any f,I s transm tted '"'h ,1 are conf1den1tal and n,ay be legall; p11vil•ged I you h•ve rec<'ived ;h,s email in error please notify the sender by 1Pplymg b•1 ema, and 
delete it f•om yo II sysl en, D, not cop1 or disclose ,ts conl erts to anyone It·~ content of lhis email or a,·,a:tachn ent may con, ,in softwa,e viruse,. whic~ .ould dam;,ge your own 
comp11te1 AlthOlJgl wt• have, take1 preca,itions to m11,im1se t'its n'>k, .•1e ea mot accept respons1bll1ty fo ariy damage res1Jlting f,om a computer viru~ You mllSt carry out you, own 
v1ru d1Pc.k-; berore "'per I g this emt1il o, .t ·1v att;H hmt>nts 

n 111,e wnil lhe Gen~ral Da!a f roteellon Regulat on (~DPR) 0111 Pr va,yPol,cy has been updated for comp ha nee Acor>, o' our Privacy Pol1C) can be p10>1ded ..>n eq,.~st 

From: Cathriona Ca hill <Cathriona.Cahil l@rpsgroup.com> 
Sent: 13 March 2019 18:38 
To: Ian Wilson <ian.wilson@benthicsolutions.com> 
Cc: James M ccrory <James.McCrory@rpsgroup.com>; Simon Zisman <Simon.Zisman@rpsgroup.com> 
Subject: Fwd: M arine 

Hi Ian 
See attached. 
I will give you a call to discuss in the morning 

Get Outlook for Android 

From: McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com> 
Sent: Wednesday, M arch 13, 2019 6:30:34 PM 
To: Cathriona Cahill 
Cc: Kiernan, Sarah 
Subject: RE: M arine 

Hi Cath riona, 

Please see attached preliminary memo re. shellfish from our expert. 

Could you please revert as soon as possible with any comments and we will aim to arrange a call w ith the shellfish 
experts and relevant speciali st s t omorrow. 

Kind regards, 

Stephanie 

From: Cathriona Cahill <Cat hriona.Cahil l@rpsgroup.com> 
Sent: 13 M arch 2019 15:29 
To: McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com>; Kiernan, Sarah <Sarah.Kiernan@1acobs.com> 
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Cc: O'Keeffe, Ciaran <Ciaran.0Keeffe@jacobs.com> 
Subject: [EXTERNAL) Marine 

Hi Girls 
Apologies for the delay. 

Just t o note that Ian has proposed to include Figure 1 w hich addresses t he fa ilure event at the outfall pipeline. 

(please note this is new information) 
However, I am unsure now if this should be included based on Ciaran's email last night regarding the change in the 
failure event. 

Also see comment re: she llfish. 

Let me know if you need to discuss. 

Cath riona Cahi ll 

/\~'>OCtah L 11vrronment 
RPS I Consulting UK & Ireland 
West Pier Bu,;mcss Campus 
Oun Looqhone, Co Dublin A~ N6 T 7 Ireland 

This e-mail message and any attached file Is the property of the sender and Is sent in confidence to the addressee only 

Internet cornmunicabons are not secure and RPS Is not responsible for their abuse by third parbes, any alteration or corruphon in transmIssIon or for any loss 
or damage caused by a virus or by any other means. 

RPS Group Pie, company number 208 7786 (England) Registered off1te 20 Western Avenue MIiton Park Ab1ngdon Oxfordshire OX14 4SH 

RPS Group Pie web link: http //www fP'i9C9YP corn 

Nllf llw, «H11rnu1111 <1t1 r 1111~ ont 11 11;d f II .ilJOII th.it , f >r th, ',nl l , of''" I t nd ·d r, (II, I "'' 

VI • m1, , Ofl\'111 01 d1 111b f r r I n« <111 tl 1 1111 un, ll~lldccl ,~ sl11 tly p I 1h1tr I JI <111 I ,w r, , cl tit 
111 ',Sa JC> 111 1 ii , n ed1at ly b\ r pl,1 s..ige ,11 J ,t f 11 y 1 011,p t 

This e-mail message and any attached file Is the property of lhe sender and is sent In confidence to the addressee only 

Internet commumcat1ons are not secure and RPS Is not responsible for their abuse by third parties, any alteration or corrupuon In transmission or for any loss 
or damage caused by a virus or by any other means 

RPS Group Pie, company number 208 7786 (England) Registered office. 20 Western Avenue Milton Park Abingdon Oxfordshire OX14 4SH. 

RPS Group Pie web link. http /lwww rp~.grout corn 

This e-mail message and any attached file Is the property of the sender and Is sent in confidence to the addressee only. 

Internet communications are not secure and RPS is not responsible for their abuse by third parties, any alterauon or corruption in transmIssIon or for any loss 
or damage caused by a virus or by any other means. 

RPS Group Pie, company number 208 7786 (England) Registered office 20 Western Avenue Milton Park Abingdon Odordshire OX14 4SH 

RPS Group Pie web hnk. htlp IIWWW rpsgroup com 
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-i------------------From: Aberson, Marja 
Sent: 14 March 2019 20:05 
To: O'Keeffe, Ciaran; 'dwhite@water.ie' 

Cc: 
Subject: 

Kiernan, Sarah; McGlynn, Stephanie; 'ian.wilson@benthicsolutions.com' 
RE: Further lit review - focussed on Ensis sp. accurnulagtion 

Dear all, 

After another search please note the brief stat ements below. Slightly relevant info have highlighted in yellow . 

SHELLFISH MONITORING IN RIO 

1) SOURCE: Food safety authority of Ireland 

https://www.fsai.1e/enforcement audit/monitoring/shellfish.html 

• Sea-Fisheries Protection Agency (SFPA) and the marine inst itute (M l) do monthly t est s for biotoxins (ASP, 
AZP, DSP, PSP) - includes test on razor clams. 

• Result s - 'open with 2x samples taken 48 hrs apart' 
'closed' - posit ive biot oxin samples 
' closed pending (l51 sample +ve, awaiting results of 2nd

' 

• Data available on Ml website for Malahide. Current status for Malahide is Open as determined by biotoxins. 

• Shellfish production area also defined and classified using microb1olog1cal data from SFP 

• Following 'full assessment of risk' . 
• Results from this not Ltsed to open or close production areas on a week to week basis, Ongoing monitoring 

establishes if risk has changed. 
e ,F ~ • , b~lte = L , JI/ concentration data " I ~ I • r y of the listed p vd _ 10n sites 

(not- - -" ,II RC'1 ---'l·-tlon areas~ 3 only harvest E 1~ sp. https://www.sfpa.ie/What-we­
do/Shellfish/Classlfied-Areas 

2) SOURCE: Irish Water Annual Environmental Reports (2012-2016 
(seems as though they haven' t considered risk to shellfish last few years at Malahide ?) 
a) Agglomeration Malahide 

(2016) 

2.3 Ambient Monltorlnc Summary 

hblt 2.3 Ambient Monitonnc Report Summ1ry hble 
Ambient Monltorlnc Point from lmh Gridl EPA FHture Cod,nc 
WW0IJ.or H IJrt• d with EPA) Ref♦rence Tool cod, 
8M2l0 l du~c,wdy ( d~ade 312 '.t82E. CW0900J0078M20 

l4L924N 01 
8M210 Mdldlude Mdrlnd 312731E. I CW090010078M20 

246527N 02 - ·- I CW0900100/8M) 0 BM H0 Malahid<- Ni1Vlgatlon 3H I8ll. 
Chdnf)('I 2-11>290N 03 
B.ilcarri k Beach. OonabdtP lJSISH , N/ A 

l4'l004N 
M1l,1l11de !kJcl-1 -- l J40J4 t Nµ;:----

246 I 33N 

b) Agglomeration Malahide (2015) 

Bathlnc 0rlnklnc FWPM Shellfish 
Water W1ter 

No No No No 

No No No No 

No No No No 

- --Ye\ No No No 

,__ - --Ye, No No No 

Current WFO Status 

Moder at.- ((Od\ tJI We 
l010 • 2015) 
Moder dlt' ((Od~tdl W, 
2010 • 2015) 
Moderate (toast.ii We 
2010 2015) 
Good (t oastal Water ( 

)01!'>) 
Good (Coa\ tJI Wdtt'r ( 
• l015) 



T1bl1 2,S • Arnbl.nt Monltorln1 Reoon Summ1rv 
Ambient 

EPA 
Recelvl111 W1ter1 Dltlfflltlon V /N) WFDStatul Dou 11•-nt of the ambient 

Mon1tortn1 Point lrllh'1rld 
F11ture llathlna Drlnklnl FWPM Shlllfllh monltofln1 result, lndic.te that 

from WWDL (or ft~ne Codln1 
W1tar Water the dlKhW1e 11 lmp1Ctl111 on 

a111readwlth • Tool code water quality? 
EPA) 
8M210- N N N N 
Causeway 31.2581E, CW090010 Modffatt IWFD Status 

No 
Cascade 246914N 07BM2001 2010-2012) 

8M220-Malahlde CW090010 
N N N N 

Moderate IWFD Status 312731E, No 
Marl1111 246517N 07BM2002 2010-2012) 

BM230-Malahlde 
CW090010 

N N N N 
Moderate IWFD St1tus 

Navigation J13'81E, No 
ChanMI 146290N 07BM2003 2010-2012) 

BMBO-Malahlde 
CW090010 N N N N Moderate (WFD Status 

1ll731E, 07BM2002 2010-2012) No Marina 146517N 

V N N N 10 out of 13 samples 
BIie arrick Beach, .1151S1E. N/A taken durl111 201S 

No 
Donabate 149004N lllthlns season achieved 

"Exctllent" Still.ls. 
y N N N This be1oh his been de• 

Malahlde Beach 3240J4E, N/A 
llsted and will not No 

146133N recff/e a Bathing Water 
Status 

c) Agglomeration Malahide (2012) 
SFPA indicates only a single sample of razor clam specific to Maia hide was taken in 2012 (in table results for 2010-
2012 also included) 

2.~(r)I Sta Fbbtl1ts Proltttton Authoti~· Results Tablt 2010/2011/2012 lllllaWdt Sbtllftsb Ana 

Samplt Sample Datt Rf1olt Sample Lab E.CoU Sbtll 
Position No r,w D#l' lll'lm 

'NIA 18-Jan-10 24407 RAZ MI ::?J 
NIA 2-Fcb-10 24485 RAZ Ml 1.7 
NIA 2-Mar-10 24647 RAZ r,u 0 .. 2 
NIA 22-Illl-10 25313 RAZ l\,fl 0.7 
NIA 9-Aua-10 2B 84 R.U: l\11 05 
NIA 26-Oct-10 257-H RAZ I\U 0.2 
NIA 22-Fcb-l l 26287 R.U: l\<(J ' .. -... , 
NIA 16-Aor-12 28062 RAZ r,.,n 0.2 

2.~(&> l11tnpi-et11to11 or Ambltnt )louU011n& Rt~ulh a111tu\ t 1>fslp11t1on a, 
Sbtlln\b W11ttl'\ 

The data pmeured .,hove was ~olfated by 1hc Sea Fishciie, Pro1ecriou :\u1ho111y 
(SFPA) and was used by them to dctemtlne the cla\sification ofM11lahidc Shellfi~l 
waters. 

Malahidc Sbdlfisb nrea as clmificd '"B" for Razoi Clams. h1 order 10 meet 1he criteria 
for Clas~ '"A". there must be fcwct that 230 E.coli per 100~-am\ fo1uid in the fle,b 
and i11temdv11lar fluid of s~lllh h te~tcd. It c:u1 b( ,een in the table above (2.~(c)i) 
that. 011 j n \ t lWo occa~io11~. shellfoh hnivesrcd iu Mnlabide shellfish war«s wci·e 
found m ha\·e 230 E.cob p,:r 100 gr11m~ flesh and i1m:rvalv11lar tluid whik on all other 
occasions the ~,id shellfish fillly complied with Cfoss ··A·· c1i1etia. Therefore. 
Malahiclc Sbelltish area ha; only miso;cd Cla~, "A" by the 11:irrowe;1 ofniarlli11\. 

S.I. No. :6812006-European Co11u111uai1ic$ (Q11ali1y ofShellfi~h Wa,m) Re~atiom 
2006. were comulted bm there \\'ll\ II(\ dcfim11ve ~,:mdard for E. coh. applicable ro 
•;hellfish ll~h 1111d u11eavatvular fltud 

Ha,~ng con~idtred the abovementioned re~1lla1iom. the tc:>1 re,nl1s providc:d by the 
SFPA and the asse\sinent earned out Jllll">Ua11110 Co11dJ1io115.6 ofWWDL No. 
ooo: 1-01 (i11duded bdow in ibis repo11) ii b conduded 1ha1 the di<,d1artit from the 
Mnlllhlde agglomcratio11 h llOt affecting the Malahick Dcsitzwlled Shellfish Walcm. 

2 

E. Coli/100& Sbtllfbb Fltsb 
and IDtl'l'\'llh11llU' fluid 

230 
170 

I 20 
! 70 

50 
20 
230 
20 
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d) Agglomeration Ringsend (2017) 

J.3. Ambient Monitoring Summary 
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SCIENTIFIC LITERATURE 
1) Howard et al. (1 998) Preminary trials to assess the variability in purifying the razor fish (E. siliqua) by 

depuration using UV steralisation 

• New (<1998) Ensis fishery opened in Scotland 
• Some classified a B so need to depurate catch 
• Ensis can be caught by hand, by divers and by dredge 
• Experiment 1: Ensis put into tanks, exposed to E. coli for 4 hrs (at 80/ml(?)), then UV treated 
• Results Exp1 : ALL DIED as someone accidently put on water heater! 

Did show, Ensis readily contaminated, E.coli levels, range from 7,500- 35,000 cfu/100g tissue 
• Experiment 2: Ensis put into tanks @ different orientations, exposed to E.coli (3.4/ml(?)) for 4 hrs , then UV 

treated for 42hrs 
• Results Exp 2: Also, Ensis readily contaminated, but not as high, to concentrations 110-1 ,700 cfu/100g tissue 

All successfully depurated at end of cycle (E. coli cone. No detected< 90 cfu/100g tissue 
• Experiment 3: Ensis put into tanks to test being in bundles at different orientatins, exposed to E. coli for 4 

hours, then UV treated for 42 hrs 
• Results Exp 3: Ensis tissues 750-11,000 cfu/100g 

At end of depuration 4 samples passed Class A ( 40-90 cfu/1 00g) 
At endof deputation 2 sampels failed Class A (310 and 500 cfu/100g)( these had been laid flat) 

• Concl: Ensis successfully held in depuration cycle of 42 hrs 
e. coli clearence in Ensis achievable providing correct condit ions 
Animals subjected to stress, capture and transport, this may inc. concentrations. 
Harvesting techniques should be designed to reduce damage to animal (and handling (e.g. in budles<10, 
laide vertically in trays in depuration tanks) 

2) Lopez et al. (2005). Depuration of the razor clams Ensis arcuatus and Ensis siliqua. (ABSTRACT 
SOURCED ONLY) 

• Aim to evaluate specific method for depuration of razor clams. 
• Results: Importance of damaged specimens and bundle size and orientation in cages. 

IN all cases, 21 hours are needed in order to rach legal limits for consumption. 

3) Lee and Murray (date?)Chapter 6 - Components of microbiological monitoring programmes 
• In England and Wales, a general tendance been shown for the degree of contaminatio to be in the order (from 

highes to lowest) 
1) Mytilus edulis, Ostrea edulis, Ruditapes philippinarum 
2) Magallena (Crassostrea) edulis 
3) Other clams, including razor clams (Ensis spQ), scallops (Pecten maximus) 
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GOVERNMENT (CEFAS/EU) REPORTS 
1) Cefas, 2014. Critical review of current evidence for potential use of indicator species to classify UK 

shellfish production areas. 
• Aim - assess current evidence see if it supports concept of using single indicator species to represent multiple 

spcies 
• Exec summary: Mytilus may be used as an indicator in many situations, (represent C. gigas, 0 . edulis, Tapes 

spp). 
Support use of C. edu/e to represent Myti/us where monitoring of C. edu/e is practical 
Indicator approach cannot at this stage be recommended for represenation for C. edule, Ensis spp ... as either 
contradictory or no supporting data from the literature is available. 

• Italian offshore production areas -Accumulation higher rates in Ensis than the venus clam. 
• Benefits of an indicator species approach e.g new sites with one species (e.g. Ensis) that require specialist 

equipment to sample and where an indicator speies (perhaps deployed in bafs) from a readily accessible 
location) could be used instead. But there is insufficoent data to recommend such an approach for Ensis. 

• It would be of interest to udtake similar work for other commercially important species like Ensis .. (in England 
+ wales , a difficult species for local authoritis to sample and so a direct comparison with Mytilus and C. edu/e 
would give most practical benefit. 

2) EU Working group on microbiological monitoring of bivalve mollusc harvest areas (2005) 
• In England and Wales, a general tendance been shown for the degree of contamination to be in the order (from 

highes to lowest) 
4) Mytilus edulis, Ostrea edulis, Ruditapes philippinarum 
5) Maga/lens (Crassostrea) edulis 
6) Other clams, including razor clams (Ensis spp), scallops (Pecten maximus) 

(SAME STATEMENT AS CITED IN LEE AND MURRAY REF ABOVE) 

3) Cefas (2006.) development of suitable dredge for exploitation of razorfish in the wash 
• Under EU shellfish growing waters direction - obtaining a water classification for any potential future razorshell 

fishery requies collection ot samples of razorshell over specific minimum time, ~ 6 mo, or 10 samples over 3 
mo. Form each site possible .. 

• Classification of beds in the wash - initial results 40 and 70 cfu/1 0Og ( < 230 Class A. 

4) Cefas (2017) EU general laboratory protocals 
• Sub-samples required for homogenisation step for Ensis : 10-12 speciemens 

5) Cefas + FSA (2018) Protocol for collection of shellfish under the microbiological c lassificaiton 
monitoring programme (EU Reg 854/2004) 
• Sample sizes for ensis: 12-18 
• Sample freq. for classified sites 

- done randomly (weather.tidal state) 
- For classified beds (e.g. Malahide): Maintenance sampling undertaken montly basis, if problem occurs, 
then frequency may have to be increased. 
- For commercial inactive beds (6 mo. Or more): reduced frequency monitoring 
- For uncharacteristic high results - increase frequency to fortnightly (ad hoe investigative samples) 

SPANISH MONITORING OF SHELLFISH BEDS 

1) EC (2011) Evaluate food safety control systems in place governing production and placing on market 
of bivalve molluscs in Spain 
• 2 main areas: Andalusia and Galicia (has the largest no. of production areas), both areas product 98% of 

total spanish shellfish production .. 
• For Galicia: Sampling freq. is montly, in most every 2 mo. For stable beds 

Geometric mean of last 3 years Xg <13 (class A) 
Geometric mean of last 3 years 40 < Xg > 210 (Class B) 
Geometric mean of last 3 years 750 < Xg > 2,250 (Class C) 
If a + ve results, frequency is increased and investigation (Alert Plan) carried out 
Temporary closure of production area. Alert plan see if issue with sampling, or meterological impacts 

• Galicia' scontrol systems is in compliance with EU (andalusia sig. non-compliance) 
NOTE: Spain use the laboratory INTECMAR for their monitoring. Couldn't find any historic data or anything of use 
on their site, even after translated into english! 

Couldn't find anything for monitoring E. coli in Ensis. In spanish reports/literature. 
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Dr Marja Aberson I Jacobs I Senior Marine Ecologist I Environment, Maritime & Resilience I 
I www.jacobs.com 

From: Aberson, Marja 
Sent: 14 March 2019 13:35 
To: O'Keeffe, Ciaran <Ciaran.0Keeffe@jacobs.com>; 'dwhite@water.ie' <dwhite@water.ie> 
Cc: Kiernan, Sarah <Sarah.Kiernan@jacobs.com>; McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com>; 
'ian.wilson@benthicsolutions.com' <ian.wilson@benthicsolutions.com> 
Subject: RE: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

HI 

FYI- here is the extract from : 

Cefas, 2013. Impact of chronic microbial pollution on shellfish. Project WT093. Cefas/CRE H report to DEFRA. 88 pp (report also 

attached). 

Highlighted for both tables is the values for cockles (assumed worse case) and the 'all species', standard va lues for 
the SWD standard of 300 and the Class A of 230 

Note - in table 5.3 of the memo i mistakenly lifted of the values for all three species for 75% target annual 
compliance for Class A and not 80% 
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Tahle s -fndiutive water stc1nda1 d\ re<1wed to achieve shellfah flesh standard of 300 [. <oll MPN/ lOOg) 

Species No Target Compliance Geomean htimated geomean Estimated ~ ile 
samples annual required in required in flesh f. coli in ieawater f. co/i in seawater 
annual compliance individual (MPN/lOOg) (cfu/lOOml) (du/100ml) 

rate (UI ~mples('6) 
4 95 99 28 2.2 8 
4 90 97 45 3,4 l3 
4 80 95 57 4.3 16 

Mussels 
4 75 76 149 10 38 

12 90 95 57 4.3 16 
12 80 87 97 7 26 
12 75 76 149 10 38 
4 95 99 14 2.1 16 
4 90 97 26 3.6 27 
4 80 95 36 4.8 36 

Pacific 4 75 76 122 14 108 
oysters 

12 90 95 36 4.8 36 
12 80 87 7l 9 66 
12 75 78 112 13 100 
4 95 99 8 0.03 0.3 
4 90 97 16 0.05 0.5 
4 so 95 23 0.07 0.7 

Cockles 4 75 76 102 0.28 2.8 

12 90 95 23 0.o7 0.7 
12 80 87 53 0.16 1.5 
J2 75 78 93 0.26 2.5 
4 95 99 2.8 0.39 5.6 
4 90 97 7,1 0.66 9 .5 
4 80 95 11 o.ss 13 

All 
4 75 76 74 2.7 38 

species 
12 95 99 2.8 0.39 S.6 
12 90 95 11 0.88 13 
12 80 87 32 1.6 23 
12 75 78 74 2.7 38 
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T ~1 6- Indicative "Jatet stancllrds required to a<1,1eve shellfish f1 .. ~h st,11ulard , r 2 30 f cof MPN/Ht\, 

Species No. Target Compliance Geomean Estimated geomean Estimated 9()0~ile 
samples annual rec1uired in required in flesh E. coli in sea111ate1 E. coli in seawater 
/annum compliance individual (MPN/100g) (cfu/100ml) (cfu/100ml} 

rate(%) samples (%) 
4 95 99 21 1.7 6 
l\ 90 97 34 2.7 10 
4 80 95 ~ 3.4 12 

Mussels 
4 75 76 114 8 30 

12 90 95 44 3.4 12 
12 80 87 75 5.5 20 
12 75 76 114 8 30 
4 95 99 11 1.7 12 
4 90 97 20 2.9 21 
4 80 95 28 3.8 28 

Pac1f1c 4 75 76 9" 11 85 
oysters 

12 90 95 28 3.8 28 
12 80 87 55 7 52 
12 75 78 86 11 79 
4 95 99 5.8 0.02 0.2 
4 90 97 12 0.04 0.d 

4 80 95 18 0.06 0.6 

Cockles 
4 75 76 79 0.22 2 l 

12 90 95 18 0.06 0.6 
l 'l 80 87 41 0.12 ,. 2 
12 75 78 71 0.2 2.0 
4 95 99 2.2 0.33 4.8 
4 90 97 5.4 0.57 8 
4 80 95 8.7 0.75 11 

All 
4 75 76 57 2.3 33 

species 
12 95 99 2.2 0.33 4.8 

12 90 95 8.7 0.75 11 
12 80 81 25 1.4 20 
12 75 78 50 2.1 30 

Dr Maria Aberson I Jacobs I Senior Marine Ecologist I Environment Maritime & Resil ience I 
I www 1acobs corn 
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From: O'Keeffe, Ciaran 
Sent: 14 March 2019 12:08 
To: 'dwhite@water.ie' <dwhite@water.ie>; Aberson, Marja <Marja.Aberson@jacobs.com> 
Subject: FW: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

fyi 

From: Cathriona Cahill <Cathriona.Cahill@rpsgroup.com> 
Sent: 14 March 2019 11:33 
To: O'Keeffe, Ciaran <Ciaran.0Keeffe@jacobs.com> 
Cc: McGlynn,· Stephanie <Stephanie.McGlynn@jacobs.com>; Ian Wilson <ian.wilson@benthicsolutions.com> 
Subject: [EXTERNAL] Fwd: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

Hi Ciaran 
Ian has set out some notes below on his review of the memo 
Chat at 12 

Get Outlook for Android 

From: Ian Wilson <ian.wilson@benthicsolutions.com> 
Sent: Thursday, March 14, 201911:03:57 AM 
To: Cathriona Cahill 
Cc: James Mccrory; Simon Zisman 
Subject: Marine ecology review of the Ecoli and Fisheries review from Jacobs and the 300k model 

CAUTION: This emai l originat ed from outside of RPS. 

Cathriona, 

Thanks for the document. This makes for an interesting read and is very useful as a general literature review of the 
situation. However, this has highlighted a few potential points. 

• The proposal for revised E.coli discharge is 300k/100ml, would appears to be very conservative and may 
create unnecessary impacts. 

• The revised model was pulled out of the response document (already sent in the submissions). This uses the 
250cfu/100ml as the bottom contour so ls very insensitive to low level contours that may exist over the 
shellfish waters as a whole. 

• The review was not specific for Ensis, but from an ecological point of view, the impact to this species from a 
chronic coliform is more likely to reflect that of the cockle than the mussel. This means that this species will 
be quite sensitive to continual import inputs. 

• The details in the shellfish study indicates that there is a direct linear relationship between water quality and 
shellfish uptake of coliforms. Uptake is rapid within 1 hour of exposure and plateaus at 17 hours. Flesh 
counts reduce almost as quickly on flushing events so an equilibrium based on a tidal cycle and constant 
input could be expected. 

• The key area of concern would be maintaining a Class A status for this species at these rates. A comparison 
from the 300k model and the uptake factor described for other species would suggest that this is unlikely to 
be maintained, although we have no current level of flesh or water quality for this area. 

• Comparison with levels given in the submission for Velvet strand varies from 4 to 18 cfu this might be similar 
to what would be expected at the seabed in the Malahide SW. If we assumed an average of these rates at 
around llcfu (based on a tidal flushing), then this would arguably only meet Class B for Mussels, with Ensis 
likely to be significantly more sensitive than this. 

Overall, the question of meeting water quality requirement of <250cfu/100ml for the Shellfish waters is likely based 
on the model, but a chronic release based on the 300,000cfu/l00ml is also likely to degrade the waters where Class 
A is unlikely to be achieved. Therefore, if a specific question is raised as to the expected Class qualification to 
shellfish as a result of this outfall within the Shellfish waters, it would be impossible to argue against a degradation 
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of quality based on the recent model used and the uptake data that is currently available for this species. We need 
to be sure of IW and Jacobs position on this if this is raised in the OH. Note that this is a socio-economic and not an 
ecological issue. 

Regards 

Ian Wilson 

ian@benthicsolutions.co. uk 
www.benthicsolutions.co.uk 

Hegr.tered 111 Engldnd Company Registrat,on Number 5115401 
Rer,1 , tered Of ,ce (opsefo, d, Ha, twel' Road, Wroxham, Nor fol' NRJ 2 8Tl 

Th, em;;II and any files transm tted v,,th ,1 ,lr conf,denual and may be h•g~lly privileged. If you have re.e,w• th,s em.•il i11 error, please notify the wnd!'r by replylrg by e111.1,I and 
delete t from yOL1r system Do not copy or disclose its contents to anyone I he conte 1t of this ema,1 o, any attachmerit may contain software v1ru.;es, wtuch could dr1magc: you, own 
ccmputer Although we have taken precautions to minun1 e 'his n l, wt c.mnot c1ccept responsib1I ty for ai'\y dam;ige rcst.Jlttnf: hem a computer v rus You .,,ust carry out your own 
v1ru tiled l 1.JPfore cpe111ng this ema·,1 or any attachmf!nb 

~ line with the General Data hote,1,on Regulation (GOPR} o" Priv,,cy Pollly ha~ be 1 cprla:ed for comp aPce A cop, of our Pr,va,y Pol,cy can be p,cviMd on request 

From: Cathriona Cahill <Cathriona.Cahill@rpsgroup.com> 
Sent: 13 March 2019 18:38 
To: Ian Wilson <ian.wilson@benthicsolutions.com> 
Cc: James Mccrory <James.McCrory@rpsgroup.com>; Simon Zisman <Simon.Zisman@rpsgroup.com> 
Subject: Fwd: Marine 

Hi Ian 
See attached. 
I will give you a call to discuss in the morning 

Get Outlook for Android 

From: McGlynn, Stephanie <Stephanie.McGlynn@ jacobs.com> 
Sent: Wednesday, March 13, 2019 6:30:34 PM 
To: Cathriona Cahill 
Cc: Kiernan, Sarah 
Subject: RE: Marine 

Hi Cath riona, 

Please see attached preliminary memo re. shellfish from our expert. 

Could you please revert as soon as possible with any comments and we will aim to arrange a call with the shellfish 
experts and relevant specialists tomorrow. 

Kind regards, 

Stephanie 

From: Cathriona Cahill <Cathriona.Cahill@rpsgroup.com> 
Sent: 13 March 2019 15:29 
To: McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com>; Kiernan, Sarah <Sarah.Kiernan@jacobs.com> 
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Cc: O'Keeffe, Ciaran <Ciaran.OKeeffe@1acobs.com> 
Subject: [EXTERNAL] Marine 

Hi Gi rls 
Apologies for t he delay. 

Just to note that Ian has proposed to include Figure 1 which addresses the failure event at the outfall pipeline. 

(please note this is new information) 
However, I am unsure now if this should be included based on Ciaran's email last night regarding the change in t he 

fai lure event. 
Also see comment re: shellfish. 

Let me know if you need to discuss. 

Cathriona Cahill 
l'\s,,iciat& [ nv1r ,nmenl 
RPS I Consultmg UK & Ireland 
Wc:sl P1!lr Busmess Campus 
Oun Laogha1re Co Dublin A96 N617 Ire land 

This e-mail message and any attached file is the property of lhe sender and Is sent m confidence to the addressee only 

Internet communications are not secure and RPS Is nol responsible for their abuse by third parties, any alteration or corruption m transmIssIon or for any loss 
or damage caused by r1 vI111s or by any other means. 

RPS Group Pie, company number 208 TT86 (England) Registered office. 20 Western Avenue Milton Park Abmgdon Oxfordshire OX14 4SH 

RPS Group Pie web lmk· hllp/ /www Ip,;groop com 

N Ill E rt rorr 1 1 ltO .ly 
vI ,•,11, J, , r 1111.J II I t ,l 1111 1 of, 
II ·'·• Je 'l II Of, pi not1f II'• If 

1ta11 ronf1d I l c1I .,, 
1el1,rn c11I ll rm 

1m·d1,ltf ly b I I\ 11c 

t 1t ,; fo1 tlo, <; I 
Ill I' •,111 lly IJ 

t Ill{) rt f 1e,111 y, II 

w,, oftl 
1rl111o d II 

I11p Ill r 

This e-mail message and any altached file Is the property ol the sender and Is sent In confidence 10 the addressee only. 

Internet communical1ons are not secure and RPS Is not responsible for their abuse by third parties, any alteration or corruption In transmIssIon or for any loss 
or damage caused by a virus or by any other means. 

RPS Group Pie, company number 208 TT86 (England) Registered office 20 Western Avenue Millon Park AbIngdon Oxfordshire OX14 4SH 

RPS Group Pie w eb link http /(www rpsgroup.com 

This e-mail message and any attached file is the property of the sender and Is sent in confidence to the addressee only. 

Internet commun ications are not secure and RPS Is not responsible for their abuse by third parties, any alteration or corruplton m transmission or for any loss 
or damage caused by a virus or by any other means 

RPS Group Pie, company number 208 TT86 (England) Registered office. 20 Western Avenue Milton Park Abingdon Oxfordshire OX 14 4 SH 

RPS Group Pie web hnk hJlpl /www rpsqroup corn 
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-------------
From: 
Sent: 
To: 
Subject: 
Attachments: 

Importance: 

Dara, 

As discussed 

O'Keeffe, Ciaran <Ciaran.OKeeffe@jacobs.com> 
15 March 2019 14:25 
Dara White 
Confidential - Ecol i levels in discharge 
20190315_Stat ist ical Analysis of predicted Ecoli concentrations_ver2.docx 

High 

From: Alan Berry <alan@marcon.ie> 
Sent: 15 March 2019 11:19 
To: O'Keeffe, Ciaran <Ciaran.0Keeffe@jacobs.com> 
Cc: McGlynn, Stephanie <Stephanie.McGlynn@jacobs.com> 
Subject: [EXTERNAL] Re: FW: Shellfish expert [ALG-MAIN.FID2334887] 
Importance: High 

Ciaran, 

Updated version of document, containing additional comparison against Oysters and Mussels. 

Alan Berry 
Managi ng Director 
Marcon Computations I nterna t ional 

W: http : //www . marcon . ie 

Marcon Computations Int ernational is a register ed busir.ess name of Global Earth and 
Ocean Modelling Soluti ons Limit ed . 
Company r egistration detai l s for Global Earth and Ocean Modelling Solutions Limi ted : 
Registered Number : 425721 
Registered Office : Cahergal , Tuam, Co . Ga lway . 

On 2019-03-15 10:34, Alan Berry wrote: 

Ciaran, 

Find attached. 

Not good. 

Alan Berry 

Manag ing Direct or 
Marcon Computations International 



W: http : //www .marcon . ie 

~arCon Computat:ons In~ernational is a regis~ered business name of Gl obal Earth and 
Ocean Mode ll i ng Sol ut i ons Limited . 
Company registration det ails for Global Earth and Ocean Mode l ling Solutions Limi ted : 
Regi stered Number : 425721 
Registe~ed Off ice : Cahe r gal , Tuam, Co . Galway . 

On 2019-03-14 08:25, O'Keeffe, Ciaran wrote: 

Alan, 

See email below from ALG which is raising two questions that FCC are concerned about. We have a meeting w ith 
FCC this afternoon to discuss these concerns. In light of the memo from our shellfish expert that Sarah circulat ed 
yesterday do we have a problem with our assessment? Could you give me a ca ll to discuss please. 

Regards 

Ciaran 

From: Alison Fanagan <afanagan@algoodbody.com> 
Sent: 13 March 2019 08:47 
To: O'Keeffe, Cia ran <Ciaran.OKeeffe@ jacobs.com> 
Cc: Noeleen McHenry (nmchenry@water.ie) <nmchenry@water. ie>; Olwyn James <ojames@water.ie>; Krist en Read 
<kread@algoodbody.com>; Brendan Curran <bcurran@a lgoodbody.com>; Chris Stynes <cstynes@algoodbody.com> 
Subject: [EXTERNAL) RE: Shellfish expert [ALG-MAIN.FID2334887) 
Importance: High 

1111 
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-Alison Fanagan I Consultant 

G 

IFSC, 25-28 North Wall Quay, Dublin 1, 001 H104 I www.algoodbody.com 

From: O'Keeffe, Ciaran [mailto :Ciaran.OKeeffe@jacobs.com] 
Sent: 13 March 2019 08:30 
To: Alison Fanagan 
Subject: RE: Shellfish expert [ALG-MAIN .FID2334887] 

Expecting a memo from her today w ith phone call to fol low. 

From: Alison Fanagan <afanagan@algoodbody.com> 
Sent: 13 March 2019 08:29 
To: O'Keeffe, Cia ran <Ciaran.OKeeffe@jacobs.com> 
Subject: [EXTERNAL) Shellfish expert [ALG-MAIN.FID2334887) 

Hi Ciaran 

How are you getting on with this expert, is he or she on board yet? 

Regards 

Alison Fanagan I Consultant 

db 

IFSC, 25-28 North Wall Quay, Dublin 1, 001 H104 I www.algoodbody.com 
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The information contained in this email transmission is confidential and may be privHeged If you are not the intended recipient. any use dissemination. 
distribution. publication, or copying of the information contained In this email is strictly prohibited. If you have received this email in error, please Immediately 
notify us by telephone at +353 1 649 2000 and delete the email from your system. Thank you for your co-operation. 
A&L Goodbody accepts no responsibility for changes to or interception of this email after it was sent or for any damage to the recipient's systems or data 
caused by this message or its attachments. Please also note that messages to or from A&L Good body may be monitored to ensure compliance with the 
firm's policies and standards and to protect our business. 
A list of A&L Goodbody Partners is available at www.alqoodbody.com 

NOTICE - This communication may contain confidentia l and privileged information that is for the sole use of the intended recipient. Any 
viewing, copying or distribution of, or reliance on th is message by unintended recipients is strictly prohibited. If you have received tl1is 
message in error, please notify us immediately by replying to the message and deleting it from your computer. 

Jacobs Engineering Ireland Limited 
Merrion House, Merrion Road, Dublin 4, Ireland 
Registered In Ireland under number 111945 

The information contained in this email transmission is confidential and may be privileged. If you are not the intended recipient, any use, dissemination, 
distribution, publication, or copying of the information contained in this email is strictly prohibited. If you have received this email in error, please immediately 
notify us by telept1one at +353 1 649 2000 and delete the email from your system. Thank you for your co-operation. 
A&L Goodbody accepts no responsibility for changes to or interception of this email after it was sent or for any damage to the recipient's systems or data 
caLIsed by this message or its attachments. Please also note that messages to or from A&L Goodbody may be monitored to ensure compliance with the 
firm's policies and standards and to protect our business. 
A list of A&L Goodbody Partners is available at www.atqoodbody.com 
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