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1. Introduction 

As part of the pre-dredging analytical requirements issued by the Marine Institute (see Appendix 1: Pre-

Dredging Analytical Requirements), Oriel Windfarm Limited are required to sample surface sediment from 

eight locations within the licensed area (FS007383, granted 17 May, 2023) off the coast of County Louth. 

These stations were selected by the Marine Institute based on the area of seabed which could be disturbed 

by the proposed wind farm installation activities, and which will be the subject of a future Dumping at Sea 

Permit application. The analysis required for these samples is provided in Table 2.1and Table 2.2. AQUAFACT 

(APEM Group) were commissioned by Oriel Windfarm Ltd to carry out the sediment monitoring survey. 
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2. Materials and Methods  

2.1 Sampling Requirements 

On the 17th of September 2024, 8 sediment stations were sampled for physical and chemical analysis. The 

parameters required for analysis are laid out in Table 2.1. 

 

Table 2.1: List of parameters for analysis. 

Parameter Code Parameter 

1 Visual Inspection 

2 Water Content 

3 Granulometry 

4.a Total Organic Carbon 

4.b Carbonate 

4.c Mercury, arsenic, cadmium, copper, lead, zinc, chromium, 

nickel, lithium, aluminium. 

4.d organochlorines including -HCH (Lindane) and PCBs (to be 

reported as the 7 individual CB congeners: 28, 52, 101, 

118, 138, 153, and 180). 

4.e Total Extractable Hydrocarbons 

4.f Tributyltin (TBT) and dibutyltin (DBT) 

4.g Polycyclic aromatic hydrocarbons (PAH) - Acenaphthene, 

Acenaphthylene, Anthracene, Benzo (a) anthracene, 

Benzo (a) pyrene, Benzo (b) fluoranthene, Benzo (ghi) 

perylene, Benzo (k) fluoranthene, Chrysene, Dibenz (a,h) 

anthracene, Flourene, Fluoranthene, Indeno 1,2,3 – cd 

pyrene, Naphthalene, Phenanthrene, Pyrene 

 

The Marine Institute (MI) chose 8 station locations representative of the distribution of both the proposed 

activities and seabed sediment type across the offshore wind farm and export cable corridor areas. AQUAFACT 

in consultation with the MI proposed to relocate some of the stations identified by the MI for survey. This 

followed analysis of a substrate groundtruthing exercise carried out by Parkwind which identified the seabed 

sediment type across the development area. In order for full DaS sediment chemistry analysis to be possible, 

the sediment type should be of a finer grain size that medium sand (<2mm). As some of the stations originally 

selected were on coarser substrate, the MI agreed to the new station locations which still maintained a good 

representative selection. The coordinates of each of the eight sampling stations surveyed and the analysis 

required are displayed in Table 2.2. The positions of these sites are shown in Figure 2.1. 
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Table 2.2: Station coordinates and parameters required for analysis. 

Station Latitude Longitude Parameters for Analysis 

ST01 53.85497 -6.24472 1, 2, 3, 4a, 4b, 4c, 4d, 4e, 4f, 4g 

ST02 53.85732 -6.22958 1, 2, 3, 4a, 4b, 4c, 4d, 4e, 4f, 4g 

ST03 53.87157 -6.18420 1, 2, 3, 4a, 4b, 4c 

ST04 53.88903 -6.13595 1, 2, 3, 4a, 4b, 4c 

ST05 53.93522 -6.07565 1, 2, 3, 4a, 4b, 4c, 4d, 4e, 4g 

ST06 53.91333 -6.09503 1, 2, 3, 4a, 4b, 4c 

ST07 53.89202 -6.05117 1, 2, 3, 4a, 4b, 4c 

ST08 53.94005 -6.04463 1, 2, 3, 4a, 4b, 4c, 4d, 4e, 4g 

 

2.2 Sampling Procedure 

Samples were taken from the Irish Commercial Charter Boat vessel the Ros Aine using AQUAFACT’s 0.1m2 

stainless steel Day Grab from the eight stations listed in Table 2.2. The grab was deployed from the A-frame 

of the vessel using a winch. Upon retrieval of the grab, a digital image was taken through the grab window and 

then the sediment transferred to a stainless-steel tray positioned beneath the grab jaws. Another image was 

then taken. These images are available in Appendix 2: Grab Sample Images The sediment was subsequently 

transferred to the appropriate containers for analysis. This included 3x500ml plastic tubs and 2x amber jars 

with tinfoil barriers on the lids for each station. The remaining sediment was transferred to a 5L bucket for 

radiochemical analysis. All equipment was washed and decontaminated with Decon-90 between grab stations. 

The positions for the eight sampling stations are shown in Figure 2.1. 
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Figure 2.1: Sediment sampling locations in Dundalk Bay on the 17th of September 2024. 

 

2.3 Sample Processing 

On return to the AQUAFACT premises, sediment samples for each location were sent via courier to the 

SOCOTEC Laboratories in Burton on Trent. Two kilogrammes of wet sediment from each station were 

couriered to the EPA Office of Radiation Protection and Environmental Monitoring for Radiochemical analysis. 

Table 2.3 shows the analysis method for each parameter. 

 

Table 2.3: Methods f Analysis for each parameter. 

Method Sample and Fraction Size Method Summary 

Total Solids Wet Sediment Calculation (100%-Moisture Content). Moisture content 

determined by drying a portion of the sample at 120°C to 

constant weight. 

Particle Size analysis Wet Sediment Wet and dry sieving followed by laser diffraction analysis. 

Total Organic Carbon 

(TOC) 

Air dried and sieved to 

<2mm 

Carbonate removal and sulphurous acid/combustion at 

1600°C/NDIR. 

Carbonate  Air dried and sieved to 

<2mm 

Quantitative digestion with Hydrochloric Acid back titration with 

1M Sodium Hydroxide to pH 7 
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Method Sample and Fraction Size Method Summary 

Metals  Air dried and sieved to 

<2mm 

Microwave assisted HF/Boric extraction followed by ICP analysis. 

Organotins Wet Sediment Solvent extraction and derivatisation followed by GC-MS analysis 

Polyaromatic 

Hydrocarbons (PAH) 

Wet Sediment Solvent extraction and clean up followed by GC-FID analysis. 

Total Hydrocarbon 

Content (THC) 

Wet Sediment Solvent extraction and clean up followed by GC-FID analysis. 

Polychlorinated 

Biphenyls (PCBs) 

Air dried and sieved to 

<2mm 

Solvent extraction and clean up followed by GC-MS-MS analysis. 

Organochlorine 

Pesticides (OCPs) 

Air dried and sieved to 

<2mm 

Solvent extraction and clean up followed by GC-MS-MS analysis. 

Radiological Testing  High resolution Gama Spectrometry with appropriate density 

correction. 
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3. Results 

This section will deal with the results of the sediment chemistry analysis. The full laboratory report from 

SOCTEC is available in Appendix 3: SOCOTEC Laboratory Report. 

3.1 Visual Analysis 

Table 3.1 shows the visual inspection information, which includes colour and sediment type. 

 

Table 3.1: Visual Analysis of sediment 

Station Description 

ST01 Light brown slightly gravelly SAND. Gravel mainly consists of shell fragments 

ST02 Light brown mottled grey SAND 

ST03 Brown mottled grey sandy SILT 

ST04 Brown mottled grey SILT 

ST05 Light brown slightly gravelly SAND 

ST06 Brown slightly gravelly SAND 

ST07 Brown mottled grey SILT 

ST08 Brown mottled grey slightly gravelly silty SAND. Gravel mainly consists of shell fragments 

 

3.2 Physico-Chemical Analysis 

The physico-chemical parameters analysed are displayed in Table 3.2. The water content and density values 

ranged from 2.62Mg/m3 (ST04) to 2.67Mg/m3 (ST05) for density and from 20.4% (ST05) to 44.3% (ST04) for 

moisture content.  

Table 3.2 shows the Granulometry results broken down into % gravel (>2mm), sand (63-2000µm) and silt 

(<63m). Gravel percentages ranged from 0% (ST03&07) to 2.78% (ST05). Sand ranged from 99.97% (ST01) to 

26.42% (ST04). Silt ranged from 0% (ST01) to 72.79% (ST07). The full laboratory is available in Appendix 3: 

SOCOTEC Laboratory Report. 

The Total Organic Carbon (TOC) results ranged from 0.10% m/m in Station 06 to 1.25% m/min Station 04, while 

Carbonate results ranged from 3.62% m/m in Station 01 to 8.13% m/m in Station 05. 
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Table 3.2: Physico-chemical results of each station. 

Station Total  

Moisture 

@120°C 

% 

Density 

Mg/m3 

Gravel 

(>2mm) 

% 

Sand 

(63-2000 

µm) 

% 

Silt 

(<63 µm) 

% 

TOC 

%m/m 

Carbonate 

Equivalent 

(%CO3) 

%m/m 

ST01 27.6 2.65 0.03 99.97 0.00 0.17 3.62 

ST02 27.1 2.66 0.66 94.85 4.49 0.13 6.20 

ST03 29.2 2.65 0.00 56.01 43.99 0.64 7.06 

ST04 44.3 2.62 1.10 26.42 72.49 1.25 6.55 

ST05 20.4 2.67 2.78 92.89 4.33 0.15 8.13 

ST06 26.8 2.66 0.50 93.61 5.89 0.10 4.15 

ST07 33.6 2.64 0.00 27.21 72.79 0.81 7.82 

ST08 21.9 2.66 0.97 84.78 14.25 0.16 5.37 

 

3.3 Contaminant Groups 

3.3.1 Trace Metals 

Table 3.3 shows the metal results, along with the upper and lower guidance values for Annex I metals (Cronin 

et al., 2006; Marine Institute, 2019). Arsenic and Nickel lower-level limits have been updated to reflect the 

guideline addendum (Marine Institute, 2019). There was one marginal exceedance of the lower-level limit for 

Arsenic for station 5 which produced a level of 27.2mg/Kg. This is well below the upper level limit or 70 mg/kg. 

No other exceedance was recorded.  

 

Table 3.3: Metal results and guidance values. 

Determinant 

mg/kg 

Lower 

Level 

Upper 

Level 
ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 

As 20 70 7.45 7.57 8.59 13.4 27.2 15.8 12.5 10.5 

Cd 0.7 4.2 0.06 0.08 0.13 0.16 0.06 0.06 0.15 0.05 

Cr 120 370 21.4 53.9 59.6 72.9 40.9 30.4 61.5 36.0 

Cu 40 110 4.5 4.4 9.4 15.6 6.2 4.8 13.5 3.9 

Pb 60 218 8.8 8.6 19.0 31.4 16.6 13.2 24.6 11.3 

Hg 0.2 0.7 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Ni 40 60 8.7 12.0 16.6 28.0 17.7 13.0 22.2 12.8 

Zn 160 410 27.2 29.4 54.4 90.7 38.0 29.8 73.8 32.6 

Al N/A N/A 18500 19600 30400 49200 26300 19700 44700 22500 

Li N/A N/A 16.5 15.4 30.8 55.6 19.4 14.5 42.7 16.3 
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3.3.2 Organochlorines and PCBs 

Table 3.4 show the organochlorines including ɣ-HCH (Lindane) and PCB results, along with the upper and lower 

guidance values for Annex I organochlorines and PCBs (Cronin et al., 2006). All PCBs, HCB and ɣ-HCH were 

below the guidance level at all stations. 

 

Table 3.4: Organochlorine and PCB results and guidance values. 

Determinant 

µg/Kg (Dry 

Weight) 

Lower 

Level 

Upper 

Level 
ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 

AHCH N/A N/A <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

BHCH N/A N/A <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

GHCH 0.3 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

DIELDRIN N/A N/A <0.1 <0.1 <0.1 0.11 <0.1 <0.1 <0.1 <0.1 

HCB 0.3 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

DDE N/A N/A <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.14 <0.1 

DDT N/A N/A <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

DDD N/A N/A <0.1 <0.1 <0.1 0.14 <0.1 <0.1 0.16 <0.1 

PCB28 1 180 <0.08 <0.08 0.09 0.16 <0.08 <0.08 0.14 <0.08 

PCB52 1 180 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 

PCB101 1 180 <0.08 <0.08 <0.08 0.08 <0.08 <0.08 0.10 <0.08 

PCB118 1 180 <0.08 <0.08 <0.08 0.19 <0.08 <0.08 0.15 <0.08 

PCB138 1 180 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 0.09 <0.08 

PCB153 1 180 <0.08 <0.08 <0.08 0.12 <0.08 <0.08 0.10 <0.08 

PCB180 1 180 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 
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3.3.3 Total Extractable Hydrocarbons 

Table 3.5 shows the total extractable hydrocarbon results, along with the lower guidance values for 

Hydrocarbons (Cronin et al., 2006). Values ranged from 0.00145g/kg (ST01) to 0.0453mg/kg (ST04). All were 

below the lower guidance level.  

 

Table 3.5: Total Extractable Hydrocarbon results and guidance values. 

Determinant 

g/Kg (Dry 

Weight) 

Lower 

Level 

Upper 

Level 
ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 

TEH 1 N/A 0.00145 0.0035 0.0202 0.0453 0.00264 0.00196 0.0264 0.00406 

 

3.3.4 Tributylin (TBT) and Dibutylin (DBT) 

Table 3.6 shows the TBT and DBT results, along with the Annex I upper and lower guidance values for sum of 

DBT and TBT (Cronin et al., 2006). Sum of DBT and TBT was below the limits of detection and the lower-level 

limit for all stations. 

 

Table 3.6: Tributylin and Dibutylin results and guidance values. 

Determinant 

mg/Kg (Dry 

Weight) 

Lower 

Level 

Upper 

Level 
ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 

Dibutyltin 
(DBT) 

N/A N/A 
<0.001 <0.005 <0.005 <0.005 <0.001 <0.001 <0.005 <0.001 

Tributyltin 
(TBT) 

N/A N/A <0.001 <0.005 <0.005 <0.005 <0.001 <0.001 <0.005 <0.001 

∑DBT &TBT  0.1 0.5 <0.002 <0.01 <0.01 <0.01 <0.002 <0.002 <0.01 <0.002 

 

3.3.5 Polycyclic Aromatic Hydrocarbons 

Table 3.7 shows the PAH results and Annex I lower guidance values for sum of 16 PAH’s. Sum of 16 PAH’s was 

below the lower limit for all stations. 

Table 3.7: Polycyclic Aromatic Hydrocarbon results and guidance values. 

Determinant 

µg/Kg (Dry 

Weight) 

Lower 

Level 

Upper 

Level 
ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 

Acenaphthene N/A N/A <1 <1 3.09 5.19 <1 <1 2.64 <1 

Acenaphthylene N/A N/A <1 <1 2.31 3.98 <1 <1 3.27 <1 
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Determinant 

µg/Kg (Dry 

Weight) 

Lower 

Level 

Upper 

Level 
ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 

Anthracene N/A N/A <1 <1 5.13 10.70 <1 <1 8.47 <1 

Benzo (a) 

anthracene 

N/A N/A 

<1 <1 16.40 38.10 <1 <1 26.70 1.88 

Benzo (a) 

pyrene 

N/A N/A 

<1 <1 20.40 48.00 <1 <1 38.20 2.42 

Benzo (b) 

fluoranthene 

N/A N/A 

<1 1.83 30.00 68.50 1.69 1.77 55.50 4.65 

Benzo (ghi) 

perylene 

N/A N/A 

<1 <1 21.30 51.40 <1 <1 43.80 3.46 

Benzo (k) 

fluoranthene  

ug kg-1 

N/A N/A 

<1 1.42 23.60 59.80 1.41 <1 47.30 3.52 

Chrysene N/A N/A <1 <1 23.50 50.60 <1 <1 37.00 2.77 

Dibenz (a,h) 

anthracene 

N/A N/A 

<1 <1 3.17 9.36 <1 <1 7.72 <1 

Flourene N/A N/A <1 <1 6.78 14.30 <1 <1 8.40 <1 

Fluoranthene N/A N/A <1 1.63 32.90 71.30 <1 <1 50.90 3.81 

Indeno (1,2,3–

cd) pyrene 

N/A N/A 

<1 1.54 19.50 54.70 <1 1.49 44.70 3.82 

Naphthalene N/A N/A <1 <1 10.90 22.30 <1 <1 16.40 1.38 

Phenanthrene N/A N/A <1 <1 23.70 51.90 <1 <1 32.10 2.80 

Pyrene N/A N/A <1 1.54 29.80 62.00 <1 <1 46.20 3.09 

∑ 16 PAH 4000 N/A <1 7.96 272.48 622.13 3.10 3.26 469.30 33.60 

3.4 Radiochemical Analysis 

Table 3.8 shows the radiochemical results issued by the Office of Radiation Protection and Environmental 

Monitoring. The samples were prepared by placing an aliquot in a well-defined counting geometry and then 

measured on a high-resolution gamma spectrometer. Appropriate density corrections were applied to the 

resultant spectra to take account of the differences in sample density. Dry to wet weight ratio was determined 

for the sample. Results are quoted on a dry weight basis. The full report is available in Appendix 4: 

Radiochemical Lab Report.
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Table 3.8: Radiochemical results 

Determinant 

mg/Kg (Dry Weight) 
ST01 ST02 ST03 ST04 ST05 ST06 ST07 ST08 

K-40 265±4 273±4 384±5 483±7 244±4 231±4 523±7 310±4 

I-131 Nd Nd Nd Nd Nd Nd Nd Nd 

Cs-134 Nd Nd Nd Nd Nd Nd Nd Nd 

Cs-137 1.69±0.02 3.2±0.09 7.3±0.1 13.1±0.2 0.59±0.02 0.96±0.03 12.3±0.2 2.38±0.03 

Am-241 0.75±0.04 1.3±0.1 4.4±0.1 8.6±0.1 1.9±0.1 2.0±0.1 7.4±0.1 2.7±0.1 

Ra-226 6.1±0.1 17.1±0.6 19.4±0.3 18.9±0.3 9.2±0.4 10.5±0.6 17.0±0.3 12.0±0.2 

Pb-210 11.2±1.9 18.6±1.4 37.2±3.0 52.0±3.4 15.7±1.1 17.4±1.1 41.1±3.1 <8.3 

Ra-228 6.4±0.2 15.5±0.4 21.0±0.5 22.5±0.5 11.1±0.3 9.5±0.3 21.7±0.5 12.8±0.3 

U-235 0.33±0.01 0.93±0.08 1.17±0.05 1.1±0.01 0.54±0.06 0.38±0.05 1.01±0.03 0.66±0.02 

U-238 8.2±0.4 24.5±0.9 29.4±0.9 28.7±0.9 14.5±0.6 13.4±0.6 26.5±0.8 17.1±0.6 

Nd = Not detected 
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4. Conclusion 

All sediments tested, were below the upper-level guidance values outlined in Cronin et al. (2006) and Marine 

Institute addendum (Marine Institute, 2019). According to Cronin et al. (2006) ‘Lower level guidance values 

correspond to contaminant concentrations below which the sediment, if disposed at sea, is assumed to have a 

physical impact only. The upper level guidance values are set at concentrations above which adverse effects 

might be expected.’ 

 

In other words, lower level guidance values present concentrations that are either a) at the upper end of the 

no-effect range or b) at background concentrations. Upper level guidance values are set at the lower end of 

the known range of effective concentrations i.e., the lowest concentrations shown to have adverse effects on 

marine organisms.  

 

There was only one marginal exceedance of the lower-level limit for Arsenic (20mg/kg) for station 5 which 

recorded a level of 27.2mg/kg. This is well below the upper-level limit or 70 mg/kg (which would be lower end 

of a range of concentrations that would have adverse effect). This is the only exceedance recorded. All other 

parameters tested were below the lower-level guidance values. As a result, the samples analysed passed the 

Phase 2 assessment (Cronin et al., 2006) and were deemed suitable for dumping at sea. Phase 3 assessment 

(involving sampling at depth and further toxicity testing) is not required.  

 

Radiochemical results were reported from the Office of Radiation Protection and Environmental Monitoring. 

The results of the analysis indicate that the dumping of the materials gathered from the eight stations at Oriel 

will not result in a radiological hazard. 
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6. Appendices 
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6.1 Appendix 1: Pre-Dredging Analytical Requirements 
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6.2 Appendix 2: Grab Sample Images 
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 Plate 1: ST01 Oriel Windfarm 17/09/2024 

 
Plate 2: ST02 Oriel Windfarm 17/09/2024 
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Plate 3: ST03 Oriel Windfarm 17/09/2024 

 
Plate 4: ST04 Oriel Windfarm 17/09/2024 
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Plate 5: ST05 Oriel Windfarm 17/09/2024 

 
Plate 6: ST06 Oriel Windfarm 17/09/2024 
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Plate 7: ST07 Oriel Windfarm 17/09/2024 

 
Plate 8: ST08 Oriel Windfarm 17/09/2024 
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6.3 Appendix 3: SOCOTEC Laboratory Report 
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6.4 Appendix 4: Radiochemical Lab Report 
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6.5 Appendix 5: EPA Sediment Chemistry Results 



 

 



 

 
  

Note: The above spreadsheet does not take into account the addendum to the 2006 guideline (Marine Institute, 2019) which 

raised the lower action levels Arsenic from 9mg kg-1 to 20mg kg-1 and for Nickel 21mg kg-1 to 40mg kg-1. Therefore, although there 

are apparent exceedances for Mercury, Arsenic and Nickel, the only exceedance is ST05 for Arsenic. 



 

 
 



 

 
  



 

 
 



 

 
 




