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1  INTRODUCTION 

1.1  Overview 

Dogger Bank is one of nine offshore wind energy development zones identified by The 
Crown Estate (TCE) under the Round 3 licensing process for UK offshore wind farms. In 
January 2010, Forewind Ltd (a consortium comprising RWE, SSE, Statkraft and Statoil), 
hereafter referred to as Forewind, was announced as development partner for Dogger 
Bank. The Dogger Bank Zone is the largest of the Round 3 zones, covering an area of 
approximately 8660km2. As development partner for the Dogger Bank Zone, Forewind has 
the objective to achieve development consent for an agreed target installed capacity of 
9GW of offshore wind farm projects by 2020 (TCE, 2012). This equates to 10% of the 
UK’s projected electricity requirements. If fully developed, it is likely to be the world’s 
largest offshore wind project.  
 
To ensure that the work associated with meeting this objective is managed effectively, and 
to more evenly distribute demands on stakeholders and the supply chain, Forewind has 
proposed to develop the zone sequentially in four stages known as tranches (Forewind, 
2012a). Within each tranche (presented on the Location Map; page viii), Forewind aims to 
develop a series of wind farm projects, each with a capacity of up to 1.2GW. Tranche A 
was identified in 2010 and Tranche B identified in 2011, with Tranches C and D to be 
finalised at a later stage (Forewind, 2012a). The survey of Tranche A (Dogger Bank 
Creyke Beck) and its associated cable corridor to landfall was successfully completed in 
2011 (Forewind, 2012b; EMU, 2012). 
 
Development of Tranche B (Dogger Bank Teesside) will consist of two wind farm 
projects (Teesside A and Teesside B), connected via export cables to substations at 
Teesside. Cable routes have been identified for Teesside A and B (Southern route in 
the current survey), while the Northern route has been identified for future projects 
within Tranche C. The Dogger Bank Zone is situated in the North Sea, between 
125km and 290km off the east coast of Yorkshire, with its outer limit aligned to the UK 
continental shelf. Although it is the largest of the Round 3 zones extending over 
approximately 8660km2, the Dogger Bank Zone is also one of the shallowest, with 
water depths ranging between 18m and 63m LAT. 
 

1.2  Survey Summary 

In 2012, Gardline Environmental Ltd (GEL) carried out a benthic characterisation survey 
for Forewind throughout Tranche B and the associated Teesside Cable Corridor (TCC) 
routes (Northern and Southern). The survey of Tranche B was conducted during July 
onboard the MV Vigilant, with the survey of the TCC routes conducted during September 
and October onboard the MV Vigilant for the offshore section and during November on the 
MV Titan Endeavour for the inshore section of the route.  
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A zone-wide characterisation of Dogger Bank is currently being carried out to provide 
Forewind with a greater understanding of the environmental, engineering and 
economic constraints to development within the wider zone and to identify boundaries 
within which individual and/or multiple projects can be developed (Forewind, 2012b). 
This report will contribute to the characterisation programme; investigating physical 
sediment characteristics, sediment contaminants and benthic community composition 
throughout Tranche B and the associated TCC routes. This characterisation survey was 
undertaken to feed into the Environmental Impact Assessment (EIA) process to inform the 
Environmental Statement (ES).   
 
The environmental surveys were carried out following geophysical surveys conducted by 
Gardline Geosurvey Ltd (GGL) between June 2011 and May 2012 in Tranche B and from 
May 2012 to July 2012 along the TCC routes. The aim of these surveys was to carry out a 
geophysical investigation that would assess bathymetry, seabed features and sub-surface 
features to inform environmental and seabed construction processes. These surveys 
utilised single-beam and multi-beam echo sounder (SBES and MBES), sidescan sonar 
(SSS), pinger, sparker and magnetometer equipment. The results of the geophysical 
surveys have been summarised in this report where relevant, but given in more detail in 
separate reports (GGL, 2012a and 2012b).  
 
Within Tranche B, a total of 55 stations were pre-selected by the Client to undertake 
camera investigation of the habitat and grab sampling for particle size and faunal 
analyses, 11 of which were also to be sampled for chemical analyses. Along the TCC 
routes, 120 stations were pre-selected for camera investigation, of which 74 were selected 
for grab sampling for particle size and faunal analyses, including 24 stations for chemical 
analyses.  
 
Camera operations utilised a digital stills camera and video system with a freshwater lens 
in order to ground truth the geophysical survey data and to investigate the survey areas for 
the presence of features of conservation importance. These include potential Annex I 
habitats, which may be protected under the EC Habitat’s Directive, as implemented by the 
UK’s Offshore Marine Conservation (Natural Habitats, &c.) (Amendment) Regulations 
2010, such as biogenic reefs or stony/rocky reefs and sand banks in less than 20m of 
water. Areas of high reflectivity identified from the geophysical data and areas of coarse 
sediment observed in seabed imagery were further investigated with camera transects in 
order to assess these areas for resemblance to potential stony reef.  
 
A modified mini-Hamon grab was used to acquire one 0.1m2 sample at each station, with a 
sub-sample also taken for particle size analysis (PSA). One 0.1m2 grab sample was 
acquired at all bar four of the 55 Tranche B sampling locations and three of the 74 TCC 
sampling locations.  Benthic faunal samples were screened on board through a 1mm 
sieve and preserved in buffered formalin. Two samples were obtained at each station 
designated for chemical analyses utilising a 0.1m2 Day grab. Two 0.1m2 grab samples 
were acquired at all bar three of the 24 TCC sampling locations. The sediment obtained 
was sub-sampled for analysis of hydrocarbon and trace metal content, as well as spares, 
each of which were frozen pending analysis. 
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All stations within Tranche B and the TCC were classified into biotope complexes (EUNIS 
Level 4; Connor et al., 2004). Further classification to Level 5 biotopes was attempted 
where possible, however the geographic disparity between seabed imagery and grab data 
prevented a more robust and consistent classification at this level.  

 
All positional information in this report is referenced to the World Geodetic System 1984 
(WGS84).  All grid coordinates are projected using Universal Transverse Mercator (UTM) 
Projection, Grid Zone 31 North, 3° East. Details of the target and actual sampling locations 
of the pre-selected sampling stations and additional camera transects are presented in 
Figure 1.1 and detailed in the Surveyors’ log sheets in Appendix A. Actual sampling 
positions may be slightly offset from the target locations.  
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Figure 1.1    Target and Actual Environmental Sampling Locations - Tranche B
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Figure 1.2a    Target and Actual Environmental Sampling Locations - TCC Northern Route
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Figure 1.2b    Target and Actual Environmental Sampling Locations - TCC Southern Route
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2  METHODS 

2.1  Camera Procedure  

Environmental seabed images were taken by means of a digital stills camera system with 
a dedicated strobe and video lamps, mounted within a stainless steel frame. An ultra short 
base line (USBL) positioning beacon was attached to the camera frame. The USBL, an 
underwater positioning system, uses a vessel mounted transceiver to detect the range and 
bearing to the camera frame using acoustic signals. A full calibration of the system was 
carried out on the 24-Apr-2012 in accordance with Gardline standard operating 
procedures.  

 
Footage was viewed in real time via an umbilical assisting in the control of the digital stills 
camera.  This allowed for shot selection, in the event that the system recorded a sediment 
change or feature at the seafloor.  
 
A minimum of five seabed photographs were taken at each station using a hover and drift 
technique, separated by a time gap of approximately 5-10 seconds. This technique 
allowed the frame to move progressively along the seabed as the vessel drifted across the 
work area or traversed on its thrusters. The images were captured remotely using the 
surface control unit and stored on the camera’s internal memory card. Video footage was 
overlaid with time, position, and depth, and recorded directly onto VHS video and DVD. On 
completion, photographs were downloaded onto a PC via a USB download cable and 
copied onto CD-Rom. All CDs, DVDs and videos were labelled with the relevant job 
details, write-protected and stored.  
 
Main instrumental and acquisition details are as follows:  

 

Equipment 
Manufacturer  Kongsberg/Simrad. 
Model OE14-208 
Pixels 5.0 M 
Standard Lens  f 7.2 – 28.8 (35mm format equivalent to 38 – 140mm) 
Focus Control Automatic or manual 50mm to infinity 
Trigger  Remote from deck 
Height Control USBL Beacon and Video footage 
Video Overlay Oceantools VO1 
Field of View  47.8 (deg H) by 36.2 (deg V) 
Lighting 1 strobe, 2 video lamp 
Scale bar 1cm intervals 
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2.2  Seabed Sampling 

2.2.1  Mini Hamon Grab Procedure 
Seabed samples for PSA and macrofaunal analyses were recovered according to 
guidelines outlined in Ware and Kenny (2011), using an in-house constructed, modified, 
stainless-steel 0.1m2 mini-Hamon grab. The grab carried extra weights to aid penetration 
on impact.  
 
Mini Hamon grab sampling operational procedures were as follows: 
 
The vessel’s sampling area was pre-cleaned using a powerful deck fire-hose and 
seawater. A dry-core galvanised cable was used to lower the grab to the seabed. 
 
For accuracy, the mini-Hamon grab was lowered to just above the seabed, then, using 
positioning information relayed from the surveyors or bridge, once directly over the target 
location the grab was lowered to the seabed and then quickly recovered. Positional fixes 
were captured immediately using differential global positioning system (DGPS) for each 
grab sample when the grab reached the sea floor. The precise time that the grab reached 
the seabed was determined by observations of the tension on the winch cable. On 
recovery of a sample, the grab would first be examined for acceptability following strict 
quality assurance (QA) criteria. In the following cases, a grab sample would be rejected 
and the instrument returned to the pre-deployment position: 
 
1. jammed jaws due to a large stone or shell allowing sediment washout; 
2. half sample obtained where the grab had not struck a flat area of bottom, or not hit 

true, causing a side or half bite of sediment; 
3. disruption of the sample by obvious shaking or contamination (these can occur when 

a sample is badly handled or if the grab strikes the side of the vessel during 
operations); 

4. the sample represents less than 5 litres or 40% of the grab’s total capacity or totally 
filled the grab. The latter potentially allowing the sample to overflow the grab or for the 
surface sediments to come into contact with the lids; 

5. sample was acquired more than 50m from the desired position (as determined by the 
onboard surveyors, environmentalist and Client Representative, with consideration of 
survey objectives); 

6. the presence of a hag fish (Myxine glutinosa) and/or mucus coagulants. 
 
Brief descriptions of the collected sediments were made at the time of sampling. Sediment 
colour was determined using Munsell colour charts. These were recorded in the 
environmentalist’s log sheets and are presented in Appendix A. A selection of 
photographs, taken of the sediment samples whilst still in the Day grab, is presented in 
Appendix B.  
 
Sediment samples were thoroughly washed from the grab into a plastic tray.  A sub-
sample was taken using a plastic scoop for PSA analysis and subsequently transferred to 
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an onboard freezer for storage at <-18°C. Once all of the equipment was washed free of 
sediment, the remaining sediment sample was transferred to a sieving machine where it 
was broken down using a low-powered seawater spray. All materials retained by the 1mm 
sieve were transferred to a squat jar or bucket by means of a scoop and funnel, making 
sure that none of the sample was lost or trapped in the mesh. The sample was fixed with a 
<20% formalin solution of known concentration, and buffered with borax, then 
subsequently diluted to a final concentration of approximately 4% formalin. Fauna samples 
were placed in 1 litre polypropylene screw-top squat jars, 5- or 10-litre buckets, depending 
on sample size, and provided with an additional internal waterproof label.  
 

2.2.2  Day Grab Procedure 
Seabed samples were recovered using an in-house constructed, modified, stainless-steel 
0.1m2 Day grab. The grab carried extra weights to induce better penetration on impact and 
an extended bucket lip to reduce sediment washout. Storm feet and elastic straps were 
used to reduce the likelihood of the instrument pre-triggering in the water column during 
deployment. 
 
Grab sampling operational procedures were as follows: 
 
The vessel’s sampling area was pre-cleaned using a powerful deck fire-hose. The Day 
grab was thoroughly washed down using a diluted solution of Decon 90 prior to 
deployment at every station to prevent hydrocarbon cross contamination. A 125m-length 
of 10mm, dry-core, galvanised-steel cable was used to lower the Day grab to the seabed. 
Positional fixes were taken for each grab sample immediately following the grab reaching 
the sea floor and grab samples were examined following the same strict QA criteria 
outlined in Section 2.2.1 above.  
 
Grab samples deemed acceptable under the QA criteria outlined above were 
photographed and described prior to sub-sampling. All containers for chemical analyses 
were labelled externally prior to use. Samples were placed in one metal tin (PAH), two 
glass jars (HC and spare), two 1kg plastic pots (marine sediment 1 and 2) and one zip-lock 
plastic bag (spare) and transferred to an onboard freezer for storage at <-18°C. 
 
At the end of the survey all of the retained samples were delivered to GEL’s Great 
Yarmouth office. All chemical sub-samples were kept frozen and biological samples stored 
at room temperature. Contaminant samples from each station were then sent frozen, in 
cool boxes kept cool with ice packs, along with biological samples, to their respective 
analytical sub-contractors (see Section 2.3). Spare samples are retained at GEL’s Great 
Yarmouth office for at least six months after which time the Client is contacted to advise on 
appropriate disposal, continued storage or dispatch to a destination of the Client’s choice.   
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2.3  Sample Analyses 

Sediment and faunal samples were analysed by the following laboratories / persons: 
• Sediment hydrocarbon, metals, organotin, selenium, boron, polychlorinated biphenyl 

(PCB) and total organic carbon (TOC) analyses were carried out by the National 
Laboratory Service (NLS) of the Environment Agency, Leeds, UK.  

• Benthic macrofaunal identification was undertaken by Marine Ecological Surveys 
(MES), Bath, UK. 

• PSA was carried out in-house by GEL. 
 

The laboratories detailed above meet quality control requirements exacted by Gardline’s 
internal procedures (BS/EN/ISO 9001:2008; BSI, 2008). NLS participates in the 
contaminated land scheme (CONTEST) and Aquacheck schemes administered by the 
Laboratory of Government Chemists (LGC) and take part in the Quasimeme proficiency 
testing scheme and in sediment sample exchange and organic parameters (SETOC). 
MES and GEL participate in the National Marine Biological Analytical Quality Control 
(NMBAQC) scheme. 
 

2.4  Particle Size Analyses 

PSA was undertaken in-house based on BS1377: Parts 1-3: 1990 (dry sieving). 
Sediments were homogenised and a sub-sample sample dried to constant weight. The 
sample was then weighed and wet sieved to 63µm under running water. The retained 
material was dried then separated using nested stainless-steel sieves with mesh apertures 
of 63mm, 31.5mm, 20mm, 16mm, 11.2mm, 8mm, 5.6mm, 4mm, 2.8mm 2mm, 1.4mm, 
1mm, 710µm, 500µm, 355µm, 250µm, 180µm, 125µm, 90µm, and 63µm into a clean 
receiver. Each size fraction was weighed and the weights expressed as a percentage of 
the weight of the total sub-sample.  
 
Using a second sub-sample, sediment particle size distributions below 63µm were 
determined using a Malvern Mastersizer 2000 particle sizer. No dispersants were used 
and the sediment was not treated to remove carbonates or organic matter prior to analysis. 
Mastersizer 2000 data have been previously independently validated by comparison to 
wet sieving (Hart, 1996).  
 
The sediments were classified, statistics calculated and log sheets produced using the 
GRADISTAT program (Blott and Pye, 2001). The classification of sediments, using the 
modified Udden and Wentworth scale adopted in GRADISTAT is presented in Table 2.1. 
The sediment samples were also classified within GRADISTAT using the modified Folk 
triangle classification, which uses the sand:mud ratio and the percentage of gravel 
(Appendix C; Folk, 1954). It should be noted that GRADISTAT defines sediment with any 
trace of gravel as ‘slightly gravelly’. This is in contrast with the traditional Modified Folk 
triangle which requires a minimum of 1% gravel to define ‘slightly gravelly’ sediment, but is 
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consistent with the previous Dogger Bank Offshore Wind Farm (OWF) Benthic Ecology 
Characterisation Report (EMU, 2012). 
 

Table 2.1  Size scale and Classifications adopted in GRADISTAT 
Aperture in mm Aperture in Phi Unit Sediment Description 

>1024 <-10 Very Large 

Boulder 
512 – 1024 -10 to -9 Large 
256 – 512 -9 to -8 Medium 
256 – 128 -8 to -7 Small 
128 - 64 -7 to -6 Very Small 
64 – 32 -6 to -5 Very Coarse 

Gravel 
32 – 16 -5 to -4 Coarse 
16 – 8 -4 to -3 Medium 
8 – 4 -3 to -2 Fine 
4 – 2 -2 to -1 Very Fine 
2 - 1 -1 to 0 Very Coarse 

Sand 
0.500 -  1 0 to 1 Coarse 

0.250 – 0.500 1 to 2 Medium 
0.125 – 0.250 2 to 3 Fine 
0.063 – 0.125 3 to 4 Very Fine 
0.031 – 0.063 4 to 5 Very Coarse 

Silt 
0.016 – 0.031 5 to 6 Coarse 
0.008 – 0.016 6 to 7 Medium 
0.004 – 0.008 7 to 8 Fine 
0.002 – 0.004 8 to 9 Very Fine 

<0.002 >9 Clay Clay 
Size scales in GRADISTAT have been adapted from Udden and Wentworth classifications (Blott and Pye, 2001). 
 

The results, given in Appendix C, present particle size distributions in terms of mean phi, 
fraction percentages (i.e. gravel, sand and fines), sorting (mixture of sediment sizes) and 
skewness (weighting of sediment fractions above and below the mean sediment size) 
(Folk and Ward, 1957). These indices are described below. 
 
1) Graphic Mean – a measure of average particle size in phi units (-log2(diamm), Folk and 
Ward, 1957).  
 

 
3

 ø50ø84ø16 ++
=zM  

 

 where  Mz = The graphic mean particle size in phi 
   ø = the phi size of the nth percentile of the sample 
 
2) Sorting – the inclusive graphic standard deviation of the sample is a measure of the 
degree of sorting. Sorting classifications are presented in Table 2.2. 
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 where  σI = the inclusive graphic standard deviation 
 
3) Inclusive Graphic Skewness – the degree of asymmetry of a frequency or cumulative 
curve. Skewness classifications are presented in Table 2.3. 
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 where:  S = the skewness of the sample  
 
4) Graphic Kurtosis – The degree of peakedness or departure from a ‘normal’ frequency 
or cumulative curve. Kurtosis classifications are presented in Table 2.4. 
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 where:  K = Kurtosis 
 
Table 2.2  Sorting Classifications 

Sorting Coefficient (Graphical Standard Deviation) Sorting Classifications 
0 < 0.35 Very well sorted 

0.35 < 0.50 Well sorted 
0.50 < 0.71 Moderately well sorted 
0.71 < 1.00 Moderately sorted 
1.00 < 2.00 Poorly sorted 
2.00 < 4.00 Very poorly sorted 

4.00  Extremely poorly sorted 

 
Table 2.3  Skewness Classifications 

Skewness Coefficient Mathematical Skewness Graphical Skewness 
1.00 > 0.30 Strongly Positive Strongly fine skewed 
0.30 > 0.10 Positive Fine skewed 
0.10 > -0.10 Near Symmetrical Symmetrical 
-0.10 > -0.30 Negative Coarse skewed 
-0.30 > -1.00 Strongly Negative Strongly coarse skewed 

 
Table 2.4  Kurtosis Classifications 

Kurtosis Coefficient Kurtosis Classification Graphical meaning 
0.41 < 0.67 Very Platykurtic Flat-peaked; the ends are better sorted 

than the centre 0.67 < 0.90 Platykurtic 
0.90 < 1.10 Mesokurtic Normal; bell shaped curve 
1.11 < 1.50 Leptokurtic Curves are excessively peaked; the 

centre is better sorted than the ends. 1.50 < 3.00 Very Leptokurtic 
3.00 + Extremely Leptokurtic 

 

2.5  Total Organic Carbon  

Sediment samples were treated with sulphurous acid to remove inorganic carbonates. 
Sediment samples were weighed into tin containers and dropped into a vertical quartz 
tube, heated to 900°C, through which a constant flow of helium is maintained.  At the time 
of sample introduction, the helium stream is temporarily enriched with pure oxygen. Flash 
combustion takes place, primed by the oxidation of the container. Quantitative combustion 
is then achieved by passing the gases over Chromium III oxide (Cr2O3). The mixture of 
combustion gases passes over a reduction reactor filled with copper at 650°C to eliminate 
the excess oxygen and reduce nitrogen oxides to nitrogen. The gas mixture is then 
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introduced to a chromatographic column packed with ‘Porapak QS’ at approximately 
100°C. The individual components are separated and eluted in the order N2 - CO2 - H2O. 
They are measured by means of a thermal conductivity detector. The instrument is 
calibrated by combustion of known standard compounds. The limit of detection for this 
technique is 0.4%. 
 

2.6  Hydrocarbons 

2.6.1  Hydrocarbons by Ultra-Violet Fluorescence (UVF) Spectrometry 
Ultra-violet fluorescence (UVF) spectrometry is now widely used in the marine field 
because of its high sensitivity and ease of use and minimal clean up requirements. 
 
The sediment was initially digested with methanol. The hydrocarbons present in the filtered 
digest were extracted into pentane. The pentane extract was dried over anhydrous sodium 
sulphate. The sample was then analysed by UVF spectroscopy at an emission wavelength 
of 360nm and excitation wavelength of 310nm and by comparison against standards 
prepared from 'Ekofisk' crude oil.  
 

2.6.2  PAH by Gas Chromatography-Mass Spectrometry (GC-MS) 
Labelled internal standards which are representative of the compounds determined were 
added to the soil sample. The sample was dried using Sodium Sulphate and then 
extracted by means of an Accelerated Solvent Extraction (ASE) system employing 
Acetone/Dichloromethane as the extraction solvent.  
 
The resulting extract was evaporated to low volume (approx. 2-3ml) with a stream of 
nitrogen gas in an evaporator system. The solvent extract was then transferred to a GPC 
clean up system followed by Silica adsorbent clean up. An aliquot of the extract was 
injected onto a Gas Chromatograph (GC) where the compounds of interest were 
separated on a capillary column. The eluate from the column was then analysed by a 
Mass Spectrometer (MS) operating in Electron Ionisation Mode (EI) where the compounds 
are detected. 
 

2.6.3  Quality Control Samples 
The following internal quality control samples were prepared alongside the sediments. 
• An aqueous sample used as a blank; 
• A matrix specific Certified Reference Material (CRM). 

 
Results are presented in Appendix D. 
 

2.7  Polychlorinated Biphenyls (PCBs) by GC-MS 

2.7.1  Procedure 
Surrogate standards were added to freeze dried samples, which was extracted with an 
Accelerated Solvent Extraction (ASE) system, with 1:1 Dichloromethane: Acetone as 
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solvent. The solvent extract was reduced in volume and interfering organic compounds of 
high molecular weight were removed using Gel Permeation Chromatography (GPC). The 
resulting post-GPC extract was concentrated prior to further clean-up by way of basic 
alumina, followed by a final acid clean-up step, using concentrated sulphuric acid. The 
eluate was reduced in volume before injection onto a GC-MS operating in selective ion 
mode (SIM). 
 

2.7.2 Quality Control Samples 
The following internal quality control samples were prepared alongside the sediments. 
• An aqueous sample used as a blank; 
• A matrix specific CRM. 
 
Results are presented in Appendix D. 
 

2.8  Organotins by GC-MS 

2.8.1  Procedure 
Samples were extracted using methanolic acetic acid, and were then derivatised and 
analysed by GC-MS. 
 

2.8.2  Quality Control Samples 
The following external profiency testing programs were used. 

• Contaminated land scheme (CONTEST); 
• Sediment sample exchange and organic parameters (SETOC). 
 

Results are presented in Appendix D. 
 

2.9  Metals 

2.9.1  Quality Control 
Internal QC was performed for trace metals analysis, using aqueous blanks, and matrix 
specific CRMs. External QC also took place within the Quasimeme and Aquacheck 
schemes. 
 

2.9.2  Sediment Preparation 
An open tube hot plate digestion was performed. The freeze dried samples were sieved to 
the required size fraction and then digested using a mixture of nitric, perchloric and 
hydrofluoric acids. This acid mixture allows a complete dissolution of metals from most soil 
and sediment types. The resulting digests were then analysed by Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS) and/or Inductively Coupled Plasma Optical Emission 
Spectrometry (ICP-OES) for the determination of metal contents. 
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2.9.3  Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) 
Aluminium (Al), barium (Ba) and iron (Fe) were determined using ICP-OES using an 
Optima 3300 RL spectrophotometer. Concentration ranges and detection limits of the 
various elements analysed are presented in Table 2.5. 

 
2.9.4  Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 

Arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), lithium (Li), manganese (Mn), 
nickel (Ni), lead (Pb), vanadium (V) and zinc (Zn) were determined by ICP-MS using an 
Elan 9000 spectrometer. Concentration ranges and detection limits of the elements 
analysed are presented in Table 2.5. 
 

2.9.5  Mercury (Hg) Extraction and Analysis 
The dried sample was digested with nitric and hydrochloric acid in a microwave digester. 
The digest was filtered and completed with de-ionised water. The sample reacted with 
acidic stannous chloride in order to convert the Hg (II) into Hg (0) vapour. The Hg vapour 
was removed from the solution by a stream of argon and the Hg was detected by atomic 
fluorescence. The Hg vapour was swept from the solution into a PSA Merlin Fluorescence 
system. Concentration range and detection limits of Hg analysis are presented in Table 
2.5. 
 
Results are presented in Appendix D. 
 

Table 2.5  Detection Limits and Concentration Ranges for Metals Analyses 

Element 
Concentration 

Range 
Limit of Detection - LoD 

(mg/kg) 
Method Of Detection 

Analysing 
Instrument 

Al 0-2.5mg l-1 0.4 ICP-OES Optima 3300RL 
As 0-200µg l-1 0.1 ICP-MS Elan 9000 
Ba 10-1000µg l-1 10µg l-1 ICP-OES Optima 3300RL 
Cd 0-20µg l-1 0.05 ICP-MS Elan 9000 
Cr 0-200µg l-1l 0.01 ICP-MS Elan 9000 
Cu 0-200µg l-1 0.1 ICP-MS Elan 9000 
Fe 0-2.5mg l-1 0.3 ICP-OES Optima 3300RL 

Hg 0-20µg l-1 0.002 Atomic Fluoresence 
PSA Merlin 

Fluorescence 
System 

Li 0-200µg l-1 0.1 ICP-MS Elan 9000 
Mn 0-200µg l-1 0.2 ICP-MS Elan 9000 
Ni 0-200µg l-1 0.3 ICP-MS Elan 9000 
Pb 0-200µg l-1 0.2 ICP-MS Elan 9000 
V 0-200µg l-1 1 ICP-MS Elan 9000 
Zn 0-200µg l-1 0.2 ICP-MS Elan 9000 

 

2.10  Metalloids and Non Metals 

2.10.1  Boron (B) Analysis 
Water soluble boron samples were analysed using samples air dried overnight at 30ºC. A 
10g dried sample was digested in water for 65 minutes using a digestion block set at 
120ºC. After digestion the sample was allowed to cool for 30 minutes. The extract was 
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then filtered and made up to a 50ml final volume. Standards, blanks, QCs and reference 
materials were also run through the same process as the samples. The resulting sample 
was analysed using ICP-OES, a method widely used for analysing metals in aqueous or 
organic solutions.  
 
The extract to be analysed is dispersed into a stream of argon gas via a nebuliser and 
spray chamber into a core of high temperature plasma sustained by radio frequency fields. 
Energy is transferred from the plasma to the extract which is desolvated, dissociated, 
atomised and often ionised during its passage through the plasma. In ICP-OES the light at 
a specific wavelength emitted by the excited boron atoms and ions in the plasma is 
measured to find boron concentration levels in the sample. In general the intensity of 
emission signal is directly proportional to the concentration of boron in the extract. 
 

2.10.2  Selenium (Se) Analysis 
Selenium in the sample was extracted using an aqua regia digest. A mixture of nitric and 
hydrochloric acid was used under gentle refluxing in order to extract Se. The extract was 
subjected to further heating with hydrochloric acid to reduce Se (VI) to Se (IV). The 
acidified extract reacted with sodium borohydride to produce hydrogen gas which 
combined with the selenium (IV) to produce selenium hydride (SeH4). The hydride and 
excess hydrogen was transported by a stream of argon to a fluorescence detector, where 
a small chemically generated hydrogen flame acts as an atom cell. Atomic fluorescence is 
measured after excitation using a selenium boosted discharge hollow cathode lamp. 
 

2.10.3  Quality Control 
The following external proficiency testing programs were used. 

• Contaminated land scheme (CONTEST) 
• Sediment sample exchange and organic parameters (SETOC) 
 

Results of analyses are presented in Appendix D. 
 

2.11  Macrofaunal Analysis 

2.11.1  Sorting and Identification 
In the laboratory, samples were gently washed across a 1mm sieve to remove any 
sediment fines and preservative. The retained material was sorted by hand to extract all 
macrofauna. The organisms were identified and counted to produce a species list for each 
grab sample. Sample residues were checked by a second individual to provide a degree 
of quality control. Samples from each project were also sent to NMBAQC laboratories to 
check sieving, sorting, identification and biomass quality. These samples were chosen 
randomly, and NMBAQC re-analysed a random number of these samples. The similarity of 
the original sample and the QC sample was then compared, with a pass rate of 90%.  
 

2.11.2  Data Set Rationalisation 
The faunal data set was rationalised according to the standard GEL (2010) procedure, 
which is largely based on British Standard ISO16665:2005 (BSI, 2005) and OSPAR 
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(2004) guidelines. A summary of these methods follows. 
 
Juveniles 
The inclusion of juvenile organisms in data sets is a contentious issue, as is the definition 
of a juvenile. Only when the following conditions were satisfied was an organism recorded 
as a juvenile: 
• Organisms that were too small or immature to be identified to species were identified 

to the lowest possible taxonomic level and recorded as juveniles. 
• The organism was in a pre-adult life stage e.g. megalopa, praniza, etc. 
• For large-bodied (>4cm) species of echinoderm and bivalve, the organism was less 

than 10% of the maximum body size reported in the literature. 
 

In accordance with ISO16665:2005 guidelines, juveniles are recorded separately in the 
faunal list in Appendix E. Juveniles were included in the analysed data set at the lowest 
achievable taxonomic level. In the first instance, statistical analyses were performed after 
counts of juveniles of known species had been combined with adult records of that same 
species. In accordance with OSPAR (2004), if one or more of the juvenile taxa, or species 
that included juvenile records, were among the ten most dominant, then a 2STAGE 
analysis was carried out to compare the data sets with and without juveniles to determine if 
discussion of both sets is required. If the two data sets are found to be at least 95% 
similar, then the juveniles are included in the data set for all further multivariate analyses 
and discussion. Alternatively the multivariate analyses are additionally performed following 
exclusion of all juvenile records in order to illustrate their influence.  
 
Damaged Specimens 
Destructive sampling techniques and sieving may damage delicate benthic organisms. It 
is, therefore, commonplace for fragmented organisms to be found in faunal samples. The 
following conditions were applied to the recording of damaged specimens and fragments:  
• Fragments that constituted a major component of an individual, that unequivocally 

represented the presence of an entire organism, and that could be identified to 
species level, were recorded and included with other counts of that species. 
Examples include: the heads of polychaetes and crustaceans; the complete mouth 
structure or central disk of brittle stars; the oral area/feeding tentacles of holothurians. 

• Fragments that constituted a significant component of an individual, that 
unequivocally represented the presence of an entire organism, but that could not be 
identified to species by virtue of their incompleteness, were recorded to the lowest 
possible taxonomic level. 

• Fragments that did not unequivocally represent the presence of an entire organism 
were ignored, e.g. Amphiura arms, Echinocardium shell fragments, etc.  

 
Recorded fragments, therefore, represent discrete observations of individuals that were 
present at the time of sampling and were included in the analysed data set.  

 
Treatment of Specific Groups of Organisms 
GEL defines macrofauna as organisms that are normally larger than the mesh size of the 
sieve used to separate them from the sediment (GEL, 2010). Meiofaunal organisms, such 
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as the Ostracoda and Copepoda, which would not be consistently sampled, were not 
recorded. Due to their generally small size (in fully marine environments), species from the 
Oligochaeta, Tardigrada and Gnathostomulida were only enumerated when a sieve with a 
mesh size of 0.5mm or less was used to separate organisms from sediments; otherwise, 
these organisms were noted to be present, but not enumerated. Colonial, stoloniferous 
and encrusting epibenthic species were identified but not enumerated. With the exception 
of discrete sea pen (Pennatulacea) colonies, only solitary tunicates and cnidarians were 
enumerated and included in statistical analyses. Colonial tunicates and cnidarians were 
identified but not enumerated. The testate amoeba Astrorhiza sp. was the only foram 
routinely enumerated. When found, the presence of Porifera (sponges) was recorded, but 
not identified to lower taxonomic levels, enumerated, or included in statistical analyses. 

 
In accordance with our in-house guidelines the following organisms, were not identified to 
species, but were enumerated and included in the data set for analyses at a higher 
taxonomic level: 
• Nemertea – identified to phylum, 
• Platyhelminthes – identified to class, 
• Phoronida – identified to genus, 
• Hemichordata – identified to class. 
 

2.11.3  Biomass  
Blotted wet weight biomass was obtained for major faunal groups by weighing after 
external fluid was removed on filter paper. Biomass was expressed as grams (g) of ash-
free dry weight (AFDW) per grab sample, for each major taxonomic group. This was 
estimated using a conversion factor specific to each taxonomic group (Eleftheriou and 
Basford, 1989).  
 

2.12  Statistical Analyses 

2.12.1 Univariate Macrofauna Indices 
Univariate community analyses were undertaken using the PRIMER Version 6 software 
package (Clarke and Warwick, 2006). Univariate indices seek, by means of a single 
number, to summarise information about some aspect of community structure. The two 
aspects of community structure contributing to the concept of diversity are species 
richness (a measure related to the total number of species present) and evenness (a 
measure relating to the pattern of distribution of individuals among the species present).  
 
Diversity indices, as typified by the Shannon-Wiener index, are considered to be a 
relatively insensitive measure of anthropogenic disturbance. However, benthic ecologists 
have been able to demonstrate a clear inverse relationship between diversity and total oil 
concentrations in sediments (e.g. Davies et al., 1984). They are therefore of some 
practical use for making comparisons between stations and sites. 
 
The following indices were calculated and are presented in the report: 
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Shannon-Wiener Diversity Index  
This is a widely used measure of diversity providing an integrated index of species 
richness and relative abundance (Clarke and Warwick, 2006). It is basically a measure of 
the difficulty of predicting the identity of an individual based on overall community 
composition. The Shannon-Wiener diversity index is expressed as: 
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 where H’ = Shannon-Wiener Diversity Index  
   Pi = proportion of the total number of individuals from the ith species 

 n = log base value (log base 2 is used during this report; Shannon and Weaver, 
1949) 

 
H’ integrates the number of species and individual abundance to provide a summary value 
reflecting the diversity of fauna at a station. This index of diversity is influenced by both 
species richness (i.e. the number of species) and evenness (or equitability) of distribution 
of individuals between species. 
 
Simpson’s Dominance Index  
Simpson's is a dominance index derived from the probability of picking two individuals from 
a community at random that are from the same species. Therefore Simpson’s dominance 
index values will be large when a community is dominated by one or a few species but 
lower when the community is diverse. Simpson’s dominance index was calculated as 
follows: 
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 where: λ = Simpson’s Dominance Index 
   Pi = proportion of the total number of individuals from the ith species 
 
Simpson’s dominance index ranges from 0 to 1 with values typically reflecting the 
abundances of the most common species in the samples.   
 
Pielou’s Evenness 
Evenness (or equitability) is a representation of how uniformly individuals are spread 
between species in a sample. It is a component of, and calculated using, a theoretical 
diversity measure (in this instance Shannon-Wiener). High values (values range from 0 to 
1) indicate low dominance. (NB. the log base that was used to calculate H’ must also be 
used to calculate evenness). 
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 where J = Pielou’s Evenness 
   H’ = Shannon-Wiener Diversity index 
   S = total number of species in a sample 
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2.12.3  Multivariate Analyses 
In addition to univariate analyses, the data were subjected to multivariate analysis using a 
number of different methods available within the PRIMER package (Clarke and Warwick, 
2006). By considering the full data matrix as a whole and comparing each station with 
every other, multivariate analyses are able to highlight subtle trends in data sets that are 
commonly not identified when using univariate techniques. Multivariate techniques are not 
restricted to use with faunal data sets and if treated appropriately may also be used to 
compare complex chemical data sets. Multivariate analyses were computed from 
resemblance or similarity matrices. In the case of faunal abundance data these were 
constructed using the Bray-Curtis measure of similarity following transformation of the data 
to downweight the influence of highly abundant or dominant species. For the purposes of 
this survey, a square-root transformation was utilised. According to Clarke and Warwick 
(2006), square root transformation allows the intermediately abundant species to 
contribute to the similarity. PSA data resemblance matrices are computed using Euclidean 
Distance following transformation (where necessary) and normalisation to standardise 
measurement scales. 
 
Cluster Analysis and SIMPROF 
Cluster analysis groups samples according to their similarity i.e. samples within a group 
are more similar to each other than they are to samples in other groups. Clustering was by 
a hierarchical agglomerative method using group average sorting, and the results are 
presented as a dendrogram. Using PRIMER v6 it is possible to perform a SIMPROF 
(similarity profile) test at the same time as the cluster analysis to determine whether groups 
of samples are statistically indistinguishable or whether they contain identifiable structure. 
SIMPROF is an a priori test designed to identify groups of samples from unstructured data 
sets. The test employs a permutation-based analysis to determine whether groups of 
samples below each successive node of a dendrogram possess identifiable internal 
structure. If the result of a test at a particular node is not significant there is no identifiable 
structure within the samples below the node and they might therefore be considered to be 
a uniform group. A significant result indicates that samples within a group (below a 
particular node in the dendrogram) contain some structure and therefore may not be 
considered uniform. The analysis therefore identifies groups of samples that are each 
highly self-similar and also that are distinguishable from each other. 
 
Ordination Analyses using non-Metric Multidimensional Scaling  
Non-metric multidimensional scaling (nMDS or MDS) is a type of ordination method which 
creates a 2- or 3-dimensional ‘map’ of the samples (or stations) from the similarity matrix. 
The configuration of the samples on the ‘map’ is a reflection of their similarity, with 
distances between samples being representative of their dissimilarity.  
 
It is normal for there to be some distortion (stress) between actual similarity values (in the 
resemblance matrix) and distance between samples on the ordination plot; perfect 
solutions are very rarely achieved when dealing with complex data sets. In order to 
achieve the lowest possible stress PRIMER adopts an iterative approach to ordination, 
constructing the plot by successively refining the positions of samples until the lowest 
stress is achieved. In reality the lowest possible stress is not always achieved since data 
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points may become trapped in local minima. It is therefore necessary to re-run the 
analyses multiple times to ensure that the lowest achievable stress is found. The 
ordination analysis results reported were the product of a minimum of 25 restarts.  In 
instances where the lowest achieved stress was found for <5 (20%) of the restarts the 
ordination was repeated with 100 restarts to ensure that a lower stress result could not be 
found. 
 
The scale and orientation of MDS ordinations are arbitrary so no axes are drawn on the 
plots. Stress values increase with sample size, and usually also with increasingly severe 
transformation of the initial data set (due to the increasing influence of rarer species on the 
outcome of analyses). The stress value may be used as an indication of the usefulness of 
plots, with a general guide being as follows (Clarke and Warwick, 2006): 
  <0.05   Almost perfect representation of rank similarities 
  0.05 to <0.1  Good representation 
  0.1 to <0.2 Still useful 
  0.2 to <0.3 Should be treated with caution 
  >0.3  Little better than random points 
 
SIMPER 
Where differences between groups of samples are found, SIMPER may be used to 
interpret which species, or environmental variables, are principally responsible for the 
differences between the groups and which are most responsible for the similarities within 
groups. The SIMPER analysis decomposes differences between all pairs of sample, one 
from each identified group, into their contributions from each species or variable, and 
ranks them in decreasing order of their contribution to overall dissimilarity.   
 
RELATE 
The RELATE test of PRIMER calculates the rank similarity of two specified data matrices, 
so, for instance, may be used to provide an indication of the effect of the removal of a 
subset of taxa (e.g. juveniles) on the structure of the data set overall.   
 

2.13  Stony Reef Assessment 

‘Reefs’ are one of the habitats listed under Annex I of the Habitats Directive for protection 
within Special Areas of Conservation (EC Habitats Directive 92/43/EEC) as implemented 
by the UK’s Offshore Marine Conservation (Natural Habitats, &c.) (Amendment) 
Regulations 2010 and Conservation of Habitats and Species Regulations 2010. Although 
there is no definition of ‘reefs’ in the Habitats Directive itself, European interpretation of the 
habitat has been discussed and agreed upon as including bedrock, stony and biogenic 
reefs. ‘Stony reefs’ can comprise areas of boulders or cobbles which stand proud from the 
seafloor and can provide a suitable substratum for the attachment of benthic communities 
of algae and marine animals. Boulders and cobbles are generally considered to be greater 
than 64mm in diameter; and a feature of a ‘stony reef’ must be that it is topographically 
distinct from the surrounding sea floor. 
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Figure 4.9    Pielou's Evenness and Simpson's Dominance Indices - TCC
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the top four taxa within cluster k. Echinocyamus pusillus was the most influential to 
similarities within both clusters d and e, while S. bombyx contributed the most to similarities 
within both clusters m and n. Magelona johnstoni and A. fabula  contributed the most to 
the separation of cluster a.  
 

Table 4.9  Similarities within Faunal Bray-Curtis Clusters (SIMPER) 

Cluster 
Number of 
Stations 

Water 
Depths 
(m LAT) 

Predominant Sediments Dominant Taxa 

Cumulative 
Contribution 

to 
similarities 

(%) 

a 7 6 -24m Sand and muddy sand 

Magelona johnstoni 
Angulus fabula 
Nephtys juv. 

Abra prismatica 

23.23 
33.24 
42.95 
50.31 

d 3 52-55m 
Gravelly sand and muddy 

sandy gravel 

Echinocyamus pusillus 
Hydroides norvegicus 

Serpulidae 
Lumbrineris cingulata 

10.52 
20.61 
30.23 
38.60 

e 3 57-58m Sand and gravelly sand 

Echinocyamus pusillus 
Ophelia borealis 

Spiophanes bombyx 
Cerianthus lloydii 

20.04 
34.29 
46.33 
52.70 

g 14 59-73m Sand 

Astrorhiza 
Scoloplos (Scoloplos) armiger 

Ennucula tenuis 
Paramphinome jeffreysii 

10.81 
19.96 
26.93 
33.56 

i 4 63-81m Sand 

Ophiuroidea juv. 
Paramphinome jeffreysii 

Scoloplos (Scoloplos) armiger 
Harpinia antennaria 

10.85 
20.12 
27.95 
35.16 

k 17 67-83m Sand and gravelly sand 

Galathowenia oculata 
Paramphinome jeffreysii 

Ophiuroidea juv. 
Owenia fusiformis 

11.14 
21.12 
29.22 
36.01 

m 8 43-62 Sand and gravelly sand 

Spiophanes bombyx 
Ophiuroidea juv. 

Amphiura filiformis 
Nucula nitidosa 

14.33 
23.64 
30.13 
36.20 

n 3 37-43m 
Gravelly sand and sandy 

gravel 

Spiophanes bombyx 
Lagis koreni 

Pholoe baltica (Sensu Peterson) 
Nemertea 

17.61 
26.02 
33.18 
38.00 

o 3 57-66m Sand 

Ophiuroidea juv. 
Chaetozone setosa 

Echinoidea juv. 
Spiophanes bombyx 

18.63 
33.02 
46.29 
58.03 

 
A combination of the most abundant abovementioned taxa, and taxa with lower 
abundances but more even distributions, are responsible for dissimilarities between 
clusters. Notably, clusters g and k are separated on the basis of higher relative 




