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1. Metals and Organotins 
 

Metals 

The sediment samples were collected in plastic bags and were frozen immediately after collection. 

The samples were collected for PSA and metal analyses on the <63μm fraction. The sample was 

digested in a mixture of hydrofluoric, hydrochloric and nitric acids using enclosed vessel microwave. 

Complexation of the surplus hydrofluoric acid was then carried out by a further digestion with a 

saturated boric acid solution. The digest was finally made up in 1% nitric acid and further diluted prior 

to analysis by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) and Inductively Coupled 

Plasma-Mass Spectroscopy (ICP-AES). Quantification of Al, As, Cd, Cr, Cu, Fe, Li, Mn, Ni, Pb, Rb and Zn 

was carried out using external calibration with Indium as internal standard. A certified reference 

material has been run within each sample batch for quality control. Results are reported in mg kg-1. 

 

Organotins 

The sediment samples were collected in hexane-rinsed glass jars and were frozen immediately after 

collection. The samples were collected for organics analyses such as organotins (TBT and DBT), 

organohalogens and hydrocarbons analyses. The whole (wet) sediment sample was homogenised. 

This was then sub sampled for the determination of the total solid content and for organotins analysis. 

Sample extraction was initially carried out by alkaline saponification, the organotins compounds were 

then converted into their hydrides forms with the addition of sodium borohydride. The organotins 

hydrides were finally extracted back in hexane by liquid-liquid extraction. Analysis has been 

undertaken using a Gas Chromatography-Flame Photometric Detector (GC-FPD) and quantification 

was carried out using external calibration. A certified reference material has been run within each 

sample batch for quality control. Results are reported in mg kg-1 dry weight. 

 

2. Polycyclic Aromatic Hydrocarbons 

(PAHs) 
 

The sediment samples were collected in hexane-rinsed glass jars and were frozen immediately after 

collection. Each homogenised wet sediment sample was spiked with an analytical surrogate consisting 

of a suite of deuterated PAHs (naphthalene-d8, acenaphthylene-d8, anthracene-d10, 

dibenzothiophene-d8, pyrene-d10, benzo[a]anthracene-d12, benzo[a]pyrene-d12 and 

dibenz[a,h]anthracene-d14) and extracted by alkaline saponification in methanolic potassium 

hydroxide followed by liquid/liquid solvent extraction using glass-distilled grade pentane and drying 



of the extracts with sodium sulphate.  The total hydrocarbon concentration in the extracts was 

determined by means of ultra-violet fluorescence spectrometry as a screen of the level of 

contamination.  Sub-samples of wet sediment were dried to measure total solids percentage, which 

was used to enable the calculation of PAH concentrations on a dry weight basis. 

 

An aliquot of each sediment extract was concentrated and passed through a short alumina 

chromatography column and eluted in dichloromethane:pentane [1:1] in order to clean-up the 

extract. The cleaned up extract was concentrated to 1 ml and analysed for a suite of parent and 

alkylated PAHs by gas chromatography-mass spectrometry in electron impact ionization mode (GC-

MS) using a 6890 GC coupled to a 5975 MSD (Agilent Technologies, Walbron, Germany) in synchronous 

multiple ion detection/full scan monitoring the molecular ions of each compound or group (the latter 

in the case of the alkylated PAH) determined. Aliquots of the extracts (2 µl) were analysed using a DB-

5.625 (30 m x 0.25 mm x 0.25 µm) cross linked fused silica capillary column coated with 95 % dimethyl 

5 % diphenyl polysiloxane (J&W Scientific, Folsom, CA, USA). The carrier gas was helium at a constant 

flow of 1 ml/min. Injection was in pulsed splitless mode with an injector temperature of 300 °C. The 

injection was made with the column at 60°C and following injection the oven temperature was held 

at 60 °C for 2 min and subsequently raised to 310°C at a rate of 5 °C/min where it was held for 10 min 

giving a standard run time of 62 min. The GC was directly coupled to the MS detector via a transfer 

line heated to 310 °C. The mass spectrometer was operated in SIM/full scan mode and scans were 

from 35-325 Daltons. Quantification for PAHs was performed using surrogate standards and 5 

calibration levels (range 25 – 500 ng/ml). 

 

3. Organohalogens 
 

The sediment samples were collected in hexane-rinsed glass jars and were frozen immediately after 

collection. Sediment samples were air dried and sieved (<2mm) in a controlled environment. 10 g of 

dried sediment were mixed with sodium sulphate, transferred to a glass Soxhlet thimble and topped 

with 1 cm of sodium sulphate. 13C12-labelled BDE209, HCB, alpha-HCH, gamma-HCH, p,p’-DDT, CB28, 

CB52, CB101, CB118, CB138, CB153 and CB180 was added as internal recovery standard to all samples 



prior to the extraction step. Samples were extracted over a 6 h period using 50:50 iso-hexane:acetone, 

with an average of 9 - 10 cycles h-1. Sulphur residues were removed at this stage with copper filings. 

 

An aliquot of the Soxhlet extract was cleaned up and using alumina (5% deactivated) columns. The 

elute contained polychlorinated biphenyls (PCBs), organochlorine pesticides (OCPs) and 

polybrominated diphenylethers (PBDEs). 

 

After addition of internal standard CB53 and CB112, PCB and OCP concentrations were determined 

with an Agilent 7890A GC coupled with 7000 QQQ-MS/MS in positive electron impact mode (ESI+). 

The separation of analytes was performed using two 25.0 m × 200 µm, 0.33-µm-film-thickness DB-5 

capillary columns (J&W) with a backflush system installed. The carrier gas and collision gas were 

helium (1.4ml/min) and nitrogen (1.5ml/min), respectively. The initial oven temperature was 90°C, 

held for 2.00min, then increased to 165°C at 15°C/min, to 285°C at 2°C/min, to 310°C at 40°C/min and 

finally held for 10 min, with the column backflush instigated when the oven reached 285°C (total run 

time 71.7 mins). The injector temperature, ion source and quadrupole temperatures were 270°C, 

280°C and 150°C, respectively. A 1-µl extract was injected in pulsed-splitless mode with a purge time 

of 2 min. 

 

After addition of internal standard CB200, PBDE concentrations were determined with a Shimadzu 

2010plus GC with TQ8030 QQQ-MS/MS in positive electron impact mode (ESI+). The separation of 

analytes was performed on a 15.0 m × 250 µm, 0.15-µm-film-thickness Rtx-1614 capillary column 

(Restek). The carrier gas was helium (1.28ml/min) and the collision gas was argon. The initial oven 

temperature was 120°C, held for 1.00min, then increased to 275°C at 15°C/min, to 300°C at 50°C/min, 

and finally held for 5 min. The injector temperature and source temperature was 340°C and 230°C, 

respectively. A 2-µl extract was injected in pulsed-splitless mode with a purge time of 2 min. 

 

BDE209 concentrations were determined with an Agilent 6890 GC with 5973 MS in NCI mode. The 

separation of analytes was performed on a 15.0 m x 250 µm, 0.1-µm-film-thickness DB-1 capillary 

column (J&W). The carrier gas was helium (1.3ml/min constant flow, average velocity 59 cm/s) and 

the reagent gas was methane (40 psi). The initial oven temperature was 90°C, held for 1.00min, then 

increased to 200°C at 25°C/min, to 295°C at 10°C/min, and finally held for 20 min. The injector 

temperature and detector temperature was 250°C and 200°C, respectively. A 2-µl extract was injected 

in pulsed splitless mode with a 20psi pulse until 1 min and a purge time of 2 min. 



The identification of PCBs and OCPs was based on the retention time of individual standards in the 

calibration mixtures. Quantitation was performed using internal standards and 9 calibration levels 

(range 0.1 – 200 ng/ml). The combined PCB and OCP standard solutions contained the following 41 

compounds in iso-octane: Hexachlorobenzene; hexachlorobutadiene, alpha-HCH, beta-HCH, gamma-

HCH, p,p’-DDE, p,p’-TDE, p,p’-DDT, o,p’-DDE, o,p’-TDE, o,p’-DDT, dieldrin, heptachlor, heptachlor 

epoxide, endosulfan-I, endosulfan-II, endosulfan sulfate; IUPAC CB101; IUPAC CB105; IUPAC CB110; 

IUPAC CB118; IUPAC CB128; IUPAC CB138; IUPAC CB141; IUPAC CB149; IUPAC CB151; IUPAC CB153; 

IUPAC CB156; IUPAC CB158; IUPAC CB170; IUPAC CB18; IUPAC CB180; IUPAC CB183; IUPAC CB187; 

IUPAC CB194; IUPAC CB28; IUPAC CB31; IUPAC CB44; IUPAC CB47; IUPAC CB49; IUPAC CB52; IUPAC 

CB66. Concentrations were corrected for the recovery of the 13C12 labelled recovery standards. 

 

Quantitation for PBDEs was performed using internal standards and 10 calibration levels (range 0.05 

– 100 ng/ml). The PBDE standard solutions contained the following 11 compounds in iso-octane: 

IUPAC BDE17; IUPAC BDE28; IUPAC BDE47; IUPAC BDE66; IUPAC BDE100; IUPAC BDE99; IUPAC BDE85; 

IUPAC BDE154; IUPAC BDE153; IUPAC BDE138; IUPAC BDE183; plus an additional 13 compounds: 

IUPAC BDE3; IUPAC BDE7; IUPAC BDE15; IUPAC BDE49; IUPAC BDE71; IUPAC BDE77; IUPAC BDE119; 

IUPAC BDE126; IUPAC BDE156; IUPAC BDE184; IUPAC BDE191; IUPAC BDE196; IUPAC BDE197; 

together with the internal standard IUPAC CB200 and recovery standards F-BDE69 and F-BDE-160. 

Concentrations were corrected for the recovery of the F-BDE recovery standards. 

 

Quantitation of BDE209 was performed using an internal standard and 7 calibration levels (range 0.5 

– 500 ng/ml). The BDE209 standard solutions contained IUPAC BDE209 in iso-octane, plus an 

additional 3 compounds IUPAC BDE206; IUPAC BDE207; IUPAC BDE208; together with the internal 

standard 13C12- labelled IUPAC BDE209. 

 

AQC procedures included reagents purification, method blanks, and use of control charts created from 

repeated analysis of the NIST-1944 Certified Reference Material (CRM). 

 

 

4. Particle Size Analysis 
PSA methodology is based on recommendations made by the National Marine Biological Analytical 

Quality Control Scheme (Mason, 2016). A subsample of the sediment, screened at 1 mm, was analysed 



using a Beckman Coulter LS13 320 laser sizer. The remaining sediment was split at 63µm by wet-

sieving as the <63µm fraction was required for trace metals analysis. Sediment >63µm was dry-sieved 

at 0.5 φ intervals. The dry-sieve data >1mm and laser results were merged to give the full particle size 

distribution at half phi intervals, between 0.1 µm and 63 000 µm (63 mm) (11.5 phi to –6 phi).  
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