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Preface 
This report has been prepared by Lucia Margheritini mluc@build.aau.dk as midterm status report for the Velux project Anthropogenic Chemicals in North Jutland Coastline Sediments. 
This report presents the results from the “first round” of sampling. At present time the “second round” of sampling is practically concluded and we must analyse the collected sediments for heavy metals,  PAHs and TBTs. The laboratory tests on the feasibility of the remediation technology and the capacity of catalysing heavy metals have been stopped for the second time due to Covid-19 restrictions. At the end of the report we provide a new time table for the project based on the latest developments. 
The projected, approved in July 2018 and initially ending in January 2021, was then extended, due to covid19 to June 2021.
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[bookmark: _Toc59642831]Introduction
In 1998, [image: ]the National Programme NOVA monitored heavy metals and other hazardous substances in coastal waters under the responsibility of the regional councils and in open waters under the responsibility of the National Environmental Research Institute (Fig. 1). The regional stations were chosen to represent gradients from point sources such as towns and harbours. The open-water stations were chosen to represent diffuse contamination or background levels. In 2009, the National Environmental Research Institute released a status report that included a new monitoring programme (NOVANA): one NOVA station from each region had been retained in order to maintain the time series, whereas the regions can chose to place the remaining stations in different locations each year in order to determine spatial variation. The Coast of North Jutland does not have any monitoring station, not in NOVA nor in NOVANA; therefore, data is missing in regards to assessment of possible heavy metals and other anthropogenic chemicals in the Limfjord and coast-near sediments. Only fragmented and indirect knowledge is available for the North Jutland region of Denmark. A possibly already outdated study from 2006 (Strand et al. 2006. “Tributyltin (TBT). Forekomst og effekter i Skagerrak”. Uddevalla, Sweden: Forum Skagerrak II. 39 s.) showed TBT contamination in the Skagerrak and Kattegat where an extensive set of Nordic data on TBT concentrations in seawater, mussels and sediment were combined into an index of the environmental conditions. A recent study by DTU-Aqua on seaweed quality in the Limfjord showed concentrations of some heavy metals exceeding present criteria for foods. Generally, neither chemical levels nor chemical sources are identified/quantified for the three groups of anthropogenic chemicals considered here. Figure 1. Figure 1. Map of monitoring stations for hazardous substances during NOVA (source: Hazardous and Radioactive Substances in Danish Marine Waters, Status and Temporal Trends, National Environmental Research Institute, Arhus University, 2009).


The scientific area is water pollution, sediments, coastal processes and coastal protection. The project will identify the pristine areas with very low sediment pollution, which will be interesting for administrating and promoting sport fishing and a large range of other leisure activities, tourism and production of new sustainable foods (e.g. seaweed, Søren Laurentius Nielsen’ research in Roskilde University or “Indholdsstoffer I tang fra Limfjorden” study from DTU AQUA). On the other hand, hotspots of sediment contamination are relevant as part of coastal and fjord planning.  A holistic approach for coastal management including both the coastal authorities, the harbour authorities, the municipal and regional government agencies for environment (e.g. Habitat Directive), wastewater and tourism, and EPA will be users of the information from the present project and results on new remediation technology. Besides national interests, the project creates awareness and new knowledge on marine pollution relevant also to the EU Marine Strategy Framework Directive, Helsinki Convention and OSPAR.  
A better administration and use of the coastal and fjord areas requires knowledge of the location of pristine coastal sediments as well as contaminated sediment hotspots. The use of local seawater electrolysis as an effective way to both reduce sediment heavy metal contamination and to improve coastal protection will likely be an important technology for future improvements of the marine, coastal and fjord environments.

Based on:
· the lack of data on heavy metals on the North Jutland Coast,
· the presence of silts on the beaches,
· the regular works for dredging in the existing harbours,
· and the new works for harbour expansions, 
· the high concentrations on preliminary measurements on sediments close to Aalborg Harbour area,
· the high concentrations of TBT in costal and harbour areas and
· the need for a holistic long lasting sustainable management of the coast,
we started monitoring a programme to make available reference data, update the existing ones and increase awareness in North Jutland Coast and Fjord and investigate the effectiveness and feasibility of innovative remediation technique.    


[bookmark: _Toc59642832]Objectives 
The project will investigate the presence of three groups of anthropogenic chemicals – heavy metals (Hg, Cd, Cu and Pb, Zn, Ni), poly-aromatic hydrocarbons (PAHs), and Tributyltin (TBT) – in sediments at the coast/in the fjord between the five major harbours of North Jutland: Hanstholm, Hirtshals, Frederikshavn and Aalborg. Further, an innovative method for remediation of contaminated seawater that could also function as coastal protection will be tested in a controlled environment at Aalborg University (AAU). 
The project is structured in two main activities: the Monitoring Campaign and relative analysis of samples and the Feasibility of new Remediation Technology. The activities will run in parallel and will both start at the beginning of the project. 
1. Monitoring Campaign 
· Sampling: We select monitoring locations that follow the possible contaminant plume from the harbours in the longshore current. The monitoring around Aalborg Harbour will include locations from Nibe to Hals, where heavy metal (HM), poly-aromatic hydrocarbon (PAH) and TBT levels and distribution between particle size fractions will be investigated. Part of this area has previous monitoring and assessment, and the data collected will be added for continuity of time series. 
· Laboratory analysis: A range of heavy metals and TBT will be measured at the chemical analysis laboratory at AAU, Dept. of Civil Engineering. The laboratory is equipped with state-of-the-art analytical instruments, including ICP-OES and GC- and HPLC-MS systems. PAHs (16 different PAH compounds) will be measured by an external, certified laboratory in Denmark. Additionally, Velux asked if it was possible to also request analysis for flame retardants and so that was also added to the study and requested to the external laboratories, with some influences on the budget. Background levels and threshold values for the different metals will be discussed and a comparison between fjord and coast concentrations will be part of the analysis outcome.
2. Feasibility of new Remediation Technology
· Tests in controlled environment: the tests will take place in the Environmental Laboratories at AAU.  The objective is to assess the effectiveness of the process of seawater electrolysis and consequent mineral deposition to trap metallic contaminants in seawater thanks in the calcareous deposit.  The setup will be a set of small tanks (20 litres) where an anode and a cathode are electrified (0.05x0.10 m electrode surface area). The water will be monitored for heavy metal concentrations and the calcareous deposit formed will also be analysed for heavy metals distribution with Raman Spectroscopy and XRD and/ or ICP. The tests will provide results on effectiveness of the process, influencing parameters (temperature, voltage, time, etc.) and ultimately provide base information to the feasibility report. 
· Applicability map: mapping of possible locations along the north Jutland coast and fjord for the application of the technology will be produced with concept designs that include basic in situ setup and technical requirements for the installation. The location will be selected based on assessed need and most suitable conditions. 


[bookmark: _Toc59642833]Monitoring Campaign 
The monitoring campaign starts with the selection of location following the possible contaminant plume from the harbours and other sources in the longshore and fjord current.
A total of 21 location have been selected (Fig. 2): 5 harbours, 7 on the beach, 3 estuaries, 6 on the Limfjord.
The classification of the locations in one category or an other reflects primarily the type of sediment that was sampled. For examples Blokhus sample was taken into a freshwater input (possible water pollution source) ending at the entrance of the Blokhus beach; or Aalborg has 2 harbour locations because in both places the sediment was a dark, anoxic, contaminated sludge/mud that is usually preset in harbours. The sampling is then done in these 21 selected locations. 
[image: ]
Figure 2.  Total selected sampling locations: five harbours (ORANGE), seven beaches(BLUE), three estuaries (OLIVE), six in the Limfjord (PURPLE).
[bookmark: _Toc59642834]Sampling 
All materials used for sampling were made of plastics, in order not to contaminate.
The sampling was different depending on the type of location where we collected the data. For estuaries, beaches and fjord (Fig. 3), we would typically have:
· 2 core samples 
· Surface sample 
· Rizla bags or vials (PAHs, TBTs and flame retardants)
· Punctual measurements of pH, T , oxygen and conductivity

Figure 3. Beach sampling images. 
Surface samples were typically collected within the first 1-3 cm of the surface, while core samples normally belong to -20 to -3 cm from surface. The area on the shore was the splash-fringe zone. Water pH, temperature and conductivity were measured in the water right in front of the selected point.  
In case of the harbor location, the only possibility was to collect the samples inside the harbours on the seabed surface. That was done using a double excavation bucket that will open when touching the seabed and close when being lifted up back to the surface.  The bucket is the only tool made in metal, as both the weight and resistance are necessary to hit the bottom, sink and close around a suitable material sample. We were therefore carefully collecting the material for heavy metals from the center of the sample (not in touch with the surface of the tool), while PAHs and TBTs samples where sourced from the remaining amount.  For the harbours (Fig. 4) therefore we had:
· 2 samples 
· Rizla bags or vials (PAHs, TBTs and flame retardants)
· Water
· Punctual measurements of pH, T , oxygen and conductivity

[image: ]
Figure 4. Harbour sampling example. 
The sampling procedure could be summarized in the following pints:
1. Once arrived at location, write down the GPS coordinates, the name tag of the location, notes and take pictures (always a good role to set for a place where you can see some organic matter, either in form of dark/fine sediments or dark waters). 
2. Collect water, 1 bucket (circa 5 Liters), label it.
3. Measure salinity, temperature, pH not it down (Appendix 1).
4. Surface sampling: with large plastic scoop, collect surface sediment/sand into a 3-5 L bucket, label it.
5. In the same area of the surface sample (where you have removed not more than 5 cm thickness of material) or after removing circa the first 2 cm of surface material, proceed with 2 X core sampling. You may use a rubber hammer with a piece of wood between the hammer and the probe. Put the extracted material into a 3L bucket (circa 3 Kg), label it.  
6. For PHAs, TBT, flame retardants: take 1 core sample and place it in a Rizlan plastic bag , circa 3 x 200 gr (to avoid evaporation and decomposition of compounds), close it with stripes and label it. 
All samples correctly labelled are stored in the cold room at AAU. 
For each location we aimed at having one core sample and one surface sample. Not in all location that was possible: for example in harbours. First estimation indicates that circa 200 Kg of sediments samples were collected during the first round of sampling. Samples were used for inhouse and external analysis (Fig. 5). 
[image: ]
Figure 5. Summary of analysis after sampling. 
[bookmark: _Toc59642835]In-house Sieving 
The sieving, with the purpose of obtaining the characterization of grain size distributions, is the first step in handling the collected sediment samples. This procedure is important to determine before hand the possible presence of heavy metals. For literature we know heavy metals with be found either in organic matter or will bound to very fine particles. Indeed, grain size (clay and silt), clay mineralogy, organic matter (organic carbon), and pH are the major controls of heavy metal accumulation in coastal sediments. They are typically the dominating factors except near hotspots. Salinity and temperature can be additional controls for sediment concentrations of heavy metals.  Both clay content and clay mineralogy affect heavy metal accumulation (studies on sediment profiles from the Wadden Sea, Vadehavet, Denmark). Studies on soils across Denmark show clay mineralogy to be relatively uniform – dominated by illite and kaolinite, and illite and kaolinite was also the dominating clay minerals found in the Wadden Sea studies.
Most coastal sediment studies have used either < 63 micrometer (clay + silt), < 20 micrometer (clay + fine silt), or < 2-4 micrometer (clay fraction) as the fractions where most heavy metals are accumulated.
 
Based on this, we designed our sediment separation procedure. 
The sieving procedure can be summarized in the following pints (Fig. 6):
1. Only if we see evident organic matter or we are dealing with harbor sediments: put 10 gr in one vial, closet and label it. This is then ready for macro-heavy metal analysis (Freeze dry and procedure, in-house analysis).
2. For dry sieving, we put 400 g of wet sediments on trays for air-drying for at least 24 hours (sieving laboratories). We make sure to crush well any aggregates with a spoon and make sure the soil is spread in a thin uniform layer on the tray. After air-drying we pre-sieve 200 gram air-dry sample through a 2 mm (2000 micron) sieve and record [stone + gravel] content. 
3. We then take 100 gram of the pre-sieved, air dried soil and put in the automated sieving tower for 20 minutes at 70% of max shaking. Sieving tower set-up, 10 components: 1 mm - 0,5 mm - 0,425 mm - 0,25 mm - 0,2 mm - 0,15 mm - 0,125 mm - 0,075 mm - 0,063 mm – bottom. 
4. We then measure content in each sieve. Final check: total amount in the sieves must not deviated from the applied mass (100 g) by more than 1%. 
5. Plot the grain-size distribution curve. 
6A. If there is more then 5-10% and/or less than 80% fine particles < 200 micrometer, the following procedure (wet plastic sieving) is used:
· 212 micron plastic sieve (net+frame) is collected/prepared and placed above 2L glass or plastic beaker. 
· The sieve (net+frame) is fixed on top of a beaker.  
· Add soil/sediment to top of 212 micron sieve by plastic spoon; make sure not to spill outside sieve area.
· Do wet sieving using demineralized water and non-metallic soft brush.
· Oven-drying at 60-80 C for required time (at least X hours, based on estimated loss of water 6-8 mL/hours)
· Dried, pre-sieved material is transferred to measurement vial using plastic funnel, circa 10 gr.
· Measurement vial in holder (known weight) is weighed; weight oven-dry sediment sample calculated
· At least 10 gram of oven-dry material is needed for freeze-drying and subsequent heavy metal analyses.
· Label and these two are then ready for macro-heavy metal analysis (freeze dry and procedure).
6B. If less than 5% of the material is below 202 micron, then we conclude there can not be heavy metals in the sediments. 
[image: ]
Figure 6. Summary of sieving procedure and decision making related to analysis.  
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The characterization of the samples based on grain size distribution was done for the 7 on the beach, 3 estuaries, 6 on the Limfjord, for a total of 16 locations (Table 1). Harbor locations were characterized by severely bad smelling dark-brown -black mud of very fine composition and were therefore sent directly to analysis. 
The characterization of the sediments samples based on grain size distribution, besides providing some information on the gran size distribution present at location, allows to focus on the finest sediments in order to run only heavy metal tests for the location where heavy metals have the chance to be found. In table 1, all result are presented as d50, % of the sediment smaller than 200 μm and % of the sediment smaller than 75 μm. The graphics for each location are in Appendix 2.
When possible, we collected both core and surface samples for the same location, but sometimes this was not possible and/or redundant (Table 2). Particularly:
I. The location called “Hals strand” was covered in a thick layer (30 cm and more) of seaweeds. So only a core sample was taken, after removing the seaweed. 
II. The location called “North of lufthavn” was aslo covered in a thick layer of decomposing organic matter. That one was removed and the core sample was collected. 
III. In Uggerby å we decided to collect only one sample in the wet area of the estuary, where organic matter was visible. 
IV. In the location called “Nibe strand”, a layer of organic matter and algae was covering the surface, so we collected one core sample, after removing the surface layer. 
V. In Aalborg West there were rocks 10 cm circa below the surface, so we only took a surface sample. Nevertheless we could not appreciate any noticeable differences in color or gran size by eye, between the surface and the core depth. 
VI. In Hanstholm strand, we could not see any appreciable difference between the surface layer and the core, so we collected the core sample only. 
VII. Frederikshavn strand presented itself with 1-2 cm of shells and algae on the surface. Once that was removed, we collected the core sample for the location. 
VIII. Generally, harbours present themselves with polluted mud generally considered not safe to be handled in AAU laboratories. 
The 6 locations with more than 4,5 % < 75μm, based on their grainsize distribution, have the capacity to include heavy metals (together with the harbor locations, Table 3).  
The location with the highest d50 is Skiveren vej strand (core and surface) while the one with the lowest is Aalborg Forsyning strand – surface, while Aalborg Forsyning strand – core has a d50 closer to Skiveren vej strand (Fig. 7). This is interesting, considering the two locations are less then 8 km from each others on the same north shore of the Limnfjord.  
Hals and Blokhus have the finest sands while Hou strand and Aalborg Forsyning have the biggest variation between the d50 of the core and surface samples. 



Table 1. Summary of calculated d50 for all locations and % smaller than indicative fractions sizes. 
	Name of location
	 d50 [µm]
	% smaller than 200
	% smaller than 75

	Hou Strand Surface
	214
	36,8
	0,0

	Hou Strand Core
	368
	3,9
	0,0

	Asaa Strand surface
	290
	5,2
	0,0

	Asaa Strand core
	225
	27,1
	0,0

	Hals Strand core
	162
	70,4
	1,9

	Aalborg Forsyning strand surface
	135
	84,8
	5,9

	Aalborg Forsyning strand core
	399
	25,9
	0,9

	Skrive vej strand surface
	447
	5,4
	0,1

	Skrive vej strand core
	449
	18,2
	5,9

	North of lufthavn core 
	234
	64,5
	16,5

	Liverå surface
	216
	36,9
	0,0

	Liverå core
	221
	33,5
	0,0

	Blokhus strand surface
	172
	83,5
	0,3

	Blokhus strand core
	182
	69,7
	0,1

	Aalborg East strand surface
	249
	44,0
	17,3

	Aalborg East strand core
	237
	44,9
	14,1

	Ålbæk strand surface
	215
	40,6
	0,0

	Ålbæk strand core
	193
	57,5
	0,0

	Uggerby å core
	178
	75,6
	0,0

	Nibe strand core
	334
	9,8
	0,1

	Aalborg west surface
	282
	14,9
	0,1

	Sæby surface
	240
	35,0
	0,0

	Sæby core
	239
	10,2
	0,0

	Hanstholm strand core
	291
	32,1
	0,0

	Fredrikshaven strand core
	225
	40,3
	4,1



Table 2. Pictures of the 7 locations (among 7 on the beach, 3 on estuaries, 6 on the Limfjord) where the collection of both core and surface sample was not possible. The last picture in the bottom right is representative, instead, of harbor locations. 
	Hals strand
	North of lufthavn 
	Uggerby å 
	Nibe strand
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	Aalborg West
	Hanstholm strand
	Frederikshavn strand
	Harbors 
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Table 3.
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Figure 7. Descendent calculated d50 for all locations. 
Core samples and surface samples for the same locations present relevant differences only for 5 locations (Fig. 8): 
· Asaa strand surface > Asaa strand core
· Ålbæk surface > Ålbæk core
· Hou strand surface < Hou strand core
· Blokhus surface < Blokhus core
· Aalborg Forsyning surface < Aalborg Forsyning core
[image: ]
Figure 8. Comparison of d50 between surface and core samples for same locations. 

[bookmark: _Toc59642837]In-house analysis: heavy metals
We have looked for 5 heavy metals in the sediments we have collected: Hg, Cd, Cu, Pb, Zn, Ni. The investigation was performed with ICP. 
The 5 harbor locations where first sent to external analysis and then, if not harmful, will also be analyzed in house for heavy metals. *** The samples for in house analyses of harbours material is already stored in the cool room in AAU in vials. Based on the grain size distribution and the literature indication that heavy metals will bound to very fine particles and organic mater, we expect the find heavy metals only in the location in table 3 (previous chapter). Nevertheless more location showed the presence of heavy metals:  Table 4. Shows quantities in ppb in digested samples and it should be re-calculated into μg/kg – or similar: first line it contains approximately 20 ppb (μg/L) and has a volume of 25 mL: 18.36 μg/L * 25*10-3 L / 0.4981 g = 0.9215 μg Cd/g sample (Table 5).
Cadmium and Mercury are not present in relevant quantities in any of the samples.
But non negligible amounts of Copper, Nickel lead and Zinc are found in more locations than the ones foreseen based on the grain size distribution. Locations in presence of heavy metals are, as expected:
1. Skiveren strand, 
2. Aalborg forsyning, 
3. Aalborg nord of lufthavn, 
4. Aalborg Øst strand, 
And (not expected because of grain size distribution):
5. Aalborg West strand surface, Sæby strand core.
Generally, the highest values are related to Zinc and Lead. 
A first comparison with literature shows similar order of magnitude for the values of the most relevant heavy metals, even with appreciable decrease. 
Future work will compare to results presented in the Hazardous and Radioactive Substances in Danish Marine Waters (Fig 9).Figure 9. Literature – comparison to be completed. 


Table 4. Heavy metal quantities. All results are in ppb in digested sample*must be normalized to g/kg.
[image: ]
Table 5. Heavy metal quantities in μg/g of sample
[image: ]


[bookmark: _Toc59642838]External analysis: PAHs, TBT and flame retardants
[image: ]Figure 10. Summary of external analysis. 

The external analysis were commissioned to Eurofins laboratories, for Tin, PAHs, TBTs and flame retardants (Fig 10). Detection limits were suggested by the laboratories and AAU. 
The results have then be compared to the values existing literature. 

[bookmark: _Toc59642839]Flame retardants
Flame retardants were included in the study under request of Velux. 
We have therefore commissioned the analysis together with the PAHs and TBTs to the Eurofins laboratories. The first time the analysis was made for all 21 locations for the flame retardants in the list in Table 6 (left), with detection levels of 10000 µg/kg. None of the sample resulted above detection levels. In a second moment the 21 samples were sent back again in order to deepen the investigation about selected flame retardants (Table 6, right) and none of them resulted above detection limits. Results of the analysis are in Appendix 3.  
Table 6. List of investigated flame retardants. 
	FLAME RETARDANTS List 

	FLAME RETARDANTS PBB/PBDE LA-GC-008.03 – first round, 10 mg/kg detection limits
	FLAME RETARDANTS – selected 
– second round, 0.005 mg/Kg detection limits

	  Tribromodphenylether
	BDE-28 -Tribromodiphenylether 

	  Tetrabromibiphenylether
	BDE-47- Tetrabromodiphenylether 

	  Pentabromobiphenylether
	BDE-49 - Tetrabromodiphenylether 

	  Hexabromobiphenylether
	BDE-85 - Pentabromodiphenylether

	  Heptabromobiphenylether
	BDE-99 - Pentabromodiphenylether

	  Octabromobiphenylether
	BDE-100 - Pentabromodiphenylether 

	  Nonabromibiphenylether
	BDE-138 - Hexabromodiphenylether

	  Decabromobiphenylether
	BDE-153 - Hexabromodiphenylether 

	  Tribromobiphenyl
	BDE-154 - Hexabromodiphenylether

	  Tetrabromibiphenyl
	

	  Pentabromobiphenyl
	

	  Hexabromobiphenyl
	

	  Heptabromobiphenyl
	

	  Octabromobiphenyl
	

	  Nonabromobiphenyl
	

	  Decabromobiphenyl
	



[bookmark: _Toc59642840]Tin, PAHs and TBTs

Tin, PAHs and TBTs results from Eurofins laboratories were polotted and a first comparison with literature has been made. Final comparison will be completed after the second round of analysis.  All harbours locations present a considerable amount of anthropogenic pollutants (Fig 11). Additionally, Blokhus and some fjord and beach locations also present important concentrations of PAHs, and Tin.
[image: ]
Figure 11. Summary of measured PAHs- TOT, TBTs and Tin in all locations. 
[bookmark: _Toc59642841]Tin
Tin was measured before and reported in ”Miljøfremmede stoffer og tungmetaller i vandmiljøet Tilstand og udvikling, 1998-2003 Faglig rapport fra DMU, nr. 585” but only for groundwater and fresh water (Fig. 12).
In our analysis, the detection limit was 200 μg/Kg. Tin is present in all harbour locations concentration of circa circa 2000 μg/Kg and above, with Hirtshals reaching 10.000  μg/Kg, more than double the second highest location Fredrikshavn.   Fredrikshavn strand also present the presence of Tin. The sampling in Hals produced only core samples, as the beach was covered in seaweeds. These have been nevertheless collected and analysed. Tin was measured in seaweed samples from Hals. 
Other location were Tin was measured were Blokhus, Hals strand core, Skiveren vej, Aalborg forsyning, Aalborg north to the Lufthavn, and Aalborg Øst strand. 


[image: ]
Figure 12. Tin Measurements and screenshot from “Miljøfremmede stoffer og tungmetaller i vandmiljøet Tilstand og udvikling, 1998-2003 - Faglig rapport fra DMU, nr. 585”
[bookmark: _Toc59642842]PHAs – TOT
In our analysis, detection limits were 10 and 20 μg/Kg. In “Miljøfremmede stoffer og tungmetaller i vandmiljøet Tilstand og udvikling, 1998-2003 - Faglig rapport fra DMU, nr. 585” the highest values were reported in Østersøen, for circa 4000 μg/Kg, followed by Arhus Bugt and the Limfjord. In our measurements we see Hals strand (above 7000 μg/Kg) and Hirtshals (circa 6400 μg/Kg) to have the highest readings (Fig. 13). 
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Figure 13. PAHs TOT and comparaison with “Miljøfremmede stoffer og tungmetaller i vandmiljøet Tilstand og udvikling, 1998-2003 - Faglig rapport fra DMU, nr. 585” data. 4000 μg/Kg is marked in both graphics for easier comparison. 
Generally all harbor locations present PAHs but some locations on the Limfjord do too. 
[bookmark: _Toc59642843]TBTs - TOT
In our analysis, the detection limit was 5 μg/Kg. 
TBTs are present in few locations and only in harbours: Frederikshavn, Hantholm, Hirtshals and is small amounts also in Aalborg City. While the measurements from “Miljøfremmede stoffer og tungmetaller i vandmiljøet Tilstand og udvikling, 1998-2003 - Faglig rapport fra DMU, nr. 585” did not top 60 μg/Kg all the measurements we analysed exceeded this amount considerably (Fig. 14).
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Figure 14. TBTs TOT and comparaison with “Miljøfremmede stoffer og tungmetaller i vandmiljøet Tilstand og udvikling, 1998-2003 - Faglig rapport fra DMU, nr. 585” data. 60 μg/Kg line is marked in both graphics for easier comparison. 
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The first round of sampling and analysis has concluded. 
We have collected samples from 21 locations: 5 harbours, 7 on the beach, 3 estuaries, 6 on the Limfjord. All samples, with exception to the harbour samples, were taken when possible, as surface samples and core samples, for a total of more than 200 Kg of sediments. 
One procedure for handling the samples and sieving them was designed, with the purpose of avoiding heavy metal contaminations and characterizing the samples based on their grainsize distributions. Indeed, in literature it was suggested that heavy metals bond with organic matter and/or clays. 
All samples with the exception of harbour locations were analysed in house for heavy metals. All samples were also sent to Eurofins laboratories for analysis on flame retardants, PAHs, TBTs, and Tin (Sn). 
Heavy metals were expected to be found only in presence of organic matter or very fine gran sizes (clays). Nevertheless, traces of heavy metals were found also in locations that did not feature a suitable grainsize distributions. Comparison with literature levels must be completed. 
Analysis of flame retardants was conducted twice with different detection limits (10 mg/ kg and 0.005 mg/ kg) and never flame retardants were detected in any of the locations in the study. 
Tin detection limit was 200 μg/Kg. Tin is present in several sediments from different location at quite high concentrations. Comparison with literature still need to be addressed: there may be a lack of data to compare to. 
PAHs detection limits were 10 and 20 μg/Kg. PAHs have been generally found in all harbor locations and also in some locations in the Limfjord. Concentration in harbours can be higher than values in preliminary literature review.
TBTs detection limit was 5 μg/Kg. TBTs are present in few locations and only in harbours but at considerably higher values than the ones encountered in preliminary literature review. 







[bookmark: _Toc59642845]Further analysis
Covid-19 lockdown and restrictions affected directly and indirectly the laboratory work and the sampling; directly because some work and to be postponed and rescheduled, and indirectly because after the lockdowns and restrictions, all laboratory work at AAU had to be re-prioritized with the available technicians. We had Covid cases among employees that delayed further the progress of projects. 
We still expect to finish the work complying with the new deadline of June 2021, if no further restrictions will take place that will affect the overall work at AAU laboratories.  
We expect to run laboratory tests till the end of February while completing the sediment sampling and cataloguing. We then expect to run the analysi of the data (internal and external) before the end of April and then conclude reporting and GIS implementation before the end of June 2021 (Table 7). 
Table 7. New time schedule for the project last phase. 
	January
	February
	March 
	April 
	May 
	June 

	laboratory tests
	laboratory data analysis
	
	 

	complete sediment sampling
	sediment samples analysis
	
	 

	 
	 
	 
	final reporting and GIS implementation 



[bookmark: _Toc59642846]Sediment samples
The second sampling campaign is nearly concluded. The second sampling campaign is focussing in selected locations among the 21 in the study. Locations that did not present any pollutant are not re-sampled.  Second round results will allow seasonal and generally temporal comparison with the first round. 
At present, all second round samples are stored in the cold room at 8° C in the AAU basement. The same in-house and external analysis will be performed for these samples. 
Once the second round results will be available, a complete comparison with literature will be conducted. 
The final results for heavy metals, PAHs, TBT, Tin and flame retardants will be inputted into GIS. 
[bookmark: _Toc59642847]Laboratory tests – remediation technology
These tests have been stopped twice. Once in spring and once again now in December, due to Covid-19 restrictions. We have three setups with three different heavy metals in high concentrations: Zn, Cd and Ni. We use synthetic sea water adequately monitored for pH, temperature, conductivity and heavy metal concentrations (Fig. 15). The calcareous deposit will be analysed after each test to detect the efficiency of catalysing the pollutant versus a blank.  
[image: ]
Figure 15. Summary laboratory tests for remediation technology. 



[bookmark: _Toc59642848]Appendix 1 – (water analysis round 1) 
	 
	round 1
	date

	No.
	location
	pH
	temp (C )
	conductivity (ms/cm)
	oxigen (mg/l)
	

	1
	Sæby strand
	7.2
	4.2
	51.0
	13.26
	05-02-2019

	2
	Frederikshavn (Havn) 
	7.92
	2.9
	46.7
	13.24
	13-06-2019

	3
	Frederikshavn (strand) 
	7.92
	3.2
	47.6
	12.9
	05-02-2019

	4
	Hanstholm Havn
	6.896
	5.5
	50.2
	78.7 
	07-03-2019

	5
	Hanstholm Strand
	8.444
	5.8
	50.7
	104.4 
	07-03-2019

	6
	Blokhus strand
	7.13
	14.4
	731
	10.15
	13-06-2019

	7
	Liver å (strand)
	7.35
	19.2
	627
	9.36
	13-06-2019

	8
	Uggerby å (strand)
	7.4
	17.1
	526
	9.68
	13-06-2019

	9
	Aalbæk strand
	7.2
	19.9
	34.4
	9.35
	13-06-2019

	10
	Asaa strand 
	7.4
	17.4
	35.3
	11.16
	17-06-2019

	11
	Hou strand
	7.9
	16.5
	36.9
	11.04
	17-06-2019

	12
	Hals strand 
	7.6
	18.2
	26.3
	9.6
	17-06-2019

	13
	Skiveren strand
	7.4
	15.4
	8.59
	9.89
	17-06-2019

	14
	Aalborg fdorsyning strand
	7.5
	19.5
	3.89
	10.4
	17-06-2019

	15
	Aaalborg North of the Airport
	 
	 
	 
	 
	17-06-2019

	16
	Nibe strand
	8.63
	18.9
	32.3
	9.96
	18-06-2019

	17
	Aalborg Vest, strand
	8.132
	20.1
	39.4
	10.93
	18-06-2019

	18
	Aalborg city
	8.147
	20.1
	39.3
	9.09
	18-06-2019

	19
	Aalborg Havn city
	8.122
	20.4
	38.0
	9.61
	18-06-2019

	20
	Aalborg Øst, strand
	8.198
	21.9
	35.9
	10.92
	18-06-2019

	21
	Hirtshal havn (students) 
	 
	 
	 
	 
	10-04-2019





[bookmark: _Toc59642849]Appendix 2 (grainsize distributions)











[bookmark: _Toc59642850]Appendix 3 – (flame retardants)
Flame retardants results, round 1 – no sample above 10 mg/kg detection limit.
[image: ]
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Flame retardants results, round 2 – no sample above 0.005 mg/kg detection limit. For some of the samples the reporting limit has been raised due to matrix interference. All results are below the LOD for all samples, but the LOD varies for different samples. 
[image: ]
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Cd2265 Cu3247 Hg1849 Ni2316 Pb2203 Zn2025

sample weight (g) Cadmium (Cd)   Copper (Cu) Mercury (Hg) Nichel (Ni) Lead (Pb) Zinc (Zn)

Aalborg nord for lufthavn 0,4981 18,36 214,90 3,22 330,40 154,90 235,7

0,5906 20,43 240,60 1,44 372,80 173,30 770,6

0,5626 20,29 233,50 1,31 360,60 170,70 866,7

Aalborg Øst strand 0,6492 7,00 101,90 1,85 111,20 155,20 841,9

0,5861 6,68 97,41 2,04 103,20 144,10 433,6

0,554 5,94 90,51 2,04 90,24 132,80 430,1

Skiveren Strand    0,6204 9,19 118,20 1,89 80,09 194,20 392,5

0,6036 9,23 106,80 1,80 79,20 197,80 547

0,5509 9,19 108,00 1,77 79,57 224,20 537,1

Aalborg forsyning strand 0,568 17,96 385,70 2,53 418,20 185,10 537,8

0,6038 19,10 416,70 2,38 440,70 194,00 906

0,6504 19,93 425,60 2,64 455,80 202,40 955,5

Sæby strand core 0,5966 1,27 6,83 2,02 12,83 37,74 983,6

0,7216 1,58 8,42 2,10 16,34 42,37 69,77

0,8223 1,75 9,55 1,96 17,74 46,25 84,68

Sæby strand surface 0,6167 1,35 8,67 2,04 14,47 43,94 94,61

0,6589 1,43 8,33 2,04 14,10 42,99 73,06

0,669 1,53 8,82 2,33 14,25 49,71 79,22

Hanstholm Strand core 0,7741 4,31 21,08 2,35 48,09 190,00 78,24

0,6152 2,82 12,25 2,38 30,98 120,30 198,4

0,5962 3,27 12,42 2,46 36,76 118,50 141,5

Blokhus strand surface 0,5092 2,75 9,76 2,18 22,45 156,60 152,1

0,6694 3,71 11,07 1,89 29,70 215,60 118,1

0,5962 2,88 9,58 2,45 24,92 155,50 152,7

Blokhus strand core 0,7423 3,62 15,86 2,38 27,64 158,20 138,8

0,5418 3,41 14,11 2,18 23,03 156,80 190,8

0,6649 3,34 14,59 2,18 25,71 140,40 159,4

Liver å (strand) surface 0,7536 3,27 16,25 2,69 32,42 114,40 165,3

0,6558 2,84 13,87 2,52 27,91 85,54 127

0,5842 2,45 13,49 2,33 25,27 87,69 110,2

Liver å (strand) core 0,588 2,48 13,60 2,27 28,57 76,99 103,5

0,7428 3,08 20,34 2,35 31,75 80,77 107,1

0,662 3,39 38,09 2,44 27,93 109,40 139,9

Uggerby å (strand) core 0,5783 1,81 8,35 2,66 18,60 51,77 122,9

0,7802 2,59 11,89 2,29 25,12 76,19 78,6

0,557 1,74 8,43 2,70 18,19 48,37 109

Nibe strand core 0,6608 2,40 28,21 2,53 21,24 54,03 74,99

0,6458 2,34 25,23 2,46 19,62 56,25 188,5

0,5619 2,10 22,39 2,68 17,26 54,21 183,4

Aalbæk strand core 0,7108 1,80 12,03 2,58 17,59 29,47 156,3

0,7864 1,95 11,76 2,76 19,44 31,97 91,58

0,6838 1,65 10,95 2,45 16,88 27,44 97,95

Aalbæk strand surface  0,7176 1,66 12,52 2,82 18,68 28,38 84,69

0,7137 1,67 12,11 2,76 17,75 27,94 89,93

0,733 1,60 12,21 2,81 17,73 29,45 87,05

Asaa strand core 0,6826 2,08 15,81 3,35 17,81 31,80 90,01

0,7116 1,93 17,47 2,71 18,89 30,73 113,5

0,9174 2,00 14,19 2,98 18,11 34,30 103,5

Asaa strand surface 0,7809 3,21 26,93 2,78 29,84 32,26 112

0,6778 3,01 24,91 3,19 25,59 27,35 213,9

0,6683 3,01 26,58 3,32 25,23 27,88 198

Hou strand core 0,6712 1,69 16,94 2,94 19,80 32,12 199,4

0,6599 1,62 22,37 3,06 19,28 31,20 108,5

0,7017 1,65 34,77 3,03 19,45 30,98 100,8

Hou strand surface 0,5966 1,35 12,26 2,80 16,08 24,09 132,7

0,6583 1,31 11,32 2,79 15,86 23,33 88,62

0,5953 1,26 12,29 2,62 15,38 23,79 84,18

Hals strand core 0,5647 2,48 41,57 2,77 25,82 150,40 79,28

0,6324 3,14 80,31 2,89 32,87 102,40 302,9

0,7265 3,41 67,65 2,72 35,86 143,30 424,1

Skiveren strand surface 0,95 6,28 127,10 1,66 46,74 835,40 454,1

0,8276 5,87 64,75 2,26 50,04 920,30 353

0,6043 4,48 225,80 2,69 34,62 879,50 349,6

Aalborg fdorsyning strand core 0,7829 26,33 461,80 3,22 508,20 283,50 284,8

0,5911 20,51 341,30 3,57 388,20 227,90 1147

0,5204 18,04 299,60 3,04 344,30 200,60 892,8

Aalborg West, strand surface 0,5087 6,52 329,00 2,55 87,10 192,40 788,1

0,7349 8,33 344,90 2,74 117,70 278,80 549

0,5617 7,13 384,10 2,88 99,77 208,80 787,5


image23.emf
Cadmium (Cd)   Copper (Cu) Mercury (Hg) Nickel (Ni) Lead (Pb) Zinc (Zn)

Aalborg nord for lufthavn 0,922 10,786 0,161 16,583 7,775 11,830

0,865 10,185 0,061 15,781 7,336 32,619

0,902 10,376 0,058 16,024 7,585 38,513

Aalborg Øst strand 0,269 3,924 0,071 4,282 5,977 32,421

0,285 4,155 0,087 4,402 6,147 18,495

0,268 4,084 0,092 4,072 5,993 19,409

Skiveren Strand    0,370 4,763 0,076 3,227 7,826 15,816

0,382 4,423 0,074 3,280 8,193 22,656

0,417 4,901 0,080 3,611 10,174 24,374

Aalborg forsyning strand 0,790 16,976 0,111 18,407 8,147 23,671

0,791 17,253 0,098 18,247 8,032 37,512

0,766 16,359 0,102 17,520 7,780 36,727

Sæby strand core 0,053 0,286 0,084 0,538 1,581 41,217

0,055 0,292 0,073 0,566 1,468 2,417

0,053 0,290 0,060 0,539 1,406 2,574

Sæby strand surface 0,055 0,351 0,082 0,587 1,781 3,835

0,054 0,316 0,077 0,535 1,631 2,772

0,057 0,330 0,087 0,533 1,858 2,960

Hanstholm Strand core 0,139 0,681 0,076 1,553 6,136 2,527

0,115 0,498 0,097 1,259 4,889 8,062

0,137 0,521 0,103 1,541 4,969 5,933

Blokhus strand surface 0,135 0,479 0,107 1,102 7,689 7,468

0,138 0,413 0,071 1,109 8,052 4,411

0,121 0,402 0,103 1,045 6,520 6,403

Blokhus strand core 0,122 0,534 0,080 0,931 5,328 4,675

0,157 0,651 0,101 1,063 7,235 8,804

0,126 0,549 0,082 0,967 5,279 5,993

Liver å (strand) surface 0,109 0,539 0,089 1,076 3,795 5,484

0,108 0,529 0,096 1,064 3,261 4,841

0,105 0,577 0,100 1,081 3,753 4,716

Liver å (strand) core 0,105 0,578 0,097 1,215 3,273 4,401

0,104 0,685 0,079 1,069 2,718 3,605

0,128 1,438 0,092 1,055 4,131 5,283

Uggerby å (strand) core 0,078 0,361 0,115 0,804 2,238 5,313

0,083 0,381 0,073 0,805 2,441 2,519

0,078 0,378 0,121 0,816 2,171 4,892

Nibe strand core 0,091 1,067 0,096 0,804 2,044 2,837

0,091 0,977 0,095 0,760 2,178 7,297

0,093 0,996 0,119 0,768 2,412 8,160

Aalbæk strand core 0,063 0,423 0,091 0,619 1,037 5,497

0,062 0,374 0,088 0,618 1,016 2,911

0,060 0,400 0,089 0,617 1,003 3,581

Aalbæk strand surface  0,058 0,436 0,098 0,651 0,989 2,950

0,058 0,424 0,097 0,622 0,979 3,150

0,054 0,416 0,096 0,605 1,004 2,969

Asaa strand core 0,076 0,579 0,123 0,652 1,165 3,297

0,068 0,614 0,095 0,664 1,080 3,987

0,054 0,387 0,081 0,494 0,935 2,820

Asaa strand surface 0,103 0,862 0,089 0,955 1,033 3,586

0,111 0,919 0,118 0,944 1,009 7,889

0,113 0,994 0,124 0,944 1,043 7,407

Hou strand core 0,063 0,631 0,110 0,737 1,196 7,427

0,061 0,847 0,116 0,730 1,182 4,110

0,059 1,239 0,108 0,693 1,104 3,591

Hou strand surface 0,057 0,514 0,117 0,674 1,009 5,561

0,050 0,430 0,106 0,602 0,886 3,365

0,053 0,516 0,110 0,646 0,999 3,535

Hals strand core 0,110 1,840 0,123 1,143 6,658 3,510

0,124 3,175 0,114 1,299 4,048 11,974

0,117 2,328 0,094 1,234 4,931 14,594

Skiveren strand surface 0,165 3,345 0,044 1,230 21,984 11,950

0,177 1,956 0,068 1,512 27,800 10,663

0,185 9,341 0,111 1,432 36,385 14,463

Aalborg fdorsyning strand core 0,841 14,746 0,103 16,228 9,053 9,094

0,867 14,435 0,151 16,419 9,639 48,511

0,867 14,393 0,146 16,540 9,637 42,890

Aalborg West, strand surface 0,320 16,169 0,125 4,281 9,455 38,731

0,283 11,733 0,093 4,004 9,484 18,676

0,317 17,095 0,128 4,441 9,293 35,050
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External Analysis results
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Tabel 7.1 Oversigt over tungmetaller og uorganiske sporstoffer i NOVA-2003. Ved de industrielle udledninger er
der alene analyseret for de metaller, der er relevant for den pagaldende industri.

Lurt Marint Grund-  Vand- Punkikiider
Sediment Blota Vand ‘™™ % “Spide Slam  Rogn-  Indus-
Vand betinget

i

“Auminium (A)
Antimon (Sb)
Arsen (4s) x
Barium (Ba)
Beryllum (B) X ox x
By (o) x x x
Bor (B)
‘Cadmium (Cd) x x
Kobber (Cu) x x x
Kobolt (Co)
Krom (Cr) x
Kviksolv (Hg) x x
Molybdaen (Mo)
Nikkel (Ni) x x x
Solen (Se)
Soiv (Ag)
Tellur (Te)
alium (Th)
Tin (sn)
Uran )
Vanadium (Va)
14000 Zink (Zn) x x x
12000 Jem (Fe) x
10000 Mangan (M) x
8000
6000
4000
2000

x
x

X x % x

x
x
x
x
x
x

P I
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Figur 14.3 Median og maks-
koncentrationen af PAH i
sediment fra kystnare samt
dbne dele af danske farvande
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Figur 18.3 Median- og maks-koncentration af TBT i sediment fra kystnare samt dbne dele af danske farvande.





image30.png
« set up ready in December (before Xmas)

* December - January, testing

3 separated closed systems

NEWICP!

Anode
Cathode

PH, Temperature and Conductivity
measurements

Power supply, constant current 0.25 A
LED light

Anode
Cathode

pH, Temperature and Conductivity
measurements

Power supply, constant current 0.25 A
LED light

Anode
Cathode

pH, Temperature and Conductivity
measurements

Power supply, constant current 0.25 A
LED light

Expected observation





image31.emf
Sæby (strand) Sæby (strand) Frederikshavn 2 (havn) Frederikshavn (strand) Hanstholm Havn Hanstholm Strand Blokhus strand Liver å (strand) Uggerby å (strand) Aalbæk strand Asaa strand Hou strand

  Tribromodphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Tetrabromibiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Pentabromobiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Hexabromobiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Heptabromobiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Octabromobiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Nonabromibiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Decabromobiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Tribromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Tetrabromibiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Pentabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Hexabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Heptabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Octabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Nonabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Decabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10
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Hals strand (sea weeds decomposing) Hals strand (sea weeds decomposing) Skiveren strand (Limfjord eelgrass) Aalborg forsyning strand Aalborg North of the Airport Nibe Strand Aalborg Vest, strand Aalborg city Aalborg Havn city Aalborg Øst strand Hirtshals havn (students)

  Tribromodphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Tetrabromibiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Pentabromobiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Hexabromobiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Heptabromobiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Octabromobiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Nonabromibiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Decabromobiphenylethermg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Tribromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Tetrabromibiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Pentabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Hexabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Heptabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Octabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Nonabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

  Decabromobiphenylmg/kg < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10
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Sæby (strand) Sæby (strand) Frederikshavn 2 (havn) Frederikshavn (strand) Hanstholm Havn Hanstholm Strand Blokhus strand Liver å (strand) Uggerby å (strand) Aalbæk strand Asaa strand

   BDE-028mg/kg ts < 0,0005 < 0,0005 < 0,003 < 0,002 < 0,005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,003

   BDE-047mg/kg ts < 0,0005 < 0,0005 < 0,003 < 0,002 < 0,008 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,003

   BDE-049mg/kg ts < 0,0005 < 0,0005 < 0,003 < 0,002 < 0,005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,003

   BDE-085mg/kg ts < 0,0005 < 0,0005 < 0,003 < 0,002 < 0,005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,004

   BDE-099mg/kg ts < 0,0005 < 0,0005 < 0,003 < 0,002 < 0,01 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,004

   BDE-100mg/kg ts < 0,0005 < 0,0005 < 0,003 < 0,002 < 0,006 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,004

   BDE-138mg/kg ts < 0,0005 < 0,0005 < 0,005 < 0,002 < 0,002 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,003

   BDE-153mg/kg ts < 0,0005 < 0,0005 < 0,003 < 0,002 < 0,005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,004

   BDE-154mg/kg ts < 0,0005 < 0,0005 < 0,003 < 0,002 < 0,005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,0005 < 0,004


image34.emf
Hou strand Hals strand (sea weeds decomposing)Hals strand (sea weeds decomposing)Skiveren strand (Limfjord eelgrass)Aalborg forsyning strandAalborg North of the AirportNibe Strand Aalborg Vest, strandAalborg city Aalborg Havn city Aalborg Øst strandHirtshals havn (students)

   BDE-028mg/kg ts < 0,004 < 0,007 < 0,001 < 0,001 < 0,0005 < 0,002 < 0,0005 < 0,0005 < 0,003 < 0,003 < 0,001 < 0,002

   BDE-047mg/kg ts < 0,005 < 0,01 < 0,001 < 0,001 < 0,0005 < 0,002 < 0,0005 < 0,0005 < 0,004 < 0,003 < 0,001 < 0,002

   BDE-049mg/kg ts < 0,005 < 0,01 < 0,001 < 0,001 < 0,0005 < 0,002 < 0,0005 < 0,0005 < 0,004 < 0,003 < 0,001 < 0,002

   BDE-085mg/kg ts < 0,006 < 0,01 < 0,001 < 0,001 < 0,0005 < 0,001 < 0,0005 < 0,0005 < 0,004 < 0,003 < 0,001 < 0,002

   BDE-099mg/kg ts < 0,006 < 0,01 < 0,001 < 0,001 < 0,0005 < 0,002 < 0,0005 < 0,0005 < 0,004 < 0,003 < 0,001 < 0,002

   BDE-100mg/kg ts < 0,006 < 0,01 < 0,001 < 0,001 < 0,0005 < 0,002 < 0,0005 < 0,0005 < 0,004 < 0,003 < 0,001 < 0,002

   BDE-138mg/kg ts < 0,005 < 0,02 < 0,001 < 0,001 < 0,0005 < 0,001 < 0,0005 < 0,0005 < 0,005 < 0,005 < 0,001 < 0,002

   BDE-153mg/kg ts < 0,006 < 0,01 < 0,001 < 0,001 < 0,0005 < 0,001 < 0,0005 < 0,0005 < 0,004 < 0,003 < 0,001 < 0,002

   BDE-154mg/kg ts < 0,006 < 0,01 < 0,001 < 0,001 < 0,0005 < 0,001 < 0,0005 < 0,0005 < 0,004 < 0,003 < 0,001 < 0,002
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