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Avfallssporingsmetoder

Tracing feed signatures into environment

Terrestrial fatty acids (LA, OA, ALA)
Soy DNA (other candidates?)
Stable isotopes (ON:6C)

Others? — new feed compositions...
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Fig. 7. Comparison of sum of OA, LA and ALA (average * standard error) of
infauna polychaetes sampled during peak production along a transect moving
away from a fin-fish farm. Different letters represent significant difference in
the sum of OA, LA and ALA.
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Fig. 5. Plot of non-metric multidimensional scaling (NMDS) analyses
of bacterial communities at the different farms and sampling sites
with model-fitted distance contour. Correlation results of envfit-
analyses for NMDS axes 1 and 2 are shown in Table 2. Each symbol
in the plot originates from three pooled replicates of the same
sampling sites, accounting for potential spatial variation (patchiness)
of bacterial communities at a specific sampling site. An NMDS plot
for all individual replicates is provided as Supplemental File.
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Foraminiferal metabarcoding
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Mikrobiell eDNA

« Norway-specific AQUAed
database

e Can be used to assess bhenthic
enrichment now
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* Question of exact method and
how to implement
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Hardbunnsovervaking

« Combining 16S microbial eDNA + visual indicators , Exist@ng , New _
(b-investigation) (eDNA bMBI + visual)
» Cable mounted sample 0-170m depth

A. D.
» Triplicate samples

» Relatively rapid, quantitative, sig. cheaper than
macrofauna
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Hardbunnsovervaking - dype lokaliteter
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Hardbunnsovervaking -
dype lokaliteter

(FHF: VDWS Transition)

 Triplicate samples per dive
« Control over positioning

 Potential for benthic enrichment
monitoring at depth

« Scope for properly mapping waste
distribution

« Scope for studying waste exposure
on sessile reef species
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A simple and rapid method for measuring total free sulfides
in marine sediments

4

Peter ). Cranford ©'*
Emeritus Marine, St. Andrews, New Brunswick, Canada

/' 100

Abstract

s | R

— — —
5 The quantitatively most important process by which organic matter in marine sediments is mineralized is per-
// formed by sulfate-reducing bacteria, resulting in the accumulation of total dissolved (free) sulfide (S*~ = H,S +
V4 HS™ + $?7) in porewater. >~ is toxic to benthic animals and vascular plants and measurements serve as a proxy
Analyze for the deleterious effects of organic enrichment on benthic habitat, biodiversity, and ecosystem function. Meth-
odologies for measuring S~ in water have been pursued for at least a century, and standard approaches employ
colorimetry (methylene blue and iodometric titration) and potentiometry. These standard methods require
between 1 and 200 mL of porewater, which can be laborious to obtain. The ion-selective electrode method is
widely employed as a practical approach for sediment $>~ analysis but lacks analytical robustness and is highly
prone to measurement biases that misinform research and environmental management decisions. A technically
simple method is described, based on direct UV spectrophotometry, for the near real-time field analysis of small
porewater samples. The procedure prevents known measurement biases associated with particulate sulfide interfer-
ence, S° volatilization and oxidation, and represents a practical approach for monitoring organic enrichment
and classifying benthic ecological quality status. Porewater concentrations between 200 and 15,000 gmol L™ can
be measured and instrument calibration is highly stable. The method has the capacity to rapidly process and ana-

Extract

Sample Dilute

Fig. 1. lllustration of the steps involved in the collection and analysis of sediment porewater for total free sulfide analysis by simplified direct UV spectro-
photometry. The depicted materials are described in the text.

Cranford et al (DFO, Canada)

New UV sulfides method
Resolved some historical

Cranford

(a)

lyze sediment samples at low cost, which helps resolve the problem of chronic under-sampling associated with

the use of traditional $>~ methods.

Anoxic conditions occur at some depth in all marine sedi-

sediment toxicity than traditional benthic community taxo-

= = 400 r ments. In areas where the vertical flux of organic matter nomic analysis, which requires greater technical expertise,
I SS u eS Wlth T FS m eth O d A & Queen Charlotte Sound exceeds the supply of oxygen required for aerobic carbon min- much higher analysis and interpretation costs, and long delays
300 [ 2 O Passamaquoddy Bay eralization, the anoxic zone can reach the sediment surface to obtain results (Wildish et al. 2001). Subsequently, $*~ mea-
. . A o Whycocomagh Bay and even into (hft water column. Sulfate is plc»-ntiful in_ seawa-  surements are used in several countries to monitor and classify
Ra Id ractl Cal n eed S m O re -3 o Antigonish Harb ter anfi n§ reducnor.l to sulfide by Vheterotr(')phlc b.ac\ena is th.e habitat quality and the health status of benthic communities
p ) p y 200 | 4 ntigonish.Harbour quantitatively dominant process in the diagenesis of organic exposed to organic enrichment (Hargrave et al. 2008; Cranford
= = ® ® % « Reloncavi Sound matter in marine sediments (Fenchel 1987). Sulfide accumu- et al. 2020, 2022).
te Stl n g I n N O rway = 100 [ AA A — Regression model lates in porewater primarily in the form of HS™ but also The measurement of $>~ in water and sediments has been
é 3 o []Jones and Ingle (2005) includes H,$ and $>~ depending on pH. These three dissolved  the topic of research for many decades. Established analytical
‘ y w a sulﬁ’de forms are collectively referred to as total free sulfide methods for $>~ analysis of water include methylene blue col-
Arg u a b I e bette r th a n red OX = 0tra o Noa o ors™. o ! ) ) orimetry, potentiometry with an ion-selective elec5r0d9, and
w N A The ecological implications of sediment organic enrich- iodometric titration (APHA 2017; Methods 4500-5>-D, 4500-
10 | A N ment from coastal eutrophication and industry e[ﬂuenAts $%-G, and 4500-5%-F). These classical methods require between
° 50 X0 A Ap (eg., 3quac‘f|m'°' wood I.’UIP: seafood waste, and OffSh‘_)'e d']’" 5- and 200-mL sample volumes although laboratory adapta-
ling) are of interest to scientists and managers worldwide. $* tions of the methylene blue method can reduce the required
—200 o is toxic to benthic macrofauna (Bagarinao 1992; Grieshaber sample volume to 1 mL for measuring sulfide concentrations
~ and Vélkel 1998; Wang and Chapman 1999; Gray et al. 2002, pelow 30 umol L™'. Extraction of this volume of porewater
_300 i e e SRR Hz.n.gra\'e et al. 2098) and some vascular plazr}ts that provide  fom sediments is often impractical for research and environ-
0 1000 10,000 critical coastal habitat (Lamers et al. 2013). S~ measurements mental management applications that require large numbers

have been recommended as a more practical indicator of

*Correspondence: peter.cranford@outlook.com

of samples. The ISE method was adapted for measuring S*~
directly in S-mL sediment/porewater slurries and is relatively
simple and inexpensive to perform compared with the

608




Sensitive deepwater species monltorlng

Desmophyllum pertusum
; -

« SustainAqua (NFR 2017-2020)
» Akvakyst (HI, on-going)
* VDWS Transition (FHF, 2023-2025)

Paramur/cea a Pl acomus

Paragorgia arborea- Isidella lofotensis

Duva florida

Primnoa resedaeformis:

Acesta exca\(ata' Hormath|a diitata
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Analytical processes

(VDWS Transition + Akvakyst)

Culled specimens:

* In-situ visual assessment

* On-board respirometry

 On-board LMS

« Multiple types of tissue samples for in-depth analysis for
stress indicators™ (‘scatter gun’ approach)

Live specimens:

« Laboratory exposure trials

« Visual / hyper spectral assessment

Evaluate ‘specimen-specific’ wase exposure

« Distance from farm (as the crow flies)

« Sedimentation measurements

« Modelled particle dispersion

« Waste influence on seabed (microbial eDNA)




Sensitive deepwater species monitoring

Effects of antifouling agents on selected deep-sea foundation species - Exposure of 4 deep-sea foundations
species to dissolved copper. Tina Kutti, Vivian Husa, James Kar Hei Fang, Gry Hunvik, Bjgrn Einar Grgsvik, Ketil Hylland
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copper concentrations (ug I%)

« Large differences in lethal and sub-lethal thresholds for Cu exposure between exposed species

« High sensitivity to Cu detected in the two corals, likely linked to limited mucus production capacity and
high metabolic rates

« Rapid mobilization of cellular defence system in the bivalves, possibly causing enhanced tolerance to
copper exposure

* No mortality and high tolerance to copper detected in the sponge Phakellia



Stressors / contaminants
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v = Quantitative and useful
~ = Qualitative / some relevance
? = Potential relevance / not well understood

Potential of new technologies

Analytical types
B-investigation C-investigation
Kjemiske parametere Targeted, adaptive Specific
Ecological compartment Sensory Macrofauna (in sediments) contaminant Stress indicators in tracers
Microbes monitoring sensitive species | FA/isotope
Discharge type Farge Luft Konsistens Grabvolum Tykkelse [fs]gl N  NQI1 NSIH' TOM nTOC N C:N P Zn Cu (eDNA) |(>> toxicity testing) /genetics
Soft sediment footprint
Organic enrichment ~ o~ ~ ~ vVI?V vV V VvV VIV v VvV V v
Biofouling drop off ~ ~N NN N N ~ v
Antifouling chemicals: Cu ~N N o~~~ v ? v
All new
products ? r) v
Infeed therapeutants  Zn ~N NN NN v ? v
All others " ? v
New feed composition
(eg terrestrial) ? ~ v v v
Bath treatments \ o v
Subtle far-field effects \ NN N N v v
Information from hard substrates? \ K v
Deep water, hard substrata fauna (corals?)\ \ v/? v ?
Mobile, demersal, pelagic species? \ \ A ? v
00 37 4.0 5 \ . |
. B B ' i B & NB: Fish feed does
i 2 mOther not start and end
vieongediens | with the salmon! More sensitive, farm-
60 35.5 M Carbohydrate sources
o B 87 g3 ol WVegetsbleos specific options
. 654 166 Vegetable protein source: . :
20 11.2 109 hoid Marine oils avallable Adaptlve
335 ’ = arine protein sources : 1
i B B = M prot monltorlng

Aas et al. (2022) AquaReports 26




Recommendations for future emphasis

1. Expand toxicity testing for new and emerging contaminants — don’t wait
for the natural environment to be the testing ground...

2. Continue multi-species eco-tox & stress indicator work with ‘sensitive’
species.

3. Continue to develop new waste tracers based on new feed
compositions.

4. Attempt to separate effects from organic enrichment per se, versus that
of associated contaminants.

5. Obtain consensus on 16s eDNA monitoring methods. Decide on
optimum method and Implementation pathway. Implement.

Revision of existing monitoring strategy to ensure it is optimally focused
and using best avallable (and cost effective) methods
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