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EXECUTIVE SUMMARY

Biofouling accumulation on marine gear has been a long-time problem to fisheries and aquaculture
activities. Research for anti-fouling coatings, mainly the ones that are non-toxic for the environment, is
therefore being developed to create solutions for the sustainable growth of the sector.

Polyamyna Nanotech Inc. (PNI), a company that researches and creates high end antimicrobial coatings,
approached the Centre for Aquaculture and Seafood development (CASD) requesting an experiment to
test the antifouling properties of coated nets at a marine site.

PNI provided CASD technicians with 13 aluminum frames with nets and one with a pair of lenses to be
deployed at The Launch, Marine Institute, at Holyrood Bay, for six months, with monthly observations.
The frames were attached in groups with shackles and swivels, tied to a building at the shore and anchored
in the bay to keep it stretched. On each observation the set of frames were hauled to a small vessel and
pictures were taken to estimate the biofouling coverage.

At the first observations, it was noticed that the pair of lenses, held by a plastic frame bolted to the
aluminum frame was lost, possibly due to the effect of the waves on the frame set, which loosened the
bolts. CASD technicians and The Launch crew made all efforts to schedule each sampling with one month
difference from deployment, but due to weather conditions and schedule incompatibility, the sampling
ended up with a bigger interval between the fourth and fifth sampling. It was necessary to end the
observation period by that time, shortening the number of observations from six to five.

After the observation time, the images were processed, and the percentage of biofouling coverage was
visually estimated based on the visible portion of the nets (free of fouling). As each treatment was
deployed only in duplicate, it was not possible to perform any statistical analysis, but only a plot with the
means of each sample over time. The CASD team wasn’t provided with the specific characteristics of each
coating, only codes, so an analysis of each material’s intrinsic properties wasn’t included in this report.

Overall, observing the biofouling accumulation profile, the nets with codes HC-02 and HC-05 showed a
potential better antifouling activity compared to the other treatments.

For future experiments is recommended to increase each sampling repetition and produce samples with
the same size and shape, to increase the reliability of the results. It will also be beneficial to perform tests
on how easily the biofouling is removed by the end of the trial.
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1 BACKGROUND AND INTRODUCTION

Fouling organisms, such as bacteria, algae, and mollusks, adhering to underwater structures pose
significant challenges, including reduced performance of submerged sensors and aquaculture
production, causing significant economic losses. To mitigate these issues, antifouling coatings are
commonly applied to submerged surfaces. However, traditional coatings rely on the incorporation of
biocides into polymer binders for their effectiveness, which raises concerns due to the release of toxic
substances and their harmful effects on the environment. Regulatory restrictions on copper-containing
antifouling paints and the toxicity of zinc pyrithione (ZnPT), a commonly used zinc-based biocide, to
marine organisms highlight the need for the development of environmentally friendly antifouling

polymers.

Polyamyna Nanotech Inc. (PNI; https://www.polyamyna.ca/) is an incorporated company since 2017 and
itis based in St. John’s, NL. The company was established by Dr. Ramesh Kumar Mani and Dr. Bala Kishan
Gorityala who are both Ph.D. graduates in Chemical Sciences and hold substantial experience in coating
and antimicrobial materials discovery. The company endeavors to develop next-generation antimicrobial
coatings to prevent hospital-acquired infections, eventually striving to address global antimicrobial
resistance. The success of this technology on the human health field started the idea of applications in
other sectors, including the marine environment, specifically on the protection of marine gear from

accumulation of fouling organisms.

The company’s antimicrobial additive materials are compatible with a range of plastic as well as coating
systems. The additive materials can be introduced into paints, coatings, and diversified plastics during
the manufacturing processes. Coatings/polymers/paints/ceramics once infused with the robust
antimicrobial technology, displays superior antimicrobial efficacies against most dangerous drug-
resistant pathogens. Moreover, PNI’s technology makes sure that there is no leeching of the active
components into the environment as long as the binding materials (e.g. paint) integrity is maintained.
This technology has a US provisional patent that has been filed (US Provisional 62/848, 172) and it has
been approved by Health Canada and the Environmental Protection Agency in the USA. PNI’s
antimicrobial compounds have the potential to be utilized as an anti-biofilm agent in aquaculture

settings.
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Polyamyna Nanotech Inc. (PNI) approached the Centre for Aquaculture and Seafood Development
(CASD) to investigate the effectiveness of a new technological antifouling coating on experimental gear

deployed at an experimental site.

2 SCOPE AND PURPOSE
2.1 Scope of Project

The scope of this project was to evaluate the antifouling properties of experimental coating methods.

2.2 Purpose of Project

The purpose of this project was to develop effective antifouling coating solutions for marine, fisheries and
aquaculture activities.

3 OBIJECTIVES

The objectives of this study included:

1. Deploy the experimental gear at Holyrood Bay for evaluation of biofouling accumulation.
1.1  Perform monthly observations of the gear (photography) for six months.

1.2 Analyze the data for estimation of the biofouling accumulation (by percent coverage).
1.3 Produce a report with findings and recommendations.

4 METHODS

The methods for this research were executed based on Bloecher & Floerl, 2018. Polyamyna prepared
samples of coated nets attached to aluminum frames that were deployed in a horizontal line by CASD
technicians at “MI -The Launch”, in Holyrood Bay. The gear was then monitored monthly, and photos were
taken to estimate the percentage of biofouling accumulation over time.

4.1 Gear preparation

The metal frames with the test materials, coated nets (duplicate), mesh made with test materials and lens
(single sample), were randomly connected using swivels and shackles and prepared for transport to the
experimental site at The Launch, Holyrood Bay, along with ropes and buoys. A 35LB delta-style anchor
was provided by The Launch team to be used as dead weight. The setup was displayed on the floor, at the
CASD pilot plant (Figure 1), and later at the launch (Figure 2) to allow for adjustments and to facilitate the
deployment operation.
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Figure 1 - Gear preparation at CASD Pilot Plant

Figure 2 - Gear Preparation at The Launch, MI.

P5584 — Antibiofilm for Marine Aquaculture, Proof of Concept Page | 3



Centre for Aquaculture and Seafood
Development
A—_

< —
155 Ridge Road, P.O. Box 4920
MARINE INSTITUTE st. John’s, NL, A1C 5R3

Centre for Aquaculture and Seafood Development

4.2 Gear deployment

The gear was deployed following the design (Figure 3). From a small vessel operated by The Launch staff,
the anchor was set at the desired spot and, after deploying the pre-assembled gear (line, frames sets and
buoys), the other end of the rope was tied to a building on the shore (Figure 4). After deployment,
adjustments were made to ensure that none of the frames were touching the seabed (Figure 5). In total
14 frames, 13 containing stretched nets and one containing two lenses attached to a plastic piece and
bolted to the frame were deployed, along with a net attached to the bottom of the frame.

Figure 3 - Deployment design and notes on frames as deployed.
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Figure 4 - frames setup attached to a buildingon the shore Figure 5 - Frame set submerged

4.3 Monitoring and Analysis

The monitoring schedule started one month after the deployment and each sampling was aimed to be
executed with one month interval, completing six months, however, it was possible to execute only five
samplings. On each sampling, a vessel operated by The Launch staff took the CASD technician to the
gear site, the frame set was hauled to the boat and photographed (Figure 6). Additional notes were
taken on the type of fouling and organisms found on each sampling. Images were cropped, saved, and
named according to treatment code, plot position, and sampling day. Biofouling coverage (%) was
estimated based on the amount of visible net material, with visibility indicating areas free of fouling
(Figure 7).

At the first sampling it was noticed that the lenses attached to one of the frames were lost.

As most of the samples were deployed in duplicate, with two of the tested materials prepared as a
single sample, making it impossible to perform a statistical analysis, a plot was prepared with the
average for each treatment per sampling time.
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\
Figure 7 - Image processed for biofouling covering
estimation (%)

Figure 6 - Frame set hauled for observation

5 RESULTS

The plot with estimated biofouling coverage (%) per treatment over time is presented in Figure 8. As per
the first observation, a wide range of covering were observed for the treatments, with lower coverage,
12% to 25%, for treatments HC-01, HC-04, HC-03 and HC-05, in ascending order of coverage percentage,
medium coverage, 45% to 50%, for treatments HC-07B and HC-06, respectively, and high coverage, 70%
to 90%, for treatments HC-02 and HC 07, respectively.

In the second observation, there were observed medium coverage, 60%, for treatments HC-06 and HC-
02, and ~65%, for treatment HC-03. High coverage, from 70% to 90%, was observed for treatments HC-
01, HC-05, HC-07B, HC-04 and HC-07, in ascending order of coverage percentage.

A reduction on the biofouling coverage were noticed in the third observation for treatments HC-02, from
60% to 40%, HC-05, from 75% to 55% and HC-04, from 85 to 70%, while an increase on the biofouling
coverage were observed for treatments HC-03, from ~65% to 70%, HC-01, from 70% to 80% and HC-06,
from 60% to ~95%. For this observation, Treatments HC-07 B and HC-07 kept the same coverage, 80% and
90% respectively.

In the fourth observation, the minimum biofouling coverage was observed for treatments HC-05 and HC-
03, with 65%. HC-04 and HC-02 had ~75% of coverage. HC-07B, HC-01 and HC-06 had ~80% coverage and
HC-07, 95%.

In the last observation, all treatments showed coverage ranging from ~90% to 100%, with HC-01 at the
lower end and HC-07 at the higher end.
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Regarding the types of organisms found attached to the samples, at the start it was more common to
observe slime and filamentous algae. With the advance of time, it was possible to observe some
invertebrates, such as starfish and small crustaceans, and closer to the end of the observation period,
some fish were seen using the frames as habitat. At the very end, seaweed (Sugar Kelp) was found with
their holdfasts attached to the frame.
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Figure 8 - Plot, Biofouling coverage of samples (%) over time.
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Considering the overall project execution and monitoring findings, we can state that it was possible to

replicate, with some modifications, the model proposed by Bloecher & Floer 2018 for this study.

The lack of the minimum replicates per treatment required for proper statistical analysis, along with the
variation in size and shape of each net tested, led the data processing and interpretation to follow a
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qualitative approach. Despite the impossibility of comparing the treatments means, between groups and
over time, it was possible to observe the trends, which is sufficient for a preliminary assessment.

Since CASD technicians were not informed about the specific characteristics of each of the treatments and
were only provided with treatment assigned codes, this discussion is only based on the observed
biofouling coverage for each code over time. As a result, an in-depth analysis of the intrinsic anti-fouling
activity of each sample is not possible.

Before analyzing the variation in biofouling coverage over the time the gear remained on the water, it is
important to consider that the concentration of fouling organisms in the water varies in both quantity and
species according to seasonality changes. In this sense, the biofouling pressure will differ across seasons
and even within the same season in different years (Anderson, 1995).

Observing the overall reduction or stabilization of biofouling accumulation on the third sampling it is
possible to state that the biofouling pressure decreased in that period due to natural environmental
causes, such as temperature, light, winds and sea current. Considering that these changes were applied
to all treatments, it is possible that the nets with code HC-02 and HC-05, by presenting a similar profile,
were efficient in preventing biofouling accumulation. Despite HC-02 started with 70% of coverage at the
first sampling, the coverage dropped to 40% at the third observation, the lowest coverage compared with
the other treatments. HC-05 started with 25% coverage, increased to 75%, but dropped to 55 at the third
observation. Considering that this observation is the mid term of the experiment and that it was made by
the end of the summer, after a period of high biofouling activity (Qian et al., 2007), the lower biofouling
coverage for these treatments indicate a potential for success on antifouling properties.

As per the fourth observation, treatments HC-03, HC-05, HC-04 and HC-02, in ascending order of
biofouling accumulation, presented lower coverage (65% to 75%) compared to the remaining treatment,
and considering that we might expect a big individual variation, due the lack of repetition, it is reasonable
to group these treatments as having potentially good antifouling activity.

At the fifth and last observation, with the sum of time and biofouling pressure accumulation over the
experiment, the biofouling of all treatments increased until almost fully covered, making it impossible to
point to the most effective treatment. At the end point, for a future experiment, a final trial design to
assess how easily the biofouling coverage is removed from the net would be beneficial.

7 CONCLUSIONS

The conclusions drawn from this project are:

1. HC-02 and HC-05 have potential for better antifouling by qualitative observation.

2. It was not possible to perform statistical analysis for this experiment due lack of necessary repetition.
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3. The difference in the size and shape of nets could have influenced the results.

8 RECOMMENDATIONS

The following recommendations are suggested based on this analysis.

1. Conduct amore detailed experiment with at least six repetitions of each treatment that presented a
potential antifouling performance, compared with a control treatment. This will be beneficial to
produce more reliable results.

2. Using nets with the same size and shape will be beneficial to remove these biased effects from the
experiment and will also allow a more precise measurement of the percentage of biofouling
coverage.

3. Additional tests, such as biofouling removal will be beneficial at the end of the future experiments.
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