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Seventy-fifth session
Item 76 (a) of the preliminary list*
Oceans and the law of the sea

Oceans and the law of the sea

Report of the Secretary-General

2019 FHt o BB ERFFRGEFERES.

Summary

(BFHERKGER) -
In paragraph 352 of its resolution 74/19, the General Asse

United Nations Open-ended Informal Consultative Process on C (#ﬁj -g- > /;]\*ﬁ' > %3&»
the Sea would focus its discussions at its twenty-first meeting o1

rise and its impacts”. The present report was prepared pursuan

resolution 74/19 with a view to facilitating discussions on the tog

submitted to the Assembly for consideration at its seventy-fii

States parties to the United Nations Convention on the Law o

article 319 of the Convention.
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Fish farming, metals and antibiotics in the Eastern Mediterranean Sea: Is there a

threat to sediment wildlife?
3 ) Pub Date: 2020-10-08 , DOI: 10.1016/j scitotenv.2020.142843
loanna Kalantzi, Andreu Rico, Kyriaki Mylona, Spiros A. Pergantis, Manolis Tsapakis

Science of the Total Environment ( IF 7.96

R Antifouling paints

™ Excess feed

Wastes &

Chemical residues released from aquaculture farms may persist in the environment and may pose adverse
ecological effects. The aim of this study was to assess the pollution status of marine sediments undemeath or close
to aquaculture farms in the Eastern Mediterranean Sea, the factors that affect the elemental distribution, and the
exceedance of environmental quality standards and factors. To this end, surface sediment samples were collected
(underneath fish cages, at 25 m distance and from a reference station) from 48 fish farms in Greece with variable
environmental and geochemical characteristics. The content of 29 metals and major and trace elements, and three
antibiotics (oxytetracycline, florfenicol, and flumequine), was determined in the sediment samples. Most of the
elements found in the sediments originated from geological sources and their concentrations were close to

Earth’ s Crust content. Below and close to fish farm cages, the sediment was enriched with P, Cu, Zn, Mo, and Cd
mainly due to the aquaculture biosolid deposition, and changes in environmental conditions (increased organic
matter, low redox potential). Cr and As were found to exceed twice the upper threshold limit of the available
sediment quality quidelines in 13.5% and 7.3% of sampling stations, respectively. The potential ecological risk of V,
Cr, Mn, Co, Ni, Cu, Zn, As and Pb was found to be low in the sediment close to fish cages except for Cd, which may
pose a moderate to considerable risk in 12.5% of sampled fish farms. However, the estimated risks for this metal
may be influenced by the high background levels found in the investigated areas. This study also shows that the
occurrence of antibiotics in sediments below fish farms in the Eastern Mediterranean Sea is very sparse (i.., only
flumequine was found in two farms) and concentration levels are relatively low.

@ MedCrave
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Journal of Aquaculture & Marine Biology

Sediment Characteristics under and Around Cobia
Cage Farms at Penghu, Taiwan, As Visualized By Redox
Potential and Sulfide Content Profiles Using GIS as
Documentation Tool

-
Samunary

Radox p 1 15 & frequently used

tod gecchamical n cobla ag Ity

in studles under and around
mnne cage farms to assess the environmental status of maring aquacultore.
This study pnnn:s an application of a geographic information system (CIS)

assess the condition of the benthic environmant using the Chu-War marine fish

farm as & case study. The objectivas of the study was to combine CIS p

farm and the current pattern.
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with dumu:ﬂl Maasures A< an tmportant and Innovative Mhodology in marine
anv The results show a real distribution
pmmns tor both redox potential and sulfids contant in relation to position of the

Tzéwan
Slnatitutc of Marine Affairs aed Ressurce Managemens,
Natizmal Tewan Ozeas Univernity, Tovwan

“Department of Maritime Palice, Central Police Univeraity,
Taiwan

Introduction

In 2007, Taiwan produced over 149 million tonnes (MT)
of fish, valued at NTD3 94.8 billion (US$ 2.9 billion), according
to the Fisheries Year Book 2007 (Fisheries Agency, Counal of
Agriculture, Taiwan) [1]. Finite resources and the land-based
expansion of Taiwanese culture have caused environmental
degradation, Therefore, the Taiwanese government has supported
the development of offshore fish farming as 2 recent priority for
nationzl aquaculture development Marine cage aquaculture
began in the 1970s in the Penghu Archipelago. Among many
species of cultured marine fish, cobiz has become a popular
species for cage aquaculture because of its fast growth rate and

paratively low production cost Cobia is 3 finfish species
with emerging global potental for mariculture, and it has been
the subject of research on spawning and grow-out since the early
1990s [2].

Marine aquaculture may zlso cause environmental degradation
from feces, uneaten feed and use of chemicals if the local carrying
capaaityisexceeded [3]. The mostimportantbenthicimpactrelates
to the formation of anoxic sediments [4-6] which can be easily
monitored. Both sediment condition and waste accumulation
are good indicators for detecting the emvironmental condition
at aquaculture sites, Beveridge [7] revealed that environmental
deterioration beczuse of high organic matter concentrations in
the sediments may affect the health of farmed fish and hence
profitzbility, Waste and waste-makes quality management for
marine aquaculturs in other countries has not only focused on the
release limitations of organic matter, and nutrients [8-11] butalso
on chemicals [12,13] used on the farms regardless wherever into
estuaries or near shore coastal waters [14,15], This investigation
uses an environmental monitoring program to understand and
assess the environmental impact of cobia farming,

The distribution patterns of redox and sulfide concentrations

“Correapanding suther Ti-Che Shis, Degartment of
Meritime Police, Central Pelice Usiveraity,

1o 56, Taiwes, Tel: 824-2-2377-3038; Fax: §26-22377-
5767; Emaik: 51 0#ma3S hinetnes

Reesived: N fer 11, 201€ | Publiahed: D 23,
2016
\

were mapped and presented at Penghu, Results show that
the redox potential values at <-100 mV and high sulfide
concentrations ranged from 306 to 1800 uM in sediments were
clearly dominant in the feeding zone of aquaculture operations.
Positive redox potential values and low sulfide concentrations <
300 uM were observed at the north direction nearby the crossing
bridge that is away from the aguaculture site and upstream of
the current flow inside the Inner Islets. Some sampling sites at
the cutward sites, that were 200 meters, 500 meters away from
the aguaculture operations, had <-100mV. These suggest the
wastes from the aguaculture sites were driven with the current
and dispersed toward the outside inner islets [16]. Summerfelt
et al. [17] reported that an ORP of 375-525 mV was required to
reach the mean daily czone CONCENtration Necessary to obtain
full-flow disinfection in fry RAS, For southern rock lobster
larvae, survival was higher and bacterial contzmination was
lower when the ORP was between 330 and 500 mV' [17,18]. With

moderate czonation corresponding to 2n ORP value of 250 mVin
2 low exchange freshwater RAS, rambow trout showed improved
performance compared to 2 system without ozonation [19,20].

AGeographic Information System (GIS) contzins powerful tools
for processing spatial reference data and can be used to organize
and present spatal data as part of effective environmental
management planning [21), Furthermore, buffering is one of the
proximity techniques in GIS [22]. Buffer applications studies of
the impact zones of amphibian species [23], riparian zones for
non-point-source poliution [24], and water quality monitoring

) e —
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Integrated GIS and AHP for Marine Aquaculture Site Selection in Penghu

Cove in Taiwan

Yi-Che Shih*
Poilce University, Taoyuan City, Tawan
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sinstute of Ocean Technology and Marine Aas, Nationsi Cheng Kung Unversty, Tanan City, Tawan

Abstract

Marine cage culture has been developed quickly in recent years from land-based operation transfer to marine
government policy in Taiwan. Thersfore, the suitable site selection is an important premised and
keyfacwforsuoeessﬁlmmnecagewhrewmnabledwebm\emnmeﬁmre Especially. #'s greatly
camaluniaymd#fedmgnnmngeosts promenm
. geographic factors, bi faams
mmmmmwwmm This study use AHP (analytic hierarchy process)
for site selection. From AHP analysis. mewe'gmsofsuntabd!yofmefouGeWc
Information System (GIS) grid themes were 0.322, 0.410, 0.127 and 0.141, respectively. The result shows that the
peographic environmental factors are the most important factors in selection suitable marine culture sits in Penghu
cove in Tawan. At the meanwhile, by using ArcMap, 3 GIS software package. 3 suitable map was made based on
the selected gnd themes. The suitable sites for marine cage culture development identfied on the individual GIS gnd
themes, the GIS software and AHP method can be integrated to select objectively the optimal sites for manine cage
culture development.

cage culture by

viabdity by i
Hence, the decision factors such as cimate factors,
to evaluate the criteria

L

Keywords: Aquaculture; Site selection; GIS; AHP; Talwan
Introduction

In recent years, there has been a dramatic proltferation of research
concerned with fishery resources degradation in the world. As regard
to solve the fisheries problem now i promoting to marine cage culture
instead the land-based culture in recent decade In Tatwan. Therefore
surge of research on marine cage culture has given us new opportunities
and challenges. There are many criteria, guideline and essential factor
for selection marine site for aguaculture In coastal zone. Such as
reported that water flow, volume availability, water quality, access and
location of utilittes, topography of stte, slope of land and legidation
concerning water rights, study operate suttable site selection for oyster
farm and further studies Indicated that three site categories of cage
site selection criteria there were physic-chemistry condition, site cage
system, and profitability. Many studies have focused on the weighted
liner combination method using the patrwise comparison. Welghts
Indicate the relative Importance of one vartable with respect to the
others and depend on expert knowledge, mostly. But it doesn't sutable
for everywhere in the world. Even 1n a small number of countries, shows
wide vanations. While some of these criteria are obviously arbitrary
or tentattve, others are based on local environmental conditions and
land use patterns. Other than the nature and composition of expected
emissions or discharges from the farm, the pattern of water exchange
and the bottom dynamic conditions 1n the area have to be constdered.
In the guidelines for site approvals, the environmental sensitivity
has referred to as an Important factor. Different areas may respond
differently to the same nutrient dose [1].

‘With the rapid development of marine cage culture that creates a
growing need for coastal zone environment analyses, a complex task
need one useful tools for kinds of analysis is the GIS. GIS are information
tools with the capacity to store, analyse and dsplay special data. The
general usefulness of the methodology of ustng GIS for aquaculture
site selection has been explored and Is now becoming established. For
example, it was reported that applied the GIS with blophysical and
soclal-economic characteristics for planning the aquaculture site spatial
deciston. Data also point out that the individual investor interested In

aquaculture devel G spatial Inft particularlyat the
time of site selection from among a range of alternattve locations with
different blophystcal and social-economic characteristics. It menttoned
that the bathymetry, current, shelter and water quality variations were
used to determine sultability stte by PC-bhased GIS for coastal salmonid
cage culture. Furthermore, although GIS uses In marine aquaculture
planning began a decade ago, as more advanced GIS techniques were
made available and motivated by the needs of environmental research
and management, GIS marine applications Included subjects as varted
as sediment dynamics and bathymetry changes, artificial reefs site
selection, or coastal hazards [2]. This article adopts the AHP method
and using GIS, for a technological transfer project of marine cage
culture site selection in Penghu cove, Talwan.

On the other hand, the good water quality requirement of the
site selection 1s also the first considerations for the proposed facility.
‘With regard to the inflowing water, every aqua cultural endeavour Is
critically depending on a good water supply. During site selection this
1s the very first factor to be taken into account. Considering, the many
physical, chemical and blological parameters that can Inflsence water
quality. Blophysical charactersstics may Include criteria pertinent to
water quality (e.g. temp e, dissolved oxygen, al y, salinity,
turbidity, and pollulam concentrations), water quantity (e.g. volume and
seasonal profiles of avallability) and climate (e.g. rainfall distributton,
alr temperature, wind speed and relative humidity). Socto-economic
characteristics that may be constdered 1n aquaculture development

*Coresponding author: Y-Che Shih, Central Police Universty, Taoyuan City,
Talwan, Tel +885-3-3252321; E-mal- 5p10@ms3S. hinetnet
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Introduction

Marine aquaculture may also cause i 1 di dation
fromfeces.mea.tenfeedandmeofchemmalsxfthelocalcarrymg
capacity is exceeded [1]. The most important benthic impact
relates to the formation of anoxic sediments [2-4] which can be
easily monitored. Both sediment condition and waste accumulation
are good indicators for detecting the environmental condition
at aquaculture sites. Beveridge [S] revealed that environmental
deterioration because of high organic matter concentrations in
the sediments may affect the health of farmed fish and hence
profitability. Waste and waste-makes quality management for
marine agquaculture in other countries has not only focused on the
release limitations of organic matter; and nutrients [6-8] but also on
chemicals [9] used on the farms regardless wherever into estuaries
or nearshore ooastal waters [10,11]. This investigation uses an
envi ‘,pmgnnnto\mdemmlandassessthe

envi i of marine f:

1g program ratings for the near-field
eﬁectsfmmuacemetalsmsed.tmms[lZ] Wastemanagementﬁor
marine aquaculture in other countries has focused on the release
of organic matter nutrients, and chemicals directly from the
farms into estuaries and coastal waters. Finfish farms need more
ive progr for the m of waste than shellfish
farms, because finfish provide exogenous food sources [10]. Redox
potential is useful as an indicator of the degree of microbial activity
in organically-enriched sediments [13,14]. Here we used an EMP to
determine and assess the environmental impact of farming,

Envir itoring program

Currently there are very limited approaches for assessing
the imp of aqgy ure on sediment with the P of the
environmental monitoring program (EMP), implemented by the
Depanmentoftbeﬂuvuvnment.Neanmswmk.C«mada.EMP

! ure op [15]. The impacts are considered
unacceptable when sedi b anoxic. There is a need for
the develop of more tools and methods for detecting

envn'onmznuleﬂ'ectsofaquanﬂmmandfordmrmnmgwhat
constitutes acceptable and Other sedi

chemistry indi s of envi 1 eﬁects would assist in
ing the inability of e operations. The
envi 1 itoring program (EMP) approach was adopted

to evaluate the marine environmental impact of cobia marine
agquaculture environmental management [16,17]. The EMP ratings
were assessed by the diver on site following the guidelines defined
by the Department of Environment and Local Government of New
Brunswick, Canada [15]. Redox p ial in core ples was
measured with a Fisher Scientific Co., USA. AP-63 (PH/MV/Temp/
Ion), using methods described by Wildish et al [18] The sulfide
probes were calibrated just before use on each sampling day by
checking against freshly prepared Na2SH9H_O solutions at three
concentrations (10pM, 100pM and 1000uM). Sediment samples
buffer (SOAB from Fisher Science Co.) (1:1v/v). Sulfide levels were
recorded in millivolts (mV) when the reading stabilized. These
methods were d experi lly [16-18].

The study shows that assessment of the marine environment
at aquaculture sites requires a tool beyond the environmental
monitoring program (EMP) rating. The sediment chemistry
response to changes in environmental condi atthe ure
srtesclaariyr&wltmd:ﬂ'emncesfmmnammlbackgmmdsedlment
levels. Those ch make the deling approach feasible in this
study and useful for interpreting the impact of the aquaculture
activities to the envir This app: ‘h provides an effective
means for assessing the environmental conditions based on

di hemistry, and q ly in blishing regulatory

P TIR Ii e

is based on sediment redox pcmenxul, sulﬁdz
and video tr data for

1 effects of
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The smdy was undertaken to assess the manne environmental effects from feed and waste associated with
marine culture activities in Taiwan. In the meanwhile, the work was undertaken to develop an approach for
modelling the changes of sediment chemisty related to the accumulation of marine culture waste. Metal
composition of sediment Cu, Zn, Mn. Al Li (ug/g) and Fe (%) were used to determine the extent of detectable
effects around the cage. The concentrations of Al decreased with increased accumulation of Cu at study sites.
There is a trend among normalised metals related to normal, hypoxic and anoxic sediment conditions. The
trends are useful for detecting and assessing the cumulative effects from aquaculture wastes to the marine
environment. Principal components analysis (PCA) was carmed out on the metals and to cluster the similanities
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Colia, Rachyantron canadum, is cumrently grown by marine aguaculture in Taiwan,
particularly on Penghu Islet Although the effect of manne aquaculture on the
environment has been the subject of many studies, an understanding of its
envirenmental impact has yet to be attained, and the continuing expansion of cage
farming has caused noticeable ecdogical declines. Nevertheless, useful tools to measure
thit environmental degradation are scant The results of this study suggest that the

bination of a grographic information system (GIS) with redox potential and sulfide

Keywords: measurements can be used to definitively assess the condition of the benthic environment
GIS near cobia aquaculture sites and to help dewlop environmental monitoring programs,
Im pact These applications could easily be adopted to assess multiple marine environmental
Marine environment conditions.

Radox © 2008 Elsevier B.V. Allrights reserved.
Sediment

1. Introduction

In 2006, Taiwan produced over 1.28 million metric tons (MT) of
fish valued at $85.8 billion New Taiwan dollars (NTD) or $2.6
billion United States dollars, according to the Fisheries Year
Book (2008) (Fisheries Agency, Coundlof Agriculture). Because
of this high demand, the Taiwanese government has sup-
ported the development of modern offshore fish famms in
recent decades. Originally, marine cage aquaculture began in
Taiwan in the 1970s in the Penghu Archipelago (Fig. 1) to
provide fish harvests from coastal fisheries. However, finite
resources and the land-based expansion of the Taiwanese
culture have caused environmental degradation.

Among the many species of cultured marine fish, cobia
(Rachycentran canadum) i a finfish species with emerging

global potential for marculture, and it has been the subject
of research on spawning and grow-out in Taiwan since the
early 1990s. Cobia s a popular spedes for cage aquaculture
because of its fast growth rate, comparatively low production
cost, high market value, and good meat quality. A cobia takes
only 2 years to grow from juvenile to adult. Adults reach
lengths of up to 2 m and weights of 60 kg. In Taiwan, cultured
cobia have become popular for domestic consumption and for
export, mainly to Japan (Liao et al., 2004).

The government has played an important ol in the
overall development of the cobia culture industry. In the early
1990s, the government recognized the potential of modern
cage culture for future industry. Taiwan has around 1500
marine nets dedicated to cage culture, with 60% of these
marine cages (900 cages) found inthe Penghu Archipelago; the

* Corresponding author. Institute of Marine Affairs, National Sun Yat-sen University, No.70, Lian-hai Rd, Kachsiung Gty 804, Taiwan (ROC).

Tel: +83862 2239 9226; fax: +886 222399678,
E-mail address: twmarine@yahoo com tw (CL. Chou).

0048-9697/$ - see front matter @ 2008 Elsevier BV. All rights reserved.

doi10.1016/) scitotenv 2008.11.064

of the variables to establish for assessing the environmental conditions.

ADDITIONAL INDEX WORDS: Emironmental monitoring, merals, pollution monitoring, principal

component analysis.

INTRODUCTION

At marine culmre sites, the composition of the sediments is
altered by the input of aquaculture waste. A better understanding of
the changes of sediment chemistry associated with the discharged
waste from aquaculnwre activity would assist in the prediction
of impacts and the formulation of aquacultural practices for the
sustainable use of the marine environment. There is a need for
the development of sensitive tools or methods and data modeling
for detecting and mitigating potentizl environmental effects of
aquaculture, and for determining what constirutes acceptable
and unacceptable impacts, which remain controversial and
thus undecided. An approach to detect whether or not sediment
chemistry changes are related to EMP would assist in assessing
the sustainability of aquaculture operations.

There are very few studies describing sediment chemistry as
it relates to the deposition of wastes from marine aquaculture.
Generally, the sources of wastes at aquaculture farms are excess
feed, excretory products and chemicals used both in the treatment
of diseases, and as disinfectants, antifouling agents and cleansers.
Wastes generated by net-pen operations typically include organic
matter and nutrients from faeces and uneaten feed pellets, as well
as trace metals used in feed ingredients. At aquaculture sites, the
composition of the sediments is altered by aquaculture waste.
Understanding the changes in sediment chemistry associated

DOI: 10.2112/JCR-51115-170.1 received 4 May 2020; accepred in
revision 10 June 2020.

*Corresponding author: spj10@ms35 hinet.net

¢Coastal Education and Research Foundation, Inc. 2020

with the discharged waste from aquaculture activity would assist
in the prediction of impacts and in sustainable use of the marine
environment. One approach is to use environmental tracers. A
tracer is a signamre or fingerprint related to the environmental
response resulting fom the accumulation of enriched orgamic
waste from agquaculture operations around the net-pen. Generally,
the tracers could be additives in feed, organic carbon, metals,
benthic assemblages, nutrients, medicinal treatments, otc.

In Taiwan, no studies have been carried out on or reported for
the biota of cobia and the surrounding area from the perspective
of environmental quality to date. The objective of this smdy 1s to
establish marine environmental quality in support of the camrying
capacity of bay of Penghu Islet. This smdy, Al, Li, Fe, Cu. Mn and
Zn, were employed as tracers to assess aquaculture environment
conditions in Penghu cobia marine culture sites. Principal
component analysis (PCA) was applied to the metal data and
used to model the metal from the farming geographical locations.
Finally, establish the guideline of total quantity control of manne
culmre area and as part of integrated coastal zone management
for the Bay of Penghu in Taiwan and develop to worldwide in the
furure.

MATERIALS AND METHODS
Site Background
The Penghu Archipelagos, located in the middle of Taiwan
Strait, are a major fishing community, known as the birthplace of
cobia (Rachycentron canadum) cage culture. This research was
performed in Chu-Wan, the largest marine cage culture site, in
the bay of Penghu, which is located near the town of Chu-Wan,
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