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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 12878 wias prepared by Technical Committee ISO/TC 234, Fisheries and aquaculture.
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Introduction

Particulate effluents from finfish farms can affect environmental conditions on the surrounding seafloor as well
as the health of the farmed fish. These effluents consist of excess feed and faecal pellets from the fish, and
are released as particles in a variety of sizes, depending on the fish species, feed type, temperature and other
conditions in the aquaculture operation. Depending on the hydrodynamic and bathymetric conditions in the
area, the particles settle on the seabed at various distances from the finfish cages. This leads to changes in
the chemistry and the biology of the sediments, and if the effluent load is high it can even result in sediments
depleted of biota.
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INTERNATIONAL STANDARD

ISO 12878:2012(E)

Environmental monitoring of the impacts from marine finfish
farms on soft bottom

1 Scope

This International Standard establishes an approach for samphng and emplrlcal measurement of soft-bottom
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Jts from f|nf|sh net pen farm S|tes can be monltored in the f|eId mcludlng guldehnes for quaI|
mpling protocols and safety. The emphasis of the environmental impact in this Internationa
trophication effects on the seabed.

International Standard identifies ecological objectives, the indicators used, ahd the meth
n, and encompasses guidelines for quality assurance of sampling protocols.and operationa

2

ormative references

The following referenced documents are indispensable for the ,application of this documen

refer
(incld

ISO
botto

3 7

nces, only the edition cited applies. For undated references the/atest edition of the referenc
ding any amendments) applies.

16665, Water quality — Guidelines for quantitative gampling and sample processing of
I macrofauna

erms and definitions

For the purposes of this document, the following terms and definitions apply.

341

anchloring area

area

3.2

delimited by the anchoring points of the cage area

anchor line

line,

3.3

cable or chain from-the anchor points to the cage area

anchor points

attac

3.4

hment paint of the anchor line

vironmental
y assurance
| Standard is

odology and
safety.
t. For dated

ed document

marine soft-

area

of-influence

area of seabed where environment s influenced or expected to be influenced, based on the available information

or as

3.5
base

identified through the use of predictive models

line monitoring

sampling of an area of influence, which previously was not used for finfish production

3.6

benthic
associated with the seafloor

[ISO
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benthic macrofauna
bottom-dwelling animals retained on a mesh screen of 0,5 mm or 1 mm aperture size

[ISO 16665:2005, definition 2.3]

3.8
biological p

roduction

biomass remaining in the cages(s) at the end of the year, minus the starting biomass at the beginning of the

year, plus ha
NOTE

3.9
cage
floating fram

310
cage area
area of seab

3.1

environmenital monitoring

systematico
or populatior]
development
control of the

312

fish farm sife

geographica

313

hard substrate

hard botton
substrate co
and pipeline

3.14

indicator splecies

benthic sped
environment

3.15

monitoring
scope of sur
threshold val

rvested biomass, mortalities and waste

The term “waste” includes escapees and sorted-out fish, which are not harvested.

pwork with attached net bag, which encloses the fish, and which forms a part of the-fish farn

ed directly below the cage

pservation, measurement and calculation of the condition of thg‘environment, emission of polly
s and species, which are necessary for the assessment of the condition of the environmen
of environment policies and the planning of environmental protection measures, as well 4
effectiveness thereof

ly defined location for aquaculture

hsisting of bedrock, larger rocks/stones or fixed marine constructions such as wharfs, g

-

D

ies that defines a’trait or characteristic of the environment or that serves as a measure (
bl conditions eXisting in a given location

evel
vey required to determine whether or not the environmental impact is retained within spe
ues

tants
t, the
s the

uays

f the

cified

3.16

monitoring programme
set of routine measurements of parameters which describe environmental effects from finfish farms

347
operational

monitoring

sampling conducted during operation of a finfish aquaculture facility

3.18
pilot survey
survey used

for simple rapid assessment and basic information on a site
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production cycle
period from the time fish are initially stocked into the sea until the cohort is completely removed through
harvesting or transfer

3.20
recei

ving environment

water body that receives input of natural or anthropogenic origin

3.21

reference station

sam

ven area on

seab
NOTH

3.22

lina station chosen to repnresent backaround or natural environmental conditions in-a aq
~J Ll g ~J

bd, i.e. free from direct anthropogenic influences

Adapted from ISO 16665:2005.

sampling station

preci
NOTH

3.23

e location where recording is carried out and any samples are collected

Adapted from ISO 16665:2005.

sediment condition

class|

3.24
soft
areas
maer

NOTH

fication of the observed condition in the sediment
pottom
of seafloor consisting of loose deposited particles, including clay, mud, sand and grave
, Where it is possible to sample with a grab or e>Corer
A minimum of three sampling attempts_dre intended to be carried out. If any one is successfu

that the substrate be treated as soft. It also includes mixed substrata with gravels, small stones and pebble|

a bed

3.25
soft-
anim

3.26
tenu
total 4

3.27

of finer material, but excludes cobble.

pbottom fauna
bls living on or completely/partially buried in soft sediments

e
rea on seabed thatis licensed or otherwise permitted by governmental authority to be utilized for f

threshold value

valusg

3.28

of a parameter that divides between defined levels of impact in a monitoring programme

I, shells and

, it is intended
5 scattered on

infish farming

transect monitoring
documentation of qualitative and quantitative changes over a distance

4 Principles for monitoring

4.1

Aim and principles

The ecological objective of the monitoring is systematic observation, measurement and calculation of the
condition of the environment, emission of pollutants or populations and species, which are necessary for the
assessment of the condition of the environment, and the planning of environmental protection measures, as
well as the control of the effectiveness thereof.

© 18O
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The effort of environmental monitoring should be proportional to the scale of impact and should focus on long
term sustainable use of the seabed in farming areas.

Principles for monitoring of environmental impact on the seabed may be summarized as follows:

if baseline monitoring is not possible, a reference station may be utilized for comparison;

before a site is utilized for aquaculture production, baseline monitoring should be carried out, if possible;

threshold values for environmental impact should be set such that finfish farm sites may be in use over a

longer time period.. These values should aim to ensure favourable living conditions for farmed fish as well
as to prevent unacceptable impact on the surrounding seabed area. The responsible government may

have esfablished threshold values for unacceptable impact and impact categories;

monitoring of the seabed should be regular; the more impact a finfish farm has on the seabged,)the

more

often the monitoring survey should be performed (see Table 3);

— differenff monitoring surveys may be used in different areas: where little impact is toletated by poljution
authorities or by society, the survey should be able to detect subtle changes; where more impact is
tolerated, a simpler survey may be enough to provide a satisfactory result;

— the morfitoring survey used should be suited to the task and the following. considered: the aim of the
monitoring; how detailed the survey should be to provide a comprehensive result; the level of accpracy
needed for the measured variables; practicality, efficiency, time consuniption and costs involved in refation
to the oytcome; transparency;

— surveys |comprising multiple parameters are less sensitive to anémalies in individual parameters and may
provide A more robust result;

— the varigbles that make up a monitoring survey may be organized in modules and be replaced or modified,
as apprgpriate, according to new knowledge, techniques or legislations.

4.2 Impadt zones

Finfish farm|effluent consists of large particles/(e.g. waste feed pellets and intact faecal pellets), smaller

suspended particles (e.g. feed dust and broken faecal pellets) and dissolved material (nutrients, organic

compounds, |etc.). These types of effluents have different potential dispersal kinetics and affect the water
column and geafloor at varying distances from the finfish farm. Normally, a greater impact is accepted Uinder

a finfish farn than further out into the receiving environment. Around a finfish farm, various impact zonds are

formed, whigh are affected to diffenent degrees (see Table 1). For medium- to high-current sites, it is pogsible

that the maximum impact does-not occur under the farm, but rather adjacent and down current to the farm.
Table 1 — Overview of impact zones
Type of impact zone
Local impact zone Intermediate impact zone Regional impact zong
Definition Area-of-seabed-underand-rear—Area-ofseabed-betweenthe Area-of-seabed-beyond |
a finfish farm where most of the | local impact zone and the intermediate zone
larger particles are deposited, regional impact zone, where
e.g. less than 30 m from cages. | sedimentation of smaller
particles occurs. At deep,
high-current sites, also larger
particles can accumulate here.
Source of Finfish farm The finfish farm is the main The finfish farm is one of
impact source of impact, but other several potential sources of
factors can also contribute. impact.
Potential Changes in the physical, Usually less impacts relative to | Changes in benthic fauna and
impact chemical and biological the local impact zone. community structure

conditions on the seafloor

The type of survey used depends on the level of impact and on the kind of impact zone which is monitored.

4
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Survey types

Surveys may be divided into three main categories (see Table 2) according to the objectives.

Table 2 — Overview of main categories of survey type

Survey type Objectives

Baseline monitoring

Characterizes conditions in a given area of seabed before operation of a finfish
facility. Also maps or identifies the impact of other sources. Faunal composition

criteria or simply with other representative areas of seabed (reference areas).

biogeochemical and hydrodynamic parameters are compared with specified assessment

aquaculture
and/or

Ope
of lo

ational monitoring
cal impact zone

The samples are taken close to the aquaculture facility in the local impact zore
surveillance of impact from finfish farm.

for frequent

Opefational transect The samples are taken in a transect from the local, to the intermediate @nd'to the regional
mon|toring impact zone for surveillance of the impact o the finfish farm, impact,6f-ether potential
sources and for documentation of natural environmental and biolegical changes.
In addition, a pilot survey may be conducted. A pilot survey gives a general overview of bottom and faunal

cond
detai

For fiirther information on the different survey types, see ISO 16665.

5

5.1

5.1.1

The (
the d
in the
if any
each
preva

Base
Base

Methodology

tions and is used either for simple rapid assessment or to give basie information for de
ed sampling programmes.

Sampling strategy

Sampling programme and planning

esign of the sampling programme depends on the detailed aims of the survey and the requ
ata. The programme should be developed with regard to local bathymetric and hydrodynani
survey seabed area, information ‘en' local contamination sources and knowledge from prev
. The number of sampling stations, their positions and numbers of replicate samples to
sampling station, as described'in the following subclauses, should be established accordin
lent currents within the afeaand prior to the initiation of the survey.

ine monitoring of the-seafloor is conducted before operation of a finfish aquaculture facil
d on information @beut water currents, bathymetry and layout for the planned finfish farm

and [
term
footp
the
depo

pattern of the deposition of effluents from the farm on the seafloor may be predicted. A frej
or this depgosition is “footprint of deposition” around the cages. There are several ways to
int of deposition. A simplified method for prediction is to include the potential site area of
xpected-deposition downstream of the finfish farm. Recommended computerized tools for
ition footprints around finfish operations are also available. Based on the predicted footprint

5igning more

red power of
ic conditions
ous surveys,

be taken at
j to the main

ty is started.
the amount
quently used
estimate the
seabed, plus
prediction of
of deposition
geographical

ribed in 5.1.2.

Forfinfish farms that are already established, positioning makes reference to the positions of cages and containments
and, if possible, to geographic position survey locations. It can be set out directly as described in 5.1.2.

For groups of adjacent compact cages or cage arrays, the samples should be taken along the outer edge of,
and, if possible, in between the individual cages. The sampling area of seabed should, as far as possible, be
representative of the entire area under the finfish farm (local impact zone).

For dispersed cages, the samples should be taken along the outer edge of the cages, and if possible,, in
between the individual dispersed cages. At least one sample should be taken at each cage, depending on the
total number of cages at the finfish farm site, as well as a holistic assessment of how the most representative
picture may be achieved.

© 18O
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5.1.2 Positioning of sampling stations

Before the positioning of sampling stations, information about water currents, bathymetry, layout and deposition
footprint for the finfish farm should be available.

5.1.21 Sampling stations for operational monitoring of local impact zone

A minimum of four samples should be taken from each finfish farming site. Additional samples should be
considered depending on the size of the operation. Sampling should be carried out from the edge of the
cages or containments, or in their immediate vicinity. The sampling points should be positioned according to
the bathymetry, dominant current direction and the dimensions and layout of the finfish farm, such that they
represent as[greatly as possibie, the entire tocat impact Zone.

All the obserpations made should be noted in the field log and included in the subsequent evaluation of results.
All sampling [positions should be shown on a map, preferably geo-referenced.

5.1.2.2 Sampling stations for operational transect monitoring

Samples from at least three sampling stations, at least one in each impact zone, shouldbe taken. These fthree
stations shall be considered fixed long-term monitoring stations, provided the cages.do not shift in locatiop due
to intentionall or unintentional changes.

The number pf replicates taken on each sampling station should be chosen®n the basis of statistical necgssity.
At least two feplicates are recommended at each sampling station:

— atleast pne set of samples should be taken in the local impact zone downstream as close to the cagg area
as pract|cable (sampling station 1) at the perimeter of contaipmeént structures;

— atleast pne set should be taken downstream in the intermediate impact zone (sampling station 2), tygically
30 m away from cage area or as defined by the regulator;

— at least pne set should be taken downstream in the regional impact zone (sampling station 3), typjcally,
100 m from cage area or as defined by the redulator;

— if a depression exists in the area of influence where accumulation of waste from the finfish fafm is
probable, sampling station 3 is positioned in this depression. In this case, sampling station 2 shoyld be
taken dqwnstream in the intermediate’impact zone, half-way between the cage area and the depresgion.

If the cages pre located over a stelep slope without sediment accumulation, sampling station 1 and sanjpling
station 2 shopld be positioned at.the foot of the slope. If it is not possible to obtain samples from near the finfish
farm (sampling station 1) or furthér out into the intermediate impact zone (sampling station 2), all three sampling
stations shoyld be positionedvin the nearest deep area of seabed.

5.1.2.3 Sampling.stations for baseline monitoring

The same number of stations for baseline monitoring are positioned, if possible, at the same geographical
coordinates arrelative Innc.itinnc as stations for nppm’rinnal mnnifnring of the local imln;m’r zone plnc stations for
operational transect monitoring. Furthermore, one or more reference stations should be chosen between 500 m
and 2 000 m beyond the local impact zone. Reference stations are used to determine whether observed changes
adjacent to the farm are a result of farm activities or due to changes in the broader receiving environment.
They can also be used to indicate changes in the receiving environment associated with carrying capacity. The
reference stations should, as far as possible, be representative of conditions unaffected by effluent sources
and allow assessment of natural temporal and spatial variations in the soft-bottom faunal communities.

Reference stations should be located in conditions as similar as possible to those at the regular sampling
stations, i.e. with similar depth and sediment type as indicated by analyses of sediment grain size distribution.
Multiple reference stations are particularly important in heterogeneous areas of seabed. Reference stations
should be considered as fixed long-term monitoring stations.

A baseline survey consists of a minimum of eight sampling stations: a minimum of four sampling stations, which
during operation of the finfish farm are used as sampling stations for operational monitoring of local impact

6 © 1S0 2012 — All rights reserved
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zone, plus a minimum of three sampling stations that later will be used for operational transect monitoring, plus
minimum one reference station.

Baseline monitoring of the seabed is conducted only once before operation of the farm is started. The
parameters, which are monitored during a baseline survey, are described in Table 5. Reference station(s) are,
in general, monitored during baseline monitoring and only during operation of a finfish farm if environmental
conditions in the area require a comparison with fixed long-term monitoring stations.

5.1.2

.4 Positioning of sampling stations for operations with scattered distribution

In special circumstances, sampling stations may be randomly distributed. An example of this application can

be w
insta
farmg
seve
samy]
circu
randd

and 4

for operational monitoring should be positioned along the edge of the cages or containments.

5.2

The ¢
long-|
local
farm
com(
to as

Tab

TETE IO Previous Knowtedge of the seabedarea 1S avaitabie as a guide 1o appropriate pg
nce for baseline monitoring in an area of seabed where it is intended to establish several
close to each other in a region. This can also be the case in regions where organic.inpuf
al independently managed finfish farm operations and where it is not possible,to“estal
ling stations, which is unaffected by neighbouring farms or other sources of organic input.
mstances, monitoring stations for monitoring of intermediate and regional impagctzones may

llow assessment of natural temporal and spatial variations in the soft:bettom faunal communi

Frequency of operational monitoring of local impact zone

ffort made for environmental monitoring should be propéttional to the scale of impact and sh
ferm sustainable use of the marine environment. Guijdance on the frequency of operational
mpact zone is given in Table 3. The timing of the survey is determined by the production cycle
site, i.e. surveys should be carried out during periods where the feed consumption is higheg
onent of aquaculture site management is the use of fallow periods, which allow some time fo
similate organic inputs from farm activities (Fallowing may impact the frequency of monitorin

sites (local impact zone)'in relation to impacts at the site (sediment condition)

sitioning, for
small finfish
comes from
lish a set of
Under these
be positioned

mly distributed. Reference stations should still be positioned beyond the “affected seabgd area. The
refer¢gnce stations should, as far as possible, be representative of conditions.unaffected by effl

ient sources
ties. Stations

buld focus on
monitoring of

at the finfish
t. A common
[ ecosystems
j required.

e 3 — Guidance on the frequency.of operational monitoring of local impact zone at finfish farm

Sediment condition Minimum monitoring frequenc

y

Veryj

good Every second year or every second productid

n cycle

Goo

Every production cycle, alternatively every ye

ar

Poor

Every six months

Very]

poor In most countries, authorities require that pro

changes be made.

duction

NOT
sulfid

Under‘very poor conditions, it is likely that the sediments are totally anoxic, with production of methane gag
, and witha total absence of burrowing organisms (infauna).

and hydrogen

Thre

5.3

5.3.1

hotd-vatues between the various Sediment conditions are set by the Tesponsibte governme
Frequency of operational transect monitoring

General

—

If the results of operational monitoring indicate declining sediment condition in the local impact zone, operational
transect monitoring is triggered. Guidance on the frequency for carrying out operational transect monitoring
is given in Table 4. The timing of the survey is determined by the production cycle at the finfish farm site, i.e.
surveys should be carried out during periods where the potential maximum impact is likely.

© 18O

2012 — All rights reserved


https://standardsiso.com/api/?name=4dc411c63b2014b7c330b1696c9cc3e5

ISO 12878:2012(E)

Table 4 — Guidance on the frequency of operational transect monitoring at finfish farm sites in

relation to impacts at the site (sediment condition)

Sediment condition in local impact zone

Minimum monitoring frequency of transect

sulfide, and wi

Very good No transect monitoring necessary

Good Every second year or every second production cycle

Poor Every production cycle, alternatively every year

Very poor In most countries, authorities require that production
changes be made.

NOTE  Under very poor conditions, it is likely that the sediments are totally anoxic, with production of methane gas and hydrogen

1o bobor oo flo ; ; Lok )
T a oA aoSTCCOT DUTTOWTg OTgariSmS—(raatia):

Threshold va

lues between the various sediment conditions are set by the responsible government,

5.3.2 Parameters

5.3.2.1

The decision
operational 1
footprint) as
Where a set
be compareq
parameters g
Examples of

Genmneral

regarding which parameters to use depends on current legislation;the survey type (baseli
honitoring), the impact (high or low) and the size of the impacted¢seabed area (size of depo
well as cost-effectiveness, availability of laboratory or fieldyequipment and trained persg
of parameters has been chosen, it should be used repeatedly, thereby ensuring that result
over time. Because rules have to be applied in the same*manner to every farm, a set of s
hould be selected for finfish farms operating under similar conditions in a region, state or co
sets of parameters which are applied in monitoring.of finfish farms in countries in the temp

zone are given in Annex A.

The aim of n
the analysis
measuremer
measuremer

Various parg
from fish far
parameters

Visual p
of samp

laborato

Biologic

nonitoring of the seabed is to detect ongoing major changes in the infauna assembly. How

t of chemical parameters may be used to reveal the conditions in which the fauna live. T
ts may be used for the prediction 6f jmpact on the infauna.

meters have been used to detect changes in the seabed, which result from organic effl
ms. The parameters can be divided into three groups: visual, chemical and biological. A
vithin each group can be 'more informative than a single parameter.

brameters may be gbtained either by underwater photography, videography or visual descr
ed sediments. ThiSrequires sampling or video equipment, and trained personnel.

Chemical parametersrequire sampling equipment and chemical analysis, either by electrodes or i

Fy. Persofinel should be trained.

bl parameters require heavier sampling equipment, fauna identification and highly trained ex

ne or
sSition
nnel.
5 can
milar
intry.
erate

ever,

of changes in fauna communities is time“¢onsuming and requires fauna experts. Thereforg, the

hese

lents
set of

ption

n the

berts.

A survey con
as far as pos

Licts of 2 sataof naramaeatars Thaemethadoloavforthae analvsis of naramatars shaould ha standar
1StS5-0+a-S8+-0+pafaReters—Re8-RetRoaotogy+HoRe-aRaSIS-OHpaHaRet8rS-SRotHG-B8-StahRaat

sible to allow for comparison between sites and between years.

ized

Threshold levels for individual or combined parameters may be set by the authorities and depend on the
degree of acceptable impact.

5.3.2.2 Visual parameters

Visual observations include sediment colour, sediment texture, smell, presence of gas bubbles, presence
of mats of white sulfur bacteria (e.g. Beggiatoa), presence of fish feed and faecal pellets, and thickness of
deposits on top of the original sediment. If it is present and can be seen, the redox potential discontinuity level
(the black layer depth) should be reported. These variables are usually not quantitative, but provide useful
information about the condition of the sediment.
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3 Chemical parameters

Commonly used chemical parameters are: redox potential, free sulfide, pH, organic content, total organic carbon,
total nitrogen and total phosphorus. Furthermore, zinc and copper content may be measured if relevant, and
additional information may be gained by measuring carbonate content (buffer capacity). Chemical parameters
are well suited to distinguish between low and high impact.

5.3.2.

4 Biological parameters

Biological parameters include simple measures for benthic diversity, such as the number of species or
|nd|cator spemes and/or dlfferent macro fauna and mfauna communlty anaIyS|s such as Shannon Wiener

Index;
calcu
the s

The |
may
(taxo

Sediment grain size distribution is determined together with biological parameters.

Guid
size

meagq
of ap

Iltisr

lated from data collected from quantitative analysis and taxonomic |dent|f|cat|on of animalsls
pdiments.

benthic macro fauna and infauna is a better detector of smaller changes than chemiical pai

nomists) and heavier equipment and, therefore, is more expensive than measuririg of chemica

bnce on the selection of parameters for monitoring programmestis given in Table 5. S¢
Jistribution is used to determine the type of sediment and the-eharacteristic of the seabed
ured only once as part of the baseline survey. Other additional parameters may be used anc
arameter increases the robustness and accuracy of the survey.

ecommended that standard methodologies be used whenever possible for all measured var

b indices are
ampled from

ameters and

be preferred in areas where only low impacts are accepted. However, fauna analysis requirgs specialists

parameters.

diment grain
and may be
| the addition

ables.
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Table 5 — Monitoring programme for baseline surveys and operational monitoring

Survey type

Parameters

Minimum?@

Additional®

Baseline survey

Visual

sediment colour, sediment texture,
smell, presence of gas bubbles,
presence of mats of white sulfur
bacteria

Chemical
redox potential or free sulfide or total

Chemical

redox potential, free sulfide, pH, total
organic carbon, organic content, total
nitrogen, total phosphorus

Biological
either taxonomic analysis of infauna
to family level or infauna community

organic carbon or organic content
Biological
presence or absence of fauna

Other
sediment grain size distribution

analysis

Operational monitoring for local
impact zone

Visual

sediment colour, sediment texture,
smell, presence of gas bubbles,
presence of mats of white sulfur
bacteria, presence of fish feed
and faecal pellets and thickness
of deposits on top of the original
sediment

Chemical
redox potential or free sulfide©r total
organic carbon or organic content

Biological
presence or absence of fauna

Chemical
redox potential, free sulfide, pH, fotal
organic catbon, organic content, fotal
nitrogen,, total phosphorus

Biological
taxonomic analysis of infauna to
family level

Operational transect monitoring

Visual

sediment colour, sediment texture,
smell, presence of gas bubbles,
presence of mats of white sulfur
bacteria, presence of fish feed and
faecal pellets

Chemical
redox potential or free sulfide or total
organic carbon or organic content

Biological
taxonomic analysis of macro fauna to
family level

Other
sediment grain size distribution

Chemical
redox potential, free sulfide, pH, fotal
organic carbon, organic content, jotal
nitrogen, total phosphorus

Biological
benthic infauna community analyki

7

a8  Either totgl drganic carbon or electrochemical measurements are strongly recommended. Organic content alone would not be

acceptable in most countries.

b This list is not exhaustive.

5.4 Evaluation of results

The results from measurement of the various parameters should be compared to threshold values for the
individual variable or group(s) of variables. The threshold values may be set by the responsible government and
reflect the impact which is acceptable. For information on changes in the various parameters as a consequence
of organic impact of sediments, see Reference [8]. For examples of threshold levels for various parameters
used in different countries, see Annex A.
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5.5 Maps and charts

At least one map/chart showing the layout of the finfish farm operation and monitoring stations shall be
produced. The chart for a fish farm should cover at least the anchoring and the entire monitoring area. The
accuracy and presentation should cover all the relevant topographical features of the seabed area. The scale
of the chart is adjusted to the size of the area of interest. Sampling points and position of the fish farm should
be drawn on to the chart.

A geo-referenced point, preferably, a global positioning system (GPS) noted reference point, associated with
the registered place name or equivalent should be marked on the chart of the site, to ensure correct site-
and station positioning during monitoring. The reference point should be specified in degrees, minutes and

seco ada _Eyvamanlac ~f ol it bhla b aet oot arial ara Al an tn A Ay D
TS AT T PTC S O SurtaotC-Crar trhatChararc grv e i 7 icX o

5.6 | Additional data collection — Biological production at finfish farm

The following information provides useful context for interpretation of results. If"possible, the following
information should be collected:

— the standing biomass at the finfish farm at the time of the survey and the maximum biomass during the year;

— I:e total production of finfish and total amount of feed used during thie_production cycle;

ortality, where it can be a significant organic input.

5.7 |Report

The report should give a short description of conditions updet the finfish farm and a comparison of results from
the djfferent samples. The sampling points should be geo-referenced and marked on the map/chart.

If thel sediment conditions vary between different\parts of the finfish farm, this should be commented upon.
Individual samples showing poor and very poar€onditions should be noted and assessed independently of the
overgll conditions at the finfish farm site. The.report should include advice on remedial actions tq improve the
finfish farm sediment conditions, where relevant.

The feport should compare the results with previous surveys and explain any changes over tifne. It should
inclugle all data and information necessary to allow others to repeat the survey.

6 Quality assurance.and quality control

6.1 |[Aim and principles

Quality assurance and quality control measures should be incorporated during all stages of sampling and sample
procgssing programmes. These principles help to guarantee that all data produced are of an acceptable quality,
and thatalllparts of the work are carried out in a standardized and intercomparable manner. A|l procedures
shouldtherefore be clearly described and carried out openly, such that all activities can be audited at any time.
The overallaim is to ensure traceability and full documentation of samples, equipment and reporting

Itis essential that all participating staff be given the appropriate training and that a minimum level of competence
be achieved and documented, for example by a certificate system. This includes all parts of the process, from
sample collection and processing to documentation. Staff should participate in appropriate workshops and
courses whenever possible. Some countries employ a “qualified person” system, where it is the responsibility
of the reporting agency or company to establish competence and qualification, i.e. through a combination of
experience and education/relevant body of work.

Staff who survey biological samples and identify taxa shall have a proven level of relevant taxonomic
competence. Where available, identifiers should participate in national/international ring tests and other efforts
towards taxonomic standardization.

Where available, survey teams and laboratories should participate in internal or external audits and ring tests.
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6.2 Equipment calibration and operating safety

The technical quality of the equipment used should be verified at appropriate intervals. The most important of
these are the following:

— operational safety should comply with health and safety requirements/regulations;
— accuracy of depth and position fixing equipment;
— functionality of electrodes according to manufactures instructions;

— grab or corer for sampling of area;

— sieve mJash apertures (most sieves have manufacturer certification);
— microscppe maintenance.

Any other lalporatory equipment should also be included in a regular checking system.

6.3 Checklists, sample log and anomaly reporting

To ensure sample traceability, a system of checklists for samples should be developed. The worker assogiated
with each stage in the process should be noted. A reporting system for anomalies found or operational grrors
should also e developed. Immediate action should be taken to reduce the(risk of re-occurrence.

6.4 Taxa identification

Taxa identifi¢ation details are specified in ISO 16665. In practicé,>there are three levels of quality assufance
and quality cpntrol for taxonomic characteristics:

— the idenftifications should be scientifically correct and follow updated taxonomic knowledge and faunal
nomencjature;

— the idenfification practices carried out should.be’consistent at least within a single survey and, in particular,
where several identifiers are involved in proecessing a batch of samples;

— the quantifications should be accurate'or within a specified level of accuracy for each individual sample in
the casq of abundant taxa. For example if results vary by more than approximately 10 % or 10 indiviquals,
all the samples or at least thosetaxa in the batch should be re-quantified.
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Annex A
(informative)

Examples on environmental monitoring on the seabed impact from

marine finfish farms

A1
This

Beneg
more|

whicl can detect moderate to high impact.

Genegral

This

cond
thee
averd

The
inexp
wait {

The
accu

Field
using

Para
Oper|
f

q

the sediment.is recorded;

are measured in the sediment;

Operational monitoring, local impact zone
bxample is from NS 9410:2007 (Reference [13]), Reference [6], Reference [7] and Referenc

ath and close to the farm, the impact can be severe, but it is possible that pollution authg
impact there than further away. The survey used is, therefore, composed mainly of chemi

5 [12].

rities accept
cal variables,

Norwegian model for operational monitoring in the local impact zone monitors trends i the bottom

tions under a fish farm. Because the survey is repeated regularly, at intervals determined by
hvironmental impact, the development of the environmentakimpact can be followed successi
ge sediment conditions at the site and the conditions undeér different parts of the fish farm a

hnalytical parameters of operational monitoring invthe local impact zone are compiled so
ensive to carry out, and so that results can be made available soon after the survey, with
or laboratory analyses.

division between acceptable and unacceptable sedimentary conditions is set as the hig
mulation within which burrowing benthigimacrofauna can survive in the sediment.

vork is carried out with light equipment deployed from the cage group or boat; and sampling
a grab or corer.

meters

ptional monitoring it-the local impact zone encompasses three groups of sediment parametj

aunal assesspient (group |): assessment where the presence or absence of animals larger

hemical-assessment (group Il): quantitative assessment where the acidity (pH) and redox

the extent of
ely. Both the
re assessed.

that they are
but having to

hest level of

s carried out

ers:

han 1 mm in

botential (Eh)

ansaorvassassment (araun U aualitative assassment whara sadimaent autaassing smaell
S8RsSOory R gFotp—+H—gquatiaty meR—WnRet GHRBRH-OLHG HG—SeH;

consistency,

colour, grab volume and thickness of the layer of deposits are recorded,;

The higher the score, the more the sediments are impacted.

Equipment

The following equipment is necessary:

boat-mounted, winch;

© 18O
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for each of the parameters, scores are given for the extent to which they are affected by organic material.

winch: at deeper sites, it is practical to use a winch to retrieve grab samples. This may be a portable or
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grab: a grab with a sampling area of at least 250 cm2. The grab shall close fully, such that water and

sediment do not leak out during hauling to the surface, and it shall be equipped with hinged flaps on the

top, to a

llow assessment of group Il parameters;

pH measuring equipment: both regular combination electrodes and ISFET electrodes may be used. The

latter are very robust. Further, a field pH meter is required, together with buffer at pH 4,0 and pH 7,0 and

distilled

water;

Furthermore, a field pH meter and redox buffer are required;

miscella
for rece
electrod

Preparation

Upon arrival
manufacture

ambient
redox arf
sunlight

Immerse
are read

Sampling

A minimum

carried out ffom the edge of the cages or in their immeé&diate vicinity. The sampling points shall be posit

according to
that they are
that they, as

At finfish farr

also in betwgen, the individual cages.-The sampling area shall, as far as possible, be representative fq

entire area u

At finfish farn
between the
cages at the fi

Evaluation ¢

For a detaile

Calibrat¢ the pH electrodes with buffers at pH 4,0 and pH 7,0. The buffer.temperature shall be 3

redox measurement equipment: redox electrode and reference electrode or a combination redox electrode.

neous: sieve with round mesh holes of 1 mm in diameter, white plastic bath of a suitable size

ving the grab contents, volume measure for grab contents, magnifying glass (5X enlargen
e holder, disinfectant solution and vessel for disinfecting.

of pH and Eh measuring equipment

at the site, the pH and redox electrodes are assembled and calibratedi”according t
’s instructions.

seawater temperature. Check the redox- and reference electrodes inja redox buffer. Place th
d reference electrodes in a container, such that the sensors are-at exactly the same height. [
should be avoided.

the electrodes in a beaker of fresh seawater or seawaterbuffer. Stir occasionally. The elect
y for use once the readings have stabilized.

bf 10 samples shall be taken from each site, but not more than 20 samples. Sampling sh

the topography, dominant current direction and the dimensions and layout of the fish farm,
as representative as possible of thel fish farm site. The sampling points shall be positioned
far as possible, represent the entire local impact zone.

ns with compact cage groups, the samples shall be taken along the outer edge of, and if pog

hder the fish farm (lecakimpact zone).

s with dispersed\eages, the samples shall be taken along the edge of the cages and, if pog
Hispersed cages."At least one sample shall be taken at each cage, depending on the total num
sh farm site,\as well as a holistic assessment of how the most representative picture shall be achi

f results

nent),

b the

t the
e pH,
Direct

odes

all be
oned
such
such

sible
r the

sible,
ber of
eved.

H dAceorintian onn NQ QA4N0 \awhich Anceribhac tha Avyaliiatias
OO T

wable

impact of the

Report
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different sediment (site) conditions mentioned in Table 1.

The report shall give a short description of conditions under the fish farm and a comparison of results from the
different samples. The sampling points shall be geo-referenced and marked on the map/chart.

If the sediment conditions vary between different parts of the fish farm, this shall be commented upon. Individual
samples showing poor and very poor conditions shall be noted and assessed independently of the overall
conditions at the fish farm site. The report shall include advice on remedial actions to improve the fish farm site
conditions, where relevant.
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The report shall compare the results with previous surveys and explain any changes over time. The report shall
include all data and information necessary to allow others to carry out an identical survey. The report shall be
presented electronically and a paper version provided, if desired.

Survey frequency

Guidance on the frequency for carrying out operational monitoring in the local impact zone is given in Table 3.
The timing of the survey is determined by the production cycle at the fish farm site, i.e. surveys shall be carried
out during periods where the feed consumption is highest.

Under very poor conditions, it is likely that there is production of methane gas and hydrogen sulfide in the

sedir
zone
poor
least
phos

The 1f

A.2

NOTH

Geng
Oper
and

comrf
inforr

fish f:
shou

Aim

Oper|
intern

Pers

Forp

Anal

The f

TENts, and g totatabsence of burrowing orgamnisms (infauma)Operationatmormitorimg i th
may then be extended by doubling the number of measurement points to determine if thelr
condition is representative of the entire site. In addition to increasing the number of.sampl
five of those points shall be analysed for total organic carbon (TOC) or loss by combustion, t
bhorus, zinc and copper.

esults shall be evaluated continuously and the monitoring level adjusted as nhecessary.

Operational transect monitoring

This example is from NS 9410:2007 (Reference [13]), ISO 5667<19; 1SO 16665, ISO 19493 and H

ral

ptional transect monitoring is a survey of the bottet® conditions of the fish farm (local
putwards into the recipient (regional impact zone). “The main element is a survey of the b
nunities, carried out according to ISO 5667-19 @nd 1ISO 16665. Operational transect monito
hation on additional parameters, which can be\used to determine whether organic material an
hrm or from other sources in the area. In the'case of hard-bottom substrates, the guidelines
d be followed.

ptional transect monitoring_ shall give information on the environmental conditions in the
hediate impact zones and. towards the local impact zone of the fish farm.

bnnel

ersonnel, se€ requirements specified in ISO 16665.

ytical parameters

pllowing analytical parameters are obligatory:

local impact
bcorded very
ng points, at
btal nitrogen,

eference [10].

mpact zone)
ottom faunal
ring includes
ises from the
n ISO 19493

regional and

mesh screen);

fauna: quantitative and qualitative investigations of benthic macrofauna (animals retained on a 1 mm

chemical parameters: total organic carbon (TOC). Analyses shall be in accordance with ISO 16665;

elemental analyses: phosphor (P), zinc (Zn) and copper (Cu). The elements may be analysed from the

same sample after total dissolution in nitric acid. The detection limit shall be < 10 ug/g dry sediment for
P, <1 pg/g for Zn and < 0,5 ug/g for Cu;

sediment, analysed in accordance with ISO 16665;

© 18O

oxygen content: measurement of the oxygen content of the water masses during sampling;
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sediment grain size distribution: measurement of the relative proportion of clay, silt, sand and gravel in the
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bottom, in connection with sampling;

Sampling

parameters in operational monitoring of local impact zone according to A.1 should be included.

salinity and temperature. measurements of salinity and temperature in the water column, close to the

Samples come from at least three stations in the local, intermediate and regional impact zones. One set of
samples is taken downstream as close to the cage area as practically possible (sample 1), one set is taken
half-way between the cage area and the deepest part of the area (sample 2), and one set is taken in the
deepest part of the area (sample 3). If the cages are located over a steep slope without sediment accumulation,

samples 1 a
fish farm (sa
in the neares

Two parallel
shall be mad
accumulatior
and devoid ¢
be noted in {
geo-refereng

Itis not neces
of both the d
conditions in

Sample pro¢

The samples

Evaluation ¢
The following

Where there
areas, fauna

farm, evaluations shall be carried out,\based on the number of species and the species composition.

Environn

— atl¢

non

Environr

ﬂple 1) or further out into the intermediate impact zone (sample 2), all three samples shallbefaken

t deep area.

e. Should the second attempt also be unsuccessful, it is likely that the botteimCis rocky, w

of organic material. If the bottom is severely affected, with a strong smelhof hydrogen s
f benthic macrofauna, only one grab sample replicate is taken. All the_@bservations made
he field log, and included in the subsequent evaluation of results. All'sampling positions sh
ed and shown on a map.

bsary to analyse samples taken from the middle of the fish farm and-the deepest part, if the ang
ther samples show conditions to be “good” or better for allparameters, and the environni
the recipient as a whole are unchanged over time.

tessing

shall be processed in accordance with ISO 16665.

f results
are the threshold values in the intermediate impact zone.

are relatively few species with an even distribution of individuals, as often is the case close to
diversity indices are less sUitable to define environmental conditions. Therefore, close to th

nental condition 1 (Very good):
ast 20 species of bénthic macrofauna (>1 mm), excluding nematodes within a sampling area of 0
e of the species contribute more than 65 % of the total number of individuals.

nentakcondition 2 (good):

r the

grab samples shall be taken at each station. If the grab is recovered empty,/another atfempt

thout
Lifide
shall
bll be

lyses
ental

cage
e fish

five

toznineteen species of benthic macrofauna (>1 mm), excluding nematodes within a san

pling

area of 0,2 m?;

— more than 20 individuals, excluding nematodes within a sampling area of 0,2 m2;

non

e of the species contribute more than 90 % of the total number of individuals.

Environmental condition 3 (poor):

Environmental condition 4 (very poor):

— no benthic macrofauna (>1 mm) excluding nematodes within a sampling area of 0,2 m2.

16

1 to 4 species of benthic macrofauna (>1 mm) excluding nematodes within a sampling area of 0,2 m2.
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Reporting

A report containing all original data and a concluding assessment shall be compiled. If results are available from
a previous survey carried out within the recipient, these are compared with the new results using multivariate
analyses. Similarly, any changes over time should be outlined and the previous results compared with the
present ones. If considerable impacts from the fish farm are shown, the report shall include advice on remedial
measures which should be implemented.

Sampling positions shall be geo-referenced and marked on a map. The report shall include all the necessary
information required for others to carry out the survey in an identical manner. The report shall be presented in
both electronic and paper formats.

A3

Operational transect monitoring

NOTH This example is from British Columbia (see Reference [11]).

Equ

a)

ipment

anVeen or other appropriate equipment.

Acceptable sampling devices for chemical/ physical sampling include Petite Ponar, Ponar, Smifh-Maclntyre,

b) FKor biological sampling, use a Smith-Maclntyre, VanVeen or,ather appropriate large-volupne sediment
gampling device with a 0,1 m? footprint.
C) arious probes and chemicals, described fully in Clauses.4'and 5, are to be used.
Procpdures
a) Baseline monitoring:
— Within each of the probable footprints, at Jeast three grab samples should be taken for each sg¢diment type.
Lonly one sediment type predominates,at least five grab samples should be taken;
— o reference stations should be setected as described in Clause 5 for video surveys; at leadt three grabs
ghould be taken at each reference station.
b) Operational monitoring(
— ensure the transect iS-parallel to the predominant current direction;
— Use at least on€ transect for each dominant current direction or alternate design, providefd extent and
agnitude of ‘effects are represented:;
— gample_atleast three stations on each transect: at perimeter of the containment structure, pt 30 m from
ero,metre station, and at perimeter of tenure.
c) election of reference stations:

1) sample at least two reference stations for each facility;

2) ensure the stations are within 0,5 km to 2,0 km of the facility tenure, if possible;
3) ensure reference stations are at least 0,5 km apart, if possible;

4) ensure the mean depth is within 20 % of the mean depth of facility stations;

5) ensure the SGS fractions are within 15 % of the facility stations’s SGS fractions;

6) ensure that characteristics, such as topography, current and tidal regimes, amount of freshwater run-

off, are similar to that of the facility stations;

© 1SO 2012 — All rights reserved
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d)

18

7)

if the facility stations appear to be influenced by anthropogenic activity, ensure that the reference
stations have similar characteristics to that of the facility stations (e.g. log dumps).

Sampling preparation:

1

prepare a sulfide stock solution and EDTA/NaOH solution in advance. Note that 10,000 uM sulfide
stock solution is stable for up to 5 d (5 days), if it is kept cool with limited head space. EDTA/NAOH
solution is stable for up to 7 d (7 days), if kept cool;

check tidal conditions. If possible, do not sample during maximum flood and ebb tides or strong
wind conditions;

in latitude/ longitude using DGPS, with a minimum accuracy of £5 m at each station;

re sampling on a transect, use polypropylene rope pre-marked in 1 m increments.to e
Lirate measurements;

re sampling on a transect, note bearing. Report the true-north bearing as weilCas the mag

north reading and correction factor;

brt water depths in metres;
ck the Eh electrode against standard (re-check every 4 h and wheneyetri.recalibrating the sulfide nj
brate the sulfide electrode, and recalibrate it at least every 3hte4 h;

. before recalibration and hourly during sampling or at’a minimum at the completion of
pling station, check and record the drift by measuring the sulfide concentration against eg
standard concentrations originally used to calibraté the electrode. Always use fresh stan
DO uM, 100 uM, 10 uM) by serial dilution from the stock solution whenever recalibrating or che

and describe samples:

oy and retrieve sampling device at-admaximum rate of 0,3 m/s. Rinse all equipment with am
vater between grab deployments:\Take care that second and third grab samples are not

from the crater formed by the first'grab sample. Typically, this is only of concern where the san

el is moored at the edge of the containment structure;

ck for these indicators/of an acceptable sample:

rlying water presentiindicating minimal leakage;

[lying water not-eéxcessively turbid: indicating minimal sample disturbance;
ment sutface relatively flat: indicating minimal sample disturbance or washing;

red‘penetration depth achieved: at least 4 cm to 5 cm for characterizing surficial sediments

. Do not attempt to correct the data for any obsérved drift. A drift of up to 20 % is acceptablg.

sure

netic

eter);

each
ch of
lards
cking

D
e

bient
aken

pling

fifted sampliing device if occurring routinety, Some or ait of the detachable mass can need
oved;

0 be

do not make more than four deployments of the grab to obtain a suitable sample. If unsuccessful,
provide a video of the station as an alternative (see Clause 2);

siphon the overlying water from the sample. Retain it for sieving if biological samples are required;

2)
3) obtd
4) whd
acc
5) whd
6) rep
7) che
8) cali
9) driff
sanf
the
(10
driff
Collect
1) dep
sea
ves
2) che
— ove
— ove
— sed
— des
— ove
rem
3)
4)
5)

examine the sediment sample and record the following:

sediment texture;

colour;

odo

ur;
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presence or absence of gas bubbles;
white sulfur bacteria;

fish feed;

fish;

faeces;

flocculent organic material;

8)
N

1

[ NEY
~

Measure S = and Eh levels:

macrophytes;
terrigenous material and;
farm litter;

take a colour photo of the sample or score sediment colour by comparing with colour ch

record the penetration depth of the sampler in centimetres.

extract two subsamples by removing the top 2 cm of sedimient from the centre of eac
sampling device. Limit the volume of each subsample<o What is needed for the requ
summarized in Annex B (i.e. 50 mL required for Eh potential and sulfide concentration).
subsamples in a suitable container and homogenize\by gently stirring with a flat-tipped
Sulfide and Eh analyses should be done withinn60 min of sampling to avoid sample
Gloves should be worn if the sediment is being touched;

measure sulfide:
a. rinse the electrode with distilled water and blot it dry. Then insert it into sample;

b. once the initial sample is obtained and accepted, add 8,75 mg-L ascorbic acid t
previously prepared EDTA/NaOHbuffer and thoroughly mix to create SAOB buffer. (Vari
of SAOB can be made, previded the 8,75 g-L ascorbic acid: 250 mL EDTA/NaOHratio is

c. combine equal volumes of sediment and SAOB in a suitable container (5 mL of ead
sufficient for this_analysis). The sediment from the sample can extracted using a cut-q
spatula. Do not.include material more than 0,5 cm in diameter;

d. homogenize the mixture with a spatula;

e. insert'the sulfide electrode into the solution and gently swirl it until the meter reads REA
2 miAsto 5 min);

frgently wipe the probe before the next sample. If an oily residue is observed on the p

arts;

h side of the
ired tests as
Place the two
steel spatula.
degradation.

b 250 mL of
pus amounts
maintained.);

h is typically
ff syringe or

DY (typically

robe, wash it

nnnnnnn hafora taleina anathar oo A

wath Ada .
Vit GCTCTg o oCTOTC ok g anTotC T ST T ipTe;

obtain an Eh measurement. Insert the probe into the homogenized sample described above, and wait
until either the meter reads READY or the drift is 3 mV or less over a 2 s period. Gently wipe excess
sediment from the probe between sample measurements;

record the temperature in the sediment sample;

correct the Eh measurements using sediment temperature and the correction factor for the filling
solution in the probe supplied by the manufacturer;

perform any additional measurement or analysis using the sediment subsamples collected in A.3.2 c,
step 1. Do not collect additional subsamples for these analyses. Remove all unrepresentative material
(e.g. shells, large worms, wood waste and rock) before filling the sampling receptacle. For sample
frequency and location, see Annex A;
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e all laboratory samples at 4 °C.

Biological sampling:

where collecting biological samples, scrape and rinse sediments from the grab into precleaned
containers. Save the rinse water* for infaunal sampling (prior to use in sieving biological samples,
rinse water should be filtered through a minimum 250 uym screen);

where sieving biological samples in the field: Sieve each sediment sample, associated overlying
water and rinse water through a 1,0 mm screen. Count, identify and record megafauna (e.g. large
cnidarians, echinoderms and tube worms) then return them to the sea. Photograph specimens that

d to be identified by taxonomists. Fix the remaining organisms in 10 % buffered formalin. After

4 days), rinse over 0,5 mm screen and preserve in 70 % isopropyl alcohol or ethyl alcoholHetain
oarse gravel and cobble less than 2,5 cm in diameter. Remove epifauna adhering to-fock$ and
br material, which are greater than 2,5 cm diameter and include them in sieved sample. Prior to
in sieving biological samples, rinse water should be filtered through a minimum 250 pm screen;

Eamples not sieved during the day they were obtained in the field, use a 10 %, buffered formalin
tion for preservation.

oring data by filling out templates supplied by WLAP.

7) stor
g)
1)
2)
nee
4d
all g
othd
use
3) for
soll
Reporting
Submit moni
20
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Annex B
(informative)

Example — Base map

The maps/charts should cover the receiving area, site and fish farm.

Map of the cage area should be made to the scale of 1:50 000 or lower, ||einc marine charts as bases. The

anchpring area, cage area and anchor lines should be drawn on to these charts. '\q/

The fpllowing are the technical terms: (]9

(b.

— anchoring area: area delimited by the anchoring points of the cage area;

P

— Inchor line: line (cable or chain, etc.) from the anchor points to the cag@rea;

— ¢age area: area where the individual cages are located;

nchor points: attachment point of the anchor line; a difference is ngdgoetween BOTTOM and|LAND BOLT.

g _
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Figure B.1 — Fish farm with anchoring area drawn in on marine chart
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Annex C
(informative)

Example of monitoring report format and some sample content

C.1 Format

Table of Confents
Summary
Introduction
Methods
Field sampling
Lab procedufes

Statistical Analysis

Operational {fransect monitoring data summary
References

Appendix 1 | Data sheets
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C.2 Field sampling

ISO 12878:2012(E)
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Figu

Fe 1. The location of the reference statio@gﬁ relation to the pen system and tenure |
the finfish aquaculw system on September 10, 2009

boundary at

Figure 2. The location of the pen system in relation to transect monitoring stations at the finfish
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aquaculture system on September 10, 2009
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Table 1. The results of further analysis with respect to regulatory requirements for sulfide levels in
sediment samples collected at the T1-TE-W tenure boundary on 2009-09-10
at the site, located in Clio Channel, BC

Sampling station Test 1 Test 2 (substitution)
T1-TE-W Ref 1 Ref 2 T1-TE-W Ref 1 Ref 2

Sulfide levels (M) 49.2 88.7 128 100 100 128
62.2 81.4 90.6 100 100 100
34.1 87.4 65.8 100 100 100

Result of analysis:

Mean 48.5 85.8 94.8 100 100 109

SD 141 3.89 31.3 0 0 162

t-value -5.36 -0:-577

P value (1 tail) 0.059 0,333

Biological trigger? No No

Table 2. The results of analysis with respect to regulatory requirements for sulfide
levels in sediment samples collected at the T2-TE-E tenure boundary on 2009-09-10
at the site located in Clio Channel, BC

Sampling station Test 1 Test 2 (substitution)
T2-TE-E Ref 1 Ref 2 T2-TE-E Ref 1 Ref 2

Sulfide leveld (uM) 27.6 88.7 128 100 100 128
36.4 81.4 90.6 100 100 100
41.5 87.4 65.8 100 100 100

Result of andlysis:

Mean 35.2 85.8 94.8 100 100 109

SD 7.0 3.89 31.3 0 0 16.2

t-value -7.07 -0.577

P value (1 tail) 0.045 0.333

Biological trigger? C Yes No

Operational|transect monitoring data summary

Operational fransect monitoéring Data summary sheet
Company: Sample date: 2009-09-10
Farm site: Field crew:

Licence numpet. Analysis:

Data summary:

By: K. Len (name)
Date: 2009-30-10
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