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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Like all substrates placed in coastal waters, the wetted surfaces of ships are quickly colonized by a succession
of diverse sessile or sedentary micro- and macro-organisms, collectively known as biofouling.[1l2][3] The
adverse effects of biofouling on ships and their operations are well known and there is a long history of
attempting various biofouling management approaches.[#!

Negative impacts of biofouling on the shipping industry include:

reduced ship performance and fuel efficiency;[2I[6](Z](8]

corrosion and decreased durability;[21110]

increa
failure
increa

uninte

Inrecentd
has becom
world by d
as a resul
impacts, a

sed greenhouse gas emissions;[111[12]

to meet associated legal/contractual requirements;[131[14]
sed underwater noise;[15]

nded translocation of aquatic species.[16][17][18]

ecades, the importance of ship biofouling as a pathway for invasive-aguatic species traj
e increasingly apparent.[1Z][18][19][20][21] Entire biological communities can be moved
ceangoing ships and a substantial number of species, including pathogens, can be

hslocations
hround the
introduced

£.[22][23][24] While not all invasive aquatic species have ithmediate noticeable or
subset of invasive aquatic species have a broad range of€ffects on the aquatic envir

significant
nment and

the commiinities reliant upon local ecosystem services.[25][26][27] Guidelines and regulations |to prevent

invasive ag
economic,

The Intern
usedonas
applied du
prevent m4
[32] In som
regular cle

The servic
Despite sul
biofouling
to occur as

Even when

bocial, and cultural values (e.g. see References [12]M[28] [29]).

aning as a fouling prevention strategy.[33]

e life of modern coatings for,eommercial ships is typically five years (e.g. see Referencd
bstantial improvement§ ¢gver the past 40 years, surface coatings do not consistent
hccumulation on all ship surfaces over the course of their service lives.[321[36] Accumul
coatings agel371[38l.gnd when ships have extended stationary periods.[131[14][39][40]

antifouling coabings are used, there are also substantial areas of ships’ immersed su

are more prone to biofoaling[411[42][43][44] because they:

cannot

be painted (e.g. anodes);

uatic species introductions via ship biofouling are beginning to emerge to protect envifonmental,

ational Maritime Organization (IMO) defines*antifouling systems (AFS) as various gpproaches
hip to control or prevent the attachment ofinwanted organisms.[29 The primary AFS afe coatings,
ring dry-docking to surfaces below thednaximum waterline of ships, which are designéd to either
crofouling attachment (using biocidés) or reduce adhesion (foul-release) to wetted surfaces.[31]
e areas (e.g. Baltic Sea), non-ablativeor non-polishing hard coatings are used in combination with

[32] [34]).
ly prevent
htions tend

rfaces that

are prTne to damage (e.g. bulbous bow, tug and fender points, areas below anchor chain);

are challenging to coat (e.g. dry-dock blocking areas); or

are sub-optimal for coating performance (e.g. gratings, rudders, propellers, and sea chests).

Given the existing limitations of coatings, especially during extended periods between dry-docking, in-water
cleaning (IWC) of ship biofouling (within a coating's service life) is often required or advantageous.[12]

IWC of biofouling - used to either maintain or reset ship immersed surfaces to a hydrodynamically smooth
state - is a common approach to increase ship performance and fuel efficiency between dry-dockings.[81[43]

IWC is also recognized as beneficial for reducing both greenhouse gas emissions111112][46] and biosecurity
risks.[471[48]
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IWC systems typically involve the use of diver- or remotely-operated cleaning units (i.e. cleaning carts) that
remove biofouling from hull surfaces.[42][50] JWC is generally described as either proactive or reactive.[47]
Proactive IWC is the periodic removal or reduction of biofilm growth (i.e. microfouling or slime layer) on
ship surfaces. Proactive IWC also removes newly settled or attached microscopic stages of macrofouling
organisms, to ultimately minimize or prevent macrofouling growth.[47l[51] Reactive IWC is typically used
to remove already established macrofouling organisms.[#Z1(52] Both proactive and reactive IWC can include
debris capture, treatment and disposal.[481(52]

While IWC has the potential to provide significant ship operations and biosecurity benefits, there are two

main IWC processes that can result in inadvertent environmental harm:

a)

lack of,

or incomplete, capture of dislodged debris by the cleaning unit; and

211491

b) releas

Potential e
increa

releasq

dimini
perfor

Given the
is needed
standardiz
policies an

This docun
of confideq
This docun

of UTTtreated; or icomptetety treated; effluent fromdebris processimg At
hvironmental impacts from these two IWC processes include:

sed discharge of coating biocides and microplastics to ambient waters;[32]1[53](241{55]
 of live biofouling organisms, their propagules, or pathogens, into localhabitats;[241[52

shed coating condition (e.g. dry film thickness [DFT] or scuffs and chips) that reduces
mance and longevity.[451(56]

botential for environmental harm, independent, transparent, and predictive testing
to evaluate the performance of both proactive and reactive IWC systems. Such 1
ed testing is critical for the responsible use of IWC systems and the success of biofoul
1 regulations.[48]

hent aims to provide standardized, science-basedtest procedures that produce the dat
ce) needed by relevant stakeholders when assessing the development and use of IW
hent is based on recent, related international’efforts to develop IWC system testing prq

see References [50] [57] [58]). It describes how to produce data and report on the efficacy and sa

systems to
data and r
operators,
document
stakeholde

The meth

clean various ship surfaces and for the’capture and disposal of cleaning debris. Th

pporting from testing under this de¢ument are intended to inform IWC service proy
and relevant authorities on the performance of IWC. The procedures and meth
can also serve as a resource for technology developers, environmental regulators,
s interested in the safe and-effective use of IWC systems.

s and approaches presented in this document represent consensus among in

d
technical et(perts on best scientific'practices. However, it is also expected that some test methods

or improve
systems is

over time as collective knowledge of this complex issue grows. Performance and salf
context-dependéent with many sources of variation across ships, environments, and

biota. As a

result, the use*of this document does not guarantee that a specific IWC system will

under circiimstances other than those used in testing, operate at the levels reported.

[54]

Antifouling

of efficacy
robust and
ing-related

h (and level
C systems.
tocols (e.g.
fety of IWC
e impartial
iders, ship
ds in this
and other

fernational
will evolve
ety of IWC
associated
always, or

This documentwas developed so that all forms of IWC systems can be tested in a compreh

standardized/way. However, this document also provides flexibility for conducting evaluatio

customize

|

ensive and
s that are

and appropriate for individual IWC system designs, operational requirements| or limits,

and providers’ claims. It is expected that end-users will select appropriate aspects of this document to
incorporate in any individual testing effort, depending on the specifics of the IWC system being evaluated,

the functio

n of the IWC system evaluation, and the resources available.
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Ships and marine technology — Marine environment protection
— Testing of ship biofouling in-water cleaning systems

1 Scope

This document provides detailed and rigorous procedures for the independent performance testing of all

forms of s
macrofouli
IWC syste
testing pr
clean varig

The develo
document

some meth
approache
in-water cl

ng), all external submerged surfaces (i.e. hull and niche areas), and both proactive‘al

s with or without the capture, processing, and disposal of debris. This document’al
tocols and describes how to produce data and report on the efficacy and safety of IWC
us ship surfaces and for the capture and disposal of cleaning debris.

pment of specific IWC performance requirements, criteria, or standards'isoutside the s
hnd is the responsibility of individual authorities, agencies, or adniinistrations. Simi
ods and approaches described in this document can apply to othet’ship biofouling m
5, systems designed to kill or prevent biofouling on external surfaces without removal (
paning), and systems that remove or treat biofouling on intetnal surfaces (e.g. seawat

external syrfaces of intricate mechanical components (e.g. external'parts of propeller shaft sea

outside thd

2 Norm

scope of this document.

ative references

There are po normative references for this document.

3 Term

For the pui
ISO and IE
ISO Ony

IEC El¢

3.1
antifoulin
AFS
coating, p3
attachmen

s and definitions
poses of this document, the follawing terms and definitions apply.
[ maintain terminology databases for use in standardization at the following addresse

line browsing platform®*available at https://www.iso.org/obp

ctropedia: availabl€at https://www.electropedia.org/

g system

int, surface treatment, surface or device that is used on a ship (3.18) to control or
F of'erganisms

ouling and
hd reactive
50 includes
systems to

ope of this
arly, while
Anagement
.e. without
b1 pipes) or
1), are also

2]

revent the

3.2

antifouling coating
surface coating or paint designed to prevent, repel, or facilitate the detachment of biofouling (3.3) from hull

and niche a

3.3
biofouling

reas (3.16) that are typically or occasionally submerged

accumulation of aquatic organisms such as microorganisms, plants, and animals on surfaces and structures
immersed in or exposed to the aquatic environment

© IS0 2025 - All rights reserved
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3.4
capture
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process of containment, collection, and removal of biofouling (3.3) material, debris, and waste substances
(3.20) from surfaces during cleaning in water or in drydock

3.5

cleaning system
equipment used for, or the process of, removal of biofouling (3.3) from the ship (3.18) surface, with or without
capture (3.4)

3.6

data quality objective
qualitative and quantitative statement that clarifies study objectives, defines the appropriate types of data

and specif
the quality

3.7

dry film thickness

DFT
non-destry

repeated measures using a digital DFT sensor

3.8

fouling rat

FR
allocation
including a

3.9

hull area
largest prq
well-under
systems (e

3.10
independé
independé
appropriat
conduct th

3.11

invasive a
non-native
plant life, e

3.12
in-water ¢

es the tolerable levels of potential decision errors that will be used as the basis for e
and quantity of data needed to support decisions

ctive means to measure the total coating thickness and wear on submerged ship surfag

ing

pf a number for a defined inspection area of the ship (3.18) surface based on a visual 3
description of biofouling (3.3) present and the percentage of macrofouling (3.13) cover

portion of ship (3.18) submerged surfacesgwhich are relatively flat or planar loca
stood hydrodynamic conditions and employ common or traditional biofouling (3.3) m
g. antifouling coating (3.2))

bnt testing organization
tnt TO

ely independent (e.g. with' o conflicts of interest), qualified, scientific contractor 3
rd-party testing

(quatic species
or non-indigenous species to a particular ecosystem that can pose threats to human, g
conomic and eultural activities, and the aquatic environment

leaning

stablishing

es through

ssessment,
age

fions, have
Anagement

ccepted to

nimal, and

IWC

intentional removal of biofouling (3.3) from a ship’s (3.18) hull or niche areas (3.16) while In the water

3.13

macrofouling
biofouling (3.3) caused by the attachment and subsequent growth of visible plants and animals on structures
and ships (3.18) exposed to water

Note 1 to entry: Macrofouling are large, distinct multicellular individual or colonial organisms visible to the human eye
such as barnacles, tubeworms, mussels, fronds/filaments of algae, bryozoans, sea squirts, and other large attached,
encrusting or mobile organisms.
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microfouling
biofouling (3.3) caused by bacteria, fungi, microalgae, protozoans, and other microscopic organisms that
create a biofilm

3.15

multicomponent in-water cleaning system
multicomponent IWC system
system reliant on two or more individual components to achieve the required in-water cleaning (3.12)

Note 1 to entry: The use of each component shall be specified in the system standard operating procedures (SOP), e.g.
the use of a hand tool for addressing niche areas (3.16) after the use of the main cleaning unit on hull surfaces.

3.16

niche areg
subset of t
the main N
antifouling

3.17

proactive
proactive
periodic rq
macrofouli

3.18
ship

he submerged surface areas on a ship (3.18) that can be more susceptible to bigfouling
ull owing to structural complexity, different or variable hydrodynamic forces,!susce
coating (3.2) wear or damage, or inadequate or no protection by antifouling’systems (3]

in-water cleaning

[WC

emoval of microfouling (3.14) on ship (3.18) surfaces to prevent or minimize attg
g (3.13)

vessel of any type operating in the aquatic environment, including hydrofoil boats, air-cushid

submersib
storage an

3.19

es, floating craft, fixed or floating platforms, fldating storage units, and floating
l off-loading units

reactive in-water cleaning

reactive I\
corrective
either in wj

3.20
waste
dissolved
maintenan
microplast

3.21

waste pro
treatment
during any

VC
action during which biofouling (3.3)is removed from a ship’s (3.18) hull and niche a
pter with capture (3.4) or in drydock

hnd particulate materials or debris that can be released or produced during d
ce, and can includebiocides, metals, organic substances, removed biofouling (3.3)
ics, or other contaminants that could have a negative impact on the environment

cessing
designed-to remove or deactivate any particulate, dissolved material, or debris cap
form\of in-water cleaning (3.12)

Note 1 to entr

(3.3) than
ptibility to
1)

chment of

n vehicles,
production

reas (3.16),

leaning or
pigments,

tured (3.4)

pxt Tonataant o aacinglactagn o acnhucical comaration (A g cattlingranlre Lllearing, £
tatir He a0+

L 1c
Hoe-a-5SHEgre-Stage-SHeaSpPryStear Sepatraton{1e-8-56ttihg <55 1;

occulation),

selective media binding of compounds of concern, or disinfection of biological constituents of concern (e.g. biocides,
UV, ultrasound) or a multi-staged, combined treatment approach.

4 Fundamental information needed for testing of IWC systems

4.1 Factors that can impact performance

Numerous factors can impact IWC system performance and the means by which comprehensive,

standardiz

— ship[e

ed testing is performed.[#81[52] These include, but are not limited to:

.g. type, design, coating(s), ship and coating ages, operational profile, and routes];

© IS0 2025 - All rights reserved
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biofouling (e.g. life history stage, type, coverage, location);
environmental conditions (e.g. visibility, swell, current, ambient water quality);
the IWC system (e.g. unique design features, operational requirements and limits, cleaning procedures); and

[WC system operator training and experience.

4.2 Fundamental parameters

Testing IWC systems is most appropriate and informative when performed under real-world conditions.
However, the cost and complexity of full-scale operations on ships can prohibit extensive experimental
replication, controls, and the isolation of single factors to measure their impact on overall performance

and safetyf

(singularly]
fundament
of any indg
to perform
characteriy
described 1

Reporting

Docun

Given the complexity of these variables, It 1s not feasible to examine all possl
or in combination) that can impact IWC system performance and safety. Therefol
al parameters that shall be either documented, characterized, or specifically tested
pendent evaluation, is provided in Table 1. The listed parameters allow forlinking
ance under specifically known (or measured) ship, biofouling, environmental, and I
tics. The experimental design and specific performance parameters fof IWC system
n Clauses 5 to 9.

for these parameters falls into three general categories:

lenting: information that shall be provided either by the shiplowner, operator, IWC syst

provider, or all three, which appropriately describes test conditidns;

Monitg

ring: information that shall be observed, measured or collected (e.g. direct obse

cleaning mobilization, operations, demobilization and environmental test conditions) and r

the ind

Testin
test of]

ependent testing organization (TO) conducting thétesting; and

b: factors that shall be directly targeted or manipulated as fundamental test variables (
[WC system claims).

Table 1 — Test parameters and datarequired to assess IWC system performancg

le factors
e, a list of
for, as part
est results
WC system
testing are

em service

'vations of
eported by

b.g. a direct

provided en|

Ship parameters Documenting Monitoring Testing
Ship type/flunction, age, size, and
design drayvings, with any relevant X
modificatigns (including complexi-
ties and nidhe areas)
Ship recenfjroutes/voyages and.oper-
ational histjory over at leastthe’past X
12 months [including dry=docking,
long idle pdriods, lay-upyand repairs)
X Designateg data or_infermation required through documenting, monitoring, or testing for each parameter listed.
a  Proprietaryolycommercially sensitive, information on specific IWC technologies or approaches can be held onfidential,

ough ‘basic information on system specifications, design, function, and operations are available to

hllow for an

adequate un

erstanding of performance and safety

b

C

d

e

f

For example, testing the IWC system service provider's claims on coating type (biocidal or fouling release), age or damage,
which can influence environmental results.

For example, testing the IWC system service provider's claims on fouling type/level/location and results from recent/
relevant in-water biofouling inspections.

For example, testing within specifications or to limits, including fouling (e.g. type, stage, and coverage), ship (e.g. size,
materials, curvature, niche areas), coating type and appropriateness for cleaning, and environmental parameters (e.g. currents
and visibility).

For example, testing within specifications or efficacy limits.

For example, testing within specifications or limits.

© IS0 2025 - All rights reserved
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Table 1 (continued)

Ship availability/access for either
cleaning, testing, or both (including
dates, ports, time at dock or anchor-

age, any access restrictions)

Ship coatin
age, expect

g(s) type (or uncoated),
ed service life, applied

location, and history (including prior
cleaning, damage, or repair)

Xb

Ship fouling rating prior to testing
(including type and percentage
cover) and distribution on various

surfaces |

XC

Enviropmental parameters

Documenting

Monitoring

Testing

Water visihility/clarity

X

Tides, curr

bnts, wind, and waves

X

Water qual
and during

ty at location of testing
testing, at minimum: (a)

salinity, (b) temperature, (c) total

suspended
distributio

solids, (d) particle size
1, (e) dissolved organic

carbon, and (f) particulate organic

carbon

Ambient leyels of biocides during

testing, if a

pplicable (e.g. back-

ground lev¢ls of copper and zinc) and
other contgminants of interest (e.g.

microplast
location of

cs) in water column at
festing

IWC gystem parameters?

Documenting

Monitoring

Testing

IWC systenp design and function, and

IWC mobili
demobiliza

pation, operations and
fion

X

IWC systen specifications, require-

ments and

imits

xXd

Mode of cle|
diver-, rem
operated)

btely-, or autonomously-

aning unit operations (e.gf

Mode of cle

Aning unit attachment to,

and movenlent on, ship surfaces

Operator/d|
(as describ
provider)

liver skill and’experience
bd by the }WC service

X Designatef

data‘or information required through documenting, monitoring, or testing for each parameter listed.

a  Proprie

ATy, O COIMIMETTIally Sensitive, Tmformation o specific tWe techmologies or approacties cam be netd confidential,

provided enough basic information on system specifications, design, function, and operations are available to allow for an
adequate understanding of performance and safety.

b For example, testing the IWC system service provider's claims on coating type (biocidal or fouling release), age or damage,
which can influence environmental results.

¢ For example, testing the IWC system service provider's claims on fouling type/level/location and results from recent/
relevant in-water biofouling inspections.

d  For example, testing within specifications or to limits, including fouling (e.g. type, stage, and coverage), ship (e.g. size,
materials, curvature, niche areas), coating type and appropriateness for cleaning, and environmental parameters (e.g. currents
and visibility).

¢ For example, testing within specifications or efficacy limits.

f For example, testing within specifications or limits.
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Table 1 (continued)

Mode of bio

macrofouling) removal (e.g. brushes,
blades, or water jets, with details on
type, amount, configuration)

fouling (biofilms or X

Rate and pattern of individual clean-
ing operations (e.g. speed of cleaning
unit, number and overlap of passes)

operations

If applicable, frequency of cleaning

If applicable, debris capture methods
(e.g. cleaning unit shroud and suc-

Xe

tion)

If applicabl
wastewate

h

, flow rate of debris/
capture

If applicabl
ter transpo
particle set
and level of
secondary
waste such
type media
and maxim|

b, debris and wastewa-

Xf
't and processing (e.g.
tlement processes, type
filtration/separation,
reatment of biological
as UV or chlorination,
for removal of metals)
um load capacity

If applicabl
es (includin

b, waste disposal process-
g volumes and mass)

Various prg
and adjusty
including c
response tq
(e.g. presen|
proactive I}

-set modes of operations
hents during cleaning,
bntingency plans and
unexpected conditions
ce of macrofouling during
VC) and system failures

X Designateq

a  Proprie
provided en|

adequate un|

b For exal
which can in

c For exa

relevant in-y

d  For exa
materials, ¢
and visibilit

¢ For exal

f For exa

data or information required through documenting, monitoring, or testing for each parameter listed.

ary, or commercially sensitive, information on specific IWC technologies or approaches can be held
pbugh basic information on system spéCifications, design, function, and operations are available to
derstanding of performance and safety.

nple, testing the IWC system.service provider's claims on coating type (biocidal or fouling release), ag
fluence environmental results.

nple, testing the IWC/system service provider's claims on fouling type/level/location and results f]
vater biofouling inspeetions.

nple, testing within specifications or to limits, including fouling (e.g. type, stage, and coverage), si
rvature, niché\areas), coating type and appropriateness for cleaning, and environmental parameters
).

hple, testing within specifications or efficacy limits.

hpleitesting within specifications or limits.

confidential,
hllow for an

e or damage,

rom recent/

ip (e.g. size,
E.g. currents

5 Test experimental design

5.1 General

The full IWC system shall be tested on a minimum of three distinct ships (i.e. n = 3). This level of replication is
meant to provide fundamental information on system performance, environmental safety, and applicability
across different conditions within the operational claims and parameters of the individual IWC system. A
single test ship will not be able to provide multiple relevant challenge conditions for predictive IWC system
testing. While such independent testing scenarios are not always possible, they represent the experimental
replication required for an acceptable level of confidence in the safety and efficacy of any IWC system.

© IS0 2025 - All rights reserved
6


https://standardsiso.com/api/?name=a2542706f53efd08bb438c08aa35a5cc

ISO 20679:2025(en)

Any deviation from this design, and this document more broadly, shall be noted in test results and reporting
(see Clause 13).

The test ships and conditions chosen shall capture as much relevant variability in the key parameters listed
in Table 1 as feasible. While the overall IWC system test unit of replication is the number of test ships (i.e. n
> 3), additional sample replication within individual test trials of biofouling removal/prevention, changes
to water quality, debris capture/processing, and ship coatings impacts, are provided in Figures 1 and 2 and
Clauses 5 to 9.

F S B I B I B I hl
! Clause 5: > 3 test ships, with > || Clause 6: Beginning and end of test ; Clauses 7 and 8: Beginning of test ;! Clause 9: Beginning and end of |
H 2 different biocidal coatings, 11 period surveys on at least 1 control i,  period sampling event during i} testing period surveys atleast1
' when applicable 11and 1 treated hull area, and 1 control:| cleaning on > 2 different biocidal i control and 1 treated hull area, 1
: n and 1 treated niche area, n coatings, when applicable i1 for = 2 different coatings types, |
E E E when applicable E E E E when applicable i
E 4 [~ Test Ship 1: E E Biofouling Removal/Prevention E E Environmental Impacts E E Coating Impacts| ) i
'| « distingt type/function, age, size [}![ * hull biofilm removal efficacy, 11| + changes to water quality from 11| o changes to coating-ox il !
!|  distind operational history 11| » macrofouling prevention efficacy/ ;! hull and niche cleaning 11|  changes to coatings/on rfiche '
1| * distindt/appropriate coating 11| ¢ niche biofilm removal, and/or 11| (if applicable) 11| (ifapplicable) |
| type &age 1| « niche macrofouling prevention || ® debris capture and processing " |
1|  distingt/appropriate existing | efficacy 11| efficacy from hull/niche cleaning |}! i
1 \ blofoufing NN Y Ui |
E 1 Test Ship 2: ) E E (Biofouling Removal/Prevention\ E E Environmental Impacts E E 1 Coating Impacts| ) E
'| ¢ as per fest ship 1 11| *as per test ship 1 11| *as per test ship 1 s as per test ship 1 '
1\ J N\ J i\ 00\ J
H = N . — | . ) . i
' Test Ship 3: " Biofouling Removal/Prevention | ' Environmental Impacts \ g Coating Impacts| !
! \- as per fest ship 1 ) " K- as per test ship 1 ) 1] e as per test ship 1 (%\ ] '| o as per test ship 1 ) '

Clausq 5: 2 3 test ships, with > Clause 6: Before and after cleaning Clauses,7Zand 8: Sampling during Clause 9: Before and after|cleaning
2 diffgrent biocidal coatings, surveys on at least 1 control and 1 cleahing event conducted on > 2 surveys at least 1 contro| and 1
when applicable treated hull area, and 1 control and 1 different biocidal coatings, when treated hull area, for > 2 different

. E | treated niche area, when applicable E | applicable E | coatings types, when apjplicable E
' 4 Test Ship 1: ) E: 4 Biofouling Removal ) E: 4 Environmental Impacts ) E: 4 Coating Impacts| ) E
1| e distindt type/function, age, size ['i| hull macrofouling removal '1| e« changes to water quality from '1| e changes to coating on hyll !
1| e distindt operational history | efficacy 1| hull and niche cleaning 1] e changes to coatings on 1jiche !
E « distindt/appropriate coating | E « niche macrofouling renioyal | E (if applicable) | E (if applicable) |
| type &age ' ! efficacy (if applicable) 1 e debris capture and processing |1 ! ‘
1| « distindt/appropriate existing " 11| efficacy from hull/niche cleaning |1 |
1 \_biofouling _J :: \_ _J :: \_ (ifapplicable) _J :: \_ _J |
E ( Test Ship 2: ) E E (Biofouling Removal/Prevention\ E E Environmental Impacts E E ( Coating Impacts|] ) E
1| *as perftest ship 1 11| ©asper testship 1 11| *aspertestship1 11| *aspertestship1 '
: (. J : (. J : : (. J : : (. J :
E Test Ship 3: ) E E l;ling Removal/Prevem:ionN E E Environmental Impacts E E 1 Coating Impacts| E
i| e as perftest ship 1 ) '1 [_e/as per test ship 1 1| = aspertestship 1 '1| e as per test ship 1 !
1 ) J 1 O J 1 J

Figure 2 — Basic testing components for a reactive IWC system

The ships gelected and specific tests conducted shall align with the claims of the IWC service prjovider. For
example, if itis claimed the IWC system can be used on all coating types, then ships with differgnt biocidal
and non-biocidal coatings shall be inciuded in testing to verily that claim. It the IWC system is claimed to be
appropriate for use on large cargo ships with extensive macrofouling, then testing shall include these ship
types that have close to the upper limit of biofouling type and coverage, to verify that claim. Likewise, if the
[WC system is intended for use on both relatively flat hulls as well as angular niche areas, then examples of
both ship surface types and distinct equipment used for different surface types shall be included in testing
to verify that claim.

While it is possible that it is not feasible to directly examine all IWC service provider claims in one set of
independent tests, extrapolation or prediction of performance and safety (beyond the specific conditions
and parameters tested) shall be avoided.
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5.2 C(lassification of IWC system application for testing

Test trials, on diverse replicate test ships (n = 3, varying in size, age, routes, operational profile, etc.) shall
incorporate specific evaluations of performance and environmental safety (see Figures 1 and 2 and Clauses 6
to 9). These shall be based on the IWC system design, function, and application, and the basic categories of
key variables presented in Table 2.

Table 2 — Simplified considerations for testing based on IWC system design and function

Surface type

Fouling type Coating type

Debris capture and pro-
cessing

Planar and curved hull
surfaces (cidpc bottom

Non-biocidal coatings (in- No debris c

cluding non-ablative)
(=] Ed

Biofilm (microorganisms)

apture

wind-ajd-water line) Macrofouling (macro-or- or Debris captyp and pro-
or ganisms) Biocidal coatings cessing (Wwaste|collection,
Angled and complex niche or or treatment, and disposal)
areas (pfotrusions and All biofouling types All coating types
rgcesses)
or
All sulrface types
The follow]ng two examples in a) and b) represent experimental designs that incorporate replicatg test ships
and the copsiderations provided in Tables 1 and 2. The fouling rating/(FR) is described in 6.2. While such
independent testing scenarios are not always possible, they represerit'the experimental replicatjon needed
for an accgptable level of confidence in the safety and efficacy of any TWC system. Any deviation from this
design, and the document more broadly, shall be noted in test restlts and reporting (see Clause 1B).
a) A proactive IWC system can be tested for use only on hul¥surfaces with specific biocidal coatings on:
1) a large, transcontinental tanker with a four-year-old biocidal coating, and a FR of 1 (with small
infrequent patches of FR 2 biofouling);
2) a modern roll-on/roll-off ship, just out, ofdrydock with the same biocidal coating, and FR 0 to 1
bipfouling; and
3) arlegional cruise ship, with a secend appropriate biocidal coating, and FR 1 biofouling.
b) Areactive IWC system, with dehris'capture/processing, can be tested for broad applications fon:
1) alprge, transcontinental’bulk carrier, with the same four-year-old biocidal coating on bath hull and
niche areas, and witlbiofouling ranging from FR 2 to 3;
2) anegional container ship, with a one-year-old fouling release coating on the hull and a spcond type
ofbiocidal coating on niche areas, and with biofouling ranging from FR 1 to 3;
3) a local passenger ferry with a hard, non-biocidal coating on both hull and niche areag, and with
exjstingbiofouling of FR 2; and
4) a lbcal h:\rgn with no niche areas a third type of biocidal coating, andwith hnnvy biofoul ng ranging

from FR 3 to 4.

Clauses 6 to 9 on testing protocols and methods apply to all categories of IWC systems and applications.
The exception is Clause 8 (debris capture and processing), which only applies to systems that attempt
debris capture/disposal or waste treatment. Additionally, where multicomponent IWC systems have been
developed to clean the hull and external niches, the different primary components (e.g. different cleaning
units) shall be tested to assess the complete IWC system’s efficacy and safety.

Finally, since most IWC activities take place when a ship is stationary (i.e. at dock or anchorage), this
document was designed around this application. The testing of IWC systems that are designed to be carried
out while a vessel is underway can require modifications or adaptations to some of the methods described
below in Clauses 6 to 9. For example, water quality samples (see Clause 7) can be collected simultaneously
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from the cleaning unit and a background location, with hoses and pumps from the deck of a moving test ship.
Whereas before and after measures of biofouling level /extent (see Clause 6) and coatings dry film thickness
(DFT) (see Annex B) can be collected from the test ship while in port just prior to, and just after, an IWC
voyage. While not all aspects of this document are applicable or feasible for all possible forms of IWC, any
deviation from this design shall be noted and justified in test results and reporting (see Clause 13).

5.3 Duration and extent of testing

5.3.1 General

All sampling during operational cleaning shall be conducted over at least a 90-min period, for each test event
(see accommodations for smaller niche areas in 7.3), with the IWC system operating in a defined cleaning

mode for fhie conditions presented. sampling for the various performance measures descripe
Clause 7 cgn take place in smaller designated subsections of the test ship’s cleaned areas, ordur
of smaller fime periods. However, at least one test trial, on one test ship, shall involve a substanti
area (e.g. at least 1/3 of the test ship) over a realistic time frame (e.g. several hours), neprésent
expected tlypical application of the IWC system being tested. Furthermore, the total-area cleane

corresponding length of time to complete for each test trial shall be recorded and reported.

53.2 Pr

For proacti
trials (assd
short perid
as well as

growth, at
of proactiy
shall be be
control loc
of IWC sys

bactive systems

ve IWC systems designed solely to periodically remove biofilms.(i.e. microfouling), ind
ciated with a cleaning event) can take place on each replicate test ship (n = 3) during

d of a day or two. However, for proactive IWC systems that'Claim to periodically remo
ncipient macrofouling, explicitly to inhibit or prevent.the development of mature mj

d below in
ng a series
al cleaning
itive of the
d with the

vidual test
h relatively
ve biofilms
icrofouling

least two repeated assessments over time shall be conducted. To account for the tempaojral aspects

e IWC prevention of macrofouling, the overall testing period for each replicate test s
tween 3 to 12 months, depending on the ability to document significant macrofouling
ptions (i.e. untreated or uncleaned areas). This window allows for an appropriate det
tem performance regarding macrofouling, prevention (see Clause 6). On a specific f

at any poil
macrofou

1t after three months of initiating the €esting period it can be demonstrated concly

of the planned testing are complete. Alternatively, the testing period can be extended beyond 1!

the preve
(e.g. little d
end dates)
the results

During the
specified 1
activities (|

1:|§g has been established in control logations, testing can be terminated, as long as all ot]

ion of macrofouling as a directwesult of proactive IWC cannot be unambiguously d
r no macrofouling growth is found in control locations). The test duration (with specif
and a log of the test ship gperations/movements during the testing period shall be ing

test period, the IWGsystem shall be operated as determined by the service provider (e
bcations on the Ghip and at the specified frequency). All test ship routes, operation
mode, frequency, locations, etc.) shall be documented and reported for at least six m

to (when a

plicable) and during the testing period, as can be found in the ship’s official deck lo

biofouling record book. Biofouling surveys (see Clause 6) and assessments of coating impacts (se
shall be conductéd at a minimum of two time points during the testing period: at the beginnin
Water quality’sampling for environmental impacts (see Clause 7) and debris processing (see Clay

hip (n = 3)
growth in
brmination
est ship, if
sively that
her aspects
b months if
bcumented
cstart and
luded with

g. cleaning
5, and IWC
nths prior
b book and
e Clause 9)
g and end.
Ise 8, when

applicable), shall be conducted for at least one time point (e.g. during the first cleaning at the b

boginning of

the test period).

5.3.3 Reactive systems

Since reactive IWC is a biofouling management system designed to remove existing macrofouling, individual
test trials (associated with a cleaning event) can take place on each replicate test ship (n = 3) during
a relatively short period of a few days. All testing shall take place during combined, comprehensive test
trials of routine IWC system activities on individual test ships (see Clauses 6, 7, and 8, and where applicable,
Clause 9). This allows for the appropriate assessments of test conditions, system performance, and
environmental safety before, during and after IWC activities.
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6 Quantification of biofouling removal and prevention

6.1 IWC

systems

6.1.1 General

The primary function of all IWC systems is to prevent or remove biofouling (either biofilms, macrofouling,
or both) from the submerged surfaces of ships. Therefore, quantification of ship biofouling in response to
[WC is essential for any assessment of system performance. A before-after-control-impact (BACI) sampling
design shall be used to quantify or estimate the change in biofouling assemblages associated with cleaning
events/activities for each test ship. The BACI sampling design compares designated control (i.e. not cleaned)

to treated

(i.e. cleaned) test areas associated with a single cleaning event (for reactive IWC) or over time (for

proactive |

6.1.2 Pr

To account
(see proact
the test cle
prevention|

q

4

NOTE

6.1.3 Re|

To avoid the potential influence of natural fluctuations in biofotilling communities, IWC surveys t3

and after {
respective

6.2 Foul

Testing sh
intended u
IWC servid

each having strengths and limitations. \For consistency in measures of biofouling within and ar

at minimu
(see Table
comparatiy

This docul
fundament]
developed
assessmen
Table 3, wh

Q).

pactive systems

for rapid changes in microfouling growth, IWC surveys taken before and after the biofi
ive systems under 6.4.5) should preferably be carried out on the day ef‘\({d.e. within 1
aning event, but no more than 24 hours before or after. However, the asse€ssments of m4
over 3 to 12 months, are not required to be associated with a specific cleaning event.

urveys for coating impacts in Clause 9 have different timing considefations.

active systems

he macrofouling shall not be conducted more than three days before, or after, a tes
y.

ing rating

111 only be conducted on ship surfaces-with a level of biofouling appropriate to the IW
se (i.e. at or just below maximumylevels and to the extent possible to match the cl3
e provider). There are several. methods of rating ship biofouling type and percentag

m, the following categories)of biofouling type and estimates of percentage cover sh
B). Other proven/accepted approaches may also be incorporated in testing, as needed
re purposes, the approach chosen shall be consistent over the replicate (n 2 3) test vesg

ment uses two.edategories of biofouling (microfouling and macrofouling) relevant
al types of AWC (proactive and reactive). While various ship biofouling ratings
and can he-successfully used in testing (e.g. see References [45] [61]), at a mi
s of thedeyel and extent of fouling on test ships shall collect and present data in accor
ich usés the rating scale from the 2023 IMO Biofouling Management Guidelines.[12

m removal
Y hours of)
icrofouling

ken before
t cleaning,

[C system’s
lims of the
b coverage,
nong tests,
h1l be used
[591(60] For

els.

o the two
have been
himum, all
Hdance with
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Table 3 — Biofouling rating scale

Rating
(FR)

Description Macrofouling

area inspected

cover of

N
N

o fouling
o visible biofouling on surfaces.

Microfouling
Submerged areas are partially or entirely covered in biofilms.

Light macrofouling
Presence of microfouling and multiple macrofouling patches.

1% -15 % of

surface

P

Medium macrofouling

16 % - 40 % of surface

esenceof microfouling and multinle macrofouling natches
=] T 5T

H

4
L

eavy macrofouling

41 %-1009
hrge patches or submerged areas entirely covered in macrofouling. o g

f surface

SOURCE: B

hsed on 2023 IMO Biofouling Management Guidelines.[12]

The presen
IWC syste
operation

safely and
rare patch
such a hyb
shall be me

For reactiv
biofouling
macroalga
determina

ce of any observed macrofouling (2FR 2) shall be avoided during the testingof standar

s. If a proactive IWC system is specifically designed to avoid unexpected macrofa
| feature can be incorporated into the testing and reported. If a proactive IWC syster
effectively remove both biofilms and some minimal level of unexpetted macrofouling
s of soft growth), that system shall be tested as a reactive IWG system. However, th
rid system for efficacy and safety in the removal and prevention of both micro- and m4
asured over time (3 to 12 months, see 5.3.2).

e IWC systems, biofouling surveys (see 6.4) shall be used to provide, at minimum, quant
percentage cover, a coarse level of macrofouling taxenomy (e.g. barnacles, bryozoans, t
e, etc.) and, when obvious, estimates of physiological state (i.e. live or dead). Hoy

2

ions of the presence or absence of macrofouling, irrespective of species origins or pH

state, shall
absence a

be used in the testing of IWC systems. The’straightforward determination of the g

and the indqreased risk of invasive aquatic species introductions. Such determinations are also fay
to error anld uncertainties compared to attempts at appraising the origins of individual organ
they are alive or viable. Further, they provide a conservative and environmentally protectiv

1 proactive
uling, that
h claims to
(e.g. small
b testing of
icrofouling

ification of
lbeworms,
vever, only
ysiological
resence or

magnitude of macrofouling addresses the concerns of increased ship drag and fuel consumption

less prone
sms and if
e approach

to assessirlg IWC systems.[48] Residual,baseplates, or basal shell material remaining after cleaping (when

clearly devoid of the prior macro-organisms), shall be recorded and reported as a separate cat
the biofouling described above in Fablé 3.

6.3 Control and treated.test locations

Pairs of control and treated locations on a test ship are needed to ensure possible confounding
accounted [for duringtesting. These control and treated areas shall be distinct but as similar to
(e.g. samg’ coating type/age, depth below the surface, size, shape, and side of a s
locations shall also be representative of the range of surface types that the specific IWC systern
be able to safély'and effectively clean. Selection of test locations can be accomplished by the I

bgory from

issues are
each other
hip). These
h claims to
WC service

provider designating where they can and cannot clean based on the test ship design drawings :

ind fouling

type and coverage. If the service provider claims to clean only relatively flat hull surfaces, then one set of

large control and treated locations (e.g. 20 m to 30 m length of the ship, from the waterline t
may suffice. However, if there are claims that other surface types can be cleaned (such as the fl
of the keel, rudders, and sea chest grates, etc.), then similar paired control and treated locatio

o the keel)
at bottoms
ns shall be

designated for testing at a smaller appropriate scale (see 6.4). For example, to remain consistent with the
BACI design, one-half of a designated niche area can be cleaned (i.e. treated) and the other half not cleaned
(i.e. control), or one niche area (e.g. bow thruster) is completely cleaned and another comparable paired
niche area designated as the uncleaned control (e.g. a second bow thruster). Similarly, if the IWC system
claims it can be used on multiple coating types (e.g. biocidal and fouling release), paired control and treated
test locations for different coating types can be designated on one individual test ship, when possible.
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6.4 Biofouling survey sampling methods

6.4.1 Ge

neral

Biofouling surveys shall be designed to quantify and document both biofilms and macrofouling in the
designated control and treated locations of each test ship and surface type (see Table 2). Quantitative
surveys shall be conducted by trained divers, or equipment with the ability to measure and record biofouling
to a level sufficient for the testing organization’s data quality requirements (i.e. comprehensive, robust,
and repeatable measures). While trained diver surveys have been demonstrated to provide robust and
repeatable biofouling data (e.g. Reference [52]), new methods and innovations in technologies (e.g. remotely
operated vehicles [ROV], autonomous underwater vehicles [AUV], and next-generation cameras, lighting,
and image processing systems) can be incorporated into biofouling surveys as these new approaches are

appropria
have a deg

6.4.2 Huy

Biofouling
plots. Each
strap shall
captured W
shall be im|

Estimates
If poor vig

ee of rigor equal to or greater than the examples in 6.4.2 to 6.4.4.

1l areas

surveys of hulls (and other relatively flat surfaces) may use a quadrat method to deli
1 m?2 quadrat shall be vertically divided into four bands using five equally spaced s
be demarcated to create a 50-point grid (see Figure 3). Four photographic imag
hithin each band. Each image (i.e. “sub-plot”) will be 25 cm x 15 cm-in size. A total of 1
aged covering the entire area within each 1 m2 plot.

bf FR and percentage cover shall be made from composite-photographs of each plot (se

point counfts as described in 6.5. Any additional video collectedyby the IWC system itself, duri

or cleaning
in Annex 4
described 1

Key

\, including the defined surface types within a‘single treated (i.e. cleaned) or cont
n Table 3.
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ibility prohibits photography, the full area of sample plots shall be visually insp¢

events, shall be provided to the testing team. An example of a dive survey scheme c3

uling shall

neate 1 m?2
fraps. Each
bs shall be
b sub-plots

e Figure 3).
cted using
ng surveys
n be found
rol area as

sub-plo

NOTE

b
L

counts defined. Circles represent magnets to attach the quadrat for sampling.

A total of 16 sub-plots (bounded by the dashed lines between bands) can be photographed or 50-point

Figure 3 — Example of a quadrat frame containing four survey bands used to survey each 1 m?2 plot
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Condition of hull surfaces shall be captured using video, digital still imaging, or visual observations stratified
by the surface types. Within each surface type of interest (e.g. based on IWC service provider claims), divers
shall evaluate at least six randomly placed 1 m?2 plots.

NOTE This requirement corresponds with the recommendations in Morrisey et al. (2015)[5%] and Tamburri et al.
(2020).[28]

If the IWC system is claimed to clean angled surfaces (edges), linear transects along edges shall be
photographed immediately adjacent to the edge (i.e. not a full 1 m? quadrat around the edge, but a single
25 cm x 1 m band centred along the edge). See Annex A for an example of surveying biofouling on three
surface types.

6.4.3 Niche areas

For relatively small niche areas (e.g. paired control and treated small gratings), quantificatioh ef biofouling
in the entife test areas is recommended. For larger niche areas, representative quadratsub-sampling can
be needed| While there is no requirement for specific quadrat sizes or shapes (e.g..square, rectangular,
circular), the sampling design for niche areas shall be standardized to provide comparable data dcross tests
and replicqte ships. Therefore, quadrats or even transect samples can be fit to the niche area shape and size.
Sampling gnd replication approaches can be scaled down appropriately for use-on“smaller niche areas (e.g.
Reference [50]). For example, quadrats of 0,01 m2 have been employed successfully for the quantification of
biofouling percentage cover and composition in ship niche areas (e.g Reference [62]). Sampling ¢an also be
further strptified into sub-niche areas. For example, rudders can be divided into trailing edge, bdttom edge,
leading edge, hinge gap, and side face (see Figure 4), or thrusters can-bg divided into rim, grate, funnel, and
mechanisnp case.[63]
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Key

1 topedge

2 trailingedge

3 bottom edge

4  leading edge

NOTE1 In this example, one side face of the rudder can-be treated (i.e. cleaned) and the other designpated as the
control. The¢ randomized three to six replicate plots wjithin each sub-niche area of the rudder are defsignated by

different sa

NOTE2

Figure 4 —

6.4.4 Huy

Difference
sampled u
test, respe
methods fq
methods d

mple squares.

'his figure is not to scale.

11 and niche areas

r lowér=resolution video transects examining larger areas can be considered in add
pscribed here.

5 in biofouling\percentage cover and biofouling composition shall be determined an
bing appropriate statistical analysis (e.g. non-parametric Kruskal-Wallis tests and PH
ctively[521)) If macrofouling is found to be rare or extremely patchy, well-described an

- Pictorial representationof delineating a treated or control niche area and sub-niiche areas

hong areas
RMANOVA
d accepted
tion to the

Qualitative biotogicat samples Tmay atso be coltected at the end of the sampting period to pro
determinations of the dominant macrofouling taxa present. However, these samples shall only be collected

in a way th

at does not influence any testing assessments of biofouling or coating conditions.

6.4.5 Proactive systems

vide better

In addition to the presence, level, and percentage cover of biofilms measured at the beginning and end of
each test ship’s testing period, an assessment shall also be conducted to qualitatively estimate the efficacy of
biofilm removal at least once, on the hull of each test ship. The assessment consists of two surveys:

— one pre-cleaning survey shall occur within 12 hours before in-water cleaning begins; and

— onepo

st-cleaning survey shall occur within 12 hours after in-water cleaning ends.
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The two surveys shall:
a) be conducted in a location on the test ship that is scheduled to be cleaned; and

b) consider the different surfaces that the IWC system can clean.

A survey within the predesignated treated test area is recommended, but not required. Quadrats of 1 m? that
are randomly placed on the test surface shall be used to document the biofilm in the designated area, with
atleast 12 replicates sampled before and 12 replicates sampled after cleaning activities. After the quadratis
attached to the hull, the biofilm from two of the four quadrat bands shall be removed (see Figure 5).

Existing biofilm shall be removed using one or more clean sponges per wiped band. This will enable a visual
comparison of biofilm on the ship surface to a set standard/baseline (bare surface) in a photo comparison.
The singleu ilbn material.
The biofiln w1th1n each plot w111 be documented by takmg at least three randomly placed photo braphs of a

small 25 ¢
hand) and
the quadr3
the design
relatively f]
niche area

n x 25 cm sub-section. For a direct comparison, each image shall capture both wiped

cleaned by

unwiped (undisturbed) spaces side-by-side (see Figure 5). Once the plot has been photographed,

t shall be removed from the surface and placed at another location (selectéd-at rand
pted area on the ship's surface and the survey repeated. This method-has been d4
lat hull surfaces. If the proactive IWC system is claimed to clean angled surfaces (edges
5, modifications to the method can be made, such as linear transectsalong edges or sc

bm) within
bsigned for

and other
hling down

to approprfate dimensions and image number.

2

DA

NN

Key
1
2

quadrat band to be wiped clean

quadraf band that is not wiped

NOTE1  Biofilm cover determined by using percentage cover visual estimates and fouling ratings within the four bands.

NOTE 2
compare wij

Two quadrat bands (0,25 m?2 each) are wiped with a sponge to remove biofilms. Side-byA

ped vessus unwiped sections. The biofilm cover is determined within four bands.

side photos

While individual proactive IWC systems can put forward claims with respect only to biofilm removal
efficacy, or only to macrofouling prevention efficacy, it is recommended that testing of both indicators of
performance be included for comprehensive, standardized testing.

NOTE These indicators are the presence or absence of biofilms before and after cleaning events, and the presence
or absence of macrofouling growth over time.
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6.5 Dive survey sampling method during low visibility

6.5.1 Hull areas

In low visibility conditions, when still images are unreliable for biofouling surveys, an in situ method shall be
used. Similar, comparable analyses (for quantifying biofouling type and extent) can be conducted directly by
the diver, rather than during post-dive image analysis (e.g. see Reference [52]). For each hull area sampled,
1 m? quadrats shall be placed in the test areas for at least 6 plots per surface type. The quadrats shall be
used to determine biofouling cover (biofilm and macrofouling) by:

a) using a point count method of the 50 evenly spaced points delineated on the bands of the 1 m? area;

b) using percentage cover visual estimates within each of the four bands (see Figure 6).

ve slates to
minate the

Biofouling
record dat
sampling a

shall be identified to FR rating as described in 6.2. Divers shall use data sheets and di
h in the field. After a quadrat is positioned, one diver can use an underwater lightyto'illu
frea while the other records the data.

Key
1
2

percent cover bands

points

ronditions

Figure 6 —

Difference
sampled (i
analysis (e

To the ext
the low vi
photograp

- Example of a 1 m? quadrat used to determine biofouling cover in low visibility

b in biofouling pereentage cover obtained from point counts shall be determined amon
e. before and)after, treated and control locations, by surface type) using appropriate
g. non-parametric Kruskal-Wallis tests and PERMANOVA test).

ent possible, supporting example photographs or videos, or both, of the areas sury
bibility method shall also be collected. Other low-visibility biofouling survey metho
hS$7lising a camera water-box system on relatively flat surfaces,[641(65] can be conside

Io the areas
statistical

reyed with
s, such as
red for use

once appropriately assessed for this application.

6.5.2 Niche areas

The quantification of biofouling in niche areas can be particularly challenging under low visibility conditions.
As described above in 6.4.3, quadrats and transect samples can be fit to the niche area shape and size, and
sampling approaches can be scaled down appropriately for use on smaller niche areas.[2% However, the
determination of type and extent of biofouling in niche areas shall only be conducted if the appropriate level
of data quality can be confirmed (e.g. low visibility biofouling surveys of hull areasl32]).
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6.6 Environmental characteristics to quantify

Table 4 lists the minimum background environmental characteristics that shall be observed or measured

and report

ed during biofouling surveys.

Table 4 — Environmental characteristics recorded during biofouling dive surveys

Environmental characteristic

Method of measurement

Water temperature

Single or multiparameter instrument/thermometer

Salinity Single or multiparameter instrument/salinity meter
Water clarity/turbidity Secchi disc or turbidity sensor
Wind speed.and direction Hand-held anemometer or a nearby weather station

Current spq

ed and direction Current meter

Tide

Local tide tables and visual observations

Sea state Beaufort scalel6¢]

Air temperature Thermometer or data from a nearby weather'station

Weather Visual observations (precipitation, cloud cover, etc.)

NOTE Additional measures (e.g. water dissolved oxygen and pH) can be informiative or required to t¢st provider

claims, and

7 Quantification of changes to water quality

7.1 Wat

711 Ge

All testing
have speci
(i.e. chemi
all testing
the measu
values sha
backgroun

712 Pr

For each o
specific cle
the water

can be added as needed.

er quality measures as proxies for broad enyvironmental impacts

neral

is expected to be coordinated with local, regional, or national authorities, as such {

ral, physical, and biological) during IWC. As these standards can vary greatly among
of IWC systems shall report tdtal or absolute values (e.g. means and standard dey
red water quality parameters (see 7.2) during and adjacent to IWC activities (see
] also be compared statistically (e.g. Student’s t-test) for significant differences from
d ranges of the same parameters at the location of testing.

pactive systems

[ the replicate‘test ships (n = 3), samples shall be collected and analysed as part of g
aning triakat.the beginning (time zero or beginning of testing) of the test period. Foj
uality sampling shall be repeated during trials for hull and niche, and coating type (

ntities can

ffic water quality standards or threshold requirements regarding the release of coptaminants

r locations,
riations) of
7.3). Those
ambient or

t least one
each ship,
.e. biocidal

coating and non-biocidal coating) cleaned. For systems that clean biocidal coatings, a minimum of two

distinct bigcidaltcoating types shall be tested (e.g. a different biocidal coating on two of the test
samples arlalysed for all relevant biocides and co-biocides (i.e. secondary or “booster” biocides).

7.1.3 Re

ships) and

active systems

Samples shall be collected and analysed during trials for each of the replicate test ships (n = 3) and repeated
for each surface type (e.g. hull and niche) and coating type (i.e. biocidal coating and non-biocidal coating)
cleaned. For systems that clean biocidal coatings, a minimum of two distinct biocidal coating types shall be

tested and

samples analysed for all relevant biocides/co-biocides.

7.2 Water quality parameters to quantify

Environmental impacts from IWC include potentially unacceptable changes to local water quality and
sediment conditions (due to the release of biocides and other substances from coatings) and the potential
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release of live organisms. At a minimum, the parameters specified in Table 5 shall be analysed in triplicates
(n 2 3) from each collected water quality sample, as practical, measurable, and conservative proxies for

environmental impact.[48]

Table 5 — Water quality parameters measured for IWC systems

Parameter

Purpose

Total suspended solids (TSS)

associated fragments.

Represents the mass of particulate material, in background
water and water near cleaning activities, which will include
possible biofouling organisms, coating material and IWC

Particle size and distribution (PSD)

Indicative of the type/characteristics of the solid material

£, A T CC 1
TOUITO TIT T JJ dITdTy STSY

Particulate|organic carbon (PO
Dissolved grganic carbon (DOC

0)
)

Indicative of the amount of biological material present.

Total and dissolved biocide(s) (e.g. copper- and zinc-based com-
pounds) asgociated with the test ship coating, when applicable |when applicable.

Measure of possible biocide reledse from ship coating,

Microplastics (MP)
Nanoplasti¢s (NP)

Measure of possible polymerrelease from ship coating.

The appropriate volumes for all subsamples and various analyses shall be placed in suitable apd cleaned
bottles (e.g. glass containers and sample bottles for assessment of MP/NP). All sample bottles shall be
labelled wijth unique identification numbers prior to sampling. To €nsure analytical validity, gll samples
shall be stpred and transported within the appropriate time, temperature, and light requiremgnts for the

selected method of analysis.

To the extgnt possible, certified or validated analytical methods are expected to be used for the parameters
in Table 5.|Table 6 provides a few examples of such methods. However, other recognized methpds can be
used if they meet the data quality requirements of the t€sting organization.

NOTE Juch alternative methods can include ISO standards, ASTM standards, or documents from tHe European

Chemicals Agency.

Any analytical method used is expected to be either validated or accepted, or both, by the relevant IWC
approval of permitting authority.

Table 6 - Sample type and examples of accepted analytical methods for measuring water quality

Zinc (Zn)

EPA 6020Al74]

parameters
L\ ¥4 i o
Sample type O)\ Analytical method Method detection limit Qe assyrance re
KoY porting[limit

SM2540DI[68] I
TSS EPA 160.2169] 2,4 mg TSS/1 2,4 mg TSS/1
POC EPA 440.0[70] 0,063 3 mg C/I 0,063 3 thg C/1

SM5310B/Cl71]
DOC P 440000 0,16 mg/1 DOC 0,50 mg/Jl DOC
PSD [SO-13322-1[72] >10-1000 pm >10-1000 pm
Particulate and Dissolved EPA 200.8[73]
Copper (Cu) EPA 6020A174] 0.1 ug/l 0.5 1/l
Particulate and Dissolved EPA 200.8(73] Dissolved 0,5 pg/1 Dissolved 1,0 ug/1

Particulate 0,1 ug/1

Particulate 1,0 pg/1

Microplastics (MP)
Nanoplastics (NP)

1SO 241871731
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7.3 Water quality sample collection

Discrete and continuous, time-integrated water samples shall be collected at two stations for every
[WC system test trial (i.e. during a cleaning event). One of the two stations is designated for measuring
background/ambient conditions at the test ship’s surface. This station shall be 250 m away from, and clearly
not impacted by the test cleaning activities (e.g. located at mid-depth, up current, or opposite side of the
test ship). The second station shall be directly on the IWC system’s cleaning unit, at a point designated as
the most likely to be the greatest source of possible environmental release (see Table 7). At both stations,
during each test trial, a series of three sequential and continuous time-integrated samples shall be collected
simultaneously over at least a 90-min sampling period (see Figures 7 and 8).

| — o
==

—
—

Y 1 2 ™\
L

Key
controlfarea

debris treatment unit, if applicable

1
2  treatedarea
3
a

Continjious, time-integrated background sample during cleaning (mid=depth).

o

Continflous, time-integrated cleaning unit sample during cleaning,.
¢ Continfious, time-integrated influent to debris processing unit sample during cleaning.
d  Continfious, time-integrated effluent from debris processingunit sample during cleaning.

NOTE1 Debris processing and effluent impacts are described in Clause 8 of this document.
NOTE 2  This figure is not to scale.

NOTE 3  This figure does not include the diseréete samples of background conditions taken before and| after a test
trial at the 4ame location.

Figure 7 -+ Pictorial representation of water quality sampling locations during a test cleaning event

It is not always possible to idéntify and position a single sample collection point on the part pf the IWC
system clepning unit with'the largest potential for environmental release. The testing organiZation shall
work with|the IWC system service provider to understand the cleaning unit design and operptions (e.g.
computatignal fluid dynamics models or video assessments of debris plumes) to optimize sampl¢ collection
point placgment to.the extent possible.

Both samp]ess/one for background (i.e. ambient water) and the second on the cleaning unit, shall He collected
with the appropriate pump and hose systems (e.g. with sufficient power and flow rates) into|a series of
sample collection containers or carboys. Care shall be taken to ensure sampling equipment and methods
do not introduce artifacts (e.g. sample contamination with metals or polymers), including appropriate
controls and blanks (see Clause 10). Both 90-min (or more) continuous time-integrated sample events (for
background and cleaning unit) shall then be divided into three 30-min (or more) sequential samples. This
provides a level of sample replication and insights into possible temporal changes in water quality during a
test cleaning event (see Figure 8 and Table 8).

Three appropriately sized sample containers for each sequential sample shall be placed at the end of the
sampling hose for both the background and cleaning unit and filled sequentially at a standardized flow rate
suitable to collect the needed analytical volumes (e.g. 20 1 to 40 1) over a 30-min sampling period. After the
first container is filled (at the 30-min mark), the hose can be moved to the second container, and then to the
third container at the 60-min mark (see Figure 8). Each sample container shall then be uniformly mixed
prior to sub-sampling for analysis of specific water quality parameters (see 7.2).
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While 90 minutes (or more) is typically required for IWC of large areas of a ship’s hull, smaller niche areas
can take far less time. When possible, at least a single 30-min continuous, time-integrated sample shall be
collected (for background and cleaning unit) to assess discharges during niche area cleaning.

1 2 3

- N O N O )

o | >
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~
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<

hose in|first container for replicate 1

move hiose to second container for replicate 2

move hjose to third container for replicate 3
0-30 mjinutes

30-60 :&inutes
60-90

mix an¢l subsample

inutes

mix an¢l subsample

O© 0O N O U1 » W N -

mix angl subsample
trial stgrt (0 min)
trial enld (90 min}

=
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Figure 8 - Representation of three replicate, continuous, sequential, time-integrated water quality
samples, at each sample location, during a test cleaning event
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Table 7 — Description of minimum water quality sample collection during an individual IWC system

conditions

ing at the ship’s surface

test trial
. Number of continuous samples
Purpose Station Number of sample events
per event
) One per test ship and per Three at minimum intervals of:
Background or ambient 250 m test cleaning location on the 0 min to 30 min

during clean- test ship

> 90-min samples?

upstream of system

30 min to 60 min
60 min to 90 min

Potential e

unit duri

release from cleaning

One per test ship and per
test cleaning location on the
test ship

nvironmental On IWC system cleaning

. unit
ng r‘lp;mlng

Three at minimum intervals of:
0 min to 30 min
30 min to 60 min

> 90-min samples? 60 min to 90 n

in

a

Samplin

o duration can be reduced for niche areas, dependent on size of area being cleaned.

As water (|

local ship t

testing loc
ship or tes
water sam

one discret
collected ¢

day before|land a day after the test cleaning event), and existing locahwater quality data, can a
additional jnformation on ranges of background water quality pardameéters (i.e. independent of 1V
optional.

7.4 Environmental characterization

During all|sampling for water quality, background: énvironmental characteristics shall be o
measured and reported in accordance with 6.6 and Table 5.

8 Quantification of debris processing and effluent

8.1 Ovel
This clause
1) quanti
2) identif]

Therefore,
or remova
selective

are designe

surface on

uality conditions will vary over time at a single location (e.g. based on seaspnjtides,
raffic), ambient background water quality shall also be characterized by dis¢rete sam
htion before and after a test cleaning event. This background station shall.be located n
[ berth/anchorage, at an appropriate depth (e.g. mid-depth of the testship), and collec
bling device such as a van Dorn or Niskin bottle, or rapid pump sampling system. At a
e sample shall be collected one hour prior to the test cleaning evient and a second discy

'view
describes methods for:
fying debris processing efficacy; and

ying potential'‘changes to water quality from debris processing effluent.

this clause ‘only applies to IWC systems that attempt some form of debris capture and

inding media (e.g. to remove metals), and disinfection treatments (e.g. UV, heat, ch
im Figures 7 and 9. The waste processing units for the majority of existing IWC sy

torms, and
bling at the
bar the test
ted using a
minimum,
ete sample

ne hour after the completion of the test cleaning event. Additional background samples (e.g. a

so provide
VC) but are

bserved or

treatment

. Debrisprocessing can include treatments such as particle settling, filtration, flocculation,

orination),
stems that

support boats, barges, or dockside.

10fouling and coating debris are located above the water

It is possible that some IWC systems include only a simple form of debris capture as part of the submerged
cleaning unit (e.g. coarse filtration with periodic emptying of nets above the surface). 8.2 and 8.3 do not
apply to such IWC systems, as the discharge from this approach can be assessed with targeted sampling, as
described in Clause 7.
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Key
1  debris containment shroud
2 suction to entrain debris
3 suction hose to transport debris
4  physicdTseparation unit
5 disinfe¢tion unit
6  selective media separation unit
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8.2 Sampling the debris processing unit
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water and
the enviro
time-integ
effluent co
of the deby
on local W
compariso

a) effluer
condit

b) discre

For each te
collected:

9

d) atasu

atasu

Sampling

ference [67], reproduced with the permission of the authors.

ebris processing depicted in this figure involves physical separation, disinfection, and sele

9 — Example of a proactive or reactive IWC system with debris capture and pro¢

e biofouling and coating-related waste processing efficacy, the debris processing unit ij
material entering the unit) and effluent (i.e. water'and material released from the un
hment) shall be sampled. Sampling shall be .conducted using a series of sequential,

mpared to influent) in various water quality parameters can provide insight on the pg
is processing unit, they do not allow, for an appropriate assessment of possible efflue
aters.[48] Therefore, the priority-dssessment of environmental impacts shall be a
h of:

t water quality parameters-versus simultaneous measures of background (i.e. amb
ons;

e background samples)collected before and after test cleaning events (see 7.2).

st area cleaned during each test trial, simultaneous, continuous time-integrated samp

table influent sample port; and

table\éffluent sample port (i.e. to produce representative samples).

ctive media

fessing

hfluent (i.e.
t back into
continuous

rated water samples as part of any IWC systém test (see Figure 8). While percent reductions (i.e.

rformance
nt impacts
statistical

ent) water

les shall be

hal occur gver at least 2 90-min pnrinr] for a hyll r‘]nnning ovent and shall fnrgnf at la

ast 30 min

for a niche area cleaning event. Again, both 90-min continuous time-integrated sample locations (influent
and effluent) shall then be divided into three 30-min sequential samples (see Figure 8) to provide sample
replication and insights into possible temporal changes in water quality. Care shall be taken to ensure
sampling equipment and methods do not introduce artifacts (e.g. sample contamination with metals or

polymers),

including appropriate controls and blanks (see Clause 10).

For most IWC systems tested, it is necessary to allow sufficient time between the start of the cleaning of
each section of the hull and the collection of samples of effluent to allow residual effluent in the system to be
flushed through. This can be determined by calculating the volume of water required to flush the residual
effluent or by running aliquots of an environmentally safe dye (e.g. rhodamine or fluorescein) through the
system at appropriate times.
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The three appropriately sized sample containers shall be placed at the end of the sampling hose and filled
at a standardized flow rate suitable to collect the needed analytical volumes (e.g. 20 1 to 40 1) over a 30-
min sampling period. After the first container is filled (at the 30-min mark), the hose can be moved to the
second container, and then to the third container at the 60-min mark (see Figure 8 and Table 8). Each sample
container shall be uniformly mixed prior to sub-sampling for analysis of specific water quality parameters
(see Table 8).

Table 8 — Minimum water quality sample collection for testing IWC system debris processing unit

Purpose Station Number of sample events Number of continuous samples
per event
Quantify the captured One per test ship and per each Three at minimum intervals of:
dissolved prdpartica- PTocessIng Uit testcleamngtocatiomomtest =36
late mateifial removed influent ship 30 min - 60'm|n
from ship > 90-min samples? 60 min90m|n
. . One per test Shlp and per each Three at mihimum intervals of:
Potential fvironmen- Effluent release test cleaning location on test Q0-min - 30 mip
tal release|from debris oint ship 30 min - 60
procesfsing unit P . min = oL min
> 90-min samples? 60 min - 90 min
a2 Sampling duration can be reduced as needed, dependent on size of area being cleaned.
8.3 Water quality parameters to quantify
Discharge pf debris processing effluent shall be assessed through.a direct statistical comparison pf the same
water qualfty parameters (e.g. TSS, PSD, POC, DOC, biocides, MPxand NP) in effluent water and in Hackground

lescribed in 7.2. Samples shall be collected and analysed at minimum in triplicate (n 2(3) for each

during test trials.

water, as d|
parameter

The appropriate volumes, for all subsamples and varigu§’analyses, shall be placed in suitable, cleahed bottles

(e.g. glass
with uniqu
transporte

To the exte
in Table 5.
for the test
be employd
the testing

NOTE1 4
approval or

The IWC sy
unit, includ
failure of t

fontainers and sample bottles for assessment of MP and NP). All sample bottles shall
e identification numbers prior to sampling. To ensure analytical validity, all sampl
d and stored within the appropriate time, temperature, and light requirements.

nt possible, certified or validated analytical methods are expected to be used for the {
The sample analytical method-used for Clause 7 shall be the same as those employed f
ing of an individual IWC.§ystem. Table 6 provides a few examples of analytical metho
bd. However, other recognized methods can be used if they meet the data quality requi
organization.

Any analytical method used is expected to be either validated or accepted, or both, by the r
permitting autherity.

stem seryice provider shall supply a standard operating procedure (SOP) for the debris
ing th&frequency of activities (e.g. changing or cleaning of filters and filter cartridges)
he Anit. The use of the debris processing unit during the test shall be audited again

be labelled

es shall be

arameters
pr Clause 8
ds that can
rements of

plevant IWC

processing
to prevent
bt this SOP.

The parts

bf-the waste treatment system above the water surface shall be monitored for leaks,

overflows,

or alarms. A Tog of system operations/performance shall be kept, noting any problems, such as blocked
or ruptured filters, or leaks. Contingency plans to manage the risks and rectify system failures shall be
included in the SOPs. Video recordings (of five minutes or more) of the debris processing unit operations and
functioning (e.g. control panel, solid waste separation and collection, effluent discharge) shall be captured
at the beginning, middle, and end of each test trial as supporting documentation of service provider claims.

Some IWC system debris processing units can include an effluent disinfection stage to kill or render
organisms “non-viable” prior to environmental release. Where this is the case, additional data shall be
collected to document the proper dose and operations of the disinfection process (including neutralization,
if applicable), rather than measuring or estimating live or viable organisms.[48] Measured water quality

© IS0 2025 - All rights reserved
23


https://standardsiso.com/api/?name=a2542706f53efd08bb438c08aa35a5cc

ISO 20679:2025(en)

values (see 7.2) will also provide fundamental insight into the possible effluent release of macro-organisms
of concern.

NOTE 2  Very few, if any, particles >10 um in size can indicate reduced biosecurity risk from macro-organisms.

The IWC system provider shall supply details of the disinfection method employed (e.g. UV, heat, biocide) and
existing data to verify its efficacy on various aquatic organisms (including propagules and pathogens) that
can be found within the effluent. This shall include results of pre-treatment of the effluent (e.g. filtration to a
specified size) required to achieve an efficacious secondary process. Efficacy can be deduced from scientific
literature demonstrating doses known to effectively treat ship’s ballast water, effluent from land-based
aquaculture or seafood processing facilities, or municipal wastewater.[24]

During each IWC system test, it shall be confirmed that the treatment system is meeting specifications (e.g.
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ea and duration of the specific cleaning event, as well.as the type and abundance of bi
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9 Quantification of IWC impact on ship-coatings

Observatid
recorded (¢
shall be ca
assessmen
coating ph
considerat
can includ
through, a
impacts on

ns of coating physical condition-onwvarious ship surface types before and after cleaning shall be
.g. through photos, videos, or both) and reported. For comparative purposes, the approach chosen
nsistent over the replicate.(n = 3) test ships and incorporate existing approaches for coating
Ls (e.g. the Paint Deterioration Rating Scale specified in Reference [76]). These obsefvations of
ysical condition can be eonducted as part of the biofouling surveys described in Claude 6, noting
ons for proactive JWC systems. Observations regarding the physical condition of the coating
e, but are not limited to, visible scratches, brush marks, paint flakes, pitting, bare mgtal/polish
hd blemishes..See’ Annex B for an optional quantitative estimate of the potential IWC system
ship coatings:

10 Data management

10.1 Syst

£, h S 4
I 101 Uatia IIidiidgCiiciit

10.1.1 General

A formal system for managing data should be implemented, which encompasses and traces the path of
the data from their generation to their final use or storage. For example, from field measurements and
sample collection/recording through transfer of data to computers (laptops, data acquisition systems,
etc.), laboratory analysis, data validation/verification, quality assessments, and reporting of data of known
quality to the clients and sponsors. The system should also include control mechanisms for detecting and
correcting errors.
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10.1.2 Data quality objectives

Data quality objectives (DQO) are qualitative and quantitative statements that clarify study objectives,
define the appropriate types of data and specify the tolerable levels of potential decision errors that will
be used as the basis for establishing the quality and quantity of data needed to support decisions. DQOs are
typically expressed in terms of acceptable uncertainty associated with a point estimate at a desired level of
statistical confidence. Only data that meet or exceed these criteria can be deemed valid.

For example, the development of DQOs can follow the EPA Guidance for the Data Quality Objectives

Process,[77

I or a similar accepted framework.

10.1.3 Data quality indicators
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cy, which is a measure of the closeness of a measured value to the true value;
on, which is a measure of the repeatability of a measurement;

hich is the systematic or persistent distortion of a measurement process that causes e
on;

entativeness, which describes how well the data reflect theactual conditions;

compalrability of data that are of a recognized quality, and canbe validly applied by external

bteness, which describes whether valid data are preduced for all the submitted samy
raction thereof; and

vity, which describes the lowest measure, or.ificrement of measurement, that a technique

d Guidance for the Data Quality Objectives Process.[Z7]

10.2 Data recording and archiving

Various types of data are acquired,ahd recorded electronically or manually during testing by the

testing or
data shoul
longevity,
— made

accur

dated

nization. Sample collection data (e.g. date, time, and location of collected samples) ang

uring test
ate quality

rror in one
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pf approaches to determining DQIs include the EPA’s Guidance for Quality Assurance Project

staff of the
| analytical

be recorded manually or electronically using a method that preserves unique identification, and

ind ensures accuracy, traceability, and integrity of the data. All documentation should

omptly at the'time of observation;

J):
e, legible, permanent, clear, and complete;

hnddnitialled by the responsible personnel; and

be:

copied

,Stanmed; or photograpied:

Chain-of-custody forms may be used as needed.

10.3 Data analysis

10.3.1 Overview

Data analysis is the process of systematically applying statistical and logical techniques to describe and
illustrate, condense, summarize, and evaluate data. An essential component of ensuring data integrity is
the accurate and appropriate analysis of field samples and laboratory measurements of environmental and
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technology performance variables. Examples of relevant data analysis are described by Tamburri et al.

(2020).152]

10.3.2 Qu

ality assurance and quality control

There is potential for variability in any sample collection, analysis, or measurement activity. Field variability
generally contributes more than laboratory variability. Total study error can result from among sampling

unit variab

ility, and within-sampling-unit variability.

Quality assurance (QA) measures undertaken to ensure the reliability of the data collected include
duplicate sampling, replicate analysis, calibration and maintenance procedures, schedules, and standards
(if appllcable) for all equlpment used in the test. Quality control (QC) measures are actions to ensure that
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11 Quality assessments
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ocedures for laboratory QC include daily instrument calibrations, efficiency, and b
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f QA/QC measures can be found in Reference [80] and the EPA Guidanee for Quality
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cted by a client; or

Certainty affects compliance to a specificationimit.
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tandard uncertainty can be calculated as described in documents such as ISO/IEC Guide 98-1.
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each assessment is fully documented;

each assessment shall be responded to by the appropriate level of the testing team;

and acknowledgement of the assessment by the test lead; and
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ive in response to the assessor’s finding.
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11.2 Technical audits

11.2.1 Ov

erview

Technical audits are systematic and objective examinations of test implementation to determine whether
data collection activities and related results comply with the test protocol, are implemented effectively, and
are suitable to achieve its data quality goals. Audits of tests shall include technical system audits (TSA) and
audits of data quality (ADQ).

11.2.2 Technical system audit

A TSA is a thorough, systematic, and qualitative evaluation of the sampling and measurement systems
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A DQA may be conducted as described in the EPA Guidance for Data Quality Assessment: Practical Methods
for Data Analysis,[82] or a similar accepted framework, and include:

data verifications;

data validations; and

— data usability assessment.
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11.4 Non-conforming work and corrective action

Non-conforming work can occur during various stages of testing (e.g. incorrect following of documented
test procedures, use of uncalibrated test equipment, lack of staff supervision or training, errors in the test
report). Procedures shall be established for the control of non-conforming work. and ensure that:

— the responsibilities and authorities for the management of non-conforming work are designated and
actions (including halting of work and withholding of test reports, as necessary) are defined and taken
when non-conforming work is identified;

— an evaluation of the significance of the non-conforming work is made, including criteria;

— corrective actions are taken immediately, together with any decision about the acceptability of the non-
confor uius wot }\,

— where|necessary, the client is notified and work is recalled;
— the regponsibility for authorizing the resumption of work is defined; and
— all actions are recorded and become part of the permanent project file.

An examplg of a corrective action procedure is presented in the US EPA’s Control.of Nonconforming Work.[83]

11.5 Audijt reporting

The QA Mpnager is responsible for all audit reports. These writtén reports focus on whethpr the test
activities and related analytical results:

— comply with the test plans and related SOPs;

— are implemented effectively; and

— are sultable to achieve data quality goals.

An audit rdport usually consists of:

— an intijoduction describing the date, location, purpose, and scope of the audit;

— adetalled account of the findings and their basis;

— conclufions, including a discussion of any findings requiring corrective action; and
— recommendations (if reqii€sted) for resolving problems that affect quality.
Findings of audit results.can generally be divided into three categories:

— notewprthy practices or conditions;

— observationg;which are neither positive nor negative; and

— non-cdnfermances, which are deviations from standards and documented practices (e.g. testplans, SOPs,
reference methods).

Non-conformances can be divided into two subcategories:
— deficiencies, which adversely impact the quality of results; and

— areas of concern, which do not necessarily (but could) result in unacceptable data.

12 Human health and environmental safety

The IWC service provider and personnel of the testing organization are expected to follow standard
laboratory and field work safety procedures, abide by all health and safety legislation in the location of

© IS0 2025 - All rights reserved
28


https://standardsiso.com/api/?name=a2542706f53efd08bb438c08aa35a5cc

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Fundamental information needed for testing of IWC systems 
	4.1 Factors that can impact performance 
	4.2 Fundamental parameters 

	5 Test experimental design 
	5.1 General 
	5.2 Classification of IWC system application for testing 
	5.3 Duration and extent of testing 
	5.3.1 General 
	5.3.2 Proactive systems 
	5.3.3 Reactive systems 


	6 Quantification of biofouling removal and prevention 
	6.1 IWC systems 
	6.1.1 General 
	6.1.2 Proactive systems 
	6.1.3 Reactive systems 

	6.2 Fouling rating 
	6.3 Control and treated test locations 
	6.4 Biofouling survey sampling methods 
	6.4.1 General 
	6.4.2 Hull areas 
	6.4.3 Niche areas 
	6.4.4 Hull and niche areas 
	6.4.5 Proactive systems 

	6.5 Dive survey sampling method during low visibility 
	6.5.1 Hull areas 
	6.5.2 Niche areas 

	6.6 Environmental characteristics to quantify 

	7 Quantification of changes to water quality 
	7.1 Water quality measures as proxies for broad environmental impacts 
	7.1.1 General 
	7.1.2 Proactive systems 
	7.1.3 Reactive systems 

	7.2 Water quality parameters to quantify 
	7.3 Water quality sample collection 
	7.4 Environmental characterization 

	8 Quantification of debris processing and effluent 
	8.1 Overview 
	8.2 Sampling the debris processing unit 
	8.3 Water quality parameters to quantify 
	8.4 Solid waste disposal 

	9 Quantification of IWC impact on ship coatings 
	10 Data management 
	10.1 System for data management 
	10.1.1 General 
	10.1.2 Data quality objectives 
	10.1.3 Data quality indicators 

	10.2 Data recording and archiving 
	10.3 Data analysis 
	10.3.1 Overview 
	10.3.2 Quality assurance and quality control 
	10.3.3 Measurement uncertainty 


	11 Quality assessments 
	11.1 Fundamental principles 
	11.2 Technical audits 
	11.2.1 Overview 
	11.2.2 Technical system audit 
	11.2.3 Audit of data quality 

	11.3 Data quality assessment 
	11.4 Non-conforming work and corrective action 
	11.5 Audit reporting 

	12 Human health and environmental safety 
	13 Test report 
	Annex A (informative)  Example of biofouling surveys of various surface types 
	Annex B (informative)  Optional method for additional determinations of IWC impacts on ship coatings 
	Bibliography 

