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Foreword

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

elect

rotechnical standardization.
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Certain surgical, diagnostic, and therapeutic techniques can generate noxious airborne contaminants
(plume) as by-products, particularly from procedures that include the cutting, ablation, cauterization,
or mechanical manipulation of target tissue by energy-based devices such as lasers, electrosurgical
generators, broadband light sources, ultrasonic instruments, etc. or mechanical surgical tools such
as bone saws, high speed drills, and reamers. New technologies in cutting and sealing can result in
less plume generation (see Referencel83]) but plume remains a hazard. Energy-based contact with
articles such as tubing, swabs, and skin preparation solutions will produce additional chemicals. This
International Standard was developed in response to awareness of the potential hazards to patients and

staff of plunfe generated by these techniques in nealthcare seceings. . . |
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specific conj
used by the

The objectiy

bntain a variety of contaminants: viable bacteria (including multi-resistant strains), vir
Iris (including DNA), airborne chemicals, particulates, ultrafine particles, aerosols, g
1 fumes (including fumes from metals). In vitro studies of bacterial and viral\contamin
riable Escherichia coli, Staphylococcus aureus, human papillomavirus (HPVj),hepatitis vij
and human immunodeficiency virus (HIV) in plume. The gases in plume can include
such as benzene, formaldehyde, and hydrogen cyanide. Plume can also contain aerosg
ha, cells, or fragments of cells) and blood-borne pathogens.

osesahazardtoexposed persons.Itcantransmitinfection, orhave mutagenicorcarcino
he can also cause irritation of the mucous membranes, eyes) respiratory system, and
, plume reduces the clinician’s ability to clearly see the operative field, resulting in u
nditions.

itional Standard specifies requirements for systetn’s for evacuation of plume generat
acilities. It is intended for those persons involved in the design, construction, inspec
bn of healthcare facilities. Those persons involved in the design, manufacture, installg
use of equipment and components for plume'evacuation systems should also be aware
his International Standard.

htional Standard seeks to ensurecthat plume generated in healthcare facilities if
hrough the medical vacuum or anaesthetic gas scavenging systems. For this reason, {
ponents are specified for terminal units and for other connectors which are intended
pperator.

es of this International Standard are to ensure the following:
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a) non-int¢rchangeability with'other products or pipeline systems by design;

b) continupus extraction-at specified pressures and flows;

c) use of shitable miaterials for all components of the system;

d) provisign ef monitoring indicators and alarm systems;

e) correct ratinmgof filtrattfon systems;

f) correctindication of filter life;

g) correct marking and labelling;

h) electrical and environmental testing;

i) correctinstallation;

j) testing, commissioning, and certification;

k) provision of guidance on operational management;

1) appropriate manufacturer’s instructions for use, training, service, and maintenance.
vi © ISO 2014 - All rights reserved
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Annex F contains rationale statements for some of the requirements of this International Standard.
It is included to provide additional insight into the reasoning that led to the requirements and
recommendations that have been incorporated into this International Standard. The clauses and
subclauses marked with * after their number have corresponding rationale contained in Annex F. It
is considered that knowledge of the reasons for the requirements will not only facilitate the proper
application of this International Standard, but will expedite any subsequent revisions.
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INTERNATIONAL STANDARD ISO 16571:2014(E)

Systems for evacuation of plume generated by medical
devices

1 Scope

1.1 This International Standard specifies requirements and guidelines for the design, manufacture,

inst " " S ; . ; . nmissioning
of equipment for evacuation of plume generated by medical devices.
NOTH A plume evacuation system (PES) can be a functionally independent component of a mledical device

that has other functions.

1.2 | This International Standard is applicable to

a) jortable and mobile plume evacuation systems,

b) cal stationary plume evacuation systems,

c) dledicated central pipeline systems for plume evacuation&ystems, and

d) plume evacuation systems integrated into other equipment (e.g. laser equipment).

1.3*| This International Standard does not apply toactive and passive devices used to evacuate plume
genefated during invasive (e.g. laparoscopic or endescopic) procedures.

1.4 This International Standard does not apply to the following:

a) anaesthetic gas scavenging systems (AGSSs) which are covered in ISO 7396-2;

b) edical vacuum systems which aré covered in ISO 7396-1;
Ileating, ventilation, and ajriconditioning (HVAC) systems;
d) 4gspects of laser safety other than airborne contamination;
INOTE Some othefaspects of laser safety are covered by IEC 60825 (see ReferencelZ]).

e) 4Jspects of electrosurgery, electrocautery, and mechanical surgical tools other than airborne
¢ontaminatien produced by such equipment resulting from interaction with tissue or materials.

2 Normative references

The folfowingdocuments, imwhote or i part, are normativety Teferernced i this docurment and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 3744:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Engineering methods for an essentially free field over a reflecting plane

ISO 5359, Low-pressure hose assemblies for use with medical gases
ISO 7396-1:2007, Medical gas pipeline systems — Part 1: Pipelines for compressed medical gases and vacuum
ISO 11197, Medical supply units

ISO 14971, Medical devices — Application of risk management to medical devices

© ISO 2014 - All rights reserved 1
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[EC 60601-1, Medical electrical equipment — Part 1: General requirements for basic safety and essential
performance

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

IEC 62366, Medical devices — Application of usability engineering to medical devices

EN 1041, Information supplied by the manufacturer of medical devices

EN 1822-1, High efficiency air filters (HEPA and ULPA) — Classification, performance testing, marking

EN 13348, Copper and copper alloys — Seamless, round copper tubes for medical gases or vacuum

3 Terms and definitions

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

31
adsorber
device that removes volatile organic compounds and odours from a gas stream

EXAMPLE Activated carbon filter.

3.2
capture deyice
hose, tube, funnel, or other accessory that provides the inlet to the)plume evacuation system at the site
of plume gemeration

3.3
central plume evacuation system
permanently installed PES which includes a supply system, a pipeline system, and terminal unit(s), and
that conveys the plume to the outside of the building

34
diversity factor
factor which represents the maximum proportion of terminal units in a defined clinical area which will
be used at the same time, at flow rates defined in agreement with the management of the healthcare
facility and according to this International Standard

3.5
electrocautery
surgical teclinique thatusesan electrically heated device to cut, ablate, or coagulate tissue for therapgeutic
purposes

Note 1 to entfy: Electrosurgery is also known as high frequency (HF) surgery or surgical diathermy.

3.6
electrosurgery

surgical technique that uses a radiofrequency electric current passing through the patient to cut, ablate,
or coagulate tissue for therapeutic purposes

3.7
flow-generating device
part of a plume evacuation system that provides flow and vacuum for evacuating plume

3.8
junction point
connection point between the inlet tubing to the flow-generating device and the PES pipeline

Note 1 to entry: See Figure A.3.

2 © ISO 2014 - All rights reserved
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local stationary plume evacuation system
permanently installed PES that includes a flow-generating device and terminal unit and that vents the
filtered plume inside the room

3.10

manufacturer
natural or legal person with responsibility for the design, manufacture, packaging, and labelling of a
device before it is placed on the market under his own name, regardless of whether these operations are

carri

ed out by that person himself or on his behalf by a third party

3.11
med
any

coml
and/|
to be

ical device

nstrument, apparatus, appliance, software, material, or other article, whether{uised,
ination, including the software intended by its manufacturer to be used specifically fa
pr therapeutic purposes and necessary for its proper application, and intendéd by the m|
used for human beings for the purpose of

q

and
imm

3.12
med
pern
medj

medical areas of a healthcare facility,

Note
partg

or illymination, communication, supply of medical gases and liquids, plume evacuation systems, an

gas s
pend

wallsl

Note

3.13
mob
refern

investigation, replacement, or modification of the anatomy,etf a physiological proces

iagnosis, prevention, monitoring, treatment, or alleviation of diseasg,

iagnosis, monitoring, treatment, alleviation of, or compensatiorkfor an injury or hand

ontrol of conception,

vhich does not achieve its principal intended action in or on the human body by phar
inological, or metabolic means, but which can bé@ssisted in its function by such mean

ical supply unit

cal gases and/or liquids, plume evacuation systems, and anaesthetic gas scavenging

1 to entry: Medical supply units.cdn include medical electrical equipment or medical electric
thereof. Medical supply unitscan also consist of modular sections for electrical supply, lightin

favenging systems. Some typical examples of medical supply units are bed head services moj
hnts, beams, booms, Columns, pillars, cabinetry, concealed compartments on or in a wall, and

P to entry: Detailed information about medical supply units can be found in ISO 11197.

jle
rifgto transportable equipmentintended to be moved from one location to another whi

alone or in
r diagnostic
anufacturer

cap,

5 and

macological,
S

janently installed medical electrical equipment intended to supply electric power, lighting, and/or

systems to

h] systems or
g for therapy
1 anaesthetic
dules, ceiling
brefabricated

esupported

by it

b own wheels or equivalent means

3.14

pipeline system
portion of a central PES between the terminal unit(s) and the supply system

3.15

plume

noxious airborne contaminants generated as by-products, particularly by procedures that rely on the
ablation, cauterization, mechanical manipulation, or thermal desiccation of target tissue by devices such
as lasers, electrosurgical or electrocautery devices, broadband light sources, ultrasonic instruments, or
surgical tools such as bone saws, high speed drills, and reamers

Note 1 to entry: Plume can include visible or invisible aerosol particles, smoke, or gases.

© IS0 2014 - All rights reserved
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plume evacuation system

PES

device for capturing, transporting, and filtering plume and exhausting the filtered product

Note 1 to entry: Plume evacuation systems can also be called smoke evacuators, laser plume evacuators, plume
scavengers, and local exhaust ventilators (LEVs).

Note 2 to entr

3.17
portable
referring to
carried by o

3.18
pre-filter

y: Diagrams of typical PESs are found in Annex A.

ne or more persons

device inten|ded to protect filtration equipment from damage by preventing the intakéof large par

and/or mois

3.19

single fault
condition inf
single exter

3.20
single use
referring to

3.21
source of s
portion of t

[SOURCE: IS

3.22

supply syst]
assembly w]

[SOURCE: IS

3.23

system des
flow calculg
diversity fag

[SOURCE: IS
3.25

ture

condition
which a single means for protection against a safety hazarddn equipment is defectivg
hal abnormal condition is present

a product intended to be used once and then discarded

pply
e supply system with associated contralequipment which supplies the pipeline syste

0 7396-1]

em
hich supplies the pipeline system and which includes all sources of supply

0 7396-1]

jign flow
ted fromthe maximum flow requirement of the healthcare facility and corrected b
tor(s)

0.7396-1]

transportable equipment intended to be moved from one location to another while l|)eing

ficles

ora

=1

y the

terminal unit
inletassemblyinaplume evacuation system at which the operator makes connectionsand disconnections

Note 1 to entr

3.26

y: See Figure 1.

transfer tubing
tubing between the capture device and the filtration system
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transportable
referring to equipment that is intended to be moved from one place to another, whether or not connected
to a supply and without any appreciable restriction of range

EXAMPLE

3.28

Mobile equipment and portable equipment.

ultra-low penetration (or particulate) air (ULPA) filter
filter with an overall particulate efficiency of not less than 99,999 5 % as determined by EN 1822-1

3.29

ultrasonic surgical device
surg]cal device that utilizes high frequency vibration to enable hemostatic cutting or cauter

ther

4

All p
pres

4.1
in ad
an a
conn

NOTH
situa
that

contr

NOTH

4.2

Stan
the 1
refen

4.3
shall

Evid

4.4*
anae

al effects, coupled with fragmentation of tissue

eneral requirements

ressures in this International Standard are gauge pressures (i.e:-relative to local
bure) and are measured in kPa.

PESs shall, when installed, extended, modified, commissioned, operated, and
cordance with the instructions of the manufacturer, psesent no risks that are not
fceptable level using risk management procedures in:accordance with ISO 14971 an

1  Asituationinwhich afaultis notdetected is considered a normal condition. Fault conditio

ase, a subsequent detected fault condition needs to be considered as a single fault condition
ol measures need to be determined within the-risk management process to deal with such sity

2 Typical safety hazards are listed intAnnex D.

The manufacturer can use type tests different from those described in this I
lard, if an equivalent degreeof compliance can be demonstrated. However, in the ever]
est arrangements and methods described in this International Standard shall be
ence methods.

When used in acé¢opdance with the manufacturer’s instructions, the efficiency of ply
be at least 90 %

ence shall be provided by the manufacturer.

A PES.shall not be connected to any pipeline system for medical gases and/or
thetic gas scavenging system (AGSS), or a heating and recirculating ventilation syster]

y, created by

htmospheric

maintained
reduced to

d which are
ected with their intended application, in normal condition and in single fault condition.

s/hazardous

ions can remain undetected over a period of timednd as a consequence can lead to an unacceptable risk. In

Specific risk
ations.

nternational
t of dispute,
used as the

me removal

vacuum, an
n.

4.5

Portable-and-mobile plume evacuation-systemsshall comply-with

equirements

T o toorC oo oot prorm T T v ot uotIoT oy ST TiTo STt COTITpPT VvV ICIT

for basic safety and essential performance specified in [EC 60601-1.

NOTE

National or regional regulations can specify additional requirements.

4.6 The sound pressure level emitted by the PES shall be measured in accordance with 12.2 and shall

be disclosed in the instructions for use.
NOTE National and regional regulations concerning noise levels within the medical environment can exist.
4.7*  Enclosures of portable and mobile plume evacuation systems shall provide at least an [P31

degree of protection when tested according to 12.4.1.

4.8

The manufacturer shall evaluate usability in accordance with IEC 62366. Check co

inspection of the usability engineering file.
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5

Design requirements

5.1 Components

A PES shall include at least the following elements (see figures in Annexes A and C):

a) acapture device with an inlet that can be effectively positioned near the operative site;

b) transfer tubing;

c) afiltration system;
NOTE A filtration system can include a pre-filter, final filter and indication(s) of filter life(s) or the|need
for replacement, and an adsorber.

d) aflow-generating device;

e) anexhapst system which extends from the flow-generating device to room air (jdctthe case of alocal,
portablg, or mobile PES) or the outside of the building (in the case of a central system);

f) acontrgl system;

g) connectors.

NOTE Tle arrangement of these components can vary and a single deviee can incorporate multiple funcfions.

5.2 Conngectors

5.2.1* Usen-detachable connectors shall not be connegtable with connectors in ISO 535611 or

ISO 80369-1.

NOTE Sge Figures A.1, A.2, and A.3 for the locationdf’connectors.

5.2.2 For the terminal unit connector, the connecting force shall be a minimum of 25 N and a maximum

of 40 N.

5.2.3 For the terminal unit connectdt;*the disconnecting force shall be a minimum of 25 N dnd a

maximum of 40 N.

5.2.4 Atefminal unitis shown in/Figure 1.

© ISO 2014 - All rights reserved
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Dimensions in millimetres
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Key
1 lid on terminal unit with automatic closing device
2 PESterminal

Figure 1 — Plume evacuation system terminal unit
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5.3 Supply system for central plume evacuation

5.3.1 Asupply system for a central stationary PES shall comprise at least two sources of supply, typically
blowers or pumps.

5.3.2* The supply system shall be capable of maintaining the design flow rate of the system when any
single source of supply has been removed from service.

5.3.3 The supply system shall be designed so that during maintenance on any source of supply or
system component or during a single fault condition on any component of the system, the remaining

sources and

5.3.4 Each
source will

sources of si
condition ar

5.3.5 The

5.3.6 The
be provided
location of t
air intakes,
potential eff

5.3.7 If nd
pipeline shaj

components shall be capable of supplying the system design flow.

source of supply shall have a control circuit arranged so that shutting off, or failureyo
not affect the operation of other source(s). The controls shall be arranged so/that a
1pply service the system in turn or simultaneously. This requirement shall be met’in ng
d in single fault condition.

supply system for a central PES should be connected to the emergency pewer supply.

exhaust(s) from the supply system shall be piped to the outside 'efithe building and
with means to prevent the ingress of, for example, insects, debris, and precipitation
he exhaust outlet should be remote from the air intake for medical air compressor syst

ects of prevailing winds on the location of the exhaust(s)

cessary, means to prevent the transmission of vibration from the supply system t
[l be provided.

f one
] the
rmal

shall
The
ems,

doors, windows, or other openings in buildings. Consideration should be given t¢ the

b the

5.3.8 Meaps to regulate flow to terminal unit(s) can be-provided in order to meet the requirements in
7.2.

5.3.9 The [ambient temperature in rooms for supply systems shall be in the range specified by the
manufacturr.

6 Indicating systems

Means shall

7 Plume

7.1 Mech

The pipeling

be provided to indicate‘to the operator that the PES is operating.

extraction system pipeline

anical integrity

distfiibution system shall maintain its mechanical integrity at a pressure of =30 kPa.

7.2 Pres

ures and filows

7.2.1 The vacuum level at the inlet to the capture device shall be no less than =15 kPa (i.e. between

0 kPa and -15 kPa).
NOTE This is to avoid trauma to the patient’s tissues.

7.2.2 The pressure at any terminal unit shall not be less than 110 % of the nominal pressure with all
terminal units closed. The pressure at any terminal unit shall not be less than -10 kPa with the system
operating at system design flow.

7.2.3 The PES shall be capable of providing a flow of at least 500 1/minute at the terminal unit with no
load.

© ISO 2014 - All rights reserved
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7.2.4 The system design flow shall be determined by the designer of the PES after consultation with
the healthcare institution.

EXAMPLE System design flow can be calculated using a diversity factor based on a single theatre design
flow of 500 1/min for the first two theatres and 25 % of the single theatre design flow for each of the remaining
theatres.

7.3 Shut-off valves

7.3.1 Where needed, shut-off valves shall be provided to isolate sections of the pipeline distribution
system for maintenance, repair, or planned future extensions and to facilitate periodic testing. The
nomerctature forshut-off vatves strattbeas fottows:

a) gource shut-off valve;

b) main shut-off valve;

c) riser shut-off valve;

d) branch shut-off valve;

e) 1ing shut-off valve;

f) maintenance shut-off valve.

7.3.74 If not specified, the location of all shut-off valves and:the extent of the area served Qy each shut-
off valve shall be determined by the system designer together with the healthcare facility management,
using risk analysis procedures in accordance with ISO.24971. Consideration should be given fo providing
a shyt-off valve at the point where the pipeline enters abuilding unless the main, riser, or brgnch shut-off
valvg is accessible within the building.

7.3.3 All shut-off valves shall be identified

a) fo indicate the service name or syimbol, and

b) o indicate the risers, branchés, or areas controlled.
Thislidentification shall be seciired to the valve or the pipeline and be readily visible at the valve site.

7.3.4 For all manual shut-off valves in a PES, it shall be apparent by observation whethei| the valve is
open|or closed.

7.3.5 It shall be possible to isolate each source of supply for maintenance, repair, or plajnned future
extemsions and.tofacilitate periodic testing.

7.3.4 Shut-off valves which cannot be locked in the open or closed position shall be prgtected from
operption by unauthorized personnel.

8 System components

8.1 Capture device

NOTE A capture device can be single use or reusable.

8.1.1 The capture device shall comply with relevant clauses for fire prevention in IEC 60601-1.
Evidence shall be provided by the manufacturer.

8.1.2 Capture devices shall be provided with a means to prevent tissue and other material from the
surgical site being drawn into the transfer tubing.

© ISO 2014 - All rights reserved 9
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8.1.3 The capture device shall include a means to prevent attachment to intact tissue or a means to
break the vacuum.

8.2 Transfer tubing — Kinking

The transfer tubing shall not kink when tested according to ISO 5359.

8.3 Filtration system

8.3.1 The filtration system shall be designed to minimize biohazards and other contamination in the
exhaust air. This can be qrrnmplichpd hy using a cinglp mll]fi-pnrpncp filter or more than one filter

8.3.2 The filtration system shall include an ULPA filter in accordance with EN 1822-1.
8.3.3 The filtration system can contain a pre-filter and/or an adsorber.

NOTE A hydrophobic element is not a necessary component of a pre-filter. A fluid drop gut;’suction catheter,
and labelling[to not aspirate fluids are current control methods.

8.3.4 Meaps shall be provided to indicate when a filter or adsorber change is.required according tjo the
manufacturpr’s instructions.

NOTE This can be accomplished through e.g. pressure drop monitoringotindication, a visual indicatpr, an
audible indicftor, or labelling indicating a date for replacement.

8.3.5 Theffilters shall be designed such that during routine maintenance, there is no biohazard to
the user during filter removal and installation (i.e. the user should not be directly in contact with the
contaminated filter components).

8.3.6 Locdl, mobile, and portable PESs shall contaih@n adsorber when the outlet flow is intp the
operating rgom.

8.4 Flowigenerating device

8.4.1 Provided thatunacceptable riskisnotintroduced and the PES continues to meet the requirements
of this Interpational Standard, the flow-generating device can be used to power other systems.

Check compliance by examinatioh of the risk management file.
NOTE1 The flow-generating.device is usually used only to power the plume evacuation system.
NOTE 2  Sqe Annex H for'guidelines for flow-generating devices consisting of fans, blowers, or dedicated pymps.

8.4.2 A fldw-generating device shall be provided downstream of the filtration system.

8.4.3 Meahs-Shall be provided in the PES for the operator to adjust the flow.

8.4.4 Flow-generating devices for a central PES consisting of fans, blowers, or dedicated pumps shall
not be located in the same room as gas and non-cryogenic liquid cylinder supply systems.

8.4.5 Thelocations of flow-generating devices for a central PES shall be decided by a risk management
process in accordance with ISO 14971.

8.5 Exhaust system

The exhaust port on PESs shall be marked as such and shall include a warning that the exhaust port
should not be blocked.

10 © ISO 2014 - All rights reserved
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Control system

The control system shall include an ON-OFF device.

NOTE1 Itcan also include one or more of the following:

a) flow control;

b) means to control how long the PES continues to evacuate plume after it is turned off (delay control);

c¢) astandby mode.

nsor devices,

NOTE=2 A wwide ranago of contral devicas (o o olactranic footowitchaoc mnoumaatic foatowitchaoc ¢
o o L o 7

andd
devid

8.7

8.7.1
and (

NOTH
mate

Evid

NOTH
acon

8.7.2
stand

Evid

NOTH
confd

NOTH
comp

8.7.3
into

NOTH
evaly

8.7.4

e of the laser or electrosurgical unit.

Pipelines, tubing, and other components

ompatible with plume under the operating conditions specified by the‘manufacturer.

1 Corrosion resistance includes resistance against the influence' of moisture and the
Fials.

ence shall be provided by the manufacturer.

lards/regulations (e.g. ASTM B819) that can apply.
ence shall be provided by the manufacturer.

1  Regional or national regulations can require the provision of evidence to the competent

ressed medical gases and vacuum is in accordance with ISO 7396-1.

hccount, usingrisk management procedures in accordance with ISO 14971.

Experienice shows that non-metallic pipes and their junctions used in PESs need to
ated for their durability following exposure to plume.

[f.lubricants are used, they shall be compatible with plume under the operatin

spec

fied by the manufacturer

rmity assessment body, e.g. notified body in the European Economic Area (EEA), upon request.

irect cable connections) can be used with PESs. A remote control feature can be coupled with.he activation

The materials used for pipelines and other components of the PES shall be corrosjon resistant

surrounding

2 Regional or national requirements can require the provision of evidence to the competenf authority or
formity assessment body, e.g. notified body in the Eugepéan Economic Area (EEA), upon requsst.

If copper pipes are used, they shall comply,with the requirements given in EN 13348 or national

huthority or a

2 The use of the same ‘stock of copper pipes as is used for the installation of pipeling systems for

The potential hazards arising from the use of non-metallic pipes and components shall be taken

be carefully

 conditions

Evidence shall be provided by the manufacturer.

NOTE

Regional or national regulations can require the provision of evidence to the competent authority or a

conformity assessment body, e.g. notified body in the European Economic Area (EEA), upon request.

8.7.5 Precautions shall be taken to maintain the cleanliness of components during transportation,
storage, and installation.

9 Terminal units

9.1
9.2

© ISO

Each central PES shall have a PES-specific terminal unit, complying with Figure 1.

The terminal unit shall have an automatic closing device that seals when not connected.
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10 Marking and colour coding

10.1 Marking

10.1.1 Pipelines shall be marked “PES” or the national equivalent and shall have arrows denoting the
direction of flow adjacent to valves (if fitted) at junctions and changes of direction, before and after
walls and partitions, etc., at intervals of no more than 10 m and adjacent to terminal units.

10.1.2 Marking shall be durable and with letters not less than 6 mm high.

10.1.3 The exhaust outlet of a central plume evacuation system shall be marked as such.

10.2 Colour coding
10.2.1 If colour coding is used, it shall be in accordance with national standards.

10.2.2 The test for durability of markings and colour coding is given in 12.3.10.

11 Pipeline installation

When a PESis in a medical supply unit, it shall be installed in accordance with the relevant clauges of
ISO 11197.

NOTE1 Regional or national regulations which apply to electrical installations in buildings can exist.

NOTE 2  Re¢gional or national regulations which apply to continujtyZef earthing across all joints within the[same
building and fo electrical isolation of different buildings from each.other can exist.

12 Testing, commissioning, and certification of the PES

The resolution and accuracy of all measuring devices used for testing shall be appropriate for the values
to be measufed. All measuring devices used forcertification shall be calibrated at appropriate intervals.

12.1 General requirements for tests

Before any festing is carried out,eyery terminal unit in a central system under test shall be labelled to
indicate thaf the system is undér;tést and shall not be used.

12.2 Noisqg testing

12.2.1 For portable{or' mobile PES, place the PES on a sound-reflecting plane and attach the [least
favourable dapturifig'device with respect to noise, as indicated in the instructions for use. Set th¢ PES
flow rate that cfeates the maximum sound level. Using a microphone of the sound level meter complying
with the reqiivements of type 1 instruments specified in [EC 61672-1, measure the sound pre!sure
levels at 10 positions in a hemisphere with a radius 1 m from the sound generating source.

12.2.2 For local or central PES, place the PES capturing device on a sound-reflecting plane and attach
the least favourable capturing device with respect to noise, as indicated in the instructions for use. Set
the PES flow rate that creates the maximum sound level. Using a microphone of the sound level meter
complying with the requirements of type 1 instruments specified in [EC 61672-1, measure the sound
pressure levels at 10 positions in a hemisphere with a radius 1 m from the sound generating source.

12.2.3 Calculate the A-weighted sound pressure level averaged over the measurement surface according
to 8.2.2 of ISO 3744:2010.

12.2.4 Verify that the A-weighted background level of extraneous noise, including any information
signals, is at least 6 dB below that measured during the test.
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12.2.5 Include the measured sound pressure level in the instructions for use.
12.3 Tests, inspections, and checks of a fixed (local stationary or central) PES

12.3.1 General

Tests after completion of installation of a local stationary or central PES system shall be carried out,
documented, and certified by the manufacturer.

NOTE Regional or national regulations requiring the manufacturer to have an approved quality system can
exist.

An example of a procedure for testing and commissioning for a central system is given in'Ahnex H.

Testing shall be carried out with ambient air.

12.3{2 Leakage

12.3(12.1 Pipelines downstream of the flow-generating device shall.be visually inspgcted for the
integrity of all connections.

12.3({2.2 Pipelines between the terminal units and the flowgenerating device shall ble tested at a
pressure of —15 kPa + 10 %. The pressure increase due to leakage)in these sections, after a test period of
15 mlfin, shall be less than 5 kPa with the terminal units blankéd off.

12.3}3 Marking and support intervals of the pipelin€system

12.313.1 The marking of the pipeline system shall meet the requirements of 10.1} The colour
coding of the pipeline system, if used, shall meetthe requirements of 10.2.

12.3(3.2 Pipelines shall be supportedatintervals to prevent sagging or distortion. Recommended
interjvals for rigid metallic pipes are given'in Table 1.

Table 1 — Recommendéd intervals between supports for rigid metallic pipes

Outside diameter Maximum intervals between supportsa
mm m
upto15 1,5
22 to 28 2,0
35to 54 2,5
greater than 54 3,0
a  Jhorter-intervals can be required when using rigid non-metallic pipes.

4 “na 1 : 1 £ s 3 = o £ 1 3z £31 - : 1 .
12.3.‘1‘ NMTUIAIITAL TUTICULIUIT dITU IS PCTULUITN 0T CITAIIIIITICSS O UIC ICT I UITILS

It shall be demonstrated for each terminal unit that the appropriate probe can be inserted, captured,
and released.

All terminal units shall be inspected for the absence of visible particulate matter.

12.3.5 Cross connection

There shall be no cross connection to any other pipeline system.

© ISO 2014 - All rights reserved 13
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12.3.6 Function of flow-generating devices

All flow-generating devices shall operate in accordance with the manufacturer’s manuals and
specifications.

12.3.7 Pressure and flow at terminal units

It shall be demonstrated that the pressure and flow at each terminal unit is in accordance with 7.2.

12.3.8 Control system

The control

12.3.9 Exh

The exhaust

12.3.10

On satisfact
constructiol
correct ider
checked.

12.3.11

Rub markin
with distillg
a cloth rag 4
shall remair

12.3.12

Before a plume evacuation system is used; it shall be certified in writing to the healthcare facility

all tests giveg
been met. T]
of the healt}

The system
been supplig

12.3.13

When exten

system shall comply with 8.6.

hust system

system shall comply with 8.5.

Identification and labelling of the terminal unit

ory completion of the tests, inspections, and checks described*in 12.3.1 to 12.3.9

, the

1 labels indicating that the system is under test shall be removed. At the same timg
tification, labelling, marking, and colour coding (if used)~of each terminal unit shg

Test for durability of markings and colour coding

ps and colour coding by hand, without undue pressure, first for 15 s with a cloth rag so
d water, then for 15 s with a cloth rag soaked with 100 % ethanol, and then for 15 s
oaked with 100 % isopropanol. Carry out-this test at ambient temperature. The marl

legible.

Certification of the central PES system

nin12.1 and 12.2 have béen satisfactorily carried out and all requirements of Clause 4
e results of tests showing details of the areas tested should be part of the permanent r¢
jcare facility.

manufacturer,shall certify that all drawings and manuals, as required in Clause 13,
pd to the owmeror client.

Extensions or modifications

sions or modifications are made to the system, the appropriate testsin 12.1, 12.2 and 1

, the
11 be

aked
with
Kings

that
have
cord

have

2.3.2

to 12.3.11 shal¥he carried out hefore the system is returned to service

12.4 Tests, inspections, and checks of portable and mobile PES

12.4.1 Ingress protection

Compliance with 4.7 is checked using the tests of IEC 60529 with the portable or mobile plume evacuation
system placed in the least favourable position of normal use and by inspection. After these procedures,
verify that basic safety and essential performance are maintained.

14
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2 Certification of the portable and mobile PES

Before a plume evacuation system is used, it shall be certified in writing to the healthcare facility thatall
tests given in 12.2 have been satisfactorily carried out and all requirements of Clause 4 have been met.
The results of tests should be part of the permanent record of the healthcare facility.

The system manufacturer shall certify that all drawings and manuals, as required in Clause 13, have

been

supplied to the owner or client.

13 Information to be supplied by the manufacturer

13.]] General

13.1
of th

13.1
equiy

NOTH

13.2

13.2
evac

13.2
nece

13.2
and

Instn
as pr

13.2
for |
juris

13.2
devi

13.2
carrij

13.2

1 The manufacturer shall provide instructions for the installation, use, servicingyand
e PES.

2 The information to be provided by the manufacturer shall be in acdeordance with
halent national standards.

Instructions for use

1 The manufacturer of the complete system or thesmanufacturer(s) of each comp
1ation system shall provide the healthcare facility with instructions for use.

2 The manufacturer shall disclose the method of use for a capture device and the r
5sary to meet the performance requirements of this International Standard (see 4.3).

3 Themanufacturer’sinstructions foruse shall cover maintenance, setup, monitoring, 1
lisposal of all single-use items including, but not limited to, tubing, filters, and capt
uctions for reusable items shall inglude maintenance, setup, monitoring, and replacen
ocedures for cleaning and disinfection or sterilization.

4 Instructions for disposaliof both reusable and single-use items shall be according to
andling biohazardous (waste in accordance with the requirements of the author
Hiction.

5 The manufacturer shall provide instructions for cleaning and sterilizing reusa
es according toyegional or national standards.

6 The manufacturer’s instructions for use shall state that disposal of capture devic{
ed out aceording to infection control procedures for blood-borne pathogens.

7_The manufacturer shall disclose the lengths and diameters of transfer tubing at w

Regional or national regulations which apply to manufacturers éf medical devices can exi

naintenance

EN 1041 or

bnent of the

hinge of flow

eplacement,
ure devices.
hent, as well

procedures
ities having

ble capture

ks should be

hich the PES

meet

s its performance specification.

13.2

a)
b)

.8 The instructions for use shall contain the following:

the name or trade name of the manufacturer;

components;

c)
d)
e)
f)

© ISO

any special storage and/or handling conditions;
any special operating instructions;
any warnings and/or precautions to be taken that were identified during risk analysis;

the batch or serial number, if applicable;
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detachable parts and accessories;

g)
h) adescri
i)
j)
k)
1) alistof
m) informd
n) instruct
13.2.9 The

might be iny

13.3 Oper
13.3.1 The

ption of the control systems;

the position in normal condition (i.e. open or closed) of all shut-off valves, if fitted;
instructions for recommended periodic checks of function of the system;

instructions for recommended maintenance tasks and their frequency;

recommended spare parts, if applicable;

atechnical specification including the performance of the system, and how to connectand disconnect

tion regarding which plumes the system is designed to be used with; and
ions for the disposal of components or consumables.

nstructions for use shall take into account the possibility that several differént organisa
olved in operation, use, and maintenance.

htional management information

manufacturer(s) of each component of the plume evacuation system shall provide operat

management information to the healthcare facility to enable it to produce its operational manage

document.

13.3.2 The
maintenanc

NOTE
Annex F of I
Annex D.

13.3.3 A se
pipelines, th
during cons
details whid

13.3.4 A cd
healthcare f]

13.3.5 Elec
13.3.6 The

bystem manufacturer(s) shall provide instructions to the healthcare facility for recomme
e tasks and their frequency, and a list of recommended spare parts.

Infformative guidelines for the preparation of the;eperational management document are giy
0 7396-1:2007. Informative guidelines for carrying out a risk management procedure are giy

fruction and shall be brought up to date as changes are made. These drawings shall in
h will enable buried or cong¢ealed pipelines to be located.

mplete set of “as-installed” drawings of the pipeline system shall be presented t
acility for inclusion-as part of the permanent record of the healthcare facility.

manufacturer shall disclose the technical specification in accordance with 13.2.7.

parate set of “as-installed” mechamical drawings which show the actual locations g
e diameters of the pipelines, shut-off valves, and all other components shall be maint3

frical diagramgs-for the components supplied shall be provided by the system manufact

kions

jonal
ment

nded

en in
en in

f the
lined
lude

the

urer.
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Annex A
(informative)

Types of plume evacuation systems

General

A1
syste

A.1.7
flow

A.1.3
cons

Al1.4

subs

A.1.5
devi
with

A.1.6
in ac

A.1.7
devi
elect

A.1.§
with

A2

A.2.
Aty

a)

Plume can be evacuated by the means described in this Annex. Users should note that
m will not necessarily be applicable to all plume evacuation situations.

Flows are limited by the tubing size (i.e. the smaller the diameter of the‘tube, the Iq
rate at a given pressure).

Single-use components include capture devices, transfer tubing, and filters, all d
dered biohazardous and thus require proper disposal.

Fantial flows of air needed to capture plume will inevitably produce some noise.

A wide range of activation devices (e.g. electronic footswitches, pneumatic footswit
es, and direct cable connections) can be used with PESs. A remote activation feature ca
the activation device of the laser or electrosurgicdlunit.

) The capture device collects plume which isithen conducted through transfer tubin
fordance with the manufacturer’s operatinginstructions.

es that attach to the electrosurgical hand piece. Other capture devices are intg
rosurgical handpiece. Others hage,wands, nozzles, or hoses.
b PES filtration systems typically use multiple-stage filtration. Some PESs are designg

a single-use pre-filter which shall be replaced after each patient.

Portable and nmobile plume evacuation systems

| Components
ical portable or mobile PES has the following components (see Figure A.1):

apture device that can be a wand, suction tip, connector, or electrosurgical unit adapt

aparticular

wer the gas

f which are

Noise caused by the PES can be an issue with clinical staff and the patient. However, the

ches, sensor
h be coupled

b positioned

Some PESs are designed to be used with electrosurgical devices and have small-lumen capture

gral to the

d to be used

b)

ransfter tubing;

c) filtration system;

d) flow-generating device;

e) control system;

f) exhaust port.

A.2.2 System flow rate and negative pressure generation

System flow rate capacity is determined by the configuration and intended use of the system and can
range from 3,5 I/min to greater than 2 000 1/min. Most units have an adjustable flow capacity and can
produce pressures below -15 kPa.

© ISO
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A.2.3 System characteristics

A typical portable or mobile PES has the following characteristics:

a) can be used for most procedures in a variety of settings;

b) powered using a facility’s main electricity or batteries;

c) can operate at 60 dbA or less;

d) can be easily replaced while undergoing repair;

e) canhavFapowercordthatistypicatty pfacedonthe fioor (creating anmobstacte and tripping hia

f) takes up space in the room where it is used.

Key

1 capture dlevice
2 connectqr

3 transfer fubing
4 pre-filte]

5 ULPA filter

S

2 2 ﬂ jgéo
W ‘
6  adsorber
7  control panel
8 flow-generating device
9 exhaust port

ard);

Figure A.1 — Portable (top) and mobile (bottom) plume evacuation systems

A.3 Local stationary plume evacuation systems

A.3.1 General

Local stationary PESs have a flow-generating device located within a medical supply unit or close to the
operating room (e.g. in the interstitial space adjacent to the operating room). The connection from the
filtration system to the flow-generating device is via a hose. Connections and controls are located on the
medical supply unit (see Figure A.2). The filtration system is connected by the user to the terminal unit.

18
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These PESs capture plume and vent the filtered gas inside the room or outside the building. The filtration
system is typically located at the medical supply unit for easy replacement.

A.3.2 Components

A typical local stationary PES has the following components:

a)
b)
‘)
d)
e)
f)
g)

A.3.

a capture device;

transfer tubing;

filtration svstem:;:

The 1
from|

A3

4
.

Aty

a)
b)
A
d)
e)

f) 1o power cord on floor

q

1

q

B System flow rate

Ioes not take up floor space;

jlways present in the operating room;

low-generating device inlet tubing;
| flow-generating device;
ontrol system;

bxhaust system.

ystem flow rate is determined by the configuration and intended use of the system af
3,51/min to over 500 I/min.

I System characteristics
ical local stationary PES has the following characteristics:

basily accessible filters;

oisy if the flow-generating device,is in the medical supply unit;

elatively quiet if the flow-generating device is remote;

© IS0 2014 - All rights reserved
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Key
1 capture device 7  control system
2 connectqr 8 flow-generating device inlet tubing
3 transfer fubing 9 flow-generating device
4  pre-filtey 10 exhaust
5 ULPA filter 11 terminal unit
6  adsorbel
Figure A.2 — Local stationary plume evacuation system
A.4 Central plume evacuation systems
A.4.1 General
These PESs rapture plume and convey it through a transfer tubing to the filtration system. The filfered
gas is conveyed via terminal units and a pipeline system to a central flow-generating device, and|then
to the building’s exterior (see Figure A.3). Central PESs have their flow-generating device permangntly

installed in

Lhe mechanical plant room.

A.4.2 Components

A typical cel
a) acaptuj
b) transfe
c) afiltrat

d) terming

ntral PES has the following-components:
e device;

tubing;

on system;

1 unit;

e) flow-ge

herating device inlet tubing;

f) junction point (between the flow-generating inlet tubing and the PES pipeline);

g) piping to the central source;

h) acentrally located flow-generating device;

i) apipeline pressure control device;

j) anexhaust system;

k) acontrol system, which includes a means to control the flow rate.

20
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A.4.3 System flow rate and pressure characteristics

System flow rate capacity is determined by the configuration and intended use of the system and can
range from 3,5 I/min to 500 1/min at the terminal unit. Most units produce vacuum pressures more
negative than -15 kPa at the terminal unit.

A.4.4 System characteristics

A typical central PES has the following characteristics:

a)
b)
c)
d)
e)
f)
g)
h)
i)
j)

easily accessible filters;

(Iloes not take up floor space;
felatively quiet at the point of use;
dlways present in the operating room;

fequires central maintenance;

as individual flow controls;
Iowered by facility’s main electricity and connected to emergency power system;
¢an only be used in locations where there is a terminal usit;
Iual flow-generating devices permit continuous opefation;

o power cord on the floor.

© IS0 2014 - All rights reserved
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Figure A.3 — Central plume evacuation system
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ISO 16571:2014(E)

Annex B
(informative)

Healthcare facility policies and procedures

Policies and procedures

B.1.

If af
to ad
with
infed

User
occu

B.1.]
A fac

a)

q

| Policies

acility employs techniques that involve the creation of plume, the facility'should h
dress the potential hazards. These policies should be documented, kept{up to date,
the facility’s management systems for quality, occupational health and‘\Safety, risk n
tion control, and the environment.

5 should ensure that they are familiar with the applicable legislation (e.g. regional
pational health and safety legislation, local health department)«

D

2 Procedures
ility should have procedures that address the following:

he purchasing, installation, testing, use, servicitig, and regular maintenance of plumsg
bquipment and systems;

b) pe
iﬁriﬁcation of flow settings, filter replacement, and confirmation that the PES is perfo

B.2

NOTH
proce
ther¢
have

B.2.1
proc

a) 1

1

rsonnel training related to the use, servicing, and maintenance of PESs (e.g. positioni

anufacturer’s specifications).

Protection of patients‘and staff

The risk of exposuré€ te plume for patients varies according to the type, duration, and rep
dures producing plume;as well as the body site of the procedure, and whether the patient is i
is a tracheal tube in place) or a supraglottic device such as a laryngeal mask is in use. Facility s
h different risk profile, due to repeated exposure.

Procedures-should be in place to protect patients and staff from exposure to p
bdures sheuld include, but not be limited to, the following.

ave policies
and aligned
janagement,

or national

b evacuation

ng of intake,
'ming to the

etitiveness of
ntubated (i.e.
taff members

ume. These

During-a medical or surgical procedure performed in or near respiratory passages, ade

I

emoval should be provided for patient protection using a PES. When jet ventilation is apE

iahs to ensure

Huate plume
lied during

that the ventilation flow does not transport plume particles and gases into the patient’s respiratory
system.

b)

Adequate room ventilation should be provided.

B.2.2 An appropriate person should be designated as facility safety officer. The facility safety
officer should ensure that plume removal requirements are established, implemented, monitored for
compliance, reviewed, and (if necessary) revised periodically.

NOTE

and infection control and department managers.
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Facility safety officers are also called health and safety officers, risk managers, laser safety officers,

23


https://standardsiso.com/api/?name=f5cd1bf8989fdf0c7a2c1cfd24adc4c7

ISO 16571
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B.2.3 Before PES equipment is purchased, a facility should evaluate which plume evacuation system is
most appropriate based on, at a minimum, the following:

the type of procedures that are to be performed;

and layout of the procedure room or treatment area;

the expected volume of plume;

the manufacturer’s specifications for the equipment;

Lility characteristics of the capture device and transfer tubing.

a)

b) the size
<)

d)

e) ease of use;
f) flamma
NOTE M

pst capture devices for laser use have high flame resistance.

B.2.4 Plunpe evacuation should be performed using equipment designed specificallyfer this purpose.

B.3 Pers

B.3.1 Afa
a) has accq
b) hasbee
<)

The facility
and annual

annuall

B.3.2 Faci
maintenanc

B.4 Cont

B.4.1 Afag
generated.

B.4.2 Mas
primary me

bnnel

Fility should ensure that everyone working in an environment where plume is created
bss to current plume hazard and safety information,

h appropriately trained in the use of the PES, and

y demonstrates competency in the use of the PES:

should maintain documentation that provides evidence of appropriate employee tra
fompetency evaluation.

ity personnel who are responsible for-maintaining the PES should be trained in the pj
e and disposal of the components-ofithe system.

rol measures

ning

oper

ility should use control measures that are appropriate for the level and type of plume leing

ks, including particle respirator masks and laser surgical masks, should not be used 3
thod of protection against occupational exposure to plume.

NOTE A

hough surgical masks are designed to protect patients from aerosols and droplets coming fro

noses or moufhs ofthealth care personnel, they provide only minimal protection against plume. Masks can be
even less effgctive.when they are wet or damp.

s the

m the
come

B.4.3 Asa

secondary line of defence, the following can be used:

a) adequate room exhaust ventilation;

b)

NOTE

eye, face, and respiratory protection.

Adequate respiratory protection against plume is too bulky for surgical use.

B.4.4 Theinlet of the capture device should be kept as close as possible to the site of plume generation.

NOTE

that the capture device be held 2 cm to 5 cm from the site or as close as possible.
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The US Center for Disease Control (CDC) and the American Operating Room Nurses (AORN) recommend
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B.4.5 Personnel should observe standard precautions against exposure to blood-borne pathogens
when entering or working in a zone where infectious material from plume could be present in the air or
on surfaces.
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Annex C
(informative)

Typical plume capture devices and transfer tubings

Typical plume capture devices and transfer tubings are shown in Figure C.1.

Key

LR

< .

oL 8
3 »

Ul s W N =

device generating plume with integral or removable capture device
small diameter transfer tubing for low flow applications

larger diameter transfer tubing for higher flow applications

capture device separate from device generating plume

device generating plume without integral or attached capture device

Figure C.1 — Typical plume capture devices and transfer tubing
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Annex D
(informative)

Risk management checKlist

D.1 General

A rigk assessment is a thorough look at the workplace to identify situations, processes; ¢tc. that can
causg harm. A risk assessment performed before policies and procedures are developed |s useful for
determining engineering controls and work practices to reduce the risk of plume exp6sure|through the
following:

a) identification of hazards;
b) e¢valuation of the risks associated with those hazards;

c) determination of appropriate ways to eliminate or control the hazards.

D.2 | Hazards identified

Hazdrds identified are as follows:

a) discontinuity of operation;
b) incorrect pressure;

c) incorrect flow;

d) {ransfer of infection;

e) fire;

f) exposure of patient and staff to plume.
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Annex E
(informative)

Operational management

E.1 The manufacturer(s) of each component of the plume evacuation system shall provide operational
management information to the healthcare facility to enable it to draft its operational management
document.

E.2 The system manufacturer(s) shall provide instructionsto the healthcare facility forreecommended
maintenancp tasks and their frequency, and a list of recommended spare parts.

NOTE Infformative guidelines for the preparation of the operational management docuiment are given in
Annex G of I§0 7396-1:2007. Informative guidelines for carrying out a risk management procedure are giyen in
AnnexD.

28 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=f5cd1bf8989fdf0c7a2c1cfd24adc4c7

	Section sec_1
	Section sec_1.1
	Section sec_1.2
	Section sec_1.4
	Section sec_2
	Section sec_3
	Section sec_3.1
	Section sec_3.2
	Section sec_3.3
	Section sec_3.4
	Section sec_3.5
	Section sec_3.6
	Section sec_3.7
	Section sec_3.8
	Section sec_3.9
	Section sec_3.10
	Section sec_3.11
	Section sec_3.12
	Section sec_3.13
	Section sec_3.14
	Section sec_3.15
	Section sec_3.16
	Section sec_3.17
	Section sec_3.18
	Section sec_3.19
	Section sec_3.20
	Section sec_3.21
	Section sec_3.22
	Section sec_3.23
	Section sec_3.25
	Section sec_3.26
	Section sec_3.27
	Section sec_3.28
	Section sec_3.29
	Section sec_4
	Section sec_4.1
	Section sec_4.2
	Section sec_4.3
	Section sec_4.5
	Section sec_4.6
	Section sec_4.8
	Section sec_5
	Section sec_5.1
	Section sec_5.2
	Section sec_5.2.2
	Section sec_5.2.3
	Section sec_5.2.4
	Table tab_a
	Figure fig_1
	Section sec_5.3
	Section sec_5.3.1
	Section sec_5.3.3
	Section sec_5.3.4
	Section sec_5.3.5
	Section sec_5.3.6
	Section sec_5.3.7
	Section sec_5.3.8
	Section sec_5.3.9
	Section sec_6
	Section sec_7
	Section sec_7.1
	Section sec_7.2
	Section sec_7.2.1
	Section sec_7.2.2
	Section sec_7.2.3
	Section sec_7.2.4
	Section sec_7.3
	Section sec_7.3.1
	Section sec_7.3.2
	Section sec_7.3.3
	Section sec_7.3.4
	Section sec_7.3.5
	Section sec_7.3.6
	Section sec_8
	Section sec_8.1
	Section sec_8.1.1
	Section sec_8.1.2
	Section sec_8.1.3
	Section sec_8.2
	Section sec_8.3
	Section sec_8.3.1
	Section sec_8.3.2
	Section sec_8.3.3
	Section sec_8.3.4
	Section sec_8.3.5
	Section sec_8.3.6
	Section sec_8.4
	Section sec_8.4.1
	Section sec_8.4.2
	Section sec_8.4.3
	Section sec_8.4.4
	Section sec_8.4.5
	Section sec_8.5
	Section sec_8.6
	Section sec_8.7
	Section sec_8.7.1
	Section sec_8.7.2
	Section sec_8.7.3
	Section sec_8.7.4
	Section sec_8.7.5
	Section sec_9
	Section sec_9.1
	Section sec_9.2
	Section sec_10
	Section sec_10.1
	Section sec_10.1.1
	Section sec_10.1.2
	Section sec_10.1.3
	Section sec_10.2
	Section sec_10.2.1
	Section sec_10.2.2
	Section sec_11
	Section sec_12
	Section sec_12.1
	Section sec_12.2
	Section sec_12.2.1
	Section sec_12.2.2
	Section sec_12.2.3
	Section sec_12.2.4
	Section sec_12.2.5
	Section sec_12.3
	Section sec_12.3.1
	Section sec_12.3.2
	Section sec_12.3.2.1
	Section sec_12.3.2.2
	Section sec_12.3.3
	Section sec_12.3.3.1
	Section sec_12.3.3.2
	Table tab_1
	Section sec_12.3.4
	Section sec_12.3.5
	Section sec_12.3.6
	Section sec_12.3.7
	Section sec_12.3.8
	Section sec_12.3.9
	Section sec_12.3.10
	Section sec_12.3.11
	Section sec_12.3.12
	Section sec_12.3.13
	Section sec_12.4
	Section sec_12.4.1
	Section sec_12.4.2
	Section sec_13
	Section sec_13.1
	Section sec_13.1.1
	Section sec_13.1.2
	Section sec_13.2
	Section sec_13.2.1
	Section sec_13.2.2
	Section sec_13.2.3
	Section sec_13.2.4
	Section sec_13.2.5
	Section sec_13.2.6
	Section sec_13.2.7
	Section sec_13.2.8
	Section sec_13.2.9
	Section sec_13.3
	Section sec_13.3.1
	Section sec_13.3.2
	Section sec_13.3.3
	Section sec_13.3.4
	Section sec_13.3.5
	Section sec_13.3.6
	Annex sec_A
	Annex sec_A.1
	Annex sec_A.1.1
	Annex sec_A.1.2
	Annex sec_A.1.3
	Annex sec_A.1.4
	Annex sec_A.1.5
	Annex sec_A.1.6
	Annex sec_A.1.7
	Annex sec_A.1.8
	Annex sec_A.2
	Annex sec_A.2.1
	Annex sec_A.2.2
	Annex sec_A.2.3
	Table tab_b
	Figure fig_A.1
	Annex sec_A.3
	Annex sec_A.3.1
	Annex sec_A.3.2
	Annex sec_A.3.3
	Annex sec_A.3.4
	Table tab_c
	Figure fig_A.2
	Annex sec_A.4
	Annex sec_A.4.1
	Annex sec_A.4.2
	Annex sec_A.4.3
	Annex sec_A.4.4
	Table tab_d
	Figure fig_A.3
	Annex sec_B
	Annex sec_B.1
	Annex sec_B.1.1
	Annex sec_B.1.2
	Annex sec_B.2
	Annex sec_B.2.1
	Annex sec_B.2.2
	Annex sec_B.2.3
	Annex sec_B.2.4
	Annex sec_B.3
	Annex sec_B.3.1
	Annex sec_B.3.2
	Annex sec_B.4
	Annex sec_B.4.1
	Annex sec_B.4.2
	Annex sec_B.4.3
	Annex sec_B.4.4
	Annex sec_B.4.5
	Annex sec_C
	Table tab_e
	Figure fig_C.1
	Annex sec_D
	Annex sec_D.1
	Annex sec_D.2
	Annex sec_E
	Annex sec_E.1
	Annex sec_E.2
	Annex sec_F
	Annex sec_G
	Annex sec_G.1
	Annex sec_G.2
	Annex sec_G.2.1
	Annex sec_G.2.2
	Annex sec_G.3
	Annex sec_G.4
	Annex sec_G.4.1
	Annex sec_G.4.2
	Annex sec_G.5
	Annex sec_G.6
	Annex sec_G.7
	Annex sec_G.8
	Annex sec_G.9
	Annex sec_G.10
	Annex sec_H
	Annex sec_H.1
	Annex sec_H.2
	Annex sec_H.3
	Annex sec_H.4
	Annex sec_H.5
	Annex sec_H.6
	Annex sec_H.7
	Reference ref_1
	Reference ref_2
	Reference ref_3
	Reference ref_4
	Reference ref_5
	Reference ref_6
	Reference ref_7
	Reference ref_8
	Reference ref_9
	Reference ref_10
	Reference ref_11
	Reference ref_12
	Reference ref_13
	Reference ref_14
	Reference ref_15
	Reference ref_16
	Reference ref_17
	Reference ref_18
	Reference ref_19
	Reference ref_20
	Reference ref_21
	Reference ref_22
	Reference ref_23
	Reference ref_24
	Reference ref_25
	Reference ref_26
	Reference ref_27
	Reference ref_28
	Reference ref_29
	Reference ref_30
	Reference ref_31
	Reference ref_32
	Reference ref_33
	Reference ref_34
	Reference ref_35
	Reference ref_36
	Reference ref_37
	Reference ref_38
	Reference ref_39
	Reference ref_40
	Reference ref_41
	Reference ref_42
	Reference ref_43
	Reference ref_44
	Reference ref_45
	Reference ref_46
	Reference ref_47
	Reference ref_48
	Reference ref_49
	Reference ref_50
	Reference ref_51
	Reference ref_52
	Reference ref_53
	Reference ref_54
	Reference ref_55
	Reference ref_56
	Reference ref_57
	Reference ref_58
	Reference ref_59
	Reference ref_60
	Reference ref_61
	Reference ref_62
	Reference ref_63
	Reference ref_64
	Reference ref_65
	Reference ref_66
	Reference ref_67
	Reference ref_68
	Reference ref_69
	Reference ref_70
	Reference ref_71
	Reference ref_72
	Reference ref_73
	Reference ref_74
	Reference ref_75
	Reference ref_76
	Reference ref_77
	Reference ref_78
	Reference ref_79
	Reference ref_80
	Reference ref_81
	Reference ref_82
	Reference ref_83
	Reference ref_84
	Reference ref_85
	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	General requirements
	5	Design requirements
	5.1	Components
	5.2	Connectors
	5.3	Supply system for central plume evacuation
	6	Indicating systems
	7	Plume extraction system pipeline
	7.1	Mechanical integrity
	7.2	Pressures and flows
	7.3	Shut-off valves
	8	System components
	8.1	Capture device
	8.2	Transfer tubing — Kinking
	8.3	Filtration system
	8.4	Flow-generating device
	8.5	Exhaust system
	8.6	Control system
	8.7	Pipelines, tubing, and other components
	9	Terminal units
	10	Marking and colour coding
	10.1	Marking
	10.2	Colour coding
	11	Pipeline installation
	12	Testing, commissioning, and certification of the PES
	12.1	General requirements for tests
	12.2	Noise testing
	12.3	Tests, inspections, and checks of a fixed (local stationary or central) PES
	12.4	Tests, inspections, and checks of portable and mobile PES
	13	Information to be supplied by the manufacturer
	13.1	General
	13.2	Instructions for use
	13.3	Operational management information
	Annex A
(informative)

Types of plume evacuation systems
	Annex B
(informative)

Healthcare facility policies and procedures
	Annex C
(informative)

Typical plume capture devices and transfer tubings
	Annex D
(informative)

Risk management checklist
	Annex E
(informative)

Operational management
	Annex F
(informative)

Rationale
	Annex G
(informative)

Example of procedure for testing and commissioning for a central system
	Annex H
(informative)

Guidelines for flow-generating devices consisting of fans or blowers
	Bibliography

