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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-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 documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO’s aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Committee ISO/TC 146, Air quality, Subcominittee SC 2,
Workplace atmospheres, in collaboration with the European Committee for Standardizption (CEN)
Techhical Committee CEN/TC 137, Assessment of workplace exposure to chemical and biological agents,
in acfordance with the Agreement on te¢hnical cooperation between ISO and CEN (Vienna Agreement).

This|second edition cancels and replaces the first edition (ISO 13137:2013), which has been technically
revided.

The Iain changes are as follews:

efinitions that appe€ar in ISO 18158 have been removed from this document, with ISO {18158 being
ddded as a reference (replacing references to EN 1540);

— Treferences to EN 482 have been replaced with ISO 20581;
— the text-has been editorially updated.

Any feedback or questions on this document should be directed to the user’s national standprds body. A

comt la¥o Llctinmag afthacoahaodine can hn £t d b vz icn g o npobhnee hibal
P‘\IL\I llJLllls Ul LIITUOU UUUIVO CUAIT UC TUUITU AU VYV VYV VV.1OU.U1d :.'I TITCITITO UL J.11ICII1x,.
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ction

Many different methods are used to determine the concentration of chemical and biological agents in
workplace air. Many of these methods involve the use of a pump and sampler connected by a flexible
tube. Air is drawn through the sampler and chemical and biological agents are trapped, e.g. on a filter,
sorbent tube or long-term detector tube, or in a gas washing bottle. In personal sampling, the pump and
sampler are attached to the worker to collect chemical and biological agents in the breathing zone.

The volume of air drawn by the pump during the sampling period is one of the quantities in the
calculation of the concentration of the chemical and biological agents in air. Therefore, the volume
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specifies general performance criteria for methods for measuring the 'concentrati
d biological agents in workplace air. These performance criteria includehmaximum valy
hcertainty that are not to be exceeded under prescribed laboratory ¢onditions. In add

ve of workplace conditions. The contribution of the sampling pump to measure
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Workplace atmospheres — Pumps for personal sampling
of chemical and biological agents — Requirements and test
methods

1 Scope

This|document specifies performance requirements for battery powered pumps used) for personal
sampling of chemical and biological agents in workplace air. It also specifies test methods$ in order to
detefmine the performance characteristics of such pumps under prescribed laboratoty conditions.

This|document is applicable to battery powered pumps having a nominal volumetric flow rate above
10 njl - min~1, as used with combinations of sampler and collection substrate for sampling of gases,
vapours, dusts, fumes, mists and fibres.

This|document is primarily intended for flow-controlled pumps.

2 Normative references

The following documents are referred to in the text in(stich a way that some or all of their content
constitutes requirements of this document. For dated-references, only the edition cited [applies. For
unddted references, the latest edition of the referenced*document (including any amendments) applies.

ISO 18158, Workplace air — Terminology
IEC §0079-0, Explosive atmospheres — Part.0: Equipment — General requirements

IEC §1000-6-1, Electromagnetic compatibility (EMC) — Part 6-1: Generic standards — Immunjity standard
for r¢sidential, commercial and light-industrial environments

IEC §1000-6-3, Electromagneticeompatibility (EMC) — Part 6-3: Generic standards — Emissjon standard
for rgsidential, commercial and‘light-industrial environments

3 Terms and definitions
For the purposes©fthis document, the terms and definitions given in ISO 18158 and the follpwing apply.

[SO dnd IEC maintain terminology databases for use in standardization at the following addresses:

— ISOQnline browsing platform: available at https://www.iso.org/obp

inPais mhl - 3 111 Ll g L/ 1 - - /
—_— LU LEICCLIUPCUIA. dvdlldDIC dU HLLPS. // W W W.EIEL LI UPEUIL. UL 5/

3.1

flow rate

volumetric flow rate

amount of air volume per time, drawn by a pump through a test set-up, at the ambient conditions

3.2

nominal flow rate range

range of volumetric flow rate values, adjustable at the pump, at which the manufacturer claims that the
pump can operate at a constant flow rate up to the maximum value of the required pressure drop range
for the operating time

©1S0 2022 - All rights reserved 1
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short-term relative variation of volumetric flow rate at a given flow rate

4 Type of pump

Sampling pumps are classified according to their intended use as follows:

— type P: pumps for personal sampling of airborne particles;

— type G: pumps for personal sampling of gases and vapours.

NOTE1 Type P pumps can be used for personal sampling of gases and vapours as long as they conform with

the type G pump requirements.

NOTE 2  Fqr types of pump mechanism and control system. See Annex A.

5 Requirements

5.1 Featyres

The pump shall have the following features:

a) an automatic control which keeps the volumetric flow rate nominally constant;

b) ameang to reduce the likelihood of unintentional or unauthorized adjustment of any pump control,
such that it is concealed beneath a cover, can only be\actuated with the aid of a tool, or requires
specialized knowledge for operation;

c) either ajmalfunction indicator which, following©ompletion of sampling, indicates that the air|flow
has beeph reduced or interrupted during sampling, or an automatic cut-out which stops the pump if
the flow rate deviates by more than 5 % or.is interrupted;

d) afuse of resettable breaker which interrupts the current in the electrical circuit of the pump in the
case of ¢xcessive current drain;

e) afilter yhich prevents particlesfrom being drawn into the mechanism of the pump;

f) ameang to secure the pump-on a person (integrated or available as an accessory).

NOTE Sqme pumps use)internal sensors to provide atmospheric pressure and air flow data. Informatipn on

the use of thdse sensors is;given in Annex B.

5.2 Mass

The mass of the pump, including batteries and integral holders, shall not exceed 1,2 kg for sampling

pumps with a flow rate of less or equal than 51 - min~1 and 2,5 kg for sampling pumps with a flow rate
above 51 min-1.

5.3 Design safety

The outer case of the pump shall be so designed that there are no sharp corners or other uncomfortable
protruding parts.

5.4 Operating time

The operating time shall be at least 1 h and should preferably be greater than 8 h. This applies to the
complete nominal flow rate range against the pressure drops as specified in Table 4 at (5 * 2) °C. The

© IS0 2022 - All rights reserved
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manufacturer shall report, in the instructions for use, the operating time at the specified pressure drop
according to 5.10 for the flow rates given in Table 1 at (5 + 2) °C.

For the duration of the operating time, the flow rate shall not deviate by more than 5 % from the initial

value.
Table 1 — Flow rates for reporting the operating time by the manufacturer
Nominal flow rate range Flow rate setting
Pump type : :
ml - min-1 ml - min1
2000
<5000
p Maximum value of the nominal flow rate rapge ¢f the pump
£ 000 Minimum value of the nominal flow ratesange df the pump
>
Maximum value of the nominal flow rate range ¢f the pump
50
<300 - -
G Maximum value of the nominal flow rate range of the pump
300
> 300 - :
Maximum value of the riontinal flow rate range ¢f the pump
NOTH Annex C describes regular tests that users can perform te.maintain pumps and flow rheters. These

tests

5.5

Duri
devid
perfy

5.6

Whe
pum
than
activi

NOTH
In thi

5.7

Whe
shall

are not required for conformance with this document.

Start-up and long-term performance

hg operation of the pump at (5 # 2) °C and in the-range from 20 °C to 25 °C, the flow r
te by more than 5 % from the value measured at the start of the determination of t}
rmance.

Short-term interruption of air-flow

h the air flow is fully blocked, the pump shall cut out or the malfunction indicator 4
b may try to restart automatically after the airflow is blocked. If the air flow is blocK
(120 £ 10) s, the pump shall not restart automatically or the malfunction indicator s
ated until reset.

Some samplingpumps are designed to restart automatically for a number of times after b
s case, it is acceptable to restart automatically provided that the total time does not exceed 12

Temperature dependence

h thedflow rate is set within the temperature range from 20 °C to 25 °C in accordanc
not\deviate by more than 5 % after cooling down the sampling train to (5 * 2) °C ¥

2 h andrunning for a period of (60 + 1) min when the temperature is changed to the next

hte shall not
e long-term

ctivate. The
ed for more
hall remain

eing blocked.
0+10s.

b with 7.8, it
vithin about

within the range from 5 °C to 40 °C as stated in 7.8.3.

5.8

Mechanical strength

fixed) value

The general function of the pump shall not be impaired by shock treatment (see 7.9). No mechanical
damage or electrical defect shall occur.

After shock treatment, the flow rate measured shall not deviate by more than 5 % from the value
measured prior to shock treatment.
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5.9 Pulsation of flow rate (for type P pumps only)

For type P pumps, the pulsation shall not exceed 11 % of the mean volumetric flow rate. This is the
critical maximum value shown by experiment on several different designs of pumps to not alter the
size-separation performance of several different designs of cyclones (see References [3], [4] and [5]).

By recording the time curve of the volumetric flow rate the pulsation P is given as a percentage of the
mean volumetric flow rate by Formula (1):

T
~[Lr0-7T
p=120 7 x100 (1)

where

f(t) |s the volumetric flow rate with respect to time ¢, in litre per minute (I yiin-1), calculqted
from the measurement of velocity;

f  lsthe mean volumetric flow rate over time 7, calculated in litre perminute (I - min-1), from
the measurement of velocity;

t is the time, in seconds (s);
T is the time period of pulsation, in seconds (s).

The quantity f(t) is not necessarily the volumetric flow rate bt shall have a direct linear relationship to
the volumetfic flow rate.

NOTE P fan be measured in several ways. See 7.10 for-examples.
5.10 Flow rate stability under increasingpressure drop

5.10.1 Pumps with a nominal flow rate range less or equal than 5 000 ml - min-1

When set within the nominal flow rate-range of the pump, the flow rate shall not deviate by more|than
15 9% from the initial value on changing the pressure drop within the range specified in Table 2.

The choice df pump is drivenby:the capability of the pump to pull air across the pressure drop. Anmex D
lists measuted pressure drops across typical collection substrates, supporting the selection of pump
type for a particular sampler. It is not necessary for a P-type or G-type pump to meet every flow rdte or
pressure drpp listedin\Table 2. However, the requirement shall be met for the nominal flow rate fange
specified by[the manufacturer.

Table 2 — Required pressure drop range

Adjusted flow rate Required pressure drop range
Pump type -
ml - min-1 kPa
1000 0,2to 4,0
2000 0,3to 4,0
P 3000 0,4 to 4,5
4000 0,6 to 5,5
5000 0,7 to 5,0
NOTE The upper and lower values specified for the required pressure drop range for type P pumps are typical for an
unloaded and heavily loaded filter. The values specified for required pressure drop for type G pumps are typical for one
sorbent tube with low flow resistance up to two sorbent tubes in line. See Annex D.

4 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=f00faf2a04c73ce53b1f993f4cccbfc6

IS0 13137:2022(E)

Table 2 (continued)

Adjusted flow rate Required pressure drop range
Pump type -
ml - min-1 kPa

10 0,02t00,2

30 0,2t0 1,0

50 0,2to0 2,0

G 100 0,2to0 2,6

200 0,5t0 6,0

506 +6+616-0

500 2,0tod0,0
NOTE The upper and lower values specified for the required pressure drop range for type P pumps’are [typical for an
unlogded and heavily loaded filter. The values specified for required pressure drop for type G pamps are tlypical for one
sorb¢nt tube with low flow resistance up to two sorbent tubes in line. See Annex D.

5.10{2 Pumps with a nominal flow rate range above 5 000 ml - min-1

Wheh set within the nominal flow rate range of the pump, the flow\rate shall not devi

than|+5 % from the initial value on changing the pressure drop within‘the nominal pressury

specified by the pump manufacturer.

5.11|
If thd

Timer accuracy

pump has an internal timer, the indicated time shall not deviate by more than +0,5 %

a callbrated device to measure time (e.g. stopwatch).

5.12

The pump shall meet the requirements for electromagnetic compatibility according to IE

Electromagnetic compatibility

and IEC 61000-6-3.

5.13
If the

Explosion hazard

hte by more
e drop range

from that of

C 61000-6-1

pump is claimed to be suitable for use in areas subject to explosion hazard, the pump shall conform
with|the requirements of [EC 60079-0.

6 Test conditions

6.1

Number of test objects

The fests given in Clause 7 may be carried out with one pump only unless otherwise stated in the

fictestclause

spec

6.2

Test instruments

The uncertainty of the test instruments shall be in accordance with Table 3.

©ISO
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Table 3 — Maximum uncertainty of test instruments used

Test instrument Maximum
uncertainty
Volumetric flow meter 2%
Volumetric meter 2%
Pressure gauge 3%
Timer 0,1 %
Thermometer 1°C

For a rapidlj
or less from

NOTE 1
reached whe

The temper
All test inst1

NOTE 2

6.3 Precc

Prior to the
and operati}

Fully chargg
automatical

To reduce the cycle time, the pump should run at'its maximum nominal flow rate and at 80 % g

maximum o

Following c

6.4 Adjus
Flow rates s
Pressure dr
If an interng

The technic
resistor to H
and pressurj

F responding 1Iow meter, such as a NOT-wWire anemometer, the response tme shall be#
Times ¢, and tq, are those at which 10 % and 90 % of the final reading of the anemometeér sig
L a step signal is applied.

hture stability of the climatic chamber used shall be at least +2 °C.

Annex E lists typical test instruments.

t1o to tgp,

r'uments listed in Table 3 shall have calibrations that are traceable to,national standarq

)nditioning and sequence of tests

technical tests (see Clause 7), precondition the pump.by performing at least three cha
g cycles (see Clause 10 for charger).

the battery in accordance with the manufacturer’s instructions and run the pump uf
y shuts down due to low battery status.

f the required pressure drop range as'in 5.10.

jtment of volumetricflow rate and pressure drop

hall be adjusted within a maximum deviation of 5 % of the required value.

pps shall be adjusted within a maximum deviation of +5 % of the required value.

| flow meteypis incorporated in the pump this shall not be used to adjust the flow rate.

hl tests(see Clause 7) require the pump to be adjusted to specific flow rates and the
e adjusted to give specific pressure drops at the inlet of the pump. The required flow
e‘dvops are specified in the individual test clauses.

5ms

nal is

Is.

ging

ntil it

f the

mpletion of the charging and opetrating cycles, perform tests in the order given in Clalise 7.

flow
rates

NOTE

volumetric flow meter or volumetric meter (see Figure 1, label 1).

6.5 Test set-up and performance

The basic te

st set-up for the technical tests shall be as depicted in Figure 1.

The pressure drop settings for the technical tests include the flow resistance of the connected

© IS0 2022 - All rights reserved
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3
1 2 4 5
Key
1  volumetric flow meter or volumetric meter 4 pulsation damper (optional)
hir flow resistor 5 pump

Air i
depe
metg
is m(
the f
diffe

NOTH
diffeq
down

All ¢

voluinetric meter and a pump shall not execeed 100 cm. For the pulsation test given in

requ
Testy

Unle
temp]

NOTH
can b

L

7

7.1

lifferential pressure gauge (manometer)
Figure 1 — Test set-up for pumps operating with a variable flowresistancg

s drawn through a volumetric flow meter or volumetric metery The flow resist
nding on the test to be performed, is connected by one end to the)outlet of the voly
r, and by the other end to the inlet of the pump. The pressure drop relative to ambig
pasured using a differential pressure gauge (manometer), connected to the line, and
low resistor and the inlet of the pump. The pump inlet is(Connected to the flow resi
Fential pressure gauge.

1  Where pulsation of the air flow prevents accurate reading of the volumetric floy
stream of the differential pressure gauge.

onnections shall be leak tight. The length<éf connection between a volumetric flq

rements for the tubing and test set-up shall be fulfilled.
shall be performed with fully charged batteries.

5s otherwise specified, the tests shall be carried out at a range from 20 °C to 25
erature shall be measured and recorded in the test report.

2 If the measurement of the pressure drop is not necessary for a test, the differential pr
e omitted.

[est methods

General

or, adjusted
metric flow
nt pressure
in between
stor and the

v meter and

ential pressure gauge, a pulsation damper of low flow,resistance (up to 200 Paat 21- min~1) can be inserted

w meter or
7.8, special

°C, and the

essure gauge

Amo

hgthe test methods described in this clause, manufacturers shall test at least metho

ds including

operating time, long-term performance, pulsation of flow rates, timer accuracy, and flow rate stability
under increasing pressure drop.

7.2

Features

Make a visual inspection and check the manufacturer’s specifications to determine that the pump
incorporates all features specified in 5.1.

7.3 Mass

Check the mass by weighing and compare the result with the requirement given in 5.2.

© IS0 2022 - All rights reserved
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7.4 Design safety

Determine whether the design safety requirements specified in 5.3 are met by visual inspection of the
pump.

7.5 Operating time

Carry out the operating time tests at (5 + 2) °C in conjunction with the tests for start-up and long-term
performance (see 7.6).

Check whether the requirement specified in 5.4 is met.

7.6 Startiup and long-term performance

7.6.1 Testset-up

Perform all [the tests using the basic test set-up given in 6.5 and carry out the tests-at (5 + 2) °( in a
climatic chamber.

7.6.2 Flow rate and pressure drop adjustment
Carry out the test at two flow rates and pressure drop conditions as specified in Table 4.

If the requifed flow rate setting falls between the values stated:in Table 2, determine the reqtiired
pressure drpp setting by linear interpolation.

Table 4 — Flow rate and pressure drop settings for the\start-up and long-term performance test

Maximum value of the
Pump nominal flow rate range Flow rate’setting Resistor pressure drop setting
type of the pump
ml - min-1 ml - min-1 kPa
2000 1,62
<5000 roar)rilirr?;r?l(‘)]\?vhﬁstzfrt;f e of Maximum pressure drop for this flpw
the pump & rate as specified in Table 2
P Minimum value of the nom- |0,4 times maximum pressure drop [for
inal flow rate range of the  |this flow rate as specified by the mpn-
5 @O pump ufacturer
>
nMoarﬁlirr?e:llr?l(\),\?/l?zt(e)frtah: e of Maximum pressure drop for this flpw
the pump & rate as specified by the manufactufer
50 0,52
Masdimumalue ol the - -
<300 Hominal flow rate ranee of Maximum pressure drop for this flow
the pump J rate as specified in Table 2
G
300 4,02
>300 ?oarﬁlirr?;:lr?l:\?vhs:tgfrtah; e of Maximum pressure drop for this flow
the pump & rate as specified by the manufacturer
a2 0,4 times the maximum pressure drop specified in Table 2.

7.6.3 Procedure

Perform the test for each flow rate and pressure drop condition specified in 7.6.2, once at a temperature
in the range from 20 °C to 25 °C and once at (5 + 2) °C.
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Prior to each test, fully charge the battery and then condition the complete test set-up (see 6.5) by
storing at the required temperature for at least 16 h. Switch on the pump and adjust the flow rate
and pressure drop to the required values. Start the timer and measure the flow rate continuously.
Continue the test until the measured flow rate falls outside the +5 % criterion set in 5.5, a malfunction
is registered or the pump cuts out automatically (see 5.1).

7.7

Short-term interruption of air flow

7.7.1 Testset-up

The

7.7.1 Flow rate and pressure drop adjustment

Fa¥Well
pTroTe

The test is carried out at the flow rate and pressure drop as specified in Table 5.
Table 5 — Flow rate and pressure drop settings for the short-term interruption of ajrflow test
Maximum value of
the nominal flow rate Flow rate setting Resistor pressure dijop setting
Fump type range of the pump
ml - min-1 ml - min~1 kPa
<5000 2000 1,0
For this flow rate, 1,5 times the
P . minimum value of the nominal
Mean value ef the nominal
>5000 flow rateranee of the pump | PTeSSure drop range, byt not
& pump exceeding the mean valfie of the
nominal pressure drop fange
G <300 50 1,0
>300 300 1,5

7.7.3 Procedure

Adju
block the air flow by fixing.a‘hose clamp on the tubing at the inlet of the pump. Measure th
for the pump to react to-the blockage (e.g. automatic cut out, activation of malfunctio
using a device to meastire time (e.g. stopwatch). Afterwards remove the clamp and check
requjrements specified in 5.6 are met.

7.8

7.8.

Temperature dependence

1 Test set-up

5t the pump and resistor'\ta the required flow rate and pressure drop as specified in 7.7.2. Fully

b time taken
n indicator)
whether the

The basic test set-up is as given in 6.5. The complete test set-up is located in a climatic chamber.

7.8.

2 Flow rate and pressure drop adjustment

The test is carried out at the flow rate and pressure drop as specified in Table 6.
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Table 6 — Flow rate and pressure drop settings for the temperature dependence test
Maximum value of
the nominal flow rate Flow rate setting Resistor pressure drop setting
Pump type range of the pump
ml - min-1 ml - min~1 kPa
<5000 2000 1,0
For this flow rate, 1,5 times the
P . minimum value of the nominal
Mean value of the nominal
>5000 flow rate rance of the pump |PTESSUre drop range, but not
8 pump exceeding the mean value of the
nominal pressure drop range
G <300 50 1,0
> 300 300 1,5
7.8.3 Proredure

Prior to the
at the tempe
time as desd
to the requi
with the pul
30 °C and 4
rate at the ¢

Pumps with

each requir
measureme

Check whet]

If the tempg
should be p4

be adjusted

7.9 Mech

7.9.1 Tes{

The basic te

For the shod

The appara

vertically m

Lest, fully charge the battery and then condition the complete test set-up (see 6.5) by st
rature range from 20 °C to 25 °C for at least 16 h. Switch the pump-on, let it run for a ce
ribed in the manufacturer’s manual to stabilize, and adjust the flow rate and pressure
red values. Place the complete test set-up in the climate chafaber at (5 £ 2) °C for aboy
mp running, then measure the flow rate. Then increaseythe temperature to 10 °C, 2
D °C and keep constant for periods of (60 + 1) min at.each temperature. Measure the
hd of each 1 h period.

operating times less than about 8 h shall not{be run over the entire test period.
ed temperature is reached, switch on the pump and run for (15 * 1) min prior to flow
ht, then switch off the pump upon completionof flow rate measurement.

ner the requirement specified in 5.7 is niet.

rature range specified by the manufacturer exceeds the range from 5 °C to 40 °C thg
erformed over this extended temperature range. In this case, the temperature steps s}
ccordingly but should not gkceed 10 °C.

anical strength

L set-up
5t set-up is ds(given in 6.5.
k treatment a test set-up as shown schematically in Figure 2 shall be used.

fus eonsists of a case made of steel or similar metal construction which is fixed

bring
rtain
drop
t2h
0 °C,
flow

Once
rate

test
jould

on a

oving piston, capable of being lifted up 20 mm by a rotating cam and dropping down

pn to

a metal plate under its own weight as the cam rotates. The mass of the metal case shall be more than
10 kg. The mass of the metal plate on to which the metal case falls should be at least 10 times the weight

of the metal

10

case. This can be achieved by bolting the base plate to a hard, solid floor.
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Dimensions in millimetres

5
Key
thetal case 4  vertically moving piston
pump 5 rotating cam

thetal plate

Figure 2 — Test set-up fer’shock treatment

7.9.1 Flow rate and pressure drop adjustment

The fest is carried out at the flow rate and(pressure drop as specified in Table 7.

Table 7 — Flow rate and pressure drop settings for the mechanical strength fest

Maximumrvalue of

the nominalflow rate Flow rate setting Resistor pressure dijop setting
Rump type range-of the pump
ml - min-1 ml - min~1 kPa
<5000 2000 3,2
P Mean value of the nominal For this flow rate, 0,8 times the
>5000 maximum value of the rfominal

flow rate range of the pump pressure drop range

<300 50 1,0
> 300 300 8,0

7.9.3 Procedure

Adjust the pump and resistor to the required flow rate and pressure drop as specified in 7.9.2. Measure
the flow rate. Switch off the pump and subject the pump to the shock treatment. Secure the pump on its
rear face in a metal case (see Figure 2). Operate the shock equipment with about 2 000 shocks. After the
shock treatment, switch on the pump and measure the flow rate again. Check whether the requirements
specified in 5.8 are met.

©1S0 2022 - All rights reserved 11
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7.10 Pulsation of flow rate (for type P pumps only)

7.10.1 Test set-up

The test set-

Key
1
2
3

rapidly
air flow
pump

A rapidly re
to measure
is connecte(
inlet of the [

All connect
thickness of
tubing lengt
the air flow

The rapidly
pulsation pe

be used to determine the alternating and cohtinuous components of the air flow.

7.10.2 Flow rate and pressure drop adjustment

The testis c

up shall be as specified in Figure 3.

R

1

@

N
N
2 3

Fesponding flow meter or anemometer
resistor

Figure 3 — Test set-up for pulsation of flow rate test

sponding flow meter or anemometer (response time from t;ytotg, of 4,5 ms or less) is
n signal proportional to the flow rate. The air flow resistaef,\adjusted as specified in 7|
| by one end to the outlet of the rapidly responding flow*meter, and by the other end t

ump (see Figure 3).

ng tubing is made from rigid material [e.g. poly¥inyl chloride (PVC) tubing with a
at least 1 mm] that has no damping effect and-with an internal diameter of 6 mm
h between the pump and the air flow resistogis (600 + 10) mm, and (200 * 10) mm bet
resistor and the inlet of the rapidly responding flow meter.

responding flow meter measurement values are recorded continuously over at leas
riod, e.g. by using a data logger or-memory oscilloscope. Alternatively, a voltage mete

hrried out at the flowrate and pressure drop as specified in Table 8.

used
10.2,
D the

wall
The
ween

[ one
I can

Table|8 — Flow rate-and pressure drop settings for the pulsation of the flow rate test
Maximum value of the
nominal flow ratedange Flow rate setting Resistor pressure drop setting
of the pump
m| - plin™ ml - min-1 kPa
45000 2 000 0,75
~ 5000 Mean value of the nominal flow 2
rate range of the pump

7.10.3 Procedure

Calibrate the rapidly responding volumetric flow meter. To obtain an unbiased linear relationship
between the flow rate and the output signal of the flow meter, auxiliary linearization equipment should

be used.

NOTE 1

meter with the flow rate.

12
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NOTE 2  For calibration of a hot wire anemometer and for the adjustment of the flow rate and resistor pressure
drop before the pulsation test, a slowly responding volumetric meter or volumetric flow meter connected to
the inlet of the anemometer, in order to have the lowest pressure drop in the first position, and a differential
pressure gauge (manometer) connected between the flow resistor and the pump inlet, are added to the test set-

up (see Figure 4).

Key

4

N Ty,

(A4 —

1 2 3 5 6
qlowly responding volumetric flow meter or volumetric meter 4  differential pressure gauge (manometer)
rapidly responding volumetric flow meter or anemometer 5  pulsatiomdamper (optional
dir flow resistor 6  pump

Figure 4 — Setting of flow rate and pressure drop prior to pulsation measurement

Adjupt the pump and resistor to the required flow rate and‘pressure drop as specified in 7.10.2.

If thg pulsation of the air flow prevents accurate reading-of the slowly responding volumetrif flow meter
or vdlumetric meter and differential pressure gauge when setting the flow rate and pressure drop prior
to thee pulsation test, a pulsation damper of lowsflow resistance is inserted downstream of the flow
resistor during the setting of the flow and the\resistance pressure drop. After setting apd adjusting
the flow rate and the resistor pressure drop,’remove the slowly responding volumetric flpw meter or

voluinetric meter and pulsation damper, ifiused.

If th¢ measurements are to be carried-out with a rapidly responding anemometer, calibrate|the average
read|ng of the rapidly respondingtanemometer relative to the slowly responding volumetri¢ flow meter
by ufing non-pulsating air flows: Determine a relation between the linearized output of the rapidly
resppnding anemometer (voltage U in volt) versus the flow rate in litres per minute as meagured by the

slowly responding volumétyic flow meter (g, in1- min-1) according to Formula (2):

Detefmine the-cgefficients A and B by regression analysis.

Meagure therapid variation of the flow rate by one of the following methods.

a)

b)

Record the output signal of the rapidly responding flow meter (at least 60 readings per period) over
a number of cycles of the pulsating volumetric flow and calculate the flow rate values. Determine
the value of pulsation by numerical integration according to Formula (1) over five typical single
pulsation periods (see Figure 5). All five cycles investigated shall meet the requirement specified in
5.9.

Measure the direct current (DC) and alternating current (AC) voltages, Up and Uy, of the rapidly
responding flow meter at the adjusted flow rate.

NOTE 3  This can also be carried out with currents, depending on the output of the flow meter, but is here
only showed for voltages.

The pulsation P is directly obtained from Formula (3):

©1S0 2022 - All rights reserved 13
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7.11 Flow

7.11.1 Tes{

The basic te

:2022(E)

(3)

L set-up

5t set-up is as given in 6.5.

7.11.2 Flow rate adjustment

The tests ar

x100
BUp
Y
2,5
2
NNNNNNNNY
15 1\ N7 T/ \J ] ]\
/f V.V V vV VV V
1
0,5
0 0,05 0,1 0,15 0,2 0,25 X
time
h-1 flow rate
Figure 5 — Example of pulsationcycles
rate stability under increasing pressure drop

e carried out at the flow'rate settings as specified in Table 9.

Table 9 — Flow rate séttings for the flow rate stability under increasing pressure drop
Maximum value of the nominal .
Test flow rate setting
Pump|type flow rate range of the pump
ml - min~1 ml - min-1

Minimum value of the nominal flow rate rapge

A of the pump

= J UUVU

Maximum value of the nominal flow rate range

p of the pump
Minimum value of the nominal flow rate range

of the pump

>5000

Maximum value of the nominal flow rate range

of the pump
Maximum value of the nominal flow rate range

<300

G of the pump

Maximum value of the nominal flow rate range
>300
of the pump

14
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7.11.3 Procedure

Adjust the pump to one of the test flow rates given in Table 9 and the resistor to the minimum pressure
drop setting at this flow rate as given in 5.10. Allow to stabilize for (20 = 1) min. Increase the pressure
drop, in at least five steps or continuously, up to the maximum value as specified in 5.10. For values of
the adjusted flow rate which are between those given in 5.10, the required pressure drop is obtained
by linear interpolation. At each step, after varying the pressure drop, wait (120 + 10) s before recording
flow rate and pressure drop. Continuously changing the pressure drop should be done slowly at least
over 15 min with continuous recording of flow rate and pressure drop. Repeat this procedure for the
second test flow rate (type P pumps only).

The

stopg

7.12

To ch
to m
compared over a period of atleast 1 h.

NOTH
and 1

7.13

Verif

7.14

Verif]

8

L

The {

a)
b)
‘)
d)
e)
f)
g)
h)

f
i
1

\

t:bt b}ld}l 1UC LUlltillqu dt pressurc dl UpsS dbUVU t}lt? llld)&illlulll, ad giVCll ill 510, UuIlg
automatically or the flow rate deviates by more than +5 % from the test flow rate:

Timer accuracy
eck whether the requirement specified in 5.11 is met, the internal timer of the pump

casure time (e.g. stopwatch) which has calibration traceable to the national time s

This test can be carried out over the entire operating time in cenjunction with the test o
ng-term performance at a range from 20 °C to 25 °C (see 7.6).

Electromagnetic compatibility

y by means of a test certificate whether the requirement specified in 5.12 is met.

Explosion hazard

y by means of a test certificate whethercthe requirement specified in 5.13 is met.

[est report
est report shall include at least the following information:

ull identification of the pump;

a reference to this.document, i.e. ISO 13137:2022;

dentification.of the test laboratory;
est conditions and test results;

vhetherthe features and results comply with the values or limits specified therein;

q

il the pump

hnd a device
tandard are

f the start-up

anvunusual features noted during the determinations;

any operation not included in this document that could have an influence on the results;

the date(s) of the test.

9 Instructions for use

The instructions for use supplied with the pump shall be in the language(s) required by regulations of
the countries where the pump is to be marketed. It shall contain at least the following information:

a) name and address of the manufacturer;

b) designation of series or type;

© IS0 2022 - All rights reserved
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c) statement of conformance with this document, i.e. ISO 13137:2022;

d) intende
e) nomina

f) nomina

d use (type P and/or G);
1 flow rate range;

| range of pressure drop;

g) operating time according to 5.4;

h) temperature range for operating;

i) typede

j) notesa
charge

- - e ol b 1 q_L 1 - =l 1 dnde
ISIIALIUIT UT LA g€ LU DT USTU TUL Lildl glllg LT UdLtcl y,

nd recommendations required for operation and setting of the flow rate of the pumj
ind discharge of the battery;

k) notes wijith respect to maintenance and troubleshooting;

1) notes With respect to special safety requirements. If the pump can be used-in an area subjg
explosign hazard, the certificate number provided by the appropriate certification body;

m) informdtion concerning the adjustment of flow rate; this should also include information pert

to theu

n) informdtion that the flow rate given by an integral flow metef, if included, is not consider

Ke of low resistance pulsation dampers, if required;

calibratfion traceable to national or international standards;

0) informdtion concerning the equilibrium time to reach astable air flow rate;

p) informdtion concerning ingress test and cleaning connectivity.

10 Charger

10.1 Requ

A compatibl

irements

e type of charger shall beihambiguously assigned to the pump for charging its battery

10.2 Testing

Verify in acdordance with instructions for use of the pump.

11 Marking

The pump s
indicate its

hall\bear all markings which are necessary for its unambiguous identification, in ord

and

ct to

nent

ed a

o

er to

fompliance with mandatory requirements, if any, and for its safe use. The label shall co

ntain

at least the following:

a) manufa

b) type;

cturer’s name;

c) serial number;

d) the number of this document, i.e. ISO 13137:2022;

e) If the pump can be used in an area subject to hazard by explosion, add the relevant certification
number and a warning “Do not charge in a hazardous area”. This text shall be in the language(s)
of the countries where the pump is to be marketed.

16
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Annex A
(informative)

Types of pump mechanisms and control systems

A.1 Types of pump mechanisms
A.1.1 General
Pumps for personal sampling of chemical agents in general incorporate one of\two types of pump
mechanism: diaphragm pump mechanism (see A.1.2) or rotary vane pump mechanism (see A.1.3).
A.1.2 Diaphragm pumps
Diaphragm pumps comprise a chamber sealed on one side by a flexible diaphragm. The| chamber is
provfjded with inlet and outlet ports sealed by valves. The flexible didphragm is driven in a r¢ciprocating
motipn by the action of an electric motor, generally via an eccenttic and connecting rod. Se¢ Figure A.1.
On the inlet stroke the diaphragm is flexed to increase the volume of the chamber, thufs creating a
vacupm within the chamber, which draws air through the’inlet valve and into the chamber, while the
outldt valve is maintained closed by the vacuum in the ¢chamber.
On the outlet stroke, the diaphragm is flexed to decrease the volume of the chamber, thus creating a
positiive pressure within the chamber, which for.cés the air out of the chamber via the outlet|valve, while
the inlet valve is maintained closed by the positive pressure in the chamber.
The air flow rate is adjusted by varying the-speed of the driving motor.
9
6 /
| 7
RV oA
8 —1
haN ~—_
| N 1 =
L 1 5
4 3
2/7 4]
\ 1
a) inlet stroke b) outlet stroke
Key
1 motor 4  diaphragm 7  outlet port
2 eccentric 5 chamber 8 inletvalve
3 connecting rod 6  inlet port 9  outletvalve
Figure A.1 — Diaphragm pump
©1S0 2022 - All rights reserved 17
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Current examples of diaphragm pumps for air sampling applications comprise single and twin
diaphragm mechanisms. The twin mechanisms provide higher air flow rates and lower pulsation of the
airflow.

A.1.3 Rotary vane pumps

Rotary vane pumps comprise a set of two vanes affixed to a rotor driven directly by an electric motor.
The vanes and rotor are housed in a fixed volume, sealed, cylindrical chamber. The rotor is positioned
offset to the centreline of the chamber. The chamber is provided with inlet and outlet ports. See

Figure A.2.

a) inlet b) transfer c) outlet
Key
1 chambe 3 wvanel 5 (spting 7  outlet port
2 rotor 4  vane 2 6™y inlet port 8  partition

Figure A.2 = Rotary vane pump

The vanes rhay be rigid and free to skide in the rotor, such that the outer tip of the vane remaips in
contact with the circumference of the chamber. A spring may be used to maintain the tips of the yanes
in contact with the circumferengeof the chamber or alternatively the centrifugal force created by the
rotation of the rotor may be used to maintain the tips of the vanes in contact with the circumfererce of
the chamber.

Alternativelly, the vanes may be flexible and rigidly fixed to the rotor. Flexing of the vanes maintains the
tips of the vanes in contact with the circumference of the chamber.

The vanes gnd rdtor create three separate partitions within the chamber, one connected to the|inlet
port, one cohnected to the outlet port, and the third isolated from both inlet and outlet ports.

As vane 1 passes the inlet port and continues its rotation the volume of the partition connected to the
inlet port increases, thus creating a vacuum in the partition, which draws air through the inlet port
valve into the chamber.

As vane 2 rotates past the inlet port, the partition is isolated from the inlet port.
As vane 1 rotates past the outlet port, the partition is connected to the outlet port.

Asvane 2 rotates towards the outlet port, the volume of the partition decreases, thus creating a positive
pressure within the partition, which forces the air out of the chamber via the outlet port.

The air flow rate is adjusted by varying the speed of the motor driving the rotor.

Variants of this principle may also incorporate additional vanes.

18 © IS0 2022 - All rights reserved
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A.2 Types of control systems

A.2.1 Constant flow control

Pumps designed to this document are of the constant flow control type. In this type of control, the
control system adjusts the operation of the pump mechanism to maintain a constant volumetric flow
rate within a specified tolerance.

The pump control system incorporates sensors to determine the performance of the pump mechanism.
The performance of the pump mechanism can be determined from the voltage and current drawn by
the pump motor or the pump control system can incorporate an air flow sensor to measure the air flow
rate flirectly.

The pump controls may also incorporate additional sensors to monitor environmental Conditions, e.g.
ambient temperature and atmospheric pressure, and adjust the performance of the pump| mechanism
basef on these for greater accuracy.

A.2.2 Constant pressure control

In thjis type of control, the control system adjusts the operation of thé\xpump mechanism t¢ maintain a
consfant pressure drop at the sample media outlet, within a specified'tolerance.

The pump control system incorporates a pressure sensor at the)pump inlet to derive a priessure drop
signgl. This signal plus the required pressure drop setting form the feedback and input{signals of a
closdd loop control system.

An alternative method of constant pressure control is*the incorporation of an internal (or the addition
of anexternal) pneumatic pressure regulating valve.

Whep this type of control system is utilized,.the sampler should include a throttle valve to set the
requjred flow rate through the sample media.

©1S0 2022 - All rights reserved 19


https://standardsiso.com/api/?name=f00faf2a04c73ce53b1f993f4cccbfc6

ISO 13137:

2022(E)

Annex B
(informative)

Internal sensors of sampling pumps

B.1 General

Sampling phmps very often have several internal sensors, e.g. for measurement of temperdture,
pressure, arjd flow rate, and the pump can be connected to a computer.

These internal sensors can be used to provide sampling data as long they meet>the minimum
requirements given in 6.2.

B.2 Measurement of ambient conditions

B.2.1 Gerleral

Occupationgl exposure limit values are in many cases related to specified atmospheric conditiong (e.g.
20 °Cand 1Q1,3 kPa or 25 °C and 100 kPa). To convert the volume of'the sampled air to these conditions,

the pressurs

The ambier

e and temperature of the surrounding atmosphere during sampling are recorded.

t conditions are measured at the beginning-“and end of the measurement, and for

measurement related to the work shift, a minimum of ome time in between.

Normally cqlibrated thermometers and barometefs are used for the measurement of the ampient
conditions during sampling.

B.2.2 Temperature

For tempergture measurement, use athermometer (e.g. glass or electrical) with a tolerance of|1 °C
traceable to|the national standard (Se€6.2).

The data given by an internal’théermometer of a sampling pump can only be used to calculat¢ the
specified atjnospheric conditions when its accuracy meets the requirement given in 6.2 and cgn be
calibrated tfaceable to the\national standard.

B.2.3 Atmospheri¢pressure

For pressur¢ measturement, use a pressure meter (e.g. barometer) with a tolerance of 0,5 kPa tracgable

to the natimllal standard.

B.3 Flow

rate measurement

For flow rate measurement, use a flow meter (e.g. mass flow meter, variable-area flow meter) with
a measurement uncertainty equal to or better than 2 % of the measured flow rate traceable to the
national standard (see 6.2).

The data given by an internal flow meter of a sampling pump can only be used to measure the flow rate
when its uncertainty meets the requirement given in 6.2 and can be calibrated traceable to the national
standard.

NOTE Some sampling pumps are equipped with an internal variable-area flow meter. These are highly
inaccurate and cannot be used for flow rate adjustment.

20 © IS0 2022 - All rights reserved
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B.4 Interface to a computer (internal data logger)

Pumps that have a means of data communication with a computer or mobile device either via a cable
or wirelessly via wi-fi or Bluetooth in order to control the pump or transfer data stored in an internal
data logger should ensure that these operations can be done easily and accurately. For example, to test
accuracy of data transfer, a user can set a flow rate (e.g. 2 1 - min~1) and check with the computer or
mobile device to ensure that the data are correctly transferred.
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Annex C
(informative)

User tests for pumps and flow meters

C.1 General
Always cheg¢k sampling pumps and flow meters for correct function before each use. In particulat, this
includes floy rate stability and flow rate adjustment.
C.2 Regular verification of pump performance
As a result pf regular use, it is possible that the performance of the battery and)the pump no lgnger
satisfies thg requirements of this document. Therefore, the performance of a_pump should be vetified
regularly, and at least annually. This verification can be carried out by the plump user or by an ext¢rnal
service (e.g.{the pump manufacturer).
For regular erification of pump performance, the basic test set-up given in 6.5 and the test procgdure
described iff Z.11 can be used. Always test pumps in relation to the'specific application. Therefore, the
test should be carried out at a flow rate at which the pump is commonly operated.
Record the results and keep the documentation. The latter should include at least the date of th¢ last
verification,the date of the next verification and the doctiment with the results of the verification.
C.3 Verification of pump flow stability.
Fully chargg the pump in accordance with the manufacturer’s instructions. Connect an upstream|flow
resistor, e.g]a sampler and collection substrate, and set the pump to the desired flow rate. If the set/flow
rate is kept fonstant over a short peripdife.g. 5 min), the pump can be used.
C.4 Setting and checking the pump during sampling
Before each|use, connect the-sampling train (pump plus sampler selected for sampling) to a suitable
flow meter. pet the flow £ate’to the required value. After sampling, check the flow rate again; it shall not
deviate by 11\ore than+5% from its initial value. See Figure C.1.
NOTE Pumps very often show a starting behaviour where the air flow is not constant over a short pgriod.
The time can| vat'y up to approximately 30 min, especially when the pump is not adapted to the environnjental
conditions.
1 2 3

Key
1  volumetric flow meter or volumetric meter
2 sampler
3  pump

Figure C.1 — Flow rate measurement of sampling pumps
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