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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
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Introduction

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 so as 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 of air sampled
should be dete red-aeetrately-andi-order—to—factitate—this—the flowrate—showld-be-maintgined
within acceptable limits throughout the sampling period. For particle size selective sampling, the short-
term fluctuation of the flow rate should also be maintained within acceptable limits in order to ernsure
that the sampler exhibits the required collection characteristics.

EN 482[] specifies general performance criteria for methods for measuring the, ‘concentration of
chemical anfl biological agents in workplace air. These performance criteria include'maximum valyes of
expanded uhcertainty that are not to be exceeded under prescribed laboratory ¢onditions. In addjtion,
the performance criteria should also be met under a wider variety of edvironmental influences,
representatjve of workplace conditions. The contribution of the sampliig pump to measurement
uncertainty|should be kept to a minimum.

adopt a congistent approach to, and provide a framework for, the assessment of the specified perfornance
criteria. Maphufacturers are urged to ensure that pumps meet\the requirements laid down in| this
Internationgl Standard, including environmental influences which can be expected to affect performpnce.

This lntern%ional Standard is intended to enable manufacturers and users of personal sampling pumnips to

vi © ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=c817cb9b304bada8b1e1e785a6e97051
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Workplace atmospheres — Pumps for personal sampling
of chemical and biological agents — Requirements and test
methods

1 Scope

This|International Standard specifies performance requirements for battery powered puhps used for
perspnal sampling of chemical and biological agents in workplace air. Italso specifies testimethodsin order
to determine the performance characteristics of such pumps under prescribed laboratory cgnditions.

This|International Standard is applicable to battery powered pumps having a neminal voluine flow rate
above 10 ml - min-1, as used with combinations of sampler and collection, substrate for [sampling of
gases, vapours, dusts, fumes, mists and fibres.

This|International Standard is primarily intended for flow-controlled pumps.

2 Normative references

The following referenced documents, in whole or in part, dare normatively referenced in thjs document
and 4re indispensable for its application. For dated references, only the edition cited applies.[For undated
referjences, the latest edition of the referenced documient (including any amendments) applies.

[EC §0079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 61000-6-1, Electromagnetic compatibility (EMC) — Part 6-1: Generic standards — Immunity for
residential, commercial and light-industrigllenvironments

IEC §1000-6-3, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards — Emissjon standard
for r¢sidential, commercial and light-industrial environments

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

3.1
biolggical agent
bactgria, viruses, fungi and other micro-organisms or parts of them and their associated toxins, including
thos¢ which* have been genetically modified, cell cultures or endoparasites which arg potentially
hazafdous to human health

Note 1 to entry: Dusts of organic origin, e.g. pollen, flour dust and wood dust, are not considered to be biological
agents and are therefore not covered by this definition.

[SOURCE: EN 1540:2011,2 definition 2.1.1]

3.2

chemical agent

any chemical element or compound on its own or admixed as it occurs in the natural state or as produced,
used, or released, including release as waste, by any work activity, whether or not produced intentionally
and whether or not placed on the market

[SOURCE: EN 1540:2011,2 definition 2.1.2]

© IS0 2013 - All rights reserved 1
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airborne particles

fine matter,

in solid or liquid form, dispersed in air

Note 1 to entry: Smoke, fume, mist and fog consist of airborne particles.

[SOURCE: EN 1540:2011,2 definition 2.2.3]

3.4

air sampler

sampler

device for separating chemical ;mdl/m' hin]ngi(‘n] agents from the currmmding air

Note 1 to ent
or for sampli

[SOURCE: E]

3.5
personal s4
sampler, att
determine €

[SOURCE: E]

3.6
personal s4
process of (3

[SOURCE: EJ

3.7
breathing 7
space aroun

Note 1 to enf
in radius) ex
the hemisphd

[SOURCE: E]

3.8

sorbent tulj
device, usug
impregnate

Note 1 to ent

y: Air samplers are generally designed for a particular purpose, e.g. for sampling gases andwapours

hg airborne particles.

N 1540:2011,2 definition 3.2.1, modified — synonyms placed on separate lifés]

mpler

hched to a person, that collects gases, vapours or airborne particlesin the breathing zone to

xposure to chemical and/or biological agents

N 1540:2011,2 definition 3.2.2]

mpling

1ir) sampling carried out using a personal sampler

N 1540:2011,2 definition 3.3.3]

one

d the nose and mouth from which bteath is taken

ry: Technically the breathing zone corresponds to a hemisphere (generally accepted to be 30 cm

fending in front of the human:face, centred on the midpoint of a line joining the ears. The bgse of

re is a plane through this line) the top of the head and the larynx. This technical description |s not
applicable wlen respiratory protective.equipment is used.

N 1540:2011,2 defifrition 2.4.5]

e

lly made/of'metal or glass, containing a collection substrate such as a sorbent or a support

 with reagent

Fy.Some sorbent tubes are intended for use as active samplers and some as passive samplers.

[SOURCE: EN 1540:2011,2 definition 3.2.5]

3.9

pressure drop
<sampling train> difference between ambient pressure and the pressure at the inlet of the pump, for a
constant volume flow rate setting

Note 1 to entry: The pressure drop, sometimes referred to as back pressure, is measured across the sampler, the
collection substrate and the tubing.

3.10

flow-controlled pump
pump with nominally constant flow rate provided by an automatic flow control system

© ISO 2013 - All rights reserved
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3.11

nominal flow rate range

range of volume 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

3.12

operating time

period during which the pump can be operated at specified flow rate and pressure drop without
recharging or replacing the battery

3.13
pulsation
shorf{-term relative variation of volume flow rate at a given flow rate

4 Types of pump

Sampling pumps are classified according to their intended use as follows;
— tlype P: pumps for personal sampling of airborne particles;

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

NOTE 1 Type P pumps can be used for personal sampling of gaseS.and vapours as long as they comply with the
type [ pump requirements.

NOTH 2  For types of pump mechanism and control systeni-'see Annex A.

5 Requirements

5.1 | Features
The pump shall have the following features:
a) an automatic control whichrkeeps the volume flow rate nominally constant;

b) 4 means to reduce the-likelihood of unintentional or unauthorized adjustment of any pyimp control,

uch that it is concéaleéd beneath a cover, can only be actuated with the aid of a tool| or requires
pecialized knowledge for operation;

7NN

c) ¢ither a malfunction indicator which, following completion of sampling, indicates that|the air flow
as beengeduced or interrupted during sampling, or an automatic cut-out which stopd the pump if
he flow-rate is reduced or interrupted;

d) afuse or resettable breaker which interrupts the current in the electrical circuit of the pump in the

a2¢8 of oxcessive current drain:
L3S +ex 1V HHreReaial;

e) afilter which prevents particles from being drawn into the mechanism of the pump;
f) ameans to secure the pump on a person (integrated or available as an accessory).

NOTE Some pumps use internal sensors to provide atmospheric, pressure and air flow data. Information on
the use of these 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.

© IS0 2013 - All rights reserved 3
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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.

NOTE The capacity of a battery increases with temperature. Therefore, the test is performed towards the
lower end of fiTe TemMperature range in which tiie pump 15 [1Kely To be used.

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

The manufaﬁ:turer shall report, in the instructions for use, the operating time at the specifiéd pregsure
drop accordfing to 5.10 for the flow rates given in Table 1 at (5 * 2) °C.

Table 1 — Flow rates for reporting by the manufacturer of the opérating time

Nominal flow rate range Flow rate setting
Pump type
ml - min-1 ml - min-1
2000
<5000 Maximum value of the nominal flow
rate range of the pump
p Minimum value of the nominal flow
rate range of the pum
>5000 & pump
Maximum value of the nominal flow
rate range of the pump
50
<300 Maximum value of the nominal flow
G rate range of the pump
300
>300 Maximum value of the nominal flow
rate range of the pump
NOTE Forrlegular user tests toymaintain pumps and flow meters, see Annex C.

5.5 Startiup and long-term performance

During operfition oftheé pump at (5 * 2) °C and in the range from 20 °C to 25 °C, the flow rate shall not degjviate
by more than 5.% from the value measured at the start of the determination of the long-term performpance.

5.6 Short-term interruption of air flow

When the air flow is fully blocked, the pump shall cut out or the malfunction indicator activate. The
pump may try to restart automatically after the airflow is becoming blocked. If the air flow is blocked
for more than (120 * 10) s, the pump shall not restart automatically or the malfunction indicator shall
remain activated until reset.

5.7 Temperature dependence

When the flow rate is set within the temperature range from 20 °C to 25°C in accordance with 7.7, it shall
not deviate by more than 5 % after cooling down the sampling train to (5 * 2) °C within about 2 h and
running for a period of (60 + 1) min when the temperature is changed to the next (fixed) value within
the range from 5 °C to 40 °C as stated in 7.7.3.

4 © IS0 2013 - All rights reserved
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5.8 Mechanical strength

The general function of the pump shall not be impaired by shock treatment (see 7.8). 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.

5.9 Pulsation of flow rate (for type P pumps only)

For type P pumps, the pulsation shall not exceed 10 % of the flow rate.

By r¢cording the time curve of the flow rate the pulsation P is given by Formula (1):

~ |-

T
I[f(t)—f]zdt
p=120 7 x100 (1)

wherte

A is the volume flow rate over time ¢, in litre per minutelfl - min-1), calculated froin the meas-
urement of velocity;

;
™I

J is the mean volume flow rate over time T, calculated in litre per minute (1 - min), from the
measurement of velocity;

i is the time, in seconds (s);

] is the time period of pulsation, in seconds (s).

The quantity f(t) is not necessarily the absolute air flow, but shall have a direct linear relptionship to
the flow rate.

NOTH P can be measured in sevéral ways. See 7.9 for examples.
5.1( Flow rate stability under increasing pressure drop

5.10{1 Pumps with anominal flow rate range less or equal than 5 000 ml - min-1

Wheh set within‘the nominal flow rate range of the pump, the flow rate shall not deviate by more than
+5 % from the-initial value on changing the pressure drop within the range specified in Talle 2.

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

Whelrsetwithimrthe nomimat-flow rate rangeof the-pump;the fltow rateshattmotdeviate by more than
+5 % from the initial value on changing the pressure drop within the nominal pressure drop range
specified by the pump manufacturer.

5.11 Timer accuracy

If the pump has an internal timer, the indicated time shall not deviate by more than +0,5 % from that of
a calibrated timer.

5.12 Electromagnetic compatibility

The pump shall meet the requirements for electromagnetic compatibility according to IEC 61000-6-1
and IEC 61000-6-3.

© IS0 2013 - All rights reserved 5
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5.13 Explosion hazard

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

Table 2 — Required pressure drop range

Adjusted flow rate Required pressure drop range
Pump type
ml - min-1 kPa
1000 0,1to 4,0
2000 0,3t04,0
p 3000 0,4to 4,0
4000 0,6to 5,0
5000 0,7 to6,25
10 0,02t0 0,2
50 0,1to1,2
100 0,2to0 2,6
G 200 0,5t06,0
300 1,0 to 10,0
500 2,0 to 10,0
NOTE The pipper 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 pr€ssure drop for type G pumps are typical for one
sorbent tube yith low flow resistance up to two sorbent tubes in line, See’ Annex D.

6 Testconditions

6.1 Number of test objects

The tests given in Clause 7 may be carried out with one pump only unless otherwise stated in the
specific test] clause.

6.2 Testinstruments

The uncertdinty of the testinstruments shall be in accordance with Table 3.

Table 3 — Uncertainty of test instruments used

Test instrument Uncertainty
Volume flow meter within +2 %
Volume meter within +2 %
Pressure gauge within +5 %
Timer within 0,1 %
Thermometer within %1 °C

For a rapidly responding flow meter, e.g. a hot-wire anemometer, the response time shall be less than
4,5 ms from t1g to tgo.

NOTE1 Times t19 and t9g are those at which 10 % and 90 % of the final reading of the anemometer signal is
reached when a step signal is applied.

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

6 © IS0 2013 - All rights reserved
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All test instruments listed in Table 3 shall have calibrations that are traceable to national standards.

NOTE 2  AnnexE lists typical test instruments.

6.3

Preconditioning and sequence of tests

Prior to the technical tests (see Clause 7), precondition the pump by performing an appropriate number
of charging and operating cycles (see Clause 10 for charger).

For pumps with a nickel-cadmium (NiCd) battery, perform at least five cycles. Wherever possible, the
use of this battery type should be avoided for reasons of environmental protection and to avoid problems

with

For
at led

Fully
autol

To rd
maxi

Follof

6.4
Flow]
Pres
If an
NOTH
flow

presg

NOTH
flow

battery remory effects:

umps with a nickel-metal hydride (NiMH) battery or a lithium-ion (Li-ion) type battg
st three cycles.

charge the battery in accordance with the manufacturer’s instructions ahd-run the
matically shuts down due to low battery status.

duce the cycle time, the pump should run at its maximum nominalflow rate and at
mum of the required pressure drop range as in 5.10.

wing completion of the charging and operating cycles, perfori tests in the order giver]

Adjustment of volume flow rate and pressure drop
rates shall be adjusted within a maximum deviatien of +5 % of the required value.
sure drops shall be adjusted within a maximuin deviation of £10 % of the required valj
integral flow meter is incorporated in the pump this shall not be used to adjust the flo
1  The technical tests (see Clause Z)require the pump to be adjusted to specific flow i
Fesistor to be adjusted to give specificpressure drops at the inlet of the pump. The required f

ure drops are specified in the individual test clauses.

2 The pressure drop settings for the technical tests include the flow resistance of the conn
meter or volume meter (Figure 1, label 1).

bry, perform

ump until it

80 % of the

in Clause 7.

1e.
W rate.
ates and the

ow rates and

ected volume

6.5 | Test set-up andperformance
The basic test set-up.for the technical tests shall be as depicted in Figure 1.
3
O ! q
\ ) -~ LT \
~— ~—
1 2 L 5
Key
1 volume flow meter or volume meter 4 pulsation damper (optional)
2 air flow resistor 5 pump
3 differential pressure gauge (manometer)

Figure 1 — Test set-up for pumps operating with a variable flow resistance

Air is drawn through a volume flow meter or volume meter. The flow resistor, adjusted depending on
the test to be performed, is connected by one end to the outlet of the volume flow meter, and by the
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other end to the inlet of the pump. The pressure drop relative to ambient pressure is measured using a
differential pressure gauge (manometer), connected to the line, and in between the flow resistor and the
inlet of the pump. The pump inlet is connected to the flow resistor and the differential pressure gauge.

NOTE1  Where pulsation of the air flow prevents accurate reading of the volume flow meter and differential
pressure gauge, a pulsation damper of low flow resistance (up to 200 Paat21- min-1) can be inserted downstream
of the differential pressure gauge.

All connections shall be leak tight. The diameter and length of the tubing used should be as low as
possible with a maximum total length of (80 + 5) cm and a nominal internal diameter of 6 mm. For

higher flow rates, larger diameter tubing may be used to limit pressure restriction. For the pulsation
test given in-ZZ cppr‘ia] regquirements for the hlhing and test set-up shall be fulfilled

Tests shall Qe performed with fully charged batteries.

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

NOTE 2  Iffthe measurement of the pressure drop is not necessary for a test, the differential pressure gauge
can be omitted.

7 Test methods

7.1 Features

Make a visyal inspection and check the manufacturer’s specifications to determine that the gump
incorporatep all of the features specified in 5.1.

7.2 Mass

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

7.3 Design safety

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

7.4 Operating time

Carry out tHe operating timeZ®ests at (5 + 2) °C in conjunction with the tests for start-up and long{term
performancg (see 7.5).

Check whether the réquirement specified in 5.4 is met.

7.5 Startiup and long-term performance

7.5.1 Testset-up

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

7.5.2 Flow rate and pressure drop adjustment

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

8 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=c817cb9b304bada8b1e1e785a6e97051

1SO 13137:2013(E)

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 of Flow rate setting Resistor pressure drop setting
type the pump
ml - min-1 ml - min-1 kPa
2000 1,62
<5000 roarﬁir;;%:@l?:t(e)fr?rfge of Maximum pressure drop for this flow
the pump rate as specified in Table 2
) Minimum value of the 0,4 Times maximum pressyre drop for
nominal flow rate range of |this flow rate as specified-fly the manu-
the pump facturer
>5000 - e of th
roari(llirr?;lr?l(\),\?v llf:t(e) rtarfge of Maximum pressure drop for this flow
the pump rate as specified by the manufacturer
50 0,52
<300 yoar)rilirrrllaulr?l(‘),\;avhﬁ;tzfrt;lr?ge of Makimum pressure drop fofr this flow
the pump rate as specified in Table 2
G
300 4,0a
>300 roaéir;l;rg;’;l?:tzfrt;:ge of Maximum pressure drop fofr this flow
the pump rate as specified by the manufacturer

a  (J,4 Times the maximum pressure drop specified in Table2.

If the required flow rate setting falls between the values stated in Table 2, determine t

pressure drop setting by linear interpolatiod.

7.5.3 Procedure

Perf@rm the test for each flow rate:and pressure drop condition specified in 7.5.2, once at a {

in the range from 20 °C to 25 °C ahd once at (5 * 2) °C.

Priof to each test, fully charge the battery and then condition the complete test set-up (see 6.
at the required temperature for at least 16 h. Switch on the pump and adjust the flow rate a
drop|to the required‘values. Start the timer and measure the flow rate continuously. Conti
untilithe measured flow rate falls outside the 5 % criterion set in 5.5, a malfunction is regis
pump cuts out dutomatically (see 5.1).

7.6 | Short-term interruption of air flow

he required

emperature

b) by storing
nd pressure
nue the test
tered or the

7.6. Testset-up

The basic set-up is as given in 6.5.

7.6.2 Flow rate and pressure drop adjustment

The test is carried out at the flow rate and pressure drop as specified in Table 5.
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Table 5 — Flow rate and pressure drop settings for the short-term interruption of airflow 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 0,5

For this flow rate, 1,5 times the
minimum value of the nominal pres-
sure drop range, but not exceeding

tha o vyaliin ~AfF+lh o ool oo res-
................................. 5

P Mean value of the nominal
>5000
flow rate range of the pump

sure drop range
<300 50 0,2
>300 300 1,5

7.6.3 Pro¢edure

Adjust the pump and resistor to the required flow rate and pressure drop a$-specified in 7.6.2. Fully
block the aif flow by fixing a hose clamp on the tubing at the inlet of the pump."Measure the time tiaken
for the pump to react to the blockage (e.g. automatic cut out, activation ofmalfunction indicator) uging a
timer. Afterwards remove the clamp and check whether the requirements specified in 5.6 are met

7.7 Temperature dependence

7.7.1 Testset-up

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

7.7.2 Flow rate and pressure drop adjustmeit

The test is cprried out at the flow rate and pressure drop as specified in Table 6.

Table|6 — Flow rate and pressure drop settings for the temperature dependence test

Maximum value of

the nominalflow rate Flow rate setting Resistor pressure drop settjng
Pump type range afthe pump
mV- min-1 ml - min-1 kPa
<5000 2000 0,5

For this flow rate, 1,5 times the
minimum value of the nominal pres-
sure drop range, but not exceedling
themreanr vatue of the otmimat pres-
sure drop range

<300 50 0,2
>300 300 1,5

P Mean value of the nominal
>5000
flow rate range of the pump

7.7.3 Procedure

Prior to the test, fully charge the battery and then condition the complete test set-up (see 6.5) by storing
atthe temperature range from 20 °C to 25 °C for atleast 16 h. Switch the pump on and adjust the flow rate
and pressure drop to the required values. Place the complete test set-up in the climate chamber at (5 *
2) °Cfor about 2 h with the pump running, then measure the flow rate. Then increase the temperature to
10 °C, 20 °C, 30 °C, and 40 °C and keep constant for periods of (60 + 1) min at each temperature. Measure
the flow rate at the end of each 1 h period.
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Pumps with operating times less than about 8 h shall not be run over the entire test period. Once
each required temperature is reached, switch on the pump and run for (15 + 1) min prior to flow rate
measurement, then switch off the pump upon completion of flow rate measurement.

Check whether the requirement specified in 5.7 is met.

If the temperature range specified by the manufacturer exceeds the range from 5 °C to 40 °C the test
should be performed over this extended temperature range. In this case, the temperature steps should
be adjusted accordingly but should not exceed 10 °C.

7.8 Mechanical strength

7.8.1 Testset-up
The basic set-up is as given in 6.5.
For the shock treatment a test set-up as shown schematically in Figure 2 shall'be used.

The apparatus consists of a steel case which is fixed on a vertically moving piston, capable of being lifted
up 20 mm by a rotating cam and dropping down on to a steel plate under its own weight as the cam
rotafles. The mass of the steel case shall be more than 10 kg. The mass-of the steel plate on fo which the
steellcase falls should be at least 10 times the weight of the steel¢ecase. This may be achievegd by bolting
the base plate to a hard solid floor.

Dimensions in millimetres

1

—2

Key
1 steel case 4  vertically moving piston
2  pump 5 rotating cam

3  steel plate

Figure 2 — Test set-up for shock treatment

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 7.

© IS0 2013 - All rights reserved 11


https://standardsiso.com/api/?name=c817cb9b304bada8b1e1e785a6e97051

ISO 13137:2013(E)

Table 7 — Flow rate and pressure drop settings for the mechanical strength 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 3,2
P M . For this flow rate, 0,8 times the
ean value of the nominal . :
>5000 maximum value of the nominal
flow rate range of the pump
pressure drop range
c <300 50 1,0
>300 300 8,0
7.8.3 Progedure
Adjust the pump and resistor to the required flow rate and pressure drop as specifiedin 7.8.2. Medsure

the flow rat
rear face in
shock treatr
specified in

7.9 Pulsa

7.9.1 Test

The test set{

3
Key
1 rapidly fesponding flow meter or anemometer
2 air flow|resistor
3 pump

A rapidly re
used to meq
is connecteq

. Switch off the pump and subject the pump to the shock treatment. Sécure the pump
h steel case (see Figure 2). Operate the shock equipment with about’2 000 shocks. Aftd

5.8 are met.
tion of flow rate (for type P pumps only)

set-up

up shall be as specified in Figure 3.

S—% O
T a2

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

spondingflow meter or anemometer (response time from t1g to t9g of 4,5 ms or le
sure @signal proportional to the flow rate. The flow resistor, adjusted as specified in
| by, one end to the outlet of the rapidly responding flow meter, and by the other end t

inlet of the

n its
r the

hent, switch on the pump and measure the flow rate again. Check'whether the requirenpents

5s) is
7.9.2,
p the

vmn f(con Figura 23

ot EAAF wyN=-su-mey D
P == ===

All connecting tubing is made from rigid material [e.g. polyvinyl chloride (PVC) tubing with a wall
thickness of atleast 1 mm] that has no damping effect and with an internal diameter of 6 mm. The tubing
length between the pump and the resistor is (600 + 10) mm, and (200 + 10) mm between the resistor
and the inlet of the rapidly responding flow meter.

The rapidly responding flow meter measurement values are recorded continuously over at least one
pulsation period, e.g. by using a data logger or memory oscilloscope. Alternatively, a voltage meter can
be used to determine the alternating and continuous components of the air flow.

7.9.2 Flow rate and pressure drop adjustment

The test is carried out at the flow rate and pressure drop as specified in Table 8.
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Table 8 — Flow rate and pressure drop settings for the pulsation of the flow rate test

Maximum value of the nomi-
nal flow rate range of the Flow rate setting Resistor pressure drop setting
pump
ml - min-1 ml - min-1 kPa
<5000 2000 0,75
~5 000 Mean value of the nominal flow 2
rate range of the pump

7.9. Procedure

CaliHrate the rapidly responding volume flow meter. To obtain an unbiased linear relationship between
the flow rate and the output signal of the flow meter, auxiliary linearization equipnient should be used.

NOTE 1 It is not necessary to achieve an absolute calibration which connects the output signal of the flow
metef with the flow rate.

NOTH 2  For calibration of a hot wire anemometer and for the adjustment ofithe flow rate and resiftor pressure
drop |pefore the pulsation test, a slowly responding volume meter or volumée flow meter connected fo the inlet of
the anemometer, in order to have the lowest pressure drop in the first position, and a differential pjessure gauge
(manpmeter) connected between the flow resistor and the pump inlet;are added to the test set-up (pee Figure 4).

K

—9-0—%0-0—
T 2 3 5 6

Key
glowly responding volume flow meter or velume meter 4 differential pressure gauge (manometer)

—

pidly responding volume flow meter or anemometer 5 pulsation damper (optional)
dir flow resistor 6 pump

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

Adjupt the pump and@esistor to the required flow rate and pressure drop as specified in 7.9.2.

If the pulsation ofthe air flow prevents accurate reading of the slowly responding volume flow meter or
voluine meterand differential pressure gauge when setting the flow rate and pressure drog prior to the
pulsation test;"a pulsation damper of low flow resistance is inserted downstream of the flow resistor
duripg thesetting of the flow and the resistance pressure drop. After setting and adjusting the flow rate
and theresistor pressure drop, remove the slowly responding volume flow meter or volume meter and
pulsation damper, if used.

If the measurements are to be carried out with a rapidly responding anemometer, calibrate the average
reading of the rapidly responding anemometer relative to the slowly responding volume flow meter
by using non-pulsating air flows. Determine a relation between the linearized output of the rapidly
responding anemometer (voltage U in volt) versus the flow rate in litres per minute as measured by the
slowly responding volume flow meter (qgyin1- min-1) according to Formula (2):

Determine the coefficients A and B by regression analysis.
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Measure the rapid variation of the flow rate by one of the following methods.

a) Record the outputsignal of the rapidly responding flow meter (atleast 60 readings per period) over a
number of cycles of the pulsating volume 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.

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

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

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

:%Xloo (3)
A+BUp

Y
2,5

1,5

0,5
0 0,05 0,1 0,15 0,2 0,25

Key
Y gy 1-miph1 flow rate
X t s time

Figure 5 — Example of pulsation cycles

7.10 Flow rate stability under increasing pressure drop

7.10.1 Test set-up

The basic set-up is as given in 6.5.

7.10.2 Flow rate adjustment

The tests are carried out at the flow rate settings as specified in Table 9.
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Table 9 — Flow rate settings 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 range
of the pump
<5000
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 Aiéminal flowy rate range
<300
C of the pump
Maximum valueof the nominal floy rate range
>300
of the pump
7.10{3 Procedure
Adjupt the pump to one of the test flow rates given in Table 9 and’the resistor to the minimyim pressure
drop|setting at this flow rate as given in 5.10. Allow to stabilize for (30 = 1) min. Increase the pressure
dropj in at least five steps, 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, thédrequired pressure drop is obtained by linear
interjpolation. At each step, after varying the pressure-drop, wait (120 * 10) s before recording flow rate

and pressure drop. Repeat this procedure for the-second test flow rate (type P pumps only).

The {

out automatically or the flow rate deviates by more than 5 % from the test flow rate.

7.11 Timer accuracy

To ch

calib

NOTH

and 1

ration traceable to the Hational time standard are compared over a period of at least 1

bng-term performance at a range from 20 °C to 25 °C (see 7.5).

7.12 Electromagnetic compatibility

Verifly by nieans of a test certificate whether the requirement specified in 5.12 is met.

7.13_Explosion hazard

est shall be continued at pressure drops-above the maximum, as given in 5.10, until the pump cuts

eck whether the requirement specified in 5.11 is met, the timer of the pump and a tim¢r which has

h.

This test can b€catried out over the entire operating time in conjunction with the test of the start-up

Verify by means of a test certificate whether the requirement specified in 5.13 is met.

8 Testreport

The test report shall include at least the following information:

a) full identification of the pump;

b) reference to this International Standard (ISO 13137:2013);

c i

dentification of the test laboratory;

d) testconditions and test results;

© ISO
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e) whether the features and results comply with the values or limits specified therein;

f) any unusual features noted during the determinations;

g) anyoperation notincluded in this International Standard that could have an influence on the results.

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 alnld address of the manufacturer;

b) designation of series or type;

c) serialn
d) statemgq
e) intende
f) nomina
g) nomina

h) operatij

i) temper3
j) typede
k) notes a

charge i

1) notesw

m) notes W
explosig

n) informd
to theu

o) informg
calibrat

p) informd

imber, if any;
nt of conformance with this International Standard (ISO 13137:2013);
d use (type P and/or G);

flow rate range;

range of pressure drop;

g time according to 5.4;
iture range for operating;
signation of charger to be used for charging the'battery;

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

ith respect to maintenance and trouble-shooting;

ith respect to special safety\requirements. If the pump can be used in an area subje
n hazard, the certificate iumber provided by the appropriate certification body;

tion concerning the adjustment of flow rate; this should also include information pert
Ke of low resistancépulsation dampers, if required;

tion that the flow rate given by an integral flow meter, if included, is not considel
ion traceable‘to national or international standards;

tion cencerning the equilibrium time to reach a stable air flow rate.

10 Charg

10.1 Requ

irements

and

ct to

nent

ed a

A compatible type of charger shall be unambiguously assigned to the pump for charging its battery.

10.2 Testing

Verify in accordance with instructions for use of the pump.

16
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11 Marking

The pump shall bear all markings which are necessary for its unambiguous identification, in order to
indicate its compliance with mandatory requirements, if any, and for its safe use. The label shall contain
at least the following:

a) manufacturer’s name;
b) type;

c) serial number;

d) mumber of this International Standard (I1SO 13137:2013);

e) If the pump can be used in an area subject to hazard by explosion, add the relevant fertification
umber and a warning “Do not charge in a hazardous area”. This text shallbe in the|language(s)
fthe countries where the pump is to be marketed.
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Annex A
(informative)

Types of pump mechanism and control system

A.1 Types of pump mechanism

A.1.1 Gen

Pumps for |
mechanism;

A.1.2 Dia

Diaphragm
provided wi
motion by t

Ontheinlet
within the c
port valve ig

On the outld
positive pre
while the in

The air flow

eral

personal sampling of chemical agents in general incorporate one of two types of |
diaphragm pump mechanism (see A.1.2) or rotary vane pump mechanism\(see A.1.3).

phragm pumps

pumps comprise a chamber sealed on one side by a flexible diaphragm. The cham}i
hinlet and outlet ports sealed by valves. The flexible diaphragnuis driven in a reciproc
e action of an electric motor, generally via an eccentric and-connecting rod. See Figurg

stroke the diaphragm is flexed to increase the volume ofithe chamber, thus creating a vag
hamber, which draws air through the inlet port valvé:and into the chamber, while the
maintained closed by the vacuum in the chamber:

bt stroke, the diaphragm is flexed to decrease‘the volume of the chamber, thus creat
ssure within the chamber, which forces thedir out of the chamber via the outlet port y
et port valve is maintained closed by the positive pressure in the chamber.

rate is adjusted by varying the speed-of the driving motor.

ump

er is
ating
p A1,

uum

utlet

ing a
alve,

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

18

Figure A.1 — Diaphragm pump
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Currentexamples 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 arotor 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.

Key

The ¥
with
with
ther

Alter
tips

The
port

As v

a) inlet b) transfer c) outlet
hamber 3 wvanel 5  spring 7  outlet port
otor 4  vane?2 6 inlet port 8  partition

FigureA.2 — Rotary vane pump

ranes may be rigid and free to'slide in the rotor, such that the outer tip of the vane remai
the circumference of the ¢hamber. A spring may be used to maintain the tips of the van
the circumference of the chamber or alternatively the centrifugal force created by th
btor may be used to.maintain the tips of the vanes in contact with the circumference of

natively, the vanies may be flexible and rigidly fixed to the rotor. Flexing of the vanes m
f the vanes in contact with the circumference of the chamber.

yanes and rotor create three separate partitions within the chamber, one connected
one conmected to the outlet port, and the third isolated from both inlet and outlet por

i1ie+1" passes the inlet port and continues its rotation the volume of the partition conn

s in contact
Ps in contact
b rotation of
he chamber.

aintains the

to the inlet
[S.

ected to the

inlet

POTt INCIeases, thus Creating a vacuunT 1 tie partition, wiich draws air througit th

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.

e inlet 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.

© ISO
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A.2 Types of control system

A.2.1 Constant flow control

Pumps designed to this International Standard 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 volume
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 directly.

The pump cpntrols may also incorporate additional sensors to monitor environmental conditiong, e.g.
ambient tempperature and atmospheric pressure, and adjust the performance of the pump mechanism
based on th¢se for greater accuracy.

A.2.2 Constant pressure control

In this type|of control, the control system adjusts the operation of the pump ‘mechanism to maintain a
constant pressure drop at the sample media outlet, within a specified toleraiice.

The pump control system incorporates a pressure sensor at the pump inlet to derive a pressure |[drop
signal. This|signal plus the required pressure drop setting form_.thé feedback and input signalq of a
closed loop gontrol system.

An alternative method of constant pressure control is the incerporation of an internal (or the addition
of an externpl) pneumatic pressure regulating valve.

When this fype of control system is utilized, the sathpler should include a throttle valve to set the
required flow rate through the sample media.
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Annex B
(informative)

Internal sensors of sampling pumps

General

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

Thesginternal sensors canbe used to provide sampling dataaslongthey meet the minimum re
given in 6.2.

B.2

B.2.

Measurement of ambient conditions

| General

Occupational exposure limit values are in many cases related<to specified atmospheric cor
20 °( and 101,3 kPa or 25 °C and 100 kPa). To convert the,volume of the sampled air to thes¢
the gressure and temperature of the sampled atmosphere'during sampling are recorded.

The dmbient conditions are measured atthe beginningand end of the measurement, and for m

relat

£d to the work shift, a minimum of one timedn'between.

Normally calibrated thermometers and batometers are used for the measurement of

cond

fitions during sampling.

B.2.2 Temperature

For femperature measurement;yuse a thermometer (e.g. glass or electrical) with a toler
tracdable to the national stafndard (see 6.2).

The data given by an internal thermometer of a sampling pump can only be used to calculate t
atmdspheric conditieis*when its accuracy meets the requirement given in 6.2 and can b
tracqable to the natignal standard.

B.2.3 Atmgspheric pressure

For gressure measurement, use a pressure meter (e.g. barometer) with a tolerance of 0,5 k

to th

B.3

re, pressure,

Pquirements

ditions (e.g.
b conditions,

easurement

the ambient

hnce of 1 °C

he specified
e calibrated

Pa traceable

P Mrational standard.

Flow rate measurement

For flow rate measurement, use a flow meter (e.g. mass flow meter, rotameter) with a measurement
uncertainty 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 accuracy meets the requirement given in 6.2 and can be calibrated traceable to the national standard.

NOTE

and cannot be used for flow rate adjustment.

© IS0 2013 - All rights reserved
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B.4 Interface to a computer (internal data logger)

Pumps that have an interface to transfer the sample related data (e.g. air flow, sampling time) should
ensure that the data stored in an internal data logger can easily be transferred to a computer.
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Annex C
(informative)

User tests for pumps and flow meters

General

Alw3g

includes flow rate stability and flow rate adjustment.

In or
befoi

C.2

As a
satis
be v{
an ey

For 1
desc
test s

ys check sampling pumps and flow meters for correct function before each use. In\pa

der to ensure a long life for most battery types, perform a complete discharge and
e each use. For further information see the manufacturer’s instructionsfor‘use.
Regular verification of pump performance

result of regular use, it is possible that the performance of the battery and the pun
fies the requirements of this International Standard. There€fore, the performance of a

ticular, this

tharge cycle

p no longer
ump should

rified regularly, and at least annually. This verification ¢an be carried out by the pump user or by

ternal service (e.g. the pump manufacturer).

egular verification of pump performance, the basictest set-up given in 6.5 and the tes
fibed in 7.10 can be used. Always test pumps in relation to the specific application. TH
hould be carried out at a flow rate at which the pump is commonly operated.

t procedure
lerefore, the

Record the results and keep the documentation. The latter should include at least the date of the last

verif]

ication, the date of the next verification and the document with the results of the verif

cation.

C.3 | Verification of pump flow stability

Fully charge the pump in accordance with the manufacturer’s instructions. Connect an upftream flow
resisftor, e.g. a sampler and.collection substrate, and set the pump to the desired flow rate. If the set flow
rate |s kept constant overa-short period (e.g. 5 min), the pump can be used.

C.4 | Setting and-checking the pump during sampling

Before each-ise, connect the sampling train (pump plus sampler selected for sampling) fo a suitable
flow |meter,Set the flow rate to the required value. After sampling, check the flow rate again; it shall not
devigte’by more 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 period. The

time can vary up to approximately 30 min, especially when the pump is not adapted to the environmental conditions.

— 1T+
&/
1

2 3
Key
1  volume flow meter or volume meter
2 sampler
3  pump
Figure C.1 — Flow rate measurement of sampling pumps
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C.5 Pump maintenance

C.5.1 Battery

Pumps with older designs usually have NiCd batteries, while pumps with more recent designs have

NiMH or Li-i

on batteries.

With NiCd batteries there is arisk of the so-called memory effect. If the batteries are not fully discharged
and not fully charged several times in succession, battery performance is permanently impaired.
Batteries should always be fully discharged before charging. In the event of prolonged disuse, they
should be stored in their discharged state or in their current state (partially discharged). Before being

used again,

For further

C.5.2 Che

Regularly uj
However, py

First perfor
with a samj
error. Repla

C.5.3 Pow

The power ¢
drop, and nj
shows if sony

C.6 Flow

The flow me
regularly ca

che pumps should undergo a complete discharge and charge cycle.

nformation, see the manufacturer’s instructions for use.

cking battery performance

sed pumps normally do not need to be checked regarding their battery perform
mps which are not used regularly should be checked before use, as-follows.

n a complete discharge and charge cycle. Then operate the pump‘at the usually set flow
ler typical for this flow rate until it switches off or the low battery indicator displaj
Ce the battery, if the runtime is not sufficient.

fer consumption

onsumption can be easily tested by running the pamip at a high flow rate and a high pre;
easure the running time until the pump stops or signals a malfunction. A record o
ething is wrong with the pump engine and flow system, provided a good battery is us

meters

ters used according to this International Standard to set the flow rate for sampling shou

to test the f

For typical

ow meters used against asSingle traceably calibrated laboratory standard.

low meter measurement ranges and measurement uncertainties see Table C.1.

ance.

rate
/S an

sure
" this
ed.

1d be

librated. It is not necessary tatraceably calibrate every flow meter. Therefore, it is sufficient
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