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ISO (the International Organization for Standardization) is|a worldwide
federation of national standards bodies (ISO member bodigs). The work
of preparing International Standards is normally,(Garried outl through ISO

technical committees. Each member body interested in

which a technical committee has been established has t

represented on that committee. Internatiénal organizations,
and non-governmental, in liaison with 1SQ) also take part in

collaborates closely with the International Electrotechnical
(IEC) on all matters of electrotechnical standardization.
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right to be
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he work. ISO
Commission

Draft International Standards adopted by the technical cofpnmittees are

circulated to the member bodies for voting. Publication as ar
Standard requires approval by at least 75 % of the member &
a vote.

International
odies casting

International Standard ISO 10397 was prepared by Technichl Committee
ISO/TC 146, .Air* quality, Sub-Committee SC 1, Statipnary source

emissions.

Annexes AB, C, D and E of this International Standard are fpr information

only.
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Stationary source emissions — Determination of
asbestos plant emissions — Method by fibre count
measurement

WARNING — SAFETY PRECAUTIONS

GENERAL

Sampling|operations may involve a variety of hazards depending on the circumstances. Management, sampling [operators and
control aythorities, shall consider the likely hazards well before sampling commences. The sampling site shall be{ssessed prior

to samplipg. If hazards cannot be eliminated, appropriate safety arrangements)shall be made with regard to any specific local,
national dr international regulations or codes of practice. Special care is needed concerning asbestos and the method should be
carried out by experienced personnel.

The hazards that may be encountered and advice on ways to alleviate them are given below.
PLANT MANAGEMENT

It is esseptial that plant management and plant operators be.made aware that sampling is taking place. Alsp plant safety
procedures shall be followed, e.g. work permits, etc.

HAZARDSY TO SAMPLING OPERATORS

a) Exposure to asbestos and other substances: Consider visual inspection and/or cleaning of site, monitoring or personal
protectiveg equipment.

b) Inadeqjuate sampling facilities: Provide sufficient workspace for sampling equipment and operators, considpr appropriate
services, ¢lectricity, compressed air, lighting, weather protection, hoists, etc.

c) Working at heights or in remote locations: Consider means of escape, guard rails, warning systems and| the need for
communigations.

d) Expogure to toxic, corrosive, hot or pressurized gases: Consider sampling location, monitoring or warning systems, personal
protectivg equipment, etc.

e) Electrfcal hazards: Consider.equipment protection, earthing, earth leakage circuit breakers and national safety $tandards, etc.
f) Noise jand heat: Consider.protective measures.

HAZARDY TO OTHER PERSONNEL

a) Objects falling from the platform: Consider warning signs, barricading, etc.

b) Presepce of temporary equipment, e.g. cables causing trip hazards: Consider warning signs, etc.
HAZARDS TO PLANT/PROPERTY

a) Ignitignof flammable gases: Consider using non-electrical equipment and non-sparking tools, etc.
b) Equipment dropping into duct: Ensure that equipment is properly assembled.
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1 Scope

This International Standard specifies a method, using
a fibre count technique, for the assessment of fibre
concentrations in flowing gas streams in ducts, chim-
neys or flues from industrial processes using
asbestos.

This method may be used to determine fibre concen-
trations from a wide range of processes where it is
known that “regulated” fibres are present in emis-

particulate material in gas-carrying ducts — Manual
gravimetric method.

ISO 10312:—", Ambient air — Determination of
asbestos fibres — Direct transfer transmission elec-
tron microscopy method.

3 Definitions

For the purposes of this part of ISO 10397, the fol-

sions. No atte

NPT IS made 10 identity asbestos Tibre

types separately from other fibres.

NOTES

1 If fibre iden
made to ISO 10

2 This method

ification is required, reference should be
B12.

may be used to check that dust collection

equipment, used to trap or prevent asbestos fibres escaping
into the atmosphere, is working properly and effectively.

3 This Internat

onal Standard may be used to measure fi-

bre concentratigns as described in European Community
Council Directivg No. 87/217/EEC on the prevention and re-
duction of envirgqnmental pollution by asbestos.

The range of
trations of fibr
10 ﬁbres/cma,

hpplication of the method for concen-
bs in ducts is about 0,05 ﬁbres/cm3 to
Blthough this range may vary according

to the sampled volume which in turn will depend on

duct velocities

2 Normati

The following

and the sampling apparatus used.

ve references

standards contain provisions which,

through reference in this text, constitute provisions

of this Intern
cation, the edi

ional Standard. At the time of publi-
ions indicated were valid. All standards

are subject td revision, and._parties to agreements

based on this
to investigate
cent editions
Members of |

International~Standard are encouraged
he possikility of applying the most re-
of the. 'standards indicated below.
FCand ISO maintain registers of cur-

rently valid Int¢rnational Standards.

fowing definitions apply-

3.1 aspect ratio: Ratio of the length, 6fithe|[fibres to
their diameter.

3.2 access port: A hole in the-duct, providgd with a
flanged or threaded socket, through which the sam-
pling probe is inserted along)the sampling ling.

3.3 cumulative sampling: The collection of a single
composite sample,obtained by sampling fof the re-
quired period atceach sampling point in turn.

3.4 duct: A.chimney stack or ducting at the outlet
of dust collécting equipment carrying asbeqtos-fibre
laden, gases.

3.50 fibre concentration: The number of
“regulated” fibres per normal cubic centimetre of gas.

3.6 fibre count technique: A method for counting
the number of “regulated” fibres present onla mem-
brane filter and the calculation of fibre concentrations.
[ISO 8672]

3.7 isokinetic sampling: Sampling at a rate such
that the velocity and direction of the gas entering the
sampling nozzle is the same as that of the ggs in the
duct just prior to the sampling point.

3.8 pump: A fan, vacuum pump or other apparatus
used for extracting a sample of gas from ducts or
chimneys.

3.9 “regulated” fibres: Fibres that meet| the fol-
lowing criteria:

ISO 3966:1977, Measurement of fluid flow in closed
conduits — Velocity area method using Pitot static
tubes.

ISO 8672:1993, Air quality — Determination of the
number concentration of airborne inorganic fibres by
phase contrast optical microscopy — Membrane filter
method.

ISO 9096:1992, Stationary source emissions — De-
termination of concentration and mass flow rate of

1) To be published.

length > 5 pm,
diameter < 3 um,
minimum aspect ratio 3:1.

3.10 hydraulic diameter D;: The equivalent diam-
eter of a rectangular duct given by the formula

_ 4 x Area of the sampling plane
"~ Perimeter of the sampling plane

1
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4 Symbols with their corresponding
units and subscripts

See table 1 for symbols and their corresponding units
and table 2 for subscripts.

Table 1 — Symbols and their corresponding

ISO 10397:1993(E)

sampled gas is passed through a filter medium which
removes particulate matter (including fibres) from the
gas stream. The filter is treated to make it transparent
when viewed under a microscope, and the number
of fibres are counted, in a precise number of fields
viewed using a phase-contrast optical microscope.

Knowing the volume of gas sampled, the cross-
sectional area of the filter, the number of
“regulated” fibres counted, and the cross-sectional
area of each field, the concentration of fibres in the
moving gas stream can then be calculated.

6 Summary of method

The method specifies the apparatus arjd the way in
which it is to be used to take’a'sample] in order that
the concentration of fibres,.emitted in p gas stream
from an asbestos process can be dgtermined by
measurement and caloulation. This erjables an as-
sessment to be made of the effectiveness of the
measures being.taken to prevent pollutipn.

The sampling( train shown schematically in figure 1,
consists ©f the following:

— prebe with nozzle and fibre collector
<"flow regulation equipment;

— volume measurement apparatus;

— pump.

The analytical equipment consists of:
— a phase contrast microscope;

— filter “clearing” equipment;

— flow and temperature measurement|apparatus.

This is a sensitive method which requirgs small sam-
ples and relatively short sampling timgs, which en-
ables several samples to be taken, thus jmproving the
precision of the method. In practice, |a preliminary
sample and two definitive samples will normally be
taken.

Initialhy—before-samplingcan-begin—it-Will be necess-

units
Symbol Meaning Unit
Ar Effective fiftering area of the
membrane filter mm?
C The concentration of fibres in the
stack ﬁbres/cm3
Dg Diameter of the Walton-Beckett
graticule um
D¢ Diameter of the exposed area of
filter mm
d Diameter of the filter nozzle mm
f Fibres (see 3.1)
K Calibration factor for Pitot-static
tube
k Simplified calibration factor for
Pitot-static tube
N Total number of fibres counted
n Number of graticule areas exam-
ined
P Absolute pressure Pa
op Differential pressure (Pitot-static
readings) Pa
R Sampling rate m3/min
T Absolute temperature K
Temperature of the duct gases °C
v Gas velocity at a sampling.point m/s
1% Volume of sampled gas m3
p Density of duct gas kg/m®
® Duration of sampling S
Table 2 — Subscripts
Subscri|rt Meaning
S Standard conditions of 1,013 bar and 0 °C
F Filter
G Graticule
| Integrating meter
T Total

5 Principle

The apparatus is inserted into a moving gas stream
and a known volume is withdrawn isokinetically. The

ary to take note of all plant operating parameters and
dimensions at the sampling plane. Then, the flow rate
and temperature of the gases in the duct are meas-
ured and the atmospheric pressure is noted.

Once these preliminaries have been dealt with, the
sampling train is assembled, selecting the appropriate
nozzle to ensure that isokinetic sampling can be car-
ried out.

The sampling probe is inserted in sequence into the
access holes in the duct and a sample is withdrawn
isokinetically from the four points at the centre of four
equal areas. The sample volume is then recorded. The
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sample, which is collected on a membrane filter, is
transported to a laboratory where it is treated to en-
able the counting of the fibres under a phase-contrast
microscope.

From the recorded data, the concentration of fibres in
the duct can be calculated.

7 Apparatus

7.1 General

in table3. The items of apparatus provided shall be
constructed of materials (e.g. stainless steel) capable
of withstanding the conditions under which they will
be used, shall be portable or transportable, and shall
be capable of sampling isokinetically (see 12.3) at a
steady rate.

NOTES

4 Access ports on the duct will be needed to enable
sampling to take place.

5 A well established and accepted laboratory to undertake
Use a sampling train for sampling regulated fibres as analvytical wo'rk will be required. The laboratopy_$hould be
shown in figute 1. The apparatus to be used is listed part of a quality control system.
Table 3 — Sampling and analytical apparatus
Mumber . .
(see figure 1) Apparatus Design Requirements

1 Sample nozzle and filter holder See figure 3 See 7.3 and figure 3

2 Probe tube and support Rigid and tubular to support filter, +See 7.3 and figure 2
holder and sample nozzle and-tg
seal duct

3 Fibre collector Membrane filter (mixeghesters} Efficiency of > 398 % for  um

size particles

4 Flowmeter for sampling Orifice plate, variable flow orifice | Volumetric flow rate accyrate to

within + 2 %

5 Regulator for sampling Control yalve or equivalent Capable of maintaining ispkinetic
method.for adjusting flow sampling (see 12.3)

6 Pump Vfaedum pump or fan, or equiv- Suitable for isokinetic sampling
alent with smooth flow charac- and shall be gas-tight when an
teristics integrating gasmeter is employed

7 Device for measuring samplevol- | Integrating dry gasmeter or Gas volume measured with an

ume equivalent (see annex B) accuracy of £ 2 %

8 Device for measuring tempera- Thermocouple or equivalent Accurate to + 1 % of abqolute

ture (in duct) temperature

9 Device for_measuring flow Pitot-static tube (see annex B) Complying with ISO 3964
connected to a device for meas-
uring differential pressure

10 Sample containers Sealable Large enough to contain filter

holder

1 Optical microscope Phase contrast Complying with ISO 8672

12 Filter clearing apparatus Acetone/triacetin (see figure 4) Complying with ISO 8672

13 Timing device Stopwatch To read to the nearest 1 s

14 Device for measuring duct di- Calibrated rod, reliable drawings Internal dimension of duct meas-

mensions or equivalent (see clause 8) uredto+ 1%

15 Device for measuring atmos- Barometer or equivalent Accurate to + 1 %

pheric pressure
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NOTE — The numbers in this figure correspond to items of apparatus listed in table 3.

Figure 1 — Typical sampling train

24

Probe support/Port sealer

/ Rubber seal ring
m / rreve

SEERTIR .

Knurled end to facilitate tightening

against rubber seal which grips probe
i ' 3’\ Wing nut which maintains the

probe support on the access port
§ Access port

Duct wall

Figure 2 — Typical access port with probe support/port sealer
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25 mm filter

Deflection cone

a) Example 1

37 mm filter

Deflectien CONe

b) Example 2

/— 25 mm filter

AV,

Deflection cone

c) Example 3

7.2 List of dpparatus

A full list of apgaratus is given in table 3. The numbers

Figure 3 — Typical sample nozzle and filter holder designs

that entrance of ambient air or escape of du¢t gases
are kept to a minimum.

NOTE & This—sealing-mechanism-can-also-act ds a sup-

assigned to the-fifstsevenof apparatus referto-those
shown in figure 1, which shows a typical sampling
train. All the apparatus used for sampling and analysis
shall comply with the requirements given in table 3.

7.3 Sampling probe (including nozzle and
fibre collector)

The probe tube shall be attached to the sample nozzle
and filter holder and be long enough to enable these
to be inserted into the duct through an access port,
at the sampling point. It shall be provided with a
mechanism for sealing the access port in such a way

~
port and a means for securing the probe in the correct
sampling positions. A typical design is shown in figure 2.

The sample nozzle (see figure 3) shall be sharp edged
in principle, but short enough to minimize the possi-
bility of fibre deposition. Also, it shall be robust
enough to prevent damage during general use.

NOTE 7 The designs shown in figure 3 have been evalu-
ated to ensure even distribution of fibres over the mem-
brane filter.

The diameter of the nozzle at the entrance shall be
not less than 4 mm.
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Dimensions in millimetres

e

Metal vessel

FStitetobetteared \

|
|
|
|
|

=)

(ooling coil:
Ipner diameter: 6 mm
Quter diameter: 8 mm

300

N < ————————

I
® 160

a) Acetone boiler

~Cover slip

Stige : :Filfer which has been cleared

b) Placing of the cover slip

Where if has been proven by research that isokinetic
samplind can e maintained, nozzles down to 2 mm
can be used,

Figure 4 — Typical filter clearing appratus

A range of different sized nozzles shdl be available,
so that samples can be withdrawn isokinetically from
the gas streams in ducts over a range pf velocities.

No reduction shall be made in the internal diameter
over a distance of one diameter of the entry section.
Any subsequent changes in bore diameter shall be
tapered rather than stepped, and joints shall be
smooth to prevent fibre deposition. Any bends in this
section shall have a minimum radius of 1,5 times the
nozzle bore diameter. The internal surfaces of the
nozzle and any tubing prior to the filter shall be
smooth (i.e. a roughness of < 0,2 um) to prevent de-
position of fibres.

The fibre collector shall be of the membrane fiiter
type, situated as close behind the sample nozzle as is
convenient, to minimise deposition in unwanted
areas. (See typical designs in figure 3.)

7.4 Sampling rate and volume

The pump used for extraction of the sample shall be
capable of maintaining isokinetic sampling in all situ-
ations (see 12.3). It shall therefore be capable of
overcoming the pressure drop created by the sam-
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pling apparatus and that within the duct, and shall
provide a continuous smooth flow.

Adjustment of
by the use of a
of the suction
enough.

NOTE 8
have been found
etc. have also be

the sampling rate shall be carried out
control valve, although voltage control
unit is permissible if this is sensitive

In most circumstances, variable flow orifices

suitable for flow control, but orifice plates
en used. Although variable flow orifices are

used to control the sample flow rate for isokinetic sampling,
it is necessary to have an accurate measure of the volume

of gas sampled.

7.5 Flow an
the duct

Use a Pitot-sta

d) the ratio of the highest to lowest gas velocities
shall be less than 3:1;

e) the absolute temperature at any point shall be less
than + 5 % of the mean absolute temperature.

If these criteria cannot be met, try other locations until
they are.

In order to see whether these criteria can be met,
measure the differential pressure using a Pitot tube
at ten equally spaced points along each sampling line
(see figureh) Readings should not be taken in the

d temperature measurement in

tic tube meeting the requirements of

ISO 3966 for measuring the flow of the gases in the

duct. However

if very wet conditions are encount-

ered which intgrfere with the use of this instrument,
the use of a calibrated Stauschibe Pitot tube is per-
missible (see 130 9096).

NOTES

9 Moisture in g

bs streams will adversely affect the mem-

brane filter, and g¢an cause clogging up and even rupture.

10 Most thermocouples are accurate enough for tem-
perature measurgment.

8 Facilities| at the sampling site

8.1 General

Before attempgting to conduct sampling" at the
asbestos site, ¢nsure that sampling facilities are suit-

able by check

ng the accessibility 6f)the sampling

platform, safety aspects (see page. 4); electrical supply
and flow profilg (see 8.2) in the @uct.

However, if sampling has not/been carried out before,

determine the

best samphing location downstream of

the dust collecfion equipment (see 8.2).

8.2 Require
location

ments for a suitable sampling

region close to the wall of the duct (i.e. mot within
3% of the effective duct diameter~‘er 30 mm,
whichever is the greater). Similarly, the temperature
at each of these points shall be medsured.

NOTES

11 The sampling location shguld be situated in a [ength of
straight duct with constant Shape, preferably vertidal, as far
downstream as practicable from any obstruction which may
cause a disturbance and produce a change in the [direction
of flow (e.g. a bend{.a fan, a partially closed damper). The
sampling location‘should also have a clear length of duct
downstream from it, preferably several duct diameters in
length, in order:that conditions a) to e) can be mef. Where
these conditions cannot be met, refer to annex A.

If sampling in horizontal ducts is unavoidable, dive con-
sideration to having access ports situated on the upper
seetion of a duct.

12 Before installing proper access ports, it is sepsible to
drill small holes in the duct at the possible sampling location
and to undertake a preliminary flow and temperatur¢ survey.

8.3 Location of access ports

Access ports shall be sited at the end of eagh sam-
pling line as shown in figure b.

Sampling points are located on the sampling lines
which are in the same plane. The lines are gither at
right angles to one another or parallel to one another,
depending on the shape of the duct.

For the sampling location to meet the requirements
of this International Standard the following conditions

shall apply:

a) the angle of gas flow shall be less than 15° with

regard to th

b) there shall
pling point;

e duct axis;

be no reverse gas flows at any sam-

¢) the pressure drop when using standard Pitot tubes

shall be not

less than 5 Pa;

8.4 Sampling platform

Where sampling takes place at height on a chimney,
a sampling platform will be required to enable sam-
pling personnel to undertake their work and to ac-
commodate the sampling equipment.

The platform shall be provided with all the necessary
safety features required in national standards. Advice
on the safety features to be considered on site is
given on page 1.

NOTE 13  Where sampling can be undertaken at ground
level, a sampling platform may not be required.
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R E
x x Sampling point } Distance from inner wall
! |
! |
i ! N 1 0,150
! | 2 0,850
I
X X
| ~
L
—yhy
\/ w/k / w/2 \ w/k
Access ports / \
a) Small ducts
N E
[} ~
X X
| |
| | ~\f
E | ~ Sampling point | Distance from inner wall
[}
| ]
* * 1 0,0650
! : 2 0,2500
! : N 3 0.7500
! ! = 4 0,9350
Q I ]
x x
I I
i | 3
! ! = Access ports
| | Y
x /
| [oo]
I I ~
| | ~
| =
N\ w/k w/2 w/k
Access ports T
b) Large ducts (cross-sectional area > 3 m?)
D pPiameter of the duct
! lLength of the duct
w  Width of theduct
Figure 5 — Position of sampling points
9 Sitelwork prior to sampling Assemble the sampling apparatus for|use (use any
appropriate nozzle), and check it for leaks as follows.
Plug the nozzle inlet with a rubber bung, apply a
9.1 General 50 kPa vacuum to the sampling train and seal it. If the

Before carrying out any measurements, make a full
record of all relevant data about the asbestos pro-
cesses involved and their operation, to ensure that
they will be operating while sampling. Typical data
sheets for site work are shown in annex C. Because
of the potentially hazardous nature of asbestos, take
all suitable safety precautions (see page 1).

Mount membrane filters in the filter holders in a clean
fibre-free atmosphere.

dry gasmeter reading moves, the maximum accept-
able leakage rate 0,5 I/min.

9.2 Duct cross-sectional area at the
sampling plane

Measure the internal dimensions of the duct or
chimney and calculate the cross-sectional area avail-
able for flow.
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NOTE 14  Neither the gas velocity measuring equipment
nor the probe with nozzle should be used for this purpose.

If the cross-sectional area is derived from drawings,
check to see if the drawings are in agreement with
the duct in question. Otherwise, rely on duct
measurements.

9.3 Velocity and temperature survey

Take velocity and temperature measurements along

each sampling
the centre of
them for use i
ure (at the sam
be taken and r

ne of the sampling lines, and record
9.5 and 10.2. The atmospheric press-
e height as the sampling location) shall
bcorded using a barometer.

9.4 The number and position of sampling

points

Isokinetic sam
from four or ei
size of the dud

ples shall be taken (see clause 10)
ght sampling points, depending on the
t. These sampling points shall be situ-

ated at the centre of four or eight equal areas within

the duct. If th
ceeds 3 m? at
highest to low
(i.e. the ratio of
sampling point
possible, cumu
the sample vol
Depending on
consulting figd
ition of the sar

b cross-sectional area of the duct ex-
he sampling plane, or if the ratio of the
est pitot-static readings exceeds 4:1
gas velocities exceeds 2:1), then eight
s shall be used. Take the sample, if
latively to satisfy the sample flow rate,
ume and the fibre loading on the filter.
he shape and size of the duct and after
re5, determine the number and pos-
npling points.

9.5 Preliminary sample

95.1 To ensire that the correct sampling regime is

employed wh
take a prelimin
as follows.

Using the read
ocity of the g

I

clause 12). T

n taking the two. deéfinitive samples,
bry sample frond the centre of the duct,

ing recarded in 9.3, calculate the vel-
ases .at. the centre of the duct (see
nen<.refer to the setting chart for

velocity/sampli

ng-rate/nozzle diameter (see figure 6),

A
@=15x105x7§
where

Ar is the effective filtering area, in square milli-
metres, of the membrane filter;

R is the sampling rate, in cubic metres per
minute.

EXAMPLE

F=

300
0,01

then the sampling duration @ = 155)107] x
= 4,5 min.

Alternatively, estimate the samgling rate and|duration
of sampling by reference to.'@ chart such|as that
shown in figure 7.

NOTE 16  The optimum ‘sampling duration is lidely to be
between 2 min and 10min.

9.5.2 Attach'the chosen nozzle (see 9.5.1) to the
sampling apparatus and ensure that the conffol valve
is closed. Then insert the probe through one of the
access ports and position the nozzle at the gentre of
thersampling line. Ensure that the nozzle is facing at
right angles to the gas flow, but not upwards, so as
to prevent particles or fibres being collected|inadver-
tently in the apparatus.

Allow the apparatus within the duct to aftain the
temperature of the duct gas, to avoid condenjsation in
the apparatus.

Simultaneously start the pump, turn the probe until it
faces directly upstream (to within 10°), start|the tim-
ing device and open the control valve. Adjust the
control valve to obtain the required isokinetic $ampling
rate (see 9.5.1) on the flowmeter.

Throughout the sampling period adjust thg control
valve as necessary to maintain the isokinetic $ampling
rate. The velocity of the gas to be drawn thrIugh the

entry nozzle shall be within an error of + 10| %, rela-

tive to the velocity of the duct gas at the g$ampling

to determine

the largest nozzle diameter and the

isokinetic sampling rate.

NOTE 15  The

reason for choosing a large nozzle is to

ensure that the duration of sampling is as short as possible.

Having chosen the nozzle, estimate the sampling
duration @, in minutes, required by using equation (1),
making assumptions that the fibre concentration in
the duct might be about 2 fibres/cm3 and that the
optimum loading on the filter will be 300 fibres/mm?:
300 , Af

ZF x107® ¢

@=2 R

10

point.

9.6 Sample transfer and assessment

Once the calculated duration (see 9.5.1) of the sam-
pling period has elapsed, simultaneously close the
control valve, rotate the nozzle through 90° (but not
upwards) and stop the pump. Then remove the probe
carefully from the duct, and also remove the
nozzleffilter assembly and place it in a clean container
or bag. Seal the container/bag and take it to the lab-
oratory for analysis.
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4 mm (nozzle diameter)
30|
S mm
25 +
g
%‘ o 6 mm
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E
[1n]
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15 |
8 mm
10 +
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0 | | | 1 ] ! 1
0 0,005 0,010 0.015 0,020 0,025 0,030 0,035
Isokinetic sampling rate {m3/min)
Figure 6 — Typical.setting chart for velocity/sampling rate/nozzle diameter
As soon Jas possible, follow the\instructions given in 10.2 Nozzle diameter, sampling rate and
clause 1} so that definitive .$ampling can begin. duration
10 Sampling procedure The velocity and temperature of the gages in the duct
at the sampling points have been taken and recorded
10.1 neral (see 9.3). Using these readings, | consult the
velocity/sampling rate/nozzle diameter| setting chart
Assess i izes| that could be

loading of the preliminary sample |s within the
100 flbres/mm to 600 flbres/mm range, consider
the sample duration to be satisfactory. If the loading
is higher or lower than this range, the sampling dur-
ation will have to be shortened or extended respect-
ively.

NOTE 17 It is necessary to know the velocity of the
gases in the duct at the sampling points, before sampling
can begin (see 10.2 and 12.1).

Because of the sensitive nature of the test method,
make an accurate and full record of all the operating
plant parameters (see clause 13).

used. Then, considering the information determined
in 10.1, choose the most suitable nozzle diameter,
together with sampling rate and duratlon that will
give the optimum loading (300 fibres/mm? ) on the fil-
ter. Fit the nozzle on the sampling apparatus.

Since the sampling duration determined in 9.5 is for
a single sample, where four or eight sampling points
are required, it will be necessary to divide the total
duration time by four or eight respectively.

The minimum time per sampling point for multipoint

sampling shall be 3 min, and for single point sampling,
10 min.

1
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NOTE — Assumps the use of a 256 mni-miémbrane filter with an exposed area of 368 mm? and a loading of 300 fibrds/mm?.

10.3 Definitjve sampling

10.3.1 General

Figure 7 +— Typical sampling time graph (4 mm diameter nozzle)

9.5.2, but position the nozzle at one of the gampling
points, excluding the centre-point.

Adjust the control valve, as necessary, throughout the

It is now necessary to take two definitive samples to
assess the emission by a cumulative sampling tech-
nique (10.3.2), which means that each definitive
sample is taken on only one membrane filter. How-
ever, where this technique may overload the filter, or
where more detailed information on concentrations
present in the duct is required, it is permissible to take
individual samples at each sampling point. However,
averaging of these samples should not be attempted
as they could give misleading results.

With the correct nozzle fitted and using the infor-
mation from 9.3, follow the procedure described in

12

sampling period, to maintain the sampling rate (see
10.2). The velocity of the gas to be drawn through the
entry nozzle shall be within an error of + 10 %, rela-
tive to the velocity of the duct gas at the sampling
point.

10.3.2 Cumulative sampling (see 3.3)

After the first sample has been collected on the filter,
without using a new filter, quickly adjust the probe
tube to reposition the nozzle at the second sampling
point. Immediately adjust the control valve to the flow
reading required at the second sampling point (see
10.2). Then continue sampling as described in 9.5.2
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and repeat the procedures, if necessary, until samples
have been taken at all the points of the first sampling
line (see figure b). Close the control valve and stop the
timing device. Remove the probe tube from the ac-
cess port, reposition it on the next sampling line, and
repeat these procedures until a cumulative sample
from all the points has been collected. The filter now
contains the first definitive sample.

10.3.3 Sample transfer

ISO 10397:1993(E)

11.2 Filter clearing in preparation for fibre
counting

Use the acetone/triacetin method for clearing and
mounting slides described in 1SO 8672:1993,
annex A.

NOTE 20 The principle is that a liquid solvent mixture is
used to collapse the pores of the filter, causing it to adhere
to the glass slide, and turning it into a solid, transparent, and
(ideally) uniform plastics film, with the fibres in the upper
surface. The membrane filter is placed, face-up, on a glass

Repeat the procedure described in 9.6.

10.3.4 Velocity and temperature readings

Repeat the readings of gas velocity and temperature
at each 4ampling point as soon as the sampling at all
the sampling points has been compieted. If the sum
of the Pitot tube readings differs by more than
+ 10 % [or the sum of the gas velocity readings by
more thgn + 5 %) from the original readings of 10.2,
consider [that the test results do not have the required
accuracy

NOTE 18| If this occurs, the reasons for the discrepancies
should be|found before attempting to repeat the procedure.

Check whether isokinetic conditions have been ful-
filled (to jwithin + 10 %), by comparing the calculated
flow ratg that should have been extracted with the
measured sample flow rate converted to actual «duct
conditiors (see clause 12).

If it turng out that isokinetic conditions have not been
achieved], disregard the measurements,.investigate
the causgs and repeat the measurenient.

10.4 Tcond definitive sample
h

Repeat the procedure described in 10.3 under com-
parible plant conditions-'and as soon as it is practi-
cable.

NOTE 19| If thistsecond sample is taken immediately af-
ter the fifst,the'gas velocity and temperature readings re-
corded at|th€end of 10.3 may be used as the initial readings

D:IUU A fCVV dl\}'JO Uf :lquld tl;abctllt ars }J:
face, to provide the desired contrast with¢
provide optical contact. Then a covepstip i

ed on the sur-
he fibres and to
5 placed on top

(see figure 4b). Samples prepared inthis way only deterio-
rate very slowly. Before a real sample is usged, this delicate
sample preparation technique-should be practised on blank
filters to acquire the necessary.competencyd.

11.3 Fibre coupfing

Count the fibres on the slide as|described in
SO 8672.

12 Method of calcuiation

121 Caiculation of gas velocity

Calculate the gas velocity v, in metres per second, at
the sampling point from the Pitot-static| tube readings
and the temperature and density of the duct gases,
using the equation

~ p _ (273+1)

where
dp is the differential pressure, in pascals;

p is the density, in kilograms pgr cubic metre,
of the duct gases;

t s the temperature, in degrees|Celsius, of the
duct gases;

K is the calibration factor for {he Pitot-static
tube.

for the second set of samples.

11 Analytical procedures

11.1 Return of the filter(s)

Once the nozzle/filter assembly is safely back in the
laboratory, dismantle the filter holder and carefully re-
move the filter with tweezers, so as not to dislodge
any deposited fibres, and place it on a clean glass
microscope. (See ISO 8672 for details on cleanliness.)

NOTES

21 The factor K will vary according to the type of Pitot-
static tube used. For Prandtl tubes K = 1.

22 In practice, the density of the duct gas can be assumed
to be the same as that of air. Also, the temperature of ex-
tracted gases from many asbestos processes is unlikely to
be above ambient temperature and therefore, if it is as-
sumed that the duct temperature is 15 °C, equation (2)
could be simplified to

v =k~dp )

where k is the simplified calibration factor for the Pitot-static
tube.

13
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12.2 Volume of air sampled

If the velocity at each sampling point is expressed as
v, Vo, V3 etc., the nozzle diameters are d,, d,, d; etc.
and the sampling duration is ®,, ®,, @5 etc. respect-
ively, calculate the volume of the sampled gas Vr, in

cubic metres, as follows:

nd{z

Vi = X vy X O+

4

2

4

XV, X O, +etc. ...(4)

However, where the nozzle diameters, d, and the

sampling durati
same, equation
nd*

VT= 4 b

Correcting to s

VS=VTX_1

12.3 Validat

Isokinetic sam
place if the vo
+ 10 % of the

noint-are-the
Ht—aFe—+~

13 Presentation and interpretation of
results

13.1 Presentation

Present the measured parameters, sampling and pro-
cessing data and analytical results in tabular form. The
range of typical data is shown in annex D. Record all
raw data and show them on a data sheet for site work

(4) can be simplified to
OV, +V,+V3+ etc) ...(®)

andard conditions this becomes

D TS

ion of isokinetic sampling

bling shall be deemed to have taken
ume sampled, Vg, corresponds within
measured sample volume V|, as shown

by the following limits:
09 Vs<V|<1.1 Vs (D

NOTE 23 The|measured sample volume, V,, is that re-
corded on the [integrating meter, corrected to standard
conditions.

12.4 Fibre doncentration

Calculate the qoncentration of fibres C, infibres per
cubic centimetfe, in the stack gas using-the’/equation

2
N ([DPe
C—n—v.(m] - ®

where

N is the|total number of fibres counted (from
11.3);

n is thel pumber of graticule areas examined
(see 1.3)

tatypicat-sheet s showmimanmex )

Where non-ideal conditions are encountered, these

shall be stated. Guidance is given in annex A

13.2 Interpretation of results

The method is basedfon taking a calculated|volume
of fibre-laden gases, on the assumption that {he con-
centration of fibres. in the duct will be 2 ﬁl:res/cm3
and that the logding of fibres collected on thel sample
filter will bex300 fibres/mmz. These assumptjons are
first checkedrby taking a preliminary sample. By visual
inspection of the membrane filter, examination of the
dust eollection equipment and/or fibre counting of the
filter, it should be possible to deduce whether the
carrect sampling duration has been chosgn. This
should enable a more suitable sampling duration to
be used for the two definitive samples.

If the fibres on the two filters (i.e. the two definitive
samples) can be counted, the two samples should be
averaged. Where the average result is legs than
2fibres/cm3, it can be assumed that the pollution
control equipment is working satisfactorily. However,
where the two results straddle 2 fibres/cm?®, fuch av-
eraging is not appropriate. Instead, record ea¢h result
and take two further samples.

NOTES

24 Where counting problems are found, it may still be
possible to make the following general assumptions.

a) If the concentration of fibres is over 2 fibres/cm3 or
cannat be counted hecause there are too many fibres in

V, is the volume, in cubic metres, of air sam-
pled (see 12.3);

De is the diameter, in millimetres, of the ex-
posed area of the filter (see 11.3);

Dg is the diameter, in micrometres, of the
Walton-Beckett graticule, measured with a
stage micrometer (see 11.3).

Equation (8) applies to one individual filter (see 13.2).

14

the sample filter, the pollution control equipment is in
need of inspection and/or repair.

b) If an insufficient number of fibres is counted according
to the counting rules, or the concentration is at or under
2 fibres/cm3, the equipment is probably operating satis-
factorily.

c) Where several samples are taken that straddle
2 fibresjcm®, it is not easy to interpret the results.
However, this may suggest that the pollution control
equipment should be inspected.
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Annex A
(informative)

Non-ideal circumstances

Where it is not possnble to meet the cnterla lald down

acquired
sampling
lengths.

that samp
tain dists

ith many

ling planes

ince, expressed

process installations, in which

planes have been used in short straight duct
sing this experience, it is recommended

shall be selected at least a cer-
in hydraulic diameters,

downstrepm from an obstacle in the duct system (see

table A.1)

Table A

.1 — Sampling location distances from

obstacles

Dbstacle

Distance (hydraulic
diameters)

Duct bend
Junction pf two ducts
Partly closed louvres

Dischargg side of fan
Duct outlet

I G/ NN

Consideration should also be given to enhancing the

for example, narrowing the duct or.i
straighteners. When designing a newp
ommended that allowance be made-for
section and facilities for sampling in acq
this International Standard.

To achieve maximum accuracy of the
important that the isokinetic requireme
followed closely and)the duct cross-se
effective nozzle *‘diameter should be d
actly.

A.2 -Position of sampling poin

In@ucts with very small diameters, it

ampling plane by,

stalling flow
lant, it is rec-

a straight duct

ordance with

method, it is
nt should be
ction and the
ttermined ex-

Lan

may be more

practicable to sample only at the centr¢ of the duct.

Also, where access is limited and flow
known to be homogenous, sampling
ducted along a single line.

A.3 Analytical procedures

In  normal practice, positive phg
microscopy is used. The use of negati

in the duct is
may be con-

se contrast
e phase con-

trast microscopy is also possible, but may not provide

such good definition of fibres.
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Annex B
(informative)

Care of apparatus

B.1 Pitot-static tubes

This equipmen

that they be treated with extreme care. The slightest
knock or dent in the sample nozzle will affect the ac-

is generally not very robust and must

be handled with care if accurate measurements are

to be made.
checked for ¢

(Qrifices and tubing must be regularly
I¢anliness. Also, where manometer flu-

ids are used thhese should be topped up or replaced

regularly. Mofe detailed guidance

ISO 9096.

B.2 Samp

Because the

is given in

le nozzles

best nozzles for taking samples

isokinetically afe sharp edged nozzles, it is important

16

curacy of measurements. Dented nozzles shpuld not
be used.

B.3 Integrating meters

Integrating meters play anyimportant part in the flow
measurement and should-therefore be calibrgted reg-
ularly. Also, where thére is a possibility that they may
be used in moistfer corrosive gases, they should be
examined for gorrasion and maintained regulgrly.
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