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Stationary source emissions — Automated monitoring
of mass concentrations of particles — Performance

characteristics, test methods and specifications

1 Sc¢

This Int|
tration ¢
procedy

This Int
system

bpe

brnational Standard specifies conditions and criteria for the automated monitoring of the
f particulate matter in stationary source gas streams. This includes performance characts
res.

brnational Standard provides the field evaluation test program and its application to autom
. Its approach is general and not limited to a specific measurement principle or instrume

scope imcludes system operation characteristics, calibration_test procedures and data treatment.

This Int
method
needs t
that can
techniq

Change
may ex
used. In
measur

brnational Standard is applicable only on a site=specific basis by direct correlation with the
in 1ISO 9096. If site conditions change (i.e. chahge in emission controls, change in fuel type
b be repeated. The mass concentration range of application is only confined to those auto
meet the calibration specifications. Corsequently, the actual range will vary according to th
e of the automated method.

5 in the physical properties (i.etsize, shape, colour, etc.) and chemical composition of the p3
st, to the extent that the ntegrity of the calibration cannot be maintained for the measu

bment methods need(to)be evaluated on a site-by-site basis.

2 Normative references

The foll
Internat
revision

owing standards contain provisions which, through reference in this text, constitute pr
onal Standard. At the time of publication, the editions indicated were valid. All standardsg
and_parties to agreements based on this International Standard are encouraged to invest

mass concen-
ristics and test

hited monitoring
nt system. The

manual testing
, the calibration
mated methods
P measurement

rticulate matter
fement system

such instances this te€hmique ceases to be applicable. Reported and suspected limitagions of various

pvisions of this
are subject to
gate the possi-

bility of

applying the most recent editions of the standards indicated below. Members of IEC an

registers of currently valid International Standards.

ISO 4225:1994, Air quality — General aspects — Vocabulary.

d 1ISO maintain

ISO 6879:1983, Air quality — Performance characteristics and related concepts for air quality measuring
methods.

SO 7504:1984, Gas analysis — Vocabulary.

ISO 9096:1992, Stationary source emissions — Determination of concentration and mass flow rate of particulate
material in gas-carrying ducts — Manual gravimetric method.

ISO 9169:1994, Air quality — Determination of performance characteristics of measurement methods.
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3 Definitions
For the purposes of this International Standard, the following definitions apply.
3.1 monitoring

(1) In the wide sense of the term, repeated measurement to follow changes over a period of time.

(2) In the restricted sense of the term, regular measurement of pollutant levels in relation to some standard or
in order to assess the effectiveness of the system of regulation and control. [ISO 4225]

3.2 analyser AT asSEMDY COMPTISTTG:
a) lines permitting the introduction and removal of the gas to be analysed and/or of calibration gas;

b) a measuring cell which, from the physical or chemical properties of the components of thegas to be apalysed,
gives signdls allowing their identification or measurement;

c) signal procgssing devices (amplification, recording) or, if need be, data processing devices. [ISO 7504]
3.3 System gperating characteristics

3.3.1 responge time: Time taken for an instrument to respond to a rapid’ change in value of the aif quality
characteristic. [t can be divided into two parts. [ISO 6879]

3.3.1.1 lag time: Time taken to reach 10 % of the total change in instrument response.

3.3.1.2 rise time (fall time): Time taken to pass from 10 % t6:90 % of the total change in instrument rgsponse.

3.3.2 zero ingtability (drift): Change in instrument reading in response to a zero sample over a statefl period
of unattended pperation. [ISO 6879]

3.3.3 span: Djfference between the instrumentugadings for a stated value of air quality characteristic and a zero
sample. By cgnvention, this value of air quality characteristic is selected to be 95 % of the upper|limit of
measurement. [ISO 6879]

3.3.4 span inptability (drift): Change which takes place in instrument span over a stated period of undttended
operation. [ISQ| 6879]

3.4 System calibration characteristics
3.4.1 calibratjon function: Instrument reading as a function of some measurable property of the pafticulate

mass concentration under investigation and represented by the reference manual method (see 1ISO 9096)| with all
the interferentq refaining constant.

3.4.2 linear function: A calibration function wherein the instrument reading is linear with respect to the
particulate mass concentration measured by the reference manual method (see 1ISO 9096).

3.43 nonlinear function: A calibration function wherein the instrument reading is not linear with respect to the
particulate mass concentration measured by the reference manual method (see ISO 9096). Nonlinearity may be
expressed by higher order regression coefficients.

3.4.4 confidence interval: The interval with lower and upper limits within which the mean values of the re-
gression line lie with a given level of confidence.

3.45 tolerance interval: The interval with lower and upper limits within which a specified nercentace of the
: ) . ¥ o
population lies with a given level of confidence.
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4 Measurement system components

The system consists of the total equipment required for the determination of particulate mass concentration in a
source effluent. Systems shall consist of major components as follows (see also figure D.1).

4.1 Sampling and analytical components

4.1.1 Sampling components

This is the portion of the system which samples the source effluent. The sampling is carried out by extractive or
nonextractive (in situ) means, either on a continuous or noncontinuous basis.

4.1.1.1 |Extractive sampling

This reqpires the transport of a volume of the gas stream outside the source environmient into the instrument
system for subsequent analysis. The interface includes all the elements necessary.to’ extract, |transport, and
maintain| the particulate mass concentration.

4.1.1.2 [Nonextractive (in situ) sampling

This dogs not involve extraction and transport. Sampling consists of defifing and limiting the sanple volume to
be analyped, which is usually done by physical methods, such as electromagnetic radiation techniques.

4.1.1.3 |Continuous sampling

This is gssociated with both extractive and nonextractive,_sampling techniques and, primarily, wWith continuous
analysis.

4.1.1.4 |Sequential sampling

This is most often associated with extractive sampling techniques having discrete sampling volume$ and sampling
time intgrvals.

4.1.2 Analyser

This portion of the monitoring system shall sense the particulate quality characteristic of the gas sample and
generatg a detection signal output that can be correlated to mass concentration.

4.2 Data recorder

This porfion of the_Menitoring system shall process the analyser (4.1.2) output and provide a recordl of the output
signal in|terms of particulate mass concentration.

5 Installation criteria

5.1 Sampling location

The place at which the sample is taken for the automated measurement of the mass concentration of particulate
matter emissions in stationary source gas streams shall be designated as the sampling location. This is the location
where there is no interference between the reference method (ISO 9096) and automated method. This arrange-
ment ensures that both methods are operating on gases with the same characteristics. Openings shall be provided
in the gas flow duct for the sampling probes of the reference measurement method (see ISO 9096) so that ref-
erence measurements can be made in the same vicinity as the continuous measurements.

The sampling location may require one of a number of sampling configurations which can vary in complexity de-
pending upon the design of the measurement system and the spatial and time dependent distribution of the mass
concentration of particulate matter in the cross-section of the gas stream. The objective ideally shall be to obtain,
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with the simplest configuration, a sample representative of the cross-sectional mass concentration of the
particulate matter.

The sampling location shall be defined in order to minimize spatial and time dependent distribution of the mean
concentration of particulate matter in the cross-section of the gas stream. The representativeness of the sampling
procedure and location is verified by compliance with the calibration specifications (see 6.5 and 7.3.4).

5.2 Environmental conditions

A number of conditions shall be considered in the installation of emission measurement systems both with respect
to the sampling environment and the sampling technique. In particular, the following conditions are to be met.

Working platfo
measurement

these platforms
able.

5.2.1

Nonextractive fechniques usually involve electro-optical measurement methods which require that spe

cautions be takpn against stray light.

5.2.2 Out-of-gtack

Extractive techipiques impose a number of-precautions. These include the following:

a)

b)

c)

6

Compliancd
Provision fq
Avoidance
Avoidance

Avoidance

keeping sa

particulate matter entrainment ifi-sampling lines;

maintaining

using heate

pf exposure to corrosive and damaging gases on the measurement system.
pf exposure to interfering electric and magnetic fields in the immediate \vicinity.

bf locations where vibration affects the instrument's stability.

In-stack

with the operational temperatures specified by the manufacturer.

r adequate protection against weather influences.

ms for conducting reference measurements and for checking and maintaining the cor
ystems shall be required to provide an ongoing and reliable measurement operation. Ad
. to the measurement systems, and to the sampling locations are to be easily and safely

pling trains as shoptas possible to avoid long response times, chemical conversio

isokinetic sampling;

d samplingylines to avoid condensation and loss of particulate matter.

System ||>erformance specifications

tinuous
cess to
achiev-

Cial pre-

hs, and

The following specifications shall be met when measurements are made according to clause 7.

6.1 Response time

The response shall be within the manual reference sampling time.

6.2 Zero drift

The zero drift shall be within + 2 % of the full working range when determining system calibration and within a
period of one month of unattended operation.

For automated zero adjustments, the accumulated corrections shall be within 6 % of the working range.
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6.3 Span

The span shall be between two and three times the allowed emission concentration.

6.4 Span drift

The span drift shall be within + 2 % of the full working range when determining system calibration and within a
period of one month of unattended operation.

For automated span adjustments, the accumulated corrections shall be within 6 % of the working range.

6.5 Cllibration specifications

The follgwing specifications shall be met.
6.5.1 The correlation coefficient shall be > 0,95.

6.5.2 The confidence interval (95 %) shall be within + 10 % of a site emission standard for a particulate mass
concentfation.

6.5.3 The tolerance interval shall have 95 % confidence that 75 9% of all possible values are withjn + 25 % of a
given erpission standard.

6.5.4 Ip cases where any of these specifications are not'met, the system performance shall be examined with
regard t¢ the following:

a) testing procedures for the manual reference method;
b) sampling location;

c¢) sampling strategy;

d) applicability of analytical principte;

e) charlge in plant operating.conditions;

f) change in particulaté ynatter composition;

g) numper or leyel 'of calibration data.

7 Teqt procedures to validate specifications

7.1 Response time test

7.1.1 For automated monitoring/nonextractive sampling

Perform this test prior to the installation of the system on the stack. It may be performed at the monitoring site.
Set up the measurement system and operate as specified by the manufacturer's written instructions for the
monitor path length to be used at the installation. The analyser is spanned as specified in 7.2.1.1 and 7.3.3.

Response test. insert a simulated reference particulate mass standard in the mass monitor five times, and record
the time required for the system to respond to 95 % of the final zero and high-range particulate mass values. (See
Form C-1 in annex C.)
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7.1.2 For automated monitoring/extractive sampling

© SO

Perform this test on the installed system to include the impact of the sampling interface and, if applicable, the
sampling time interval on the measurement.

7.2 Zero and span setting in the field

7.2.1 For automated monitoring/nonextractive sampling

Install the automated monitoring system on the facility to be tested and perform the following adjustments and

measurements

7.2.1.1 Preliminary settings

As soon as pogsible after installation and as often as the manufacturer recommends, perfornizero and dpan ad-
justments as applicable.

Zero setting. After a clean stack condition has been determined by a steady, zero particulate mass concelntration
condition, perfgrm the zero setting. If clean stack conditions cannot be achieved for @-Zéro setting, obtain the zero
setting by simulating clean stack conditions.

Span. Span thg continuous monitoring system at the particulate mass concentration that is specified.

7.2.1.2 Final gettings

After the prelinfinary settings have been completed and the affgeted facility has been started and has teached
normal operating temperature, recheck the recommended adjustments.

7.2.1.3 Zero dnd span drift measurements

At the end of tHe specified period of operation, measute the change between the zero and span settings dbtained
at the end of the period and the initial settings. These values are a measure of the zero and span drift.

7.2.2 For autgmated/extractive sampling

Perform this te$t on the installed system to include the impact of the sampling interface on the measurerhent.
7.3 System galibration

Monitoring techniques are Viable when the mass concentration of particles can be correlated with a medsurable
characteristic of the particles. Establish the correlation by a calibration function (see annex A) that is treated stat-
istically for verification-and valid utilization of the technique. The calibration function can be either linear of nonlin-
ear.

Once the calibration function is identified by providing the best fit and is verified by appropriate statistical treat-
ment, then the system is said to be in calibration and producing valid data. Statistical treatment of data associated
with linear and nonlinear functions is presented in annex A.

7.3.1 Initial operating period

After completing the final settings, operate the system for an initial 168 h period in a normal mode prior to the
operational test period.

7.3.2 Operational test period

After completing the initial operating period, proceed with the in situ calibration.


https://standardsiso.com/api/?name=63fa3bc045e4a994db224820b6b49442

© ISO ISO 10155:1995(E)

7.3.3 Zero and span drift check

Check the zero and span according to the manufacturer's instructions. Use minimum procedures preceding a
check of the system, and include a procedure for producing a simulated zero condition and a simulated upscale
(span) particulate mass concentration as monitored by the system. Automatic corrections made by the measure-
ment system without intervention by the operator are allowable at any time. Determine the zero and span drift
each day for seven consecutive days. Record the magnitude of any automatic or manual zero or span drift ad-
justments (see Form C-2 in annex C).

For automated zero and span checks, an alarm or recording shall indicate when accumulated corrections exceed
the specified limits.

7.3.4 Calibration function

Carry olit measurements within normal processing operations of at least three levels of particulat¢ mass concen-
trations|according to ISO 9096, at a location consistent with the application of this method, to detgrmine the total
particulate emissions from the source. Repeat the measurements at three concentration levels td provide a total
of at Igast nine measurements. Simultaneously, conduct measurements with the monitoring |system at the
selected monitoring location. The concentrations should range from low to high_and include interfnediate values.
These afe preferably obtained by varying load conditions during the process as.much as the proces$ permits within
normal |operation. The alternative, if necessary, is to vary emission leyvels by appropriate adjlistment of the
particulate control system if possible.

Tabulatg the data from ISO 9096 and from the monitoring system ‘én a data sheet as demonstrafed in Form C-3
in annex C. Monitoring system data shall be integrated over théycorresponding periods of the mpnual reference
tests.
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Annex A
(normative)

Statistical treatment of data

A.1 Linear [calibration function (regression line).

The data in table D.1 are used to plot the calibration curve. The instrument reading is-plotted on the absci

the mass concg
method of leasf

y is the predicted value of mass concentration based on the calibration cdpve] in contrast to the empiricg

y, based on the

The general forpn of the regression equation is

&
I
<
|

iy

=1

ntration is plotted on the ordinate. A line of regression is drawn through the plotted pointd
squares.

standard reference method.

x)

—X) -y

The mean valudg

n

=

Z:(xi - f)z

of the data setis given by

Xi
i=1
and
1 n
Y= Yi
i=1
where
X, Vi are the absolute values of the individual measurements;

Zx, Zy; are the sums of the individual values;

Ral
<

are the mean values;

n is the number of data points.

© ISO

5sa and

by the

| value,

(A1)

.(A2)

(A3

.(AD)
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y
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ulations are such that:
is the empirical value of the detection parameter (see Form C-3 in annex C):
is the empirical value of the mass concentration according to 1ISO 9096;

is the predicted mass concentration (see Form C-3).

A.2 Determination of the correlation coefficient for the linear regression.

The gen

eral form of the correlation coefficient (r) is given by:

zn:(xi_f)()’i_y)

i=1

The corr

1

[Z 0 — )az] : {Z i - if} :

i=1 i=1
plation coefficient can also be expressed in terms of b, from equation (A.3) as follows:

1
" 7
p, {Z o —)?)Z:l

i=1

A3 D

The confidence interval with upper‘and lower limits for the mean value at point X is calculated as f

where

ta

2"

1
n 2
[z - yf}
i=1

letermination of the confidence interval for the linear regression.

1

Lot -x |2
y:Jiti,n_ZXSI:—n—‘*'iS

2 xx

_, isithe rdistribution value in table A.1.

n

... (AD)

...(AB)

bllows:

(A7)

2 A 2 2
SU=L(xi—x) =Lx,- —nx

i=1

Syy=§":<y,-—y)"’=2yf—ny2

i=1

n

Sy=D G=DO=3 =) xy-n¥y

i=1

.. (A.8)

.. (A9)

.(A.10)

LAY
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From equation (A.4)
1 n
i=1
From equation (A.4)
1 n
Y= Z Yi
i=1
A.4 Determination of the tolerance range for the linear regression.
The tolerance fange with upper and lower limits for 75 % of the population at point X is calculated.as follows:
y=79 + ks 1. (A12)
where
k= U, xv,| , and the condition n’ > 2;
U, is the tglerance factor (see table A.1);
v, _ o is a fdctor (see table A.1);
n = n = Calculated size of random sample.
T Gty
SXX
A.5 Quadrdatic calibration function (regression curve).
Nonlinearity may be expressed by higher order.régression coefficients or by an exponential functiop. For a
second-order gxpression, a quadratic regressioniisinecessary. An example of a second-order expression |s as fol-
lows:
y=b1x+lzx2+ax |- (A13)
in this examplg, the mass concentration error is a constant percentage of the measured parameter, i.e. the error
is proportional|to x,
where
y is the mass.concentration;
X is the measured parameter;
b,, b, areconstants;
£ is the normally distributed error term with zero mean and constant variance, i.e. a constant: when
combined with x (i.e., &x), this represents a constant percentage error.
Equation (A.13) reduces to
y
bt bpte L L(A14)

Thus, the quadratic regression can be reduced to a linear regression: y/x upon x.

A calculator which can perform linear regressions may be used to regress y/x upon x, obtaining b, as the intercept,
b, as the slope, and R (see “confidence intervals” in A.7) as the residual sum of squares.

10
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Alternatively, calculate

A=

B =

C =

D=

S
Z)’i
Z)’i/xi

2
D

The valugs of b, and b, are then given by

A6 D

The expr

A7 D

_|cp - aB

nD—A2
nB — AC

nD — A*

ptermination of the correlation coefficient for the quadratic regression
bssion for the correlation coefficient (r) is as follows:

| _ RIET

— 2,2 C?D+ nB%— 2ABC
> yi /'x' - 2
— nD — A

hd D are as given in A.5;

:zyiz/xiz

ptermination of the confidence intervals for the quadratic regression.

A two-si

I £ I |
U COINMUcCTICT MMIeTvdal,

a
2 VR \2
y=bx+byx" tta | _,x ( P )

2

and a two-sided tolerance interval, 100 (1 — «) %, for any single measurement, is given as follows:

§=b1x+b2.x2it

where

R

—,n—

2

1
(V+x%R ]2
2% n—2

is as given in equation A.18;

N VA 4 ) PR | ] H . L1 .
— ) /0, TUT X, UNC PISUILICU avETayt vdaiut, 15 UIVEITT dS TUNUWS.

.(A.15)

.(A.16)

(A7)

(A.18)

L(A19)

. (A.20)

L(A21)

1
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and

2 3 4
V:Dx — 2Ax ;—nx . (A22)
nD—A

A.8 Determination of the tolerance range for the quadratic regression.

The tolerance range with upper and lower limits for a specified population at point X is calculated as follows:

1
y:ﬁikx[ R ]2 .. (A23)
n—2

Table A.1 — r-Distribution and tolerance factors

n—2 t,_o Vp_2 n' U, (75)
7 2,365 1,797 2 7 1,238
8 2,306 1,711 0 8 1)223
9 2,262 1,645 2 9 1,214
10 2,228 1,593 1 10 1,208
11 2,201 1,550 6 11 1,203
12 2,179 1,515 3 12 1,199
13 2,160 1,485 4 13 1,195
14 2,145 1,459 7 14 1,192
15 2,131 1,473 3 15 1,189
16 2,120 1,417 6 16 1,187
17 2,110 1,400 1 17 1,185
18 2,101 1384 5 18 1,183
19 2,093 1,370 4 19 1,181
20 2,086 1,357 6 20 1,179

12
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Annex B
(informative)

Possible sampling configurations

155:1995(E)

Possible sampling configurations for which representative measurements may be made are as follows.

B.1 Sampling point

Sampling is conducted at a designated point in the gas stream. This applies to extractive sampling

and nongxtractive sampling in which the analytical volume is confined to a point in the créss-sectiop.

B.2 Line sampling

Sampling is done simultaneously at a number of points along a line. These pbints constitute a ling
section ¢f the sampling plane. This type of sampling is mainly achieved bykusing nonextractive lom
techniqugs.

B.3 Sampling in a plane

with a probe

in the cross-
g-path optical

The line bampling technique is applied to more than one line in the plane of the cross-section. At least two lines
at an angle to each other are required to approximate a ctess-section plane. If the particulate distfibution is sig-
nificantly| nonuniform, more sampling lines in the plane aré necessary to achieve more exact represgntation of the

plane's farticulate content. Both extractive and nonexttactive techniques are potentially applicable.
nonextraftive technique tends to be more feasible,

However, the

13
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Annex C
(informative)

Test data forms

Form C-1 — System Response Time Test Data

Date of Test:

Particulate Mags Standard: ..........ooooii e %6 Fu
ANAIYSET SPAN [SETHING: .o % Fu
Upscalg T seconds Downscale 1: ... YOS seconds
2 e seconds 2 e AN seconds
Bl seconds 3 i lCY seconds|
A seconds A N seconds|
B seconds 5 e O seconds|

Mean rgsponse time: ...........cc.ccoeeeeniennn. seconds

Form C-2 — Zero and Span Drift Data

Zero Setting: f .o o, Date O TeSt: oo

Span Setting: e
Date and time Zero Reading (before adjust- Zero Drift Span Reading (after zero ad- Span [

Zero Drift = M
Span Drift = M

Location of Test:

© ISO

ment) justment but before span
adjustment)
Ban, Zero Drift*): ..., + C.l. (Zero) ..occoovvvvieiieiee = e
ea)Span Drift*): ... + C.L(Span) ..o, = i

*) Absolute Value

14
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© |SO

ISO 10155:1995(E)

Form C-3 — Field Test Data for Calibration Function

Run No. Data and Time Period (x) Value of Detection (y) Standard Reference Methods
Parametert) (mg/m)*
b e e
2 e
S e e
e e
D e
TV
7 e S T
B e e S
O e ST
) Monitpr's continuous data averaged over concurrent sampling period of Standard Reference Method (ISO 0096).
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