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Stationary source emissions — Determination of total volatile 
organic compounds (TVOCs) in waste gases from non-
combustion processes — Non-dispersive infrared analyser 
equipped with catalytic converter

1 Scope

3 3.

2 Normative references

3.1
automatic measuring system
AMS

3.2
analyser

[3] 3.3]

INTERNATIONAL STANDARD ISO 13199:2012(E)
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3.3
calibration of an automatic measuring system

3.4
interference

3.5
interferent
interfering substance

3.6

3.7
mass concentration

[3] 3.10.

3).

3.8
measurand

[4] B.2.9]

3

3.9
performance characteristic

3.10
period of unattended operation

NOTE

3.11
residence time
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3.12
response time

3.13
span gas

[3] 3.4.1.

3.14
span point

3.15
standard uncertainty

[4] 2.3.1]

3.16
total volatile organic compounds
TVOCs

3.17
uncertainty (of measurement)

[4] 2.2.3]

3.18
zero gas

[3] 3.4.2]

3.19
zero point

4 Symbols and abbreviated terms
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γ

 10 )

ei i

k

MC

n

sj j

sr j

sR j

u

u γ TVOC( )

U γ TVOC( )

Vm

CV r

CV R

CV u

x xi

xi i

xi i

x̂i i

NDIR

5 Principle

5.1 Method of measurement

2
2

2
CO2 which comes from TVOCs.
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2

a

b

6

1

4

2

3

5
7

8

7’6’

Key
1 5
2
3 pump
4 converter 8

b

Figure 1 — Diagram of the measuring system (example)
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5.2 Analyser equipment

5.3.1 General

5.3.2 General performance test

5.3.3 Ongoing quality assurance (QA) and quality control (QC) in the laboratory

6 Performance criteria and determination of the performance characteristics

6.1 Performance criteria

6.2 Determination of the performance characteristics and measurement uncertainty

6.2.1 Performance test

6.2.2 Ongoing quality control
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Table 1 — Relevant performance criteria of the analyser and the measuring system to be evaluated 
during the general performance test and by means of ongoing QA/QC

Performance 
characteristic Performance criterion

General 
performance 

test

QA/QC

(lab)
Field 

operation

Term for 
evaluating 
uncertainty

Response time 120 s

Zero drift within 24 h

b

of 10 K

per 10 V

2

componentsc

4

3 of CO2

b

c See C.5.
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6.2.3 Establishment of the uncertainty budget

7 Measurement procedure

7.1 General

7.2 Choice of the measuring system

been performed.

7.3 Sampling

7.3.1 Sampling location

7.3.2 Sampling point(s)

[2]

7.4 Data collection
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7.5 Calculation

3

γ ϕ=
M
V
C

m
(1)

where

 10

MC

Vm

8 Quality assurance and quality control procedures

8.1 General

8.2 Frequency of checks

8.3 AMS for intermittent measurements

8.3.1 General

8.3.2 Adjustments and functional tests

8.3.2.1 Instrument adjustment
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Table 2 — Minimum frequency of checks for QA/QC during the operation

Check
Minimum frequency

AMS for intermittent measurements Permanently installed AMS
Response time

Check of CO2

Converter check

check

the monitor inlet
needed

Zero drift
period

period

8.3.2.2 Response time

8.3.2.3 Standard deviation of repeatability at zero point

8.3.2.4 Standard deviation of repeatability at span point
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8.3.2.6 Check of CO2

The CO2

8.3.2.8 Sampling system and leakage check

8.3.2.10 Zero and span drift

8.3.2.11 Regular maintenance of the analyser

8.3.2.12 Measurement uncertainty

ISO 20988
ISO 20988 describes 

.

8.4 Permanently installed AMS

8.4.1 General
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8.4.2 Adjustments and functional tests

8.4.2.1 Instrument adjustment

8.4.2.2 Response time

8.4.2.3 Standard deviation of repeatability at zero point

8.4.2.4 Standard deviation of repeatability at span point

8.4.2.6 Check of CO2

The CO2

8.4.2.8 Sampling system and leakage check

8.4.2.9 Zero and span drift

8.4.2.10 Regular maintenance of the analyser

8.4.3 Calibration, validation, and measurement uncertainty

[5]
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ISO 20988.

9 Test report
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Annex A 

Schematic diagrams of NDIR analysers

A.1 General

A.2 Schematic diagram for NDIR analyser  — Type 1

2

CO2
2

A.3 Schematic diagram for NDIR analyser — Type 2

2

A.4 Schematic diagram for NDIR analyser — Type 3
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a

b

1
75

2

3
4

66 8

Key
1 IR source 5
2 detector
3 2 7
4 reference cell (CO2 TVOCs 8

b

a b

1 75

2

4

3

66
8

1 5

9

Key
1 IR source 4 7
2 5 8
3 reference cell detector 9

b

Figure A.2 — Diagram of a switch valve type NDIR analyser (dual beam)

© ISO 2012 – All rights reserved 15Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/03/2013 08:35:54 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
`
,
,
,
,
,
`
`
`
,
`
`
`
`
,
`
,
,
`
,
`
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



ISO 13199:2012(E)

a b

1
5

2

4

6

3 4

7

Key
1 IR source 5
2
3 7
4 detector

b

Figure A.3 — Diagram of a modulation valve type NDIR analyser (single beam)
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Annex B 

Operational gases

B.1 General

B.2 Zero gas

B.2.1

B.2.2 3 of CO2.

B.3 Span gas

B.3.1

B.3.2

B.3.3 3 of CO2.

B.4 Reference gas

B.4.1

B.4.2

3 3.
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Table B.1 — List of gases for the general performance test

Table B.2 — List of gases for the ongoing QA/QC test in the laboratory

3 of CO2

3 of CO2
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Annex C 

Procedures for determination of the performance characteristics during 
the general performance test

C.1 General

C.2 Response time

C.3 Repeatability at zero and at span level

C.3.1 General
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C.3.2 Standard deviation of repeatability at zero point

3 of CO2

s
x x
nr
i=

−

−
∑( )2

1
(C.1)

where

sr

xi is the i

x xi

n n  20.

C.3.3 Standard deviation of repeatability at span point

3

of CO2

i
ei

[7]

x
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xi .
x̂i

e x xi i i= −ˆ (C.2)

where

ei i

xi i

x̂i i.

ei

criterion is met.

C.5 Check of CO2

2

2 x

2

2 3

2 std 2
3

obs cint

cint %= ×
γ γ

γ
obs std

r

−
100 (C.3)

where

obs

std 2

r

2

γCH ,test4
 is 

γCH ,meas4
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conv

η
γ

γconv
CH ,meas

CH ,test
= ×4

4

100 % (C.4)

C.7 Sampling system and leakage check

C.8 Zero drift and span drift

.
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Annex D 

Example of assessment of compliance of the NDIR method

Value/range
3 3

3

Value/range

300 K

283 K to 308 K

100 V to110 V

CO2 3 3

3

D.2 Performance characteristics of the method — Results of validation of the tests

D.3 Calculation of standard uncertainty of measurement values given by the analyser

D.3.1 General

3

D.3.2 Model equation and application of rule of uncertainty propagation

TVOCs

γ γTVOCs read lof d,0 d,s adj i= + + + + + + +
=

∑δ δ δ δ δ δ δc c c c c c cr j
j

p

inf,
1

 (D.1)

where
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clof

c

c

cr

c

ci 2

c j

D.3.3 Results of uncertainty calculation

Table D.2 — Performance characteristics

Performance characteristic Performance criterion Results of laboratory test
Response time 120 s

Zero drift in 24 h

b

b

b

2
componentsc

CO2 3)
within 

4

b

c
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Table D.3 — Results of uncertainty calculation

Performance characteristic Partial standard 
uncertainty

Value of standard uncertainty at upper limit of 
the lowest measuring range used (mg/m3)

ur

ur

ulof

Zero drift u

u

u p
( , / )

,
0 5 100 600

3
17

×
=

u T
2 100
10

600
2 2 2 2 2 2

3
1 4

/ ( ) ( )( ) ( )
,× ×

+ − + −
=

u V
2 100
10

600
98 102

3
2 8

/
,× ×

−
=

( )

2 ui,CO2
−

× × = −
( )1 4 100

2000
600

2 0002

3
4 8

, /
,

u
( / )

,
1 100 600

3
3 5

×
=

u u u u u u u u ur r p Tγ TVOCs s lof d d s( ) = + + + + + + +, , , , inf, inf, i0
2 2 2

0
2 2 2 2

nnf, i,

,

V u u2 2 2

9 7

+ +

=

CO adj

3
2

mg/m
i.e.

U( TVOCs) u( TVOCs) 3

D.4 Evaluation of the compliance with the required measurement quality
3

3 3 3
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Annex E 

Results of comparison tests

E.1 General

E.2 Characteristics of installations

3 3 3

3

Toluene Xylene Ethylbenzene n-Butanol Formaldehyde

Toluene Methylethyl-
ketone n-Propanol Ethyl acetate Propyl 

acetate Isopropanol Propyleneglycol 
mono-ethylether

E.3.1 General

sr,j
CV r sR,j

CV R uj CV u
[1]

E.3.2 Results

E.3.2.1 Evaluation at the test gas manifold

[1]
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Table E.3 — Performance characteristics: results of the interlaboratory test of propane at three 
concentration levels

Performance characteristics
Concentration level

1 2 3
n

3

γ 3

sr,j 3

sR,j 3

CV,r

CV,R

uj 3

CV,u

Table E.4 — Performance characteristics: results of the interlaboratory test of a gaseous mixture of 
four componenents — propane, trichloroethene, toluene, and ethyl acetate

Performance characteristics Single concentration level
n 27

γ 3

sr,j 3

sR,j 3

CV,r

CV,R

uj 3

CV,u

E.3.2.2 Evaluation at the painting facility

3 3 3 3 3 3
3 3
3 u(Y)

U(Y

u Y
N

s Yj i
i

N
( ) = ( )⎡

⎣
⎤
⎦

=
∑1

2

1
(E.1)

where
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Y

N

i

j

sj(Yi) Yi (i  1 ... 4) in run j.

U Y ku Y( ) = ( ) (E.2)

where k k  2).

during 11 test runs

Run Y j
3

Y j
3

Y j
3

Y j
3 Average sj(Yi)

3
CV

1

2

3

4

5

7

8

9

10

11

3
3 3 3

3 3.

E.3.2.3 Evaluation at the printing facility

3

28 © ISO 2012 – All rights reservedCopyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/03/2013 08:35:54 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
`
,
,
,
,
,
`
`
`
,
`
`
`
`
,
`
,
,
`
,
`
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



ISO 13199:2012(E)

Table E.6

Run
j

Y j
3

Y j
3

Y j
3

Y j
3 Average sj(Yi)

3
CV

1

2

3

4

5

7

8

9

10

3 3
3 3
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