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Summary Overview

HORIBA Europe GmbH commissioned TUV Rheinland Energie und Umwelt GmbH to carry
out performance test of the APDA-371 ambient dust monitor with PM,, pre-separator for sus-
pended particulate matter PM,,. The performance test was carried out in respect of the fol-

lowing standards and requirements:

o VDI Guideline 4202, Part 1 — “Performance criteria for performance tests of automat-
ed ambient air measuring systems — Point-related measurement methods for gase-

ous and particulate air pollutants,” dated June 2002.

o VDI Guideline 4203, part 3 — “Testing of automated measuring systems — Test proce-
dures for point-related ambient air measuring systems for gaseous and particulate air
pollutants”, dated August 2004

o [3] EN 12341 “Air Quality - Determination of the PM,q fraction of suspended particu-
late matter - Reference method and field test procedure to demonstrate reference

equivalence of measurement methods®, German version EN 12341: 1998

e Guideline “Demonstration of Equivalence of Ambient Air Monitoring Methods”, Eng-

lish version dated January 2010

The APDA-371 ambient dust monitor with PM,, pre-separator uses a radiometric method to
determine dust concentrations. A pump sucks in ambient air through the PM4, sampling
head. The dust-loaded sample air is then pulled to a filter tape. The determination of the
mass concentration precipitated on the filter tape is then performed relying on the principle of

beta absorption.
The tested certification range was:
Component Certification range

PM_ 5 0-1000 pg/m?
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With the exception of a modified front design, the APDA-371 ambient dust monitor with PM;q
pre-separator is absolutely identical to the BAM-1020 measuring system designed and com-
pletely manufactured by Met One Instruments, Inc. The latter is publically announce as per-
formance-tested in the Federal Gazette as BAM-1020 with PMy, pre-separator. The an-
nouncement history of the BAM-1020 with PM,o pre-separator manufactured by Met One

Instruments, Inc. is as follows:

1. BAM-1020 with PMo pre-separator UBA announcement of 12 April 2007 (BAnz. S. 4139,
Chapter [l Number 1.2)

The most recent notification regarding this measuring system was:

BAM-1020 with PM4, pre-separator UBA announcement of 12 February 2013 (BAnz AT
05.03.2013 B10, Chapter V 2nd notification), statement issued on 4 October 2012.

A further statement dated 18 March 2013 will be submitted to the relevant body regarding

the software version of the measuring system.

Public announcement of the APDA-371 ambient dust monitor with PM,, pre-separator, iden-

tical design with the BAM-1020 measuring system with PM,, pre-separator was asserted.

APDA-371 ambient dust monitor with PM,, pre-separator, UBA announcement of 25 Jan-
uary 2010 (BAnz. S. 552, Chapter IV 11" notification).

Moreover, the following notification was published with respect to the APDA-371 ambient

dust monitor with PM;, pre-separator manufactured by HORIBA Europe GmbH:

APDA-371 ambient dust monitor with PMy, pre-separator, UBA announcement of 6 July
2012 (BAnz AT 20.07.2012 B11, Chapter IV 3™ notification), statement issued on 22
March 2012.

The most recent notification regarding instrument BAM-1020 with PMyo pre-separator also
applies to the APDA-371 ambient dust monitor with PM,, pre-separator (UBA announcement
of 12 February 2013 (BAnz AT 05.03.2013 B10, Chapter V 2" notification) as does the cited
statement. It was taken into account for the relevant notification proposal and listed in the

appendix.
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No actual test were performed for the performance test of the APDA-371 ambient dust moni-
tor with PMy, pre-separator. The publication is based on document inspections and on-site

audits.

The measuring system is exclusively manufactured by Met One Instruments, Inc. in Grants
Pass, USA. The instruments are manufactured at the same time as the manufacturer's own
instruments under the exact same conditions by the same staff using the same material.
Checks of the relevant drawings and audits of the production site in Grants Pass demon-

strated that the instruments are absolutely identical in design.
The minimum requirements were satisfied during the performance test.

TUV Rheinland Energie und Umwelt GmbH therefore propose public announcement of the
tested measuring system as certified for continuous monitoring of the ambient air quality af-

fected by suspended particulate matter, PM,, fraction.

The present report contains a certification proposal for the APDA-371 ambient dust monitor
with PM, pre-separator. Appendices include the report on performance testing as well ass
an addendum to that report for the BAM-1020 measuring system with PM,, pre-separator,
notifications regarding the APDA-371 ambient dust monitor with PM,, pre-separator and the

manual for the APDA-371 ambient dust monitor with PM,o pre-separator.
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Based on the positive results obtained, the following recommendation on the announcement

General

1.1 Certification proposal

of the AMS as a certified system is put forward:

AMS designation:
APDA-371 with PM, pre-separator

Manufacturer:
HORIBA Europe GmbH, Oberursel

Field of application:

For continuous monitoring of suspended particulate matter, PMy, fraction, in ambient
air from stationary sources

Measurement ranges during performance testing:

Certification
Component range Unit
PMio 0-1000 pg/m?

Software versions:
Version 3236-07 5.1.1

Restrictions:
None

Notes:

1.

For monitoring PM, the instrument must at least be equipped with the following:
Sample heater (BX-830), sampling head (BX-802) and ambient temperature sen-
sor (BX-592) or combined pressure and temperature sensor (BX-596).

The heater may only be used in the way of operation which was used during per-
formance testing.

The operating flow has to be regulated in terms of ambient conditions (mode AC-
TUAL).

Cycle time during performance testing was 1s. Thus filters were automatically
replaced once an hour. Every filter spot was sampled once only.

The measuring system must be operated in a lockable measurement cabinet.
The instrument must be calibrated on-site regularly using a gravimetric PMy, ref-
erence method in accordance with EN 12341.

Optionally, the measuring system may be operated with the BX-125 pump.

Since January 2012, the measuring system has been sold with a re-designed
back plate, which provides space for additional interfaces such as the BX-965 re-
port processor for example.

The measuring system complies with the requirements of standard EN 12341
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and those of guideline “Demonstration of Equivalence of Ambient Air Monitoring
Methods”, version dated January 2010. Moreover, the manufacturing process
and the QMS used for the APDA-371 meet the requirements specified in stand-
ard EN 15267.

The APDA-371 with PM,, pre-separator was first certified as follows: UBA an-
nouncement of 25 January 2010 (BAnz. S. 552, Chapter IV 11" notification). The
most recent notification was that announced by the Federal Environment Agency
on 6 July 2012 (Fed Gaz. AT 20.07.2012 B11, chapter IV, 3™ notification).

This report on the performance test is available online at www.qgal1.de.

Test Report:

TOV Rheinland Energie und Umwelt GmbH, Cologne
Report No.: 936/21221789/A dated 19 March 2013

Cologne, 19 March 2013

Dipl.-Ing. Karsten Pletscher Dr. Peter Wilbring

Appendices

Report on the performance test of the BAM-1020 measuring system with PM4, pre-
separator for suspended particulate matter PM,, manufactured by Met One Instru-
ments, Inc., TUV Report No. 936/21205333/A of 06/12/2006.

Addendum to the report No. 936/21205333/A of 06/12/2006 on the performance test
of the BAM-1020 measuring system with PM,, pre-separator for suspended particu-
late matter PM;, manufactured by Met One Instruments, Inc., TUV Report No.
936/21220762/A of 12/12/2012.

Notifications published with respect to the APDA-371 with PM, pre-separator manu-
factured by HORIBA Europe GmbH

Operation manual for the APDA-371 ambient dust monitor with PM,, pre-separator.
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1 Summary and proposal for declaration of suitability

1.1 Summary

According to the 15t Daughter Directive 1999/30/EC of 22 April 1999 ,relating to limit values
for sulphur dioxide, nitrogen dioxide and oxides of nitrogen, particulate matter and lead in
ambient air“ of the Ambient Air Quality Framework Directive 96/62/EC of 27 September 1996
,0n ambient air quality assessment and management®, the methods described in DIN EN
12341 ,Determination of the PM10 fraction of suspended particulate matter — Reference
method and field test procedure to demonstrate reference equivalence of measurement
methods" have to be used as reference method for the measurement of the PM10 concentra-
tion. Nevertheless, the Member States may also use a different method, if it is demonstrated,
that it displays a consistent relationship to the reference method. In that event the results
achieved by that method must be corrected by a relevant factor to produce results equivalent
to those that would have been achieved by using the reference method. “(1999/30/EC, An-
nex IX, Art. IV, Para.2).

The Guideline VDI 4202, Sheet 1 of June 2002 describes the ,Minimum requirements for
suitability tests of automated ambient air quality measuring systems®. The general framework
for the related test work is described in Guideline VDI 4203, Sheet 1 ,Testing of automated
measuring systems — General concepts “of October 2001. VDI 4203, Sheet 3, , Testing of au-
tomated measuring systems — Test procedures for point-related ambient air quality measur-

ing systems of gaseous and particulate pollutants” of August 2004 specifies this framework.

Furthermore, the Guidance “Demonstration of Equivalence of Ambient Air Monitoring Meth-
ods” of the ad-hoc-EC-working group of November 2005 describes another method for the
test of equivalency of non-reference methods. Though the mentioned Guidance is not nor-

mative, the application is recommended by the so-called CAFE-committee for the present.

TUV Rheinland Group
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On behalf of Met One Instruments, Inc., TUV Rheinland Immissionsschutz und Energiesys-
teme GmbH has performed the suitability test of the measuring system BAM-1020 for the
component PM10.

The suitability test was carried out in compliance with the following guidelines and require-

ments:

¢ VDI-Guideline 4202, Sheet 1, ,Minimum requirements for suitability tests of automat-
ed ambient air quality measuring systems — Point-related measurement methods of

gaseous and particulate pollutants “, June 2002 [1]

¢ VDI-Guideline 4203, Sheet 3, ,Testing of automated measuring systems — Test pro-
cedures for point-related ambient air quality measuring systems of gaseous and par-
ticulate pollutants®, August 2004 [2]

e European Standard EN 12341, ,Air quality - Determination of the PM10 fraction of
suspended particulate matter — Reference method and field test procedure to demon-
strate reference equivalence of measurement methods®, German version DIN EN
12341: 1998 [3]

e Guidance “Demonstration of Equivalence of Ambient Air Monitoring Methods”, Eng-

lish version of November 2005 [9]

The investigations according to the Guidance “Demonstration of Equivalence of Ambient Air
Monitoring Methods” have been carried out exemplarily on the basis of the measured data
according to [1], [2] and [3], obtained during the field test. Hereby the investigations have
been performed deviant to the requirement of the Guidance only at three instead of four field

test sites and with less than respectively 40 valid paired measurements per field test site.

The measuring system BAM-1020 determines the particulate concentration by a radiometer
measuring principle. With the aid of a pump, ambient air is sucked through a PM10 sampling
head. The dust-loaded sampling air is afterwards sucked on a filter tape. The determination
of the separated mass of dust on the filter tape is performed after the respective sampling by

the radiometric measuring principle of beta-attenuation.

TUV Rheinland Group
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The investigations have been carried out in the laboratory and during a field test, lasting sev-
eral months.

The field test, lasting several months, was performed at the test sites according to Table 1:

Table 1: Description of the test sites
Cologne, Titz-Roedingen Cologne, additional
parking lot Frankfurter Str. Cologne,
Frankfurter Str.
Time period 02/2006 — 04/2006 | 07/2006 —09/2006 | 09/2006 — 10/2006 10/2006 — 11/2006
Used PM10- BX-802 BX-802 BX-802 BX-809
sampling inlet us us us EU
No. of pairs of
measured values: 52 37 28 26
Candidate
Characterization: Urban background Rural situation Traffic Traffic
Rank of pollution average to high low average to high average to high

The minimum requirements have been fulfilled in the suitability test.

Therefore the TUV Rheinland Immissionsschutz und Energiesysteme GmbH proposes the
publication as a suitability-tested measuring system for continuous monitoring of ambient air
quality of suspended particulate matter PM10.
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1.2 Proposal for declaration of suitability

Due to the positive achieved results, the following recommendation for declaration of suitabil-
ity as suitability-tested measuring system is:

1.21

1.2.2
1.2.3

1.24

1.2.5

1.2.6

1.2.7
1.2.8
1.2.9

Measurement task

Name of device

Measured compo-
nents

Manufacturer

Suitability

Measuring ranges
in the suitability
test

Software version
Restrictions

Remarks

TUV Rheinland Group

Continuous monitoring of ambient air quality of suspended
particulate matter PM10

BAM-1020 with PM10 pre-separator
PM10

Met One Instruments, Inc.
1600 NW Washington Blvd.,
Grants Pass, OR 97526,
USA

For continuous monitoring of ambient air quality of the
PM10-fraction in suspended particulate matter in station-
ary applications.

0 to 1.000 mg/m* =0 to 1000 pg/m?

Version 3236-02 3.2.1b
None

1. For recordation of PM10, the system has to be
equipped with the following options:
Sample heater (BX-830), sampling inlet (BX-802), am-
bient temperature sensor (BX-592) and air pressure
sensor (BX-594).

2. The heater may only be used in the operational mode,
which has been applied during the suitability test.

3. The volume flow regulation has to be carried out at ac-
tual volume with reference to the ambient conditions
(operational mode ACTUAL).

4. The measuring system has been operated with the
sample heater BX-830 during the complete suitability
test.

5. The cycle time during the suitability test was 1 h, i.e. an
automatic filter change has been performed every
hour. Each filter spot has been used one time.

6. The measuring system has to be operated in a locka-
ble measuring cabinet.

7. The measuring system has to be calibrated with the
gravimetric PM10-reference method according to
DIN EN 12341 on the site at regular intervals.
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1.2.11 Test report 1 936/21205333/A of December 06, 2006

TUV Rheinland Group



Page 14 of 320

TUV Rheinland Immissionsschutz und Energiesysteme GmbH
Luftreinhaltung

Report on the suitability test of the ambient air quality measuring system BAM-
1020 with PM10 pre-separator of the company Met One Instruments, Inc. for the
measured component suspended particulate matter PM10, Report-No.:

936/21205333/A
1.3 Summary of test results
Minimum requirement Requirement Test results ful- Page
filled
4 Requirements on the instruments design
4.1 General requirements
4.1.1 Measured value | Shall be available The measuring system has got a yes 49
display measured value display.
4.1.2 Easy mainte- [ Maintenance work should be Maintenance work can be done from yes 51
nance possible without larger time outside with common tools and justifi-
and effort, if possible per- able operating expense.
formed from outside.
4.1.3 Functional check | Particular instruments for this All instrument functions, listed in the yes 53
shall be considered as part of manual, are available, can be activat-
the device, be applied in the ed and are functioning. The current
corresponding sub-tests and status of the system is monitored con-
be assessed. tinuously and is indicated by a series
. - of different status messages (opera-
Tes_t gas uryts shall |n.d|cate tional, alarm and error status.
their operational readiness to
the measuring system by sta-
tus signals and shall provide di-
rect or remote control via the
measuring system.
Uncertainty of the test gas unit
shall not exceed 1 % of B2
within three months.
4.1.4 Set-up times and | The manual shall contain spec- | The set-up times and the warm-up yes 55
warm-up times ifications for this. times have been determined.
4.1.5 Instrument de- The manual shall contain spec- | The specifications for the instrument yes 56
sign ifications for this. design, mentioned in the manual, are
complete and correct.
4.1.6 Unintended ad- | Shall have protection against it. | The measurement system is protect- yes 57
justment ed against unintended and unauthor-
ized adjustment of instrument param-
eters. Moreover the measuring sys-
tem has to be locked in a measure-
ment cabinet.
4.1.7 Data output Shall be offered digital and/or | The measured signals are offered an- | yes 58
analogue. alogue (0-1 resp. 10 V resp. 0—16 mA
/ 4-20 mA) and digital (via RS 232).
4.2 Requirements for | Permanent operational stand- | In the context of the field test, the no 60
measuring sys- | by shall be secured; require- measuring system was operated at
tems for mobile | ments for stationary application | several different sites. A mobile appli-
application shall also be fulfilled for mobile | cation of the measuring system was
application. not tested within the scope of the test.

TUV Rheinland Group
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Minimum requirement Requirement Test results ful- Page
filled
5. Performance requirements
5.1 General Manufacturer’s specifications in | Differences between instrument lay- yes 61
the manual shall not be contra- | out and manuals have not been ob-
dictory to the results of the served.
suitability test.
5.2  General requirements
5.2.1 Measuring range | Upper limit of measuring range | A measuring range of 0 -1,000 ug/m? yes 62
larger than Ba. is set by default. Other measuring
ranges in the range between at mini-
mum 0-100 pg/m?® and at maximum 0-
10,000 pg/m?® are possible.
5.2.2 Negative output | Shall not be suppressed (life Negative measuring signals are dis- yes 63
signals zero). played directly and are output correct-
ly via the respective measured value
outputs by the measuring system.
5.2.3 Analytical func- | Relationship between output A statistically secured relationship be- | yes 65
tion signal and measured quantity | tween the reference method and the
shall be represented by analyt- | instrument reading could be proved.
ical function and determined by
regression analysis.
5.2.4 Linearity Deviation of group averages of | For particulate measuring systems, yes 66
measured values from the cali- | this test has to be performed accord-
bration function in the range ing to the minimum requirement 5.3.1
from zero to B1 maximum 5 % | ,Equivalency of the sampling system®.
of B1 and in the range from ze-
ro to B2 maximum 1 % of Ba.
5.2.5 Detection limit Maximum Bo. The detection limit has been deter- yes 67
mined from the investigations to
1.7 pg/m? for device 1 (SN 4924) and
to 1.9 pg/m? for device 2 (SN 4925).
5.2.6 Response time Maximum 5 % of averaging Not applicable. - 69
time (equal to 180 seconds).
5.2.7 Dependence of | Measured value at zero point Considering the values offered from yes 70

the zero point on
ambient temper-
ature

shall not exceed Boat ATy of 15
K between +5 °C and +20 °C
respectively of 20 K between
+20 °C and +40 °C.

the device, a maximum influence of
the ambient temperature on the zero
point of 0.7 ug/m? could be detected.

TUV Rheinland Group
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Minimum requirement

Requirement

Test results

5.2.8 Dependence of
the measured
value on ambient
temperature

The deviation of the measured
value in the range of B1 shall
not be exceed + 5 % at ATy of
15 K between +5 °C and +20
°C respectively of 20 K be-
tween +20 °C and +40 °C.

There have been no deviations >

0.1 % for device 1 (SN 4924), and no
deviations > 0.2 % for device 2 (SN
4925), related to the start value at

20 °C.

5.2.9 Dirift of zero point

In 24 hours and in the mainte-
nance interval maximum Bo.

The measuring system carries out a
regular device-internal check of the
zero point of the radiometric meas-
urement during each measurement
cycle. This test leads to no interrup-
tion of the ongoing measuring opera-
tion at all. The obtained values, de-
termined within the scope of the drift
investigations, are within the allowed
limits in the maintenance interval.

5.2.10 Drift of measured
value

In 24 hours and in the mainte-
nance interval maximum 5% of
B1.

The measuring system carries out a
regular device-internal check of the
sensitivity of the radiometric meas-
urement during each measurement
cycle. This test leads to no interrup-
tion of the ongoing measuring opera-
tion at all. The values for the drift of
the sensitivity, determined within the
scope of the test, were at maximum
0.44 % (SN 4924) respectively -
0.02 % (SN 4925) in the maintenance
interval.

5.2.11 Cross-sensitivity

In the range of zero point max-
imum Bo and in the range B2
maximum 3 % of Ba.

Not applicable.

5.2.12 Reproducibility
RD

Rp > 10, related to B1.

The reproducibility RD was at mini-
mum 16 during the field test.

5.2.13 Hourly averages

Formation shall be possible.

The formation of hourly averages for
the component SPM PM10 is not
necessary for the monitoring of the
relevant limit values, but possible.

5.2.14 Mains voltage
and frequency

Change in measured value at
B+ maximum Bo in the mains
voltage interval (230 +15/-20)
V and change in measured
value for mobile applications
maximum Bo in the power fre-
quency interval (50 £ 2) Hz.

Through changes in the mains volt-
age, maximum deviations of -

1.6 ug/m? at the zero point and maxi-
mum 0.2 % at the tested reference
points could be detected.

5.2.15 Failure in mains
voltage

Uncontrolled emission of oper-
ation or calibration gas shall be
avoided; instrument parame-
ters shall be secured by buffer-
ing against loss; operation
mode shall be secured after re-
turn of mains voltage and
measurement shall be re-
sumed.

All instrument parameters are pro-
tected against loss by buffering.
The measuring system is in normal
operating condition after return of
power supply and continues inde-
pendently the measurements with
reaching the next hour.

936/21205333/A
ful- Page
filled
yes 72
yes 75
yes 81

- 86
yes 87
yes 89
yes 92
yes 93
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Minimum requirement Requirement Test results ful- Page
filled
5.2.16 Operating states | Shall be able to be controlled The measuring systems can be con- yes 94
by telemetrically transmitted trolled and monitored extensively from
status signals. an external PC via a modem.
5.2.17 Switch-over Measurement/functional check | Generally all necessary operations for | yes 95
and/or calibration shall be able | functional check and calibration can
to be activated telemetrically be monitored directly at the device or
and manually. via telemetric remote control.
5.2.18 Availability At least 90 %. The availability was 99.7 % for both yes 96
devices without outages, caused by
testing, respectively 99.0 % incl. out-
ages, caused by testing.
5.2.19 Efficiency of the | At least 95 %. Not applicable. not 98
converter appli-
cable
5.2.20 Maintenance in- | Preferably 28 days, at least 14 | The maintenance interval is defined yes 99
terval days. by the accruing maintenance work
and it is 4 weeks.
5.2.21 Overall uncer- Fulfillment of the requirements | The overall uncertainties have been yes 100
tainty on the data quality [G10 to 7.23 % respectively 7.89 % for U(c)
G12]. and 7.44 % respectively 8.28 % for U
().
5.3.1 Equivalency of To the reference method ac- The reference-equivalence functions yes 104

the sampling
system

cording to EN 12 341 [T2] shall
be demonstrated.

are bounded within the limits of the
acceptance envelope. Furthermore
the variance coefficient R? of the de-
termined reference-equivalence func-
tions is = 0.95 for the respective con-
centration range.
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Minimum requirement Requirement Test results ful- Page
filled
5.3.2 Reproducibility of | Shall be demonstrated in the The two-sided confidence interval yes 112
the sampling field test according to DIN EN | CI95 is, with maximum 2.54 ug/m3,
systems 12341 [T2] for two identical below the specified level of 5 ug/m3.
sampling systems.
5.3.3 Calibration By comparison measurement | Refer to module 5.2.3. - 116
in the field test with reference
method according to DIN EN
12341 [T2]; relationship be-
tween measured signal and
gravimetrically determined ref-
erence concentration to be de-
termined as a steady function.
5.3.4 Cross-sensitivity | Maximum 10 % of Bs. No interfering influence > 1.46 pyg/m? yes 118
deviation from the nominal value on
the measured signal through the air
humidity, which is contained in the
medium being measured could be de-
tected. During the field test, it could
be observed no negative influence on
the measured values during varying
relative air humidity and activated
heating system.
5.3.5 Daily averages 24 h-mean values shall be With the described system configura- yes 120
possible; time needed for the tion and with a measurement cycle of
filter change maximum 1 % of | 60 min, the formation of valid daily
averaging time. averages on the basis of 24 single
measurements is possible.
5.3.6 Constancy of 1 3 % of nominal value during [ All determined averages over the yes 122
sample volumet- [ sampling time; Instantaneous | measurement cycle deviate less than
ric flow values £ 5 % of nominal value |+ 3 %, all instantaneous values devi-
during sampling time. ate less than + 5 % from the nominal
value.
5.3.7 Tightness of the [Leakage maximum 1 % of The maximum determined leakages yes 124
sampling system | sample volume. have been 0.6 % for device 1 (SN
4924) as well as 0.6 % for device 2
(SN 4925).
5.4 Requirements for | Shall be fulfilled for each single | Not applicable. - 125
multiple- component in the simultaneous
component operation of all measuring
measuring sys- | channels; the formation of
tems hourly averages shall be se-
cured in case of sequential op-
eration.
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Minimum requirement Requirement Test results ful- Page
filled

Additional test criteria according to Guidance ,Demonstration of Equivalence of Ambient Air Monitoring Methods*

Determination of the be- | Shall be determined in the field | The between-instrument uncertainty yes 127
tween-instrument uncer- | test according to point 9.5.2.1 ubs is with at maximum 1.22 ug/m?3
tainty ubs [9.5.2.1] of the Guidance ,Demonstra- below the required value of 3 pg/m?.

tion of Equivalence of Ambient
Air Monitoring Methods* for two
identical systems.

Calculation of the ex- Determination of expanded un- | The determined uncertainties WCM yes 134
panded uncertainty of certainty of candidates accord- | are below the set expanded relative
the instruments [9.5.2.2- | ing to the points 9.5.2.2et seq. | uncertainty Wdqo of 25 % for PM for
9.5.6] of the Guidance ,Demonstra- all regarded datasets without the ap-
tion of Equivalence of Ambient | plication of correction factors.

Air Monitoring Methods*.

Application of correction | If the highest calculated ex- The candidate systems fulfill the re- yes 143
factors or terms [9.7] panded uncertainty of candi- quirements on the data quality of am-

dates is larger then the ex- bient air quality measurements during

panded relative uncertainty, the test without the application of cor-

specified in the requirements rection factors.
on the data quality of ambient
air quality measurements ac-
cording to EU-Guideline [7], an
application of correction factors
is allowed. The corrected val-
ues shall meet the require-
ments according to the points
9.5.2.2et seq. of the Guidance
.Demonstration of Equivalence
of Ambient Air Monitoring
Methods".
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2 Terms of reference

2.1 Kind of testing

On behalf of Met One Instruments, Inc., TUV Rheinland Immissionsschutz und Energiesys-
teme GmbH has performed the suitability test of the measuring system BAM-1020 with PM10
pre-separator. The test was performed as a complete suitability test.

2.2 Objective

The measuring systems shall determine the content of PM10 suspended particulate matter in
ambient air in the concentration range 0 to 1.000 mg/m? = 0 to 1000 ug/m?.

The suitability test was performed on the basis of the current guidelines for suitability tests.
The test was carried out considering the following guidelines:

e Guideline VDI 4202, Sheet 1, ,Minimum requirements for suitability tests of automat-
ed ambient air quality measuring systems — Point-related measurement methods of
gaseous and particulate pollutants “, June 2002, [1]

e Guideline VDI 4203, Sheet 3, ,Testing of automated measuring systems — Test pro-
cedures for point-related ambient air quality measuring systems of gaseous and par-
ticulate pollutants “, August 2004, [2]

e European Standard DIN EN 12341, ,Air quality — Determination of the PM10 fraction
of suspended particulate matter — Reference method and field test procedure to
demonstrate reference equivalence of measurement methods®, German version DIN
EN 12341: 1998, [3]

Furthermore an additional evaluation of the field test data according to the criteria of the
Guidance “Demonstration of Equivalence of Ambient Air Monitoring Methods” from the EU
working group was performed within the scope of the suitability test at hand.

e Guidance “Demonstration of Equivalence of Ambient Air Monitoring Methods”, Eng-
lish version from November 2005, [9]

The investigations according to the Guidance “Demonstration of Equivalence of Ambient Air
Monitoring Methods” have been carried out exemplarily on the basis of the measured data
according to [1], [2] and [3], obtained during the field test. Hereby the investigations have
been performed deviant to the requirement of the Guidance only at three instead of four field
test sites and with less than respectively 40 valid paired measurements per field test site.
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3 Description of the tested system

3.1 Measuring principle

The ambient air measuring system BAM-1020 is based on the measuring principle of beta-
attenuation.

The principle of the radiometric determination of mass is based on the physical law of atten-
uation of beta-rays when passing a thin layer of material. There is the following relationship:

C[;_gj ) Q( A cm2j '“(ITOJ

_JAt(min)u[
g

min

with:

C particle-mass concentration A sampling area for particles (filter spot)
Q  sampling flow rate At sampling time

V] mass absorption coefficient lo beta count rate at the beginning (clean)

I beta count at the end (collect)

The radiometric determination of mass is calibrated in the factory and is checked within the
scope of internal quality assurance hourly at the zero point (clean filter spot) and at the refer-
ence point (built-in reference foil) during operation. With the help of the generated data,
measured values at zero and reference point can be easily affiliated. They can be compared
with any stability requirements (drift effects) respectively with the nominal value for the refer-
ence foil (factory setting, please refer to appendix B in the manual).
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3.2 Functionality of the measuring system

The particle sample passes the PM10-sampling inlet with a flow rate of 1 m®h and arrives via
the sampling tube at the measuring instrument BAM-1020.

Within the scope of the test work, the measuring system was operated with the sample heat-
er BX-830. The heater can be controlled with the help of two control process variables re-
spectively with their combination:

1. The relative humidity RH at the filter tape (factory setting: 45 %)

2. The temperature difference Delta-T between ambient temperature and temperature at
the filter tape (factory setting: 5 °C)

As soon as the relative humidity RH is 1% below the nominal value or the critical value for
Delta-T is reached respectively is exceeded, the heater is switched off. Thereby the criterion
for Delta-T is the striking one, which means, that in case the relative humidity RH is above
the nominal value, but the value for Delta-T is above or equal the critical value, the heater is
switched off.

During the test work, the candidates were installed in an air-conditioned measuring cabinet.
For this configuration, the controlling of the heater with the help of the Delta-T criterion is not
reasonable. For this reason, the heater was only controlled with the help of the parameter
relative humidity RH during the complete test work.

The particles arrive at the measuring instrument and will be separated at the glass fiber filter
tape for the radiometric measurement.

One measurement cycle (incl. automatic check of the radiometric measurement) consists of
the following steps (setting: measuring time for radiometry 4 min):

1. The initial count of the clean filter tape |lo is performed at the beginning of the cycle for
a period of four minutes.

2. The filter tape is advanced four windows and the sampling (vacuum pumping) begins
on the spot in which lp was just measured. Air is drawn through this spot on the filter
tape for approximately 50 minutes.

3. At the same time the second count |1 occurs (at a point on the tape 4 windows back)
for a period of four minutes. The purpose of the measurement is to perform the verifi-
cation for instrument drift caused by varying external parameters such as temperature
and relative humidity. A third count I, occurs with the reference membrane extended
over the same place on the tape. The sample time should be chosen greater than or
equal to 13 minutes, so as to allow for the overlapping auto calibration time.

If there is enough time left, another count l1x occurs four minutes before the end of
sampling time on the same point of the tape. With the help of |1 and |+, the stability at
the zero point can be monitored.

4. After sampling, the filter tape is moved back four windows to measure the beta ray
absorption through the section that has collected dust (l3). Finally the concentration
calculation is performed to complete the cycle.
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5. The next cycle begins with step 1

Figure 1 shows schematically the course of a measurement cycle.

Figure 1: Timing diagram of the measurement cycle BAM-1020
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During the suitability test work, a cycle time of 60 min with a time need of 4 min for the radi-
ometric measurement was set.

Therefore the cycle time consists of 2 x 4 min for the radiometric measurement (lo & I3) as
well as approximately 1-2 min for filter tape movements. Thus the effective sampling time is
around 50 min.

Furthermore, the measuring system allows an extension of the measuring time to 6 or 8 min
in order to increase the precision of the radiometric measurement. The effective sampling
time is then decreased to 46 respectively 42 min.
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3.3 Extent and set-up of the measuring system

Page 25 of 320

The ambient air measuring system BAM-1020 is based on the measuring principle of beta-

attenuation.

The tested measuring system consists of the PM10-sampling inlet (US (BX-802), EU (BX-
809)), the sampling tube, the sample heater BX-830, the ambient temperature sensor BX-
592 (incl. radiation protection shield), the air pressure sensor BX-594, the vacuum pump BX-
127, the measuring instrument BAM-1020 (incl. glass fiber filter tape), the respective con-
necting tubes and lines as well as adapters, the roof flange as well as the manual in English

language.
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Figure 2: Overview measuring system BAM-1020

The measuring instrument BAM-1020 offers the possibility to connect up to 6 different sen-
sors at the available analogue inputs. For example, besides the ambient temperature sensor
BX-592 and the air pressure sensor BX-594, the connection of sensors for the wind direction
(BX-590), for the wind velocity (BX.591), for the air humidity (BX-593) as well as for solar ra-

diation (BX-595) is imaginable.
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Concerning the sampling inlets, either an US-PM10 sampling inlet (type: BX-802, manufac-
ture and design according to Guideline EPA 40 CFR Part 50) or an EU-PM10 sampling inlet
(type: BX-809) is available. The sampling inlet serves as a pre-separator for the suspended
particulate matter, which is drawn from the ambient air. The instruments are operated with a
constant, regulated volume flow of 16.67 I/min = 1.0 m3/h. As an alternative option, it is pos-
sible to use TSP-sampling inlets as well as PM2.5-cyclones, installed behind the PM10-
sampling inlet.

Figure 3: US- PM10-sampling inlet BX-802 for BAM-1020

Figure 4: European PM10-sampling inlet BX-809 for BAM-1020
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The sampling tube connects the sampling inlet and the measuring instrument. The length of
the sampling tube was 2.4 m during the test, differing lengths can be manufactured with re-
spect to the local conditions.

The sample heater BX-830 is installed at the lower end of the sampling tube (approximately
50 mm above the instrument inlet of BAM-1020). The operation of the heating systems is
performed as described in point 3.2 Functionality of the measuring system.

Figure 5: Sample heater BX-830

The vacuum pump BX-127 is connected to the measuring instrument at the end of the sam-
pling path with a hose. The pump is controlled via the measuring system. The measuring
system BAM-1020 contains, besides the radiometric measurement part, the glass fiber filter
tape incl. transport system, large parts of the pneumatic system (flow measurement by mass
flow sensor), the control unit of the sample heater and all necessary electronic parts and mi-
croprocessors for the control and operation of the measuring system as well as for the com-
munication with the system.
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Figure 6: Measuring instrument BAM-1020

Figure 7: Measuring systems BAM-1020, installed in measurement cabinet
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Figure 8: Vacuum pump

Figure 9: Front view BAM-1020, front cover opened
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The handling of the measuring systems is done via a soft keypad in combination with a dis-
play at the front of the instrument. The user is able to get stored data, to change parameters
and to perform several tests to control the functional capability of the measuring system.

The main screen of the user display can be found on the top level — here the actual time and
date, the software version, the last concentration value as well as the status of the instrument
are displayed.

05/18/2006 BAM 1020 09:21:18
3236-02 3.2.1Db

LAST CONC: 0.012 mg/m3
FLOW: 16.7 LPM
STATUS: ON

SETUP OPERATE TEST TAPE

Figure 10: Main screen of the user display

Via the function keys F1 to F6, different functions can be easily called from the top level. For
example it is possible, to access actual information on the last concentration values as well
as measured values from other sensors (ambient temperature..), error messages and on
stored data for the measurements of the last ten days.

Starting from the top level, one can furthermore access on the following sub-menus via soft
key:

1. Menu ,SETUP* (Press soft key ,SETUP*):
The configuration and setting of parameters of the measuring system is done in the
menu ,SETUP®. The user can do settings for parameters like for instance date/time,
sampling time, measuring range, flow rate, output of measured values (actual or
standard conditions), change of pass word, interfaces, external sensors and sample
heater.
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(= _

SETUP MCODE SELECT
CLOCE SREMPLE CALTBRATE EXTRA]
ERRCRS PASSWCRED INTERFACE SENSOR
HEATER
SELECT EXIT

N\ /

Figure 11: Menu ,SETUP“

2. Menu ,OPERATION® (Press soft key ,OPERATION®):
In the menu ,OPERATIONY, it is possible to call up information during the operation of
the measuring system. As long as the operating mode is switched on ,ON the
measuring system will be in operation according the settings. An interruption of the
ongoing measurement can be done either by switching the operating mode to ,OFF*,
by calling up the menus ,SETUP*, ,TEST" or ,TAPE" during the ongoing operation or
in case of a severe malfunction (e.g. crack of filter tape).

/’1 171572001 OFPERATE MODE 14:13: 'Cl"-"x\‘

T = on

+ = OFF
Operation Mode: ON
Status: ON

VERAGE EXIT

el
=
|x

NOERMAT INST
\S

Figure 12: Menu ,OPERATION*
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Menu ,TEST* (Press soft key ,TEST"):

In the menu ,TEST", the user can perform several tests for checking the hardware
and components, e.g. a check of the radiometric measurement (reference foil test), a
check of the flow rate or a calibration of temperature and pressure sensors as well as
of the flow rate is possible.

TEST MENU
COUNT PUMP TAPE DAC
CALIBRATE INTERFACE FLOW ALIGN
HEATER FILTER-T RH

SELECT EXIT

13: Menu ,TEST*

Menu ,TAPE" (Press soft key , TAPE"):

In the menu ,TAPE®, it is possible to start at any time (= aborting the ongoing meas-
urement) an extensive self test of the measuring system. In this self test, which takes
around 4 min, several mechanic parts (e.g. the filter transport system) are tested on
functional capability and the flow rate and the condition of the filter tape (tension,
crack of tape) are checked. In case of irregularities or unallowable deviations, an er-
ror message ,FAIL® is displayed and a specific search for the problem can start. If the
self test can be performed without problems, the status ,SELFTEST PASSED* is dis-
played and the operation can start. The performance of this test is generally recom-
mended after each restart of the measurement after abort, in each case after a
change of the filter tape.

(?ifﬂfflﬁﬁé 15:25:30 -&\
LATCH: OFF TAFPE BEEAEK: CE
CAPSTAN: OE TAPE TENSION: OHE
NOAZLE DN: OK SHUTTLE: CK
NOZALE UP: CE EEF EXTEND: CE
FLOW: OQK EEF WITHDEAW: OHK
Ztatus: SELF TEST PASZED
TENSTION SELF TEST EXIT

N ~/

Figure 14: Menu ,TAPE/SELF TEST"
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Besides the direct communication via keys/display, there are numerous possibilities to com-
municate via different analogue outputs, relais (status and alarm messages) as well via RS-
232 interfaces. The RS232-interfaces allow the connection of printer, PC and modem. The
communication with the instrument can be done for instance with the software HyperTermi-
nal.

The serial interface #1 serves form data transfer and transmission of the instrument status.
This interface together with a modem is often used for remote control.

The following system menu is available:

| >BAM-1020 < System Menu |

Select One of the Following:

0 - None

1 - Display Current Day Data

2 - Display All Data

3 - Display New Data

4 - Display System Configuration

5 - Display Date / Time

6 - CSV Type Report

7 - Display last 100 errors

8 - Display > BAM-1020 < Utility Commands
9 - Display Pointers

Press <Enter> to Exit a Selection

Figure 15: Communication via serial interface #1 — system menu

During the test work, the measured data have been readout and recorded once a week.
They are suitable for further data integration to daily mean values in an external spreadsheet.
The following picture shows an example for data, which have been recorded that way.
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Station 1
Time Conc(mg)  Qtot(m3) BP(mm)  WS(MPS) no(V) RH(%) Delta(C) AT(C)

9/28/2006 14:00 0.029 0.834 755.1 23 0.015 35 58.3 20.7
9/28/2006 15:00 0.031 0.834 754.9 21 0.012 33 58.4 21.7
9/28/2006 16:00 0.024 0.834 754.7 21 0.012 32 58.5 22
9/28/2006 17:00 0.03 0.834 754.5 2 0.011 32 58.5 22.3
9/28/2006 18:00 0.025 0.834 754.4 2 0.01 32 58.5 22.3
9/28/2006 19:00 0.029 0.834 754.3 2 0.01 33 58.5 215
9/28/2006 20:00 0.034 0.834 754.4 2 0.01 35 58.5 20.4
9/28/2006 21:00 0.048 0.834 754.5 2 0.01 36 58.5 19.1
9/28/2006 22:00 0.047 0.834 754.6 2 0.01 37 58.5 18.1
9/28/2006 23:00 0.051 0.834 754.8 2 0.01 37 58.5 171
9/29/2006 0:00 0.036 0.834 754.8 2 0.01 37 58.5 16.6
9/29/2006 1:00 0.035 0.834 754.7 2 0.01 37 58.5 16
9/29/2006 2:00 0.029 0.834 754.6 2 0.01 38 58.5 15.8
9/29/2006 3:00 0.03 0.834 754.6 2 0.01 38 58.5 15.3

Conc(mg): concentration value in mg/m?, ambient conditions

Qtot(m?): total sample volume in m® (here at 50 min sampling time)

BP(mm-Hg): ambient pressure in mm-Hg

WS: wind velocity, not active in this case

no(V): not active in this case

RH(%): relative humidity below the filter tape in % - used for control of the sample heater

Delta(C): difference ambient temperature — temperature at filter tape — used for control of the sample

heater, not active in this case

AT(C): ambient temperature in °C

The serial interface #2 serves only as a printer output and can be connected to a printer or a
PC. It offers the possibility of continuous recording of actual information on the measure-
ments.

Table 2 contains an overview of important technical specifications of the ambient air measur-
ing system BAM-1020.
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Technical data BAM-1020 (specifications of manufacturer)

Dimensions / Weight

BAM-1020

Measuring instrument

365 x 483 x 457 mm / 21 kg (without pump)

Sampling tube

24 m

Sampling inlet

BX-802 (US)
BX-809 (EU)

Power supply

100/115/230 V, 50/60 Hz

Power consumption

75 W, Detector Control Unit

Ambient conditions

Temperature

-30 - +60 °C (specification of manufacturer)
+5 - +40 °C in suitability test

Humidity

not condensing

Sample flow rate

16,67 I/min =1 m%h

Radiometry Source

14C, <2,2 MBq (< 60 uCi)

Detector

Scintillation probe

Check procedure

Hourly, internal zero and reference point checks
(reference foil), deviations from the nominal value
are recorded

Parameter of filter change

Measurement cycle (cycle time)

1 min — 200 min Default: 60 min

Measuring time radiometry

selectable 4,6 or 8 min Default: 4 min

Sampling time

depending on measuring time radiometry 50, 46 or
42 min
Default: 50 min

Parameter sample heater BX-830 (option-
al)

maximum temperature difference filter tape —
ambient temperature

Default: 5°C

Nominal value for relative humidity at filter
tape

Default: 45 %

Buffer capacity (internal)

30 — 200 days, depending on cycle time

Analogue output

0-1(10)Vor0—-16 mA/4 —20 mA — can be set
to 0-0.100, 0.200, 0.250, 0.500, 1.000, 2.000, 5.000
or 10.000 mg/m?

Digital output

2 x RS 232 - interface for data transmission and
remote control

Status signals / error messages

available, for an overview refer to chapter 8 in the
manual
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4 Test program

4.1 General

The suitability test was carried out with two identical devices with the serial numbers
SN 4924 and SN 4925.

At the beginning of the suitability test (February 2006), the software version 3236-02 2.65
was installed at the candidates. During the test work, the software was continuously en-
hanced and optimized up to the version 3236-02 3.2.1b. The changes have been checked
and parts of the test work have been repeated, if necessary. There is no influence to expect
on the instruments performance due to the performed alterations up to the version 3236-02
3.2.1b.

A field test at different field test sites over several months followed the laboratory test, during
which the performance characteristics were assessed.

All determined concentrations are expressed in ug/m?3, referred to standard conditions
(273 K, 101.3 kPa). The additional evaluations according to Guidance “Demonstration of
Equivalence of Ambient Air Monitoring Methods” were done with concentrations, converted
to ambient conditions.

During the test work, there have been no changes on the instruments in manufacture and
shape.

In the following report, the minimum requirements according to the considered guidelines
[1,2,3] for each test point are stated with number and wording in the respective headlines.

4.2 Laboratory test

The laboratory test was performed with two identical devices of the type BAM-1020 with the
serial numbers SN 4924 and SN 4925. According to the guidelines [1,2,3], the following test
program in the laboratory was carried out:

e Description of the instrument functions

e Determination of the detection limit

o Determination of the dependence of zero point / sensitivity on the ambient
temperature

e Determination of the dependence of zero point / sensitivity on the mains voltage
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The following instruments have been used for the laboratory test for the determination of the
performance characteristics:

e Climate chamber (temperature range from —20 °C to +50 °C, accuracy better than
1°C)

e Adjustable isolating transformer

o Reference foil (built-in firmly in the devices)

The recording of the measured values was carried out via HyperTerminal with the aid of a
desktop PC.

The results of the laboratory tests are compiled in point 6.

4.3 Field test

The field test was performed with two identical measuring systems.

Device 1: No. SN 4924
Device 2: No. SN 4925

The field investigations at the three different test sites were performed with an US-PM10-
sampling inlet (BX-802). After having finished these investigations on Oct. 26, 2006, the can-
didates have been additionally equipped with the EU-PM10-sampling inlet (BX-809) at the
field test site Cologne, Frankfurter Str. Target of these additional investigations has been the
proof that the results, obtained with both different types of sampling inlets, do not differ signif-
icantly from each other and thus the operation of the system is basically possible with both
types of sampling inlets.

For the field test, the following test program was established:

¢ Investigation of the comparability of the candidate systems according to DIN EN
12341 and (additionally) according to Guidance “Demonstration of Equivalence of
Ambient Air Monitoring Methods”)

¢ Investigation of the comparability of the candidate system with the reference method
(according to DIN EN 12341 and (additionally) according to Guidance “Demonstration
of Equivalence of Ambient Air Monitoring Methods”)

¢ Additional investigations of the comparability of the two candidate systems according
to DIN EN 12341 and (additionally) according to Guidance “Demonstration of Equiva-
lence of Ambient Air Monitoring Methods” at field test site Cologne, Frankfurter Str.
with EU-PM10-sampling inlet,

o Additionally investigation of the comparability of the candidate systems with the refer-
ence method (according to DIN EN 12341 and (additionally) according to Guidance
“Demonstration of Equivalence of Ambient Air Monitoring Methods”) at field test site
Cologne, Frankfurter Str. with EU-PM10-sampling inlet.

Investigation of the constancy of the sampling flow rate

o Determination of the ability for calibration, erection of the analytical function

Determination of the reproducibility R
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Determination of the drift behavior at zero and reference point

Investigation of the tightness of the sampling system

Examination of the dependence of the measured values on the air humidity, which is
contained in the medium being measured

Determination of the maintenance interval

Determination of the availability

Determination of the overall uncertainty of the candidate systems.

The following instruments have been used for the field test:

Measurement cabinet of the TUV Rheinland Immissionsschutz und Energiesysteme
GmbH, climate-controlled on approximately 20 °C

Weather station (WS 500 of the company ELV Elektronik AG) for the recording of me-
teorological data, e.g. ambient temperature, ambient pressure, relative humidity, wind
velocity, wind direction and amount of precipitation

2 reference samplers according to point 5

1 classifying sampler according to point 5

Flow meter DK 37 E (manufacturer: Krohne)

Dry gas meter (manufacturer: Elster-Instromet)

Measuring device for the registration of the power consumption Metratester 5 (manu-
facturer: Gossen Metrawatt)

Reference foil (built-in firmly in the devices)

Two BAM-1020 — systems, two reference samplers and one classifying sampler have been
used simultaneously for in each case 24 h during the field test. The classifying sampler as
well as the reference samplers at the first field test site (LVS3) is working discontinuously, i.e.
after sampling has occurred, the filters must be changed manually.

The impaction plates of the PM10 sampling inlets have been cleaned approximately every 4
weeks and have been prepared with silicon paste, which ensures a secure separation of the
coarse particles on the impaction plate.

The flow rate of the candidate systems as well as of the reference samplers have been
checked with a dry gas meter, connected with a hose to the air inlet of the instrument, before
and after the field test, as well as before and after every change of test site.
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Test sites and arrangement of the measuring systems

The measuring systems have been installed in the field test in that way, that only the sam-
pling inlets are arranged outside of the measurement cabinet above its roof. The central units
of both candidate systems and those of the reference samplers have been installed inside
the climate-controlled measurement cabinet. The connection of the central units with the
sampling inlets was realized for the BAM-1020 -systems and for the reference samplers with
the sampling tube. Only at field test site Cologne, parking lot, the complete reference sam-
plers (LVS3) have been installed outside on the roof due to lack of space (old measurement
cabinet). The classifying sampler was generally installed outside on the cabinet roof.

The field test was carried out at the following measurement sites:

Table 3: Field test sites
No. Test site Time period Characterization
1 Cologne, 02/2006 —04/2006 Urban background
parking lot
Titz-Roedingen 07/2006 — 09/2006 Rural situation
Cologne, 09/2006 — 11/2006 Traffic
Frankf. Str.

Figure 16 to Figure 18 show the course of the PM-concentrations at the field test sites, which
have been obtained with the reference systems.
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Figure 16: Course of PM10-concentrations (reference) at test site ,,Cologne, parking lot*
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Figure 17: Course of PM10-concentrations (reference) at test site , Titz-Roedingen*
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Figure 18: Course of PM10-concentrations (reference) at test site ,Cologne, Frankfurter
Str.”

The following pictures show the measurement cabinet at the field test sites Cologne (parking
lot), Titz-Roedingen and Cologne (Frankfurter Str.).

Figure 19: Field test site ,,Cologne, parking lot“
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Figure 20: Field test site , Titz-Roedingen*

Figure 21: Field test site Cologne, Frankfurter Str.

Together with the measuring systems for suspended particulate matter, a weather station for
the determination of meteorological data has been installed at the measurement cabinet.
There has been a continuous recording of ambient temperature, ambient pressure, relative
air humidity, wind velocity, wind direction and precipitation. The data have been saved as
10min average values.
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The set-up of the (old) cabinet itself (only at test site Cologne, parking lot), as well as the ar-
rangement of the sampling probes has been characterized by the following dimensions:

o Height of roof of cabinet: 27m

¢ Height of sampling point for candidate / reference/ 1.2/1.3 /1.0 m above roof

e classifying sampler(s) 3.9/4.0/ 3.7 m above ground
e Height of weather vane: 4.5 m above ground

The height of the sampling point of both candidate systems has been restricted due to the
length of the sampling probe — the heights of the reference and classifying sampler(s) have
been adapted accordingly.

e Distance between candidates: 0.7m
¢ Distance candidate 1 — reference 1: 1.0m
¢ Distance candidate 1 — reference 2: 1.6m
¢ Distance candidate 2 — reference 1: 1.6m
e Distance candidate 2 — reference 2: 1.0m
e Distance candidate 1 — classifier 1: 2.1m
e Distance candidate 2 — classifier 1: 2.8 m

The set-up of the (new) cabinet itself (since test site Titz), as well as the arrangement of the
sampling probes has been characterized by the following dimensions:

¢ Height of roof of cabinet: 27m

¢ Height of sampling point for candidate / reference/ 1.2/1.2/1.0 m above roof

e classifying sampler(s) 3.9/3.9/ 3.7 m above ground
e Height of weather vane: 4.5 m above ground

The height of the sampling point of both candidate systems has been restricted due to the
length of the sampling probe — the heights of the reference and classifying sampler(s) have
been adapted accordingly.

e Distance between candidates: 14 m
¢ Distance candidate 1 — reference 1: 17.1m
e Distance candidate 1 — reference 2: 1.8 m
e Distance candidate 2 — reference 1: 1.8 m
e Distance candidate 2 — reference 2: 1.1m
e Distance candidate 1 — classifier 1: 1.0m
e Distance candidate 2 — classifier 1: 1.0m

The following Table 4 contains, besides an overview on the most important meteorological
characteristics, which have been obtained at the 3 field test sites, also an overview on the
suspended particulate matter conditions during the test period. Occasionally appearing ratios
of suspended particulate matter >100 % have been rejected as implausible ones. All single
values can be found in the annexes 4 and 5.
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Table 4: Ambient conditions at the field test sites, daily mean values
Cologne, Titz-Roedingen Cologne,
parking lot Frankfurter Str.
(US+EU-inlet)

No. of paired values (refer- 29 37 54
ence)
PM 10-ratio under ambient
conditions [%]
Range 26.1-91.3 42.3-96.3 55.5-99.7
Average 62.1 78.3 79.7
Ambient temperature [°C]
Range -3.2-15.6 12.7-26.5 5.5-19.1
Average 4.7 17.3 12.7
Ambient pressure [kPa]
Range 98.2-1024 99.2-101.0 98.9-1024
Average 100.3 100.0 100.8
Rel. humidity [%)]
Range 33.7-89.1 55.8 -81.7 63.8 -82.7
Average 64.0 74.2 71.8
Wind velocity [m/s]
Range 0.0-3.0 0.0-27 0.0-3.8
Average 1.1 0.4 1.1
Precipitation [mm]
Range 0.0-15.2 0.0-35.7 0.0-19.8
Average 2.6 5.6 2.2

Sampling time

DIN EN 12341 requires a sampling time of 24 h. In case of low concentrations. A longer
sampling time is allowed, likewise in case of higher concentrations, a shorter sampling time
is allowed.

Whilst during the field test, the sampling time has always been 24 h (from 8 am until 8 am),
the sampling time was decreased for some tests in the laboratory in order to get a higher
number of measured values.
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Handling of data
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The determined pairs of measured values from the field investigations for the candidate as
well as for the reference samplers have been undergone a statistical outlier test according to
Grubbs (99 %) before the respective evaluations for each test site. This procedure has been
done to avoid any effects from obviously implausible data on the results. Pairs of measured
values that have been identified as significant outliers may be removed as long from the pool
of values as the critical value for the test parameter has been fallen below target. However,
for each test site, at maximum 5 % of the pairs of measured values may be removed in total.

Table 5 gives an overview on the results of the performed outlier tests (candidate and refer-
ence) for each test site. There have been no significant outliers identified.

Table 5: Overview on outliers — candidates and reference
Reference PM10 BAM 1020, PM10
Test site n Date G1 G2 n Date SN 4924 SN 4925
Cologne, 29 no outliers 52 no outliers
parking lot
Titz-Rédingen 37 no outliers 37 no outliers
Cologne, 28 no outliers 28 no outliers
Frankfurter Str.
Cologne, 26 no outliers 26 no outliers
Frankfurter Str.
EU-Head
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Filter handling — mass determination

The following filters have been used during the suitability test:

Table 6: Used filter materials

Measuring Filter material, type Manufacturer
instrument

Reference sampler Quartz fiber, @ 50mm Whatman

LVS3 respectively
SEQ47/50

Classifying sampler Quartz fiber, & 50mm Whatman

GS 050

The clean filters for the reference and classifying samplers have been conditioned in the
weighing room for at least 48h with a temperature of 20 £ 1 °C and a constant relative hu-
midity. The weighing process has taken place on a balance of the company Sartorius, model
MC 210P, which has an absolute resolution of 10ug. The filters for the reference sampler
have been inserted in the filter holders and have been carried to and from the cabinet in filter
containers. The filters for the classifying sampler have been inserted into the TSP-sampling
heads in the weighing room, so only a changing of the entire sampling head on the field test
sites has been necessary. Sampled filters have been carried back to the laboratory in their
sampling heads and have been taken out of them in the weighing room.

The sampled filters have been treated in the weighing room the same way than the clean
ones.

Thus the filter treatment has been according to the requirements of EN 12341, annex C.
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5 Reference method

According to DIN EN 12341, the following devices have been used during the field test:

1. as reference sampler: Small Filter Device Low Volume Sampler LVS3 (field test site Co-
logne, parking lot)
Manufacturer: Ingenieurbiro Sven Leckel, Leberstralle 63, Berlin,
Germany
Date of manufacture: 2000
PM10-sampling inlet

as well as

Filter Changer SEQ47/50, indoor version, (since test site Titz)
Manufacturer: Ingenieurbtro Sven Leckel, Leberstrale 63, Berlin,
Germany

Date of manufacture: 2005

PM10-sampling inlet

2. as classifying sampler: Small Filter Device GS 050
Manufacturer: Derenda, Xantener Str. 22, Berlin, Germany
Date of manufacture: 1992
TSP-sampling inlet

During the test, two reference samplers have been used in parallel with a controlled flow rate
of 2.3 m3*h. The accuracy of the flow rate control is less than 1 % of the nominal flow rate
under real operating conditions.

Since the field test site “Titz-Roedingen”, two reference systems of the type Filter Changer
SEQA47/50 have been used. The systems have been installed as indoor version, which
means, that the central unit of the filter changer is installed inside the cabinet and the con-
nection to the sampling inlet is realized with a sampling tube. The entire sampling system is
conditioned by an ambient air layer — for this sake, the sampling tube itself is installed in a
cladding tube, made of aluminum and purged with ambient air.

The filter changer is technically based on the small filter device LVS3 and because of its
shape and manufacture, it complies on principle with the reference sampler according to
EN 12341. The mechanism of filter change together with the clean and collect filter storage
system allows a continuous 24-h-sampling over a period up to 15 days.
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The sampling air for the LVS3 as well as for the SEQ47/50 is drawn through the sampling in-
let with a rotary slide valve vacuum pump. The flow rate of the sampled air is measured be-
tween filter and vacuum pump via a measuring orifice. The inlet air is flowing from the pump
to the air outlet, while passing a separator for the abrasion of the rotary slide valve.

After finished sampling, the measurement electronics show the sampled air intake volume in
standard or actual-m3® respectively stores the measured data in the internal buffer
(SEQ47/50).

The PM10 — concentration has been determined by dividing the gravimetrically determined
dust amount on the filter by the associated sampled air volume in standard m* (DIN EN
12341) respectively in ambient m?® (according to Guidance ,Demonstration of equivalence of
ambient air monitoring methods*).

As there have been two reference samplers in parallel available throughout the entire test
work, the final PM10 — concentrations for the evaluations have been determined by averag-
ing the two results of the respective parallel measurements.

The classifying sampler samples the suspended particulate matter in the ambient air accord-
ing to German guideline VDI 2463, sheet 7. It includes the entire range of particle sizes (TSP
= Total Suspended Particulate Matter).

On principle, the performance of the classifying sampler is the same than the performance of
the reference sampler in unregulated operating mode. The flow rate is measured with an im-
peller anemometer and is indicated in m*® through a coupled electro-mechanical counter,
which has an precision of reading of 0,01 m* The nominal flow should be 2.7 to 2.8 m?¥h.
During the sampling, the hourly flow should not fall below 2.6 m3h. The sampled volume is
determined with the difference of counts at the beginning and at the end of sampling.

The conversion of the sampled volume to standard conditions (273 K, 101.3 kPa) was made
with the determined quantities ambient temperature, ambient pressure and under pressure at
the gas meter.

The TSP — concentration has been determined by dividing the gravimetrically determined
dust amount on the filter by the belonging sampled air volume in standard m3. The PM10-
TSP ratio was calculated by division of the PM10 reference concentration by the associated
content of TSP.

The sampling time was set with the aid of an electrical timer.
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6 Test results

6.1 4.1.1 Measured value display
The measuring system shall be fitted with a measured value display.
6.2 Equipment

No additional equipment required.

6.3 Performance of test

It was checked, if the measuring system has got a measured value display.
6.4 Evaluation

The measuring system has got a measured value display. The respective measured concen-
tration value from the last measurement cycle can be indicated on different screens of the
users display.

6.5 Findings

The measuring system has got a measured value display.
Minimum requirement fulfilled? vyes

6.6 Presentation of test results

Figure 22 shows the users display with the measured concentration value from the last

measurement cycle.

/ll f15/2001 NORMAL MODE 11:27:54 \
LAST C: 0.0€0 Kgfmi Flow (STD) 1l&.7 LEM
LAST m: 0.20& mgfcmZ2 PRESS: 00780 mmHg

STATUS: SAMPLING
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Figure 22: Display of measured concentration value from last measurement cycle
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6.1 4.1.2 Easy maintenance

Necessary maintenance of the measuring systems should be possible without larger
effort, if possible from outside.

6.2 Equipment
No additional equipment required.
6.3 Performance of test

The necessary periodical maintenance work was carried out according to the instructions of
the manual.

6.4 Evaluation

The following maintenance work has to be carried out by the user:

1. Check of device status
The device status can be monitored and controlled by controlling the system itself or
controlling it on-line.

2. Monthly cleaning of the device. In any case, the measuring system has to be cleaned
after each measuring activity.

3. Check of the filter tape stock — a 21 m-filter tape is hereby sufficient for approximately
60 days in case of a measurement cycle of 60 min. It is recommended, to check as a
matter of routine the filter tape stock at every visit of the measurement site.

4. Atintervals of longest 4 weeks, the sampling inlet has to be cleaned and the impac-
tion plate has to be re-lubricated with grease.

5. According to the manufacturer, a flow rate check shall be carried out every 4 weeks.

Furthermore a plausibility check of the ambient temperature and air pressure meas-

urement is recommended within this context.

These workings can be done together with the workings according to point 4.

Replacement of filter tape after approx. 2 months (measurement cycle: 60 min)

The area around the entry nozzle above the filter tape should be cleaned every 2

months. This cleaning can normally be done together with the replacement of the fil-

ter tape.

8. The muffler at the pump should be replaced semiannually.

9. The sensors for the ambient temperature, air pressure as well as the flow rate meas-
urement have to be re-calibrated every 6 months according to the manual.

10. Once a year, the carbon vanes of the vacuum pump (only rotary vane pump) have to
be checked and replaced if necessary during an annual base maintenance.

11. During the annual base maintenance, it is also to pay attention to the cleaning of the
sampling tube.

For the performance of the maintenance work, the instructions in the manual have to be re-
spected. All workings can be done with common tools.

N

It is generally recommended to perform a self-test according to chapter 4.9 of the manual af-
ter each action, which interrupts the measurement operation.
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Findings

Maintenance work can be done from outside with common tools and justifiable operating ex-
pense. The workings according to point 6, 7, 10 and 11 have to be done at a shutdown of the
system. These workings are only necessary in a two month interval as well as semiannually
or annually. During the remaining time, the maintenance can be basically restricted to the
check of contaminations, plausibility checks and possible status/error messages.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

The operations at the devices have been carried out during the test on basis of the opera-
tions and operational procedures, described in the manual. There couldn’t be noticed any dif-
ficulties when adhering to the described procedures. All maintenance work could be done
with common tools without any problems.

TUV Rheinland Group



TUV Rheinland Immissionsschutz und Energiesysteme GmbH
Luftreinhaltung

Report on the suitability test of the ambient air quality measuring system BAM-

1020 with PM10 pre-separator of the company Met One Instruments, Inc. for the

Page 52 of 320 measured component suspended particulate matter PM10, Report-No.:
936/21205333/A

6.1 4.1.3 Functional check

If the operation or the functional check of the measuring system requires particular in-
struments, they shall be considered as part of the measuring system and be applied in
the corresponding sub-tests and included in the assessment.

Test gas units included in the measuring system shall indicate their operational readi-
ness to the measuring system by a status signal and shall provide direct as well as re-
mote control via the measuring system.

The uncertainty of the test gas unit included in the measuring system shall not exceed
1 % of reference value B> within three months.

6.2 Equipment
Manual, filter tape, built-in reference foil.
6.3 Performance of test

It was checked, whether all instrument functions, which are listed in the manual, are availa-
ble, can be activated and are fully functional.

To check the zero point of the radiometric measurement, it is resorted to the count rates |4
respectively |1y, which are determined on a clean filter tape spot at every measurement cycle
(refer to point 3.2 Functionality of the measuring system). The zero point of the radiometric
measurement is thereby determined manually according to the following equation:

C,lmg/m?3]= A K. In(LJ

Q mu2 (I
with
Co particle mass concentration at ZP A particle collection area (filter spot)
Q sampling flow rate K, mu2 coefficients beta measurement

I4 initial beta count rate l1x final beta count rate

In order to check the stability of the sensitivity of the radiometric measurement, it is resorted
to the count rates |1 (clean filter spot) respectively I, (clean filter spot + retracted reference
foil), which are determined at every measurement cycle (refer to point 3.2 Functionality of the
measuring system). The mass density m [mg/cm?] of the reference foil is calculated device-
internal from the determined count rates. The value is continuously compared to the nominal
value ABS, which has been determined in the factory (refer to appendix B in the manual of
the respective device), and in case of a deviation of >5% to the nominal value, an error mes-
sage is generated.

With the aid of the reference foil, only the mass density can be determined.
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The measured values, which are required for calculation / evaluation, can be continuously
recorded via the serial interface #2 (printer output).

Hence there is the possibility to determine the zero point (manually) as well as the reference
value (automatically) for each measurement cycle (here: once per hour). The obtained hourly
values at zero point and at reference point have been compressed to suitable mean values
and been evaluated (e.g. 24-h-mean for drift investigations) within the scope of the test.

6.4 Evaluation

All instrument functions, which are listed in the manual, are available and can be activated.
The current status of the system is monitored continuously and is indicated by a series of dif-
ferent status messages (operational, alarm and error status).

The measuring system carries out by default an internal check of the zero point (zero meas-
urement, manually evaluable) as well as of the sensitivity (measurement with reference foil,
automatically evaluated) at every measurement cycle. It must be pointed out, that only the
mass density can be determined by the application of the reference foil. Therefore a direct
comparison with the reference values is not possible. For the purpose of evaluation, the per-
cental changes of the determined mass densities have been calculated.

6.5 Findings

All instrument functions, listed in the manual, are available, can be activated and are func-
tioning. The current status of the system is monitored continuously and is indicated by a se-
ries of different status messages (operational, alarm and error status.
The results of the device-internal checks of the zero point and of the radiometric measure-
ment during the field investigations are described in chapter 6.1 5.2.9 Drift of zero point
and in chapter 6.1 5.2.10 Dirift of measured value in this report.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

Please refer to the points
6.1 5.2.9 Dirift of zero point and
6.1 5.2.10 Dirift of measured value
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6.1 4.1.4 Set-up times and warm-up times
The set-up times and warm-up times shall be specified in the instruction manual.

6.2 Equipment
To check this minimum requirement, a clock has been additionally provided.
6.3 Performance of test

The measuring instruments have been put into operation according the descriptions of the
manufacturer. The required times for set-up time and warm-up time was recorded separately.

Necessary constructional measures in the forefront of installation, like e.g. the set-up of a
breakthrough in the roof of the cabinet have not been assessed here.

6.4 Evaluation

The set-up time contains the time need for the assembling of the measuring system until the
start of operation.

The measuring system has to be installed independent from atmospheric conditions, e.g. in a
climate-controlled measurement cabinet. Moreover the roof-lead through of the sampling
tube requires larger constructional measures at the measurement location. A non-stationary
application is therefore only assumed together with the belonging peripheral devices.

The following steps for the assembling of the measuring system are generally necessary:

¢ Unpacking and installation of the measuring system (in a rack or on a table)

¢ Connection of the sampling tube + PM 10-sampling inlet

e Installation of the heating system

e Connection of the pump

¢ Mounting of ambient air sensor + radiation protection shield (nearby the sampling in-
let)

¢ Mounting of air pressure sensor

e Connection of all connecting and control lines

e Connection of power supply

e Switch-on of the measuring system

¢ Insertion of the filter tape

e Performance of self-test according to point 4.9 in the manual

e Optional check of the tightness

e Optional connection of peripheral recording and control systems (data logger, PC with

HyperTerminal) to the respective interfaces

The performance of these actions and therewith the set-up time takes 1 hour.
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The warm-up time contains the time need between the start of operation of the measuring
system and the readiness for measurement.

After switching on the system and the successful performed self-test, the measuring system
remains in a waiting position until reaching the next hour. When reaching the hour, the next
measurement cycle as described in point 3.2 Functionality of the measuring system. The
sampling starts according to the set measurement time for the radiometry (during the suitabil-
ity test 4 min) immediately after the radiometric measurement |, (zero value of filter spot for
sampling).

If required, possible changes of the basic parameterization of the measuring system can
likewise be performed within few minutes by personal, familiar with the devices.

6.5 Findings

The set-up times and the warm-up times have been determined.

The measuring system can be operated at different measurement sites with manageable ef-
fort. The set-up time is approximately 1 hour and the warm-up time is at maximum the time
need of a complete measurement cycle (here: 60 min).

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

Not required here.
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6.1 4.1.5 Instrument design

The instruction manual shall include specifications of the manufacturer regarding the
design of the measuring system. The main elements are:

Instrument shape (e.g. bench mounting, rack mounting, free mounting)

Mounting position (e.g. horizontal or vertical mounting)

Safety requirements

Dimensions

Weight

Power consumption.

6.2 Equipment
For the test, a measuring device for recording the power consumption and a balance is used.
6.3 Performance of test

The set-up of the handed over devices was compared to the description in the manuals. The
mentioned power consumption was checked over 24 h during normal operation at 3 days
during the field test.

6.4 Evaluation

The measuring system has to be installed in horizontal mounting position, independent from
atmospheric conditions. At this, the system should be installed on an even plane (e.g. table).
The installation in a 19rack is also possible.

The dimensions and the weights of the measuring system are in compliance with the specifi-
cations in the manual.

The power consumption of the measuring system with the used pump is specified by the
manufacturer with at maximum 370 W. During 3 tests, each with 24 h, this specification was
checked. At no time the mentioned value was exceeded during these investigations. The
mean power consumption during the investigation for a measurement cycle of 60 min
(50 min sampling) was approximately 150 W.

6.5 Findings

The specifications for the instrument design, mentioned in the manual, are complete and cor-
rect.

Minimum requirement fulfilled? yes
6.6 Presentation of test results

Not required for this minimum requirement.
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6.1 4.1.6 Unintended adjustment

It shall be possible to secure the adjustment of the measuring system against illicit or
unintended adjustment during operation.

6.2 Equipment
No additional equipment required for the testing of this minimum requirement.
6.3 Performance of test

The operation of the measuring device is carried out via the keypad at the front panel or via
the RS232-interfaces and modem from an external computer.

The menu “Setup” is completely protected by a password, except for the sub-point time set-
ting. An alteration of the set parameters without the knowledge of the password is not possi-
ble.

An adjustment of the sensors for the ambient temperature, air pressure as well as for the
flow rate measurement in the menu ,Test/Flow" as well as of the sensors for the control of
the sample heater in the menu ,Test/Heater" is only possible via several key sequences.

It must be pointed out, that the current measurement cycle is interrupted by pressing the
keys ,Setup, ,Test“ or ,Tape“ and the next measurement cycle does not begin until the fol-
lowing next hour.

As an outside installation of the measuring device is not possible, additional protection is giv-
en by installation at locations, to which unauthorized people have no access (e.g. locked
measurement cabinet).

6.4 Evaluation

Unintended adjustment of instrument parameters is avoided by the pass word protection of
the menu “Setup”. The adjustment of sensors for the flow rate measurement and for the op-
eration of the sample heater can only be done via several key sequences. Moreover there is
an additional protection against unauthorized intervention by the installation in a locked
measurement cabinet.

6.5 Findings

The measurement system is protected against unintended and unauthorized adjustment of
instrument parameters. Moreover the measuring system has to be locked in a measurement
cabinet.

Minimum requirement fulfilled? yes
6.6 Presentation of test results

Not required for this minimum requirement.
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6.1 4.1.7 Data output

The output signals shall be provided digitally (e.g. RS 232) and/or as analogue signals
(e.g. 4 mA to 20 mA).

6.2 Equipment
PC with software ,HyperTerminal“, data logger Yokogawa (for analogue signal)
6.3 Performance of test

The test was carried out using an electronic data recording system of the type Yokogawa
(analogue output, only test in laboratory) and a PC with the software ,HyperTerminal“(digital
output, serial interfaces RS 232 #1 & #2).

The data recording systems were connected to the analogue as well as digital output. The
test was performed by comparing the measured values from the display, analogue and digital
output in the laboratory.

6.4 Evaluation

The measured signals are offered at the rear side of the instrument in the following way:

Analogue: 0-1resp. 10 V resp. 0-16 mA / 4-20 mA concentration  range
selectable
Digital: via 2xRS 232-interface - via direct or modem connection to a computer,

the device can be completely controlled — e.g. it is possible to readout
the buffer with all data to past measurements (serial interface #1).

The determined measured values have been output analogue as well as digital in compli-
ance with the indicated value in the instrument buffer.

6.5 Findings

The measured signals are offered analogue (0-1 resp. 10 V resp. 0—16 mA / 4-20 mA) and
digital (via RS 232).

The connection of additional measuring and peripheral devices to the respective ports of the
devices is possible.

Minimum requirement fulfilled? yes
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6.6 Presentation of test results

Figure 23 shows a view of the rear side of the instrument with the respective measured value
outputs.

Figure 23: View on rear of the device BAM-1020
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6.1 4.2 Requirements for measuring systems for mobile application

Measuring systems for mobile application shall also comply with the requirements on
measuring systems for stationary application in the case of mobile application. The
measuring system shall be in a permanent operational stand-by mode during mobile
application, e.qg. measurements in running traffic, time-limited measurements at differ-
ent locations or measurements on aircraft.

6.2 Equipment

No additional equipment required for the testing of this minimum requirement.

6.3 Performance of test

Within the scope of the field test, the measuring system was tested at several field test sites.
6.4 Evaluation

The measuring systems have been designed for fixed installation in a measurement station /
a measurement cabinet. A mobile application is only possible together with a measurement
cabinet.

The permanent operational stand-by for time-limited measurements at different sites is en-
sured when considering the conditions of mounting (choice of measurement site, infrastruc-
ture).

For a mobile application, the set-up and warm-up times have to be considered beside the
mounting conditions.

6.5 Findings

In the context of the field test, the measuring system was operated at several different sites.
A mobile application of the measuring system was not tested within the scope of the test.

Minimum requirement fulfilled? no
6.6 Presentation of test results

Not required for this minimum requirement.
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6.1 5.1 General

The manufacturer’s specifications shall not be contrary to the results of the suitability
test.

6.2 Equipment

Not required for this minimum requirement.

6.3 Performance of test

The results of the tests are compared to the specifications in the manual.
6.4 Evaluation

The detected deviations between the first draft of the manual and the real instrument layout
have been corrected.

6.5 Findings

Differences between instrument layout and manuals have not been observed.
Minimum requirement fulfilled? vyes

6.6 Presentation of test results

Refer to point 6.4 of this module.
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6.1 5.2.1 Measuring range

The upper limit of measurement range of the measuring systems shall be greater or
equal to reference value Bo.

6.2 Equipment
No additional equipment required for the testing of this minimum requirement.
6.3 Performance of test

It was tested, whether the upper limit of measuring range of the measuring system is greater
or equal to the reference value B..

6.4 Evaluation

The following measuring ranges can be set at the measuring system:
0-0.100, 0 —0.200, 0 — 0.250, 0 — 0.500, 0 — 1.000, 0 — 2.000, 0 — 5.000 as well as
0 —10.000 mg/m3.

During the suitability test, the measuring range has been set to 0 — 1.000 mg/m?® = 0 — 1000
pg/m3.

Measuring range: 0 —1.000 pg/m? (standard)
Reference value:  VDI: B> = 200 pg/m3.

6.5 Findings

A measuring range of 0 -1,000 ug/m? is set by default. Other measuring ranges in the range
between at minimum 0-100 ug/m? and at maximum 0-10,000 ug/m? are possible.

The upper limit of measuring range of the measuring system is greater than the reference
value Bo.

Minimum requirement fulfilled? yes
6.6 Presentation of test results

Not required for this minimum requirement.
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6.1 5.2.2 Negative output signals
Negative output signals or measured values may not be suppressed (life zero).
6.2 Equipment

No additional equipment required for the testing of this minimum requirement.
6.3 Performance of test

It has been tested during the laboratory test as well as during the field test, if the measuring
system can also output negative measured values.

6.4 Evaluation

The measuring system can output negative values via the display as well as via the analogue
and digital outputs.

6.5 Findings

Negative measuring signals are displayed directly and are output correctly via the respective
measured value outputs by the measuring system.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

Not required for this minimum requirement.
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6.1 5.2.3 Analytical function

The relationship between the output signal and the value of the air quality characteristic
shall be represented by the analytical function and determined by regression analysis.

6.2 Equipment
Refer to module 5.3.1.
6.3 Performance of test

For particulate measuring systems, this test has to be performed according to the minimum
requirement 5.3.1 ,Equivalency of the sampling system®.

6.4 Evaluation

The comparability of the measuring systems according to the minimum requirement 5.3.1
»Equivalency of the sampling system“ has been proved within the scope of the test (refer to
module 5.3.1).

For the determination of the calibration respectively analytical function, it has been accessed
to the complete dataset (94 valid paired values).

The characteristics of the calibration function
y=m*x+b

have been determined by linear regression. The analytical function is the reversion of the cal-
ibration function. It is:

x=1/m*y—b/m

The slope m of the regression line characterizes the sensitivity of the measuring device; the
ordinate intercept b characterizes the zero point.

There are the following characteristics, mentioned in Table 7.
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Table 7: Results of the calibration and analytical function

Device-No. Calibration function Analytical function

Y=m*x+b

x=1/m*y-b/m

m b 1/m b/m
pg/m? / ug/m? pug/m? pg/m? / ug/m?3 pg/m3
Device 1 (SN 4924) 0.9679 1.5452 1.0332 -1.5954
Device 2 (SN 4925) 0.9866 2.2503 1.0136 -2.2809

6.5 Findings

A statistically secured relationship between the reference method and the instrument reading

could be proved.

Minimum requirement fulfilled? vyes

6.6 Presentation of test results

Refer to module 5.3.1.
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6.1 5.2.4 Linearity

Reliable linearity is given, if deviations of the group averages of measured values about
the calibration function are smaller than 5 % of By in the range of zero to B4, and small-
erthan 1 % of Bz in the range of zero to B..

6.2 Equipment
Refer to module 5.3.1.
6.3 Performance of test

For particulate measuring systems, this test has to be performed according to the minimum
requirement 5.3.1 ,Equivalency of the sampling system®.

6.4 Evaluation
Refer to module 5.3.1.
6.5 Findings

For particulate measuring systems, this test has to be performed according to the minimum
requirement 5.3.1 ,Equivalency of the sampling system®.

Refer to module 5.3.1.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

Refer to module 5.3.1.
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6.1 5.2.5 Detection limit

The detection limit of the measuring system shall be smaller or equal to reference val-
ue Bo. The detection limit shall be determined in the field.

6.2 Equipment
Filter tape
6.3 Performance of test

The determination of the detection limit has been carried out for the candidates SN 4924 and
SN 4925 by evaluating the device-internal check of the zero point of the radiometric meas-
urement while operating the measuring system in the laboratory over a period of 18 days.
Hereby the count rates |1 respectively l1x, which are determined on a clean filter tape spot at
every measurement cycle (refer to point 3.2 Functionality of the measuring system) have
been evaluated.

The obtained hourly values at the zero point have been compressed to 24-h-mean values
and have been evaluated within the scope of the test.

6.4 Evaluation

The detection limit X is determined from the standard deviation sy of the measured values at
the zero point (24-h-mean of the device-internal performed zero measurements on the filter
tape) of the candidates. It corresponds to the mean value of the zero measurements, added
with the (multiplied with student factor) standard deviation of the mean value x, of the meas-

ured values Xqi during suction of dust-free sampling air for the respective candidate.

X=Xy + th1,095° S, with-s , = \/ﬁ'z(xm —X,)
- i=1,n

Reference value: VDI: Bo =2 pg/m?
6.5 Findings

The detection limit has been determined from the investigations to 1.7 ug/m? for device 1
(SN 4924) and to 1.9 pyg/m? for device 2 (SN 4925).

Minimum requirement fulfilled? yes
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Table 8: Detection limit

measured component suspended particulate matter PM10, Report-No.:

936/21205333/A

Device SN 4924

Device SN 4925

Number of values n 18 18
Mean of zero values x, Hg/m? 0.54 0.87
Standard deviation of values s, pg/m?d 0.55 0.49
Student factor tn-1.0,05 2.12 212
Detection limit X pg/m? 1.69 1.90

The single values for the determination of the detection limit can be found in annex 1 in the

appendix.
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6.1 5.2.6 Response time

The response time (90%-time) of the measuring system shall be smaller or equal to
5 % of the averaging time (180 s).

According to Guideline VDI Sheet 3, point 5.3, this test point is not relevant for particulate
measuring systems with pre-separation, based on a physical measurement method.

6.2 Equipment

Not applicable.

6.3 Performance of test
Not applicable.

6.4 Evaluation

Not applicable.

6.5 Findings

Not applicable.

Minimum requirement fulfilled? -
6.6 Presentation of test results

Not applicable.
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6.1 5.2.7 Dependence of the zero point on ambient temperature

The temperature dependence of the measured value at zero concentration shall not
exceed the reference value By if ambient temperature is changed by 15 K in the range
of +5°C to +20°C or by 20 K in the range of +20°C to +40°C.

6.2 Equipment
Climate chamber for the temperature range +5 to +40 °C, filter tape.
6.3 Performance of test

For the investigation of the dependence of the zero point on the ambient temperature, the
complete measuring systems have been operated in the climate chamber. For both candi-
dates SN 4924 and SN 4925, the device-internal check of the zero point of the radiometric
measurement has been determined while operating the measuring system. Hereby the count
rates |4 respectively |1y, which are determined on a clean filter tape spot at every measure-
ment cycle (refer to point 3.2 Functionality of the measuring system) have been evaluated.

The ambient temperatures in the climate chamber were varied in triple repetition in the order
20 °C -5 °C — 20 °C — 40 °C — 20 °C. After a respective time for equilibration of approxi-
mately 3 h per temperature step, the measured values at the zero point have been recorded.
The obtained hourly values at the zero point have been compressed to 7-h-mean values re-
spectively 21-h-mean values and have been evaluated within the scope of the test. The rela-
tive humidity was kept constant.

6.4 Evaluation

The measured values for the concentration were recorded via the serial interface #2 and
were evaluated. The absolute deviation in ug/m?® per temperature step, related to the start
point of 20 °C, has been considered

Reference value:  VDI: Bo =2 pg/m3.
6.5 Findings

Considering the values offered from the device, a maximum influence of the ambient tem-
perature on the zero point of 0.7 ug/m? could be detected.

Minimum requirement fulfilled? yes

TUV Rheinland Group



TUV Rheinland Immissionsschutz und Energiesysteme GmbH
Luftreinhaltung

Report on the suitability test of the ambient air quality measuring system BAM-
1020 with PM10 pre-separator of the company Met One Instruments, Inc. for

gh3e6?;$ggg;e§3;::mponent suspended particulate matter PM10, Report-No.: Page 71 of 320
6.6 Presentation of test results
Table 9: Dependence of the zero point on the ambient temperature, deviation in ug/m?,
mean values of three measurements
Temperature Deviation
Start temperature End temperature Device 1 (SN 4924) | Device 2 (SN 4925)
°C °C pg/m? pg/m?3
20 5 0.0 0.3
5 20 0.5 0.1
20 40 0.7 0.0
40 20 0.3 0.2

Also in the single steps (21-h-mean), no deviations > 1.4 ug/m? could be determined. The re-
sults of the 3 single measurements (21-h-mean) can be found in annex 2 in the appendix.
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6.1 5.2.8 Dependence of the measured value on ambient temperature

The temperature dependence of the measured value in the range of reference value B
shall not exceed 5 % of the measured value if ambient temperature is changed by 15 K
in the range of +5°C to +20°C or by 20 K in the range of +20°C to +40°C.

6.2 Equipment
Climate chamber for the temperature range +5 - +40 °C, built-in reference foil.
6.3 Performance of test

For the investigation of the dependence of the measured values on the ambient temperature,
the complete measuring systems have been operated in the climate chamber. To check the
stability of the sensitivity of the radiometric measurement for the candidates SN 4924 and
SN 4925, it is resorted to the count rates |1 (clean filter spot) respectively |, (clean filter spot +
retracted reference foil), which are determined at every measurement cycle (refer to point 3.2
Functionality of the measuring system). The mass density m [mg/cm?] of the reference foil is
calculated device-internal from the determined count rates.

The ambient temperatures in the climate chamber were varied in triple repetition in the order
20 °C —5°C — 20 °C — 40 °C — 20 °C. After a respective time for equilibration of approxi-
mately 3 h per temperature step, the measured values at the reference point have been rec-
orded. The obtained hourly values at the reference point have been compressed to 7-h-mean
values respectively 21-h-mean values and have been evaluated within the scope of the test.
The relative humidity was kept constant .

6.4 Evaluation

The percental changing of the determined mass density value (built-in reference foil) for each
temperature step, related to the start point of 20 °C, has been considered.

As remark it should be mentioned, that only masses and no concentration values can be
simulated by the application of the built-in reference foil, a consideration in the range of B4 (=
40 ug/m?3) was not possible because of this reason.

6.5 Findings

There have been no deviations > 0.1 % for device 1 (SN 4924), and no deviations > 0.2 %
for device 2 (SN 4925), related to the start value at 20 °C.

Minimum requirement fulfilled? yes
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6.6 Presentation of test results

Table 10: Dependence of the sensitivity on the ambient temperature SN 4924 &
SN 4925, deviation in %, mean value of three measurements

Temperature Deviations
Device 1 (SN 4924) Device 2 (SN 4925)
Start End built-in reference foil built-in reference foll
temperature temperature
°C °C % %
20 5 0.1 0.2
5 20 0.1 0.0
20 40 0.0 -0.1
40 20 0.0 0.1

Also in the single steps, no deviations > 0.3 % could be found. The single results can be
found in annex 2 in the appendix.
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6.1 5.2.9 Drift of zero point

The temporal change in the measured value at zero concentration shall not exceed the
reference value Bo in 24 h and in the maintenance interval.

6.2 Equipment
Filter tape.
6.3 Performance of test

The test was carried out in the context of the field test over a time period of approximately
6 months. The daily zero point check, required in the test plan, is on principle possible for this
particulate measuring system by evaluating the device-internal check of the zero point of the
radiometric measurement. Hereby the count rates |4 respectively l1x, which are determined on
a clean filter tape spot at every measurement cycle (refer to point 3.2 Functionality of the
measuring system) are evaluated.

For the evaluation, the automatically calculated, hourly values at the zero point have been
compressed to a 24-h-mean value and have been evaluated for averagely one day per week
during the complete field test. Within the scope of the test, a daily evaluation of the complete
dataset has been renounced due to reasons of practicability (large amount of data). However
an exemplary evaluation and graphic presentation of the results for the time period from
10/03/2006 until 10/16/2006 has been carried out.

The evaluation of the internal zero point measurement leads to no interruption of the ongoing
measuring operation at all.

6.4 Evaluation

The evaluation is carried out on basis of the measurement results of the regular internal zero
point measurements by comparison the respective values with the measured values from the
previous test and with the measured values from the initial test.

The regression analysis for the zero point drift leads to the following values for the 1-week-
drift:

SN 4924: 0.0095 pg/(m**Week) + 0.3461 pg/m®
SN 4925:  0.002 ug/(m*Week) + 0.6847 ug/m?

Hence there are the following medium temporal changes in the maintenance interval of 4
weeks:

SN 4924: 0.384 pg/m?in 4 weeks
SN 4925: 0.693 pg/m? in 4 weeks
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6.5 Findings

The measuring system carries out a regular device-internal check of the zero point of the ra-
diometric measurement during each measurement cycle. This test leads to no interruption of
the ongoing measuring operation at all. The obtained values, determined within the scope of
the drift investigations, are within the allowed limits in the maintenance interval.

The determined single measured values are normally within the allowed limits. Merely for SN
4924, the single measured value on 08/05/2006 has been outside the allowed tolerance in-
terval. However there has been no adjustment of the measuring system at the zero point.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

Table 11 and Table 12 contain the determined measured values for the zero point and the
calculated deviations, related to the previous value and related to the initial value in ug/m3.
Figure 24 and Figure 25 show a graphic presentation of the zero point drift over the time pe-
riod of testing. Figure 26 and Figure 27 show exemplarily the results of the daily evaluation of
the device-internal zero point check during the time period from 10/03/2006 until 10/16/2006.
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Table 11: Zero point drift SN 4924
Date Measured value Deviation to Deviation to
(single value) previous value | start value (sin-
(single value) gle value)
Hg/m? pg/m? pg/m?
02/11/2006 1.03 - -
02/18/2006 1.01 -0.02 -0.02
02/25/2006 0.56 -0.45 -0.47
03/04/2006 -0.44 -1.00 -1.47
03/11/2006 -0.55 -0.11 -1.58
03/18/2006 -0.46 0.09 -1.49
03/25/2006 -0.06 0.40 -1.09
04/01/2006 0.45 0.51 -0.58
08/05/2006 2.20 1.75 1.17
08/12/2006 0.61 -1.59 -0.42
08/19/2006 1.20 0.59 0.17
08/26/2006 1.16 -0.04 0.13
09/02/2006 0.78 -0.38 -0.25
10/01/2006 0.13 0.65 -0.90
10/07/2006 0.66 0.53 -0.37
10/14/2006 0.50 0.16 -0.53
10/21/2006 -0.19 -0.69 -1.22
10/28/2006 1.47 1.66 0.44
11/04/2006 0.51 -0.96 -0.52
11/11/2006 0.20 -0.31 -0.83
11/18/2006 -0.32 -0.52 -1.35
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Table 12: Zero point drift SN 4925
Date Measured value Deviation to Deviation to
(single value) previous value | start value (sin-
(single value) gle value)
pg/m* Hg/m® pg/m*
02/11/2006 0.44 - -
02/18/2006 -0.08 -0.52 -0.52
02/25/2006 1.91 1.99 1.47
03/04/2006 0.45 -1.46 0.01
03/11/2006 0.23 -0.22 -0.21
03/18/2006 1.28 1.05 0.84
03/25/2006 0.25 -1.03 -0.19
04/01/2006 0.79 0.54 0.35
08/05/2006 1.08 0.29 0.64
08/12/2006 1.12 0.04 0.68
08/19/2006 -0.45 -1.57 -0.89
08/26/2006 1.47 1.92 1.03
09/02/2006 0.59 -0.88 0.15
10/01/2006 1.39 0.80 0.95
10/07/2006 1.35 -0.04 0.91
10/14/2006 0.54 -0.81 0.10
10/21/2006 0.23 -0.31 -0.21
10/28/2006 0.91 0.68 0.47
11/04/2006 0.33 -0.58 -0.11
11/11/2006 0.81 0.48 0.37
11/18/2006 0.41 -0.40 -0.03
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Zero point drift SN 4924
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Figure 24: Zero point drift SN 4924 (complete testing period)
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Figure 25: Zero point drift SN 4925 (complete testing period)
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Evaluation of internal zero point check (24h-mean) SN 4924
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Figure 26:  Zero point drift SN 4924 (10/03/2006-10/16/2006)

Evaluation of internal zero point check (24h-mean) SN 4925
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Figure 27:  Zero point drift SN 4925 (10/03/2006-10/16/2006)
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6.1 5.2.10 Drift of measured value

The temporal change in the measured value in the range of reference value B¢ shall
not exceed 5 % of By in 24 h and in the maintenance interval.

6.2 Equipment
Built-in reference foil.
6.3 Performance of test

The test has been performed within the scope of the field test over a time period of approxi-
mately 6 months. The daily reference point check, required in the test plan, is on principle
possible for this particulate measuring system by evaluating the device-internal check of the
stability of the sensitivity of the radiometric measurement. Hereby it is resorted to the count
rates |1 (clean filter spot) respectively |, (clean filter spot + retracted reference foil), which are
determined at every measurement cycle (refer to point 3.2 Functionality of the measuring
system). The mass density m [mg/cm?] of the reference foil is calculated device-internal from
the determined count rates.

For the evaluation, the automatically calculated, hourly values at the reference point have
been compressed to a 24-h-mean value and have been evaluated for averagely one day per
week during the complete field test. Within the scope of the test, a daily evaluation of the
complete dataset has been renounced due to reasons of practicability (large amount of data).
However an exemplary evaluation and graphic presentation of the results for the time period
from 10/03/2006 until 10/16/2006 has been carried out.

The evaluation of the internal reference point measurement leads to no interruption of the
ongoing measuring operation at all.

6.4 Evaluation

The evaluation is carried out on basis of the measurement results of the internal reference
point measurements by comparison the respective values with the measured values from the
previous test and with the measured values from the initial test.

Hereby the percental changing of the determined mass density value in the interval of
1 week as well as related to the initial value has been considered

The regression analysis for the reference point drift leads to the following values for the 1-
week-drift:

SN 4924: -0.0065 % / Week + 0.4619 %
SN 4925: 0.0202 % / Week - 0.1036 %

Hence there are the following medium temporal changes in the maintenance interval of 4
weeks:

SN 4924: 0.436 % in 4 weeks
SN 4925: -0.023 % in 4 weeks
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As remark it should be mentioned, that only mass densities and no concentration values can
be simulated by the application of the reference foil, a consideration in the range of B4 (= 40
Mg/m?3) was not possible because of this reason.

6.5 Findings

The determined single measured values are normally within the allowed limits. Merely for SN
4924, the single measured value on 08/05/2006 has been outside the allowed tolerance in-
terval. However there has been no adjustment of the measuring system at the zero point.

The measuring system carries out a regular device-internal check of the sensitivity of the ra-
diometric measurement during each measurement cycle. This test leads to no interruption of
the ongoing measuring operation at all. The values for the drift of the sensitivity, determined
within the scope of the test, were at maximum 0.44 % (SN 4924) respectively -0.02 % (SN
4925) in the maintenance interval.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

The deviations of the measured values in % of the respective previous value respectively to
the initial value are shown in Table 13 and in Table 14. Figure 28 and Figure 29 show a
graphic presentation of the drift of the measured values (referred to the initial value) for the
reference foil. Figure 30 and Figure 31 show exemplarily the results of the daily evaluation of
the device-internal reference point check during the time period from 10/03/2006 until
10/16/2006.
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Table 13: Drift of measured value SN 4924
Date Measured value Deviation to Deviation to
(single value) previous value | start value (sin-
(single value) gle value)
pg/cm? % %

02/11/2006 829.2 - -
02/18/2006 823.4 -0.7 -0.7
02/25/2006 822.8 -0.1 -0.8
03/04/2006 824.5 0.2 -0.6
03/11/2006 822.5 -0.2 -0.8
03/18/2006 827.4 0.6 -0.2
03/25/2006 824.2 -0.4 -0.6
04/01/2006 824.9 0.1 -0.5
08/05/2006 825.9 0.1 -0.4
08/12/2006 825.7 0.0 -0.4
08/19/2006 825.5 0.0 -0.5
08/26/2006 825.8 0.0 -0.4
09/02/2006 825.4 -0.1 -0.5
10/01/2006 823.0 -0.3 -0.8
10/07/2006 824.0 0.1 -0.6
10/14/2006 824.2 0.0 -0.6
10/21/2006 822.9 -0.1 -0.8
10/28/2006 823.7 0.1 -0.7
11/04/2006 823.9 0.0 -0.6
11/11/2006 823.7 0.0 -0.7
11/18/2006 822.5 -0.1 -0.8
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Table 14: Drift of measured value SN 4925
Date Measured value Deviation to Deviation to
(single value) previous value | start value (sin-
(single value) gle value)
pg/cm? % %
02/11/2006 811.3 - -
02/18/2006 810.4 -0.1 -0.1
02/25/2006 809.1 -0.2 -0.3
03/04/2006 808.8 0.0 -0.3
03/11/2006 812.8 0.5 0.2
03/18/2006 811.1 -0.2 0.0
03/25/2006 811.6 0.1 0.0
04/01/2006 812.0 0.1 0.1
08/05/2006 815.3 0.4 0.5
08/12/2006 815.5 0.0 0.5
08/19/2006 814.4 -0.1 04
08/26/2006 816.4 0.2 0.6
09/02/2006 814.8 -0.2 04
10/01/2006 814.4 -0.1 0.4
10/07/2006 814.6 0.0 0.4
10/14/2006 813.5 -0.1 0.3
10/21/2006 812.9 -0.1 0.2
10/28/2006 813.7 0.1 0.3
11/04/2006 813.6 0.0 0.3
11/11/2006 813.4 0.0 0.3
11/18/2006 815.7 0.3 0.5
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Evaluation of internal reference point check (24h-mean) SN 4924
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6.1 5.2.11 Cross-sensitivity

The absolute values of the sum of the positive and the sum of negative deviations
caused by cross-sensitivities of interfering components in the measured sample shall
not exceed By at the zero point and shall not exceed 3 % of Bz in the range of B>. The
concentration of interfering components shall correspond to the B; value of the respec-
tive interfering component. If reference values have not been specified, the test insti-
tute shall specify and declare suitable reference values in agreement with other test in-
stitutes.

For particulate measuring systems, this test point is not relevant. Minimum requirement
5.3.4. is essential. The results to these investigations can therefore be found in module 5.3.4.

6.2 Equipment

Not applicable.

6.3 Performance of test
Not applicable.

6.4 Evaluation

Not applicable.

6.5 Findings

Not applicable.

Minimum requirement fulfilled? -
6.6 Presentation of test results

Not applicable.
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6.1 5.2.12 Reproducibility Rp

The reproducibility Rp of the measuring system shall be determined by parallel meas-
urements with two identical measuring systems and shall be at least equal to 10. B4
shall be used as the reference value.

6.2 Equipment

For the determination of the reproducibility Rp, the instruments mentioned in chapter 5 have
additionally been used.

6.3 Performance of test

The reproducibility Rp is defined as the value, from which two stochastically chosen single
values, determined under comparison conditions, differ at the most. The reproducibility Rp
was determined with two identical and parallel operated devices during the field test. For this,
measurement data from the entire field investigation was used .

The field investigations at the three different test sites were performed with an US-PM10-
sampling inlet (BX-802). After having finished these investigations, the candidates have been
additionally operated with the EU-PM10-sampling inlet (BX-809) at the field test site Cologne,
Frankfurter Str. and have been separately evaluated. Target of these additional investiga-
tions has been the proof that the results, obtained with both different types of sampling inlets,
do not differ significantly from each other and thus the operation of the system is basically
possible with both types of sampling inlets.

6.4 Evaluation

The reproducibility Rp is calculated as follows:

n
R= %210 with U= +sp-tnoosy and sp = \/%-;(x“ —Xy)?
¢ R = Reproducibility Rp at B+
e U = Uncertainty
e By = 40 pg/m?3(VDI)
e sp = Standard deviation from paired measurements
e n = Number of paired measurements
e tnoes) = Student factor for 95% confidence
e X4 = Measured signal of device 1 (e.g. SN 4924) at i-th concentration
e X2 = Measured signal of device 2 (e.g. SN 4925) at i-th concentration

6.5 Findings

The reproducibility Rp was at minimum 16 during the field test.

Minimum requirement fulfilled? yes
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6.6 Presentation of test results

The results of the investigations are summed up in Table 15. The graphic presentations can
be found in Figure 44 to Figure 48.

Remark: The determined uncertainties are referred to the reference value B4 for each test

site:
Table 15: Concentration mean values, standard deviation, range of uncertainty and re-
producibility R in field
Test site No. c c Cges Sp t U R
(SN 4924) | (SN 4925)
Mg/m?® | pg/m?® | pg/m* | pg/m? Mg/m?
Cologne, 52 25.2 26.6 25.9 1.267 2.007 2.54 16
Parking lot
Titz-Roedingen 37 24.0 24.9 24.5 0.795 | 2.026 1.61 25
Cologne, 28 26.7 27.9 27.3 1.074 2.049 2.20 18
Frankfurter Str.

All test sites 117 24.8 26.0 25.4 1.000 1.980 1.98 20
additional 26 25.7 25.6 25.7 0.800 2.056 1.64 24
Cologne,

Frankfurter Str.
(EU-inlet)

c (SN 4924): Mean value of the concentrations device SN 4924

e Cc (SN 4925): Mean value of the concentrations device SN 4925
c

9

os Mean value of the concentrations of the devices SN 4924 & SN 4925

Single values can be found in annex 4 in the appendix.
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6.1 5.2.13 Hourly averages
The measurement method shall allow for formation of hourly averages.
6.2 Equipment

Not required for this minimum requirement.
6.3 Performance of test
It was checked, whether the measuring system allows the formation of hourly averages.

6.4 Evaluation

According to the valid Guideline [7], the limit values for suspended particulate matter PM10
are to refer to a minimum averaging period of 24 hours. A formation of hourly averages is
therefore not necessary for measuring systems for monitoring this limit value. The tested
measuring systems operates by default with a measurement cycle of 60 min and thus out-
puts every hour a new measured value. Hence the measuring system allows an on-line
measurement of the particulate concentrations with hourly resolution.

6.5 Findings

The formation of hourly averages for the component SPM PM10 is not necessary for the
monitoring of the relevant limit values, but possible.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

In the following figures, the course of the suspended particulate matter concentrations during
the time period from 10/03/2006 until 10/16/2006 (Cologne, Frankf. Str.) as well as the corre-
lation between both candidates on basis of 1 h-mean values is shown. The suitability of the
measuring system for on-line measurement of the particulate concentrations with hourly
resolution and therewith the possibility to supply information on the time courses of SPM
concentrations is obviously demonstrated.
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6.1 5.2.14 Mains voltage and frequency

The change in the measured values at reference value B; caused by normal changes
in the mains voltage in the interval (230 +15/-20) V shall not exceed Bo. In addition, for
mobile applications the change in the measured value caused by changes in frequency
of the mains voltage in the interval (50 = 2) Hz shall not exceed By.

6.2 Equipment
Adjustable isolating transformer, filter tape, built-in reference foil.
6.3 Performance of test

For the investigation of the dependence of the measured signal on the mains voltage, the
mains voltage has been reduced to 210V, starting at 230 V and afterwards increased to
245V via the intermediate stage 230 V.

To check the dependence of the zero point on the mains voltage for the candidates SN 4924
and SN 4925, the device-internal check of the zero point of the radiometric measurement has
been determined while operating the measuring system. Hereby the count rates |4 respective-
ly l1x, which are determined on a clean filter tape spot at every measurement cycle (refer to
point 3.2 Functionality of the measuring system) have been evaluated.

To check the dependence of the measured values on the mains voltage for the candidates
SN 4924 and SN 4925, it is resorted to the count rates |4 (clean filter spot) respectively I»
(clean filter spot + retracted reference foil), which are determined at every measurement cy-
cle (refer to point 3.2 Functionality of the measuring system). The mass density m [mg/cm?]
of the reference foil is calculated device-internal from the determined count rates.

As the mobile application of the measuring system is not planned, the separate investigation
of the dependence of the measured signal on the power frequency has been renounced.

6.4 Evaluation

For the investigations at the zero point, the measured values at the different mains voltages
have been recorded. The absolute deviation in ug/m?* per test step, related to the start point
of 230 V.

At the reference point, the percental changing of the determined mass density value for each
test step, related to the start point of 230 V has been considered.

As remark it should be mentioned, that only mass densities and no concentration values can
be simulated by the application of the reference foil, a consideration in the range of B4 (= 40
Hg/m?) was not possible because of this reason.
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6.5 Findings

The evaluation of the minimum requirement was performed on basis of the above mentioned
instructions.

Through changes in the mains voltage, maximum deviations of -1.6 pg/m? at the zero point
and maximum 0.2 % at the tested reference points could be detected.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

Table 16 to Table 17 show a recapitulating presentation of the test results.

Table 16: Dependence of the zero point on mains voltage, deviation in ug/m?
Mains voltage Deviation
Start voltage End voltage Device 1 (SN 4924) | Device 2 (SN 4925)
Vv Vv pug/m3 pg/m?
230 210 0.3 -0.1
210 230 -1.6 -0.4
230 245 -0.7 -0.4
245 230 0.4 0.7
Table 17: Dependence of the measured value on mains voltage, deviation in %
Mains voltage Deviation
Device 1 (SN 4924) Device 2 (SN 4925)
Start voltage End voltage Reference foil Reference foil
Vv \Y % %
230 210 0.1 0.0
210 230 0.2 -0.1
230 245 0.0 -0.1
245 230 0.1 0.0

Single value can be found in annex 3 in the appendix.
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6.1 5.2.15 Failure in mains voltage

In case of malfunction of the measuring system or failure in the mains voltage, uncon-
trolled emission of operation and calibration gas shall be avoided. The instrument pa-
rameters shall be secured by buffering against loss caused by failure in the mains volt-
age. When mains voltage returns, the instrument shall automatically reach the opera-
tion mode and start the measurement according to the operating instructions.

6.2 Equipment
Not required for this minimum requirement.
6.3 Performance of test

A power loss has been simulated and it has been checked, whether the device remains un-
damaged and whether it is ready for measurement after return of power supply.

6.4 Evaluation

As the devices need neither operation nor calibration gases, an uncontrolled emission of
gases is not possible.

In case of a power loss, the measuring systems restarts independently the next measure-
ment cycle and thus again the measuring operations with reaching the next hour (refer to
point 6.1 4.1.4 Set-up times and warm-up times).

6.5 Findings

All instrument parameters are protected against loss by buffering.
The measuring system is in normal operating condition after return of power supply and con-
tinues independently the measurements with reaching the next hour.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

Not required for this minimum requirement.
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6.1 5.2.16 Operating states

Measuring systems shall be able to telemetrically transmit important operating states
by status signals.

6.2 Equipment
Modem, PC for data acquisition (RS 232-host-device).
6.3 Performance of test

A modem has been connected to the measuring system. By remote data recording, i.e. the
status signals of the device have been recorded.

6.4 Evaluation

The measuring system allows the complete telemetric check and control of the measuring
system. There is a series of read, write and control commands available. A complete over-
view can be found in the manual of the measuring system.

6.5 Findings

The measuring systems can be controlled and monitored extensively from an external PC via
a modem.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

Not required for this minimum requirement.
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6.1 5.2.17 Switch-over

Switch-over between measurement and functional check and/or calibration shall be
possible telemetrically by computer control or manual intervention.

6.2 Equipment
Not required for this minimum requirement.
6.3 Performance of test

The measuring device can be monitored as well as partly controlled by the user at the device
or by telemetric remote control. The internal checks of the zero and reference point are an in-
tegral part of each measurement cycle and therefore must be merely recorded via the printer
output during operation.

Some function, i.e. the performance of the extensive self-test of the measuring system, can
only be activated directly at the device.

6.4 Evaluation

All operational procedures can be monitored as well by the user at the device as by telemet-
ric remote control. The internal checks of the zero and reference point are an integral part of
each measurement cycle and therefore must be merely recorded via the printer output during
operation.

6.5 Findings

Generally all necessary operations for functional check and calibration can be monitored di-
rectly at the device or via telemetric remote control.

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

Not required for this minimum requirement.
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6.1 5.2.18 Availability
The availability of the measuring system shall be at least 90 %.
6.2 Equipment

Not required for this minimum requirement.
6.3 Performance of test

Start time and end time of the investigations of availability are defined by start time and end
time at each of the four field test sites. Therefore all interruptions during the test, e.g. by mal-
functions or maintenance work, are recorded.

6.4 Evaluation

Table 18 and Table 19 show a record of the operation, maintenance and malfunction times.
The measuring systems have been operated over a time period of 147 measurement days
during the field test. Losses, caused by external influences, which cannot be charged to the
device itself, have been recorded on 07/28/2007 and 07/29/2006 (48 h because of power
loss) and on 08/30/2006 (24 h because of the installation of an electric meter). The total op-
erating time is thereby reduced to 144 measurement days.

The regular care of the sampling inlets in the maintenance interval (approx. every 4 weeks,
5 times during the test), the replacement of the filter tape (approx. every 2 months, 2 times
during the test) as well as the check of the sampling flow rates before the field test sites Titz-
Roedingen and Cologne, Frankf. Str. have lead in each case to losses of less than 1 h per
device (in total 9 times). These times have been evaluated as outage times of respectively
1 h per date, however they have not been regarded for the formation of the respective daily
mean values. Merely at the test site Cologne, parking lot on 02/14/2006, the required actions
have taken more than 1 h due to organizational reasons and the measured values of this day
have been rejected. This outage of 24 h is not to charge to the device, but is caused by the
organization and performance of the test itself.

No malfunctions of the devices have been observed.

6.5 Findings

The availability was 99.7 % for both devices without outages, caused by testing, respectively
99.0 % incl. outages, caused by testing.

Minimum requirement fulfilled? yes
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6.6 Presentation of test results

Table 18:
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Determination of availability (without outages, caused by testing)

Device 1 (SN 4924) Device 2 (SN 4925)
Operating time h 3456 3456
Outage time h - -
Maintenance time h 10 10
Actual operating time h 3446 3446
Availability % 99.7 99.7
Table 19: Determination of availability (incl. outages, caused by testing)

Device 1 (SN 4924) Device 2 (SN 4925)
Operating time h 3456 3456
Outage time h - -
Maintenance time h 9+24 9+24
Actual operating time h 3423 3423
Availability % 99.0 99.0
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6.1 5.2.19 Efficiency of the converter

In case of measuring systems with a converter, the efficiency of the converter shall be
at least 95 %.

According to Guideline VDI Sheet 3, point 5.3, this test point is not relevant for particulate
measuring systems with pre-separation, based on a physical measurement method for mass
determination.

6.2 Equipment

Not applicable.

6.3 Performance of test
Not applicable.

6.4 Evaluation

Not applicable.

6.5 Findings

Not applicable.

Minimum requirement fulfilled? not applicable
6.6 Presentation of test results

Not applicable.

TUV Rheinland Group



TUV Rheinland Immissionsschutz und Energiesysteme GmbH
Luftreinhaltung

Report on the suitability test of the ambient air quality measuring system BAM-
1020 with PM10 pre-separator of the company Met One Instruments, Inc. for

the measured component suspended particulate matter PM10, Report-No.: Page 99 of 320
936/21205333/A
6.1 5.2.20 Maintenance interval

The maintenance interval of the measuring system shall be determined and specified.
The maintenance interval should be 28 days, if possible, but at least 14 days.

6.2 Equipment
Not required for this minimum requirement.
6.3 Performance of test

For this minimum requirement it was investigated, which maintenance work in which time in-
tervals is required for a proper functional efficiency of the measuring system. Furthermore
the results of the drift determination for zero and reference point according to module 5.2.9
respectively module 5.2.10 have been taken into account to determine the maintenance in-
terval.

6.4 Evaluation

There have been observed no unallowable drift effects during a time period of 4 weeks. The
maintenance interval is defined by the accruing maintenance work. To ensure a proper func-
tional efficiency of the measuring system, all instrument functions should be checked latest
every 4 weeks (refer to module 4.1.2).

Within the operational time, the maintenance can basically be restricted to the check for con-
taminations, plausibility checks and possible status / error messages.

6.5 Findings

The maintenance interval is defined by the accruing maintenance work and it is 4 weeks.
Minimum requirement fulfilled? vyes

6.6 Presentation of test results

The necessary maintenance workings can be found in the module 4.1.2 in this report and in
the chapters 10 in the manual.
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6.1 5.2.21 Overall uncertainty

The expanded uncertainty of the measuring system shall be determined. The value de-
termined shall not exceed the corresponding data quality objectives in the EU Daughter
Directives on air quality [G11 to G13].

6.2 Equipment
Not required for this minimum requirement.
6.3 Performance of test

The expanded overall uncertainty of the measuring system has been determined for single
values in the range of concentrations of the short-time ambient air quality limit value and for
mean values in the range of concentrations of the long-time ambient air quality limit value.
The performance characteristics (laboratory test and field test with US-sampling inlet), de-
termined in the suitability test, have been compiled.

6.4 Evaluation

The expanded overall uncertainty of the measuring system was determined according Guide-
line VDI 4202, Sheet 1, Annex C [1].

6.5 Findings

For the calculation of the expanded measurement uncertainties, the single results from the
respective test points have been recapitulating assessed. As far as there have been several
independent results from the single investigations available, the respective most disadvanta-
geous value has been used.

The overall uncertainties have been 7.23 % respectively 7.89 % for U(c) and 7.44 % respec-
tively 8.28 % for U (c).

Single values can be found in Table 20 to Table 23. The obtained values are all below the
required overall uncertainties of 25 %.

Minimum requirement fulfilled? yes
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6.6

Table 20:

Presentation of test results

Reference value: 50 ug/m?
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Expanded measurement uncertainty U(c) for the measuring system SN 4924

Table 21:

Reference value: 50 ug/m?

Performance characteristics for Requirement Result Uncertainty Square of
Device SN 4924 u uncertainty u?
Hg/m? (Hg/m?)?
Reproducibility R =10 20 1.00 1.00
Confidence interval Clgs according to EN 12341 < 5 ug/m3 2.23 pg/m? 1.29 1.66
Temperature dependence at zero point < 2 pg/m?3 0.70 ug/m?3 0.40 0.16
Temperature dependence at ref. point (Beta) <5 % of B1 0.04 yg/m? 0.02 0.00
Drift at zero point < 2 yg/m? 0.38 ug/m?3 0.22 0.05
Drift of measured value <5 % of B1 0.17 pyg/m? 0.10 0.01
Mains voltage (measured value) < 2 yg/m? 0.08 yg/m? 0.05 0.00
Cross-sensitivities < 6 pyg/m? 0.40 yg/m? 0.23 0.05
Uncertainty of test standard <1 yg/m?® 1.00 ug/m? 0.58 0.33
zu? 3.27
u(c) = 2u(c) 3.62
U(c) / Ref. 7.23

Expanded measurement uncertainty U(c) for the measuring system SN 4925

Performance characteristics for Requirement Result Uncertainty Square of
Device SN 4925 u uncertainty u?
ug/m? (ug/m?)?
Reproducibility R 210 20 1.00 1.00
Confidence interval Clgs according to EN 12341 <5 ug/m? 2.23 pg/m? 1.29 1.66
Temperature dependence at zero point < 2 yg/m3 0.30 ug/m?3 0.17 0.03
Temperature dependence at ref. point (Beta) <5 % of B1 0.08 pyg/m? 0.05 0.00
Drift at zero point < 2 yg/m? 0.69 ug/m?3 0.40 0.16
Drift of measured value <5 % of B1 -0.01 pyg/m? -0.01 0.00
Mains voltage (measured value) < 2 yg/m? -0.04 yg/m?3 -0.02 0.00
Cross-sensitivities < 6 yg/m? 1.46 yg/m? 0.84 0.71
Uncertainty of test standard <1 yg/m?® 1.00 ug/m? 0.58 0.33
zu? 3.89
u(c) = 2u(c) 3.95
U(c) / Ref. 7.89
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Table 22: Expanded measurement uncertainty U (c ) for the measuring system SN 4924
Reference value: 40 ug/m?
Performance characteristics for Uncertainty | Time basis Number Square of
Device SN 4924 (single value) nk uncertainty (mean value)
(pg/m?)?
Reproducibility R 1.00 24 h 365 0.003
Confidence interval Clgs according to EN 12341 1.29 1 year 1 1.658
Temperature dependence at zero point 0.40 1 year 1 0.163
Temperature dependence at ref. point (Beta) 0.02 1 year 1 0.001
Drift at zero point 0.22 1 week 52 0.001
Drift of measured value 0.10 1 week 52 0.000
Mains voltage (measured value) 0.05 1 year 1 0.002
Cross-sensitivities 0.23 1 year 1 0.053
Uncertainty of test standard 0.58 1 year 1 0.333
Zum(Ck) 2.214
u(c) = 2u(c) 2.98
U(c)
Reference 7.44
Table 23: Expanded measurement uncertainty U (c ) for the measuring system SN 4925
Reference value: 40 ug/m?
Performance characteristics for Uncertainty | Time basis | Number Square of
Device SN 4925 (single value) nk uncertainty (mean value)
(Hg/m®)?
Reproducibility R 1.00 24 h 365 0.003
Confidence interval Clgs according to EN 12341 1.29 1 year 1 1.658
Temperature dependence at zero point 0.17 1 year 1 0.030
Temperature dependence at ref. point (Beta) 0.05 1 year 1 0.002
Drift at zero point 0.40 1 week 52 0.003
Drift of measured value -0.01 1 week 52 0.000
Mains voltage (measured value) -0.02 1 year 1 0.001
Cross-sensitivities 0.84 1 year 1 0.711
Uncertainty of test standard 0.58 1 year 1 0.333
Zum3(ck) 2.740
U(C) = 2u(c) 3.31
u(c)
Reference 8.28
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6.1 5.3.1 Equivalency of the sampling system

The equivalency between the PM10 sampling system and the reference method ac-
cording to DIN EN 12 341 [T5] shall be demonstrated.

6.2 Equipment

For this test point, the instruments mentioned in point 5 of the report at hand have been addi-
tionally used.

6.3 Performance of test

The test work has been performed in the field test at different test sites according to chap-
ter 4 of this report. During the test, different seasons and different PM10-concentrations have
been taken into consideration.

For every test site, at least 15 valid data pairs have been determined.

The field investigations at the three different test sites were performed with an US-PM10-
sampling inlet (BX-802). After having finished these investigations, the candidates have been
additionally operated with the EU-PM10-sampling inlet (BX-809) at the field test site Cologne,
Frankfurter Str. and have been separately evaluated. Target of these additional investiga-
tions has been the proof that the results, obtained with both different types of sampling inlets,
do not differ significantly from each other and thus the operation of the system is basically
possible with both types of sampling inlets.

6.4 Evaluation

Requirement of EN 12341

The calculated functional relationship y = f(x) between concentration values measured with
candidate sampler (y) and concentration values measured with reference sampler (x) has to
be limited by a two-sided acceptance envelope. This acceptance envelope is given through:

y = (x £ 10) pg/m? for concentration average values < 100 yg/m?* and

y = 0.9x ug/m3 respectively 1.1x ug/m? for concentration average values > 100 ug/m?

Furthermore the variance coefficient R? of the calculated reference-equivalence-function has
to be > 0.95.

The test procedure regards the functional relationship between the concentration values,
which have been determined through double measurements with the candidate and the ref-
erence sampler. ldeally both instruments sample the same suspended particulate matter
fraction, thus we have the relationship y = x. The evaluation process is as follows.

For every single test site and, after summary of the measurement data from all test sites, for
all four test sites together, a linear regression analysis with the measurement data has been
made.
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One receives for every measurement value y; of the candidate sampler i and the concentra-
tion x, measured with the reference sampler — both in ug/m*® - a reference-equivalence-
function according to the general relation:

y,=m-x+b with i = candidate BAM-1020

6.5 Findings

The reference-equivalence functions are bounded within the limits of the acceptance enve-
lope. Furthermore the variance coefficient R? of the determined reference-equivalence func-
tions is = 0.95 for the respective concentration range. This is also fulfilled for all single test
sites as well as for the additional investigations with the EU-sampling inlet at test site Co-
logne, Frankf. Str..

Minimum requirement fulfilled? vyes
6.6 Presentation of test results

The results of the linear regression analysis are summarized in Table 24 and in Table 25.
The graphic presentation can be found in Figure 34 to Figure 43. Together with the linear re-
gression curve of the instruments, the ideal curve y = x and the two-sided acceptance enve-
lope are shown. All single values for the candidates as well as for the reference samplers
can be found, separately for each test site, in annex 4.

Table 24: Results of the linear regression analysis of the measurements with candidate
SN 4924 at the three test sites

SN 4924 Number of Slope m Ordinate R?
values N intercept b
Cologne, 29 0.926 2.647 0.959
parking lot
Titz-Roedingen 37 1.04 0.805 0.964
Cologne, 28 1.01 0.891 0.958
Frankfurter Str.

Total 94 0.968 1.545 0.952
additional 26 1.022 0.449 0.947
Cologne,

Frankfurter Str.,
EU-inlet
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Table 25: Results of the linear regression analysis of the measurements with candidate
SN 4925 at the three test sites
SN 4925 Number of Slope m Ordinate R?
values N intercept b
Cologne, 29 0.972 3.081 0.969
parking lot
Titz-Roedingen 37 1.04 1.716 0.963
Cologne, 28 1.009 0.284 0.962
Frankfurter Str.

Total 94 0.987 2.250 0.958
additional 26 0.965 0.930 0.966
Cologne,

Frankfurter Str.,
EU-inlet
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Figure 34:

Reference-equivalence-function SN 4924, test site Cologne, parking lot

100
90
80
70
60
50
40
30
20
10

Candidate [pg/m?]

0

Reference vs. 4925, Cologne, parking lot

.

& Measured values

Regression curve

y. _ (SN I N B EEPPRPY Acceptance envelope
’ according to EN 12341

y=X

) y =0.9718x + 3.0811
: R? = 0.9689

10

20 30 40 50 60 70 80 90 100

Reference [pg/m?]

Figure 35:

TUV Rheinland Group

Reference-equivalence-function SN 4925, test site Cologne, parking lot



TUV Rheinland Immissionsschutz und Energiesysteme GmbH
Luftreinhaltung

Report on the suitability test of the ambient air quality measuring system BAM-
1020 with PM10 pre-separator of the company Met One Instruments, Inc. for
the measured component suspended particulate matter PM10, Report-No.:
936/21205333/A

Page 107 of 320

& Measured values

------- Acceptance envelope
according to EN 12341

y=Xx

Regression curve

Reference vs. 4924, Titz-Roedingen
100 -
90
80 -
= 70 - ‘
E .
2 60 /
2 50 T
3 Ny e
T 40 T ZF 1
2 ~ B
S 30 o
20 +——1-%, i
10 $=
0
0 10 20 30 40 50 60 70 80
Reference [pg/m?]

y =1.04x + 0.8049
R? =0.9635

Figure 36: Reference-equivalence-function SN 4924, test site Titz-Roedingen
Reference vs. 4925, Titz-Roedingen
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Figure 37: Reference-equivalence-function SN 4925, test site Titz-Roedingen
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Reference vs. 4924, Cologne, Frankf. Str.
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Figure 38: Reference-equivalence-function SN 4924, test site Cologne, Frankfurter Str.
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Figure 39: Reference-equivalence-function SN 4925, test site Cologne, Frankfurter Str.
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Reference vs. 4924, All test sites
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Figure 40: Reference-equivalence-function SN 4924, all test sites
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Figure 41: Reference-equivalence-function SN 4925, all test sites
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Figure 42: Reference-equivalence-function SN 4924, additional test site “Cologne, Frank-
furter Str.” with EU-sampling inlet
Reference vs. 4925, Cologne, Frankf. Str., EU-Head
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Figure 43: Reference-equivalence-function SN 4925, additional test site “Cologne, Frank-

furter Str.” with EU-sampling inlet
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6.1 5.3.2 Reproducibility of the sampling systems

The PM10 sampling systems of two identical systems under test shall be reproducible
among themselves according to DIN EN 12 341 [T5]. This shall be demonstrated in the
field test.

6.2 Equipment
Not required for this minimum requirement.
6.3 Performance of test

The test work has been performed in the field test at different test sites. During the test, dif-
ferent seasons, different PM10-concentrations as well as different ratios between TSP and
PM10 have been taken into consideration.

For every test site, at least 15 valid data pairs have been determined.

The field investigations at the three different test sites were performed with an US-PM10-
sampling inlet (BX-802). After having finished these investigations, the candidates have been
additionally operated with the EU-PM10-sampling inlet (BX-809) at the field test site Cologne,
Frankfurter Str. and have been separately evaluated. Target of these additional investiga-
tions has been the proof that the results, obtained with both different types of sampling inlets,
do not differ significantly from each other and thus the operation of the system is basically
possible with both types of sampling inlets.

6.4 Evaluation

The two-sided acceptance envelope Clgs , calculated from the concentration average values
measured with the candidate samplers, may not exceed a value of 5 pg/m? for concentration
average values < 100 ug/m?® and of 0.05 for concentration average values > 100 ug/m3.

The demonstration of the comparability of the candidate samplers is focusing on the differ-
ences D; of the concentration values Y; of the candidate samplers. Ideally both candidate
samplers are equal and thus sample the same suspended particulate matter fraction, imply-
ing Di = 0. The procedure is as follows:

First the average concentrations Y; of the i-th parallel measurement of the candidate sam-
plers are calculated. Following the average concentrations Y; are divided into two separated
data sets:

a) Data set with Y; < 100 pg/m?® with number of paired values n< and
b) Data set with Y; > 100 pg/m?® with number of paired values n-

Re a):

The absolute standard deviation s, is calculated from the paired values of the data set with

Yi <100 pg/m3:
s, =,(>.D?/2n.)

The corresponding Student factor t;_, 475, defined as the 0.975 quantile of the two-sided 95
% confidence interval of the Student t-distribution with f< = n< - 2 degrees of freedom is used.
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The two-sided confidence interval Clgs for the average concentration values < 100 ug/m? is
then calculated as follows:

Clgs =8, “tr_ 0975

Re b):

The relative standard deviation s, is calculated from the paired values of the data set with
Yi > 100 pg/m? as follows:

s, =0, /Y,)? 2n,)

Again the corresponding Student factor t; 475, defined as the 0.975 quantile of the two-

sided 95 % confidence interval of the Student t-distribution with f< = n< - 2 degrees of freedom
is used.

The two-sided confidence interval Clgs for the average concentration values > 100 ug/m? is
then calculated as follows:

Clgs =s; “tr 0075

During the field test, no concentration values > 100 pg/m?® have been measured. A statistical
evaluation for this concentration range is not possible due to this reason. Therefore an as-
sessment according to b) is omitted.

6.5 Findings

For all investigated test sites, it is imperative:

The two-sided confidence interval Clgs is, with maximum 2.54 ug/m?, below the specified lev-
el of 5 ug/m3. This is also fulfilled for all single test sites as well as for the additional investi-
gations with the EU-sampling inlet at test site Cologne, Frankf. Str.

Minimum requirement fulfilled? yes
6.6 Presentation of test results

Table 26 shows the calculated values for the standard deviation s, and the two-sided confi-
dence interval Clgs. The graphic presentation can be found in Figure 44 to Figure 48. To-
gether with the linear regression curve of the instruments (determined by linear regression
analysis), the ideal curve y = x and the two-sided acceptance envelope are shown. All single
values can be found in annex 4.
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Table 26: Two-sided 95%-confidence interval Clgs for the candidates SN 4924 and SN
4925
Candidates Test site Number Standard Student- | Confidence
of values | deviation s, | factor t; |interval Clgs
SN pg/m? pg/m?3
4924 | 4925 Cologne, 52 1.27 2.009 2.54
parking lot
4924 | 4925 Titz- 37 0.93 2.030 1.89
Roedingen
4924 | 4925 Cologne, 28 1.07 2.056 2.21
Frankf. Str.
4924 | 4925 Total 117 1.12 1.981 2.23
4924 | 4925 additional 26 0.80 2.064 1.65
Cologne,
Frankf. Str.,
EU-inlet
4924 vs. 4925, Cologne, parking lot
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Figure 44: Result of the parallel measurements with the candidates SN 4924 / SN 4925,

test site Cologne, parking lot
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Figure 45:

Result of the parallel measurements with the candidates SN 4924 / SN 4925,

test site Titz-Roedingen
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Figure 46:

Result of the parallel measurements with the candidates SN 4924 / SN 4925,

test site Cologne, Frankfurter Str.
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4924 vs. 4925, All test sites
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Figure 47: Result of the parallel measurements with the candidates SN 4924 / SN 4925,
all test sites
4924 vs. 4925, Cologne, Frankf. Str., EU-Head
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Figure 48: Result of the parallel measurements with the candidates SN 4924 / SN 4925,

additional test site Cologne, Frankfurter Str. with EU-sampling inlet
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The PM10 systems under test shall be calibrated in the field test by comparison meas-
urements with a reference method according to DIN DIN EN 12341 [T5]. Here, the rela-
tionship between the output signal and the gravimetrically determined reference con-
centration shall be determined as a steady function.

The results of these investigations can be found in module 5.2.3.

6.2 Equipment

Refer to module 5.2.3.

6.3 Performance of test
Refer to module 5.2.3.

6.4 Evaluation

Refer to module 5.2.3.

6.5 Findings

Refer to module 5.2.3.

Minimum requirement fulfilled? -
6.6 Presentation of test results

Refer to module 5.2.3.
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6.1 5.3.4 Cross-sensitivity

The interference caused by moisture in the sample shall not exceed 10 % of By in the
range of By. In case of a heated sampling line, the reproducibility to the gravimetric ref-
erence method shall be determined at the specified temperature.

6.2 Equipment
Not required for this minimum requirement.
6.3 Performance of test

The determination of an interfering influence through the air humidity, which is contained in
the medium being measured, under laboratory conditions was renounced, because a test at
the zero point did not lead to a reliable statement and at the reference point (in the range of
B1) it cannot be carried out in a secured way.

Alternatively, the differences between the determined reference value (= nominal value) and
the measured value of the respective candidate system have been calculated during the field
test for days with a relative humidity > 70 % and the mean difference has been set as a con-
servative estimation of the interfering effect through the air humidity, which is contained in
the medium being measured.

Additionally, the reference-equivalence functions for both candidate systems have been de-
termined from the field investigations for days with a relative humidity > 70 %.

The investigations on the basis of the field test have been restricted to the measured data
that have been obtained while using the US-sampling inlet.

During the entire field investigations, the sample heater BX-830 has been activated.

The control of the heater is done exclusively via the control variable relative humidity RH at
the filter tape (factory setting: 45 %).

6.4 Evaluation

The mean difference between the determined reference value (= nominal value) and the
measured value of the respective candidate system have been calculated from the field test
investigations for days with a relative humidity > 70 %.

Reference value: VDI: B4 =40 pyg/m? 10 % of B1 = 4 pg/m?

Furthermore it has been investigated, if the comparability of the candidate systems with the
reference method according to Guideline DIN EN 12341 is also given for the case, that the
measured values have been determined at days a relative humidity > 70 %.
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6.5 Findings

No interfering influence > 1.46 pg/m?® deviation from the nominal value on the measured sig-
nal through the air humidity, which is contained in the medium being measured could be de-
tected. During the field test, it could be observed no negative influence on the measured val-
ues during varying relative air humidity and activated heating system. The comparability of
the candidate systems to the reference method according to Guideline DIN EN 12341 is also
given for days with a relative humidity > 70 %.

Minimum requirement fulfilled? vyes

6.6 Presentation of test results

Table 27 shows a recapitulating presentation.

Table 27: Deviation between reference measurement and candidate on days with a rela-
tive humidity > 70 %

Field test, days with relative humidity >70%
Reference SN 4924 SN 4925
Mean pg/m? 22.7 23.1 24.2
Deviation to pug/m3 - 0.4 1.46
mean value
reference in
pg/m?
Deviation in % % - 1.7 6.4
of the mean
value reference
Deviation in % % - 1.0 3.6
of B1

Single values can be found in the annexes 4 and 5 in the appendix.
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The graphic presentation of the measured values at days with a relative humidity > 70 % is
shown in Figure 49 and in Figure 50. Single values can be found in the annexes 4 and 5 in
the appendix.

Reference vs. 4924, all test sites, rH>70%
100
& Measured values

90 0
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] e ~
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Figure 49: Reference-equivalence-function SN 4924, rel. air humidity > 70 %, all test

sites
Reference vs. 4925, all test sites, rH>70%
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Figure 50: Reference-equivalence-function SN 4925, rel. air humidity > 70 %, all test
sites
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6.1 5.3.5 Daily averages

The measuring system shall allow for formation of daily averages. In case of filter
changes, the time needed for the filter changes shall not exceed 1 % of the averaging
time.

6.2 Equipment
For this test, a clock has been additionally provided.
6.3 Performance of test

It has been checked, whether the measuring system allows the formation of a daily average.
The time need for a filter change has been determined.

6.4 Evaluation

The measuring system operates by default with a measurement cycle of 60 min. After each
measurement cycle, the filter tape is moved forward for one position. The data of each
measurement cycle are stored and are available for the user for further processing. Further-
more the measuring system allows the formation of a 24-h-mean value, which is output in the
daily protocol via the serial interface.

Within the scope of the suitability test, the cycle time has been set to 60 min with a time need
for the radiometric measurement of respectively 4 min.

The cycle time therefore consists of 2 x 4 min for the radiometric measurement (lo & I3) as
well as approx. 1-2 min for filter tape movements. Hence the sampling time is approx. 51 min
per hour.

Thus the available sampling time per measurement cycle is approx. 85 % of the total cycle
time. The results from the field investigations according to point 6.1 5.3.1 Equivalency  of
the sampling system in this report show, that the comparability of the candidates with the ref-
erence method could be securely proved in case of this system configuration and thus the
formation of daily mean values is securely possible.

6.5 Findings

With the described system configuration and with a measurement cycle of 60 min, the for-
mation of valid daily averages on the basis of 24 single measurements is possible.

Minimum requirement fulfilled? yes
6.6 Presentation of test results

Not required for this minimum requirement.
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6.1 5.3.6 Constancy of sample volumetric flow

The sample volumetric flow averaged over the sampling time shall be constant within
+ 3 % of the rated value. All instantaneous values of the sample volumetric flow shall
be within a range of + 5 % of the rated value during sampling.

6.2 Equipment
Inlet adapter BX-305, flow meter according to point 4.

6.3 Performance of test

The sample volumetric flow has been calibrated before the first field test site and afterwards
checked on correctness and re-adjusted if necessary before each field test site with the help
of a dry gas meter. In order to determine the constancy of the sample volumetric flow, a flow
meter has been connected to the measuring systems and 5-second-values for the flow rate
have been recorded and evaluated over a time period of 6 h (=6 measurement cycles).

6.4 Evaluation

From the determined measured values for the flow rate, the mean value, the standard devia-
tion as well as maximum and minimum value have been determined.

6.5 Findings

The results of the check of the sample volumetric flow, carried out before each field test site,
are shown in Table 28.

Table 28: Results of sampling flow rate check
Check of flow rate before SN 4924 SN 4925

[I/min] Dev. from [I/min] Dev. from
test site: nominal nominal

value [%] value [%]

Cologne, parking lot 16.67 - 16.67 -
Titz-Roedingen 16.51 -1.0 17.09 2.5
Cologne, Frankfurter Str. 16.45 -1.3 15.5 -7.0*

* flow rate re-adjusted
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The graphic presentation of the flow rate over 6 measurement cycles shows, that all meas-
ured values, which have been determined during sampling, deviate less than £5 % from the
nominal value of 16.67 I/min. Likewise the deviation of the daily averages is smaller than the
required +3 % of nominal value.

All determined averages over the measurement cycle deviate less than = 3 %, all instanta-
neous values deviate less than + 5 % from the nominal value.

Minimum requirement fulfilled? vyes

6.6 Presentation of test results

The determined characteristics for the flow rate are presented in Table 29 and in Table 30.
Figure 51 and Figure 52 show a graphic presentation of the flow rate measurements at both
candidate systems SN 4924 and SN 4925.

Table 29: Characteristics for the flow rate measurement, SN 4924
Characteristic Unit 1 2 3 4 5 6
Average I/min 16.67 16.74 16.69 16.78 16.69 16.70
o .
Dev.from AVG % of nominal| 0 | 043 | 0412 | 066 | 012 | 047
value
Standard deviation I/min 0.02 0.04 0.03 0.05 0.04 0.04
Maximum I/min 16.74 16.90 16.86 17.02 16.94 16.94
Minimum I/min 16.66 16.66 16.46 16.66 16.66 16.34
Table 30: Characteristics for the flow rate measurement, SN 4925
Characteristic Unit 1 2 3 4 5 6
Average I/min 16.67 16.61 16.55 16.52 16.56 16.56
o .
Dev. from AVG. % of nominal| 5 | 36 | 069 | -080 | -067 | -0.67
value
Standard deviation I/min 0.14 0.05 0.01 0.04 0.02 0.03
Maximum I/min 16.83 16.83 16.59 16.59 16.83 16.83
Minimum I/min 15.99 16.55 16.51 15.95 16.55 16.51
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Constancy flow rate SN 4924
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Figure 51: Flow rate at candidate SN 4924
Constance flow rate SN 4925
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Figure 52: Flow rate at candidate SN 4925
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6.1 5.3.7 Tightness of the sampling system

The complete sampling system shall be checked for tightness. Leakage shall not ex-
ceed 1 % of the sample volume sucked.

6.2 Equipment
Inlet adapter BX-305.
6.3 Performance of test

In order to determine the leak rate, the inlet adapter BX-305 has been installed at the inlet of
the sampling tube and the ball valve of the adapter has been closed slowly. The leak rate
has been determined from the difference between the flow rate with switched-off pump (zero
point of flow rate measurement), measured in the device, and the measured flow rate with
sealed instrument inlet.

The procedure has been repeated three times.
6.4 Evaluation

The leak rate has been determined from the difference between the flow rate with switched-
off pump (zero point of flow rate measurement), measured in the device, and the measured
flow rate with sealed instrument inlet.

The maximum value of the three determined leak rates has been specified.

6.5 Findings

The maximum determined leakages have been 0.6 % for device 1 (SN 4924) as well as
0.6 % for device 2 (SN 4925).

Minimum requirement fulfilled? yes
6.6 Presentation of test results

Table 31 contains the determined values from the tightness test.

Table 31: Determination of leak rate
Flow rate Flow rate
(pump on, inlet sealed)
(pump off)
1 2 3 Mean Maximum leak
rate
I/min I/min I/min I/min I/min % of nom. val-
ue
SN 4924 0.0 0.1 0.0 0.1 0.067 0.6
SN 4925 0.0 0.1 0.1 0.1 0.1 0.6
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6.1 5.4 Requirements for multiple-component measuring systems

Multiple-component measuring systems shall comply with the requirements set for
each component, also in the case of simultaneous operation of all measuring channels.
In case of sequential operation, the formation of hourly averages shall be possible.

6.2 Equipment

Not applicable.

6.3 Performance of test
Not applicable.

6.4 Evaluation

Not applicable.

6.5 Findings

Not applicable.

Minimum requirement fulfilled? -
6.6 Presentation of test results

Not applicable.
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7 Additional test criteria according to Guidance ,,Demonstration of Equiva-
lence of Ambient Air Monitoring Methods*

71 Determination of the between-instrument uncertainty ups [9.5.2.1]

The between-sampler uncertainty ups has to be determined according to point 9.5.2.1 of
the Guidance ,Demonstration of Equivalence of Ambient Air Monitoring Methods®.

7.2 Equipment
Not required for this minimum requirement.
7.3 Performance of test

The investigations according to the Guidance “Demonstration of Equivalence of Ambient Air
Monitoring Methods” have been carried out exemplarily on the basis of the measured data
according to [1], [2] and [3], obtained during the field test. Hereby the investigations have
been performed deviant to the requirement of the Guidance only at three instead of four field
test sites and with less than respectively 40 valid paired measurements per field test site.

The test work has been performed in the field test at three different test sites. During the test,
different seasons, different PM10-concentrations as well as different ratios between TSP and
PM10 have been taken into consideration.

For every test site, at least 15 valid data pairs have been determined. From the entire data
set (3 test sites), in total 32 % of the measured values are above 50 % of the limit value for
the daily mean of 50 ug/m?® for PM10. The measured concentrations have been referred to
ambient conditions.

7.4 Evaluation

According to point 9.5.2.1 of the Guidance ,Demonstration of Equivalence of Ambient Air
Monitoring Methods®, it is imperative:

The between-instrument uncertainty ups shall be <3 pg/m3. An uncertainty larger than
3 ug/m? between the candidate systems is an indication of unsuitable performance of one or
both instruments and that the equivalence cannot be declared.

The uncertainty is hereby determined for:
e each test site separately
o all test sites together

e 1 data set with measured values = 50 % of the limit value for the daily average of
50 pg/m? for PM10 (basis: mean values of reference measurement)

e 1 data set with measured values < 50 % of the limit value for the daily average of
50 pg/m?3 for PM10 (basis: mean values of reference measurement)
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The between-instrument uncertainty ups is calculated from the differences of all 24-hour re-
sults of the candidate systems operated in parallel according to the following equation:

i(ym - yi,2 )2

2 _
Uy,

° 2n
with Vi1 and yi2 = results of parallel measurements for a single 24-hour period i
n = number of 24-hour measurement results

7.5 Findings

The between-instrument uncertainty ups is with at maximum 1.22 pg/m?® below the required
value of 3 ug/m3.

Minimum requirement fulfilled? vyes
7.6 Presentation of test results

Table 32 shows the calculated values for the between-instrument uncertainty uss. The graph-
ic presentation can be found in Figure 53 to Figure 58.

Table 32: Between-instrument uncertainty ups for the candidates SN 4924 and SN 4925

Candidates Test sites No. of Uncertainty ups
values
SN pug/m3

4924 |/ 4925 Cologne, 52 1.22
parking lot

4924 | 4925 Titz-Roedingen 37 0.86

4924 | 4925 Cologne, 28 0.99
Frankf. Str.

4924 ] 4925 All test sites 117 1.07

4924 | 4925 Values = 50 % 30 1.22

of limit value
(= 25 pg/m3)

4924 [ 4925 |Values < 50 % of limit 64 0.95
value
(< 25 pg/m?)

4924 [ 4925 additional 26 0.74
Cologne,
Frankf. Str.,
EU-inlet
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