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Summary Overview

Palas GmbH, located in Karlsruhe, Germany, commissioned TUV Rheinland Energy GmbH to
carry out performance testing of the AQ Guard Smart measuring system for indicative meas-
urement of suspended particulate matter PM.s and PMyo in accordance with the following

standards:

e Performance Standards for Indicative Ambient Particulate Monitors — Environment

Agency, August 2017, Version 4

e FEuropean standard EN 12341, “Ambient air - Standard gravimetric measurement
method for the determination of the PMio or PM2 5 mass concentration of suspended

particulate matter”; German version EN 12341:2014

e Guide “Demonstration of Equivalence of Ambie:it Air Monitoring Methods”, English ver-

sion dated January 2010

The AQ Guard Smart is an optical aerosci svectrometer which determines particle size by
means of scattered light analysis. A fan sucks anibient air via the sample inlet through a heated
path directly to the spectrometer. The spectrorneter detects particle sizes and converts the

information via an algorithm into PN miass concentration.

The tests were performed in thz iaboratary and in a field test.
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1. General

1.1 Certification proposal

Based on the positive results obtained, the following recommendation on the announcement
of the AMS as a certified system is put forward:

AMS designation:
AQ Guard Smart for suspended particulate matter PM,s and PMg

Manufacturer:
Palas GmbH, Karlruhe, Germany

Field of application:
For indicative measurement of dust in ambient air, PM2s and PMy fraction

Measurement ranges during performance testing:

Component Certfication range Unit
PMzs $—20 000 ug/m?
PMio : 0-20 000 pug/m3

Software version:
1.0.8

Restrictions:
None

Notes:

1. The maintenance interval is one year, as specified by the manufacturer.

Test Report:

TUV Rheinland Energy GmbH, Cologne
Report n0.936/21254495/A dated 31 March 2022
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1.2 Summary report on test results
Summary of test results

Performance criterion Requirement Test result Satis- | Page
fied

5.1.1 General requirements for | Manufacturers ar e n equired {0 | The manufacturer submitted two yes 23

indicative particulate monitors | Submit the following: complete measuring systems.

Two identical, complete particu-
late monitoring systems

e All necessary for operation un-
der field conditions

e All sampling components (in-
cluding the sampling head, if pro-
vided)

5.1.2 General requirements for | e particulate  concentrations | The measuring values are output in | yes 24

indicative particulate monitors | measured  are generally - ',4/m3 at measured temperature and
pressed in density units (mass of | aressure (actual conditions)
determinand per unit volumre of

the ambient atmosphere). F.esults
reported in units of mass par unrit
volume shall be expessed it
measured temperature ara pres-
sure.

5.1.3 General requirements for | [nstruments that rav - output| The output readings are not sensitive | yes 25

indicative particulate monitors | réadings sensiive to arbient air| o ambient air temperature or pres-
temperaturr: una;r presaure shall | g yre.

be able to makz cuirec.ons for
changes in tauzse parameters.
These rorreciions may be carried
out Ly usinq in-built pressure and
ternuerature sensors or by using
external senso's. The manufac-
turer cha!l provide the test house
with informat.on as to whether any
in-built temperature and pressure
corrections are being applied.
Where no internal corrections are
applied, the manufacturer or sup-
plier shall provide the test house
with any algorithms that are re-
quired for the conversion of the in-
strument readings to different am-
bient temperatures and pres-

sures.
5.1.4 General requirements | /nstruments submitted for testing | The manufacturer declares compli- | yes 26
for indicative particulate moni- | Shall meet the requirements of all | gnce with the directives 2014/30/EU,
tors applicable EC Directives. These | 2014/35/EU and 2011/65/EU.
include: the Electro-magnetic
Compatibility Directive
2014/30/EU (formerly

2004/108/EC); the Low Voltage
Directive 2014/35/EU (formerly
2006/95/EC), covering electrical
equipment designed for use within
certain voltage limits, and; the Di-
rective on the restriction of the use
of certain hazardous substances

1490871_2022_936_21254495A Palas_AQGuard Smart.docx
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in electrical and electronic equip-
ment (2011/65/EU). Instrument
manufacturers or suppliers shall
supply declarations of conformity
to all relevant Directives applica-
ble to the equipment.

5.2 Response times

For the response times RTrise
and RTfall as defined in Section 4
(not determined as part of the per-
formance tests) relevant esti-
mates can be provided by the
manufacturer.

The response time RTrise and RTfall
are both at minimum 1 second.

yes

28

5.3 Averaging times

In cases where the monitor inter-
nally produces averaged results
and where the averaging time Ta
is selectable, then it shall be se-
lected by the manufacturer or sur-
plier,
MCERTS Certification Comn.it.ee
and the test house(s). Ir .nost
cases the averaging times speri-
fied for air quality moniteriag given
in Table 5.1 should be us=a. ihe
averaging times actually used wi!l
be stated on the MCEKTC certiry
cate. Shorter averaging tiric:s imay
be required when the particulate
monitors are 1's2ad to acsass indi-
vidual sou.ce im)«ct on ambient
air qualits 2 coniuncticn with the
meteorologicai i iformation.

in consultation with b=

Data can be displayed with a resolu-
tion of 1 second and stored with an
lowest averaging time of 10 seconds.

yes

29

5.4 Certification range

Tae instrumet manufacturer or
supplier shal. specify and agree
with the MCERTS Certification
Committee a certification range of
concentrations over which the in-
strument is to be tested.

The certification range is 0 — 20,000
pg/m3.

yes

30

5.6.3 Constancy of sample vol-
umetric

If the instruments are equipped
with an air filter system for calibra-
tion the testing shall be carried out
providing loaded filters, volumetric
flow measuring device and a pres-
sure measuring device. Three
pre-loaded filters with the particu-
late load of approximately 0%,
50%, and 80% of the maximum
permissible filter loading shall be
used. For each filter the constancy
of the sample volumetric flow shall
be recorded every 30 minutes as
a 3 minute average over the time
period of at least 24 hours. For in-
struments that do not use filters,
then the flow shall be recorded un-
der normal operating conditions.

The 24h-averages deviate from their
rated values by less then -1.53%, all
instantaneous values deviate by less
than 3.2%.

yes

31
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Performance criterion Requirement Test result satis- | Page
fied
5.6.4 Tightness of the sam- The testing is normally carried The leak test was passed in all |yes 33
pling system out with the help of a pressure cases.
measuring device and a volu-
metric flow measuring system.
The leak rate of the entire in-
strument shall be determined if
it is feasible. This includes the
inlet as well as the whole sam-
pling system and the measuring
system. If because of the in-
strument design the complete
system tightness cannot be
measured the leak rate can be
determined separately for the
sampling part and the measur-
ing part. The leak rate can be
measured by the determination
of volume flow at the inlet and
outlet of the system or by the
pressure drop method. In the
latter case the system is sazuled
at the inlet and evacuate.d by a
built in or separate pump an<
the pressure increase due tc
leaks is measured ove:the pe-
riod of 5 minutes.
5.7.3 Intra instrument The intra-instrument Lncertainty | At no more than 0.692 ug/m? the un- | yes 34
uncertainty for the reference methcd shall be | certainty between the reference
< 2.5 ug/m* ] method remains well below the per-
The Inl‘l’e-II,S'l‘I’UH‘IE‘.”Tf uncertainty | missible maximum of 5 ug/m3. At no
for the 'cand:date method shall be | more than 0.596 Hg/m? the uncer-
< 5 pgm- tainty between the test specimen re-
mains well below the permissible
maximum of 5 ug/m?3.
5.7.4 Measurement WCM < Wdqo Measurement un-| Without the need for any correction | yes 36
uncertainty certainty defined as Wdqo= 50% | factors, the expanded uncertainties
for indicative instruments. The re- | WAMS were below the expanded, rel-
sultant expanded uncertainty is | ative uncertainty Wdqo defined for
assessed for the full dataset, and | fine dust (indicative) at 50% for all
the dataset split to be greater than | data sets observed. As the axis inter-
30 ug/m3 or 18 ug/m3 for PM10 or | cept determined for system 1 is signif-
PM2.5 respectively. The less than | icantly different from 0, section 6.1
or equal to subset of the data 5.8.1 Use of -correction fac-
need not be evaluated. tors/terms required the use of a COr-
rection factor.
5.8.1 Use of correction fac- | The final results can be corrected | agter the use of correction factors, yes 46
tors/terms for slope and/or intercept to meet | the candidate systems met the re-
the acceptance criteria. | quirements for data quality of air
Correction  factors/terms (=cali- | quality monitors for all data sets. The
bration) shall be applied if the | requirements had been met even be-
highest expanded uncertainty cal- | fore a correction factor was applied.
culated for the tested instruments
exceeds the relative expanded
uncertainty specified under the re-
quirements for data quality or the
test demonstrates that the slope is
significantly  different from 1

1490871_2022_936_21254495A Palas_AQGuard Smart.docx
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and/or the ordinate intercept is
significantly different from 0.

18 Maintenance interval The maintenance interval of the | The maintenance interval is 1 year,as| yes 52
(7.5.7) ':\MS Shz” be greater or equal to | gpecified by the manufacturer.
wo weeks.
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2. Task Definition

2.1 Nature of the test

Palas GmbH commissioned TUV Rheinland Energy GmbH with performance testing of the AQ
Guard Smart air quality monitor for indicative measurement of dust in ambient air, PM, s and
PMy, fraction.

2.2 Objectives

The air quality monitor is designed to determine suspended particulate matter PM.s and PM1q
in ambient air in the concentration range between 0 and 20,000 ug/m3.

The measuring system uses a spectrometer to determine the concentration of suspended par-
ticulate matter.

The test was performed on the basis of the following stzr.dards:

e Performance Standards for Indicative Amhiant Fariculate Monitors — Environment

Agency, August 2017, Version 4

e FEuropean standard EN 12341, “Ambient aw - Standard gravimetric measurement
method for the determination of the Fiviie or Mz s mass concentration of suspended

particulate matter”; German versicn EN 72341:2014

e Guide “Demonstration of Equivalenie ot smbient Air Monitoring Methods”, English ver-

sion dated January 2010

1490871_2022_936_21254495A Palas_AQGuard Smart.docx
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3. Description of the AMS tested

3.1 Measuring principle

The AQ Guard Smart is an optical aerosol spectrometer which determines particle size by
means of scattered light analysis according to Lorenz-Mie. A fan sucks ambient air through the
sample inlet through a heated path directly to the spectrometer.

The particles move separately through an optically differentiated measurement volume that is
homogeneously illuminated with focused light. By using a polychromatic light source (LED) in
combination with 90° scattered light detection, a precise calibration curve without any ambigu-
ities within Mie-range can be achieved. This enables working with an extremely high resolution.
Each particle generates a scattered light impulse, detected at an angle of 85° to 90° degrees.
The number concentration is deducted from the number of scattered light impulses. The inten-
sity of the scattered light is a measure for the particle size-diameter. The signal length is meas-
ured as well.

Voltage inV ¢
=t D>
==
|J__ N
! )
! At
® |
N
| N
| Z
-4
(V5
AN
N
Figure 1: Measurement of scatte:ed lignt signal at one single particle. Amplitude and signal

lengih &re being measured

Due to the specific T-apertura cntics with simultaneous signal length measuring, border zone
errors are eliminated. The term ‘hcrder zone error’ refers to the merely partial illumination of
particles at the end of the measurnng range. This partial illumination results in the particles
being classified as smaller in size than they actually are. By means of the T-aperture, particles
which only fly through the T’s arm (shorter signal length) can be distinguished from particles
which also pass the middle part of the T (longer signal length). The latter ones have certainly
been illuminated completely in the upper part. Thus, border zone errors are eliminated in the
AQGuard measuring system

3.2 Functioning of the measuring system

The particle sample passes through the sample inlet at a flow rate of 1.0 I/min (operation con-
ditions) and is led into the sampling line which connects the sampling head to the aerosol
sensor. The compact IADS (Intelligent Aerosol Drying System) moisture compensation module
is used in order to avoid the possible effects of condensation, especially when ambient air
humidity is high. The temperature of the IADS is controlled as a function of the ambient tem-
perature and humidity (as measured by the system). The maximum heat capacity of the com-
pact IADS is 40 W. After passing through the compact IADS module the particle sample is led
to the aerosol sensor where the actual measuring is performed.

The measuring system AQGuard Smart is equipped with integrated weather sensor for tem-
perature, humidity and pressure.

1490871_2022_936_21254495A Palas_AQGuard Smart.docx
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In addition, the measuring device was equipped with gas sensors for measuring SOz ,NO>, O3
and CO. These sensors were not part of the test. The manufacturer also offers the configura-
tion of further gas sensors. Since these configurations were not used in the test, no statement
can be made about a possible influence on the PM measurement.

I 1
aerosol inlet =——% <+—

‘AQ Guard Smart

N\
\

IADS ——» l
(humidity
compensation)

aerosol sensor ‘

aerosol blower |

\.
~—

ambient T/rH \&1 gas sensors (CO,5(%2/N02,03)
Figure 2: System principle

3.3 AMS scope and set-up

The measuring system is designed to be irnstaiicd nutsice without any additional weather pro-
tection. The system only requires a 12 volt pawe: supply for operation.

o

AL AS

Figure 3: View of the AQGuard Smart
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The measuring system may be operated either directly via a separate touch screen which can
be connected via a cable or remotely via data interfaces over Ethernet, WiFi or cellular network
(SIM-card included). The user may retrieve measurement data and system information,
change parameters and perform functionality tests of the measuring system.

A zero filter can be mounted to the instrument inlet for the purpose of external zero checks.
The use of this filter allows the provision of PM-free air.

To test and if necessary adjust the sensitivity of the particle sensor, the instrument shall be
supplied with particles of a defined size (MonoDust 1500). The particle size distribution of this
dust is monodisperse and the peak in the distribution of the raw data, which has been gener-
ated in the instrument, shall lie at the target channel given on the Monodust calibration certifi-
cate (typically 140.1). If the peak deviates from this value, the value can be adjusted. Due to
this adjustment at one particle size, the sensitivity of the measuring system for all particle sizes
is adjusted automatically as the instrument operates with only one A/D converter. The manu-
facturer recommends an annual check with MonoDust 1500.

Figure 1: MonoDust 1500 for verification / calibration of sensitivity
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4. Test programme

4.1. General

The performance test was carried out using two identical instruments with the following serial
numbers:

System 1 16265
System 2 16270

Software version 1.0.8 was implemented during the performance test. Algorithm PM_AQ-
GUARD_0004 was used for the calculation of mass concentration for PMz s and PMyq.

4.2 Laboratory test

The laboratory test was carried out with two identical instruments, type AQ Guard Smart, with
serial numbers 16265 and 16270. Standard [1] specifies the following test programme for the
laboratory test:

e Constancy of sample volumetric flow
e Tightness of the sampling system

The measured values were recorded internally. The set of raw data was downloaded and eval-
uated in Excel.

Chapter 6 summarizes the results cr ihe 'aboraicry tests.
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4.3 Field test

The field test was carried out using two identical instruments with the following serial num-
bers:

System 1 16265
System 2 16270

Standard [2] specifies the following test programme for the field test:

e Availability

e Between-AMS uncertainty
e Expanded uncertainty

e Maintenance interval

The following instruments were used during the fielc test.

o Weather station (WeatherScreen PRO marufactured Ly dnt) for collecting meteoro-
logical data such as temperature, air pressure, numidity, wind speed, wind direction
and precipitation

o reference measuring systems:
4x SEQ 47/50 (2 for PM25and 2 for =Mig)

e 1 mass flow meter Model 4043 (manufacturer: TSI)

During the field test, two AQGuard Sraart ir.casuring systems and four reference systems (two
for PM2 5 and two for PM1o) were operaicu simultaneously over a period of 24h.

Impaction plates of the PM.s anu PMy; samgpling inlets for the reference systems were cleaned
approximately every two week:s during tha test period and greased with silicone grease in order
to ensure reliable separation Jf particles

The flow rates of the reference inctiurnents were checked before and after each relocation
using a mass flow meter in each case connected to the instrument’s air inlet via a hose line.

Sites of measurement and instrument installation

Measuring systems were installed outside on the roof of the measurement container. The ref-
erence systems were placed elevated in front of the container so that the inlets are at a similar
height compared to the test units.

The field test was performed at the following measurement site:

Table 1: Field test site
No. Measurement site Period Description
1 Bornheim 12/2021 - 03/2022 Traffic background

The photos below show the measurement container at the field test site.
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Figure 4: Field test site

In addition to the air quality measuring systems for monitoring suspended particulate matter, a
data logger for meteorological data was installed at the container/measurement site. Data on
air temperature, pressure, humidity, wind speed, wind direction and precipitation were contin-
ually measured.

The following dimensions describe the design of the measurement cabinet as well as the po-
sition of the sampling probes.

¢ Height of cabinet roof. 2.50m

¢ Height of the sampling system for test/  3.70m/1.20m above cabinet roof
e Reference system 3.80m above ground

e Height of the wind vane: 4.5 m above ground level
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Sampling duration

Standard EN 12341 [2] fixes the sampling time at24 h + 1 h.

During the entire field test, all instruments were set to a sampling time of 24 h (from 00:00 to
00:00).

Data handling

Prior to their assessment for each field test site, measured value pairs determined from refer-
ence values during the field test were submitted to a statistical Grubb’s test for outliers (99%)
in order to prevent distortions of the measured results from data, which evidently is implausible.
Measured values pairs detected as significant outliers may be expunged from the pool of val-
ues as long as the test statistic remains above the critical value.

The following value pair has been expunged:

Table 2: Expunged value pair in line with Grubbs, refere:nce PMz5
Date Reference 1 [ug/m?] Refereiice 2 [114/m?]
26.12.2021 13.3 8 &3

Filter handling — Mass measurement

The following filters were used during perforrnar.ce testing:

Table 3: Filter materials used
Measuring device F—iiter material, type Manufacturer
Reference devices lzimfab™, & 47 mm Pall
SEQ 47/50

Filter handling was performed in compliance with EN 12341.
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5. Reference Measurement Method

The following instruments were used for the field test.
4x SEQ 47/50

SEQ47/50: Sequential Sampler SEQ47/50
Manufacturer: Sven Leckel Ingenieurbtiro GmbH, Berlin
PM2s and PMio sample inlet
No sampled filter conditioning

During the tests, the reference systems were operated in parallel with the flow controlled at 2.3
m?3/h. Under normal conditions the accuracy of flow control is < 1% of the nominal flow rate.
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6. Testresults

6.1 5.1.1 General requirements for indicative particulate monitors

Manufacturers are required to submit the following:
o Two identical, complete particulate monitoring systems
e All necessary for operation under field conditions
e All sampling components (including the sampling head, if provided)

6.2 Equipment

The test of this criterion did not require any further equipment.

6.3 Testing

The two measurement sytems were checked for completeness.

6.4 Evaluation

The manufacturer delivered two complete AQGuard measuring systems. For operation, the
systems require nothing but a power supply.

6.5 Assessment
The manufacturer submitted two complete measuring systems.

Criterion satisfied? yes

6.6 Detailed presentation of ‘csi resuiis

Not required for this performance criterion
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6.1 5.1.2 General requirements for indicative particulate monitors

The particulate concentrations measured are generally expressed in density units (mass of
determinand per unit volume of the ambient atmosphere). Results reported in units of mass
per unit volume shall be expressed at measured temperature and pressure.

6.2 Equipment

The test of this criterion did not require any further equipment.

6.3 Testing

It was checked how the measured values are output.

6.4 Evaluation

The measuring values are output in ug/m? at measured tzmperature and pressure (actual con-
ditions).

6.5 Assessment

The measuring values are output in ug/m? at measured temperature and pressure (actual con-
ditions).
Criterion satisfied? yes

6.6 Detailed presentation of test resvit:

Not required for this performance criterica
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6.1 5.1.3 General requirements for indicative particulate monitors

Instruments that have output readings sensitive to ambient air temperature and/or pressure
shall be able to make corrections for changes in these parameters. These corrections may be
carried out by using in-built pressure and temperature sensors or by using external sensors.
The manufacturer shall provide the test house with information as to whether any in-built tem-
perature and pressure corrections are being applied. Where no internal corrections are ap-
plied, the manufacturer or supplier shall provide the test house with any algorithms that are
required for the conversion of the instrument readings to different ambient temperatures and
pressures.

6.2 Equipment

The test of this criterion did not require any further equipment.

6.3 Testing

The test of this criterion was made by document checks.

6.4 Evaluation

The output readings are not sensitive to ambient ai temperature or pressure. Conversion to
different ambient temperatures and pressurec can be made using the known gas laws.

6.5 Assessment
The output readings are not sensitive to amwieni air temperature or pressure.

Criterion satisfied? yes

6.6 Detailed presentation v test results

Not required for this performance criierion.
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6.1 5.1.4 General requirements for indicative particulate monitors

Instruments submitted for testing shall meet the requirements of all applicable EC Directives.
These include: the Electro-magnetic Compatibility Directive 2014/30/EU (formerly
2004/108/EC); the Low Voltage Directive 2014/35/EU (formerly 2006/95/EC), covering electri-
cal equipment designed for use within certain voltage limits, and; the Directive on the restriction
of the use of certain hazardous substances in electrical and electronic equipment
(2011/65/EU). Instrument manufacturers or suppliers shall supply declarations of conformity to
all relevant Directives applicable to the equipment.

6.2 Equipment
The test of this criterion did not require any further equipment.

6.3 Testing
The declaration of conformitiy was checked for the demended EC Directives.

6.4 Evaluation

The manufacturer declares compliance with ite cirectives 2014/30/EU, 2014/35/EU and
2011/65/EU.

6.5 Assessment

The manufacturer declares compliarice with the directives 2014/30/EU, 2014/35/EU and
2011/65/EU.

Criterion satisfied? yes
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6.6 Detailed presentation of test results

»
&

PALAS

EU-Declaration of Conformity

The Manufacturer

Palas GmbH
Greschbachstrale 3 b
76229 Karlsruhe
Germany

hereby declares that the products

Aerosol Spectrometers:

AQ Guard

AQ Guard Ambient

AQ Guard Smart

are in conformity with the following Directive:

2014/53/EU Radic Equipmunt Lirective (MED)
2011/85/EU RoHS

The protection goals of the followirg Dirr.c.ivas arc observed:

2014/35/EU Low Vuit=ge Directive
2014/30/EU Electroinagnetic Compatibility (EMC}

The following harmoniz2d ctandards 1z ve been applied:

DIN EN 61010-1:2020-03 Saraty requirements for electrical equipment for measurement, cantrol,
anu lakoratory use - Part 1: General requirements (IEC 61010-1:2010 +
COR:2011 + A1:2016, modified + A1:2016/COR1:2019)

DIN EN 61326-1:2013-07 Electrical Equipment for Measurement, Canirol and Laboratory Use.
EMC Requirements. General Requirements (IEC 61326-1:2012)

DIN EN IEC 63000:2019-05  Technical documentation for the assessment of electrical and electronic
products with respect to the resfriction of hazardous substances
(IEC 63000:2016)

KarlsrLfe, February 18, 2022
y /

{ eﬁ\l ]
Dr.-ing. Maximilian Wei
General Manager

www.palas.de PALASCCUNTS
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6.1 5.2 Response times

For the response times RTrise and RTrias defined in Section 4 (not determined as part of the
performance tests) relevant estimates can be provided by the manufacturer.

6.2 Equipment

The test of this criterion did not require any further equipment.

6.3 Testing

The manufacturer provides relevant estimates.

6.4 Evaluation

The response time RTrse and RTr are both deper.dent on the way to obtain reading. On the
display of the measuring system or via remote zccess, the response time is 1 second.

For the so-called “promo” files, which can be converted with PDAnalyzer, the temporal resolu-
tion is 120 seconds.

For the text file and the data transfer protoccls, roun the averaging and the storage interval
can be selected. The smallest interval hcre is ore second, the smallest averaging 10s.

6.5 Assessment
The response time RTise and R . are both at minimum 1 second.

Criterion satisfied? yes

6.6 Detailed presentation of test 1esults for the rated flow

Not required for this performance criterion.
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6.1 5.3 Averaging times

In cases where the monitor internally produces averaged results and where the averaging time
Tais selectable, then it shall be selected by the manufacturer or supplier, in consultation with
the MCERTS Certification Committee and the test house(s). In most cases the averaging times
specified for air quality monitoring given in Table 5.1 should be used. The averaging times
actually used will be stated on the MCERTS certificate. Shorter averaging times may be re-
quired when the particulate monitors are used to assess individual source impact on ambient
air quality in conjunction with the meteorological information.

6.2 Equipment
The test of this criterion did not require any further equipment.

6.3 Testing

The averaging time is determined.

6.4 Evaluation

On the display of the measuring device or via remcte access, the averaging time is 1 second.

For the so-called “promo” files, which can be canvertea with PDAnalyzer, the temporal resolu-
tion is 120 seconds.

For the text file and the data transfer proiocolis, both the averaging and the storage interval
can be selected. The smallest interval nerz is one second, the smallest averaging 10s.

6.5 Assessment

Data can be displayed with a rescluticn of 1 second and stored with an lowest averaging time
of 10 seconds.

Criterion satisfied? yes

6.6 Detailed presentation of test results

Not required for this performance criterion.
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6.1 5.4 Certification range

The instrument manufacturer or supplier shall specify and agree with the MCERTS Certifica-
tion Committee a certification range of concentrations over which the instrument is to be tested.

6.2 Equipment

The test of this criterion did not require any further equipment.

6.3 Testing

The certification range is set.

6.4 Evaluation

The certification range is 0 — 20,000 pg/m?.
6.5 Assessment
The certification range is 0 — 20,000 pg/m?.

Criterion satisfied? yes

6.6 Detailed presentation of test results

Not required for this performance criterici.
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6.1 5.6.3 Constancy of sample volumetric

If the instruments are equipped with an air filter system for calibration the testing shall be car-
ried out providing loaded filters, volumetric flow measuring device and a pressure measuring
device. Three pre-loaded filters with the particulate load of approximately 0%, 50%, and 80%
of the maximum permissible filter loading shall be used. For each filter the constancy of the
sample volumetric flow shall be recorded every 30 minutes as a 3 minute average over the
time period of at least 24 hours. For instruments that do not use filters, then the flow shall be
recorded under normal operating conditions.

6.2 Equipment

For this test, an additional reference flow meter was provided.

6.3 Testing

The AQGuard measuring system operates at a flow ratz of 1 I/min.

To determine the constancy of the sample flow rate, th2 1iow rate was recorded and evaluated
with the help of a mass flow meter once over a peri ,d of z4h.

6.4 Evaluation

The average, standard deviation as well a5 the maximium and minimum values were deter-
mined from the measured values for the flov/ raie (24-iiour average).

6.5 Assessment

No deviations exceeding 3.2% were foi:nd in the flow rate controls in the field (short-term
value).

The results of the constancy ¢f ine serple flow rate demonstrate that all measured values
determined during sampling deviaic 1iom their respective rated values by less than 3.2%. The
deviation of the daily averages for the overall flow rate of 1 I/min did not exceed -1.53% of the
rated value.

The 24h-averages deviate from their rated values by less then -1.53%, all instantaneous val-
ues deviate by less than 3.2%.

Criterion satisfied? yes
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6.6 Detailed presentation of test results

Table 4: Performance characteristics for the overall flow rate measurement
Device SN 16265 | Device SN 16270
Mean value I/min 0,98 0,99
Dev. from nominal value % -1,53 -1,43
Standard deviation /min 0,01 0,01
Minimum value Vmin 10,968 0,976
Maximurm value Umin | 1,006 0,998
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6.1 5.6.4 Tightness of the sampling system

The testing is normally carried out with the help of a pressure measuring device and a volu-
metric flow measuring system. The leak rate of the entire instrument shall be determined if it
is feasible. This includes the inlet as well as the whole sampling system and the measuring
system. If because of the instrument design the complete system tightness cannot be meas-
ured the leak rate can be determined separately for the sampling part and the measuring part.
The leak rate can be measured by the determination of volume flow at the inlet and outlet of
the system or by the pressure drop method. In the latter case the system is sealed at the inlet
and evacuated by a built in or separate pump and the pressure increase due to leaks is meas-
ured over the period of 5 minutes. The leak rate Vi determination shall be repeated three times.
It is calculated from the following formula:

AP. Vg

Po. At

where: AP — pressure drop determined over the time irnterval At
Po- pressure at time to
Vg- estimated total volume of the system

At- time interval of the pressure increment

6.2 Equipment
Zero filter

6.3 Testing

The measuring device does not use a conventional pump for sampling but a fan. For the leak
test, a zero filter must therefore ke mcuniad at the device inlet and the leak test must be started
in the software.

The measuring device now weaiic autornatically until the particle concentration is constant at
0.00 1/cm3. The fan speed is then sst (0 the highest level. If there were any leaks, particles
would now enter the measuring charmber due to the higher negative pressure. If the particle
concentration remains at 0.00 1/cm?, the leak test is considered to have been passed. This is
displayed in the software / on the screen.

6.4 Evaluation

The leak test was carried out in the laboratory.
6.5 Assessment
The leak test was passed in all cases.

Criterion satisfied? yes

6.6 Detailed presentation of test results

Not required for this performance criterion.
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6.1 5.7.3 Intra instrument uncertainty

The intra-instrument uncertainty for the reference method shall be < 2.5 ug/m?
The intra-instrument uncertainty for the candidate method shall be < 5 ug/m?

6.2 Equipment

Not required for this performance criterion

6.3 Testing

The test was performed as part of the field test.

6.4 Evaluation

The performance criteria must be met for the candidate method for all data as well as for the
subsets: less than and greater than or equal to 30 pg//n® or 18 pg/m? for PM1o or PM.s, re-
spectively. The “greater than” data subset shall contain ai least 8 data pairs. If 80 data pairs
are produced still without generating the required & data pairs in the “greater than” subset then
this is considered sufficient and the testing may he terminated.

6.5 Assessment

At no more than 0.692 pg/m?® the uncertzinty between the reference method remains well below
the permissible maximum of 5 ug/m?. At no more than 0.596 ug/m?* the uncertainty between
the test specimen remains well below the sermissible maximum of 5 ug/m3.

Criterion satisfied? yes

6.6 Detailed presentation of iast results

Table 5: Intra-instrument uncertainty for the reference method
Component Number of measurements Uncertainty upsrm
ug/m?
PM2s 94 0.474
PMyo 94 0.692
Table 6: Intra-instrument uncertainty for the candidate method, PM2.5
Location Number of measurements Uncertainty upscm
ug/m?
Bornheim 94 0,512
> 18 ug/m? 11 0.275
<18 ug/m? 82 0.292
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Intra-instrument uncertainty for the candidate method, PM1o

Location Number of measurements Uncertainty upscm
ug/m?
Bornheim 94 0.462
> 18 ug/m? 2 0.596
<18 ug/m? 81 0.480
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6.1 5.7.4 Measurement uncertainty

Wewm £ Wago Measurement uncertainty defined as Wqqo= 50% for indicative instruments.
The resultant expanded uncertainty is assessed for the full dataset, and the dataset split
to be greater than 30 ug/m? or 18 ug/m?® for PM1o or PM_ s respectively. The less than or
equal to subset of the data need not be evaluated.

6.2 Equipment

An additional reference measurement system as described in chapter 5 of this report was used
for this test.

6.3 Testing

The test was performed as part of the field test with two separate comparison sets.

6.4 Evaluation

The measurement uncertainty will be calculated according to the Guidline for the Demonstra-
tion of Equivalence of Ambient Air Monitoring Me chods:

1. Of the full data set, at least 8 of the conceniratiun values (determined with the reference
method) shall be greater than 30 uygnn® for PMi and 18 ug/m®* for PMas.
When, due to low concentration le'rcls. the criicria for 8 of the results to be greater
than 30 pug/m?® for PMyo, or to be greater than 43 ug/m?® for PM. s cannot be obtained, a
minimum of 80 data points overzil is ccnsidered sufficient.

2. The expanded uncertainty (Wcy) is <alculated at 50 pg/m® for PMiy, and at
30 pg/m? for PM. s for every individuai iest specimen and checked against the average
of the reference method. For each of the following cases, the expanded uncertainty
shall not exceed 50%:

o Full data set:

o Datasets representing P! cencentrations greater than/equal to 30 pg/m? for PMyo,
or concentrations greater iran/equal to 18 ug/m? for PMas
o Datasets for each individual site
3. Preconditions for acceptance of the full dataset are that the slope b is insignificantly

different from |b_1| <2-u(b)

la|<2-u(

and the intercept a is insignificantly different from O:

a)_ If these preconditions are not met, calibrations may be made using the
values obtained for slope and/or intercept.

Chapter 6.1 5.8.1 Use of correction factors/terms contains an assessment for the case
that the uncertainty is not complied with without applying correction factors.
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The regression is calculated for:
o all sites or comparisons respectively together
o Every location or comparison separately

o For a reduced data set only taking into account concentrations greater than or equal
30 pg/m? for PMyo and 18 pg/m? for PMas.

For further assessment, the uncertainty uc_s resulting from a comparison of the test specimens
with the reference method is described in the following equation which defines ucr as a function
of the fine dust concentration xi.

RSS
2 2 2
u, = —U,, +la+(b-1)L
yi (I’l _ 2) RM [ ( ) ]
Where RSS is the sum of the (relative) residuals from orthogonal regression
URM =random uncertainty of the reference method: u=w is calculated as ups rm/\2,
where ups rmis the between RM uncertainty of twa reference instruments operated in
parallel.
L = Replacement daily limit value

The algorithms for calculating axis intercept a a0d slope b as well as their variance by means
of orthogonal regression are describe in a=taii in the annex to [3].

The sum of (relative) residuals RSS i ca'cuiaied according to the following equation:

RSS = Y (y,—a-bx,)’

Uncertainty ucr is calculated for:
o All sites or comparisons resuectively together
o Every location or comparison separately

o For areduced data set only taking into account concentrations greater than or equal to
30 pg/m? for PMyo and 18 ug/m? for PMas.

The guideline states the following prerequisite for accepting the full data set:

e The slope be is insignificantly different from 1: |b_1| <2-ub)
and
e The axis intercept a is insignificantly different from O: |a| < 2.u(a),
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where u(a) and u(b) describe the standard uncertainty of the slope and the axis intercept cal-
culated as the square root of the variance. If the prerequisites are not met, it is possible to
calibrate the measuring systems in accordance with section 4 of the Guideline 7.5.8.6 [3]. The
calibration may only be performed for the full data set.

The combined uncertainty of the tested instruments for all data sets w'aws is calculated as
follows:

2 _ Tyi=L
Wams = Iz

For each data set the uncertainty wawusis calculated at a 'evel of L = 30 ug/m? for PMzs as well
as L = 50 ug/m? for PMyo.

For each data set the expanded relative uncertainty »f the recuits measured with the test spec-
imen is calculated by multiplying waus by an coverage factor k according to the following equa-
tion:

Woinis =k W e

Considering the large number of available test resuiic, an expansion factor k=2 must be used.

7.5 Assessment

Without the need for any correction facicrs, the expanded uncertainties Wauvs were below the
expanded, relative uncertainty VW 4 aefinea for fine dust (indicative) at 50% for all data sets
observed. As the axis intercep determined for system 1 is significantly different from 0, section
6.1 5.8.1 Use of correctiun factors tarms required the use of a correction factor.

Criterion satisfied? yes

The slope and the axis intercept is significantly different from 1 (slope) and 0 (axis intercept)
for both system for PM2s. The slope is significantly different from 1 for both system for PMyo.
This is why chapter 6.1 5.8.1 Use of correction factors/terms contains an additional assess-
ment for which the corresponding calibration factor was applied to the data sets.

It should be noted here that the uncertainty Wcem determined without applying correction factors
for all observed data sets is below the determined expanded relative uncertainty Wqqo of 50%
for PM25 and PMyq.

Since for PMyo only 2 values were greater than 30 pg/m?, no meaningful static evaluation could
be made here.
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6.6 Detailed presentation of test results

Table 8: Overview of equivalence testing, both systems, PM2.5

TUVRheinland®

Precisely Right.
Page 39 of 126

Show Parameters on Graph in Order

Correction CM data not corrected

Slope Slope (b) = 0.905 +/- 0.022 Significantly different from 1
Intercept Intercept (a) = 1.228 +/- 0.231 ug m-3 Significantly different from 0

n n =93
RA2 R Squared = 0.948
Expanded Uncertainty |Expanded Uncertainty (Wcm) = 13.57 % Passes 25% criterion

u(bs,RM) Between Reference Method Uncertainty (u(bs,RM)) = 0.474 yg m-3
u(bs,CM) Between Candidate Method Uncertainty (u(bs,CM)) = 0.289 yug m-3
n(RM)> Number of RM greater than 17 uyg m-3 = 13

None

Table 9: Overview of equivalence testing, system 16265, PV,

Show Parameters on Gr;ph in Qrdar

Correction CM data not corrected
Slope Slope (b) = 0.91 +/- 0.023 Sigr.dicant'y different from 1
Intercept Intercept (a) = 1.243 +/- 0.241 pg m: 3 Significantly different from 0
n n =93
RA2 R Squared = 0.943
Expanded Uncertainty |Expanded Uncertainty {\"/cm) = “3.02 % Passes 25% criterion
u(bs,RM) Between Reference viethoc Uncenainty (u(bs,RM)) = 0.474 ug m-3
u(bs,CM) Between Candide‘e Met'ie2 Uncertainty (u(bs,CM)) = Not Calculated
n(RM)> Number of RM greater tlian 17 ug m-3 = 13
None / \

Table 10: Overview of equivalencce testing, system 16270, PMzs

Show Pa.ameters on Graph in Order

Correction CM data not corrected
Slope Slope (b) = 0.902 +/- 0.021 Significantly different from 1
Intercept Intercept (a) = 1.202 +/- 0.226 ug m-3 Significantly different from 0
n n =93
RA2 R Squared = 0.949
Expanded Uncertainty |Expanded Uncertainty (Wcm) = 14.17 % Passes 25% criterion
u(bs,RM) Between Reference Method Uncertainty (u(bs,RM)) = 0.474 yg m-3
u(bs,CM) Between Candidate Method Uncertainty (u(bs,CM)) = Not Calculated
n(RM)> Number of RM greater than 17 uyg m-3 = 13
None
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Table 11: Overview of equivalence testing, all values >= 18 ug/m?, both systems, PMzs

Show Parameters on Graph in Order
Correction CM data not corrected
Slope Slope (b) = 0.944 +/- 0.141 Not Significantly different from 1
Intercept Intercept (a) = -0.156 +/- 3.009 ug m-3 Not Significantly different from 0
n n=11
RA2 R Squared = 0.802
Expanded Uncertainty |Expanded Uncertainty (Wcm) = 15.23 % Passes 25% criterion
u(bs,RM) Between Reference Method Uncertainty (u(bs,RM)) = 0.566 pug m-3
u(bs,CM) Between Candidate Method Uncertainty (u(bs,CM)) = 0.275 yg m-3
n(RM)> Number of RM greater than 17 pg m-3 = 11
None

Table 12: Overview of equivalence testing, all values >= 18 pa/m?3, system 16265, PM2.5

Show Parameters on Grapq in Order
Correction CM data not corrected /N
Slope Slope (b) = 0.93 +/- 0.149 Not Signiicantly differcnt from 1
Intercept Intercept (a) = 0.17 +/- 3.183 pe r-3 MNec Significantly different from O
n n=11
RA2 R Squared = 0.773
Expanded Uncertainty |Expanded Uncertainty (Wcra) = 15.1 % Passes 25% criterion
u(bs,RM) Between Reference Method Lnce tainty (u(bs,RM)) = 0.566 ug m-3
u(bs,CM) Between Candidate 'Vztnod Uncaitainty (u(bs,CM)) = Not Calculated
n(RM)> Number of RM grea‘er thari 1/ uo m-3 = 11
None 4

Table 13: Overview of equivalencz tesiing, ali values >= 18 ug/m3, system 16270, PM2.5

‘Show Pararneters on Graph in Order

Correction CM data not conacien
Slope Slope (b) = 0.962 +/- 0.135 Not Significantly different from 1
Intercept Intercept (a) = -0.565 +/- 2.885 uyg m-3 Not Significantly different from 0
n n=11
R"2 R Squared = 0.824
Expanded Uncertainty |Expanded Uncertainty (Wcm) = 14.28 % Passes 25% criterion
u(bs,RM) Between Reference Method Uncertainty (u(bs,RM)) = 0.566 pug m-3
u(bs,CM) Between Candidate Method Uncertainty (u(bs,CM)) = Not Calculated
n(RM)> Number of RM greater than 17 pg m-3 = 11
None
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Table 14: Overview of equivalence testing, all sites, both systems, PM1o

Show Parameters on Graph in Order

Correction CM data not corrected

Slope Slope (b) = 0.926 +/- 0.034 Significantly different from 1
Intercept Intercept (a) = -0.435 +/- 0.615 upg m-3 Not Significantly different from 0

n n =83
R2 R Squared = 0.891
Expanded Uncertainty |Expanded Uncertainty (Wcm) = 18.68 % Passes 25% criterion
u(bs,RM) Between Reference Method Uncertainty (u(bs,RM)) = 0.692 yg m-3
u(bs,CM) Between Candidate Method Uncertainty (u(bs,CM)) = 0.428 ug m-3
n(RM)> Number of RM greater than 28 yg m-3 = 3
None

Table 15: Overview of equivalence testing, all sites, system 12265, PM1o

Show Parameters on Grar?in Order

Correction CM data not corrected - N\

Slope Slope (b) = 0.928 +/- 0.035 Signiirantly different from 1
Intercept Intercept (a) = -0.354 +/- 0.638 g m-5 Not Significantly different from 0

n n =83
R"2 R Squared = 0.883
Expanded Uncertainty |Expanded Uncertainty (Wcm\) = 12.25 70 Passes 25% criterion
u(bs,RM) Between Reference Mziiad Uricertainty (u(bs,RM)) = 0.692 ug m-3
u(bs,CM) Between Candidate M iethoc Uncertainty (u(bs,CM)) = Not Calculated
n(RM)> Number of RM greawar then 26 ug m-3 = 3
None N\

Table 16: Overview of equivalenze testing, all sites, system 16270, PM1o

Show Pa’ameters on Graph in Order

Correction CM data not correted

Slope Slope (b) = 0.926 +/- 0.033 Significantly different from 1
Intercept Intercept (a) = -0.546 +/- 0.603 upg m-3 Not Significantly different from 0

n n =83
R"2 R Squared = 0.895
Expanded Uncertainty |Expanded Uncertainty (Wcm) = 19.01 % Passes 25% criterion
u(bs,RM) Between Reference Method Uncertainty (u(bs,RM)) = 0.692 ug m-3
u(bs,CM) Between Candidate Method Uncertainty (u(bs,CM)) = Not Calculated
n(RM)> Number of RM greater than 28 yg m-3 = 3
None
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RM versus CM
120 . .
- Regression Line
110 ~
—1:1 Line
100 ~
4 CM data not corrected
90 -+ / ’
80 // Slope (b) = 0.91 +/- 0.023 Significantly different from 1
L
70 Intercept (a) = 1.243 +/- 0.241 uyg m-3 Significantly different from O
?
£ 60 - n=93
2
— 50 - R Squared = 0.943
=
© 40 1 , .
Expanded 'Uncertainty (Wem) = 13.02 % Passes 25% criterion
30 z
Betv.e:zn Reference Method Uncertainty (u(bs,RM)) = 0.474 uyg m-3
(]
20 ~
e Between Candidate Method Uncertainty (u(bs,CM)) = Not Calculated
10 ~ s
Number of RM greater than 17 uyg m-3 =13
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RM/ ug m3
Figure 5: Reference vs. Tested instrument, system 16265, PM2.5
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RM versus CM

120 . .
—Regression Line
110 -
—1:1 Line
100 -
CM data not corrected
90 - //'
80 / Slope (b) = 0,962 +/- 0,135 Not Significantly different from 1
I
70 | Intercept (a) = -0,565 +/- 2,885 ug m-3 Not Significantly different from O
o I
£ 60 1 n=11
[=]
=
~ 50 + Fl Squered = 0,824
5
40 1 Expanded Uncertainty (Wem) = 14,28 % Passes 25% criterion
30 - . .
Between feierence Method Uncertainty (u(bs,RM)) = 0,566 ug m-3
20 4
° Between Candidate Method Uncertainty (u(bs,CM)) = Not Calculated
10 A
Number of RM greater than 17 pg m-3 = 11
0 N
_10 T T T T T T T T T T T T
-10 0 10 20 30 40 50 60 70 80 90 100 110 120
RM/ ug m3
Figure 6: Reference vs. Tested instrument, system 16270, PM2.5
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RM versus CM
120 . .
—Regression Line
110 -
—1:1 Line
100 -
CM data not corrected
90 - ’ S
80 // Slope (b) = 0,928 +/- 0,035 Significantly different from 1
70 - X Intercept (a) = -0,354 +/- 0,638 ug m-3 Not Significantly different from O
?
£ 60 n=283
o)) |
=1 |
-~ 50 4 R Squared = 0,883
5
40 1 -xpande.d Uncertainty (Wem) = 18,23 % Passes 25% criterion
30 A o .
ole® Betwveen Reference Method Uncertainty (u(bs,RM)) = 0,692 pg m-3
20 -
H Between Candidate Method Uncertainty (u(bs,CM)) = Not Calculated
[ d
10 - -
Number of RM greater than 28 yg m-3=3
0 -
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RM/ g m3
Figure 7: Reference vs. Tested instrument, system 16265, PM1o
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RM versus CM
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- Regression Line
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CM data not corrected
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80 / Slope (b) = 0,926 +/- 0,033 Significantly different from 1
70 | Intercept (a) = -0,546 +/- 0,603 ug m-3 Not Significantly different from 0
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Figure 8: Reference vs. Tested instrument, system 16270, PM1o
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6.1 5.8.1 Use of correction factors/terms

The final results can be corrected for slope and/or intercept to meet the acceptance criteria.
Correction factors/terms (=calibration) shall be applied if the highest expanded uncertainty cal-
culated for the tested instruments exceeds the relative expanded uncertainty specified under
the requirements for data quality or the test demonstrates that the slope is significantly different
from 1 and/or the ordinate intercept is significantly different from O.

6.2 Equipment

Not required for this performance criterion

6.3 Testing

See chapter 6.1 5.7.4 Measurement uncertainty

6.4 Evaluation

If it emerges from the evaluation of raw that Waps > Wy, (i.. AMS uncertainty > 50%) i.e.
the tested instrument is not found to be equivaicnt with the reference method, then it is per-
missible to use a correction factor or term which resuits from the regression equation for the
full data set. The corrected values have to .n2ei ihe reguirements for all data sets or sub data
sets. Moreover, a correction may also be used for tne case that Waus < Waqo in order to im-
prove the accuracy of the tested instrumcnts.

Three different situations may occur;
b -1 < 2u(b)
> 2u(a)

a) Slope b is not significantly different ticm 1:
Axis intercept a is significanty dimierent irom 0: !

b) Slope b is significantly differart from 7: o ~1> 2u(b)

axis intercept a is not significantly cifferent from 0: o] < 2u(a)
b -1 > 2u(b)

> 2u(a)

b) Slope b is significantly different from 1:
Axis intercept a is significantly different from O: g
concerning a)

The value of the axis intercept a may be used as a correction term to correct all input values
yi according to the following equation:

yi,corr =Yy,—a

The corrected values yicor may then serve to calculate the following new terms using linear
regression:

yi,corr =C+ dXi
and
2 RSS
uyi corr =
’ (n-2)
where u(a) = uncertainty of the axis intercept a, whose value was used to determine icorr.

The algorithms for calculating axis intercepts and slopes as well as their variance by means of
orthogonal regression are described in detail in the annex to [3].

—uRM2 +[c+(a’—1)L]2 +u’(a)
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concerning b)
The value of the slope b may be used as a correction term to correct all input values y; accord-
ing to the following equation:

%
y i,corr b

The corrected values yicor may then serve to calculate the following new terms using a new
linear regression:
yi,corr =C+ dXi

and

Uriaom = (R—SSQ) ~up,” +[c+(@d-DL] + 'u’ (b)
n —_

where u(b) = uncertainty of the original slope b, whose »ziue was used to determine yicorr.
The algorithms for calculating axis intercepts and slopes as well as their variance by means of
orthogonal regression are described in detail in the arinex tc [3].
concerning c)
The values of the slope b and the axis intercept a may Le used as a correction terms to correct
all input values y; according to the following equation:

}'i —a

yi,con N\ )

J

The corrected values yicor may then serve to calculate the following new terms using a new
linear regression:

=c+dx

yicorr
and
2 I\lgs 2 2 2 2 2
Wear = gy M e+ (@ =DL] + L @) + (@)

where u(b) = uncertainty of the original slope b, whose value was used to determine i corand
u(a) = uncertainty of the original axis intercept a, whose value was used to determine yicorr.

The algorithms for calculating axis intercepts and slopes as well as their variance by means of
orthogonal regression are described in detail in the annex to [3].

The values for uc_scor are then used to calculate the combined relative uncertainty of the AMS
after correction in accordance with the following equation:

2
2 corr,yi=L
w ey —
AMS corr L2

The uncertainty wawscorr fOr the corrected data set is calculated at the 24h limit value using yi
as concentration at the limit value.
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The relative expanded uncertainty Waws,corr is calculated using the following equation:

WAMS',C()W = k ’ WAMS,corr
Considering the large number of available test results, an expansion factor k=2 must be used.

The largest resulting uncertainty Wawscorr is compared and assessed against the criteria for
data quality of air quality measurements in accordance with EU Directive [8]. Two situations
are conceivable:

1. Wawms corr £ Waqo — The tested instrument is deemed equivalent to the reference
method.
2. Wawms corr > Waqo — The tested instrument is not deemed equivalent to the reference
method.

The expanded relative uncertainty Wqqo specified is 50%.

6.5 Assessment

After the use of correction factors, the candidate systernc met the requirements for data quality
of air quality monitors for all data sets. The requirements had been met even before a correc-
tion factor was applied.

Criterion satisfied? yes
For PMzs:

In evaluating the full dataset, it emerged that iinc sivpe and axis intercerpt determined for both
instruments is significantly different from 1 (siopz) ana 0 (axis intercept).

The full data set was corrected in terras of the clope (dividing by 0.905) and axis intercept
(subtracting 1.228). All data sets wer= re-evaiiared using the corrected values.

For PMq:

In evaluating the full dataset, it emerged that the slope determined for both instruments is
significantly different from 1.

The full data set was corrected in terms of the slope (dividing by 0.926). All data sets were re-
evaluated using the corrected values.

6.6 Detailed presentation of test results

The tables in the following show the evaluation results of the equivalence test after applying
the correction factor to the full data set.
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Table 17: Overview of equivalence testing, both systems, PMz.5
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Show Parameters on Graph in Order

Correction
Slope
Intercept
n
R"2
Expanded Uncertainty
u(bs,RM)
u(bs,CM)
n(RM)>
None

CM data corrected by subtracting 1,228 then dividing by 0,905

Slope (b) = 1.003 +/- 0.024 Not Significantly different from 1

Intercept (a) = -0.024 +/- 0.255 uyg m-3 Not Significantly different from 0
n =93

R Squared = 0.948

Expanded Uncertainty (Wcm) = 10.26 % Passes 25% criterion
Between Reference Method Uncertainty (u(bs,RM)) = 0.474 yg m-3
Between Candidate Method Uncertainty (u(bs,CM)) = 0.319 ug m-3
Number of RM greater than 17 uyg m-3 = 13

Table 18: Overview of equivalence testing, system 16265, PMzs

Show Parameters on Graph_in Order

Correction
Slope
Intercept
n
R"2
Expanded Uncertainty
u(bs,RM)
u(bs,CM)
n(RM)>
None

CM data corrected by subtracting ‘I,Z,)gThe—.‘. ariding by 0,905

Slope (b) = 1.008 +/- 0.025 Not Sigriificantly dihcrent from 1

Intercept (a) = -0.008 +/- 0.266 1.0 m-3 Mot Significantly different from 0
n =93

R Squared = 0.943

Expanded Uncertainty (Wcim, = Passes 25% criterion
Between Reference Method Lnce:tainty (u(bs,RM)) = 0.474 yg m-3
Between Candidate Mziiiod Unceitainty (u(bs,CM)) = Not Calculated
Number of RM greater thar. 17 py m-3 = 13

P ~s
10.7h i

Table 19: Overview of equivalence: testing. system 16270, PMzs

Shcew Pazmeters on Graph in Order

Correction
Slope
Intercept
n
R"2
Expanded Uncertainty
u(bs,RM)
u(bs,CM)
n(RM)>
None

CM data corrected cy subtracting 1,228 then dividing by 0,905

Slope (b) = 0.999 +/- 0.024 Not Significantly different from 1

Intercept (a) = -0.051 +/- 0.25 yg m-3 Not Significantly different from 0
n =93

R Squared = 0.949

Expanded Uncertainty (Wcm) = 10.1 % Passes 25% criterion
Between Reference Method Uncertainty (u(bs,RM)) = 0.474 yg m-3
Between Candidate Method Uncertainty (u(bs,CM)) = Not Calculated
Number of RM greater than 17 uyg m-3 = 13
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Table 20: Overview of equivalence testing, all values >= 18 ug/m?, both systems, PMzs

Show Parameters on Graph in Order
Correction CM data corrected by subtracting 1,228 then dividing by 0,905
Slope Slope (b) = 1.056 +/- 0.156 Not Significantly different from 1
Intercept Intercept (a) = -1.786 +/- 3.324 yg m-3 Not Significantly different from 0
n n=11
RA2 R Squared = 0.802
Expanded Uncertainty |Expanded Uncertainty (Wcm) = 11.28 % Passes 25% criterion
u(bs,RM) Between Reference Method Uncertainty (u(bs,RM)) = 0.566 pug m-3
u(bs,CM) Between Candidate Method Uncertainty (u(bs,CM)) = 0.303 pug m-3
n(RM)> Number of RM greater than 17 pg m-3 = 11
None

Table 21: Overview of equivalence testing, all values >= 18 pa/m?3, system 16265, PM2.5

Show Parameters on Grapq in Order
Correction CM data corrected by subtracting 1,2?:5?16: aiiding by 0,905
Slope Slope (b) = 1.042 +/- 0.165 Not Siguiificantly difte:ent from 1
Intercept Intercept (a) = -1.467 +/- 3.517 .¢ m-3 Mot Significantly different from 0
n n=11
RA2 R Squared = 0.773
Expanded Uncertainty |Expanded Uncertainty (Wcra, = 11.25 % Passes 25% criterion
u(bs,RM) Between Reference Method Lnce tainty (u(bs,RM)) = 0.566 ug m-3
u(bs,CM) Between Candidate 'Vztnod Uncartainty (u(bs,CM)) = Not Calculated
n(RM)> Number of RM grea*er thar 1/ uo m-3 = 11
None 4

Table 22: Overview of equivalencz tesiing, ali values >= 18 ug/m3, system 16270, PM2.5

‘Show Pararneters on Graph in Order

Correction CM data correct—(-,:i—u_v-subtracting 1,228 then dividing by 0,905
Slope Slope (b) = 1.074 +/- 0.149 Not Significantly different from 1
Intercept Intercept (a) = -2.209 +/- 3.188 uyg m-3 Not Significantly different from 0
n n=11
R"2 R Squared = 0.824
Expanded Uncertainty |Expanded Uncertainty (Wcm) = 10.81 % Passes 25% criterion
u(bs,RM) Between Reference Method Uncertainty (u(bs,RM)) = 0.566 pug m-3
u(bs,CM) Between Candidate Method Uncertainty (u(bs,CM)) = Not Calculated
n(RM)> Number of RM greater than 17 pg m-3 = 11
None
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Table 23: Overview of equivalence testing, both systems, PM1o
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Show Parameters on Graph in Order

Correction
Slope
Intercept
n
R"2
Expanded Uncertainty
u(bs,RM)
u(bs,CM)
n(RM)>
None

CM data corrected by dividing by 0.926

Slope (b) = 1.005 +/- 0.037 Not Significantly different from 1

Intercept (a) = -0.545 +/- 0.664 ug m-3 Not Significantly different from 0
n =83

R Squared = 0.891

Expanded Uncertainty (Wcm) = 11.86 % Passes 25% criterion
Between Reference Method Uncertainty (u(bs,RM)) = 0.692 yg m-3
Between Candidate Method Uncertainty (u(bs,CM)) = 0.462 yug m-3
Number of RM greater than 28 yg m-3 = 3

Table 24: Overview of equivalence testing, system 16265, Plio

Show Parameters on Grar?ir. Order

Correction
Slope
Intercept
n
RA2
Expanded Uncertainty
u(bs,RM)
u(bs,CM)
n(RM)>
None

CM data corrected by dividing by 0.526

Slope (b) = 1.007 +/- 0.038 Not Siynificantly different from 1

Intercept (a) = -0.463 +/- 0.689 g m-5 Not Significantly different from 0
n =83

R Squared = 0.883

Expanded Uncertainty (Wcm) = 12.12 70 Passes 25% criterion
Between Reference Mziiad Uricertainty (u(bs,RM)) = 0.692 ug m-3
Between Candidate M iethoc Uncertainty (u(bs,CM)) = Not Calculated
Number of RM greawar then 26 ug m-3 = 3

Table 25: Overview of equivalern.ce testing. system 16270, PM1o

Show Fzrameters on Graph in Order

Correction
Slope
Intercept
n
R"2
Expanded Uncertainty
u(bs,RM)
u(bs,CM)
n(RM)>
None

CM data corrected by dividing by 0.926

Slope (b) = 1.004 +/- 0.036 Not Significantly different from 1

Intercept (a) = -0.661 +/- 0.65 yg m-3 Not Significantly different from 0O
n =83

R Squared = 0.895

Expanded Uncertainty (Wcm) = 11.76 % Passes 25% criterion
Between Reference Method Uncertainty (u(bs,RM)) = 0.692 ug m-3
Between Candidate Method Uncertainty (u(bs,CM)) = Not Calculated
Number of RM greater than 28 yg m-3 = 3
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6.1 18 Maintenance interval (7.5.7)

The maintenance interval of the AMS shall be greater or equal to two weeks.

6.2 Equipment
Not required for this performance criterion

6.3 Testing

The maintenance interval is the longest time period without intervention as recommended by
the manufacturer. The competent body shall ensure that during this period the AMS does not
need any maintenance or adjustment.

6.4 Evaluation

The manufacturer has prepared a maintenance plan for this measuring system. The shortest
maintenance interval is 1 year (calibration with MonioDust, calibration of volume flow, leak
check and cleaning of the inlet).

6.5 Assessment
The maintenance interval is 1 year, as speciiicd by the imanufacturer.

Criterion satisfied? yes

6.6 Detailed presentation of test resvit:

Not required for this performance criterica.
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7. Recommendations for use in practice

7.1  Work in the maintenance interval
The tested measuring systems require regular performance of the following tasks:

Every year:
e Calibration with MonoDust
e Calibration of volume flow
e Performance of a leak test
e Cleaning of the inlet

Consult the maintenance sheets in the manual for furthe: details.

7.2 Additional maintenance tasks

Consult the manual for further details.
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Environmental Protection/Air Pollution Control

€ Lo, § - o

Dipl.-Ing. Fritz Hausberg Dipl.-Ing. Guido Baum

Cologne, 31 March 2022
936/21254495/A
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9.

Annex 1
| Start Date & Time

Figure 9: Measured values, PMzs

Appendix

TUV Rheinland Energy GmbH
Air Pollution Control

Report on the performance test of the AQ Guard Smart ambient air quality
measuring system for indicative measurement of suspended particulate mat-
ter PM2.5 and PM10 manufactured by Palas GmbH,

Report No.: 936/21254495/A

Measured values from the field test sites

12/3/2021 0:00
12/4/2021 0:00
12/5/2021 0:00
12/6/2021 0:00
12/7/2021 0:00
12/8/2021 0:00
12/9/2021 0:00
12/10/2021 0:00
12/11/2021 0:00
12/12/2021 0:00
12/13/2021 0:00
12/14/2021 0:00
12/15/2021 0:00
12/16/2021 0:00
12/17/2021 0:00
12/18/2021 0:00
12/19/2021 0:00
12/20/2021 0:00
12/21/2021 0:00
12/22/2021 0:00
12/23/2021 0:00
12/24/2021 0:00
12/25/2021 0:00
12/26/2021 0:00
12/27/2021 0:00
12/28/2021 0:00
12/29/2021 0:00
12/30/2021 0:00
12/31/2021 0:00
1/1/2022 0:00
1/2/2022 0:00
1/3/2022 0:00
1/4/2022 0:00
1/5/2022 0:00
1/6/2022 0:00
1/7/2022 0:00
1/8/2022 0:00
1/9/2022 0:00
1/10/2022 0:00
1/11/2022 0:00
1/12/2022 0:00
1/13/2022 0:00
1/14/2022 0:00
1/15/2022 0:00
1/16/2022 0:00
1/17/2022 0:00
1/18/2022 0:00
1/19/2022 0:00
1/20/2022 0:00

RM1
6.52
3.99
5.17
9.89
5.44
5.53
5.90
6.29
15.90
4.29
3.93
7.19
6.47
26.70
15.81
11.46
9.37
9.92
19.26
21.53
20.44
7.29
5.38

6.02
3.48
3.21
3.1
3.57
4.1
5.47
2.57
2.73
4.63
7.62
4.18
4.54
4.90
12.07
13.06
16.97
17.88
20.97
10.71
13.25
15.07
9.72
8.89
5.26

RM2 CM1 cM2
6.80 6.66 6.65
4.81 4.42 4.47
4.72 4.15 4.24
9.89 9.02 8.99
5.08 5.92 6.03
5.80 4.73 4.87
6.89 5.52 5.54
6.11 6.58 6.70
15.45 13.46 13.83
3.75 5.30 5.40
3.48 2.79 2.81
6.65 6.15 6.30
5.11 5.26 5.34
26.43 23.59 24.37
15.00 11.43 11.90
10.38 10.33 10.47
7.5¢ 8.17 8.31
7.38 8.51 8.70
20.80 16.20 16.16
21.88 19.01 18.85
205 18.82 18.59
7.€5 7.83 7.99
5.02 4.75 4.85
8.01 7.93
6.19 5.22 5.30
4.29 4.82 4.96
3.30 3.58 3.67
2.93 3.1 3.18
2.94 2.60 2.60
4.30 4.68 4.66
4.75 5.21 5.23
1.93 5.17 5.28
2.45 3.36 3.39
4.18 5.86 5.30
7.71 10.25 10.31
3.45 4.25 4.18
4.36 5.62 5.51
4.81 5.71 5.83
11.25 12.23 12.10
12.43 12.47 12.25
16.15 15.99 16.04
16.88 16.71 16.52
20.51 19.25 19.18
10.36 9.94 10.03
13.07 13.08 12.92
14.62 17.31 17.39
9.72 10.85 11.10
9.26 10.51 10.44
5.42 8.79 8.92
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1/21/2022 0:00 8.16 8.13 10.47 10.70
1/22/2022 0:00 16.50 16.12 17.84 17.95
1/23/2022 0:00 19.84 21.83 18.94 19.15
1/24/2022 0:00 7.86 7.86 7.87 7.72
1/25/2022 0:00 18.84 18.47 17.92 18.16
1/26/2022 0:00 27.65 27.64 26.98 26.69
1/27/2022 0:00 9.89 9.52 12.53 12.34
1/28/2022 0:00 7.64 6.80 8.65 8.69
1/29/2022 0:00 4.37 3.28 4.91 4.89
1/30/2022 0:00 7.9 7.00 10.48 10.53
1/31/2022 0:00 4.71 4.46 7.81 6.55
2/1/2022 0:00 3.90 3.99 6.97 6.93
2/2/2022 0:00 8.35 7.71 11.30 11.30
2/3/2022 0:00 4.90 5.35 5.44 5.38
2/4/2022 0:00 3.00 3.00 3.32 2.67
2/5/2022 0:00 4.00 4.18 4.48 4.41
2/6/2022 0:00 1.62 1.91 2.49 2.07
2/7/2022 0:00 4.29 4.02 5.96 5.83
2/8/2022 0:00 3.02 2.75 2.93 2.90
2/9/2022 0:00 6.62 6.44 .13 5.98
2/10/2022 0:00 8.16 8.25 8.95 8.70
2/11/2022 0:00 6.98 7.07 7.59 7.45
2/12/2022 0:00 8.97 8.43 8.78 8.44
2/13/2022 0:00 8.25 2 KU 8.85 8.40
2/14/2022 0:00 3.53 3.99 4.19 4.05
2/15/2022 0:00 3.08 4.17 4.49 4.35
2/16/2022 0:00 1.18 1.00 2.02 2.01
2/17/2022 0:00 4.72 4 R2 7.55 7.57
2/18/2022 0:00 3.93 3.11 5.43 5.46
2/19/2022 0:00 2.21 3.1 3.83 3.83
2/20/2022 0:00 2.45 2.08 3.54 3.29
2/21/2022 0:00 2.81 3.08 4.81 4.53
2/22/2022 0:00 4.89 4.52 7.86 7.64
2/23/2022 0:00 5.80 5.90 6.16 5.93
2/24/2022 0:00 3.63 3.72 3.68 3.53
2/25/2022 0:00 5.17 4.54 6.81 6.68
2/26/2022 0:00 9.25 8.07 10.81 10.51
2/27/2022 0:00 7.71 6.71 7.32 6.89
2/28/2022 0:00 10.80 10.79 11.52 10.60
3/1/2022 0:00 14.87 13.97 16.22 14.88
3/2/2022 0:00 15.79 16.14 17.24 14.92
3/3/2022 0:00 17.87 17.77 18.47 17.26
3/4/2022 0:00 19.23 19.05 19.92 19.83
3/5/2022 0:00 17.96 18.05 18.90 18.02
3/6/2022 0:00 18.96 19.23 18.87 18.76

Figure 10: Measured values, PMzs
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Start Date & Time

12/3/2021 0:00
12/4/2021 0:00
12/5/2021 0:00
12/6/2021 0:00
12/7/2021 0:00
12/8/2021 0:00
12/9/2021 0:00
12/10/2021 0:00
12/11/2021 0:00
12/12/2021 0:00
12/13/2021 0:00
12/14/2021 0:00
12/15/2021 0:00
12/16/2021 0:00
12/17/2021 0:00
12/18/2021 0:00
12/19/2021 0:00
12/20/2021 0:00
12/21/2021 0:00
12/22/2021 0:00
12/23/2021 0:00
12/24/2021 0:00
12/25/2021 0:00
12/26/2021 0:00
12/27/2021 0:00
12/28/2021 0:00
12/29/2021 0:00
12/30/2021 0:00
12/31/2021 0:00
1/1/2022 0:00
1/2/2022 0:00
1/3/2022 0:00
1/4/2022 0:00
1/5/2022 0:00
1/6/2022 0:00
1/7/2022 0:00
1/8/2022 0:00
1/9/2022 0:00
1/10/2022 0:00
1/11/2022 0:00
1/12/2022 0:00
1/13/2022 0:00
1/14/2022 0:00
1/15/2022 0:00
1/16/2022 0:00
1/17/2022 0:00
1/18/2022 0:00
1/19/2022 0:00
1/20/2022 0:00

RM1
14.68
8.35
8.52
15.15
13.87
13.24
13.61
11.91
23.52
9.46
10.46
13.73
12.36
41.12
23.79
15.63

27.96
26.25
18.61
7.37
10.37
8.46
10.18
8.28

20.68

9.79
11.24
20.68
16.33
25.30
24.49
27.76
11.70
17.41
25.22
21.95
23.95
19.83

Figure 11: Measured values, PM1o

RM2
13.78
7.35
7.61
14.51
12.24
12.52
12.61
10.82
23.07
9.46
9.83
13.36
12.82
40.49
22.62
14.73

26.28
25.80
7 Uy
1.5¢
9.9C
8.7¢

AN N7

[y

8.38

20.57

10.06
11.52
20.77
16.60
25.03
23.31
26.22
11.70
16.69
22.58
19.95
21.77
17.93
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CM1
11.48
8.98
6.24
12.41
12.65
9.43
10.22
9.29
16.86
11.34
7.10
9.93
8.74
30.02
15.35
12.90
11.16
14.29
22.31
22.03
23.15
18.12
5.99
8.70
6.26
9.21
6.50
6.75
4.12
6.41
9.34
10.84
6.45
9.48
22.10
9.36
12.96
10.75
17.72
14.77
22.22
20.67
23.44
11.02
16.90
27.81
17.56
23.57
20.64

CM2
11.20
8.87
6.41
12.22
12.85
9.62
10.16
9.39
17.31
11.23
7.01
10.22
8.95
30.94
15.76
12.89
11.16
14.55
2212
21.93
23.18
18.40
6.13
8.61
6.42
9.43
6.55
6.72
4.25
6.58
9.48
11.09
6.38
8.58
21.66
9.01
12.55
11.01
17.55
14.63
22.07
20.44
23.20
11.11
16.66
28.00
17.94
22.96
20.64
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1/21/2022 0:00 23.19 21.01 25.85 26.22
1/22/2022 0:00 27.82 26.36 25.23 25.14
1/23/2022 0:00 26.45 29.18 22.43 22.54
1/24/2022 0:00 12.85 13.03 11.97 11.66
1/25/2022 0:00 29.26 28.81 26.04 26.16
1/26/2022 0:00 37.33 36.25 33.46 32.84
1/27/2022 0:00 19.24 18.59 25.89 25.09
1/28/2022 0:00 21.05 20.14 17.07 17.12
1/29/2022 0:00 9.44 9.88 8.91 8.79

1/30/2022 0:00 23.77 23.68 20.45 20.14
1/31/2022 0:00 12.80 13.79 14.56 12.43
2/1/2022 0:00 13.60 13.33 15.07 14.93
2/2/2022 0:00 22.41 22.31 18.79 18.71
2/3/2022 0:00 11.97 10.98 9.28 9.17

2/4/2022 0:00 6.98 8.43 6.95 5.52

2/5/2022 0:00 9.06 9.42 7.12 7.11

2/6/2022 0:00 4.17 4.90 4.76 3.81

2/7/2022 0:00 15.27 14.36 14.15 13.52
2/8/2022 0:00 9.64 8.65 7.84 7.55

2/9/2022 0:00 14.51 14.15 10.75 10.37
2/10/2022 0:00 15.87 16.05 15.30 14.99
2/11/2022 0:00 16.96 17.14 13.83 13.68
2/12/2022 0:00 15.23 1605 12.88 12.25
2/13/2022 0:00 12.60 12.61 11.73 11.41
2/14/2022 0:00 10.61 1€ 7) 9.29 8.92
2/15/2022 0:00 10.88 10.79 8.74 8.53
2/16/2022 0:00 7.07 S 7.72 7.65
2/17/2022 0:00 16.14 14.42 14.86 14.92
2/18/2022 0:00 12.00 11.09 10.86 11.12
2/19/2022 0:00 9.19 8.37 7.1 7.12
2/20/2022 0:00 7.25 6.99 6.72 6.10
2/21/2022 0:00 9.43 9.43 9.51 8.82
2/22/2022 0:00 16.96 16.68 15.69 14.92
2/23/2022 0:00 14.69 15.33 10.72 10.42
2/24/2022 0:00 8.62 8.89 6.80 6.82
2/25/2022 0:00 17.23 16.42 16.85 16.91
2/26/2022 0:00 20.04 18.96 16.82 16.50
2/27/2022 0:00 11.25 9.98 9.41 8.95
2/28/2022 0:00 16.32 15.06 15.14 14.19
3/1/2022 0:00 20.22 19.68 20.90 19.21
3/2/2022 0:00 2512 24.30 23.87 20.53
3/3/2022 0:00 26.21 25.49 25.09 23.94
3/4/2022 0:00 28.21 27.66 26.00 26.52
3/5/2022 0:00 22.67 21.58 21.83 20.72
3/6/2022 0:00 25.21 24.22 22.73 23.15

Figure 12: Measured values, PM1o
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Annex 2 Certificate of Accreditation

(( DAKKS

Deutsche
Akkreditierungsstelle

Deutsche Akkreditierungsstelle GmbH

Beliehene gemaR § 8 Absatz 1 AkkStelleG i.V.m. § 1 Absatz 1 AkkStelleGBV
Unterzeichnerin der Multilateralen Abkommen
von EA, ILAC und IAF zur gegenseitigen Anerkennung

Akkreditierung

Die Deutsche Akkreditierungsstelle GmbH bestatigt hir nnit, dass das Priflaboratorium

TOV Rheinland Energy GmbH
mit seinen in der Urkundenanlage aufgefiihrten Mess:tell»n und Standorten

die Kompetenz nach DIN EN ISO/IEC 170252015 uocitzt, Prurivigen in folgenden Bereichen

durchzufiihren:

g (Pr hme und lytik) von g hen unt o"r dschen gas- oder piﬂihl-fbnnlgen Luftinhailtsstoffen im
Rah won Emissi und issi §” +; Probunahme Lon luftgetrags i Dibenzo-p-Dioxinen und

furanen bel und M 2robe Yal )me von | ‘u'formlpn Pamknln bol Emissionen md Immissionen;
Ermittlung von gas- oder partikelformigen Lv/ dr aaltssto fo 1 mit kanti lerlich ar von
Geruchsstoffen In Luft; Kallbrierungen und /w <tionsp dfunean kantl ulerlich arb o 3 fir Luft
Sy ur tun, un € als 1 ' ignungsprifung:

von isch arb d i und I issic ch inschlieBlich Sy ur D tung
und Emissionsferniberwachung; Erm’.uung uo* Emis. ‘one ™ und von h g von ch
In der Nmbmhon Ermittiung v n Ceraus.en L ad Vi "3 snen am Arb L und schwi \gstach

Im 40t g vor Scoalll In von zur Ver dung Im Frelen h &
und Maummm nach Richtlinle 07 0/14/€G und Ko fo rfahren; Sch inhéhenb hnung und

Immissionsprognose auf der Gru~dla, ~ der Technis h n Anleitung zur Rnlnhalun' der Luft und der Gam:hummhuom Richtlinie
und der VDI 3783 Blatt 13; Windene, ~lea. lagen: P a5’ mmung von thpomnﬁal En«'iunn.‘n, Shtmmlm und

Shndor!;ﬂto nach EEG, tundonbum 00 o7 uk nzcharakteristika und 8
h undSk-’l» itsb g; P hme und mikrobiologische L gen von
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Die Akkreditierungsurkunde gilt nur in Verbindung mit dem Bescheid vom 30.08.2019 mit der
Akkreditierungsnummer D-PL-11120-02-00. Sie besteht aus diesem Deckblatt, der Riickseite des
Deckblatts und der folgenden Anlage mit insgesamt 48 Seiten.

Registrierungsnummer der Urkunde: D-PL-11120-02-00 A/ 0 Q

Berlin, 30.08.2019 Im Auftrag Dipl.-Ing. Andrea Valbuena
Abteilungsieiterin
Dle Urkunde somt Urkundenanioge gibt den Stand zum Zei! kt des A i o Meder De' Jeweils aktuelie Stond des
ftungsbereiches der A ierung ist der D jtierter Steflen der Deutsch ierungsstelle GmbH (DAKKS) zu
entnehmen. hitps.//www.dakks de/c /e steflen

Shehe Hirmeive sl der Ricksete

Figure 13: Certificate of accreditation according to EN ISO/IEC 17025:2018
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Report on the performance test of the AQ Guard Smart ambient air quality Precisely Right.
measuring system for indicative measurement of suspended particulate matter Page 61 of 126
PM2.5 and PM10 manufactured by Palas GmbH,

Report No.: 936/21254495/A

Deutsche Akkreditierungsstelle GmbH

Standort Berlin Standort Frankfurt am Main Standort Braunschweig
Spittelmarkt 10 Europa-Allee 52 Bundesallee 100
10117 Berlin 60327 Frankfurt am Main 38116 Braunschweig

Die auszugsweise Veroffentlichung der Axkroditivrungsu-kunde bedarf der vorherigen schriftlichen
Zustimmung der Deutsche Akkreditierungsstelli: ¢ mbH (DAk :S). Ausgenommen davon ist die separate
Weiterverbreitung des Deckblattes curch die »m.eing gen.nnte Konformitatsbewertungsstelle in
unverdnderter Form.

Es darf nicht der Anschein erwcckt weiden, Uass cich die Akkreditierung auch auf Bereiche erstreckt,
die Gber den durch die DAk} Lestatigian # kkredit.erungsbereich hinausgehen.

Die Akkreditierung erfolgi= gemaR des Ges et zes (iber die Akkreditierungsstelle (AkkStelleG) vom

31. Juli 2009 (BGBI. | S. 2625) zow:= der Vrordnung (EG) Nr. 765/2008 des Europaischen Parlaments
und des Rates vom 9. Juli 2008 Gu=r ais Vorschriften fur die Akkreditierung und Marktuberwachung
im Zusammenhang mit der Vermarktuny, von Produkten (Abl. L 218 vom 9. Juli 2008, S. 30).

Die DAKKS ist Unterzeichnerin der Multilateralen Abkommen zur gegenseitigen Anerkennung der
European co-operation for Accreditation (EA), des International Accreditation Forum (IAF) und

der International Laboratory Accreditation Cooperation (ILAC). Die Unterzeichner dieser Abkommen
erkennen ihre Akkreditierungen gegenseitig an.

Der aktuelle Stand der Mitgliedschaft kann folgenden Webseiten entnommen werden:
EA: www.european-accreditation.org

ILAC: www.ilac.org
IAF:  www.iaf.nu

Figure 14: Certificate of accreditation according to EN ISO/IEC 17025:2018 - page 2
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Report on the performance test of the AQ Guard Smart ambient air quality

Page 62 of 126 measuring system for indicative measurement of suspended particulate mat-
ter PM2.5 and PM10 manufactured by Palas GmbH,

Report No.: 936/21254495/A

Appendix 3: Operation manual
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