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Abstract

An inter-laboratory comparison exercise (IE) for the determination of PM mass concentration
with the reference gravimetric method (EN 12341:2014) was organised for the first time at
European level in 2015. Such an IE comprises the comparison between the samplers used by
the various participants. Samplers shall therefore be co-located for several days so that the
number of test samples is large enough for statistical analyses. Thanks to the great interest
for this type of IE and to the commitment from the AQUILA Network members, 22
Laboratories plus the European Reference Laboratory for Air Pollution deployed their
instruments at a single place in the premises of the Joint Research Centre in Ispra (Italy) for
the same period of time (13 Feb. - 9 Apr. 2015). For almost two months, 24 samplers for
PM10 and 22 for PM2.5 collected ambient aerosol samples on the filter types used by each
participant. Gravimetric analyses of the filters before and after sampling were performed by
the participants in their own laboratories following their own conditioning and filter handling
procedures.

The assigned daily values for PM10 and PM2.5 were calculated as the Consensus Value from
all participant results following the standard ISO 13528:2015. They ranged from 3.5 to 106
pg/m3 for PM10, and from 2.1 to 96 pg/m3 for PM2.5.

The scope of this inter-laboratory comparison was to assess the robustness of the
measurement process and to determine the performance of the participants’ values. From the
statistical analyses, conclusions could be drawn.

The reproducibility of the method was 14% for PM10 and 17% for PM2.5.

The Data Quality Objective of £25% at the Daily Limit Value for PM10 (50ug/m3) was not
reached for only 1.3% of all the participants’ results over the whole IE concentration range.

For PM10, out of 1245 reported daily values, 17 (1.4%) were found to be unsatisfactory with
respect to the z’-score criterion (|z’|>3). Close to half of these values were produced by one
single laboratory. For PM2.5, out of 1193 daily averages, only 5 (0.4%) showed an
unsatisfactory result. Questionable results (3=|z'|>2) amounted 4.7% and 3.8% of all PM10
and PM2.5 data, respectively.

The En-score, which takes into account also the uncertainties reported by the participants,
exceeded the critical threshold (|En|>1) for 21.2% and 22.7% of the PM10 and PM2.5 reported
data, respectively.

Between cooled and not-cooled samplers, the average relative differences (6% and 4% for
PM10 and PM2.5, respectively) are significant at the 99.9% confidence level.

More than half of the samples were collected on quartz fibre filters for both aerosol size
fractions. Compared to the assigned values, only PTFE filters led to significant biases (99.9%
confidence level) of -4% and - 6% in PM10 and PM2.5, respectively.
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1. Introduction

Particulate matter (PM) is considered as the most harmful air pollutant in outdoor air for
human health. To protect human health the EU agreed on limit values for PM2.5 and PM10,
as well as on an exposure reduction target for PM2.5, which are described in the Air Quality
Directive [1]. The correct measurement of the two particulate fractions PM2.5 and PM10 is not
only required by the Directive, but is also essential for a harmonized assessment of
concentration levels, to detect the successful implementation of emission reductions and to
identify changing emission patterns or sources at local, regional and global level.

The Air Quality Directive sets the legal basis for a harmonised assessment of air pollutants in
Europe. The reference measurement methods for PM2.5 and PM10 are described in the
European standard EN 12341:2014 [2]. Requirements on the data quality are set as minimum
objectives for the uncertainty of the measurement itself, and as minimum data capture.

The accuracy of the PM measurements has to be assured and continuously controlled in line
with the Air Quality Directive and requirements of international standards for accreditation.
The EC’s Joint Research Centre is the responsible body organising quality assurance at EU
level, in collaboration with the AQUILA Network [3]. The Member States’ National air quality
reference laboratory in charge of the quality of air pollution measurements has to participate
regularly to the quality assurance programmes organized by the European Commission’s Joint
Research Centre in Ispra. While for gaseous air pollutants inter-laboratory tests can be carried
out in a special dynamic test gas generation facility [4] or by distribution of gas cylinders,
these methods are not possible for aerosols.

Between 2006 and 2009 the JRC carried out a unique quality control programme in 18 Member
States, where the JRC employed reference method measured in parallel to national reference
sampling instruments and a monitoring station in the Member State. Detailed results of the
campaign are described in a report [5].

In 2015 the JRC, in collaboration with the AQUILA Network of National Air Quality Reference
Laboratories, organized for the first time an outdoor inter-comparison exercise (IE) in Ispra,
Italy, for PM10 and PM2.5 measurement. A platform was identified inside the premises of the
Joint Research Centre, which offered enough space for a larger number of sampling
instruments, without being influenced by near-by local emission sources, which could impact
on the homogeneity of the sampling platform.

The PM IE was announced at the 22" AQUILA meeting in June 2014, where logistical and
technical requirements and boundaries were discussed. The platform was presented to the
AQUILA community at the occasion of the 23™ AQUILA meeting in November 2014. Static
tests of the platform confirmed its suitability and subsequently electrical lines were installed
to allow for proper and stable electricity supply to all instruments.

In order to catch a period with both low and high PM pollution levels, it was decided to start
sampling in February 2015. During a period of 8 weeks, up to 56 filters per PM size fraction
could be collected by the participants.

13



2. Organization of the field comparison

The comparison was announced in June 2014 to the members of the AQUILA network and the
WHO-CC representatives. It took place on the premises of the EC’s Joint Research Centre in
Ispra, Italy. Participants were requested to bring their own PM10 and PM2.5 samplers,
following the recommendations from the Reference Method for Particulate Matter as described
in EN12341:2014, as well as the equipment necessary to check the samplers on site.

The installation of the samplers took place in the period February 9% - 12%, 2015, with a
selected number of laboratories invited each day. Sampling started on February 13t™, 2015,
at 0:00 a.m. UTC and ended after eight weeks on April 9%, 2015, at 12:00 p.m. Participants
were requested to pass by at least after 4 weeks to exchange the loaded filter cartridges with
unloaded filter cartridges. In-between and in case of unavailability, filter cartridges were
exchanged by JRC personal, storing unloaded and loaded filters inside the balance room of
ERLAP at conditions as requested in EN12341:2014. Within the first week after the end of the
campaign, participants passed by to dismantle their equipment.

Data were reported by the participants via a web application. Daily values (0:00 a.m. - 12:00
p.m.) and associated uncertainties were inserted by the participants together with a
questionnaire regarding the used equipment and sampling details.

2.1 Participants

19 countries plus the European Commission were represented during the IE. 23 laboratories
participated in the comparison of PM10 and 21 in the comparison of PM2.5. The European
Reference Laboratory for Air Pollution (ERLAP) participated with two samplers for both PM10
and PM2.5, hence bringing the total number of datasets for PM10 to 24 and for PM2.5 to 22.
Details and the code of each laboratory, used during the evaluation of the comparison, are
given in table 1.

Table 1: Participating laboratories

COUNTRY LABORATORY ACRONYM |PM10|PM2.5|CODE
AUSTRIA Environment Agency Austria EEA X X Y
AUSTRIA Upper Austria Regional Government 00E X X A
BELGIUM Institut Scientifigue de Service Public 1SSeP X X W
BELGIUM Flemish Environmental Agency VMM X X D
CROATIA Institute for Medical Research and Occupational Health 1M1 X X E
CZECH REPUBLIC Czech Hydrometeorological Institute CHMI X X F
DEMMARK National Environmental Research Institute MERI X X H
EUROPEAN COMMISSION European Reference Laboratory for Air Pollution ERLAP X X G
EUROPEAN COMMISSION European Reference Laboratory for Air Pollution ERLAP 11 X X (8]
FINLAND Finnish Metrological Institute FMI X J
FRAMCE Institut National de I'Environnement Industriel et des Risques INERIS X X L
GERMANY Landesamt flr Natur, Umwelt und Verbraucherschutz LANUV X X U
GERMANY TUV Rheinland Energy GmbH TUV X X N
HUNGARY Hungarian Meteorological Service HMS X X C
IRELAND Environmental Protection Agency EPA X X P
ITALY Istituto Speriore per la Protezione e Ricerca Ambientale ISPRA X X Q
LUXEMBOURG Service Surveillance et Controle de la Qualite de Air AEV X X R
NORWAY Norwegian Institute for Air Research NILU X X S
RUSSIA State Environmental Institution ‘Mosecommonitoring’ MOSECOM X X T
SERBIA Serbian Environmental Protection Agency SEPA X %
SLOVEMIA Environmental Agency of the Republic of Slovenia SEA X X W
SPAIN Instituto de Salud Carlos 111 ISCIII X X Z
SWITZERLAND Swiss Federal Laboratories for Materials and Science Technology ENMPA X X B
UNITED KINGDOM Riccardo Energy and Environment - AEA RICARDO-AEA| X X K

14



2.2 Equipment

Each participant provided information regarding the type of sampler used (including if a sheath
air system was in place on the connecting pipe work to minimize effects of solar heating) and
filter material.

In the PM10 comparison, 5 High Volume Samplers (HVS) and 19 Low Volume Samplers (LVS)
were used, whereas in the PM2.5 comparison 4 HVS and 18 LVS were used.

Regarding the filter material, Quartz filters were used by 15, Glass filters by 4, Emfab by 2
and PTFE by 3 laboratories for PM10 sampling. For PM2.5, Quartz filters were used by 13,
Glass filters by 5, Emfab by 2, and PTFE by 2 laboratories. Table 2 and 3, separated into PM10
and PM2.5, list in details the equipment used by each laboratory.

Table 2: Equipment used for PM10 measurements

PM10:
ACRONYM INSTRUMENT FLOW RATE FILTERMATERIAL COOLING SYSTEM
EAA Digitel LVS (Prototype) 2.3m*/h | Munktell Glass Microfibre discs, grade 227/1/60
0O0E Digitel DHA 80 30m°/h | Munktell Glass Microfibre discs, grade 227/1/60
1SSeP Derenda PNS 16/6.1 2.3m3,-"h Pallflex Tisugtz 2500 AQT-UP X
VMM Leckel SEQ 47/50 2.3m’*/h Pallflex Tisugtz 2500 AQT-UP
IMI Leckel SEQ 47/50-CD 2.3m*/h QMA Quartz Microfibre Filters, Whatman X
CHMI Leckel SEQ 47/50-CD 2.3m’/h Glass fiber Whatman GF/C X
NERI Leckel SEQL47/50-CD 2.3m3,-"h QMA Quartz Microfibre Filters, Whatman X
ERLAP Leckel SEQ 47/50-CD 2.3m’*/h Pallflex Tisugtz 2500 AQT-UP X
ERLAP I Leckel SEQ 47/50 2.3m*/h Pallflex Tisugtz 2500 AQT-UP
FMI Leckel SEQ 47/50 2.3m°/h | Millipore Fluoropore Membrane (PTFE) 3.0 pm
INERIS Leckel SEQ 47/50-CD 2.3m*/h Pall PTFE with PMP support ring, 2.0 pm X
LANUV Digitel DHA 80 30m/h Quartz fibre Machery & Nagel QF10
TUV Leckel SEQ 47/50 2.3m%/h pall Emfab
HMS Digitel DHA 80 30m’/h Frisenette ApS, Quartz fibre filter grade QF
EPA Leckel SEQ.47/50 2.3m/h Glass fiber Whatman
ISPRA TCR Tecora Skypost HV 2.3m*/h Quartz fibre Munktell Ahlstrom MK360 X
AEV Leckel SEQ 47/50 2.3m*/h Quartz microfibre Type T293 Sartorius-Stedim
NILU Leckel SEQ 47/50 2.3m’/h Pall PTFE Zefluor, 2.0 pm
MOSECOM | Comde Derenda, LVS/MVS mod. PNS15-3.1 2.3m3,-"h Whatman EPM2000, glass X
SEPA TCR Tecora Skypost HV 2.3m*/h Whatman tm grade OMA X
SEA Digitel DHA 80 30m°/h Quartz Pall Flex 2500 QAT-UP
ISClI Derenda IND LVS3 sequential sampler 2.3m*/h Whatman QMA X
EMPA Digitel DHA 80 HTD 30m’/h Pallflex IP56, tissuguartz 2500 QAT-UP
RICARDO-AEA Leckel SEQ 47/50 2.3m*/h Emfab
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Table 3: Equipment used for PM2.5 measurements

PM2.5:
ACRONYM INSTRUMENT FLOW RATE FILTERMATERIAL COOLING 5YSTEM
EAA Digitel DHA 80 30m°/h | Munktell Glass Microfibre discs, grade 227/1/60
O0E Digitel DHA 80 30m’/h | Munktell Glass Microfibre discs, grade 227/1/60
155eP Derenda PNS 16/6.1 2.3m5,fh Pallflex Tisugtz 2500 AQT-UP X
VMM Leckel SEQ 47/50 2.3m’/h Pallflex Tisugtz 2500 AQT-UP
IMI Leckel SEQ 47/50-CD 2.3m°/h QMA Quartz Microfibre Filters, Whatman X
CHMI Leckel SEQ 47/50-CD 2.2m°/h Glass fiber Whatman GF/C X
NERI Leckel SEQ 47/50-CD 2.3m3,fh QMA Quartz Microfibre Filters, Whatman X
ERLAP Leckel SEQ 47/50-CD 2.3m°/h Pallflex Tisugtz 2500 AQT-UP X
ERLAP I Leckel SEQ 47/50 2.3m°/h Pallflex Tisugtz 2500 AQT-UP
INERIS Leckel SEQ 47/50-CD 2.3m’°/h Pall PTFE with PMP support ring, 2.0 pm X
LANUY Leckel SEQ 47/50 2.3m’°/h Glass fiber Whatman GF10
TUV Leckel SEQ 47/50 2.3m’/h pall Emfab
HMS Digitel DHA B0 30m’/h Frisenette ApS, Quartz fibre filter grade QF
EPA Leckel SEQ 47/50 2.3m’°/h Glass fiber Whatman
ISPRA TCR Tecora Skypost HV 2.3m’°/h Quartz fibre Munktell Ahlstrom MK360 X
AEV Leckel SEQ 47/50 2.3m°/h Quartz microfibre Type T293 Sartorius-Stedim
MNILU Leckel SEQ 47/50 2.3m’°/h Pall PTFE Zefluor, 2.0 pm
MOSECOM | Comde Derenda, LVS/MVS mod. PNS15-3.1 | 2.3m°/h Whatman GF/A, glass X
SEA Leckel SEQ 47/50 2.3m°/h Quartz filter Macherey Nagel, MM QF-10
ISCIII Derenda IND LVS3 sequential sampler 2.3m°/h Whatman QMA X
EMPA Digitel DHA 80 HTD 30m*/h Pallflex IP56, tissuguartz 2500 QAT-UP
RICARDO-AEA Leckel SEQ 47/50 2.3m3fh Emfab
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2.3 Measurement site

2.3.1 Location

As measurement site, the roof of a water reservoir (building 35a) on the premises of the Joint
Research Centre of the European Commission in Ispra, Italy, has been chosen. The area is
fenced with restricted access.

The site is situated in the pre-alpine area in northern Italy. Both high and low concentrations
of particulate matter could be expected, as the site is on one hand influenced by the highly
polluted Po-valley, on the other hand exposed to situations with strong foehn winds from the
Alps transporting clean air.

The roof of building 35a is around 1-2 m above ground and free of obstacles in the
surroundings. Roads around the building are frequented by JRC personal only, mainly in the
morning, lunch-time and at the end of a working day. Figure 1 shows the area around the
measurement site.

LY

(k)()«{k‘ earth
<

Figure 1: Measurement platform

2.3.2 Positions of samplers

Power supply and pathways for accessibility were installed by the JRC infrastructure service.
All instruments were positioned in the south-eastern area of the platform. The following
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drawing illustrates the position of each single sampler. Each box represents a sampler,
identified by the Lab-code (see Table 1), a suffix “a” for PM10 and suffix “b” for PM2.5.

Day 1

Day 2
Day 3 |:|

Day 4

Feice] | | tm

x>
o

Electrical =
supplier

x

Figure 2: Sampler positions (with day of installation in different colours)

All instruments were labeled with details of the laboratory and checked daily by JRC personal
according to a predefined check list. In case of malfunction, the concerned laboratory was
informed and whenever possible, the problem was solved by JRC personal. A total of 25 repair
works were registered over the entire sampling period. Figure 3 shows a picture of the eastern
part of the measurement site with the samplers installed.
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Figure 3: Samplers and measurement site

2.3.3 Homogeneity

The homogeneity of the measurement site was evaluated at the end of the campaign.
Deviations of each sampler to the reference value were printed on daily maps according to the
samplers’ positions. A day by day check of all maps did not show any tendency of over- or
underestimation in a certain limited area of the sampling site.

Furthermore, the between-sampler uncertainties (ufied) of the PM10 and PM2.5 samplers of
ERLAP, positioned opposite each other on the measurement site, were calculated. An Ufieid Of
1.14 ug/m?3 for PM10 and 0.80 pg/m?3 for PM2.5 underpin the homogenous distribution of PM
across the measurement site during the measurement period.

2.3.4 Meteorological conditions

Meteorological conditions were measured at the EMEP site on the premises of the JRC and are
reported as hourly averages in Figures 4 to 9.

Temperature ranged from -1.9 °C (February 19%) to 23.1 °C (March 31%t), ambient pressure
from 971 mbar (March 25%) to 1006.0 mbar (Feb 18%).

Lowest PM concentrations were measured during foehn events, periods characterized by low
relative humidity (<20 %) and wind from the NW-sector with higher wind speed (max. 10
m/sec on April 15%).

Days with notable precipitation were February 21st, March 16", 22" and 24,
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Figure 4: Ambient temperature (1h-avg.) at measurement site
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Figure 5: Ambient relative humidity (1h-avg.) at measurement site
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Figure 6: Ambient pressure (1h-avg.) at measurement site
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Figure 7: Precipitation (accumulation in 1h) at measurement site
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Figure 8: Wind-speed (1h-avg.) at measurement site
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Figure 9: Wind-direction (1h-avg.) at measurement site
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3. The Assigned Value

3.1 Selection of the Assigned Value

On two days for PM10 and on five days for PM2.5 the comparison of the ERLAP daily averages
(2 values for each size fraction) with the Robust Average did not satisfy the criterion

|, —x*| < 2 /ufxpt) + Ul Equation 1

given in ISO 13528:2015 [6].

As Assigned Value xpt, it was decided to take the Robust Average x* (Consensus Value from
all participant results) calculated according to ISO 13528:2015 [6].

3.2 Calculation of the Robust Average and the Robust Standard Deviation

The Robust Average x* and the Robust Standard Deviation s* were calculated according to
ISO 13528:2015 (part C.3.1) [6] as follows:

Calculation of initial values for x* and s*:
p items of data sorted into increasing order by: x¢13, X¢23,..., X{p}

Note: p = Number of participants

x* = median of xi (i = 1,2,...,p)
s* = 1.483 median of |xi-x*| with (i=1,2,...,p)

Update the values of x* and s* as follows:
0=1.5s%* Equation 2

For each x; (i=1,2,...,p), calculate:
xi¥*= x*-0 when Xxi<x*-0 Equation 3
x*+0 when xi>x*+0

Xi otherwise

Calculate the new values of x*and s* from:

xt= Y0 xi/p Equation 4

st = 1.134\/Z’i’=1(xi* —x92/(p—1) Equation 5

The robust estimates x* and s* were derived by iterative calculations, updating the values of
x* and s* several times using the modified data in equations 2 to 5, until the process
converged. Convergence was assumed when there was no change from one iteration to the
next in the third significant digit of the Robust Mean and the Robust Standard Deviation
(reached after 3 to 8 iterations).
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3.3 Calculation of the Standard Uncertainty of the Assigned Value

The Standard Uncertainty of the Assigned Value u(xpt) was calculated according to ISO
13528:2015 (part 7.7.3) [6] with equation 6:

u(x,.) = 1.25 x j—_; Equation 6
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4. Concentration range of the Assigned Value

The concentration range of the Assigned Value varied from 3.5 to 106 pug/m?3 for PM10, and
from 2.1 to 96 ug/m3 for PM2.5. Assigned values and uncertainties are listed in Annex A.
Figure 10 shows the daily Assigned Value for PM10 and PM2.5 over the measurement period.
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Figure 10: Assigned Values for PM10 and PM2.5 over the measurement period

Almost 50% of the Assigned Value for PM10 and more than 50% for PM2.5 are in a range <20
pg/m3. Figures 11 and 12 show histograms with bins in steps of 10 pg/m3. PM10’s frequency
distribution presents two modes, one between 10 and 20 pg/m3 and another between 30 and
40 ug/m3, while PM2.5’s presents one distinct mode between 0 and 20 pg/m3.

Counts

PM10 concentration distribution

10 20 30 40 50 60 70 80 90 100 110
bins =pg/m?3

Figure 11: Histogram of the Assigned Values for PM10

24



PM2.5 concentration distribution
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Figure 12: Histogram of the Assigned Values for PM2.5

The ratio PM2.5/PM10 of the Assigned Values is given in Figure 13.

Ratio PM2.5/PM10
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Figure 13: Ratio of PM2.5/PM10 Assigned Values
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5. Evaluation of the Field Comparison Exercise

To evaluate the participant’s measurement proficiency, the methodology described in ISO
13528:2015 [6] was applied. Derived from the data reported by all participants, the Robust
Average x* and its Standard Uncertainty u(xpt) were taken as Assigned Value xp: and Standard
Deviation for proficiency assessment op: for each daily value, details are listed in Annex A.

All data reported by all participating laboratories are also presented for each single day in
Annex B.

The proficiency evaluation focuses on data that are as much as possible the reflection of every
day work of the participating laboratories. For that reason, beforehand Grubb’s outlier tests
(5.1) were performed with the scope to detect exceptional errors.

The proficiency of the participants was assessed by calculation of two performance indicators,
which both test if the difference between a participant’s measured value and the Assigned
Value remains within the limits of a criterion. They are calculated individually for each
participant and each sample.

The first performance indicator (z’-score) compares the difference between the participant’s
measured value and the Assigned Value with the quadratic sum of the standard deviation for
proficiency assessment and the standard uncertainty of the Assigned Value (5.2).

The second performance indicator (En-score) compares the difference between a participant’s
measured value and the Assigned Value with quadratic sum of the expanded uncertainties of
the participant’s measurement result and the Assigned Value (5.3).

Uncertainties of the participant’s results were compared to each other and to the one of the
Assigned Value (5.4).

In addition, the relative deviations of participant’s results to the Assigned Value close to the
level of and above the limit value (LV) of the European Directive were calculated and compared
to the Data Quality Objective of the Directive (5.5).

To emphasize the overall uncertainty of both PM2.5 and PM10 measurements, the
reproducibility of all participants was calculated both for all data and at the limit values of the
European Directive 2008/50/EC [1], and compared to the corresponding concentration level
(5.6).

5.1 Grubb’s outlier test

The evaluation focuses on data, which are as much as possible reflecting participants
performance levels and thus represents the comparability of their standard operating
procedures for applying the standard EN12341:2014 [2]. For that reason a procedure for the
detection of exceptional errors (error during typing, malfunction of instrumentation, etc.) was
applied. Hence a “Grubb’s test for one outlying observation” was performed according to ISO
5725, Part 2 [7].

The laboratories producing stragglers and/or outliers were first requested to investigate the
cause of such discrepancies. They were allowed to correct their results in case of identification
of exceptional errors. Subsequently, data were considered as definitive and “Grubb’s test for
one outlying observation” was repeated.

At this stage, data leading to the exceedance of the 1% critical value were considered outliers
not due to exceptional errors. Data leading to the exceedance of the 5% critical value and not
of the 1% critical value, were considered as stragglers.
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5.1.1 PM10 Grubb’s outlier test

In table 4 below are reported the outliers and stragglers identified during the field comparison
exercise for PM10. The comment *min” or “*max” indicate the side on which a critical value
was exceeded.

Table 4: Outliers and stragglers for PM10

DAY LAB OUTLIER STRAGGLER
1 J min
7 T min
11 R min
13 N max
14 R min
17 L max
21 U max
29 M max
30 M max
32 R min
38 T min
41 S min
42 T min
44 R min
47 M max
50 M max
51 M max
53 M max
54 M max
55 R min
56 M max
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5.1.2 PM2.5 Grubb’s outlier test

In table 5 below are reported the outliers and stragglers identified during the field comparison
exercise for PM2.5.

The comment "min” or “max” indicate the side on which a critical value was exceeded.

Table 5: Outliers and stragglers for PM2.5

DAY LAB OUTLIER STRAGGLER
7 P max
8 P min
13 N max
14 T max
32 Cc max
33 Y min

5.2 z'-scores
The z'-score statistic is calculated according to ISO 13528:2015 as:

1 Xi—Xpt

7' = ——= Equation 7

, 2
crpt+u2(xpt)

Where x; is a participants value, xpt is the Assigned Value, op: is the standard deviation for
proficiency assessment (in the case of this IE the standard deviation of the participants results
was taken as opt, detailed values are given in Tab. 15 and Tab. 18) and uwxpt is the standard
uncertainty of the Assigned Value.

The assessment of results in the z’-score evaluation is made according to the following criteria:

e |Z’| £2 are considered satisfactory
e 2<|Z| £3areconsidered questionable
e |Z'| >3 are considered unsatisfactory

The overall results of z'-score are presented in tables of exceedances and plots hereafter and
in laboratory-specific bar plots in Annex C.

5.2.1 PM10 z’-scores

Figure 14 shows the z'-scores for PM10 measurements for each participant (vertical axis) and
each day (horizontal axis) in colour chart from -4 (dark blue) to +4 (dark red). Entries for
which no data were available have been assigned the value “0” in this figure. The data from
two participants lead to z'-scores < -2 for more than 20% of the days, and the data from one
participant lead to z'-scores > +2 for more than 20% of the days.
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PM10 z'-scores
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Figure 14: z’-scores for PM10 measurements in colour scale (left hand side) as a function of date
(horizontal axis) and participant code (vertical axis).

Table 6 summarizes the z'-score for all PM10 results. 4.7% of the daily values were considered
as “questionable” and 1.4 % as “unsatisfactory”.

Table 6: Summary z’-score for PM10

Total daily averages 1245
Daily averages in the range: 2 < |Z'| £ 3 59 4.7 %
Daily averages in the range: |z'| > 3 17 1.4 %

5.2.2 PM2.5 z’-scores

Figure 15 shows the z’-scores for PM2.5 measurements similarly to Figure 14 above. The data
from two participants lead to z'-scores < -2 for more than 20% of the days, and the data from
one participant lead to z'-scores > +2 for more than 10% of the days.
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Figure 15: z’-scores for PM2.5 measurements in colour scale (left hand side) as a function of date
(horizontal axis) and participant code (vertical axis).

Table 7 summarizes the z'-score for all PM2.5 results. 3.8 % of the daily averages were
considered as “questionable” and 0.4 % as “unsatisfactory”.

Table 7: Summary z’-score for PM2.5

Total daily averages 1193
Daily averages in the range: 2 < |Z'| £ 3 45 3.8 %
Daily averages in the range: |Z'| > 3 5 0.4 %

5.3 En-scores
The En-scores are calculated according to ISO 13528:2015 as:

xi—xpt

(En)i = ———=
UZ(x)+U2(xpe)

Equation 8

Where xi is a participant’s value, xpt is the Assigned Value, U(x;) is the participant’s value
expanded uncertainty and U(xpt) is the expanded uncertainty of the Assigned Value.
Participants’ uncertainties were taken “as reported” (see chapter 5.4).

Successful performance is indicated by an |En| < 1, scores of |En| > 1 indicate either a need
to review the uncertainty estimates or an erroneous measurement result. However, it shall be
mentioned that the uncertainty (see Eq. 6) associated with the assigned value calculated as a
Robust Average is lower than a typical uncertainty associated with a measurement result. This
partly explains the rather high amount of data exceeding the En criterion.
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The results of the En-scores are presented in figures and tables of exceedances hereafter.
Further Annex D, in bar plots for each laboratory, presents the bias of each participant (xi-xpt)
with error bars showing the denominator of the equation (,/U%(x;) + U%(x,.)). These plots
represent also the En-scores where, considering the En criteria (|En|<1), all results with error
bars touching or crossing the x-axis are satisfactory.

5.3.1 PM10 E,-scores

Figure 16 shows the En-scores for PM10 measurements for each participant (vertical axis) and
each day (horizontal axis) in colour chart ranging from-5 (dark blue) to +5 (dark red), similarly
to Figure 14. Entries for which no data were available have been assigned the value “0” in this
figure. Very few are the participants for which both several En-scores <-1 and several En-
scores >+1 are observed. This suggests that when significant with respect to the expanded
uncertainties (|En|>1), the biases in the PM10 data reported by each participant are quite
systematically positive or negative.
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Figure 16: E,-scores for PM10 measurements in colour scale (left hand side) as a function of date
(horizontal axis) and participant code (vertical axis).

Table 8 summarizes the En-score for all PM10 results. 21.2 % of the daily averages exceeded
the criterion of |En| < 1.

Table 8: Summary E,-score for PM10

Total daily averages 1245

Daily averages with |En| 21 264 21.2 %

5.3.2 PM2.5 E,-scores

Figure 17 shows the En-scores for PM2.5 measurements for each participant (vertical axis)
and each day (horizontal axis) similarly to Figure 16. As for PM10, biases appear quite
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systematically positive (orange-red) or negative (turquoise-blue) for participants data
corresponding to |En|>1.

PM2.5 En-scores
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Figure 17: E,-scores for PM2.5 measurements in colour scale (left hand side) as a function of date
(horizontal axis) and participant code (vertical axis)

Table 9 summarizes the En-score for all PM2.5 results. 22.7 % of the daily averages exceeded
the criterion of |En| < 1.

Table 9: Summary E,-score for PM2.5

Total daily averages 1193

Daily averages with |En| =1 271 22.7 %

5.4 Uncertainties of participants results

To better understand the results of the En-scores, a closer look was given to the participants
reported uncertainties and the uncertainty calculated for the Assigned Value. Most of the
participants calculated their uncertainties with respect to the measured concentration, some
gave a constant (or more or less constant) figure for the whole measurement period. This led
to considerable differences between the participants, worst on the day with the highest
measured PM concentration (Feb.13%, 2015), where expanded uncertainties between 1 and
15 pg/m3 were reported. As this has a direct influence on the En-score (see equation 8), a
review of the calculation of uncertainties (e.g. following EN 12341:2014) is advised for some
participants. Figure 18 and 19 show the reported expanded uncertainties for PM10 and PM2.5
including the calculated uncertainty of the Assigned Value. The latter, being lower than a
typical individual uncertainty, has a direct influence on the outcome of all En-scores as
described in chapter 5.3.
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PM10 Expanded Uncertainties of all participants and Assignhed Value (black)
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Figure 18: Expanded uncertainties of all participants’ PM10 data and the Assigned Value
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Figure 19: Expanded uncertainties of all participants’ PM2.5 data and the Assigned Value

5.5 Compliance with the Data Quality Objective (DQO) of the European
Directive
The participant’s results in this field inter-comparison exercise were analysed to identify if they

comply with the DQO for ambient air quality assessment given in Annex I of the European
Directive 2008/50/EC [1].

The LV is 50 pg/m3 for PM10 as a 24 h average and 25 pg/m?3 for PM2.5 as an annual average.
The DQO for PM10 and PM2.5 is given as 25% at the Limit Value (LV), hence on both limit
values a margin of 25% was applied. The fact, that relative deviations of participants’ PM2.5

33



data are compared against the annual average, needs to be considered when PM2.5 data are
interpreted.

5.5.1 PM10 relative deviations at the daily limit value

To compare data to the DQO close to the LV and above, the following procedure has been
applied:

Only data measured when the Assigned Value was higher than 37.5 ug/m3 (= 0.75*LV) were
compared to the DQO. The relative difference between each single daily value measured by a
participant and the Assigned Value was calculated and shown in figure 20. For PM10, only 5
daily values exceeded the DQO, corresponding to 1.3% of all measured data in this
concentration range.
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Figure 20: Relative deviations of participant’s daily averages to the Assigned Value in the range of the
daily LV for PM10
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5.5.2 PM2.5 relative deviations at the annual limit value

To compare data to the DQO close to the LV and above, the following procedure has been
applied:

As no daily LV for PM2.5 is available, the annual LV was considered. Only data measured when
the Assigned Value was higher than 18.75 ug/m3 (= 0.75*LV) were compared to the DQO.
The relative difference between each single daily value measured by a participant and the
Assigned Value was calculated and shown in figure 21. For PM2.5, only 2 daily values exceeded
the DQO, corresponding to 0.4% of all measured data in this concentration range.
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Figure 21: Relative deviations of participant’s daily averages to the Assigned Value in the range of the
annual LV
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5.6 Reproducibility

The reproducibility of the method R [7] was calculated firstly of all daily values (including
outliers and stragglers) and secondly of daily values exceeding 75% of the daily limit value
(50 pug/m3) or the annual limit value (25 pg/m?3) for PM10 and PM2.5, respectively. Table 10
lists the reproducibility of PM10 and PM2.5 measurements for the entire field comparison
exercise.

Table 10: Reproducibility for PM10 and PM2.5 of the field comparison exercise

PM10 PM2.5
Rin% | participants days Rin% | participants days
all data 14 24 50 17 22 56
data>37.5pg/m’| 7 24 17
data > 18.75 pg/m’ 7 22 26

Multiplying these figures with a coverage factor of 2 (95% probability) gives an indication on
the overall uncertainty of PM10 and PM2.5 measurements. Hence, both the expanded
uncertainty at the limit value of PM10 (14.4%) and PM2.5 (15%) would comply with the DQO
of the European Directive 2008/50/EC (25%).

In a second stage, the reproducibility was calculated for each single day and compared to the
corresponding concentration (Figures 22 and 23). As expected, the reproducibility depends on
the measured concentration with a tendency to worsen at low concentration levels. Apart from
a few cases, where outliers strongly affect the results (e.g. for PM10 at min and max
concentration, for PM2.5 at min concentration), the reproducibility is quite homogenous at the
various concentration levels. Multiplying all reproducibility-results with a coverage factor of 2,
data above 22 ug/m3 (PM10) and 17 pug/m3 (PM2.5) comply with the requirement of the DQO
of the European Directive 2008/50/EC.

PM10: Reproducibility vs. Concentration

Reproducibility in %

0 20 40 60 80 100 120

Concentration in pg/m?

Figure 22: PM10 method reproducibility versus concentration
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PM2.5: Reproducibility vs. Concentration
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Figure 23: PM2.5 method reproducibility versus concentration

5.7 Differentiation between used filter materials and samplers with/without
cooling system

5.7.1 Differentiation between used filter materials

To identify a possible influence of the filter material used, data were split into the categories
Quartz, Glass, PTFE and Emfab both for PM10 and PM2.5. Quartz filters were used by most of
the participants (14 for PM10, 12 for PM2.5), followed by Glass filters (5 for PM10, 6 for
PM2.5), PTFE filters (3 for PM10, 2 for PM2.5) and Emfab filters (2 for PM10, 2 for PM2.5).

The relative deviations to the Assigned Value were calculated for both the median and average
of each “filter category”. The results are presented in Figure 24 and 25. Due to the facts that
Glass, PTFE and Emfab are represented by a small humber of participants (p) only and outliers
are included in this calculation, conclusions shall be considered very carefully. However, PTFE
filters lead to significantly lower determination of PM10 (-4%) and PM2.5 (-6%) compared to
the assigned values, dominated by the most commonly used filter material (quartz). In
contrast, the reproducibility for each “filter category” is rather homogeneous compared to the
others (apart from Emfab-PM2.5, see tables next to the figures).
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PM10: Deviation to Assigned Value depending
on Filter Material

PTFE R ||
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% deviation
m Median ® Average
All Quartz Glass Emfab PTFE
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p 24 14 5 2 3
Figure 24: PM10 deviation to Assigned Value depending on Filter Material
PM2.5: Deviation to assigned value depending
on Filter Material
PTFE  mae
Emfab | R
Glass [
Quartz q
All h
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% deviation
B Median M Average
All Quartz Glass Emfab PTFE
Rin % 17 18 13 26 13
p 22 12 4] 2 2

Figure 25: PM2.5 deviation to Assigned Value depending on Filter Material

5.7.2 Differentiation between samplers with/without filter-cooling

To identify a possible influence of the use of a filter-storage-cooling system, data were
separated into the categories “Cooling” and “"No Cooling” both for PM10 and PM2.5. “No
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7

Cooling” samplers were used by more participants (14 for PM10, 13 for PM2.5) than “Cooling’
samplers (10 for PM10, 9 for PM2.5).

The relative deviations to the Assigned Value were calculated for both the median and average
of each “cooling-category”. The results are presented in Figure 26 and 27. Cooled samplers
lead to significantly higher (99.9% confidence level) PM10 (+6%) and PM2.5 (+4%) values
than non-cooled samplers. In contrast, the reproducibility for each “cooling-category” is
similar (see tables next to the figures).

PM10: Deviation to Assigned Value depending
on Filter - Cooling

Cooling 1
No Cooling -1
Al e

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00 5.00

% deviation

m Median B Average

Aldl Mo Cooling | Cooling
R in % 14 14 13
P 24 14 10

Figure 26: PM10 deviation to Assigned Value depending on Filter Cooling (all labs)

PM2.5: Deviation to assigned value depending
on Filter - Cooling

Cooling -
No Cooling -]
Al —
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% deviation
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Adl Mo Cooling Cooling
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P 22 13 9

Figure 27: PM2.5 deviation to Assigned Value depending on Filter Cooling (all labs)
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Conclusion

For the present inter-laboratory comparison exercise, assigned daily values for PM10 and
PM2.5 were computed as the robust average of the values determined by the participants.
Comparisons with the data obtained by the European Reference Laboratory for Air Pollution
(local participant) do not indicate any detectable loss of PM due to the filters’ shipment. From
statistical evaluations of the results some major conclusions have been drawn.

The performance of the participants was evaluated using Grubb’s test, z'-scores, and En-
scores:

e Through Grubb’s test 16 values of PM10 (1.2% of the total results submitted) and 5 of
PM2.5 (0.4% of the total results submitted) were found to be outliers. More than half of
the outliers for PM10 come from 2 laboratories only.

e For z'-scores, only 1.4% of the results for PM10 and 0.4% for PM2.5 were found non
satisfactory (|z’|>3). Close to half of the unsatisfactory entries for PM10 were produced
by one single participant, who also produced most of the outliers in Grubb’s test.

e For En-scores, 21.2% of the values of PM10 and 22.7% of the values of PM2.5 exceeded
the test threshold (|En|>1). The large percentage of entries considered not valid for the
En-score test is partly due to the small uncertainty of the assigned values, which were
obtained by calculation (Robust Average) and not from measurements with a reference
instrument. It also suggests that the expanded uncertainty of the measurements provided
by some participants were underestimated. It is recommended to calculate the uncertainty
according to EN 12341:2014 [2].

e Five laboratories produced outliers or stragglers for more than 10% of the days and are
advised to examine their procedures.

The robustness of the measurement method was assessed by computing its reproducibility,
and by comparing the deviation in PM concentrations to the Data Quality Objective (DQO) of
+£25% at the limit value:

e The reproducibility of the method was 14% and 17% for PM10 and PM2.5, respectively,
with a tendency to increase at lower concentration levels beyond the DQO.

e For PM10, only 5 measurements (1.4% of all the results) did not meet the DQO at the
daily limit value (50 ug/m3). For PM2.5, the bias exceeded the DQO of £25% at 25 pg/m3
for 2 measurements only (0.4% of all the data). The reference method for PM2.5 and PM10
measurement as defined in EN 12341:2014 therefore fulfils the DQO as defined in the
Directive 2008/50/EC.

Cooled filter storage inside the used sequential samplers led to significantly higher (confidence
level 99.9%) PM10 and PM2.5 values than non-cooled filter storage (+6% and +4% for PM10
and PM2.5, respectively), while PTFE membrane filters led to significantly lower (confidence
level 99.9%) PM10 and PM2.5 values compared to the assigned values (-4% and -6% for
PM10 and PM2.5, respectively).
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Annex A: Assigned Values and associated Expanded Standard
Uncertainties (k=2)

Table 11: Assigned values for PM10 and PM2.5 from 13t of February till 11t of March

PM10 PM2.5

davy x(pt) U(xpt) x(pt) U(xpt)
13-Feb-15 105.95 1.75 95.90 1.98
14-Feb-15 43.31 1.85 40.77 1.39
15-Feb-15 8.93 0.37 8.45 0.95
16-Feb-15 11.71 0.88 10.21 0.73
17-Feb-15 19.33 0.49 16.20 0.54
18-Feb-15 48.59 1.30 40.14 1.14
19-Feb-15 52.37 1.55 44.47 1.64
20-Feb-15 38.81 1.17 33.10 1.21
21-Feb-15 32.67 1.26 30.47 1.28
22-Feb-15 6.32 0.38 5.67 0.63
23-Feb-15 13.14 0.53 10.52 0.84
24-Feb-15 10.15 0.57 8.53 0.81
25-Feb-15 4.04 0.41 2.66 0.45
26-Feb-15 17.78 0.54 13.41 0.68
27-Feb-15 25.09 0.79 19.45 0.66
28-Feb-15 8.62 0.43 6.79 0.47
1-Mar-15 19.45 0.65 16.75 0.61
2-Mar-15 15.56 0.79 12.74 0.48
3-Mar-15 21.97 0.72 17.12 0.81
4-Mar-15 30.47 1.15 24.37 1.24
5-Mar-15 3.49 0.38 2.10 0.48
6-Mar-15 16.97 0.60 11.81 0.71
7-Mar-15 28.39 0.87 21.84 0.69
8-Mar-15 36.25 0.97 27.46 1.09
9-Mar-15 54.60 1.62 43.16 1.37
10-Mar-15 67.97 2.03 54.42 2.04
11-Mar-15 70.56 1.39 57.94 1.20

43



Table 12: Assigned values for PM10 and PM2.5 from 12% of March till 9% of April

PM10 PM2.5

day X(pt) Ucxot) X(pt) Uxot)
12-Mar-15 62.73 1.80 51.53 1.18
13-Mar-15 43.75 1.46 35.02 1.08
14-Mar-15 38.52 1.36 31.26 1.33
15-Mar-15 45.00 1.54 39.62 1.26
16-Mar-15 15.80 0.91 14.47 0.88
17-Mar-15 9.01 0.71 7.76 0.55
18-Mar-15 34.34 1.27 28.36 1.11
19-Mar-15 65.38 2.03 55.41 1.79
20-Mar-15 70.45 1.96 54.46 1.29
21-Mar-15 64.84 1.60 53.50 1.51
22-Mar-15 33.44 1.19 29.93 1.96
23-Mar-15 29.89 0.89 24.81 0.92
24-Mar-15 46.86 1.26 41.46 1.44
25-Mar-15 13.59 0.99 11.22 0.69
26-Mar-15 21.77 1.24 16.44 0.86
27-Mar-15 6.99 0.48 5.17 0.44
28-Mar-15 11.28 0.41 8.26 0.46
29-Mar-15 24.08 0.93 19.42 0.73
30-Mar-15 11.53 0.79 7.90 0.75
31-Mar-15 8.09 0.49 3.67 0.49
1-Apr-15 5.43 0.47 2.43 0.54
2-Apr-15 5.62 0.47 2.97 0.51
3-Apr-15 19.04 0.44 9.87 0.64
4-Apr-15 18.56 0.62 12.10 0.53
5-Apr-15 18.20 0.94 15.33 0.93
6-Apr-15 7.93 0.39 6.50 0.57
7-Apr-15 12.75 0.41 8.88 0.56
8-Apr-15 20.38 0.61 13.60 0.78
9-Apr-15 41.21 1.11 29.09 1.50
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Annex B: Participant’s data

Table 13: Participant’s value PM10 lab code from A to H

PM10 A B c D
day Xi Y Xi U Xi Y Xi Y Xi Y Xi U Xi U Xi U
13-Feb-15 10452 564 | 107.30 10.70 10459 4.83 | 106.58 245 | 11440 16.10 108.53  4.46
14-Feb-15 4153 354 | 4408 242 | 4740 6.70 46.78  2.98
15-Feb-15 8.65 3.26 8.98 2.01 9.30 7.60 1053  2.55
16-Feb-15 1448 174 | 11.90 1.20 1026  3.27 | 1302 202 | 1250 7.10 1353  2.57
17-Feb-15 2066 178 | 19.10 1.90 1873 331 | 1970 203 | 20.20 530 | 1953 336 | 2144 263
18-Feb-15 4797 297 | 4830  4.80 4824 364 | 5001 210 | 52.50 740 | 4741 368 | 5117  3.07
19-Feb-15 5249 294 | 51.60 5.20 5084 368 | 5451 220 | 56.20 790 | 50.67 373 | 5506 @ 3.14
20-Feb-15 3919 274 | 37.70 3.80 3884 351 | 3809 208 | 4140 6.00 | 3782 354 | 4197 290
21-Feb-15 3248 227 | 31.90 3.20 3197 342 | 3464 205 | 3490 530 | 3110 346 | 3529 280
22-Feb-15 723 1.50 5.85 3.25 7.20 2.01 6.60 7.30 6.11 3.30 7.40 2.54
23-Feb-15 1433 172 | 1270 1.30 1266  3.28 | 1426 203 | 1350 6.80 | 1304 332 | 1446 257
24-Feb-15 179 14 9.80 1.00 9.90 3.26 9.67 201 | 11.20 7.40 935 333 | 1127 256
25-Feb-15 3.50 073 | 440 1.00 3.83 3.25 3.81 203 | 420 5.90 347 330 479 2.53
26-Feb-15 1752 210 | 17.50 1.80 16.86  3.30 | 1839 210 | 18.60 560 | 1752 335 | 1866  2.61
27-Feb-15 2454 211 | 2270 2.30 2419 335 | 2581 207 | 2740 480 | 2440 340 | 2658 2.68
28-Feb-15 9.02 1.88 7.80 1.00 928 057 7.88 3.26 8.40 2.03 9.00 7.60 719 330 9.36 2.55
1-Mar-15 2010 241 | 1850 180 | 1818 1.07 | 1832 331 | 1891 204 | 20.70 530 | 1805 334 | 2076 262
2-Mar-15 16.92  2.03 | 13.60 140 | 1491 088 | 1132 327 | 1739 202 | 16.80 6.00 | 1559 334 | 1486 258
3-Mar-15 2116 182 | 21.30 210 | 1890 111 | 2142 333 | 2213 206 | 2340 500 | 2090 337 | 2371 265
4-Mar-15 3065 215 | 28.90 290 | 2459 143 | 3033 341 | 3164 204 | 3270 510 | 2756 343 | 3258 276
5-Mar-15 3.29 0.69 3.50 1.00 422 031 3.75 3.25 3.30 2.01 3.50 5.20 222 329 4.00 2.53
6-Mar-15 1658  1.99 | 16.50 160 | 1587 094 | 1703 330 | 1792 202 | 18.10 570 | 1432 333 | 1820 260
7-Mar-15 2794 240 | 27.90 280 | 2578 150 29.77 207 | 3040 490 | 2570 341 | 3095 274
8-Mar-15 3418 239 | 3530 350 | 3065 1.78 3849 206 | 3850 560 | 3451 350 | 3845 284
9-Mar-15 5256 294 | 53.90 540 | 4841 280 | 5401 373 | 5717 230 | 58.80 830 | 5119 374 | 5700 3.8
10-Mar-15 6794 367 | 66.20 660 | 6204 359 | 6804 399 | 7061 228 | 7390 1040 | 6385 397 | 7111 349
11-Mar-15 7068  3.82 | 6860 690 | 6563 3.79 7376 229 | 7550 1070 | 6863 4.06 | 7294 354
12-Mar-15 6080 328 | 6120 610 | 5822 3.37 6440 223 | 6850 970 | 6067 391 | 6632 3.38
13-Mar-15 4045 251 | 4230 420 | 4000 232 | 4412 358 | 4563 213 | 46.70 660 | 4276 361 | 4698 299
14-Mar-15 3355 235 | 37.20 370 | 3535 205 | 3877 350 | 4069 218 | 40.80 590 | 3886 356 | 4166 290
15-Mar-15 4221 262 | 4410 440 | 4154 241 | 4513 359 | 4748 216 | 49.20 7.00 | 4317 362 | 4793  3.01
16-Mar-15 1437 172 | 1480 150 | 1301 077 | 1567 329 | 1829 204 | 1530 640 | 1404 333 | 1768  2.60
17-Mar-15 970  2.02 8.80 1.00 735 046 9.11 326 | 1136  2.05 9.40 7.60 774 330 | 1091 255
18-Mar-15 3325 233 | 3330 330 | 3097 1.80 | 3446 345 | 3685 206 | 36.90 550 | 3230 348 | 3659 282
19-Mar-15 66.19 357 | 6120 610 | 6003 347 | 6400 391 | 6739 219 | 7310 1030 | 6457 398 | 67.08 3.40
20-Mar-15 7052 381 | 66.30 660 | 6557 3.79 | 69.89 402 | 7290 221 | 7840 1110 | 6987 4.09 | 7236  3.52
21-Mar-15 6326 342 | 6150 620 | 5965 345 | 6385 391 | 6655 226 | 7230 1020 | 6411 397 | 6653  3.39
22-Mar-15 3049 213 | 30.30 300 | 2832 165 | 3266 343 | 3528 206 | 36.60 540 | 3205 348 | 3519 280
23-Mar-15 2912 250 | 2560 260 | 2413 141 | 2798 338 | 3271 205 | 3210 500 | 2939 345 | 3131 274
24-Mar-15 4658 289 | 4340 430 | 4412 255 | 4572 360 | 4857 216 | 50.30 710 | 4634 366 | 4813  3.01
25-Mar-15 1361 163 | 11.80 120 | 1316 078 | 1313 328 | 1588  2.04 | 1340 6.90 | 1144 332 | 1565 258
26-Mar-15 2209 190 | 1890 190 | 19.01 111 | 2086 332 | 2548 205 | 23.10 500 | 1928 336 | 2305 265
27-Mar-15 7.62 1.59 7.00 1.00 580  0.38 6.83 3.26 7.44 2.02 7.50 7.50 6.68  3.30 8.24 2.54
28-Mar-15 1146  1.38 | 10.70 110 | 1019 062 | 1097 327 | 1253 203 | 11.70 730 | 1076 331 | 1216 256
29-Mar-15 2436 210 | 2140 210 | 2111 123 | 2316 334 | 2583 205 | 26.20 480 | 2428 340 | 2548 267
30-Mar-15 1381  1.66 9.80 1.00 883 054 | 1057 327 | 1285 2.05 | 1270 700 | 1157 332 | 1232 256
31-Mar-15 9.46 1.97 7.50 1.00 6.81 043 7.91 3.26 8.90 2.08 8.00 7.60 716 3.30 8.74 2.55
1-Apr-15 5.82 1.21 5.70 1.00 442 0.3 4.99 3.25 6.40 204 | 490 6.40 486  3.30 513 2.53
2-Apr-15 6.05 126 | 4.90 1.00 451 0.32 5.88 3.25 6.24 2.02 5.50 6.80 465  3.30 5.90 2.54
3-Apr-15 1826 219 | 17.20 170 | 1622 095 | 1889 331 | 2113 203 | 1940 550 | 1915 336 | 2051 262
4-Apr-15 17.01  2.04 | 16.80 170 | 1801 106 | 1825 331 | 21.05 205 | 1830 570 | 1798 335 | 2085 262
5-Apr-15 1724 207 | 1740 170 | 1667 098 | 1892 331 | 2093 204 | 1850 560 | 1581 334 | 2026 262
6-Apr-15 9.05 1.88 7.50 1.00 744 047 6.92 3.26 8.64 2.01 8.30 7.60 6.67  3.30 8.54 2.54
7-Apr-15 1293 155 | 11.90 120 | 1238 074 | 1205 327 | 1402 202 | 13.00 700 | 1152 332 | 1358 257
8-Apr-15 2130 183 | 1830 180 | 1985 116 | 1934 331 | 2175 202 | 2140 520 | 2027 337 | 2056 262
9-Apr-15 4348 270 | 36.70 370 | 4052 235 | 3982 352 | 4244 210 | 4330 620 | 4117 359 | 4312 292
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Table 14: Participant’s value PM10 lab code from J to Q

PM10 J K L M 0 Q
day Xi U Xi U Xi U Xi U Xi U Xi U Xi U Xi U

13-Feb-15 6156 422 | 10494 545 | 10575 814 | 111.00 1316 | 106.35 1.33 | 101.59 482 | 11255 325 | 107.96 4.95
14-Feb-15 3217 264 | 4393 260 | 4456 343 | 47.02 5.58 42.62 133 | 4043 358 | 4637 130 | 4430 3.59
15-Feb-15 925 1.80 8.93 2.60 8.78 0.68 | 10.02 1.19 8.05 3.31 8.16 0.23 9.01 327
16-Feb-15 1199 186 | 1204 260 1153 089 | 14.03 1.66 9.20 3.31 1134 035 | 1241 3.28
17-Feb-15 1965  2.60 19.23 148 | 2133 2.53 19.04 1.21 1940  3.36 1926 055 | 2023 333
18-Feb-15 4854 260 | 50.05 385 | 5212 6.18 47.88 133 | 4882 370 | 5098 139 | 4950  3.68
19-Feb-15 5248 273 | 5377 414 | 5596 6.64 52.15 133 | 5222 376 5407 375
20-Feb-15 3855 292 | 3940 260 | 40.11 309 | 4120 4.89 41.72 133 | 3772 354 3999 353
21-Feb-15 3425 260 | 3380 260 | 3445 4.09 34.92 133 | 3206 348 3394 346
22-Feb-15 625 175 6.43 2.60 5.89 0.45 6.33 0.75 3.99 1.21 6.27 3.30

23-Feb-15 1307 192 | 1261 2.60 1269 098 | 1422 1.69 11.34 1.21 1316  3.32 13.11 3.28
24-Feb-15 1037 183 | 1009 260 9.82 0.76 | 1057 1.25 13.24 1.21 1032 3.31 9.55 327
25-Feb-15 400 172 3.86 2.60 3.21 0.25 5.65 0.67 10.81 1.21 434 3.30 4.45 3.26
26-Feb-15 1766  2.60 17.61 1.36 | 20.59 2.44 16.69 1.21 1707  3.36 17.81 3.03
27-Feb-15 2457 189 | 2844 3.37 29.30 1.21 2488 340 2626  3.10
28-Feb-15 8.39 2.60 9.84 117 8.52 1.21 8.19 3.31 8.96 2.98
1-Mar-15 1978 260 | 2707 209 | 2114 2.51 18.86 1.21 1866  3.36 1997  3.05
2-Mar-15 1615  2.60 15.23 117 | 1823 2.16 15.14 1.21 15.31 3.34 1599  3.02
3-Mar-15 2279 260 | 21.64 1.67 | 26.25 311 2140 1.21 2200 338 2297 307
4-Mar-15 3160 260 | 3123 241 35.56 422 29.21 1.21 2852 344 | 3231 317 | 2808 216
5-Mar-15 316 172 3.15 2.60 2.95 0.23 4.56 0.54 3.35 1.21 233 3.29 3.85 297
6-Mar-15 16.74 207 | 1660 260 16.63 128 | 20.24 240 16.77 1.21 1472 333 1763  3.03
7-Mar-15 2914 253 | 2797 260 | 2907 224 | 3208 3.81 28.40 1.21 2624 342 | 2910 078 | 29.21 313
8-Mar-15 36.31 293 | 3643 260 | 3678 283 | 39.74 4.7 36.28 133 | 3538 351 3765 103 | 3810 3.25
9-Mar-15 5467 284 | 5495 423 | 59.07 7.01 53.97 133 | 5380 378 | 5715 157 | 5805 3.58
10-Mar-15 6889 358 | 6832 526 | 7292 8.65 66.85 133 | 68.03 405 | 7293 224 | 7074 3.85
11-Mar-15 7243 375 | 7012 540 | 7584 9.00 69.29 133 | 7018  4.09 | 75.21 202 | 7098  4.01
12-Mar-15 6297 327 | 6200 477 | 6818 8.09 6279 395 | 6885 187 | 6437 3.88
13-Mar-15 4414 260 | 4415 340 | 5573 6.61 4192 133 | 4633 366 | 4608 122 | 4538 3.54
14-Mar-15 38.91 260 | 3923 302 | 4795 5.69 36.92 133 | 3997 357 | 4019 114 | 3986 346
15-Mar-15 4555 260 | 4585 353 | 5287 6.27 42.92 133 | 4442 364 | 4790 129 | 4622 355
16-Mar-15 1525  2.60 16.55 127 | 1841 2.18 14.09 1.21 1804 335 | 1470 041 1627 322
17-Mar-15 8.99 2.60 9.29 0.72 | 1240 147 8.20 1.21 8.44 3.31 8.62 0.24 1015  3.19
18-Mar-15 3389 260 | 3478 268 | 39.74 471 32.69 133 | 3565 352 | 3692 101 3430 339
19-Mar-15 6117 416 | 6614 344 | 66.03 508 | 77.10 9.14 62.69 133 | 6819 405 | 7048 202 | 66.00 3.91
20-Mar-15 7156 372 | 7060 544 | 83.51 9.91 67.55 133 | 7230 414 | 7484 207 | 7098 4.01
21-Mar-15 65.60  3.41 65.00  5.01 77.12 9.15 62.89 133 | 6660 402 | 6713 186 | 6467 3.88
22-Mar-15 3295 270 | 3473 260 | 3491 269 | 4193 497 32.95 133 | 3344 349 | 3465 094 | 3476  3.39
23-Mar-15 3067 260 | 30.51 260 | 3046 235 | 3572 4.24 28.94 1.21 3123 347 | 3066 083 | 2949 333
24-Mar-15 4817 260 | 4778 368 | 5505 6.53 45.57 133 | 4825 369 | 4835 131 4563 354
25-Mar-15 1367 260 14.83 114 | 18.05 2.14 13.08 1.21 1222 332 13.61 0.38 1378  3.21
26-Mar-15 2347 260 | 24.07 1.85 | 26.80 3.18 2124 1.21 2064 337 | 2150 059 | 2143 3.26
27-Mar-15 7.01 2.60 6.90 0.53 | 10.03 1.19 6.47 1.21 7.52 3.30 5.53 0.15 5.20 3.17
28-Mar-15 11.21 2.60 1066  0.82 | 1367 1.62 10.91 1.21 1167 332 1170 031 1170  3.19
29-Mar-15 30.04 260 | 2332 1.80 | 30.09 3,57 2344 1.21 2468 340 | 2513 065 | 2393 3.27
30-Mar-15 1112 260 1119 086 | 1422 1.69 9.99 1.21 1228 332 1216  0.33 11.02  3.19
31-Mar-15 7.54 2.60 7.28 056 | 1349 1.60 8.16 1.21 8.65 3.31 7.62 0.20 7.93 3.18
1-Apr-15 4.24 2.60 4.70 0.36 8.39 1.00 6.17 1.21 5.16 3.30 417 0.12 5.19 317
2-Apr-15 538 1.89 524 2.60 5.05 0.39 8.02 0.95 6.17 1.21 5.87 3.30 5.90 0.15 5.14 317
3-Apr-15 1857 208 | 19.07 260 19.43 150 | 25.34 3.01 19.14 1.21 2039 337 1923 050 1867  3.23
4-Apr-15 1831 207 | 1970 260 19.36 149 | 2479 2.94 18.87 1.21 1837 335 | 1860  0.50 18.71 3.23
5-Apr-15 1847 207 | 1930 260 19.56 1.51 23.88 2.83 18.59 1.21 1454 333 1815 050 1958 3.4
6-Apr-15 810 179 7.74 2.60 8.08 062 | 11.30 1.34 7.89 1.21 7.68 3.30 7.35 0.19 7.05 3.17
7-Apr-15 1273 189 | 1292 260 1226 094 | 1823 2.16 12.88 1.21 1230 332 1270 0.34 1316  3.20
8-Apr-15 2044 260 19.19 148 | 26.07 3.09 20.50 1.21 2023 337 | 2023 053 1967 324
9-Apr-15 41.31 260 | 3966 3.05 | 53.78 6.38 40.99 133 | 4116 359 | 4499 1.21 4157 348
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Table 15

: Participant’s value PM10 lab code from R to Z and o of all participants

PM10 R S T U \'] W All
day Xi U Xi U Xi U Xi U Xi U Xi U Xi U Xi U Opt
13-Feb-15 | 102.86 7.92 | 100.52 9.64 106.37 13.08 | 105.04 7.79 11.17
14-Feb-15 | 39.84 3.07 | 4365 420 | 31.80 3.20 | 4150 226 | 4394 540 | 4125 3.06 4666 276 | 4.39
15-Feb-15 6.39 062 | 698 068 840 226 | 9.19 1.13 926 0.69 995 059 | 1.03
16-Feb-15 948 092 | 976 094 | 920 100 | 1040 226 | 11.60 143 1190 0.88 1266 0.75 | 1.55
17-Feb-15 1653 127 | 1618 156 | 1536 160 | 1820 226 | 1884 232 19.16 142 2008 119 | 154
18-Feb-15 | 4486 345 | 4164 4.00 | 4210 4.20 | 4730 226 | 4691 577 | 4646 345 | 4970 313 | 5119 3.03 | 283
19-Feb-15 | 50.08 3.86 | 47.71 458 | 4190 4.20 | 5080 226 | 50.71 6.24 | 4928 3.66 | 5640 333 | 5426 321 | 3.31
20-Feb-15 | 3485 268 | 3502 336 | 3340 340 | 3730 226 | 3812 4.69 | 3729 277 | 3890 288 | 4160 246 | 229
21-Feb-15 | 2510 193 | 2850 274 | 2460 240 | 3110 226 | 3272 4.03 | 3197 237 | 31.20 268 | 3654 216 | 3.08
22-Feb-15 412 040 | 518 0.50 6.30 226 | 6.25 0.77 735 055 | 600 206 | 760 045 | 0.99
23-Feb-15 936 091 | 1159 112 | 1410 140 | 1150 226 | 1265 1.56 1373  1.02 | 1320 223 | 1501 089 | 1.27
24-Feb-15 758 074 | 850 082 | 1140 120 | 940 226 | 9.80 1.21 1092 081 | 840 211 | 13.02 0.77 | 1.37
25-Feb-15 102 010 | 327 032 | 240 020 | 400 226 | 4.15 0.51 538 040 | 360 197 | 506 0.30 | 1.77
26-Feb-15 1299 1.00 | 16.04 154 | 1850 1.80 | 2060 226 | 17.84 219 1751 130 | 1780 235 | 1881 111 | 155
27-Feb-15 | 2197 169 | 24.06 230 | 2390 240 | 2490 226 | 2516 3.09 | 2451 182 | 25.00 253 | 2659 157 | 1.78
28-Feb-15 619 060 | 749 072 | 890 080 | 950 226 | 843 1.04 898 067 | 920 213 368 | 0.88
1-Mar-15 1593 123 | 1844 1.78 | 1880 1.80 | 20.10 226 | 19.96 246 1939 144 | 1980 240 | 2062 1.22 | 2.04
2-Mar-15 1273 098 | 1454 140 | 1610 1.60 | 1710 226 | 12.71 1.56 1513 112 | 17.30 234 | 1628 0.96 | 1.70
3-Mar-15 1998 154 | 2165 208 | 2110 220 | 2370 226 | 2222 273 | 2256 167 | 2030 242 | 2351 1.39 | 155
4-Mar-15 2808 216 | 3065 294 | 2710 2.80 | 3250 226 | 3023 3.72 | 3032 225 | 3130 269 | 3183 1.88 | 236
5-Mar-15 223 022 | 3.01 0.28 720 226 | 3.99 0.49 464 034 | 400 201 | 326 0.19 | 1.04
6-Mar-15 15.02 116 | 1591 152 | 1750 1.80 | 1840 226 | 1747 215 1791 133 | 1680 232 | 1736 1.03 | 1.30
7-Mar-15 2568 198 | 2816 270 | 2620 260 | 2960 226 | 2740 337 | 2804 2.08 | 2920 263 | 2948 175 | 1.71
8-Mar-15 3214 248 | 3569 342 | 3170 320 | 3690 226 | 3561 438 | 3551 263 | 3620 282 | 3744 222 | 226
9-Mar-15 5022 387 | 5387 518 | 4810 4.80 | 5430 226 | 53.78  6.61 5324 395 | 5740 333 | 56.80 3.36 | 3.02
10-Mar-15 | 6465 498 | 5786 556 | 63.00 640 | 6730 226 | 67.03 824 | 6663 494 | 7260 3.70 | 6765 4.00 | 3.86
11-Mar-15 | 6920 533 | 6429 6.18 | 6850 6.80 | 70.10 226 | 6962 856 | 6827 506 | 7580 3.79 | 7127 422 | 3.13
12-Mar-15 | 59.03 455 | 6141 590 | 56.00 5.60 | 6380 226 | 58.27 717 | 6251 464 | 6510 352 | 6331 375 | 345
13-Mar-15 | 3922 3.02 | 4411 424 | 3760 3.80 | 45610 226 | 4219 519 | 4223 313 | 4200 294 | 4613 273 | 3.60
14-Mar-15 | 3400 262 | 3762 3.62 | 3280 3.20 | 4040 226 | 3710 456 | 3799 282 | 3590 2.80 | 4124 244 | 3.23
15-Mar-15 | 3726 2.87 | 4625 444 | 3570 3.60 | 4660 226 | 4186 515 | 4344 322 | 4520 3.03 | 4721 279 | 3.70
16-Mar-15 974 095 | 1646 1.58 1800 226 | 15.18 1.87 1597 118 | 1610 230 | 1592 0.94 | 1.99
17-Mar-15 5.31 052 | 868 084 | 740 080 | 1180 226 | 9.06 1.11 999 074 | 750 209 | 814 048 | 1.60
18-Mar-15 | 2839 219 | 3365 324 | 3070 3.00 | 3580 226 | 32.81 404 | 3394 252 | 3800 285 | 3400 201 | 255
19-Mar-15 | 6281 4.84 | 6425 6.16 | 56.00 5.60 | 6640 226 | 6214 764 | 6216 461 | 7140 3.71 | 6620 3.92 | 4.51
20-Mar-15 | 6416 4.94 | 6684 642 | 5840 580 | 7150 226 | 6807 837 | 6839 507 | 7730 3.87 | 7217 427 | 512
21-Mar-15 | 59.34 457 | 6363 610 | 5600 560 | 67.80 226 | 6345 780 | 6311 468 | 6990 363 | 67.65 4.00 | 4.38
22-Mar-15 | 2722 210 | 3316 3.18 | 20.80 2.00 | 3470 226 | 3322 409 | 3281 243 | 3440 275 | 3654 216 | 3.91
23-Mar-15 | 2453 1.89 | 2854 274 3060 226 | 2897 356 | 2833 210 | 30.80 2.68 | 3021 179 | 2.56
24-Mar-15 | 37.31 287 | 4421 424 4730 226 | 4222 519 | 4602 341 | 4970 313 | 4884 289 | 343
25-Mar-15 670 065 | 482 046 | 960 100 | 1620 226 | 13.98 1.72 1465 1.09 | 1500 228 | 1447 0.86 | 2.93
26-Mar-15 1536 118 | 2342 224 | 190 020 | 2110 226 | 21.84 269 | 2156 160 | 2350 249 | 2352 1.39 | 4.80
27-Mar-15 354 034 | 657 064 | 530 060 | 790 226 | 6.69 0.82 769 057 | 900 213 | 724 043 | 1.34
28-Mar-15 776 075 | 1024 098 | 1150 120 | 11.60 226 | 9.83 1.21 1203 089 | 1160 219 | 1121 0.66 | 1.12
29-Mar-15 | 2006 155 | 2315 222 | 2500 260 | 2130 226 | 2319 285 | 2249 167 | 2470 252 | 2496 148 | 243
30-Mar-15 857 083 | 1132 1.08 | 1320 140 | 1050 226 | 10.98 1.35 1118 083 | 1510 228 | 1121 0.66 | 1.61
31-Mar-15 936  0.91 715 068 | 630 060 | 820 226 | 8.62 1.06 79 059 | 910 213 | 796 047 | 140
1-Apr-15 668 065 | 452 044 | 510 060 | 720 226 | 6.30 0.78 6.34 047 | 570 206 | 543 032 | 1.02
2-Apr-15 455 044 | 3.31 032 | 580 060 | 700 226 | 258 0.32 666 049 | 690 208 | 579 034 | 1.15
3-Apr-15 1671 129 | 1853 178 | 16.80 1.60 | 1910 226 | 1856 228 1889 140 | 1930 239 | 2008 119 | 1.78
4-Apr-15 1526 118 | 19.02 182 | 1720 1.80 | 1740 226 | 1968 242 1833 136 | 1820 235 | 2058 122 | 1.83
5-Apr-15 1526 118 | 1789 1.72 | 1580 160 | 1660 226 | 1748 215 1830 136 | 1840 236 | 2044 1.21 | 2.03
6-Apr-15 764 074 | 754 072 | 700 080 | 890 226 | 830 1.02 864 064 | 890 212 | 760 045 | 0.96
7-Apr-15 1088 084 | 1169 112 | 1210 120 | 13.00 226 | 1344 1.65 1293 096 | 1310 223 | 1375 081 | 1.35
8-Apr-15 1212 093 | 19.07 184 | 2140 220 | 2110 226 | 2055 253 1956 145 | 2200 244 | 2098 124 | 232
9-Apr-15 3841 296 | 3941 378 | 4070 4.00 | 4050 226 | 40.01 492 | 3785 281 | 4460 3.03 | 4142 245 | 3.34
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Table 16: Participant’s value PM2.5 lab code from A to H

PM2.5 A B C D
day Xi U Xi U Xi U Xi U Xi U Xi U Xi U Xi U

13-Feb-15 9950 537 | 9340 930 | 9423 796 | 8523 435 | 9833 235 | 10690 1510 | 90.67 455 | 9958  4.08
14-Feb-15 3769 319 | 40.00 352 | 4271 209 | 4450 6.40 3451 350 | 4429 274
15-Feb-15 1010  0.87 7.92 3.26 8.69 2.01 9.10 7.40 6.45 330 | 1097 232
16-Feb-15 1349 162 1088 0.94 9.86 326 | 1053 2.02 10.90 7.40 8.99 3.31 1270 2.33
17-Feb-15 1824 219 | 15670 160 | 1650 1.41 1568 329 | 1706 2.03 17.20 5.90 16.00 334 | 1816  2.37
18-Feb-15 4107 255 | 3870 390 | 3923 332 | 4069 353 | 4212 224 | 4390 6.30 3826 355 | 4379 273
19-Feb-15 4540 2.82 | 4310 430 | 4288 362 | 4415 358 | 4615 214 | 49.10 7.00 4189 360 | 4810 2.81
20-Feb-15 3451 242 | 3270 330 | 3136 265 | 3329 344 | 3528 216 | 36.50 5.40 3198 347 | 3672 260
21-Feb-15 3010 3.00 | 2826 239 | 3044 341 | 3266 214 | 33.20 5.10 2969 345 | 3404 256
22-Feb-15 747 149 5.95 0.54 518l 3.25 6.03 2.08 6.10 7.10 4.97 3.30 7.22 2.30
23-Feb-15 1240 149 1188  1.02 9.67 326 | 1081 2.06 10.60 7.50 7.99 330 | 1229 232
24-Feb-15 1021 123 9.42 0.82 7.46 3.26 9.51 213 9.00 7.60 6.12 3.30 9.60 2.31
25-Feb-15 3.46 0.35 2.27 325 2.98 2.04 3.00 4.70 2.01 329 3.75 2.29
26-Feb-15 1429 172 | 1250 130 | 1315 113 | 1165 327 | 1428 204 14.60 6.50 1227 332 | 1575 235
27-Feb-15 2039 175 | 1890 190 | 16.03 137 | 1937 331 | 2014 2.09 | 2190 5.10 1789 335 | 2241 241
28-Feb-15 769 160 6.60 1.00 5.93 0.53 5.49 325 6.74 2.04 7.00 740 6.33 330 7.65 2.30
1-Mar-15 1807 217 | 1660 170 | 1404 120 | 1628 329 | 17.06 2.04 18.10 5.70 1454 333 | 1845 237
2-Mar-15 1392 167 | 1150 120 | 1089 094 | 1244 328 | 1278 204 13.90 6.70 1216 332 | 1441 234
3-Mar-15 1730 208 | 1710 170 | 1389 119 | 1710 330 | 1912 2.02 18.60 5.60 1550 334 | 1967 238
4-Mar-15 2551 219 | 2320 230 | 1919 163 | 2482 336 | 2540 2.04 | 26.60 4.80 2143 338 | 2813 248
5-Mar-15 2.50 1.00 1.59 0.23 2.23 325 2.02 2.02 2.00 3.40 1.35 3.29 3.10 2.29
6-Mar-15 1249 150 | 1200 120 | 1015 0.88 | 1192 327 | 1297 206 13.20 6.90 1001  3.31 1415  2.34
7-Mar-15 2254 194 | 2130 210 | 1762 150 | 2213 333 | 2419 2.05 | 2390 4.90 2055 337 | 2463 243
8-Mar-15 2763 238 | 2670 270 | 2130 1.81 | 2806 3.38 | 2969 206 | 30.30 4.90 2368 339 | 3042 251
9-Mar-15 4368 3.06 | 4160 420 | 3595 3.04 | 4336 357 | 4613 210 | 46.90 6.70 3967 357 | 4702 279
10-Mar-15 56.01 347 | 5150 510 | 4679 395 | 5571 376 | 57.94 213 | 59.00 8.30 5114 374 | 5925 3.04
11-Mar-15 59.71 370 | 5340 530 | 51.94 439 | 59.02 382 | 6144 218 | 6240 8.80 5495 380 | 6226 3.1
12-Mar-15 5060 3.14 | 4740 470 | 46.89 3.96 | 5271 371 | 5456 217 | 57.00 8.00 4966 372 | 5578 297
13-Mar-15 3405 238 | 3340 330 | 3285 278 | 36.01 347 | 3907 213 | 3870 5.70 3514 351 | 3825 263
14-Mar-15 2795 240 | 2940 290 | 2855 242 | 3157 342 | 3484 218 | 3360 5.10 3115 347 | 3409 256
15-Mar-15 3650 360 | 3514 297 | 4074 353 | 4500 214 | 4210 6.10 39.01 356 | 4352 272
16-Mar-15 1280 130 | 2448 2.08 | 1440 328 | 1763 203 13.50 6.80 1442 333 | 17.08 2.36
17-Mar-15 7.90 1.00 6.83 0.61 7.58 3.26 9.02 2.02 7.70 7.50 7.82 330 | 1023 231
18-Mar-15 2913 251 | 2670 270 | 2340 198 | 2921 340 | 3213 209 | 30.10 4.90 2473 340 | 3079 251
19-Mar-15 56.66 3.17 | 51.00 510 | 4831 4.08 | 5595 376 | 6004 219 | 5940 8.40 5489 380 | 5787 3.01
20-Mar-15 5140 510 | 4476 378 | 5449 374 | 5844 216 | 5850 8.30 5390 378 | 5687 299
21-Mar-15 5150 288 | 50.00 5.00 | 47.00 3.97 | 5421 373 | 5855 221 58.70 8.30 5210 376 | 5562 296
22-Mar-15 2625 226 | 27.00 270 | 2303 195 | 3006 340 | 3441 215 | 3370 5.20 2028 345 | 3339 255
23-Mar-15 2552 220 | 2250 220 | 19.41 165 | 2419 335 | 2727 205 | 2720 4.80 2512 341 | 2141 247
24-Mar-15 4084 253 | 3920 390 | 3350 2.83 | 4218 355 | 4501 220 | 4560 6.50 4048 358 | 4425 273
25-Mar-15 1156 139 | 1040 1.00 9.60 083 | 1119 327 | 1476 205 11.30 7.30 8.89 3.31 8.75 2.31
26-Mar-15 1749 210 | 1400 140 | 1044 090 | 1559 329 | 2047 203 17.50 5.80 1496 333 | 19.03 238
27-Mar-15 6.37 133 4.70 1.00 4.01 0.39 4.80 3.25 6.19 2.03 5.80 6.90 5.33 330 5.71 2.29
28-Mar-15 9.08 1.89 7.90 1.00 8.18 0.72 7.40 3.26 9.56 2.08 8.60 7.60 8.29 3.31 9.44 2.31
29-Mar-15 2087 1.80 | 1820 1.80 | 1668 142 | 1908 331 | 2232 2.04 | 2180 5.10 1980 336 | 2116 240
30-Mar-15 1106 1.33 5.70 1.00 5.92 0.53 6.80 3.26 9.11 2.05 9.30 7.60 8.64 3.31 8.78 2.31
31-Mar-15 587 122 3.50 1.00 2.56 0.28 3.11 3.25 4.68 2.02 3.70 5.40 3.46 3.30 497 2.29
1-Apr-15 3.08 064 2.40 1.00 1.65 0.23 2.22 3.25 344 2.04 2.40 3.90 1.05 3.29 4.05 2.29
2-Apr-15 400 0.83 2.40 1.00 1.94 0.25 2.77 3.25 3.89 2.03 3.00 470 2.08 3.29 427 2.29
3-Apr-15 1074 129 9.00 1.00 8.86 0.76 9.29 326 | 1150 2.02 10.00 7.60 8.41 3.31 1177 232
4-Apr-15 1185 142 | 1120 110 | 1067 092 | 1226 327 | 1400 2.03 12.90 7.00 11.07 332 | 1419 234
5-Apr-15 1457 175 | 1520 150 | 13.21 113 | 15693 329 | 1842 204 16.50 6.10 1210 332 | 17.71 236
6-Apr-15 747 155 5.90 1.00 4.98 0.46 5.81 325 7.70 2.08 7.00 7.40 5.04 3.30 8.02 2.30
7-Apr-15 10.00 2.08 8.40 1.00 8.19 0.72 8.13 326 | 1041 203 9.20 7.60 7.38 330 | 1080 232
8-Apr-15 16.04 193 | 1250 130 | 1383 118 | 1252 328 | 1526 2.06 1450 6.60 1279 332 | 1529 234
9-Apr-15 3312 232 | 2680 270 | 2980 252 3251 223 | 3200 5.00 2690 342 | 3250 254
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Table 17: Participant’s value PM2.5 lab code from J to Q.
(Laboratory J and M did not install instruments for PM2.5 measurements)

PM2.5 J K L M N
day Xi Xi U Xi U Xi Xi U Xi U Xi U Xi U

13-Feb-15 9474 669 | 9565 11.10 9572 125 9643 260 | 9704 448
14-Feb-15 4000 282 | 4141 4.80 4154 125 41.81 123 | 4125 329
15-Feb-15 8.53 177 | 820 0.95 9.61 0.27 9.48 2.98
16-Feb-15 1010 1.77 | 987 1.15 1052 030 | 1085 2.99
17-Feb-15 16.38  1.77 | 15.79 1.83 19.41 125 | 1559 334 | 1660 044 | 1685 3.02
18-Feb-15 3937 278 | 4084 474 42.71 125 | 4038 358 | 4099 1.08 | 4060 3.28
19-Feb-15 4413 312 | 4640 538 4889 125 | 4281 361 | 5723 157 | 4515 3.35
20-Feb-15 3297 233 | 3406 395 3782 125 | 3273 348 | 2150 056 | 3417  3.19
21-Feb-15 3094 218 | 3150 365 3338 125 | 3045 346 | 3138 085 | 3156 3.16
22-Feb-15 5.72 177 | 497 0.58 4.35 1.14 4.50 3.30 4.81 0.13 6.32 2.97
23-Feb-15 1012 177 | 985 1.14 11.61 1.14 8.92 3.31 1034 028 | 1070 2.99
24-Feb-15 8.40 177 | 7.70 0.89 1188 1.14 7.00 3.31 9.52 0.25 8.37 2.98
25-Feb-15 2.91 1.77 1.89 0.22 9.61 1.14 2.48 3.29 2.63 0.07 2.58 297
26-Feb-15 1327  1.77 | 1348 1.56 1488 114 | 1277 332 | 13.06 0.36 | 13.88 3.00
27-Feb-15 18.68 217 20.41 125 | 1891 336 | 2013 052 | 2062 3.05
28-Feb-15 6.58 177 | 5.79 0.67 6.60 1.14 6.64 3.30 6.53 0.17 7.66 2.98
1-Mar-15 1703  1.77 | 16.15 1.87 1776 114 | 16.09 334 | 1587 043 | 1681 3.02
2-Mar-15 1267 1.77 | 12.06 1.40 1368 114 | 1266 332 | 1224 034 | 1323  3.00
3-Mar-15 1780 1.77 | 1714 1.99 1805 125 | 1611 334 | 1560 040 | 1861  3.03
4-Mar-15 2519 178 | 2483 288 2476 125 | 2167 338 | 2603 068 | 2682 3.1
5-Mar-15 1.97 1.77 1.33 0.16 1.36 1.14 1.15 3.29 3.54 0.10 2.87 297
6-Mar-15 1146  1.77 | 1167 1.35 1224 114 9.34 3.31 1170 031 | 1271 3.00
7-Mar-15 2186 177 | 2156 250 2249 125 | 2158 338 | 2231 061 | 2338 3.07
8-Mar-15 2776 196 | 2736 317 2812 125 | 2483 340 | 2911 0.76 | 2926  3.13
9-Mar-15 4292  3.03 | 4300 499 4309 125 | 4181 360 | 4562 120 | 4571 3.36
10-Mar-15 5488 387 | 5474 635 5479 125 | 5267 377 | 5623 145 | 5719 357
11-Mar-15 59.01 417 | 5720 6.64 57.51 125 | 56.01 382 | 5805 154 | 5834 3.59
12-Mar-15 51.77 365 | 5083 590 5045 125 | 50.70 373 | 5224 134 | 5222 347
13-Mar-15 3544 250 | 3437 399 3439 125 | 3494 351 | 3782 105 | 3505 3.20
14-Mar-15 3292 232 | 3059 355 3050 125 | 3001 345 | 3401 094 | 3217 317
15-Mar-15 4096 289 | 3968 460 3955 125 | 3959 357 | 40.81 111 | 4074 328
16-Mar-15 1394 177 | 1543 1.79 1400 114 | 1402 333 | 1487 040 | 1556  3.01
17-Mar-15 7.42 177 | 7.90 0.92 8.00 1.14 7.84 3.30 5.08 0.14 8.81 2.98
18-Mar-15 2890 204 | 2878 334 29.41 125 | 2757 343 | 2630 0.73 | 2911 3.3
19-Mar-15 56.07 396 | 5593 649 5525 125 | 5589 382 | 5405 150 | 5646  3.55
20-Mar-15 5587 394 | 5417 6.28 5418 125 | 5501 380 | 5532 148 | 55.06 3.53
21-Mar-15 5521 390 | 5408 6.27 52.81 125 | 5129 374 | 5505 149 | 5447 352
22-Mar-15 3194 225 | 3173 368 3060 125 | 2632 342 | 3319 090 | 3182 3.16
23-Mar-15 2493 177 | 2487 289 2504 125 | 2414 340 | 2621 074 | 2499 3.09
24-Mar-15 4269  3.01 | 4256 494 41.41 125 | 3841 355 | 4244 113 | 4266  3.31
25-Mar-15 1163 1.77 | 11.99 1.39 1190 1.14 9.50 3.31 1079  0.31 | 1353  3.00
26-Mar-15 1758 177 | 1747 203 1644 114 | 1488 333 | 1487 040 | 1740 3.03
27-Mar-15 4.82 177 | 4.68 0.54 5.65 1.14 447 3.30 490 0.13 6.00 3.87
28-Mar-15 8.04 177 | 718 0.83 8.00 1.14 7.82 3.30 7.97 0.22 8.90 3.88
29-Mar-15 2046 177 | 1825 212 2006 125 | 1900 336 | 2022 058 | 19.71 393
30-Mar-15 7.67 177 | 6.87 0.80 7.20 1.14 7.49 3.30 7.71 0.21 8.50 3.88
31-Mar-15 317 177 | 3.28 0.38 3.72 1.14 3.35 3.30 3.36 0.10 4.21 3.87
1-Apr-15 1.76 1.77 1.59 0.18 2.63 1.14 143 3.29 3.36 0.09 3.06 3.87
2-Apr-15 2.78 177 | 2.08 0.24 2.81 1.14 2.02 3.29 3.54 0.10 3.46 3.87
3-Apr-15 9.63 177 | 8.89 1.03 1025 1.14 742 330 | 1116 030 9.82 3.88
4-Apr-15 13.01 177 | 11.88 1.38 1224 114 | 1158 332 | 1197 034 | 1212 389
5-Apr-15 1567 1.77 | 16.33 1.89 1614 114 | 1346 333 | 1379 040 | 1645 3.91
6-Apr-15 5.86 177 | 6.04 0.70 6.26 1.14 5.70 3.30 8.52 0.24 6.67 3.87
7-Apr-15 8.25 177 | 812 0.94 9.25 1.14 10.16  0.28 9.69 3.88
8-Apr-15 1276 1.77 | 12.23 1.42 1388 1.14 13.06 026 | 1461 3.90
9-Apr-15 2680 189 | 2784 323 3020 125 | 2917 344 | 3093 0.84 | 3077 4.01
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Table 18

: Participant’s value PM2.5 lab code from R to Z and oy of all participants

PM2.5 R S T U \ w All
day Avg U Avg U Avg U Avg U Avg U Avg U Avg U Avg U Opt
13-Feb-15 | 9489 835 | 89.56 8.60 9740 090 | 10046 1145 | 9522 10.99 4.67
14-Feb-15 | 36.30 319 | 4253 4.08 | 3570 360 | 4160 090 | 4231 482 | 3855 445 3842 443 | 287
15-Feb-15 577 067 | 732 070 | 620 060 | 780 09 | 1142 130 | 874 1.01 761 088 | 1.58
16-Feb-15 670 078 | 9.03 087 | 830 080 | 920 090 | 1292 147 | 1049 1.2 942 109 | 1.66
17-Feb-15 | 1290 1.14 | 1459 140 | 1540 1.60 | 1580 090 | 1807 206 | 1560 1.80 1522 175 | 143
18-Feb-15 | 36.84 324 | 3896 3.74 | 3530 3.60 | 4100 090 | 4168 475 | 3765 434 | 3990 291 | 3679 424 | 222
19-Feb-15 | 39.83 351 | 4348 418 | 3880 3.80 | 47.00 0.90 | 4591 523 | 4285 494 | 4400 299 | 3987 459 | 3.92
20-Feb-15 | 2952 260 | 3166 3.04 | 2920 3.00 | 3430 090 | 3456 394 | 3255 376 | 3300 274 | 3117 359 | 3.32
21-Feb-15 | 2579 227 | 2842 272 | 2690 260 | 3180 0.90 | 32.01 365 | 2983 344 | 2750 259 | 2882 332 | 220
22-Feb-15 376 044 | 468 046 | 620 060 | 460 090 | 8.69 099 | 712 082 620 205 | 544 063 | 1.18
23-Feb-15 765 089 | 865 0.84 | 1060 1.00 | 1030 090 | 1285 147 | 1115 129 | 1220 221 | 924 1.06 | 145
24-Feb-15 641 074 | 697 068 | 840 080 | 770 09 | 1124 128 | 887 1.02 940 213 | 761 088 | 1.50
25-Feb-15 093 011 ] 19 020 | 250 020 | 140 090 | 6.28 072 | 440 051 250 200 | 25 029 | 1.90
26-Feb-15 | 1072 094 | 1232 118 | 510 060 | 1350 0.90 | 16.21 185 | 1396 161 | 1400 225 | 1341 155 | 219
27-Feb-15 | 1817 160 | 1887 182 | 1790 1.80 | 1920 090 | 20.62 235 | 1944 224 | 1990 241 | 19.03 219 | 142
28-Feb-15 570 050 | 700 068 | 740 080 | 59 090 | 9.3 104 | 769 089 760 210 0.88
1-Mar-15 1421 165 | 1617 156 | 1610 160 | 1690 090 | 1828 2.08 | 1749 202 | 1770 235 | 1631 1.88 | 1.25
2-Mar-15 1037 120 | 1236 118 | 1270 120 | 13.00 090 | 1373 157 | 1249 144 | 1410 226 | 1232 142 | 1.02
3-Mar-15 1524 134 | 1662 160 | 1540 160 | 1730 090 | 1916 218 | 1782 206 | 1650 231 | 1631 1.88 | 1.46
4-Mar-15 2232 196 | 2478 238 | 2220 220 | 2700 090 | 1846 211 | 2541 293 | 2520 252 | 23.02 265 | 248
5-Mar-15 000 001 | 149 020 | 260 020 | 250 090 | 3.54 040 | 270 0.31 170 194 0.87
6-Mar-15 1053 093 | 1096 1.06 | 1050 1.00 | 1200 0.90 | 1369 156 | 1294 149 | 1230 220 | 1087 125 | 1.24
7-Mar-15 1883 166 | 2112 202 | 1960 200 | 21.70 090 | 2355 269 | 2206 255 | 2140 244 | 2048 236 | 1.70
8-Mar-15 2640 3.06 | 26.75 256 | 2510 260 | 27.70 0.90 | 2941 335 | 2790 322 | 2700 257 | 2537 292 | 222
9-Mar-15 4043 469 | 4257 4.08 | 3880 3.80 | 4420 090 | 44.71 510 | 43.71 504 | 4430 301 | 40.06 4.61 | 2.76
10-Mar-15 | 5247 6.09 | 4710 452 | 4850 480 | 5750 0.90 | 5551 6.33 | 5452 629 | 5920 3.37 | 4876 562 | 3.84
11-Mar-15 | 5821 6.75 | 58.13 558 | 5090 500 | 60.70 0.90 | 5748 6.55 | 57.35 6.62 | 59.00 3.36 | 51.84 597 | 3.22
12-Mar-15 | 5025 442 | 5148 4.94 | 46.00 4.60 | 5510 090 | 5234 597 | 5205 6.01 | 5340 326 | 4658 537 | 2.91
13-Mar-15 | 3215 283 | 3370 324 | 3250 320 | 3750 0.90 | 3675 419 | 3446 398 | 3400 275 | 3335 3.84 | 2.04
14-Mar-15 | 2715 239 | 3150 3.02 | 2940 3.00 | 3330 090 | 3414 389 | 3124 361 | 2820 262 | 3117 359 | 2.23
15-Mar-15 | 35.02 3.08 | 3933 3.78 | 3690 360 | 41.70 090 | 4168 475 | 3879 448 | 3830 2.87 | 37.33 430 | 2.56
16-Mar-15 897 104 | 1453 140 | 1290 120 | 1390 090 | 1756 200 | 1482 171 | 1260 221 | 1323 152 | 291
17-Mar-15 500 058 | 747 072 | 720 080 | 800 090 | 1079 123 | 883  1.02 230 200 | 689 079 | 1.81
18-Mar-15 | 2405 212 | 2889 278 | 2720 280 | 3060 0.90 | 3050 348 | 2836 327 | 2830 2.60 | 25.73 296 | 2.27
19-Mar-15 | 46.35 4.08 | 5620 540 | 4980 500 | 6040 090 | 5194 592 | 5397 623 | 6060 3.39 | 4948 570 | 3.95
20-Mar-15 | 4765 419 | 5477 526 | 5030 5.00 | 5940 090 | 54.08 617 | 5408 624 | 56.00 3.30 | 50.75 5.85 | 3.51
21-Mar-15 | 4635 4.08 | 5434 522 | 4990 500 | 5710 090 | 5535 6.31 | 5298 6.11 | 5420 325 | 50.03 576 | 3.25
22-Mar-15 | 2465 217 | 3165 304 | 2730 280 | 3290 090 | 3405 3.88 | 2977 344 | 2540 254 | 2864 3.30 | 3.36
23-Mar-15 | 2106 1.85 | 2455 236 | 2250 220 | 26.00 0.90 | 26.61 3.03 | 2398 277 | 2490 251 | 2157 248 | 2.07
24-Mar-15 | 3410 3.00 | 4207 4.04 | 3830 3.80 | 4420 090 | 4388 500 | 4123 476 | 4090 284 | 37.70 434 | 317
25-Mar-15 769 089 | 1146 110 | 1090 1.00 [ 1200 090 | 1536 1.75 | 1280 148 | 1050 217 | 1131 130 | 1.83
26-Mar-15 | 1241 1.09 | 1727 166 | 1620 1.60 | 1760 090 | 1748 199 | 1615 186 | 1630 231 | 1649 190 | 2.15
27-Mar-15 369 043 | 501 048 460 090 | 742 085 | 579 067 520 204 | 453 052 | 0.87
28-Mar-15 737 08 | 738 070 | 880 080 | 760 090 | 1041 119 | 898  1.04 761 088 | 0.85
29-Mar-15 | 1811 159 | 1901 182 | 1860 1.80 | 2010 0.90 | 1898 216 | 1832 2.1 1794 207 | 1.39
30-Mar-15 651 076 | 746 072 | 800 080 | 950 090 | 9.77 1.1 828 0.96 6.71 077 | 1.35
31-Mar-15 098 011 | 018 020 | 430 040 | 310 090 | 6.22 0.71 567 0.65 460 203 | 308 035 | 1.41
1-Apr-15 000 002 | 149 020 | 250 020 | 210 0.90 | 3.63 041 | 457 053 230 196 | 254 029 | 1.05
2-Apr-15 052 006 | 214 020 | 270 020 | 260 090 | 598 068 | 477 055 340 200 | 326 038 | 1.15
3-Apr-15 707 082 | 919 088 | 960 1.00 [ 1050 090 | 12.04 137 | 1038 120 | 1020 216 | 1015 117 | 1.27
4-Apr-15 900 104 | 1178 114 | 1170 120 | 1240 090 | 1318 150 | 1212 140 | 1120 218 | 1396 161 | 1.18
5-Apr-15 1185 1.04 | 1592 152 | 1430 140 | 1530 090 | 1715 196 | 1526 176 | 1340 224 | 1685 1.94 | 1.75
6-Apr-15 443 051 | 622 060 | 650 060 | 710 090 | 839 096 | 747 086 6.70 206 | 616 071 | 1.09
7-Apr-15 602 070 | 805 078 | 810 080 | 910 09 | 1117 127 | 967 112 870 213 | 870 1.00 | 1.22
8-Apr-15 10.78 0.95 | 1129 1.08 | 1300 140 | 1490 090 | 1497 171 | 1360 157 | 1410 226 | 1323 152 | 1.36
9-Apr-15 2553 225 | 2645 254 | 2640 260 | 3160 090 | 27.38 312 | 2748 317 | 2980 2.65 | 26.83 3.09 | 242
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Daily z’-scores for each laboratory

Annex C
PM2.5

——not reported

. Z'score 2 2 —_—3 —3

LEGEND

Figure 28 to 49 show for each laboratory the calculated z’-score daily value for PM2.5.

Z'-score PM 25 Lab. A
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Figure 28: Chart of z’-score evaluation for PM2.5 related to Lab. A
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Figure 29: Chart of z’-score evaluation for PM2.5 related to Lab. B
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Figure 30: Chart of z
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Figure 31: Chart of z’-score evaluation for PM2.5 related to Lab. D
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z'-score PM 2,5 Lab. F
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Figure 33: Chart of z’-score evaluation for PM2.5 related to Lab. F
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Figure 34: Chart of z
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z'-score PM 2,5 Lab. H
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Figure 35: Chart of z’-score evaluation for PM2.5 related to Lab. H
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score evaluation for PM2.5 related to Lab. K
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Figure 36: Chart of z



Z'-score PM 2,5 Lab. L
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Figure 37: Chart of z’-score evaluation for PM2.5 related to Lab. L
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Figure 38: Chart of z
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z'-score PM 2,5 Lab. O
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Figure 39: Chart of z’-score evaluation for PM2.5 related to Lab. O
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Figure 40: Chart of z
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Figure 41: Chart of z’-score evaluation for PM2.5 related to Lab. Q
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Figure 42: Chart of z
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z'-score PM 2,5 Lab. S
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Figure 43: Chart of z’-score evaluation for PM2.5 related to Lab. S
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Figure 44: Chart of z
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Zz'-score PM 2,5 Lab. U

z'-score PM 2,5 Lab.V

21008~

Figure 45: Chart of z’-score evaluation for PM2.5 related to Lab. U
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score evaluation for PM2.5 related to Lab. V
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Figure 46: Chart of z



z'-score PM 2,5 Lab. W

Figure 47: Chart of z’-score evaluation for PM2.5 related to Lab. W
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Figure 48: Chart of z
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z'-score PM 2,5 Lab. Z
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Figure 49: Chart of z
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PM10
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Figure 50 to 73 show for each laboratory the calculated z’-score daily value for PM10.
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Figure 50: Chart of z
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Figure 51: Chart of z’-score evaluation for PM10 related to Lab. B

Figure 52: Chart of z



z'-score PM 10 Lab.D
z'-score PM 10 Lab. E

_m - - R g g
| |

Figure 53: Chart of z’-score evaluation for PM10 related to Lab. D
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Figure 55: Chart of z’-score evaluation for PM10 related to Lab. F
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Figure 57: Chart of z’-score evaluation for PM10 related to Lab. H
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z'-score PM 10 Lab. K
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Figure 59: Chart of z’-score evaluation for PM10 related to Lab. K
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score evaluation for PM10 related to Lab. L
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Figure 60: Chart of z



z'-score PM 10 Lab. M
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Figure 61: Chart of z’-score evaluation for PM10 related to Lab. M
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Figure 62: Chart of z
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z'-score PM 10 Lab. O

Figure 63: Chart of z’-score evaluation for PM10 related to Lab. O
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z'-score PM 10 Lab.Q
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Figure 65: Chart of z’-score evaluation for PM10 related to Lab. Q
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Figure 66: Chart of z
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z'-score PM 10 Lab. S
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Figure 67: Chart of z’-score evaluation for PM10 related to Lab. S
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Figure 68: Chart of z’-score evaluation for PM10 related to Lab. T
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z'-score PM 10 Lab. U

D'AI|I|II|I

Figure 69: Chart of z"-score evaluation for PM10 related to Lab. U
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Figure 70: Chart of z
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z'-score PM 10 Lab. W

z'-score PM 10 Lab.Y

Figure 71: Chart of z’-score evaluation for PM10 related to Lab. W
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z'-score PM 10 Lab.Z

Figure 73: Chart of z’-score evaluation for PM10 related to Lab. Z
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Figure 74 to 95 show for each laboratory the calculated En-score daily value for PM2.5.
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Figure 74: Chart of Bias evaluation for PM2.5 related to Lab. A
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Figure 75: Chart of Bias evaluation for PM2.5 related to Lab. B
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Figure 76: Chart of Bias evaluation for PM2.5 related to Lab. C
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Figure 77: Chart of Bias evaluation for PM2.5 related to Lab. D
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Figure 78: Chart of Bias evaluation for PM2.5 related to Lab. E
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Figure 79: Chart of Bias evaluation for PM2.5 related to Lab. F
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Figure 80: Chart of Bias evaluation for PM2.5 related to Lab. G
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Figure 81: Chart of Bias evaluation for PM2.5 related to Lab. H
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Figure 82: Chart of Bias evaluation for PM2.5 related to Lab. K
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Figure 83: Chart of Bias evaluation for PM2.5 related to Lab. L

En PM2.5 Lab. N

SRR AR S K VT R R R

[=2]

anjeA paubisse woly uoneina(

Figure 84: Chart of Bias evaluation for PM2.5 related to Lab. N

81



En PM2.5 Lab.O

L e T S S

anjeA paubisse woly uoneina(

Figure 85: Chart of Bias evaluation for PM2.5 related to Lab. O

En PM2.5 Lab. P

1T IR ! TLTETHT =111 TET g7 | ! TIT+T ! | HE f FL T LT H Y R ! 1T ! TETRY THTHET | | TaT 1 1 ! 1 1
| : Iy I £ 11 ik P

ow
—

h @

—
—

anjeA paubisse wouy uoieinaq

-
—

o-Ppf
Pl
7-Bor
o-Pp!
5- oY
A-POT

2-Pp*
A-Ppt

A5-Af

&M
AN

2N

AN

2-FeP
71¥e°
26-Fe°
25-FeP
24FeP
2FeP
2:Fe°
nFe°
20-Fe°
ro-Feb
Ag-FeP
A7-FeP
16-FeP
\5-FeP
\4-FeP
13-FeP

Figure 86: Chart of Bias evaluation for PM2.5 related to Lab. P

82



En PM2.5 Lab.Q

2

En PM2.5 Lab.R

r
=

T
u

=

Gyl
T

10 47

15 4

83

SnjeA paUBISSE Woy UoReINS] anjeA paubisse woly uoneina(

Figure 87: Chart of Bias evaluation for PM2.5 related to Lab. Q

Figure 88: Chart of Bias evaluation for PM2.5 related to Lab. R



E
n PM2.5 Lab. S

e

Ill T T T . !
T I T
jliljljljl]l 1} T IJ| T
} \j I:l_i'l'|'\I\lllf[uJ.L.l.i,i,Ilil 'E'E' |
] ilrili{ly

C

[t
o
' o [=>]
T
i P
o
—

anje Bisse
APo
u
! wolj u =
onel
Heireq

o-P9'
g-PpY
7-Po¥
&-PoF
&-POf
A-PO!
3-PpY
2-POY
A-POY
3\
30-Me
20N
28N
g1
26N
el
AN
23N
g2
AR
20- M
A9 M
e
A7
16-Me
A5
A4
A3
A2
A
A0
g\
g-Mer
7N
Ml
5 M
AN
3l
yAl
At
2% Feb
21 Feb
26 X eb
25 Feb
A ¥eb
2% Feb
22-Fe®
Feb
20 X eb
19-FeP
\g-FeP
A7FeP
16-FeP
\5-FeP
\AFeP
\3-FeP

Figur
e 89:
: Char
t of Bi
jas
evaluation fo
r PM2
.5 rela
ted to
Lab
. S

E
n PM2.5 Lab. T

711
11T 8z 171
T &
1.

|

[=

T 7

Hﬂh ﬁﬁw {H

anje Biss
APo
u
ISSe wolj u =)
onel
Heireq

REW

o-P9'
g-PpY
7-Pf
&-PoF
&-POf
AP
3-POY
2-POY
A-POY
3
30-Met
20N
28N
g1
26N
el
AN
23N
g2
AR
20- M
A9 M
e
A7
16-Me
A5
A4
A3
A2
A
A0
oM
g
7N
gl
5 M
AN
3l
yAl
At
2% Feb
21 Feb
26 X eb
25 Feb
A ¥eb
2% Feb
22-Fe®
Feb
20 X eb
19-FeP
\g-FeP
A7FeP
16-FeP
\5-FeP
\AFeP
1aF eb

Figur
e 90:
: Char
t of Bi
jas
evaluation for P
M2.5
.5 related
to Lab
. T

84



En PM
25 L
ab. U

T T T T T T T -
I j T T T III T T T T T T T
T T T T T T T T T T =
T T T T T T T T T T T
I T T T 1

=

=] L =+ [ar] — [ar]
[3Y]
=
- [37]

=n|e =
AP
u
@_mmm wioll u
onel
leined

o-PpY
o-Ppf
7-Po¥
&P
5-Pof
A-POY
a-Ppf
-Pof
A-PoY
SR
30
29-M
28N
RN
26-Me'
25-Me'
AN
23N
22\
AR
20-Me'
A0
AgMe
A7
e
A5
AaN
AN
A2
AN
A0- M@
g\
g-Mal
-\
g\
5 M
AN
3\l
2\
A
28-Fe°
71F¢°
26-Fe°
25-Fe°
28-Fe°
73Fe°
2-Fe°
Feb
20-Fe°
r0-FeP
Ae-FeP
A7FeP
\6-Fe°
A5-Fe°
Aa-Feb
13-FeP

Figur
e 91:
: Char
t of Bi
jas
evaluation fo
r PM2
.5 rela
ted to
Lab
.U

E
n PM2.5 Lab.V

10
5
0
5

u
=

=n|e =
AP
u
@_mmm wioll u
onel
leined

o-PpY
o-Ppf
7-hpt
&-Por
5-Pof
A-POY
a-Ppf
-Pof
A-Ppr
M
30-Me'
20-M
28 M
RN
26-Me'
25- M
oA
2N
22N
AR
20
A0
Ap M
AT\
16-M@
15N
A8
AN
YA
AA-N
A0- M
g- Ml
g-Me"
-\
M
5 M
AN
3-Mer
Al
AWl
28-Fe°
71Fe°
26-FeP
25-FeP
28-Fe°
73Fe°
2-Fe°
Feb
20FeP
r0-FeP
Ae-FeP
A7FeP
\6-Fe°
A5-Fe°
Aa-FeP
13-FeP

Figur
e 92:
: Char
t of Bi
jas
evaluation for P,
M2.5
.5 related
to Lab
.V

85



E
n PM2.5 Lab. W

12 4

[yr] oo
V
T
o

=n|e =
AP
u
@_mmm wioll u
onel
leined

o-PpY
o-Ppf
7-hpt
&-Por
5-Pof
A-POY
a-Ppf
-Pof
A-PoY
3N
30-Me'
29-M
28 M
RN
26- M
25-Me'
oA
23\
22N
AR
20 M
A0
Ap M
A7
16-Me
A5
A8l
AN
YA
AA-N
A0- M
g- Ml
g-Mer
-\
M
50
AN
3-Mer
2\
A
28-Fe°
71Fe°
26-FeP
25-FeP
28-Fe°
73Fe°
2-Fe°
Feb
20FeP
19-FeP
\g-FeP
A1FeP
\6-Fe°
A5-Fe°
Aa-FeP
13-FeP

Figur
e 93:
: Char
t of Bi
jas
evaluation fo
r PM2
.5 rela
ted to
Lab
. W

E
n PM2.5 Lab.Y

_|
_|

III T T T T T T T T I
] T T T III ITIJI T T T T T T T T
J T T T T T T T T T T T T
I } } ] T T T T T T T 1

i

|

=

o =t =T
w w
o _
= [37]
h
]
oo
T

=n|e =
AP
u
@_mmm wioll u
onel
leined

o-PpY
o-Ppf
7-Po¥
&-Por
5-Pof
A-POY
a-Ppf
-Pof
A-Ppr
M
30-Me'
20-M
28 M
RN
26- M
25"
oA
2N
22N
AR
20
A0
Ap M
AT\
16-M@
15N
A8
AN
YA
AA-N
A0- M
g- Ml
g-Me"
-\
M
5 M
AN
3l
2\
A
28-Fe°
71Fe°
26-FeP
25-FeP
28-Fe°
73Fe°
2-Fe°
Feb
20FeP
r0-FeP
Ae-FeP
A7FeP
\6-Fe°
A5-Fe°
Aa-FeP
13-FeP

Figur
e 94:
: Char
t of Bi
jas
evaluation for P,
M2.5
.5 related
to Lab
.Y

86



EnP
M2.5
5 Lab.Z

T

anje
AP
u
Bisse wouy
uone
einsQg

g-Ppf
a-POY
7-Pet
&MY
5- PR
A-POY
3-POY
2-POF
A-PY
N
30N
2N
28N
RN
26- N
25- M
AN
2N
2\
AR
20- M
AQ-Mef
A M
A7
16-Me
15N
A8l
AN
YA
AA-N
A0- M
g- Mt
g-Me"
7-Me
B M
5 M
AN
3l
2\
A
28-Fe°
71Fe°
26-FeP
25-FeP
24-Fe°
23Fe°
2-Fe°
Feb
20FeP
19-FeP
\g-FeP
A1FeP
16-FeP
A5-FeP
\4-Fed
13FeP

Figur
e 95:
: Chari
t of Bi
jas
evaluation for P,
M2.5
.5 related
to Lab
. Z

87



PM10

Anot reporied

= bias

LEGEND

Figure 96 to 119 show for each laboratory the calculated En-score daily value for PM10.
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Figure 98: Chart of Bias evaluation for PM10 related to Lab. C
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Figure 103: Chart of Bias evaluation for PM10 related to Lab. H

En PM10 Lab.J

—Nn

T 1 T 7T

_l_I_l_

1

-
L

TTTT
SN

T T T
—v—J_—l—i—v—J_

-
L

—/Ar

T
L

T T

__l_l_L_l_J_

=

AN

3l

2

A-nhar

28-FeP
715
2%6-Fe°
25Fe°
24P
25FeP
2.FeP
2FeP
20-Fe°
19F eb
\8-FeP
A7-Fe°
r6-FeP
15-FeP
\4-FEP

ey A3FC°

r
=

0

T
o
A

-20 A

T
=)
@

=

_
D U
] 4

anjeA paubisse wolj uoneinaq

Figure 104: Chart of Bias evaluation for PM10 related to Lab. J

92



En PM10 Lab. K

10 -

— T_ oA —f— o-P®f
e 8PP’ H— — g-Pof
I E— .T?ﬂ... Ha— .T_Yﬂn
_|||_ B X [ HIA & X
1 5O —— &P
—— 4R —=— AP
—— 3P e 3RO\
I 2- por [} 2- ppr
— A-PRY [ A-Pet
S i [ AN
PR — wo\._,_,.m_H H — wo.z..ﬂ
A I 2\  — 2
—— mm.z.,ﬂ e Mm.z,wﬁ
— 21 ‘z,mﬂ A 21 ‘z,mﬂ
— T 20\ N— 26
— 5@ —y 26- M@
r : aar —1 At
_ |||_ 24 ; _ |||_ 24 ]
— mm.z.,mﬂ — ﬁ.;ﬂ
e p.w‘z.,mﬂ . ob.\%mﬁ
e AR [ | e
_ B | 20-M | T “ 20-Aaf
—_— AoV " i | A9 M
r ar - et
— 8 — 18
— A7 {1 A7 M
e ,_m?m“ = ,.m\z,mﬂ
T )m\?_...w T )@.Z..W
T A b.z,ma - T \ b._z..ma
B wuz._ma |nu. r @wz.‘.w_..
—t— A © T s
— 12\ - | | A2 M@
e AA-M o “ - | A1
- b -
—f— Aol = : - | AO-M2f
— g M a “ | oM
—e gl c —— g M
B M L i e
e 1- e 1-
—t— g —=—f g
— L wav N whar
e Wz_wﬂ x — |F_ Wz__uﬂ
- whar Q N wav
e 3 Q i 3
i Mef C Mar
1 2 IS o 2
e ARt o i AVl
i 2e-Fe m < 2 e
L p B F D
< 2 .«mg o —f— 21 ._mmg
—— mm.Mmc S —p— Mm.Mmc
Feb = - e
_|_.|_ 25 cob DM, | b= 25 cob
—— 24 ‘m o = H— 24 ‘_m o
—t— 23 e H=— 2%
— S o 2¥e°
r DS r 1]
— mw.”a M — mw .MM.O
—— 2 o T —— 2 e
B 19- > f f 19~
- feb - Feb
—— A8 o 2 e A% o
— AT ._mmg & —— AT ._mmg
— ere 5 i e
—— 15Fe° i 15Fe
r Feb ®© r Feb
e WS e wre
“ - e “ I 13Fe€
anjeA psubisse wWoly UoneIrs(] g anjeA psubisse wolj uonemnsq
2
v

93

Figure 106: Chart of Bias evaluation for PM10 related to Lab. L
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