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This report was drafted as a part of the Joaquin-project. This is an INTERREG IVB NWE project
aiming to improve air quality in the Northwest European region.

Joaquin (Joint Air Quality Initiative) focusses on the air quality in Northwest Europe, the associated
health effects an possibilities for improvement. The project comprises the measurement of some
parameters showing a stronger correlation with health effects (ultrafine particles, particulate matter
composition (metals,sooté) t han t he cur r gandPM,spareanzeers.r ed PM
The project will also evaluate measures currently available to policy makers. Certain measures will
even be piloted in the participating cities. These findings will be presented to stakeholders and policy
makers, whilst providing them with a tool to start working on these measures (decision supporting
tool).

Finally, this project will also spread information on these novel parameters and air quality in general to
both experts and the general public, that will enable them to better assess the air quality in their own
region.

Duration: 01/05/2010-30/11/2015

Partners:

- Belgium(4): Vlaamse Milieumaatschappij (VMM), Intergewestelijk€el voor het
Leefmilieu (IRCELCELINE), Vlaams Agentschap Zorg & Gezondheid (VAZG), Stad
Antwerpen

- France(2): Ecole des Ingénieurs de la Ville de Paris (EIVP), Atmo Nord Pas de Calais

- The Netherlandg4): GGD Amsterdam, Provincie NooréHolland, Rijksinstituut voor
Volksgezondheid en Milieu (RIVM), Enery research Centre of the Netherlands (ECN)

- United Kingdom(6): University of Brighton, University of Leicester, Leicester City
Council, London airTEXT, Greater London Authority (GLA), Transport for London (Jf

More information on the project can be found on www.joaquin.eu.




Although UFPs (particles <100 nm) contribute little to the mass of particulate matter (PM) in ambient
air they are the dominant contributors to particle number and owing to their small size and ability to
penetrate the respiratory system, are thought to be potentially more hazardous to human health than
larger particles. These particles have not been routinely measured in air quality monitoring and there is
not one reference technique which is currently used. A range of equipment was assessed for the
purpose of characterising UFPs.

1.1 UFPmeasurements¢ How easy was theset up and maintenance of the UFP
equipmentand what data coverage was obtained?

TSI 3031 ultrafine particle monitor (UFPM) - six size channels ranging from 20-800 nm:

Easy to initially set up, is rack mountable and has relatively low maintenance requirements. Remote
data access over Ethernet is easy to achieve. Problems were encountered including the software
freezing requiring instrument reboot and anomalously low counts (consistent lower particle counts with
a correlation in temporal behaviour, but with a constant factor ~4 offset) recorded by University of
Brighton instrument.

TSI 3783 water based condensing particle counter (EPC) - measuring from 7-1000 nm

Easy to initially set up and again is rack mountable. Maintenance includes four-weekly wick changing
water top ups and instrument is sensitive to deviation from horizontal when filled with water instrument
to avoid flooding. Problems encountered included University of Leicester experiencing problems with
decreasing pulse height over the year for reasons unknown, rectified by yearly servicing.

TSI instruments require connection to the sample conditioning system (TSI ESS) requiring four-weekly
maintenance.

Grimm Scanning Mobility Particle Sizer (SMPS)+C 5420 with L-DMA 45 size classes 10-1100 nm
Relatively easy to initially set up and again is rack mountable. It did, however, require somewhat more
knowledge and assistance from the manufacture than typical for an air quality monitoring instrument.
Maintenance includes four-weekly flow check and butanol handling (draining the waste liquid and
adding clean liquid). The radioactive source of the SMPS can cause regulatory issues, although it can
even be used in mobile trailers. Transportation and permit costs of the radioactive source need to be
taken into account.

TSI 3550 NSAM i particle surface area deposition in lungregion10-1 0 00 nm ( aydlond). 1 e m
Very easy initial set up, cyclone requires weekly cleaning. Software very limited with only RS-232 data
output and only exports data into readable format when sampling terminated. It is a questionable
choice for use for long term particle monitoring especially where near real time data output is required.

The consumables (filters etc.) for all instruments represent a relatively high expense (~0 €00/annum
for the three TSI monitors) and all require return to base yearly calibration at a high cost ( U 2 610400 0 O
per instrument).

Station Start Stop Observations PMyo PM, 5 NO, NO BC TNC PNC Total availability
# NAS % NAs % NAs % NAs % NAs % NAs % NAs % %

Amsterdam (AD1S) ~ 01/04/2013 31/03/2015 35040 848 | 98 1074 97 1698| 95 1698 95 240 99 6034, 83 9660 72 91

Antw erp (APLS) 01/04/2013 31/03/2015 35040 3287 91 2560 | 93 2478| 93 2478 93 734 98 4583 87 5765 84 91

Leicester (LELS) 01/04/2013 31/03/2015 35040 - - 11008 | 69 5014 86 5008 86 4849 86 13500 61 12731 64 75

London (LO1S) 01/04/2013 31/03/2015 35040 2600 93 11634 | 67 6814 81 6786 81 17678 | |50 24881 | 29 25451 | | 27 61

Lille (LL1S) 01/04/2013 31/03/2015 35040 1076 | 97 2712 92 645, 98 940 97 - - - - - - 96

Wijk aan Zee (Wz1S) 01/04/2013 31/03/2015 35040 836, 98 1030 97 1032 97 1032 97 - 97

Table 1 - Total particle number concentration (TNC) and size-specific particle number concentration (PNC). N.B. - TNC
and PNC measurements started in Oct 2013 for LE1S, TNC, PNC and BC measurements started in Apr 2014 in LO1S

Instrument coverage is shown in Table 1. Coverage for the two UFP instruments at the UK sites
appears disproportionately low owing to delays in the beginning data collection. If these periods of no



data are excluded then the average coverage for the six sites for TNC is 84% and 81% for PNC,
compared the more usually monitored pollutants of NO, at 92%, PM;, at 94% and 90% for PM, 5.

Overall the instruments ran well, although occasional problems were
encountered during the monitoring period with some periods of extended data
loss. Over the span of the project data coverage was reasonable (81-84%)
although below the more commonly used NO, and particle monitoring
equipment. In conclusion whilst the instruments represent feasible additions to
monitoring networks they may require more maintenance and expertise than
traditional air quality monitors in order to obtain the best data coverage.
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1.2 What was the omparative usefulnesheliability of instrument datacollected?

1.2.1 UFP data collected by GRIMM SMPS compared to the UFPM

Figure 1 shows the correlation between half-hourly particle number concentration for each of the
channels for the UFPM and SMPS monitor, taken from the two instruments in the mobile station and
collected over a one month period. The correlation between particles less than 30 nm and greater than
200 nm show relatively poor correlation (R®> = 0.39 and 0.54, respectively) indicating a problem with
one of the instruments measuring in these size ranges. Other comparison campaigns indeed showed
that the UFPM is less accurate in measuring particles >200 nm, so that the UFPM class from 200 to
500/800 nm should be considered as indicative only. The other channel bins (particles range 30-200
nm) show good correlations indicating both monitors are reliable for quantification of particles in this

range.
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Figure 1 - Comparison between ECN UFPM and ECN SMPS size classes (one month data). N1 to N6 represent
individual particle size classes of the size-resolved instruments.

the

1.2.2 How does the data produced by total particle counters (e.g. EPC) compare to
size-resolved measurements (SMPS and UFPM)?

As Figure 2 demonstrates the magnitude of the measured total particle number concentrations varies
with the different monitors. An evaluation from the comparison between EPC and SMPS (right panel
Figure 2) found the EPC has low variability and showed high correlation (R2:0.92) with the SMPS. In
addition, in comparison with total number contribution UFPM (20 ~ 500 nm) found relatively good
correlation indicating that the EPC covers the particle number concentration ranges of UFPM. Overall,
it can be concluded that EPC is a good monitor for measuring total particle number in urban area with

low uncertainty.
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Figure 27 comparison between EPC, UFPM and SMPS for AURN and ECN monitors (one month data).

The comparison between the size-resolved instruments (UFPM and SMPS) and total particle counter
(EPC) were also performed at each site for the entire monitoring period. In order to compare the total
number concentration of the EPC monitor against the size-resolved monitors (UFPM and SMPS), the
measured total number concentration (TNC) was plotted against the sum of the concentrations of all
size bins of respectively the SMPS in Amsterdam and Antwerp and the UFPM in Leicester and London
(Figure 3). The relation between the EPC and the size-resolved instruments was evaluated by
calculating the coefficients of divergence (COD) and Spearman Rank correlation coefficients (r) for
all considered monitoring sites (Table 2). The correlation analysis provides information on the overall
trend in association between the instruments, while the COD analysis shows differences in absolute
concentrations and is defined as:

Where x and y respresent the considered instruments, C; is the simultaneous half-hourly UFP number
concentration and n is the total number of half-hourly measurements.
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Figure 3 - Comparison of the total number concentration measured by the EPC and the total number concentrations
obtained by the size-resolved UFP instruments (SMPS for Amsterdam and Antwerp (upper) and UFPM for Leicester and
London (lower).

From Table 2, it becomes clear that the best associations (low COD and high r) are obtained between
the SMPS and EPC instruments of Amsterdam and Antwerp. The observed COD and r differences
can be explained by the sampling range of the individual instruments. While the SMPS quantifies >10
nm particles, the UFPM only samples particles larger than 20 nm, resulting in much less particle
counts. As smaller-sized particles are fairly short-lived and thus determine much of the temporal
variation in particle number concentration, part of the temporal variation will be underestimated when
not quantified by the UFPM. This explaines the weaker correlation coefficients for London and
Leicester. Lowest association is obtained for London (COD=0.33, r=0.68) which might be due to the
shorter monitoring period and the applied calibration factors.

COD Spearman Rank (r)
Amsterdam 0.10 0.93
Antwerp 0.17 0.96
London 0.33 0.68
Leicester 0.21 0.85

Table 2 - Coefficient of divergence (COD) and Spearman Rank correlation coefficients (r) between the half-hourly total
number concentration quantified by the EPC and the size-resolved instruments, for all individual monitoring sites.

Looking at the regression plots in Figure 3, the total number concentration of the size-resolved
instruments is always lower than the total number concentration measured by the EPC. Based on the
regression coefficients forced through the origin (not shown), an 8%, 26%, 23%, and 46% lower
particle number concentration is obtained with the size-resolved instruments for Amsterdam, Antwerp,
Leicester and London respectively. This corresponds with previous findings during the instrument
comparison in Antwerp, where total number concentration measured by the size resolved monitors
UFPM and SMPS were respectively 24% and 20% lower than the total number concentration
measured by the EPC. The higher EPC number concentrations could be explained by a lower minimal
detectable particle size (EPC 7 nm, SMPS 10 nm, UFPM 20 nm) and possibly differential diffusion
losses. The difference in minimal detectable particle size will have a significant influence in
environments where a nucleation mode is frequently present.

1.2.3 How do direct surface area measurements compare to estimated surface area
values?

The lung deposited surface area (LDSA) measurements were taken with the NSAM monitor; this
parameter was also calculated from SMPS particle size distributions for a period of one month.
Calculations were carried out assuming spherical particles and according to the ICRP model for a
reference worker (ICRP, publication 66, 1994). LDSA from SMPS was calculated by converting the
number size distribution into a surface area size distribution and multiplying this with the size-
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dependent alveolar deposition fraction as specified by the ICRP model. Namely, the size distributions
recorded by SMPS were weighted by the alveolar deposition curve and integrated over different size
ranges of interest (10-100, 20-100, 20-400, 100-400, and 400-1000 nm). Results show that NSAM and
20-400 nm size bins of SMPS were in good agreement within the period, with a correlation coefficient
(R% of 0.89 and with a slope of 1.2. Overall, it can be concluded that LDSA measuring by NSAM
monitor covers particles from 20 to 400 nm size range in diameter.
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Figure 4 - LDSA comparison between NSAM and SMPS Monitors (one month data).

Overall the SMPS provides the most comprehensive data coverage over the
largest range of particle sizes, however, without data treatment this amount of
data can be overwhelming. This is then followed by the TSI UFPM, which
appears to provide the most reliable data in the mid (30-200 nm) size range.
Total particle counters, such as the TSI EPC, however, can offer a cheaper,
simpler yet still reliable solution if size fractionation is not required.
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1.3 What is the relationship between UFP and traffic?

1.3.1 How does particle number data compare with more commonly measured traffic-
related air pollutants such as NOx and BC?

Daily-averaged NO, concentrations (Figure 5) showed some correlation with TNC (R2>0.5), with the
highest correlation occurring in Leicester followed by Antwerp. London and Amsterdam, however,
showed relatively poor correlations.

Figure 5 - Regression plots of daily-averaged total particle number concentration (# cm™) and NO and NO, (ug m™) for
all considered Joaquin displayed with logarithmic scales.

Figure 6 illustrates the correlation between different size ranges of particle number concentration and
nitrogen oxides (NO,) from data collected at Leicester. Generally, it can be observed that low
correlations occur in the summer season compared with other colder periods in Leicester; in winter the
R? for all size classes exceeded 0.5.

N20-100
N20-30 N30-100
o 200 400 800
0 200 400 800 0 200 400 800 L 1
L 1 1 1 I | L L L L L Spring (WAM] Summer [JA]
spng (HAM) summer (1) Spring (MAM) SUMmer (JIA] 50000 - NI WT-BINO-2SAR=058 | WD 10G-05(N, 2717 03
N20.30=17[ND,J+770 R =031 N20.30-22[N0, 14852 =012 N30, 100=T3(NO,}+ 1288 R=0.54 W20 100=74[NC, 1= 1765 R =0 32
10000 ~ = r L L
5000 - L N i I i e
A . L £ ﬁr L
d 5 £
i z £ r
°7 [ [5 r 3 St (SON] virter [D0FT
Sulumn (SON) winter [OJF] 3 Gufumn (SON] winter (DJF) 3 1 n{soN) _winter [JF)_ L
A 30-15NG,|-780 R =0 23 WED B0-20[ND, |+ 778 048 - 5 T T00=5N0 1531 RO=055 | W0 10070 I+ 148 w58, s NZOAOD=EENOLZTA RT=054 | K20 100=40NO, 2220 =0 30 50000
E e = 1 A = 1 gi £ - 40000
4 7 . ~ L [
R Ve o < q + b 30000 = i L a0000
e |- ~4 k- 20000 : - 20000
B EE ‘ - 5000 <
ﬁ . A I 10000 1 - 10000
R il L . Fo
i o o
T T T T T T T T T T T T T T T T T T T T T T
0 200 400 600 0 00 400 600 0 20 400 600
3 -3
NO;; (ugm ) NOy (ugm *) NOy (ugm™)
N100-200 N100.500 CPC
o 200 400 800
o 200 400 60D
o 200 400 600
L L | Lo 1 | L L L : L L ; S0rng (WAN ! ST [JJ‘AI !
Spring (WAM) Surmmar (JA] spring (MAM) Summer [JJA) It skt = L
20000 —{ N100 200=20{ND,1+375 RO=0.44 N100.200=13INO, 1462 R=0.16 |- 20000 | 100 SA0=2 NG, J+471 RT=0.4 N100.500=13[ND,]+521 F°=0.13 L 60000 | THESTMIND.Has6E 0.5 TNC=10Z(NO,J+5411 R=0.22 L
16000 [ 15000 7 B 40000 — L
10000 I 10000 - .
y 5 * % o~ 20000 | 3 F
5000 EA I E 5000 - L A a
i - L Z d LA L
° Sufumn (SON) winter (OJF] 3 ° Situmn (SON i (O] B ] autumin (SON] e [DIF]
~{ N100.200=15[NO,}+486 R'=0.44 NID0Z00-20NDJ+151 Ri=084 - 20000 S W10 500=16[NC,|-605 R'=0 38 00 500=21[NO,|+243 R0 51 E | TNG=84]NO.1+3801 R'=0.67 TNC=TTOND I 428 R=085,7 |
2 i BING =X booon _ 2 60000
. Fs00 8 : &)
2 1 b I 40000
B - Lo < i
- 5000 9 [~ 20000
4 Lo i g Fa
T T T T T T T T T
00 o 200 400 500 [ 200 400 800
3
NOy (ngm™) NOy (ugm ™)

NOy (ugm )

Figure 6 - Comparison between PNC measured by UFPM, and NOX at LE1S (one year data).



