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In-situ Estimation of Non-Regulated Pollutant Emission Factors in an Urban 2 Area of Nantes, France, with Fleet Composition Characterization 3

The purpose of this study is to estimate the in-situ emission factors of several pollutants 10 (particle number [PN], black carbon [BC] and several volatile and semi-volatile organic 11 compounds [VOCs and SVOCs]) in an urban area of Nantes, France, with real-world traffic 12 conditions and characterization of the fleet composition. The fleet composition and driving 13 conditions are characterized by the number of vehicles, their speeds and their types 14 (passenger cars [PCs], light commercial vehicles [LCVs], heavy-duty vehicles [HDVs]) as well 15 as their characteristics (make, model, fuel, engine, EURO emission standard, etc.). The 16 number of vehicles passing on the boulevard is around 20,000 per day with about 44% of 17 Euro 5 and Euro 6 vehicles. The impacts of fleet composition on emission were analyzed by 18 ANOVA. The results show that the fleet composition has a significant impact on emissions for 19 different pollutants. Higher percentage of gasoline PCs between Euro 4 to Euro 6 and Euro 4 20 diesel PCs induces more BC emission. Higher percentage of old gasoline and diesel vehicles 21 (≤ Euro 3) induces higher emission of toluene, ethylbenzene and m+p-and o-xylene. 22 Furthermore, emission factors estimated in this work were compared to those calculated in 23 other in-situ studies that show a good agreement. For the chassis bench comparison, the in-24 situ PN and BC emission factors are in the same range as those measured for diesel vehicles 2 25

without particle filter and gasoline vehicles with direct injection system. These EFs are also 26 comparable with old heavy duty vehicles without particle filter (5x10 13 -2x10 14 #/km). 27

Introduction 32

On-road vehicle emissions are the main cause of atmospheric pollution in urban areas.

33

Road transport induces particles, black carbon (BC) and of several VOCs and SVOCs (Volatile background site, 49 for the traffic site and 1 for the transport blank for each type of 120 cartridge) using standardized analytical methods (ISO-16000-6, ISO 16000-3, NIOSH 2549, 121 NIOSH 5506 and NF X 43-025). The complete list of compounds (six BTEX, five alkanes and 11 122 carbonyl compounds) analyzed on the cartridges is given below. For all cartridges, the sampling time is one hour to have enough material for chemical 153 analysis. For PN and BC, the data resolution is 1 second. However, in order to be able to 154 analyze the emission factors with the fleet for all measured pollutants, the PN and BC 155 measurement were averaged in one-hour period, corresponding to the cartridge sampling 156 time. In addition, the NO X concentrations used for ΔNO X in Equation 1 are given as a 15- Friday, April 28th
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Sunday, April 30th 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 The analysis of variance (ANOVA) is a statistical technique for assessing the differences 163 between the dependent variables, which are the emissions, of a nominal variable with 164 several categories (composition of the fleet). The null hypothesis (H0) for the analysis 165 represents the fact that there is no significant difference between the groups. The alternative hypothesis considers that there is at least one significant difference among the 167 groups. For the ANOVA test, the F-ratio and associated probability value (p-value) are 168 calculated. If the p-value associated with the F is smaller than 0.05, then the H0 is rejected 169 and the alternative hypothesis (H1) is retained [START_REF] Fanelli | Customer perceptions of Japanese foods in Italy[END_REF] and this implies that the 170 groups have a significant impact on emissions (Wildt and Ahtola, 1978) 
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The (between 3200 and 4800 #/cm 3 for PN, between 400 and 700 ng/m 3 for BC, and between 5 [START_REF] Joumard | Influence of driving cycles on unit 563 emissions from passenger cars[END_REF]Sluder et al., 2000;[START_REF] Caplain | Emissions of unregulated pollutants from European gasoline and diesel 537 passenger cars[END_REF][START_REF] Louis | PAH, BTEX, carbonyl 596 compound, black-carbon, NO2 and ultrafine particle dynamometer bench emissions for Euro 597 4 and Euro 5 diesel and gasoline passenger cars[END_REF] 264 [START_REF] Martinet | Euro 6 599 Unregulated Pollutant Characterization and Statistical Analysis of After-Treatment Device 600 and Driving-Condition Impact on Recent Passenger-Car Emissions[END_REF].

265 266 

268

The PN and BC emission factors showed a good correlation, following the same tendency 269 during the week of measurements (Fig. 5). Apart from Tuesday afternoon between 2:00 p.m. For a result of the ANOVA analysis to be significant, the p-value must be ≤ 0.05, which is 316 called a "significant result" in Table 1. However, to increase the power of the ANOVA 317 analysis, it is possible to consider that a result with a p-value between 0.05 and 0.1 are 318 significant, which is called "result considered as significant" in Table 1, but with a great 319 uncertainty. This analysis should be read with a special attention because they might also 320 indicate that the impacts of the analyzed group on emission could be significant but not 321 clearly significant. 

387

The emission factors for carbonyl compounds above the upper whisker are 5 to 11 times 388 higher and 6 to 17 times higher than the median for formaldehyde and hexanal, respectively.

389

For the three alkanes, the emission factors above the upper whisker are 3 to 18 times higher compared to their median. The BTEX emission factors above the upper whisker are 1.4 to 8 391 times higher compared to their median. The highest emission factor for hexanal, benzene, 392 toluene, ethylbenzene and nonane correspond to the same fleet composition (composition 2 393 in the Fig. 7) for the Sunday between 6:00 a.m. and 7:00 a.m. We remark that, in this time 394 interval, the fleet composition composed relatively high percentage of LDVs diesel (80%), 395

PCs ≤ Euro 4 (65%) and HDVs (3%), which have been showed by the ANOVA analysis to have 396 significant impacts on emission of these compounds (Table 3). ). Moreover, the PN and BC emission factors estimated in this study were also 409 compared with other in-situ studies with similar site characteristics [START_REF] Ketzel | Particle and trace gas emission factors 571 under urban driving conditions in Copenhagen based on street and roof-level observations[END_REF]410 Gratmonev et al., 2004;Rose et al., 2005;[START_REF] Imhof | Real-world emission factors of fine and ultrafine aerosol particles for different traffic 553 situations in Switzerland[END_REF][START_REF] Jones | Estimation of the emission factors of particle number and mass 560 fractions from traffic at a site where mean vehicle speeds vary over short distances[END_REF]Westerdahl et 411 al., 2009;[START_REF] Krecl | Determination of black carbon, PM 2.5, 577 particle number and NOx emission factors from roadside measurements and their 578 implications for emission inventory development[END_REF].

412

The emission factors estimated by other in-situ studies are between 5.8×10 13 and 413 9.3×10 14 #/veh/km for PN; and between 1.7×10 7 and 3.5×10 7 ng/veh/km for BC, which are in the same range as those estimated in this paper (Fig. 8), even fleet compositions are 415 different in different countries and different years. [START_REF] Louis | PAH, BTEX, carbonyl 596 compound, black-carbon, NO2 and ultrafine particle dynamometer bench emissions for Euro 597 4 and Euro 5 diesel and gasoline passenger cars[END_REF][START_REF] Martinet | Euro 6 599 Unregulated Pollutant Characterization and Statistical Analysis of After-Treatment Device 600 and Driving-Condition Impact on Recent Passenger-Car Emissions[END_REF] or by other in-situ studies (Ketzel 419 et al., 2003;Gratmonev et al., 2004;Rose et al., 2005;[START_REF] Imhof | Real-world emission factors of fine and ultrafine aerosol particles for different traffic 553 situations in Switzerland[END_REF][START_REF] Jones | Estimation of the emission factors of particle number and mass 560 fractions from traffic at a site where mean vehicle speeds vary over short distances[END_REF]Westerdahl et al., 2009;Krecl et 420 al., 2018).
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 1 Fig. 1. Diagram of the traffic site used for the measurements.

  157 minute average concentration. It is therefore impossible to go below this 15

Fig. 2 .

 2 Fig. 2. Time profiles of NO X concentration and wind speed on the measurement week.

Fig. 3 .Fig. 4 .

 34 Fig. 3. Weekdays (a) and weekend (b) characterization of the fleet composition during the measurement campaign. 2017

  /m 3 for NO X ) and provides a general background concentration with all different 242 sources. The subtraction in the equation (1) allows removing only the general back ground 243 levels but not the local background levels. This might induce a potential bias with an over estimation of EF for PN and other pollutants if the local background levels are higher than 245 general background levels. The local background levels could also be measured when there 246 is no traffic. However, depending on the weather conditions, especially the wind speeds, the 247 accumulation phenomena under no traffic condition might also induce a potential bias on 248 our measurement. The first point in the morning (at around 6:00 a.m.) was taken as the 249 background level at the traffic site. Using this local background levels, the emission factors of 250 PN and BC are respectively between 5×10 15 and 9×10 17 #/km and 1.2×10 8 and 251 2.3×10 11 ng/km. The local background values induce an underestimation of 4 and 20 times 252 for PN and BC comparing to the 'Air Pays de la Loire' background site, but only for low 253 emission period. These background values do not induce a significant difference at high 254 emission period for both PN and BC. Overall, if we use the local background value, it induced 255 an average underestimation around 30% for all period of measurement. 256 In general, the highest emission factors were measured between 7:00 a.m. and 257 10:00 a.m. and between 5:00 p.m. and 8:00 p.m. on all five weekdays. For the Saturday, the 258 highest emission factors were measured between 10:00 a.m. and 1:00 p.m. and between 259 5:00 p.m. and 8:00 p.m. For the Sunday, between 6:00 a.m. and 3:00 p.m., high emission 260 factors were measured for carbonyl compounds, BTEX and alkanes. The higher emission 261 factors measured in the morning can be explained by vehicle cold start, which emits large 262 amounts of pollutants such as BC, PN, BTEX, and carbonyl compounds (Westerholm et al., 263 1996;
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 5 Fig. 5. Global fleet emission factors for PN, BC, carbonyl compounds, BTEX, alkanes, NO X concentrations, number of

270 and 8 :Fig. 6 .

 86 Fig. 6. Time profiles of NO X concentration and number of vehicles and PN and BC concentrations on Monday, Tuesday and

FigFig. 7 .

 7 Fig. 7. Box-and-whisker plot of the average vehicle emission factors for PN, BC, carbonyl compounds, BTEX and alkanes.

  Fig. 8 shows the comparison of PN, BC, formaldehyde and BTEX emission factors

Fig. 8 .

 8 Fig. 8. Comparison of PN, BC, formaldehyde and BTEX emission factors per vehicle in this work with emission factors
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 1 Fig. A.1. Time profiles of PN, BC and NO X concentrations on the traffic site and the background site From Wednesday to

  Fig. A.2. Time profiles of the percentages of the diesel PCs, the percentages of gasoline PCs and the numbers of HDVs on

  

  

  

  distribution of the various Euro emission standards for PCs during the measurements

		vehicle (equation (1)) has been multiplying by the vehicle number that gives us the pollutant
	221	emission factors for a global fleet, over the one-hour measurement period. This allows us to
	222	study the pollutant emissions in relation with the current traffic.
	223	The particle number emission factors varied between 2×10 16 and 9.6×10 17 #/km on five
	224	weekdays and between 2.3×10 16 and 4.6×10 17 #/km on the weekend. The BC emission
	225	factors varied between 2.4×10 9 and 2.4×10 11 ng/km on weekdays and between 6.6×10 9 and
	226	1.2×10 11 ng/km on the weekend. The emission factors for carbonyl compounds varied
	227	between 2×10 4 and 2.4×10 6 µg/km on weekdays and between 2.7×10 3 and 4.9×10 5 µg/km
	228	on the weekend. The hexanal emission factors ranged between 2.3×10 3 and 4.1×10 5 µg/km
	229	on weekdays and between 1.5×10 4 and 3.2×10 5 µg/km on the weekend. For the three
	207 230	was 14% Euro 6, 30% Euro 5, 29% Euro 4, 17% Euro 3, 7% Euro 2, 2% Euro 1, and 1% pre-alkanes, the emission factors were between 1.2×10 4 and 7.1×10 6 µg/km on weekdays and
	208 231	Euro vehicles (Fig. 4a). This distribution is consistent with André et al. (2014), who estimated between 5.3×10 3 and 2×10 6 µg/km on the weekend. The BTEX emission factors ranged
	209 232	the PCs French fleet composed 17% Euro 6, 33% Euro 5, 26% Euro 4, 15% Euro 3, 6% Euro 2, between 5.4×10 3 and 3.3×10 6 µg/km on weekdays and between 6.3×10 4 and 5.1×10 6 µg/km
	210 233	2% Euro 1, and 1% pre-Euro in 2017 (Fig. 4b). As regards drive technology systems, the on the weekend. The missing points for VOCs are either pollutant quantities sampled on the
	211 234	observed PC fleet was composed of 68% diesel vehicles, 30% gasoline vehicles, and 2% other cartridges below their quantification limit; or negative values by subtracting the background
	212 235	such as gasoline or diesel hybrid vehicles, electric vehicles, gasoline/compressed natural gas value.
	213 236	and gasoline/liquefied petroleum gas vehicles. The LCV fleet was composed of 97% diesel The urban background concentrations for the pollutants used in the equation (1) were
	214 237	vehicles. For the HDVs, all the trucks were powered by diesel engines and all the buses were measured on the urban background site used by the air quality association "Air Pays de la
	215 238	natural gas combustion or other gaseous hydrocarbons. Loire". This background site is not affected by road traffic emissions, the measured NO X , PN
	239	and BC concentrations vary little on the different measurement time (16h/day during 4 days)
	216	3.2 Estimation of Global Fleet Emission Factors
	240	
	217	The global fleet emission factors for PN, BC, carbonyl compounds, BTEX, alkanes, NO X
	218	concentrations, number of vehicles, and traffic speeds are presented in Fig. 5 as a function of
	219	the measurement time and day on the traffic site. The average emission factor of one

Table 1

 1 

	). The emission factors were analyzed with 6

296

to 30% with 5% interval), percentage of diesel PCs Euro 5 and Euro 6 (15 to 35% with 5% 297 interval), percentage of gasoline PCs between pre-Euro and Euro 3 standard (5 306 vehicles, the first category therefore includes the percentage of gasoline vehicles from pre-307 Euro to Euro 3 standards, all of which have indirect injection engines; and the second 308 category includes the percentage of gasoline vehicles from Euro 4 to Euro 6 standards, as the 309 introduction of direct injection engines has begun on Euro 4 standard vehicles. Moreover, 310 for ANOVA analysis, the fleet composition has been classed by groups (different gaps of 311 vehicle number or percentage) to investigate their impact on emissions. Each group has to 312 contain enough samples to be significant and not too large to have a good sensibility. 313 Tuesday afternoon PN data have not been taken into account because of its strange 314 behavior show in section 3.3.

315

Table 1 323

 1 Results of the ANOVA analysis for the effect of the fleet composition on the emission factors times higher respectively comparing to the average emission factors. For the analyses on the 348 number of HDVs, emission factors estimated in the weekend have not been taken into 349 account because of the HDV driving ban. The Table1showed that the impact of the number shows also the average emission factors per vehicle for the measured VOCs and SVOCs. For all these compounds, the median is in the lower half of the 371 box, which assumes an asymmetric distribution toward the low values. Their emission

	Groups having a significant impact

331

25%" has also a significant positive impact on the PN emissions. The positive impact of 332 gasoline PCs between Euro 4 and Euro 6 on the PN and BC emissions can be explained by the 333 introduction of direct injection technology on certain gasoline vehicles, which induces more 334 PN and BC emissions than multipoint injection gasoline vehicles. These emissions could 335 reach the level of some diesel vehicles without a particulate filter

(Liang et al., 2013, 336 

[START_REF] Martinet | Euro 6 599 Unregulated Pollutant Characterization and Statistical Analysis of After-Treatment Device 600 and Driving-Condition Impact on Recent Passenger-Car Emissions[END_REF]

. 337 The percentage of diesel and gasoline PCs between pre-Euro and Euro 3 has a significant 338 positive impact on toluene, ethylbenzene and m+p-and o-xylene emission factors, more 345 m+p-xylene and o-xylene. Moreover, the group "20-25%" of diesel Euro 4 PCs has also a 346 positive impact on ethylbenzene and m+p-and o-xylene emission factors, 1.4, 1.4 and 1.5 355 In this section, the average emission factors calculated by equation (1) were used (# or 356 mass/veh/km) in order to compare with other studies. Fig. 7 shows the box-and-whisker plot 357 for these average emission factors per vehicle for carbonyl compounds, BTEX, alkanes, PN, 358 and BC. In these plots, the boxes contain 50% of the emission factors around the median 359 (black line in the box). The upper and lower halves of the boxes represent respectively the 360 75 th and 25 th percentiles and the whiskers represent the 90 th and 10 th percentiles. The 361 emission factors that are above or below the whiskers are considered to be atypical values. 362 Fig. 7 shows the average emission factors per vehicle for PN and BC, which are between 368 of agreement between them, and the BC emission factors have also a high level of 369 agreement between them. Fig. 7 380 highest for PN (composition 7 in the

km/year] Urban Speed [km/h]

  The bench emission factors of PN and BC obtained from diesel vehicles without particle filter and gasoline vehicles with direct injection system are in the same 424 range as the box plot. The impact of gasoline with direct injection system and Euro 4 diesel 425 vehicles on PN and BC emission has been observed with ANOVA analysis. However, for the

		the 2017 French fleet. A total of 140,076 vehicles were counted for seven days with about correspond to the same fleet composition with high percentage of diesel PCs. The highest Appendices Benzaldehyde Weekdays 1.8 × 10 -1 -6.8 1.6 1.5 m+p Xylene Passenger Cars Gasoline Medium Euro 5 2 14555 25 Buses Diesel Urban Buses Articulated >18 t Euro II 0 11357 25
	426 427 446 447 448 449 470 471 472 497 498 499 500 473 483 501 502 510	pre-Euro to Euro 3 old diesel vehicles, even they induce a high BC and PN emission with individual vehicle measurement, their impact on BC and PN emission could be considered 21,000 to 23,000 vehicles in the weekdays and 10,000 to 18,000 in the weekend. The highest emissions were measured during the morning between 7:00 a.m. -10:00 a.m. and during the end of afternoon between 5:00 p.m. -8:00 p.m. for the weekdays, and between 10:00 a.m. -1:00 p.m. and between 5:00 p.m. -8:00 p.m. for the Saturday. These emission factors for hexanal, benzene, toluene, ethylbenzene and nonane correspond to a fleet composition with high percentage of diesel PCs (85%) and old PCs (65%), and for m+p Table A.1 Analytical methods for BTEX, carbonyl compounds, and PAH samples in the gas and particulate phases with quantification Pentanal Hexanal (mg/veh/km) Weekend 1.4 -10.4 6.4 2.8 Weekdays 7 × 10 -2 -2.9 7.1 × 10 -1 6.4 × 10 -1 o Xylene Passenger Cars Gasoline Medium Euro 6 3 17592 25 Passenger Cars Gasoline Large-SUV-Executive PRE ECE 0 0 Buses Diesel Urban Buses Euro III 0 19120 25 Articulated >18 t 25 Passenger Cars Gasoline Large-SUV-Executive Euro 1 0 5610 25 Buses Diesel Urban Buses Euro IV 1 27763 25 Articulated >18 t Environment and Energy Management Agency (ADEME). limit and uncertainty * ATD-GC-MS: Automated Thermal Desorption -Gas Chromatograph -Mass Spectrometer (mg/veh/km) Weekend 6.1 × 10 -1 -5.9 3.2 1.6 Passenger Cars Gasoline Large-SUV-Executive Euro 2 0 7069 25 Buses Diesel Urban Buses Euro V 1 37992 25 Articulated >18 t and o Xylene, they correspond to high percentage of old PCs (61%). These results have also been observed by the ANOVA analyses for toluene, ethylbenzene, m+p-xylene and o-xylene. Compound family Cartridge Analytical Standardized Quantification Analytical # HPCL/UV: High Performance Liquid Chromatography/Ultra Violet Detector Weekdays 3.5 × 10 -2 -3.3 8 × 10 -1 7.5 × 10 -1 Passenger Cars Gasoline Large-SUV-Executive Euro 3 0 9523 25 Buses Diesel Urban Buses Articulated >18 t Euro VI 0 45633 25 Nonane Passenger Cars Gasoline Large-SUV-Executive Euro 4 1 12000 25
	428 450 474 484 503	either as significant but with a great uncertainty or not significant because they are periods correspond to traffic peaks. The higher emission measured in the morning can be The PN and BC emission factors estimated by other in-situ studies are in the same range as type technique method limit uncertainty (mg/veh/km) Weekend 3.3 × 10 -1 -4.9 2 1.1 Passenger Cars Gasoline Large-SUV-Executive Euro 5 0 15454 25 BTEX Weekdays 1.5 × 10 -1 -15.2 1.5 3.1 Decane Passenger Cars Gasoline Large-SUV-Executive Euro 6 3 18619 25
	429 430 431 432 451 452 453 454 455 456 475 476 477 478 479 485 504 505 486 487 506 488 507	omnipresent in each one-hour period with very closed percentage in the fleet (10 to 20%). These in-situ emission factors are also comparable with old HDVs without particle filter (PN emission factors between 5×10 13 and 2×10 14 #/veh/km) (Giechaskiel et al., 2012), contrary to recent HDVs equipped with DPF that induce lower PN emissions (between 5×10 10 and 2×10 12 explained by vehicle cold start, which emits large amounts of pollutants such as BC, PN, BTEX, and carbonyl compounds. PN and BC emission factors show a good correlation, except the Tuesday afternoon between 2:00 p.m. -8:00 p.m. The emission factor values for BC decreased while those for PN increased sharply. This could imply that the particle number emissions, especially the PN size between [0-50] nm, measured during this afternoon were not due to road traffic. the emission factors estimated in this work. For the chassis bench comparison, the PN and BC emission factors estimated in this work are in the same range as those measured for diesels PCs without particle filter, gasoline PCs with direct injection system and old HDVs. For BTEX, bench emission factors are in the same range as in-situ emission factors estimated in Benzene 10 ng/cartridge Table A.2 (mg/veh/km) Weekend Passenger Cars Diesel Mini Euro 4 10 15608 25 4.1 × 10 -2 -4.5 1.7 1.3 Passenger Cars Diesel Mini Euro 5 5 17572 25 Toluene Vehicle emission factors per hour for PN, BC, carbonyl compounds, BTEX and alkanes. Weekdays 5.5 × 10 -2 -4.8 5.3 × 10 -1 8..9 × 10 -1 Undecane Passenger Cars Diesel Mini Euro 6 5 19 25 Ethylbenzene m-p,Xylene Tenax ATD-GC/MS* ISO 16000-6 1 ng/cartridge 20% Pollutants Emission factors (Min-Max) Standard (mg/veh/km) Weekend 3.5 × 10 -2 -2.1 1.1 Passenger Cars Diesel Small Euro 1 1 10957 25 7 × 10 -1 Mean Passenger Cars Diesel Small Euro 2 3 12152 25 deviation Passenger Cars Diesel Small Euro 3 7 13560 25 o-Xylene this work. Weekdays 1.2 × 10 13 -8.7 × 10 14 2 × 10 14 1.9 × 10 14 PN Passenger Cars Diesel Small Euro 4 16 15236 25 Alkanes (#/veh/km) Weekend 6.1 × 10 13 -5.3 × 10 14 1.7 × 10 14 1 × 10 14 Passenger Cars Diesel Small Euro 5 12 17146 25
	457 458 489 490 508 509	The impacts of the fleet composition on the pollutant emissions were studied by ANOVA analyses. These analyses show the positive impact of the higher percentage of gasoline PCs Nonane Decane Undecane Tenax ATD-GC/MS* ISO 16000-6 1 ng/cartridge 20% Weekdays 1.7 × 10 6 -2.2 × 10 8 2.4 × 10 7 2.8 × 10 7 Passenger Cars Diesel Small Euro 6 17 18122 25 Table A.3 BC (ng/veh/km) Weekend 9 × 10 6 -9.3 × 10 7 4.7 × 10 7 Passenger Cars Diesel Large-SUV-Executive Euro 1 0 11376 25 Example of COPERT input data for calculating NO X emission factors 2.1 × 10 7 Passenger Cars Diesel Large-SUV-Executive Euro 2 1 12489 25
	459 460 491	between Euro 4 and Euro 6 and Euro 4 diesel PCs on the BC emissions and the higher percentage of diesel and gasoline PCs between pre-Euro and Euro 3 on toluene, Cyclopropane, Ethyl Cyclohexane, Ethyl Weekdays 1.6 × 10 -1 -18 3 3.9 Formaldehyde (mg/veh/km) Weekend 6 × 10 -2 -13 3.2 3.1 Category Fuel Segment Euro Standard Mean Passenger Cars Diesel Large-SUV-Executive Euro 3 2 14286 25 Stock [n] Activity Passenger Cars Diesel Large-SUV-Executive Euro 4 2 15807 25 [Passenger Cars Gasoline Small PRE ECE 0 0 25 Passenger Cars Diesel Large-SUV-Executive Euro 5 2 17770 25
	439 440 441 442 461 492 462 463 464 465 493 494 495 443 444 466 467 468 511 512	each category should be tested on the chassis bench under similar experimental conditions to confirm this observation. 4. Conclusion Carbonyl Weekdays 1.4 × 10 -2 -2.8 7.1 × 10 -1 8.8 × 10 -1 Hexanal Passenger Cars Gasoline Small Euro 1 1 4077 25 Passenger Cars Diesel Large-SUV-Executive Euro 6 2 18788 25 ethylbenzene, m+p-xylene and o-xylene emissions. The higher percentage of Euro 4 diesel Formaldehyde (mg/veh/km) Weekend 2.1 × 10 -1 -7.8 1.8 Passenger Cars Gasoline Small Euro 2 2 5055 25 Light Commercial Vehicles Diesel N1-II Conventional 0 2313 25 1.8 PCs induces higher emission of ethylbenzene, m+p-xylene and o-xylene. And the number of HDVs present in the weekdays does not induce a significant impact on measured pollutant emissions since 80% of HDVs in the fleet is recent HDVs (≥ Euro 4). The emission factors per vehicle were studied with boxplots and compared to other Acetaldehyde Acetone Acrolein Propionaldehyde DNPH HPLC/UV # ISO 16000-3 30 ng/cartridge 20% Weekdays 9.1 × 10 -2 -7.4 1.2 1.5 Passenger Cars Gasoline Small Euro 3 1 6820 25 Light Commercial Diesel N1-II Euro 1 0 5012 25 Vehicles Benzene (mg/veh/km) Weekend 2.3 × 10 -1 -13.4 2.4 3.5 Weekdays 3.4 × 10 -2 -11 3 2.6 Toluene Passenger Cars Gasoline Small Euro 4 2 8508 25 Passenger Cars Gasoline Small Euro 5 1 11007 Light Commercial Diesel N1-II Euro 2 0 7490 25 Vehicles 25 Passenger Cars Gasoline Small Euro 6 5 13309 Light Commercial Diesel N1-II Euro 3 2 10979 25 Vehicles 25 Passenger Cars Gasoline Medium PRE ECE 0 0 25 Light Commercial Diesel N1-II Euro 4 9 15840 25 Vehicles This paper aimed to estimate the emission factors of PN, BC, and several aliphatic, aromatic and carbonyl compounds with a real fleet present on the measurement site. The fleet composition characterized during the measurement campaign was comparable with emission factors calculated in previous in-situ studies and with bench measurement. PN and BC emission factors assume a symmetric distribution contrary to the BTEX, alkanes and carbonyl compounds emission factors. For PN and BC, the highest emission factors Crotonaldehyde Methacrolein Passenger Cars Gasoline Medium Euro 4 0 11319 25 Heavy Duty Trucks Diesel Rigid <=7,5 t Euro II 0 4475 25 Butanal (mg/veh/km) Weekend 3.3 -20.5 9.6 4.7 Weekdays 1.3 × 10 -2 -2.6 8.5 × 10 -1 7 × 10 -1 Ethylbenzene (mg/veh/km) Weekend 7 × 10 -1 -5 2.6 1.2 Passenger Cars Gasoline Medium Euro 1 2 5398 25 Passenger Cars Gasoline Medium Euro 2 4 6672 25 Passenger Cars Gasoline Medium Euro 3 5 8995 Heavy Duty Trucks Diesel Rigid <=7,5 t Euro I 0 846 25 25 Light Commercial Diesel N1-II Euro 5 13 21249 25 Vehicles Light Commercial Vehicles Diesel N1-II Euro 6 23 25636 25

422 (previous work).

433 #/veh/km)

[START_REF] Giechaskiel | Solid Particle Number Emission Factors of Euro VI Heavy-Duty Vehicles on 544 the Road and in the Laboratory[END_REF]

. For fomaldehyde, the emission factors of Euro 3 and 434 Euro 4 diesel and gasoline vehicles are in the same range as the emission factors estimated 435 in this work. More recent Euro 5 and Euro 6 PCs seem to contribute less emission. For BTEX, 436 the Euro 5 gasoline DI vehicle is located above the box that might indicate its high impact on 437

BTEX emission. However, we want to attract special attention here, because only one Euro 5 438 gasoline DI vehicle data from bench has been provided

[START_REF] Louis | PAH, BTEX, carbonyl 596 compound, black-carbon, NO2 and ultrafine particle dynamometer bench emissions for Euro 597 4 and Euro 5 diesel and gasoline passenger cars[END_REF]

. More vehicles for

Sunday.
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