Determination of size-segregated water-soluble organic compounds in diesel-biodiesel blends exhaust emissions
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SUPLEMENTARY MATERIAL
Table S1 Pearson’s correlation coefficients between biodiesel content (BD) and EFs of dicarboxylic acids
	 
	BD
	Oxalic acid
	Succinic acid
	Malic acid
	Glutaric acid
	Adipic acid
	Pimelic acid
	Suberic acid
	Azelaic acid
	Sebacic acid
	Thapsic acid

	BD
	1.00
	
	
	
	
	
	
	
	
	
	

	Oxalic acid
	-0.79
	1.00
	
	
	
	
	
	
	
	
	

	Succinic acid
	-0.47
	-0.16
	1.00
	
	
	
	
	
	
	
	

	Malic acid
	-0.09
	-0.34
	0.48
	1.00
	
	
	
	
	
	
	

	Glutaric acid
	0.28
	-0.77
	0.70
	0.30
	1.00
	
	
	
	
	
	

	Adipic acid
	-0.96
	0.75
	0.42
	0.30
	-0.36
	1.00
	
	
	
	
	

	Pimelic acid
	0.04
	-0.26
	0.12
	0.92
	-0.01
	0.22
	1.00
	
	
	
	

	Suberic acid
	-0.37
	0.17
	0.18
	0.83
	-0.26
	0.61
	0.90
	1.00
	
	
	

	Azelaic acid
	-0.61
	0.21
	0.53
	0.84
	-0.04
	0.77
	0.75
	0.92
	1.00
	
	

	Sebacic acid
	0.73
	-0.26
	-0.87
	-0.07
	-0.41
	-0.59
	0.27
	0.04
	-0.36
	1.00
	

	Thapsic acid
	0.17
	-0.35
	0.05
	0.90
	0.01
	0.09
	0.99
	0.84
	0.66
	0.37
	1.00



Table S2 Pearson’s correlation coefficients between biodiesel content (BD) and EFs of hydroxy acids
	
	BD
	Glycolic acid
	Glyceric acid
	3-Hydroxy-propanoic acid
	3-Hydroxy-butanoic acid
	3,4-Di-
hydroxy-
butanoic acid
	2-Hydroxy-sebacic acid 

	BD
	1.00
	
	
	
	
	
	

	Glycolic acid
	-0.95
	1.00
	
	
	
	
	

	Glyceric acid
	0.17
	-0.36
	1.00
	
	
	
	

	3-hydroxypropanoic acid
	-0.85
	0.64
	0.25
	1.00
	
	
	

	3-Hydroxybutanoic acid
	0.33
	-0.45
	0.96
	0.02
	1.00
	
	

	3,4-Dihydroxybutanoic acid
	-0.22
	-0.10
	0.48
	0.68
	0.24
	1.00
	

	2-Hydroxysebacic acid
	-0.05
	-0.26
	0.31
	0.49
	0.09
	0.96
	1.00



Table S3 Pearson’s correlation coefficients between biodiesel content (BD) and EFs of aromatic acids
	 
	BD
	Benzoic acid
	4-Hydroxy-benzoic acid
	Cinnamic acid
	3-Hydroxy-benzoic acid
	Phthalic acid
	Vanillic acid
	Terephthalic acid
	Syringic acid

	BD
	1.00
	
	
	
	
	
	
	
	

	Benzoic acid
	0.67
	1.00
	
	
	
	
	
	
	

	4-Hydroxybenzoic acid
	-0.80
	-0.28
	1.00
	
	
	
	
	
	

	Cinnamic acid
	-0.16
	-0.38
	0.44
	1.00
	
	
	
	
	

	3-Hydroxybenzoic acid
	-0.47
	-0.16
	0.86
	0.78
	1.00
	
	
	
	

	Phthalic acid
	-0.62
	-0.64
	0.74
	0.87
	0.84
	1.00
	
	
	

	Vanillic acid
	-0.78
	-0.24
	0.53
	-0.47
	0.03
	0.02
	1.00
	
	

	[bookmark: _Hlk107861046]Terephthalic acid
	-0.85
	-0.24
	0.69
	-0.30
	0.23
	0.18
	0.98
	1.00
	

	Syringic acid
	-0.03
	0.25
	0.59
	0.72
	0.89
	0.58
	-0.30
	-0.10
	1.00



Table S4 Pearson’s correlation coefficients between biodiesel content (BD) and EFs of alkanoic acids
	 
	BD
	C8
	C9
	C10
	C11
	C12
	C13
	C14
	C15
	C16
	C17
	C18
	C19
	C20
	C22

	BD
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	C8
	0.83
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	

	C9
	0.68
	0.97
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	C10
	0.79
	1.00
	0.98
	1.00
	
	
	
	
	
	
	
	
	
	
	

	C11
	0.85
	0.99
	0.96
	0.99
	1.00
	
	
	
	
	
	
	
	
	
	

	C12
	0.72
	0.97
	1.00
	0.98
	0.97
	1.00
	
	
	
	
	
	
	
	
	

	C13
	0.85
	0.57
	0.45
	0.54
	0.65
	0.53
	1.00
	
	
	
	
	
	
	
	

	C14
	0.91
	0.78
	0.62
	0.74
	0.76
	0.61
	0.56
	1.00
	
	
	
	
	
	
	

	C15
	0.69
	0.21
	-0.02
	0.15
	0.23
	0.01
	0.56
	0.74
	1.00
	
	
	
	
	
	

	C16
	-0.78
	-0.50
	-0.40
	-0.47
	-0.58
	-0.48
	-0.99
	-0.45
	-0.49
	1.00
	
	
	
	
	

	C17
	0.42
	-0.16
	-0.36
	-0.22
	-0.10
	-0.29
	0.63
	0.28
	0.81
	-0.63
	1.00
	
	
	
	

	C18
	-0.44
	-0.87
	-0.96
	-0.90
	-0.85
	-0.94
	-0.22
	-0.40
	0.30
	0.18
	0.60
	1.00
	
	
	

	C19
	-0.21
	0.37
	0.57
	0.43
	0.34
	0.53
	-0.31
	-0.22
	-0.82
	0.30
	-0.93
	-0.78
	1.00
	
	

	C20
	-0.28
	-0.67
	-0.71
	-0.68
	-0.59
	-0.64
	0.21
	-0.52
	0.11
	-0.30
	0.66
	0.76
	-0.59
	1.00
	

	C22
	-0.01
	-0.47
	-0.66
	-0.53
	-0.48
	-0.66
	-0.07
	0.19
	0.72
	0.11
	0.67
	0.80
	-0.90
	0.34
	1.00



Table S5. Emission factors of WSO (ng/km)
	 
	B0
	B10
	B20
	B30

	 
	N
	UF
	F
	N
	UF
	F
	N
	UF
	F
	N
	UF
	F

	Straight-chain, saturated carboxylic acids (alkanoic acids)

	Octanoic (caprylic) acid
	22.9
	5.34
	67.0
	30.4
	3.80
	59.4
	25.4
	169
	106
	126
	68.5
	59.4

	Nonanoic (pelargonic) acid
	43.8
	3.34
	131
	56.4
	1.70
	125
	87.3
	370
	220
	200
	127
	109

	Decanoic (caproic) acid
	16.7
	2.15
	38.3
	25.8
	0.927
	52.9
	25.6
	67.0
	50.9
	52.4
	33.8
	31.6

	Undecanoic acid
	2.50
	0.466
	5.01
	2.39
	0.836
	4.42
	4.72
	8.17
	7.05
	7.74
	4.57
	5.06

	Dodecanoic (lauric) acid
	9.04
	1.70
	23.4
	14.8
	1.47
	26.6
	56.5
	28.7
	28.5
	36.9
	19.2
	22.1

	Tridecanoic acid
	0.71
	0.332
	1.51
	2.88
	0.435
	4.23
	2.15
	2.44
	3.21
	3.52
	1.89
	3.85

	Tetradecanoic (myristic) acid
	10.1
	11.6
	11.7
	11.8
	3.60
	23.1
	10.6
	9.30
	21.6
	13.8
	13.8
	25.3

	Pentadecanoic acid
	1.95
	1.95
	2.69
	3.87
	1.54
	2.31
	1.62
	2.08
	1.22
	5.13
	6.14
	11.7

	Hexadecanoic (palmitic) acid
	267
	220
	153
	194
	73.5
	144
	18.1
	222
	185
	89.6
	152
	142

	Heptadecanoic acid
	0.533
	0.434
	0.608
	3.20
	0.290
	1.33
	0.332
	0.388
	0.278
	1.57
	1.67
	3.01

	Octadecanoic (stearic) acid
	16.5
	19.6
	13.3
	15.9
	3.21
	11.5
	6.14
	5.16
	9.16
	12.7
	11.8
	19.1

	Nonadecanoic acid
	0.551
	0.920
	0.330
	Nd
	Nd
	Nd
	0.642
	1.48
	1.03
	0.187
	Nd
	0.143

	Eicosanoic (arachidic) acid
	0.327
	0.230
	0.385
	0.708
	0.065
	0.50
	0.178
	0.157
	0.130
	0.530
	0.459
	Nd

	Docosanoic (behenic) acid
	0.162
	0.046
	0.422
	0.550
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd
	0.301
	0.508

	Amino acids
	
	
	
	
	
	
	
	
	
	
	
	

	Glycine
	Nd
	Nd
	Nd
	17.8
	Nd
	27.7
	Nd
	Nd
	Nd
	9.55
	Nd
	10.1

	L-Serine
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd

	5-oxo-L-proline
	Nd
	21.1
	13.5
	6.41
	Nd
	319
	Nd
	15.6
	Nd
	8.021
	3.09
	Nd

	Other acids

	[bookmark: _Hlk128748697]Cis-Pinonic acid
	9.91
	5.46
	23.0
	22.7
	5.36
	12.7
	6.38
	17.62
	15.11
	6.61
	4.09
	3.87

	Pinic acid
	2.67
	2.02
	8.67
	3.74
	1.60
	4.44
	3.74
	5.38
	4.83
	3.52
	2.81
	3.95

	Citric acid 
	0.187
	0.165
	2.30
	0.55
	0.115
	0.569
	0.392
	0.327
	0.842
	3.11
	0.748
	5.58

	Cis,cis-9-12-octanedecanoic, 9-cis-hexadecenoic (linoleic) (C18:2)acid
	0.440
	0.373
	Nd
	0.385
	0.064
	Nd
	Nd
	Nd
	Nd
	Nd
	0.173
	Nd

	cis-9-Octadecenoic (oleic) acid
	1.01
	1.15
	0.565
	1.70
	0.168
	1.52
	0.270
	0.461
	0.638
	0.334
	0.484
	0.778

	Dehydroabietic acid
	7.72
	3.89
	3.65
	4.30
	3.14
	5.07
	3.331
	60.8
	11.7
	2.43
	1.77
	6.08

	Isopimaric acid
	9.92
	9.00
	9.30
	9.46
	10.7
	Nd
	8.95
	9.23
	9.56
	8.92
	9.67
	8.27

	Glycerol
	299
	668
	798
	585
	568
	806
	469
	490
	489
	533
	690
	645

	Polyethylene glycols
	
	
	
	
	
	
	
	
	
	
	
	

	Diethylene glycol
	16.5
	27.4
	70.8
	98.8
	74.0
	77.1
	120
	126
	108
	48.9
	50.2
	44.4

	Triethylene glycol
	26.3
	16.3
	96.2
	85.1
	42.7
	42.1
	46.7
	37.1
	28.0
	37.0
	19.9
	35.3

	Tetraethylene glycol
	1.25
	0.405
	1.76
	1.64
	1.32
	0.649
	1.35
	0.968
	0.876
	1.94
	1.29
	1.44

	1-monostearin
	1.43
	1.36
	2.40
	7.36
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd
	Nd

	Other compounds

	Urea
	Nd
	288
	Nd
	Nd
	Nd
	52
	Nd
	998
	Nd
	Nd
	Nd
	Nd

	Vanillin
	3.62
	2.39
	5.84
	5.77
	3.41
	8.69
	8.55
	8.62
	5.04
	10.5
	8.10
	8.13

	Hexadecanol
	2.91
	2.87
	3.40
	2.34
	4.56
	3.55
	2.58
	2.66
	2.50
	3.33
	3.48
	3.79

	Octadecanol
	1.07
	2.11
	1.25
	2.05
	1.24
	4.13
	0.522
	0.695
	0.424
	1.44
	2.11
	2.08



[image: ]
Figure S1A Molecular structure of alkanoic acids (1 – octanoic (caprylic) acid, 2 – nonanoic (pelargonic) acid, 3 – decanoic (caproic) acid, 4 – undecanoic acid, 5 – dodecanoic (lauric) acid, 6 – tridecanoic acid, 7 – tetradecanoic (myristic) acid, 8 – pentadecanoic acid, 9 – hexadecanoic (palmitic) acid, 10 – heptadecanoic acid, 11 – octadecanoic (stearic) acid, 12 – nonadecanoic acid, 13 – eicosanoic (arachidic) acid, 14 – docosanoic (behenic) acid
[image: ]
Figure S1B Molecular structure of dicarboxylic and aromatic acids (1 – ethanedioic (oxalic anhydrous) acid, 2 – butanedioic (succinic) acid, 3 – hydroxybutanedioic (malic) acid, 4 – 1,5-pentanedioic (glutaric) acid, 5 – hexanedioic (adipic) acid, 6 – heptanedioic (pimelic) acid, 7 – octanedioic (suberic) acid, 8 – nonanedioic (azelaic) acid, 9 – decanedioic (sebacic) acid, 10 – hexanedecanedioic (thapsic) acid, 11 – benzoic acid, 12 – 4-hydroxybenzoic acid, 13 – trans-cinnamic acid, 14 – 3-hydroxybenzoic acid, 15 – phthalic acid, 16 – vanillic acid, 17 – terephthalic acid, 18 – syringic acid
[image: ]
Figure S1C Molecular structure of hydroxy, amino- and other acids (1 – glycolic acid, 2 – glyceric acid, 3 – 3-hydroxypropanoic (hydracrylic) acid, 4 – 3-hydroxybutanoic (hydroxybutyric) acid, 5 – 3,4- dihydroxybutanoic acid, 6 – 2-hydroxysebacic acid, 7 – glycine, 8 – L-serine, 9 – 5-oxo-L-proline, 10 – cis-pinonic acid, 11 – pinic acid, 12 – citric acid, 13 – cis,cis-9-12-octanedecanoic, 9–cis-hexadecenoic (linoleic) (C18:2)acid, 14 – cis-9-octadecenoic (oleic) acid, 15 – dehydroabietic acid, 16 – isopimaric acid
[image: ]
Figure S1D Molecular structure of glycol and other compounds (1 - diethylene glycol, 2 - triethylene glycol, 3 – tetraethylene glycol, 4 – 1-monostearin, 5 – urea, 6 – vanillin, 7 – hexadecanol, 8 – octadecanol 


Fig S2 Emissions factors (sum of all particle size fractions) of dicarboxylic acids for different types of fuels. Note: the UF fraction of B15 is missing because its extract was lost.
Fig S3 Emissions factors (sum of all size fractions) of hydroxy acids for different types of fuels. Note: the UF fraction of B15 is missing because its extract was lost.


Fig S4 Emissions factors (sum of all size fractions) of aromatic acids for different types of fuels. Note: the UF fraction of B15 is missing because its extract was lost.

Fig S5 Emissions factors (sum of all size fractions) of alkanoic acids for different types of fuels. Note: the UF fraction of B15 is missing because its extract was lost.
Oxalic acid	B0	B10	B15	B20	B30	6248.1908041394599	4416.2806611311817	4792.9256353107885	3787.1185070782794	4265.7011148055599	Succinic acid	B0	B10	B15	B20	B30	1624.2838341922968	2028.8164746410785	1029.9152792088482	2043.6204178278308	1044.2074288852302	
EFs, ng/km




Malic acid	B0	B10	B15	B20	B30	130.94971382898837	637.72404822316469	194.58732514176492	227.21556326284144	214.61619497586065	Glutaric acid	B0	B10	B15	B20	B30	204.97239470873851	233.5871560140024	168.45587762273499	258.26017514030588	213.91075475224534	Adipic acid	B0	B10	B15	B20	B30	213.28095921993122	201.01348243996085	104.05855020590889	145.2929654193552	131.222484328745	Pimelic acid	B0	B10	B15	B20	B30	17.961552592952309	43.24556891351417	10.16896449427616	17.157426682340677	27.92639633608383	Suberic acid	B0	B10	B15	B20	B30	58.855485002777769	95.962123600219954	12.736761043878191	34.000934819002715	54.746596304795062	Azelaic acid	B0	B10	B15	B20	B30	269.82139225055164	464.97249453315658	28.198933259949253	159.70870955369793	136.77999954479162	Sebacic acid	B0	B10	B15	B20	B30	12.237968147800695	22.465459100519187	3.0126655247334404	9.247898130119891	69.302580467317313	Thapsic acid	B0	B10	B15	B20	B30	0.50658840513484515	3.9005974625227617	0.14893301019038532	0.69783422021857122	2.2662243556969415	
EFs, nh/km




Glycolic acid	B0	B10	B15	B20	B30	5965.1915836787812	4077.2464509721262	2812.6568968583651	3840.7851007742247	2907.9169549648122	



Glyceric acid	B0	B10	B15	B20	B30	48.540672798952826	163.66640409924173	125.94231314061111	179.92841584617815	72.169360961618679	3-hydroxypropanoic acid	B0	B10	B15	B20	B30	492.45288716548544	584.98652066833313	217.46558563832644	356.69983699419663	213.21219623441885	3-Hydroxybutanoic acid	B0	B10	B15	B20	B30	192.70181900040339	317.92103189865497	332.45870127018185	390.77407267480982	242.77592322000834	3,4-Dihydroxybutanoic acid	B0	B10	B15	B20	B30	17.479867624583768	563.6420430950127	20.957617758928308	22.316069672164389	47.671290052695312	2-Hydroxysebacic acid	B0	B10	B15	B20	B30	0.87142488196534806	12.939069238618245	0	0	4.4943660358235169	



Benzoic acid	B0	B10	B15	B20	B30	1859.8067974706469	1521.0801086037632	1183.1122869828446	1554.5015355456508	3331.4978816359617	
EF,(ng/km)




4-Hydroxybenzoic acid	B0	B10	B15	B20	B30	10.878873361337607	10.533496415769442	4.0666277652985823	4.1227160209343179	6.082844499770637	Cinnamic acid	B0	B10	B15	B20	B30	1.5477454123431726	16.761818307089968	1.9482037838477271	3.0571354794281715	3.1893266177644088	3-Hydroxybenzoic acid	B0	B10	B15	B20	B30	7.1682479092096312	9.8363607811357099	3.4310476768788911	3.8014118293582131	6.1666878754349721	Phthalic acid	B0	B10	B15	B20	B30	54.747695150836435	85.864848155377587	16.449729072607894	40.839653523509739	31.346253940220731	Vanillic acid	B0	B10	B15	B20	B30	32.172508229575499	4.2548949051709855	3.3326794340038477	7.5712277837395892	3.4157116493343773	Terephthalic acid	B0	B10	B15	B20	B30	89.849828022689422	21.634156911071365	7.2652608964999228	10.89633805746135	9.9513864253882147	Syringic acid	B0	B10	B15	B20	B30	0.924701080364424	1.5288836839360864	0.46926105062790402	0.50338939088924128	1.2374133273803216	
EF (ng/km)




C8	B0	B10	B15	B20	B30	95.250967369667023	97.511543878378944	219.22768608735853	300.17874511973804	253.7995849533427	C9	B0	B10	B15	B20	B30	178.0002490772558	158.0823856718194	363.82075045257034	677.40746700986233	436.19672611581024	C10	B0	B10	B15	B20	B30	57.145514810632847	56.745613730375098	95.236392060614804	143.51370209681465	117.76954720705008	C11	B0	B10	B15	B20	B30	7.9717010884043287	9.6068836038629364	11.146453424370257	19.950535515553771	17.357751479397862	C12	B0	B10	B15	B20	B30	34.098673204815285	39.934451148971533	56.730948412965617	113.71346060243974	78.179197751727557	C13	B0	B10	B15	B20	B30	2.5511285449441123	8.1838491091309447	6.7785818189216851	7.7963322826415737	9.2517257310870402	C14	B0	B10	B15	B20	B30	33.397837468451726	31.274727300601931	40.145252522270169	41.524223999759002	52.853282198618572	C15	B0	B10	B15	B20	B30	6.59136473451351	10.621417039600383	4.6155131705744719	4.9256729511619239	22.966392045953818	C16	B0	B10	B15	B20	B30	640.34986836568373	390.18701085612878	147.47461664013682	425.36497316775967	383.55542825999771	C17	B0	B10	B15	B20	B30	1.5748437892278495	5.9841113099607393	1.6847101270003368	0.9986662208028384	6.2524371590443995	C18	B0	B10	B15	B20	B30	49.459704429463173	55.73596792536248	21.147308739417852	20.45912634765655	43.614826176563113	C19	B0	B10	B15	B20	B30	1.8006624824358386	0.75363972814306412	0.18175932560169472	3.1537491296228524	0.32967625737726036	C20	B0	B10	B15	B20	B30	0.94246745395956599	2.6314562467967475	0.59482385151262285	0.46466690459062748	0.98913455359848157	C22	B0	B10	B15	B20	B30	0.6302102566323623	0.55017799135486689	0	0	0.80904945114797644	
EF (ng/km)
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