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Laboratory testing system

The laboratory testing system used in this study, designed and operated to comply with European Standard EN 1093-3 (CEN, 2006), is given in Figure S1. The system consisted of an enclosed chamber where the airborne dust was generated, a funnel, and a duct where the airborne dust was sampled. A house ventilation system equipped with a variable-speed blower drew room air into the test system through pre- and HEPA filters. The flow rate was monitored by a micromanometer (AirflowTM MEDM 500, Airflow Developments LTD., UK) connected to a delta tube (306AM-11-AO, Midwest instruments, USA) which functioned as an averaging pitot tube. Under the operating flow rate used in this study, the average flow velocity in the chamber was 0.11 m s-1, meeting the standard’s requirement that the average flow be larger than or equal to 0.1 m s-1 for the transport of respirable dust. The Reynolds numbers for the chamber and duct were 9,100 and 46,000, respectfully, indicating that the flow was turbulent. Turbulent flow causes aerosol mixing and allows for collection of representative samples in the sampling section. After the sampling section, air was passed through the filter cartridges inside an air handling unit (PSKB-1440, ProVent LLC, USA) that was not driving airflow before discharging into the house ventilation duct. 

[image: ]
[bookmark: _Ref102994275]Figure S1. Diagram of the laboratory testing system.

Three isoaxial sampling probes extracted aerosols from the duct of the testing system. Probes were connected to their respective samplers using metallic fittings and Tygon® or conductive silicone tubing to minimize particle losses caused by electrostatic effects. Figure S2 shows how the sampled aerosol flow was distributed to RASCAL and closed-face cassette samplers for each experimental run. The aerosol flow was split by first passing through a wye fitting followed by a 4-way flow splitter (Model 3708, TSI Inc., USA) on both branches. The sampling flow rates for the RASCAL and closed-face cassette samplers were provided by Leland Legacy Sample Pumps (SKC Inc., USA). Note that in Figure S2(b) for the first experimental run of Stone C, two ports of a 4-way flow splitter show flow rates of 0-9 l min-1. This is because two pumps collecting samples unrelated to this study malfunctioned and turned off mid-run. 

[image: ]
[bookmark: _Ref102636132]Figure S2. Differing sampling train configurations for RASCAL and closed-face cassette samplers for each stone/experimental run.

Estimation of sampling efficiency

Aerosol sampling efficiency was estimated using the framework outlined by Brockmann (2011) and calculated as the product of the inlet efficiency and transport efficiency. Inlet efficiency was the product of the isoaxial aspiration efficiency (Liu et al., 1989) and the inertial transmission efficiency for isoaxial sub-isokinetic (Liu et al., 1989) or super-isokinetic sampling (Hangal and Willeke, 1990). The transport efficiency was the product of the following transport efficiencies for laminar flow in a tube with circular cross section: gravitational settling in a straight horizontal tube (Thomas, 1958), diffusion (Gormley and Kennedy, 1948), inertial deposition in a bend (Brockmann, 2011; Pui et al., 1987), and inertial deposition in a flow contraction (Muyshondt et al., 1996). No attempt was made to account for particle losses in the flow divisions of the wye-fitting and 4-way flow splitters in the RASCAL and closed-face cassette sampling train. Additionally, losses due to the Saffman lift force (Vincent, 2007) were excluded from the analysis. Particles were assumed to be spherical with a standard density (1000 kg m-3).
Estimated inlet, transport, and sampling efficiencies are plotting in Figure S3 for the (a) APS, (b) MOUDI, and (c, d) RASCAL/closed-face cassette samplers. Figure S3(c) and (d) also display the ACGIH criterion for the respirable fraction (Vincent, 2007) for reference. Note that Figure S3(d) shows the estimated sampling efficiency for the RASCALs for the first experimental run of Stone C. In this run two pumps collecting samples unrelated to this study that were operating at 9 l min-1 malfunctioned and turned off. Because of this, two curves are plotted for each efficiency. One represents when those pumps were on and the other when they were off. A hatched area fills the space between the two curves.

[image: Diagram

Description automatically generated with low confidence]
[image: Diagram

Description automatically generated with low confidence][image: Diagram

Description automatically generated][image: Diagram

Description automatically generated]
[bookmark: _Ref102636456]Figure S3. Estimated inlet, transport, and sampling efficiencies for the (a) APS, (b) MOUDI, (c) RASCALs and closed-face cassettes (excluding Stone C, run 1), and (d) RASCAL (Stone C, run 1). The respirable fraction criterion is included for reference in (c) and (d).

Treatment of APS data

The particle shape and density correction for the APS outlined by Marshall et al. (1991) is identical to the density correction algorithm that is implemented into AIM (Wang and John, 1987) if the particle density, , is replaced by the particle density divided by the dynamic shape factor, . In this study particle density and dynamic shape factor were assumed to be particle size-independent and particle density was assumed to be equal to the bulk material density of the stone samples. 
Particle dynamic shape factor was unknown and found in the following manner. The mass in APS channel  at time , , was found using Equation S1 where  is the particle count in channel  at time  and  is the particle volume diameter at the midpoint of channel .
	
	
	[bookmark: _Ref102636610]Equation S1



Particle volume diameter was related to the particle aerodynamic diameter, , by Equation S2 where  is a standard density of 1000 kg m-3 (Hinds, 1999).

	
	
	[bookmark: _Ref102636728]Equation S2



The respirable mass sampled by the APS, , was then found by Equation S3 where  is the ACGIH criterion for the respirable fraction (Vincent, 2007) calculated at the midpoint of channel .

	
	
	[bookmark: _Ref102636764]Equation S3



The sum of the squared residuals, , was then determined using Equation S4 where  is the average respirable mass collected by the RASCAL samplers in experiment run ,  is the flowrate of the RASCAL sampler (9.0 l min-1), and  is the aerosol sample flowrate in the APS (1.0 l min-1).

	
	
	[bookmark: _Ref102636799]Equation S4



The estimated dynamic shape factor was then identified by minimizing the sum of the squared residuals as demonstrated in Figure S4. The best fit dynamic shape factors are listed in Table S1 and ranged from 1.5 to 1.7. These values were comparable to those found by (Davies, 1979) for quartz (1.36) and sand (1.57).
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[bookmark: _Ref102636903]Figure S4. Sum of squared residuals from APS-derived respirable mass as a function of particle dynamic shape factor. Plotted curves are simple spline curves generated by SigmaPlot (v14.5, Inpixon, USA).

After correcting for particle shape and density, the particle number distribution measurements, , were averaged over the periods of active grinding from the three experimental runs. Trimodal lognormal size distribution functions, as defined in Equation S5, were then fit to the APS-measured number-based particle size distributions using the Trust Region Reflective minimization algorithm (Branch et al., 1999) implemented in the Python package SciPy (Virtanen et al., 2020). Here,  is the number concentration of mode ,  is the geometric mean aerodynamic diameter of mode , and is the geometric standard deviation of mode .

	
	
	[bookmark: _Ref102637035]Equation S5



Parameters for the best fit distribution are summarized in Table S1. Note that for convenience the total number concentration, , was factored out of the results to allow for easier comparisons of the weight of each mode, , where . 

[bookmark: _Ref102641471]Table S1. Best fit dynamic shape factor and trimodal lognormal distribution parameters (and resulting coefficient of determination, ) for number-weighted particle size distributions as a function of aerodynamic diameter as measured by APS.
	Stone
	 (-)
	 (cm-3)
	 (-)
	(µm)
	 (-)
	 (-)
	(µm)
	 (-)
	 (-)
	(µm)
	 (-)
	 (-)

	Granite
	1.7
	6500
	0.0701
	1.03
	1.25
	0.893
	1.96
	1.75
	0.0373
	6.88
	1.24
	0.999

	A
	1.5
	4290
	0.374
	1.09
	1.45
	0.525
	2.32
	1.47
	0.101
	5.44
	1.41
	0.999

	B
	1.5
	5580
	0.328
	1.11
	1.43
	0.550
	2.34
	1.49
	0.122
	5.59
	1.41
	0.999

	C
	1.6
	6890
	0.240
	1.08
	1.40
	0.643
	2.31
	1.53
	0.117
	5.81
	1.37
	0.999





Potential effect of particle bounce on the measurement of silica content in MOUDI samples 

Supermicrometer particles are more prone to bouncing than submicrometer particles (Marple and Olson, 2011). The hardness of particles influences particle bounce, with those made of softer materials bouncing less due to undergoing more plastic deformation upon impact (Hinds et al., 1985). If particles have a distribution of crystalline silica content due to heterogeneity in engineered stone, one might expect particles containing a higher percentage of crystalline silica will be harder and, thus, bounce more frequently. This would cause not only a negative bias on the stages where the bouncing occurs, but also a positive bias where those bounced particles are finally collected on subsequent stages. Such behavior might explain why for Stone A the first two MOUDI stages had crystalline silica content lower than the bulk dust, while the third stage had the highest crystalline silica content of all stages. For the case of the MOUDI-derived total size fraction, the crystalline silica content was estimated from the sum of the masses on each stage. Thus, particle bounce would have no effect on its arithmetic mean. For MOUDI-derived respirable fraction, the mass collected on each MOUDI stage was weighted by the respirable fraction criterion at the midpoint aerodynamic diameter of that stage. In this instance, particle bounce would affect the estimation of crystalline silica content.
Chubb and Cauda (2017) presented a sampling strategy to address the positive bias due to particle bounce in the MOUDI when using uncoated substrates for silica analysis. Two MOUDIs collected concurrent samples with substrates on each stage alternating between PVC filters and aluminum foil coated with grease. One MOUDI had PVC filters on the even number stages and the other MOUDI had them on the odd stages. This strategy, however, did not address the negative bias introduced by particle bounce. The present study did not employ this strategy because the use of a second MOUDI would have come at the expense of other concurrent samplers due to the limited number of sample ports in the testing system.

Additional tables and figures

Table S2. p-values from Welch’s ANOVA test to determine whether the crystalline silica content collected by the following samplers was equal: (1) all individual MOUDI stages and (2) all size-integrated samples (RASCAL, closed-face cassette, MOUDI-derived respirable dust, and MOUDI-derived total dust). Sample sizes for the MOUDI, RASCAL, and closed-face cassette samples were 3, 6, and 3, respectively.
	
	MOUDI stages
	Size-integrated samples

	Granite
	0.051
	0.98

	Stone A
	0.030
	0.92

	Stone B
	0.42
	0.14










Table S3. p-values from Welch’s t-test of the null hypothesis that the means of crystalline silica content collected by MOUDI stages and that collected by closed-face cassettes were equal. Sample sizes of both MOUDI and closed-face cassette samples equaled 3.
	
	< 0.056 μm
	0.056 – 0.1 μm
	0.1 – 0.18 μm
	0.18 – 0.32 μm
	0.32 – 0.56 μm
	0.56 – 1 μm
	1 – 1.8 μm
	1.8 – 3.2 μm
	3.2 – 5.6 μm
	5.6 – 10 μm
	10 – 18 μm
	> 18 μm

	Granite
	0.27
	0.21
	0.64
	0.48
	0.59
	0.81
	0.97
	0.65
	0.55
	0.79
	0.76
	0.87

	Stone A
	0.19
	0.075
	0.17
	0.20
	0.63
	0.82
	0.90
	0.92
	0.87
	0.25
	0.48
	0.20

	Stone B
	0.30
	0.11
	0.65
	0.78
	0.53
	0.64
	0.20
	0.77
	0.41
	0.35
	0.25
	0.37






Table S4. Arithmetic mean ± standard deviation of the mass and volume removal rate from three experimental runs of grinding of engineered and natural stone samples
	Stone
	Mass removal rate (g min-1)
	Volume removal rate (cm3 min-1)

	Granite
	15.7 ± 2.8
	6.0 ± 1.1

	A
	11.0 ± 1.0
	5.22 ± 0.50

	B
	17.1 ± 2.0
	8.15 ± 0.96

	C
	26.0 ± 6.3
	10.0 ± 2.4
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Figure S5. Average mass-weighted particle size distributions of dust generated for entire duration of the experimental run for (a) Granite, (b) Stone A, (c) Stone B, and (d) Stone C. Error bars represent the standard deviation of three replicates.

Supplementary data

The attached spreadsheets tabulate the experimental data plotted in Figures 1, 2, 3, 4, 5, S4, and S5.
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figure data.xlsx
Figure 1

		Size-classified																														Size-integrated

		Aerodynamic diameter, da (μm)				Crystalline silica content (wt%)																												Crystalline silica content (wt%)

		Lower limit		Upper limit		Granite								Stone A								Stone B												Granite								Stone A								Stone B

						Quartz fraction		Cristobalite fraction		Average		Combined standard uncertainty		Quartz fraction		Cristobalite fraction		Average		Combined standard uncertainty		Quartz fraction		Cristobalite fraction		Average		Combined standard uncertainty						Quartz fraction		Cristobalite fraction		Average		Combined standard uncertainty		Quartz fraction		Cristobalite fraction		Average		Combined standard uncertainty		Quartz fraction		Cristobalite fraction		Average		Combined standard uncertainty

		0.01		0.056		16.1		–		16.1		3.5		6.5		34		40		17		4.6		10.6		15.2		4.8				RASCAL		24.5		–		24.5		5.1		15.8		41.6		57		13		9.1		17.0		26.0		2.9

		0.056		0.1		14.5		–		14.5		2.3		6		22.9		28.6		7.2		6		7.8		13.5		3.8				Closed-face cassette		23.9		–		23.9		9.1		15.7		49		64		20		7.8		11.4		19.2		3.0

		0.1		0.18		20.7		–		20.7		6.3		8.1		32		40		15		6		12.4		18.1		2.8				MOUDI - respirable		25.5		–		25.5		2.6		15.2		46.3		61.5		7.0		8.1		13.5		21.6		4.3

		0.18		0.32		19.2		–		19.2		3.3		8.9		34.1		43.0		9.4		6.5		13.7		20.2		4.7				MOUDI - total		25.7		–		25.7		7.7		17.2		45.2		62		13		8.1		10.9		18.9		5.4

		0.32		0.56		20.1		–		20.1		6.1		11.6		45.9		57.5		9.6		7.8		14.5		22.3		6.7				Bulk dust		30		–		30		–		14		46		60		–		11		12		23		–

		0.56		1		22.4		–		22.4		2.0		14.2		46.8		61		12		7.1		13.3		20.4		2.6

		1		1.8		23.7		–		23.7		3.8		14.5		47.9		62.4		9.7		8.3		15.0		23.3		3.4

		1.8		3.2		26.8		–		26.8		4.2		16.6		49		66		15		7.6		12.7		20.3		5.0

		3.2		5.6		27.7		–		27.7		3.2		17.9		48.7		67		12		9.8		15.1		24.9		9.4

		5.6		10		25.5		–		25.5		3.9		22.8		60.3		83		13		10.0		13.2		23.2		5.5

		10		18		21.9		–		21.9		4.9		16		36		51		20		6.3		7.8		14.1		5.5

		18		100		26		–		26		17		11.4		31		43		13		6.6		7.8		14.4		7.3





































Figure 2

		Aerodynamic diameter, da (μm)				Normalized generation rate, G (mg cm-3)

						Dust																Crystalline silica

		Lower limit		Upper limit		Granite				Stone A				Stone B				Stone C				Granite				Stone A				Stone B				Stone C

						Average		Combined standard uncertainty		Average		Combined standard uncertainty		Average		Combined standard uncertainty		Average		Combined standard uncertainty		Average		Combined standard uncertainty		Average		Combined standard uncertainty		Average		Combined standard uncertainty		Average		Combined standard uncertainty

		0.01		0.056		0.95		0.11		1.88		0.64		1.25		0.25		1.12		0.60		0.155		0.053		0.74		0.12		0.114		0.015		–		–

		0.056		0.1		0.437		0.075		0.497		0.045		0.319		0.037		0.43		0.49		0.0622		0.0064		0.140		0.025		0.0361		0.0030		–		–

		0.1		0.18		0.507		0.061		0.64		0.26		0.319		0.037		0.30		0.17		0.1034		0.0053		0.223		0.042		0.0361		0.0030		–		–

		0.18		0.32		0.764		0.031		0.87		0.25		0.66		0.14		0.69		0.39		0.147		0.028		0.362		0.038		0.0829		0.0014		–		–

		0.32		0.56		0.943		0.069		0.86		0.11		0.585		0.066		0.67		0.30		0.190		0.023		0.494		0.047		0.0906		0.0054		–		–

		0.56		1		1.70		0.33		1.78		0.34		2.11		0.17		1.76		0.47		0.382		0.080		1.06		0.10		0.2962		0.0079		–		–

		1		1.8		2.59		0.41		2.19		0.34		2.32		0.12		3.0		1.3		0.61		0.11		1.35		0.17		0.384		0.041		–		–

		1.8		3.2		4.21		0.29		2.32		0.59		2.208		0.069		3.55		0.70		1.13		0.14		1.48		0.16		0.337		0.066		–		–

		3.2		5.6		30.1		3.2		12.08		0.97		6.8		1.6		9.2		5.2		8.4		1.3		7.97		0.57		1.34		0.19		–		–

		5.6		10		66.0		4.4		45.5		2.1		38.5		3.1		19.2		5.6		16.9		2.2		37.68		0.74		7.67		0.39		–		–

		10		18		22.0		2.9		30.2		1.5		27.2		3.5		5.9		2.4		4.8		1.4		15.5		3.8		3.4		1.1		–		–

		18		100		84		13		28.9		1.8		20.1		6.1		25.1		6.7		22		13		12.4		2.1		2.77		0.74		–		–













Figure 3

		Aerodynamic diameter, da (μm)				Respirable crystalline silica normalized generation rate, G (mg cm-3)

		Lower limit		Upper limit		Granite				Stone A				Stone B

						Average		Combined standard uncertainty		Average		Combined standard uncertainty		Average		Combined standard uncertainty

		0.01		0.056		0.155		0.053		0.74		0.13		0.114		0.015

		0.056		0.1		0.0621		0.0064		0.140		0.025		0.0361		0.0030

		0.1		0.18		0.1029		0.0053		0.222		0.047		0.0360		0.0029

		0.18		0.32		0.146		0.028		0.360		0.043		0.0823		0.0013

		0.32		0.56		0.188		0.023		0.488		0.058		0.0894		0.0054

		0.56		1		0.374		0.078		1.04		0.11		0.2897		0.0077

		1		1.8		0.59		0.11		1.29		0.19		0.368		0.039

		1.8		3.2		0.97		0.12		1.27		0.16		0.290		0.056

		3.2		5.6		3.74		0.58		3.56		0.33		0.598		0.087

		5.6		10		1.13		0.15		2.51		0.21		0.512		0.026

		10		18		0.0080		0.0023		0.0258		0.0078		0.0057		0.0018

		18		100		0		0		0		0		0		0













Figure 4

				Normalized generation rate, G (mg cm-3)

				Respirable								Total

				Dust				Crystalline silica				Dust				Crystalline silica

				Average		Combined standard uncertainty		Average		Combined standard uncertainty		Average		Combined standard uncertainty		Average		Combined standard uncertainty

		Granite		43.4		9.4		10.8		2.9		153		56		37		13

		Stone A		27.4		3.6		15.6		1.5		109		24		68.7		9.4

		Stone B		24.3		1.0		6.31		0.17		98		12		18.63		0.60

		Stone C		25.1		4.3		–		–		80		18		–		–









Figure 5

		Midpoint aerodynamic diameter, da (μm)		dN/dlog(da) (cm-3)																dM/dlog(da) (mg m-3)

				Granite				Stone A				Stone B				Stone C				Granite				Stone A				Stone B				Stone C

				Average		Standard deviation		Average		Standard deviation		Average		Standard deviation		Average		Standard deviation		Average		Standard deviation		Average		Standard deviation		Average		Standard deviation		Average		Standard deviation

		0.542		305		67		307		75		300		42		266		106		0.0349		0.0077		0.0324		0.0079		0.0317		0.0044		0.030		0.012

		0.583		414		90		412		100		410		54		373		139		0.059		0.013		0.054		0.013		0.0539		0.0071		0.052		0.019

		0.626		569		122		554		134		564		72		528		182		0.101		0.022		0.090		0.022		0.092		0.012		0.090		0.031

		0.673		796		168		744		181		775		94		751		235		0.175		0.037		0.150		0.037		0.157		0.019		0.160		0.050

		0.723		1096		225		974		238		1035		119		1042		287		0.298		0.061		0.244		0.060		0.260		0.030		0.275		0.076

		0.777		1471		294		1230		301		1339		149		1394		337		0.497		0.099		0.383		0.094		0.417		0.046		0.46		0.11

		0.835		1867		368		1461		359		1633		181		1747		377		0.78		0.15		0.56		0.14		0.631		0.070		0.71		0.15

		0.898		2278		445		1672		413		1918		217		2103		426		1.19		0.23		0.80		0.20		0.92		0.10		1.06		0.22

		0.965		2600		505		1810		447		2126		253		2376		471		1.68		0.33		1.08		0.27		1.27		0.15		1.49		0.30

		1.037		2908		560		1937		476		2327		286		2637		527		2.34		0.45		1.43		0.35		1.72		0.21		2.05		0.41

		1.114		3154		599		2039		500		2492		314		2857		583		3.14		0.60		1.87		0.46		2.29		0.29		2.76		0.56

		1.197		3383		633		2140		521		2654		344		3070		637		4.18		0.78		2.44		0.59		3.02		0.39		3.68		0.76

		1.286		3629		666		2258		544		2835		374		3307		699		5.6		1.0		3.19		0.77		4.00		0.53		4.9		1.0

		1.382		3796		683		2343		557		2966		398		3494		748		7.2		1.3		4.11		0.98		5.20		0.70		6.4		1.4

		1.486		3968		698		2438		571		3106		423		3705		802		9.4		1.6		5.3		1.2		6.77		0.92		8.5		1.8

		1.596		4090		701		2509		580		3213		442		3885		847		12.0		2.1		6.8		1.6		8.7		1.2		11.0		2.4

		1.715		4141		691		2556		584		3282		450		4026		883		15.0		2.5		8.6		2.0		11.0		1.5		14.2		3.1

		1.843		4204		682		2604		584		3354		459		4181		924		18.9		3.1		10.8		2.4		13.9		1.9		18.3		4.0

		1.981		4250		671		2648		581		3421		467		4317		961		23.8		3.8		13.7		3.0		17.7		2.4		23.4		5.2

		2.129		4217		650		2653		570		3441		471		4367		982		29.3		4.5		17.0		3.7		22.0		3.0		29.4		6.6

		2.288		4074		620		2588		544		3374		465		4303		979		35.1		5.3		20.6		4.3		26.8		3.7		36.0		8.2

		2.458		3866		583		2478		511		3255		451		4171		963		41.3		6.2		24.4		5.0		32.1		4.4		43		10

		2.642		3575		539		2310		470		3067		426		3958		930		47.5		7.2		28.3		5.8		37.5		5.2		51		12

		2.839		3288		496		2136		427		2873		401		3746		896		54.2		8.2		32.4		6.5		43.6		6.1		60		14

		3.051		2946		446		1933		382		2637		371		3466		844		60.2		9.1		36.4		7.2		49.7		7.0		69		17

		3.278		2634		403		1742		341		2412		343		3197		793		67		10		40.7		8.0		56.4		8.0		79		20

		3.523		2341		364		1559		300		2194		313		2928		741		74		11		45.2		8.7		63.7		9.1		89		23

		3.786		2046		320		1372		264		1968		282		2638		677		80		12		49.4		9.5		71		10		100		26

		4.068		1781		281		1198		228		1749		254		2356		614		86		14		54		10		78		11		111		29

		4.371		1546		248		1036		196		1538		226		2089		553		93		15		57		11		85		13		122		32

		4.698		1331		216		884		168		1340		199		1829		491		99		16		61		12		92		14		132		36

		5.048		1156		191		755		144		1168		176		1600		435		107		18		64		12		100		15		144		39

		5.425		1033		173		660		125		1040		159		1436		395		119		20		70		13		110		17		160		44

		5.829		960		162		598		114		955		148		1330		369		137		23		79		15		126		19		184		51

		6.264		898		154		545		106		885		140		1242		349		159		27		89		17		144		23		213		60

		6.732		826		144		489		96		809		131		1143		325		182		32		99		19		164		27		243		69

		7.234		727		128		420		85		711		119		1010		291		198		35		106		21		179		30		267		77

		7.774		587		105		337		71		580		102		827		243		199		36		105		22		181		32		271		80

		8.354		445		84		254		58		447		84		634		190		187		35		98		23		173		32		258		77

		8.977		313		62		178		47		324		66		450		140		163		32		86		22		156		32		227		71

		9.647		203		44		119		37		223		51		297		98		131		28		71		22		133		30		186		62

		10.37		122		31		76		29		146		39		183		65		98		25		56		22		108		29		143		51

		11.14		72		22		47		22		94		30		109		43		71		22		43		20		86		27		106		42

		11.97		40		16		29		17		59		22		64		29		50		20		33		20		67		26		77		35

		12.86		23		12		19		13		37		17		38		20		35		19		26		18		52		24		57		29

		13.82		14.1		9.3		12.0		9.8		24		12		23		14		27		18		21		17		42		21		43		26

		14.86		8.6		6.7		8.0		7.2		15.8		9.1		15		11		20		16		17		16		34		20		34		25

		15.96		5.8		5.7		5.4		5.0		10.5		7.1		10.2		8.9		17		17		14		13		28		19		29		25

		17.15		3.9		4.4		3.8		4.2		7.2		5.1		7.1		7.2		14		16		13		14		24		17		25		25

		18.43		2.5		3.4		2.8		3.3		5.2		4.0		5.2		6.1		11		15		12		14		22		17		23		26

		19.81		–		–		0.52		0.66		0.95		0.83		0.60		0.73		–		–		2.7		3.4		4.9		4.3		3.3		4.0





Figure S4

		Dynamic shape factor (-)		Sum of squared residuals, S (ug2)

				Granite		Stone A		Stone B		Stone C

		1		3862498		816822		1320797		8809583

		1.1		3078027		560789		853945		6605748

		1.2		2351191		343236		469484		4626843

		1.3		1697965		173573		186313		2919299

		1.4		1138177		65452		30142		1565841

		1.5		689153		27276		17821		625961

		1.6		374220		70024		171173		178449

		1.7		213479		203161		507731		271662

		1.8		228585		434948		1043590		973270

		1.9		437865		783792		1817031		2343007

		2		858073		–		–		4475386





Figure S5

		APS																				MOUDI

		Midpoint aerodynamic diameter, da (μm)		dM/dlog(da) (mg m-3)																		Aerodynamic diameter, da (μm)				dM/dlog(da) (mg m-3)

				Granite				Stone A				Stone B				Stone C						Lower limit		Upper limit		Granite				Stone A				Stone B				Stone C

				Average		Standard deviation		Average		Standard deviation		Average		Standard deviation		Average		Standard deviation								Average		Standard deviation		Average		Standard deviation		Average		Standard deviation		Average		Standard deviation

		0.542		0.0237		0.0057		0.0191		0.0014		0.0187		0.0023		0.0194		0.0018				0.056		0.1		0.574		0.083		0.541		0.046		0.53		0.11		0.87		0.76

		0.583		0.0397		0.0089		0.0318		0.0023		0.0316		0.0041		0.0336		0.0032				0.1		0.18		0.71		0.32		0.70		0.30		0.52		0.10		0.69		0.15

		0.626		0.067		0.014		0.0529		0.0040		0.0536		0.0074		0.0582		0.0062				0.18		0.32		1.08		0.32		0.98		0.28		1.12		0.11		1.61		0.34

		0.673		0.115		0.023		0.0880		0.0067		0.091		0.013		0.102		0.013				0.32		0.56		1.39		0.52		1.00		0.13		1.03		0.14		1.68		0.31

		0.723		0.193		0.035		0.143		0.011		0.150		0.023		0.172		0.027				0.56		1		2.29		0.28		2.00		0.37		3.62		0.69		4.40		0.66

		0.777		0.319		0.056		0.223		0.017		0.241		0.038		0.283		0.051				1		1.8		3.50		0.71		2.42		0.35		3.92		0.63		7.03		0.54

		0.835		0.498		0.084		0.328		0.026		0.363		0.058		0.436		0.088				1.8		3.2		5.9		1.6		2.63		0.65		3.81		0.54		9.8		4.6

		0.898		0.75		0.13		0.466		0.038		0.529		0.086		0.65		0.14				3.2		5.6		42.8		9.2		14.1		1.0		12.0		2.1		28		21

		0.965		1.06		0.18		0.626		0.051		0.73		0.12		0.90		0.21				5.6		10		92		24		51.1		1.9		65.6		6.8		53		29

		1.04		1.46		0.25		0.830		0.068		0.98		0.16		1.24		0.30				10		18		30.1		8.2		33.4		1.6		45.6		4.2		15.3		8.9

		1.11		1.96		0.33		1.080		0.087		1.30		0.21		1.66		0.42

		1.2		2.61		0.45		1.41		0.12		1.72		0.27		2.21		0.56

		1.29		3.46		0.60		1.84		0.15		2.28		0.36		2.95		0.76

		1.38		4.49		0.78		2.37		0.19		2.96		0.46		3.86		1.00

		1.49		5.8		1.0		3.07		0.25		3.85		0.60		5.1		1.3

		1.6		7.4		1.3		3.91		0.31		4.93		0.77		6.6		1.7

		1.72		9.3		1.7		4.95		0.39		6.24		0.96		8.5		2.2

		1.84		11.7		2.1		6.25		0.47		7.9		1.2		10.9		2.8

		1.98		14.7		2.6		7.89		0.57		10.0		1.5		14.0		3.6

		2.13		18.1		3.2		9.81		0.69		12.5		1.9		17.6		4.5

		2.29		21.7		3.9		11.90		0.81		15.2		2.3		21.5		5.5

		2.46		25.6		4.6		14.10		0.94		18.2		2.7		25.9		6.6

		2.64		29.3		5.3		16.3		1.1		21.3		3.1		30.5		7.7

		2.84		33.4		6.1		18.7		1.2		24.7		3.6		35.8		9.0

		3.05		37.1		6.8		21.0		1.4		28.1		4.1		41		10

		3.28		41.2		7.7		23.5		1.5		31.9		4.6		47		12

		3.52		45.4		8.5		26.0		1.6		36.0		5.2		53		14

		3.79		49.2		9.3		28.4		1.7		40.0		5.8		60		15

		4.07		53		10		30.8		1.8		44.1		6.4		66		17

		4.37		57		11		33.0		2.0		48.0		7.0		73		19

		4.7		61		12		34.9		2.0		51.9		7.6		79		21

		5.05		66		13		37.0		2.0		56.1		8.2		85		23

		5.43		73		15		40.1		2.0		62.0		9.2		95		26

		5.83		84		17		45.1		2.3		71		11		109		30

		6.26		97		20		51.0		2.6		81		13		126		35

		6.73		111		23		56.8		2.7		92		14		144		41

		7.23		121		25		60.7		2.9		100		16		158		46

		7.77		122		25		60.5		2.6		102		17		160		48

		8.35		114		23		56.6		2.7		97		17		152		48

		8.98		100		20		49.3		2.6		88		16		134		44

		9.65		80		16		41.1		2.3		75		14		109		38

		10.4		60		12		32.5		2.0		61		13		84		31

		11.1		43.6		8.7		25.2		1.9		49		10		62		24

		12		30.5		6.4		19.5		1.6		37.9		8.2		45		19

		12.9		21.6		4.3		15.3		1.6		29.5		6.9		33		14

		13.8		16.3		3.7		12.5		1.6		23.9		5.8		25		11

		14.9		12.6		2.9		10.4		1.3		19.6		4.6		20.3		9.1

		16		10.5		2.8		8.7		1.1		16.3		4.0		17.0		7.4

		17.2		8.9		2.5		7.8		1.2		13.8		3.4		14.6		6.5

		18.4		7.1		2.1		7.1		1.1		12.4		3.1		13.4		6.1

		19.8		–		–		1.61		0.24		2.83		0.70		1.92		0.88
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