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Supplemental information
Computing the MPPS
First, assume that the penetration at any size is a normal random variable. Then, neglecting correlation between the penetrations at any two sizes, Pi and Pj, we can state
	
,
	(S1)


where Pr(⋅) denotes a probability, (μ,Г) denotes a normal distribution with a mean of μ and a variance of Г, and P is the penetration, over which integration occurs. Evaluating the integral, 
	
.
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Note that Pr(Pj > Pi) = 1 – Pr(Pi > Pj). Using the chain rule, the probability that Pi is greater than all other penetrations, and is thus the MPPS, is 
	
.
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Then, dMPPS can be estimated using an expected value to give
	
.
	(S4)


Uncertainties are defined as the interval around dMPPS over which uncertainty bounds in the penetration include the penetration at dMPPS with some probability (e.g., 95%). 
Correction for ζ ≠ 3
Mass-based penetration computed using ζ = 3 can be corrected for ζ ≠ 3 in post-processing, provided that the upstream and downstream distributions widths are available. Specifically, 
	
,
	[bookmark: _Ref98253144](S5)


where Pm,ζ is the corrected penetration and Pm,3 is the original penetration computed using ζ = 3. Thus, if the upstream and downstream distribution widths are identical, the penetration is insensitive to the value chosen for ζ. Note that the difference is also insensitive to the number concentration. 
Effective density of sodium chloride
The effective density of sodium chloride was determined from the shape factors presented by Zieger et al. (2017). Figure S1a shows the measured effective density as a function size. Also shown is the mass-mobility relation implied by the data (given by a power law, or a linear line in log-log space), where spherical particles would correspond to a horizontal line. Here, ζ = 2.97. We note that the effective density profile is not perfectly described by a power law, with a relatively uniform effective density up to a mobility diameter of 600 nm, before the effective density shows a sharper decline. As such, the fit mass-mobility relation results in a larger slope, particularly for the size relevant to the challenge distribution in filtration testing (approximated on the upper axis), and thus conservative estimates of the errors. 
[image: ]
Figure S1. (a) Effective density of sodium chloride and (b) the associated errors in the computed mass-based penetrations. A candidate challenge aerosol size distribution (CMD = 75 nm and GSD = 1.86) is shown on the upper axis of (a). 

Figure S1b indicates the errors incurred in the particle penetration, as computed via Eq. (S5) and the mass-mobility exponent for the relation shown in Figure S1a. Errors are less than 3% of the penetration for the measurements made in this work, with a mean square error of 0.8%. Errors are largest for the highest filtration efficiencies, in excess of 99%. Overall, errors are sufficiently small so as to be neglected in this work. 
Comparing the TSI 8130As
The following compares the outputs for the two TSI 8130As used in this study for the candidate reference materials. 
[image: ]
[bookmark: _Ref82097574]Figure S2. Parity plot comparing data collected by two independent TSI 8130As for the candidate reference material, coloured by whether or not the material is charged. The systematic difference between uncharged and charged data may suggest a difference in response of the two TSI 8130A instruments related to particle size.

Pressure drop for the candidate reference material
The following figure shows the pressure drop measured using the PFEMS system for the candidate reference material subset of the data. Data mirrors Figure 5a. Generally, pressure drops are larger for the higher basis weight materials within each charge state category. 
[image: ]
Figure S3. Data for conversion of the PFEMS data from NPFE to MPFE for the candidate reference materials, coloured in this instance by pressure drop. 
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