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Figure S1: Mass spectra degraded to unit mass resolution for average mass spectra comparisons of vanadium-containing ship exhaust particles measured during ATom 4 at
varying altitudes
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Figure S2: VVanadium ion signals normalized to the sum of vanadium, organic, and sulfate ion signals as a function vanadium single-particle mass fraction for 9 calibration
standards for a) solutions without added organics and b) solutions with 20 wt % organics. The yellow lines and purple diamonds indicate raw data for individual particles and
average values for a given standard, respectively. The error bars represent the uncertainty in the degree of hydration (3-5) for the vanadium(lV) oxide sulfate hydrate. In most
cases, these error bars are too small to be seen. The yellow and purple dotted lines represent exponential fits for the raw and averaged data, respectively.
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Figure S3: Organic ion signals as a function organic single-particle mass fraction for 5 calibration standards in a 0.1 wt % vanadium-containing standard solution for organic ion
signals a) normalized to the sum of the organic and sulfate signals and b) normalized to the sum of the vanadium, organic, and sulfate signals. The yellow lines and purple
diamonds indicate raw data for individual particles and average values for a given standard, respectively. The purple dotted line represents an exponential fit for the averaged data
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Figure S4: Sampling altitude as a function of vanadium single-particle mass fraction for vanadium-containing ship exhaust particles measured during ATom 1-4 with 20 particle

A ATom1 Jul-Aug 2016
12 - ATom2 Jan-Feb 2017 [~
A A ATom3 Sep-Oct 2017
ATom4 Apr-May 2018
10 | A -
A
8] A N -
A
6 -
A A
4 - A A —
A A
2 A A L
- 4
A A
0 -
| T T T T L | | T T T T T LI | |
3 4 5 6789 2 3 4 5 6789
0.001 0.01 0.1

vanadium / mass fraction

averages. Each colored triangle represents a different ATom campaign.
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Figure S5. An example of a diluted ship plume encountered during the ATom4 deployment. Each circle in the top panel is the vanadium mass fractions for a single particle. Black
carbon data are 30-s averages. There are about 600 total particles during the MBL leg between about 41500 and 42000 seconds. Each stretch of particles above the MBL includes
about 200 particles in about 160 seconds. In this example, only two particles above the MBL have most of which have no vanadium. Gaps between particles are when PALMS was

in negative ion or background mode.



