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Supplement A — Ozone Reactivity Calculation

The rate equation for a reaction of BVOCs with ozone is

d[0s]

= k,[BVOC;][03] + k,[BVOC,][05]+...+k,[BVOC,][05] = X k; [BVOC;][05](S1)

Here k;is the reaction rate constant for BVOC; and ozone (Os). [BVOCi] is the concentration of
the i-th BVOC in the gas sample, and t is the reaction elapse time. The ozone reactivity is
defined as:

R03 - Zi ki [BVOCl] (SZ)
with a unit of s1. It is also defined as the inverse of ozone lifetime.

Combining (S1) and (S2) leads to:
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Then, integrating (S3) yields:
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Because here RN is always small (i.e., < 0.1), (S5) can be further simplified using the Taylor
3lo
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approximation In(1+x) = -x (if x = 0), so that:
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This assumes that Rps is constant, i.e. [BVOC;] remain constant. This assumption holds when
[BVOC;] is much larger than [O3] or when k; is slow. Under certain circumstances, therefore,
Ros cannot be calculated with this equation.



A[O3], At, and [O3]o are all experimental parameters, so that total RO3 can be measured.
With TORM, A[O3] is measured directly, and [Os]o is monitored/kept at a constant value. At is
the residence time in the reactor, constrained by its volume and the flow through it.



Supplement B — Modelled Decay of BVOCs in the Ozone Reactivity Reactor

A simple box model was used to estimate the expected differential signal from a known sample
composition. The model does not consider any secondary chemistry due to the short reaction
time in the reactor (minutes) and includes therefore only the reaction of the given BVOCs with
O3 using the reaction rates in the legend of Fig S1. The resulting differential equations are
solved using the kinetics pre-processor (KPP; Damian et al. [2002]). The decay of ozone after
the corresponding residence time can be compared to the background corrected differential
signal for emissions including fast reacting compounds, such as p-caryophyllene. Using eq.
(S6) with such compounds would lead to an overestimation of the total O; reactivity. This is
the same reason for which A[Os] needs to be corrected for NO (ko3 = 1.7:10'% cm3 s'1) when

measuring in ambient conditions (Sommariva et al., 2020; Matsumoto, 2021).
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Figure S1. [BVOC]t, [Os], and A[O3] for some typically measured BVOC plotted against the elapsed reaction time
t. The typical residence time of the ozone reactivity apparatus used in the study presented here is 2.5 min
(dotted line). The compounds with relatively fast reaction rates with ozone, such as B-caryophyllene with a k >
9 x 10 cm? s would have reacted completely within the 2.5 min residence time. The compounds with
reaction rates ranging from 9 x 10> to 4 x 10'*® cm? s would be reduced to 10-90% of the starting
concentration. Only the ones with k < 4 x 102 cm? s would have more than 90% of the BVOC remaining after
2.5 min.



Supplement C — Ozone Reactivity System Setup for Testing

System control,
Data acquisition

e a;tup AR NN EEEEEEEEEEEEEEEEEEE
: FIUFILUF]LF
i 2.4 Umin
1 Limin Reaction Flasks
Dg {Apl} b EE— 25 Leach
: T=40°C E
0, (TEI49C) | E
1.2 L'min
: Metering x'
MNafion valve
dryer _
: 0.6 Umin MNafion
. . dryer
0, differential W 0.6 Limin
{TEI 49'} Di gen_
0.5 L'min £
Air inlet E
1| 1 Umin 3
NOx, VOCs &
scrubber
Zero air S |
generator ampile
inlet

Figure S2. Configuration of the TORM during the laboratory experiments when the directly measured ozone
differential signal was compared with the difference in ozone determined from two individual ozone monitor

measurements.



Supplement D — Chamber Blank Experiment
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Figure S3. 24-Hour experiment with an empty soil chamber enclosure. The chamber was placed outside of a
measurement hut on an inert surface (FEP film) with the instrument being inside the building. Plotted data are

the ozone reactivity signal (top panel), the soil chamber inside temperature, the reactor temperature, the

building temperature (middle panel) and photosynthetically active radiation measured on top of the chamber

(bottom panel). For this experiment, the O3 level before the reactor was kept at 150 ppb.



Supplement E — Dependency of Pressure Differential on Reactor Flow Rate
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Figure S4. Recordings of the differential 49i ozone monitor (blue) and the difference between two monitors
placed before and after the reactor (orange) in the configuration shown in Fig. 2 at increasing flow rate through
the reactor without and with the balancing of the pressures using the flow restrictor valve (left and right
panels, respectively).



Supplement F — Residence Time inside the Reactor
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Figure S5. NO measured after the reactor for injections of 2 ml of NO at the reactor inlet at time O s for two
different flows through the reactor: 4 L min-1 (blue) and 6 L min-1 (orange), with skewed Gaussian fit lines. The
solid vertical lines correspond to the theoretical residence times for a 10 L reactor volume for each flow rate
with matching colors (150 and 100 s, respectively). The dashed vertical lines represent the median value (113
and 79, respectively) and the dotted vertical lines represent the mean residence time in the reactor for each
distribution (131 and 91 s).



Supplement G — Nafion Dryer Tests
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Figure S6. Maximum values of A[O3] for signal changes observed by the differential analyzer and the two-
monitor system (blue and orange, respectively) from injection of various amount of liquid water (20 to 100 pl)
through a septum port upstream of the reactor without and with Nafion dryers (left and right panels,
respectively).



