Relating concentrations of indoor VOCs to occupant use of solvent-containing products &=
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1, Introduction

Contemporary estimates suggest that people spend nearly 90% of their
time indoors, therefore it Is important to quantify chemical exposure in
these atmospheres. Many factors can influence indoor air quality (I1AQ),
with emissions of VOCs from consumer products one of many potential
contributors to emissions. The effects of VOCs can be direct or via

secondary product formation, for example formaldehyde or aerosols.

2. Methodology

Whole-air canister sampling techniques were used to collect three-day
integrated air samples in a cohort of UK homes (n = 60). Each household
was sampled on three separate occasions in winter, and three times in
summer, plus a further three households were randomly selected each
week to also collect an outdoor sample. Sampling was performed over
nine-week periods, between February and April 2019 and July and
September 2019. Air was collected in evacuated 6 L internally-treated
stainless steel canisters. Analysis was performed using GC-FID and
GC-TOF-MS to quantify compounds in the C2-C12 volatility range,
including nonmethane hydrocarbons, OVOCs, monoterpenes, siloxanes

and halocarbons.

Participants were asked to complete a survey during each sampling period,
collecting information on residence type, household demographics and
frequency of use of a variety of product types:

antiperspirants/deodorants, aftershaves/perfumes, hairsprays, air freshen-
ers, cleaning sprays, furniture polishes, insecticides, candles, paints, plug-in

room deodorisers, glues and sealants/mastics.

3. Besults & Discussion

Highest concentrations of VOCs were observed in winter, with n-butane
being the most abundant VOC (median value = 61.6 ppb), whilst
tetrachloroethylene was the lowest concentration species quantified
(median = <01 ppb) in this study. In terms of absolute concentration, VOCs
derived from aerosol propellant sources were most significant, plus ethanol
and acetone; general purpose solvents release from many different product
types, as well as food, cooking and drink. Median concentrations for

terpenoids ranged from 017 ppb p-cymene to 0.65 ppb limonene,

Total VOC (TVOC) concentrations were calculated; summer was reported
as 316 ug/m-=3 and in winter as 180 ug/m-3, t-test p < 0.05. The eight
compounds In highest concentration are listed below, with
distribution statistics shown in the boxplot:
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Median Concentration . . SD
Percentile Percentile
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([Jg/m' ) (_]Jg/m's) (ug/m_s) (]Jg/m' )

n-Butane 83.78 1.41 1050.6 517.64
Acetone 41.17 0.03 149.79 52.65
Propane 35.67 0.87 533 427.72
Ethanol 33.96 0 270.46 176.21
Isobutane 30.39 0.83 546.36 215.04
o—Pinene 6.78 0.01 56.67 24.78
D4 Siloxane 5.04 0 97.61 33.77
Ethane 4.01 0.83 41.51 38.85
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A positive correlation existed internally between different terpenoid species
and between alkene species. However, more generally, most individual
VOCs did not correlate with each other, highlighting the wide range of

uncorrelated sources that contribute to individual concentrations.

With the exception of aerosol usage, and n- and iso-butane, indoor
ambient VOC concentrations had no statistically significant relationships
with product usage frequency. This indicated that other factors, such as
ventilation rates, VOCs released per dose, variability in product emissions,
and other behavioural aspects were potentially more significant influencing

factors.

This highlights the great challenges in attempting to model indoor
exposure to VOCs at a population scale, since it Is not readily predictable

based on behavioural use of VOC containing products.

n_pentane

acetone

135_tmb
carbon_tetrachloride
a_pinene
tetrachloroethylene
dichloromethane
g_terpinene
iso_pentane
iso_butene
n_hexane
methyl_pentane
cis_2_ butene
o_xylene

10034
10015 17
10013 28 -1

18030 16 29 2

g

\Ammm.hig
N=2o0oocoo LM LARN
o aN LI
A N A g

mp_xylene
ethylbenzene
n_octane

224 tmp
ethene

05 AHEE
=
»H

i A
o W

o W =

acetylene
1ethylcyclotetrasiloxane
ethane

propene

propane

methanol
1_3_butadiene

- N
N o
HOANVVHOOLVOVLHDE

ENENY
'
)€
Lo
|
N
!

o rLbrbhiaRB N IR

o s N w

S

'
a

'

'

]
w

'
[$)]
Y
w

N I A Y S A A S |

3
25
5 @

=1

(o]
L1
w
\“g
w
@

=
© »
o én
g_t

n
o o
D ©

=
®© &
NN
o =

>4
SUACH
NG
N
f
i
w
'
)
'

B = R NG

N
h
b
S
o
N
sy
~

|
o
=
|

16094313115 5 591114 6 27 5 2 -2 1
10027 25 253158211212 9 161710 1 -3

10037 3030431016 -3 1514 7 7 2316 -2 1

1005 92023 9133 -3198 4 1120 -2 -2 11

7
8
5 6 61812 -1
5
2
10070 -9 7 13122 0 2 2198216101 3 1 117163
D
4
2
2
1
7
T

IO'
@
22z 212
o8 88
>
o =
I 1

190293311251011 9 14-3 -3 3 -1 223266 3 -2-3 8 7 -
100445944 2 -3 2 2 -3 -4 177 21622108989
10097 465945 -2 -3 -3 -3 -4 -4
10097 96476246 -2 -1 0 0 -3 -3
10010096 97 466945 -2 -3 -3 -3 4 -4

ent_1_ene !;@""1942362 -10-10-4-10
T 11T 17T 17T 17T 1T

o o
mmmmwmmwgwmmmwwmmmmmmmumwmwmmmmmmmwg' MMMM
= |53 c

OS2 ANRNMNNGRAN

-
N I O |

1821 1 2627

o
'

L

' [
L

'

o

!

£

'

3 3-22222
8 9 -12424
-2
T

o——
g @
=1
N
[}
=3
o
|
o

ANocococopALLlbhbdbdbbdbdod
AL W WwWwWwrwWww LW h o >

0N WN W

-2
-2
-2
-6
T

©

=1

-

|
—o o
BES
SN
B ES
B ES
=

[

»w O
T @ 58

There were some relatively modest differences in the seasonal frequency of
use of different product types. For instance, personal care products

(Le. antiperspirant/deodorants) were reported to be in greater use during
the summer than in the winter (median = 8 uses per sample period In
summer, as compared to 7 in winter). Usage of other product types

remained similar between both seasons. Usage statistics are shown below.
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Secondary Product Creation Potential (SPCP) assesses the potential of a

given compound in forming secondary oxidation products when simulated

In an explicit chemical box model.
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a-Pinene and limonene ranked highly when scaled for their SPCP, along
with other alkenes such as butene. The significance of n-butane was

diminished given comparatively low reactivity.

4, Conclusion

Indoor air quality is a complex topic for both atmospheric chemistry and
public health. This study sought to assess the impact that consumer
product use had on VOCs found indoors, since they are contributors to
IAQ. Whilst there was some seasonal variability in concentrations, a direct
ink between frequency of use of products and overall atmospheric
concentrations was not observed. There were some limited correlations
between aerosol propellant use and concentrations of n- and iso-butane.
SPCP estimations show that unsaturated VOCs, such as monoterpenes
and butenes, play the most significant role in the creation of oxidised

by-products.
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