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Investigation of novel methods to study the survival of foot-
and-mouth disease virus in aerosols
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* Non-enveloped, icosahedral

1. Foot and Mouth Disease Virus
+ssRNA picornavirus, as seen in
diagram

vP1 3/—/
* Infects cloven-hooved animals

*Endemic to Africa, Asia, the ypq
Middle East, and South America

*Highly transmissible — up to
100% morbidity

* A vesicular disease typically transmitted via direct contact,
however a low probability-high consequence transmission event
is via aerosols

*Highly economic disease; annually, the cost of FMDV is
approximately £5.4-17.3 billion

8.4 kb ssRNA
genome

25-30 nm

4. Project Aims

virus
2. Establish levitation and subsequent survival assays

using a surrogate BSL-2 virus with this CELEBS

Set-Up
1. Build a CELEBS instrument suitable for a SAPO4
instrument

Investigating FMDV )

3. Culture and titre contemporary FMDV strains
4. Investigate optimal survival of each strain using
methodology developed in set-up

a. Vary temperature during aerosolisation while
controlling other environmental conditions

b. Repeat, varying RH and
environmental factors

c. Repeat, varying pH of the droplet the virj

controlling other]

particles are suspended in

N

Analysis

5.Establish survival parameters for each environmental
condition for each strain

6.Investigate links between strain survival (virulence,
evolutionary similarity)

J

6. Responsible Innovation

* There always must be the consideration of dual use research
concerns when working with a highly transmissible pathogen,
primarily use as a bioterrorism agent

* Strains are housed at the Pirbright Institute with security and
biosafety procedures in place, and containment protocols are
activated if FMD is suspected on a farm

2. CELEBS Instrument

top
opening ring

* Controlled Electrodynamic Levitation and
:e/lectrodes

Extraction of Bioaerosols onto a Substrate
* Environmental conditions (e.g., temperature
and relative humidity) can be controlled
using the airflow within the instrument
eIndividual aerosols can be generated,
maintained under chosen conditions, and
deposited into appropriate media

droplet
dispenser
s

\\\plate

induction substrate
electrode holder

Figure 1: The CELEBS instrument

3. Gaps in Current Knowledge

* The effects of relative humidity, temperature, and pH on the survival of
FMDV within aerosols - research that has been completed is
significantly outdated, e.g., humidity effects studied over 50 years ago

« Investigation of aerosolised FMDV using updated instrumentation
(CELEBS)

« Investigation of contemporary strains of aerosolised FMDV (most up to
date strains housed at the Pirbright Institute)

5. Methodolo

* At SAPO4, FMDV particles will be aerosolised into droplets of 5-10 ypm
radius for 5 s — 20 min and collected into 6 mL 2% FBS MEM culture
media

* This will be added immediately to 60 wells seeded with LFBK-aV[36
cells for a 3-5 day incubation

» Microscopy will be used to determine cytopathic effects — how well has
the virus maintained its infectivity after levitation within aerosols?

* Poisson statistics will describe the specific number of infectious
particles

« Staining will additionally be used to determine infection using plaque
counts

« This can be repeated with varying temperature, relative humidity, and
pH of droplet media for each contemporary strain under investigation
to determine unique survival parameters

=

Levitation Electrodes x000000000000 ~ >
of virus- » ) ] )
containing) ——— Infectivity assay and visual assessment of infection
aerosols ‘ by CPE

Deposition @ \ T2 a3 X

into media Virus collected
from deposition

Alternative/additional
infection quantification by
plaque assay

Figure 2: Workflow for determii

using CELEBS instrument.

7. Policy and Scientific Innovation

* The CELEBS instrumentation was only introduced in 2019, and has not
yet been applied to picornaviruses

* New survival parameters for contemporary strains could inform updated
quarantine policy, taking into consideration certain environmental
conditions allowing greater distances to be travelled in the aerosol phase




Transmission of bacterial resistance genes
in aerosols

Xia Yi, Allen Haddrell, Jonathan P Reid
University of Bristol, School of Chemistry, Bristol, BS8 1TS, United Kingdom

\Ne

+ Investigate how bacteria carrying genes for antibiotic resistance spread Controlled electrodynamic levitation and extraction of
through the aerosol and what factors influence the spread of these bioaerosol onto a substrate (CELEBS)
bacteria through the air, employing the innovative CELEBS technology. * Produce and levitate a population of aerosol particles (1 to >100)
* Enhance our comprehension of the factors that influence the dynamic of containing a known number of microorganisms (1 to >1000) with
gene uptake by bacteria in air, providing strategies for mitigating the known (and indeed chosen) chemical and biological composition in a
dissemination of antibiotic resistance dissemination in aerosols. highly-controlled environment.
- / - ¢ Probe microbe viability in the air as
O]
Introduction ~ opening ring a function of environmental factors.
= droplet T — electrodes . )
(:f \H"mms Al ai P! p ¢ In this study, CELEBS is used to
» Abuse of antibiotics leadin A ispenser . .
g Antibiotic C . quantify ARGs transfer in the
. R < b safety
to the rise of antibiotic : - . .
Y/ plate aerosol phase, provide evidence of
resistance (AMR), becomin 3 : . . .
( ) g induction substrate ARGs in aerosol uptake by bacteria
a global health concern. e eleetiode i . . - . .
- is quantified, aiming to identify the
« Airborn ARGs, hibit a 2% Bacteria Figure. 3 Schematic diagram of main
irborne exnibt ] ﬁ: components of the CELEBS apparatus!®! parameters.
broader transmission range Phge \ j
225 Soil particle |9 ~—
and diverse sourcesl!, are Figure. 1 Transmission of antibiotic resistance genes [ f \

e o N Antimicrobial susceptibility testing (AST)
affected by many factors, - Little investigation to identify the

C » Identify bacterial strains that carry resistance genes against specific
pose a threat to human and process of ARGs transmission in the ¥ v g g P

antibiotics by testing aerosol samples.

% Disk Diffusion Method (Kirby-Bauer Method)

.
Objectives » Step 1:the isolated bacterial colony is selected, suspended into growth

media, and standardized through a turbidity test.

animal health?], aerosol directly.

* Demonstrate that the high salt concentration in a droplet, coupled with

its rapid dilution following deposition into a solution, will mitigate gene * Step 2: the standardized suspension is then inoculated onto the

uptake by the bacteria present. solidified agar plate, and the antibiotic-treated paper is tapped on the

- Explore the fundamental processes that limit and accelerate this inoculated plate. The disc containing the antibiotic is allowed to diffuse

process, variables such as salt type, environmental relative humidity, and through the solidified agar, resulting in the formation of an inhibition

. X zone after the overnight incubation at 35 °C.
aerosol dispersal time.

N . Step 3: the size of the inhibition Antbiotcsdsks Bacteriostasis Circle

Methods ~ zone formed around the paper \O o -

. . disc is measured; the size of the © 0 ©
Preparation of competent bacterial cells and

inhibition zone corresponds to ) © o : ’
bacterial transformation o o T
the concentration of antibiotic. Before growth After growth
\ " Competent cells are K Figure. 4 Diagnostic diagram of the disk diffusion agar method test /
-5 /\ |, U cells that have been
Sample pr;paralion Transformation Observation treated to can take up Ant Ipated outcomes \
Artificial solution Absorption of ARGs in Using plate culture
I dropl . . . .
o seroseldtopier exogenous DNA more 1. Uncover the fundamental mechanism underlying bacterial resistance
OO S OOo - easily and can induce gene transmission in aerosol.
N @@ :
; corresponding 2. Elucidate the potential of aerosols to facilitate the spread of bacterial
Bacterial cell with Competent cell Transformed cell . . X . . .
exogenous DNA changes in genotype resistance genes, thereby contributing to combat the amplification
Figure. 2 Diagram of chemical transformation process in aerosol and phenotype[3]. and perpetuation of antibiotic resistance.
» Step l:Prepare for the plasmid with ARGs and target bacterial. 3. Understand the roles of aerosol in AMR transmission in human, animal
+ Step 2: E.coli treated with Ca2+ solution becomes cells that are easily and global ecosystems.
transformed by plasmid DNA, ARGs are mixed with competent cells. 4. Aid in the prevention of the airborne spread of pathogens or source
+ Step 3: Using laboratory technique to observe the transfer of genetic identification with the knowledge of the transportation of bacteria by
\_ information and the appearance of new heritable traits in the cells. VRN air currents. /
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The impact of environmental conditions on the prevalence
and aerosol transmission of Streptococcus pyogenes

Phoebe French?

1School of Public Health, Imperial College,
Wood Lane, London, W12 0BZ

Background

Previous studies show that exposure to pollutants
significantly increase infection rates, however there is an
indication that the structure and viability of airborne
bacteria are also being impacted by the presence of
pollutants.

* Nitrogen dioxide (NO,) and ozone (O,): increased
susceptibility to serious infections'; compromise
epithelial cells in respiratory tract and suppress the
immune responsel.

Motivations and Aim

Scarlet fever, a superficial infection
caused by S. pyogenes, has
increased dramatically in the UK in
the last 10 years (Fig. 1). M1, a
novel strain, is a concern because
it is causing increased scarlet fever

within England®.
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Figure 1. Scarlet fever notifications in England from 2017/2018 season onwards®.

There is evidence that increased scarlet fever cases may be linked with high concentrations

of NO,, O;and PM, ¢°, but epidemiology studies are unable to identify exactly how

* NO,: exposure causes increased viability of airborne

o . .
bacteria?. infections.

* PM, : has the ability to absorb bacterial cells and deposit
them within the lungs?; bacteria growth pattern changes
after exposure3.

Proposed Research Strategy

2. Development of
methods for
evaluating S. pyogenes
viability with different

1. Assembly of a
CELEBS instrument to
allow for: bioaerosol
suspension; addition
pollutants and
environmental

conditions

of pollutants; control
of temperature and
relative humidity

3. Evaluation of how
the viability of
different S. pyogenes

strains changes after .
exposure to different .
environmental factors

Challenges

The main challenge to overcome in this project is the
adaptations of the CELEBS setup as aerosol pollutants have
not been added to the instrument before.

This will likely be done with the addition of a nebuliser to
the airflow inlet.

Responsible Innovation

As scarlet fever primarily effects children, communication
of results need to be done in a clear manner to allow
parents and carers to fully understand the findings and
avoid misinterpretation.

Policy Implication — Outbreak Management

Guidance for managing scarlet fever within schools and
nurseries is based around strict cleaning. This research
could highlight the importance of adding face-masks and
social distancing to this guidance if the viability of
aerosolised S. pyogenes is found to be increased.

Policy Implication — ULEZ Zones

The effectiveness of these clean air zones at decreasing the
concentration of air pollutants has been demonstrated by
the introduction of the Ultra-Low Emission Zone in central
London.

This research could show the importance of implementing
these clean air zones and demonstrate why more Ultra-
Low Emission Zones should be created across the UK.

[ $]1Q =0

pollutants or certain environmental conditions allow for an increase in S. pyogenes

This project aims to determine how the airborne viability of S. pyogenes is impacted by
ambient conditions, such as gas and aerosol pollutants, temperature and relative humidity.

Experimental Technique

The Controlled Electrodynamic Levitation and
Extraction of Bioaerosols into a Substrate (CELEBS)
instrument (Fig. 2) is the primary method that will be
used in this project because:

It has a relatively low collection velocity®

There is a 100% sampling efficiency®

* External gases can be added into the instrument®
» Temperature and relative humidity can be altered®

@ op (¢) application AC field
opening sing
droplet - electrodes
dispenser —
X safety (d) reduction AC field
plate
induction B substrate
electrode holder
(b)) (ii) (iii)

bioaerosol generation bioaerosol levitation bioaerosol deposition
Figure 2. Schematic of the typical CELEBS setup and operating stages (a, b), images showing the levitation (c) and

deposition (d) of a bioaerosol®.
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Optimising the performance of air cleaning technology for
mitigation of infection in hospital environments.

Background and Motivation

Air Sentry

Anushi Khandare (anushi.khandare@bristol.ac.uk)

Engineering and
Physical Sciences

W Research Council

Supervisors - Prof. Catherine Noakes, Dr. Louise Fletcher, Dr. Marco-Felipe King

* People are exposed to significant amounts of
particles that contain microbial material, also
known as bioaerosols [1]

*  We cannot eliminate the production of bioaerosols
but we can certainly implement mitigation
strategies to reduce the effects caused by it.

* People with low immune systems form the major
fraction of people affected by inhalation of
bioaerosols. Therefore, the risk of infection is at its
highest in a hospital environment [2].

+ There are several routes for infection transmission

in a hospital [3].

[ indirect contact

‘ pure airborne sub-micron
particle transport

Infection
Transmission

[ common vehicle ]

* One of the most reliable and feasible ways to
reduce exposure is the introduction of air-cleaning
technology [2].

« Air Sentry, the industrial partner of this project,
manufactures air cleaning devices that have been
installed in the NHS and the private healthcare
sector since 2000.

o
A0

A series of experiments and modelling will be used
to fulfil the objectives of this project.

The project’s novelty lies in the collection of spatial
and temporal data under realistic conditions of a
hospital ward.

The experiments will be conducted in the
bioaerosol chamber in a controlled environment at
the University of Leeds.

The experimental setup would be similar to [3] as
seen in Figure 2 [3] and the methodology will
resemble that described in [4].

For modelling, computational fluid dynamics

(CFD) would be used to understand the airflow of
the room.
The TBS will

help understand atmospheric

Figure 2. (a) Experimental
layout in the chamber for
hospital room; (b) Photo of
furniture, DIN manset-up and
release location.

i
UNIVERSITY OF LEEDS

Methodology

Air cleaners could soon be placed in all public places
and installed in offices, like the ventilation system.

It is our responsibility to put forward the pros and cons
of using these devices.

Clean air will have a positive impact on the healthcare,
education, residential, and commercial sectors.
Innovation and development in this area possess the
potential to impact a large section of society by
improving indoor air quality, promoting health and
safety, and enhancing overall quality of life.

We can expect that policies related to accepted
bioaerosol concentrations, certain regulations for
manufacturers, sufficient ventilation in hospitals, and

Responsible Innovation and Policy

'

e TN~

-'q

- Will air-cleaning technology become the one-stop solution for
achieving cleaner and risk-free air soon?

N

:

others could be implemented.
~
o f
Ol
oo

$4¢

[o X

a)

b)

1.

2.

J

)

The project intends to study and optimise the use of air-
cleaning devices within hospitals. The aims are as
follows:

To understand the interaction between the design of the
air cleaners and the room flow.

Assess mitigation strategies for surface contamination.

Depending on the outcomes of the 2" and 3™ year results,
one or both objectives may be achieved,

Simultaneous removal of gaseous and
particle contaminants from the air.
Incorporating smart action within

the device.

Challenges

As this project focuses on a sensitive area like a
hospital, creating a realistic environment is difficult.
The absence of standardized protocols for testing and
reporting air cleaners makes comparing them difficult.
Finding a common ground between the academic and
industrial agenda is important to maintain a balance
between the two sectors.
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Relative humidity

- - Temperature
Assessing the impact of aerosol .
g p environmental, Growth phase Ozone
biophysical & Particle size Solar irradiation Sampling mechanism
i factors Droplet composition Pollutants Sampling time

degradation on microbial |

@ Aerosol age Storage

detection in air samples. 'y {1

00 4
. . . . O
Simon Bate'2, Darryl Hill', Claire Lonsdale?, Richard Thomas? . s00O OOO e
The University of Bristol, Bristol, BS8 1TD. Aty " o Aerosol Generation environment & aging | Bioaerosol sampling Biodetection
2Dstl, Porton Down, Wiltshire, SP4 0JQ. OO 0 0O°
(oXNe}

Introduction
< Environmental air sampling is
performed for a range of public health

Oxidation &
degradation of lipids,

Rapid hydration

Mechanical damage to proteins & nucleic acids Desiccation Impact/relevance on
- 5 q - iologi Conf tional . i i ion il
and biodefence applications (figure 1). siobgiloects | i componerts (L) s | T pcaril damageto | D) mroba detcioni
Evaporative stress proteins surface components & air samples?
by
: : Membrane fluidity membranes
« Exposure to outside air may lead to DNA damage

irreversible changes to cell surface
antigens and the nucleic acids of

microorganisms_ Figure 1. MOD personnel performing environmental air monitoring (1)

Figure 2. Project overview

« Detection of microorganisms within the EXPerimental Methodology

environment may be impacted by the ~ Assessing aerosol generation and collection methodologies
stresses imparted on the airborne

Table 1. Experiential considerations of various aerosol generation and collection mechanisms

microorganism.
Experimental considerations

Project Aim: Aerosol generation
Develop a clearer understanding of how Reflux nebulisation Collison, Wells, ~ Two fluid atomiser. Generally used for liquids. Small particle size. Operates via
. . ) Aeroneb Venturi effect & wall impaction. Increasing jet number and pressure increases
the aer0b|0|09|ca| pathway (flgure 2) aerosol output and recirculation. Reservoir evaporation can occur over time.
impacts microbial detection in air samples. Forces associated with reflux nebulisation can damage bacteria/viruses
Non-reflux nebulisation  PFA nebulisers, No wall impaction or recirculation.
- SonoTek
Research Questions: . e
1. What effeCF does aerosol generatlon Impingement AGI30, AGI4, Aerosol is accelerated through a critical orifice causing inertial impaction into Fi 6.Th - tric cylindrical electrod . ‘ I
and collection (table 1) have on SKC biosampler collection fluid. Efficiency is affected by physical parameters. Reaerosolisaton igure 6. The concentric cylindrical electrodynamic balance
i i i i can occur. SKC biosampler possesses angled nozzles, creating gentler swirling . . .
microbial biodetection targets? e ey o ame e Bacterial metabolism of culture media
X ) ) Impaction Andersen, Air flows through orifices causing inertial impaction of particles too large to influences its hygroscopic properties
2. What |mp||gat|ons do these structural Burkard remain entrained in airﬂqw. Size fractionatiqn possible. Collectio_n onto arange of « The Comparative kinetic electrodynamic
and genomic effects have for the different substrates possible. Substrate choice can affect collection efficiency. .
detection and identification of Particle bounce can be problematic. balance approach (figure 6) was used to
! . ! . Filtration Gelatin, glass Good physical sampling efficiency. Biological sampling efficiency may be lower determine the hygroscopic properties of
microorganisms in collected air fibre due to sensitivity of collected microorganisms to air drawn past filter. Elution of spem and freshly prepared bacterial
samples? material from filter surface can affect efficiency .
culture media.
3. Are these effects altered or Simulating bioaerosol transport within the environment

* Measurements of the corrected radius over
time were converted into droplet mass
using density parametrisation and the
mass flux as a function of time was
calculated. Water activity at the droplet
surface was determined using the mass
and heat transfer equation (2).

exacerbated in presence of outside air
or simulated environmental stressors
(figure 3)?

4
Hé University of |
| | YEIBRISTOL

dstl

‘The Science Inside

Membrane lipid peroxidation

» Spent culture media showed differing
hygroscopic properties compared to
controls (figure 7).

Plasmid DNA damage

Transcriptional factors
stress response genes

} { 5
,I/’ P2 Y * MCHP (metabolised)

y gt A MCHP (unmetabolised
Figure 4. Dstl ACS wind tunnel & the CELEBS electrodynamic balance (University of Bristol) 4 + TSB (metabolised)
s Cafbonation & oxidaten _-
Figure 3. Oxidative stress in airborne bacteria Dstl Aerosol Challenge Simulator (ACS) wind tunnel T2 S
1. A variety of aerosol generators, monitoring/sizing equipment and air samplers can be 4 s
. incorporated
Scientific impact 2. Outside air can be introduced o
« This project will develop 3. Background aerosols (bacteria and pollen etc.) and pollutants can be introduced w8l ‘o w
multidisciplinary approaches to N
begin to empirically understand how Electrodynamic balance (CELEBS) e & + MCHP (metabolsed)
microorganisms respond to the 1. Microenvironment heterogeneity occurring within individual aerosol droplets can be - N e
stresses associated with aerosol determined < OB ()
transport. 2. Droplets can be levitated for seconds to days £ o4 e
3. The surrounding atmosphere (RH/temperature) can be accurately set and maintained .
Responsible innovation = N
« The implications of this work have been
thoroughly considered against the Characterising the damage occurring to cell surface structures and nucleic acids L a— e " " p
objectives and purposes of the T i )

Biological and Toxin Weapons

ch t lei id ch ¢ i § truct Figure 7. Hygroscopicity with variation in solution water activity
i Lhanges to nucleic acids Changes to cell surface structures
Convention (BTWC). anges to nucleic acids anges to cell surface structures

(ay,). presented in terms of radial growth factor (rGF) and the

DNA integrity assays Fluorescence mass fraction of solute (MFS) (n=6). The predicted curves for
= . s NaCl (grey line) are also shown.
« Any work which will be published in the DA Guality assays e b g ‘
blic d . il und th h Real-time gPCR Immunoassays e.g. ELISA, Western blotting
public foma'; m tunh e,rg(lj ZrouQ it Flow cytometry Impedance flow cytometry Conclusions
review irom both technical and SeCUnty  \icroscopy & specific dyes Cell membrane permeability assays * Metabolism of culture media likely
perspectives. Gel Electrophoresis Cell membrane potential assays alters solute composition/conc. and
e . ) Next Generation Sequencing TOF Mass Spectrometry (TOF-MS) thus the water content of the droplet.
+ Periodic review throughout the lifecycle Nanopore Sequencing IR spectrometry
of the project will also be carried out. Molecular Beacons Raman spectrometry * At 35% RH, metabolism altered the
o Matrix-Assisted Laser Desorption/lonisation solute concentration sufficiently
eferences i .
Pl Nuclear Magnetic Reasonance enough to prevent the concentration
e e e ¢ surpassing supersaturation for

(2) Kulmala M, Vesala T, Wagner PE. 1993. An analytical expression for the
rate of binary condensational particle growth. Proc R Soc A Math Phys Eng
Sci 441:589 — 605.

Figure 8. Tools/techniques for assessing damage to cellular surface structures and nucleic acids efflorescence
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Assessing the airborne stabil
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_| 1. Introduction |
o Influenza A virus (IAV) is a major respiratory virus Ilndf.e(':;edl | Transport | Slusdceptlble
L ndividua ndivi
which in the last 105 years has caused four
. . . . Remain airborne
pandemics and is responsible for annual influenza °
®e
epidemics in the U.K. [1]. o000 © -
Talking/breathing/ Small o0 0@ Airborne
e Evidence that airborne transmission is a prominent coughing/sneezing droplets e © mhalation
L . . L (<100 um) Lungs: Ambient environment
transmission route for IAV (Figure 2) [2]. y N e o 99.5% RH Typically < 70% RH
[ am 0 ,® @ €O, conc. 4-5% v/v €O, conc. 0.04% v/v
. . . . ’ \ > e
e Seasonality of IAV infection potentially linked to | ) ~°p°. o Dmme‘depmdiremymm;: Figure 3: Equilibration of respiratory droplet with
seasonal fluctuations in climate [3]. K \® R ® mucosa of susceptible host ambient environment. Depicts flux of CO, and
| Large .
o Reported levels of IAV inactivation under different y \ % m /fmnsfe,m water from respiratory droplet.
. - . . / A (>100 um) . . . .
atmospheric conditions are inconsistent between | - . 2@ isatol ¢ Physicochemical changes in respired aerosol
studies. [4] ( ) host / droplets may result in harmful microenvironments
: Droplets deposit onto surfaces / . . -
o Inconsistencies hinder (fomites) \ in which suspended pathogens must remain viable
. . to transmit (Figure 3).
effective public health [ Figure 2: Possible transmission routes for IAV J X i . L
interventions for virus outbreaks. e Potential mechanisms of IAV inactivation include
increased solute
H J concentrations (e.g. salts
2. Objectives ons (e
. . . - o . o or proteins), droplet
Figure 1: Diagram of the 1.To elucidate the influence of relative humidity (RH), temperature, and gas phase composition on IAV airborne viability phase changes and
structure of IAV. . -
2.Identify the in the aerosol phase aerosol pH changes [5].
( \
Controlled Electrodynamic Levitation and Extraction 3. Methodology J Detection and quantification of single infectious
\
of a Bioaerosol onto a Substrate (CELEBS) particles following levitation
- e Due to the small volume (around 100 pL) and low number of droplets produced by the
~ CELEBS device the number of virions per levitation can be as low as 1 virion. Therefore, a
:i'::e'::;‘:"*’e'"a"d Two-ring electrode highly accurate and sensitive method of quantifying infectious virions is required.
\ e Plaque assays are one of the most accurate methods for direct quantification of infectious
virions >
e Plaque assays use an overlay to localise virus spread, resulting in the
< Safe lats . - .
/' ety plate formation of visible zones of cell death termed plaques (Figure 6) . Each
iidichoasiaeds S~ Collection plate plaque is assumed to be a result of a single virus infection. j
<4 containing e FP . - o
ap::ropria!:l e Here we use a modified plaque assay to quantify infectious virions post Figure 6: Example of
Srrmecum -levitation in the CELEBS device (Figure 7). plaques formed by IAV.
A) @ Levitate dmg?ts containing. Deposit dr\g’ts into 1 mL
s e e * Q:inhELEBS culture media
Figure 4: General configuration of the CELEBS device. Gas inlet (not depicted) E
allows control over environmental conditions experienced by trapped droplets. —
e Allows the influence of environmental conditions (i.e. temperature, RH, and gas airflow J
composition) on virus viability to be investigated. CL ®
e Simulates the aerosol phase by levitating droplets in an electromagnetic field produced by Alquor s depostion medi s et o e Thn addsemisola "i";;:f.iﬁiﬂfyﬁiiﬁﬁiﬂ/ﬂ;ﬁ?h
two concentric ring electrodes (Figure 4-5) ] e o 200000
) - . . = ss2sse | /MR ‘2060
e Atmospheric conditions experienced by the pathogen are controlled by a laminar airflow s 880ese [ gy
which is passed over levitated droplets
o After exposure to a desired atmospheric condition droplets are deposited into cell tissue
growth media and the impact on virus viability is assessed using an infectivity assay. . ’
4 12 14 16
Number of droplets
Figure 7: Plaque-based virus detection assay. A) Flow diagram of protocol to quantify infectious virions per
Figure 5: CELEBS generated droplets levitated in electromagnetic field. A) Side view levitated droplet after exposure to a desired environments condition. B) Plaques formed after 48 hrs by
of a population of droplets levitating in the CELEBS device. B) Overhead view of five Influenza A strain WSN C) Correlation between the number of levitated droplets in the CELEBS and the
droplets levitating in CELEBS device counted PFUs.
-[ 4. Next Steps J 12071 Figure 8: Comparison
100 ¢ of the decay profile of
o Investigation of RH dependent decay profile for IAV. Strains to be investigated include WSN, PR8, X31 and Udorn. § 80 1 1 SARS-CoV-2 in the
o Investigate the effect of suspension medium composition on IAV viability. Including altering salt and protein concentrations. 2w A T e aerosol phase (blue)
£ ® bulk: | pH = : N
o Effect of atmospheric CO,on the infectivity of IAV. Previous research on SARS-CoV-2 demonstrates that atmospheric CO, concentrations 01 s ® bolls MEM [1x}.pH= 11 with bulk SOIUHOS. N
.
play a significant role in controlling SARS-CoV-2 infectivity, possibly by altering aerosol pH (Figure 8) [7]. 20 * mlea(s;rer':;ent(sj (hlgh
. . . . P s . s L] . salt (black) and hig
o Identify the physicochemical changes occurring within aerosol droplets that lead to variations in IAV viability. R 4'0 pH (red)) [7]

. Roberts, N. J. & Kriloy, L. R. The Continued Threat of Influenza A Viruses. Viruses 14, 883 (2022). 8 R f 5. H. P. Oswin et al., ‘The dynamics of SARS-CoV-2 infectivity with changes in aerosol microenvironment’, Proc|
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Virol. Methods 164, 88-95 (2010). : : . o
4. Groth, R. et al. Toward Standardized Aerovirology: A Critical novel technology. J. R. Soc. Interface 16, 20180779 (2019).
. Price, R. H. M., Graham, C. & Ramalingam, S. Association between viral seasonality and meteorological Review of Existing Results and Methodologies. Environ. Sci. Technol.

factors. Sci. Rep. 9, 929 (2019). acs.est.3c07275 (2024)

7. Haddrell, A. et al. Differences in airborne stability of SARS-CoV-2 variants of concern is impacted by alkalinif
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Background

Exhaled breath (EB) carries diagnostic biomarkers, which are
biological indicators of infection and disease.

Microfluidics is the science of miniscule volumes of fluid and its
manipulation and the study of its behaviour.

Digital Microfluidics (DMF) technology involves the
manipulation of an ultra-small droplet on an array of
microelectrodes.

A lab-on-a-chip (LOC) device combines laboratory tests, such
as blood analysis, ELISA assays and DNA amplification, all on
a single miniature chip.

Digital microfluidic multiplex LOC detection of lung disease
biomarkers from EB can be carried out noninvasively and
painlessly at point-of-care by the use of EB collection devices.

Figure 1: A digital microfluidic system (Berthier, 2018). Figure 2: A multiplex lab-on-a-chip device (Maxwell, 2016).

Motivation and Aim

British Lung Foundation/Asthma UK states that ‘lung
diseases are responsible for more than 700,000 hospital
admissions and over 6 million inpatient bed-days in the UK
each year’ and that ‘'somebody dies from lung disease in the
UK every 5 minutes’ (British Lung Foundation, 2017).

‘It is thought that approximately 10% of the population have a
needle phobia’ (NHS Foundation Trust University Hospital
Southampton, 2018). Therefore more non-invasive testing
and diagnostic devices are necessary.

At the end of this project, the goal is to have developed a
fully automated multiplexed DMF system with bioprinted
detection sites that can detect lung disease biomarkers at a
low cost and at point-of-care. Beyond contributing to the
progress of DMF technology in diagnostics, the project's
results hold the potential for broader applications in fields

(a)

Figure 3: Geometries made using Tinkercad: (a) scaffold, (b) pillar, (c) droplet.

2. Selecting the most appropriate ink

e To create the individual biosensing structures, a
combination of printing methods including inkjet printing and
extrusion 3D-bioprinting will be investigated.

Inks will be initially selected based on their mechanical and
rheological properties, wettability, printability, and of course
their known compatibility with antibodies.

The investigation will then consider two different avenues
for functionalisation of the printed structure: (a) embedding
antibodies within the ink itself or (b) using a post-
functionalisation step of the pre-printed structure.

Inks currently being investigated include: SU8, Mebiol and
Gelatin Photogel.

3. Finding suitable geometric structures

Inks can be printed in many different shapes and designs
such as a pillar, a scaffold, a droplet shape, or simply a
standard 2D spot.

The geometry of the structure will affect its functionality,
trapping and cleaning efficiencies.

Fundamentally, the droplet must be able to detach from the
structure. It is anticipated that droplet detachment will be
correlated with the structure-to-electrode size ratio (area
occupied by the structure footprint compared to the area of the

electrode on the EWOD plate.

Geometries will be coded using G-Code.

(b) ()

5. Selecting appropriate immunoassays

Table 2 - Standard assays for chosen biomarkers, their detection
assays and specificities.

such as agriculture and air quality monitoring. Biomarker Standard Detection Sensitivity Range
Assay method
Obiectives 8-isoprostane ELISA Colorimetric 1 pg/ml 0.005 ng/ml
-5 ng/ml
1. Biomarker selection IL-6 ELISA Colorimetric <2 pg/ml 6.25 pg/ml —
2. Selecting the most appropriate ink composition _ 200pg/mi
L. . a q q LB4 ELISA Colorimetric 5.63 pg/ml 11.7 pg/ml —
3. Finding suitable geometric structures for separation sites on 3000 pg/ml
employing total extraction DMF approach . .
4. Selecting appropriate immunoassays for separation and 4. Creating artificial exhaled breath condensate
detection e Exhaled breath is composed of approximately 78% nitrogen, 16%
5. Creating artificial exhaled breath condensate oxygen, 4% carbon dioxide and 0.09% noble gases such as Argon,

1. Biomarker selection

Table 1- Expected concentrations of chosen disease biomarkers C

8-isoprostane IL-6 LB4

Control 7-64.23 pg/ml 1.5-5.1 pg/ml 7.9-53.6
pg/ml

Asthma 30.9-54.1 pg/ml 71+11pgml | 889+109 |°
pg/ml

Chronic 40 + 3.1 pg/ml 8.0 £ 0.1 pg/ml 73.5-170.5

obstructive pg/ml

pulmonary

disease

Cystic fibrosis 42.7 pg/ml 8.7 £ 0.4 pg/ml N/A

Non-small cell N/A 9.3-11.4 pg/ml 24.2-61.5

lung cancer pg/mi

while the rest is made up of water vapour and over 3500 volatile
organic compounds (Johnson, 2018).

Would comprise of realistic ratios of the main components of exhaled
breath in liquid form, salts, a buffer to ensure the stability of pH
alongside, reported contaminants that are found in EBC samples and
the chosen biomarkers.

The components of the artificial exhaled breath will be mixed
manuallv.
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Interaction of SARS - CoV2 and Influenza Viruses IMPERIAL
with Particulate Matter Air Pollution EHRSIK@

Erin Kiely Engineering and PysicalScences
Prof. Alexandra Porter

There is evidence of higher transmission rates and worsening of disease outcomes for viral infection in more heavily polluted
areas'. We hypothesise that fine and ultrafine Particulate Matter (PM) and viruse coinfection, increases viral infectivity and boosts
the cellular inflammatory response, with varying PM chemistries triggering different inhibitory or protective immune responses.

1. Background S 5. Methodology

PM in our environment PM will be extracted from polyurethane foams and mixed
Pollutant concentrations of Black Carbon (BC), PM 10, 2.5 and 1 (<10, 2.5 with Surrogate Virusl Psuedovirus' to look for interactions
and 1pm) across 4 different London microenvironments: using Transmission Electron Microscopy (TEM)

Park (PK), Indoor (IN), Traffic Intersection (TI), Street Canyon (SC) . . .. ..
: Sizes: PM, 5, PM,; and particle number counts Developing and adapting new in situ Liquid TEM

n—— were TI > SC > PK > IN. PM1 and BC was protocols (Fig.Z) to im_age the mixtures of virus and PM
i Uperal higher indoors. in these media real time
Potentially toxic trace transition metals Using in vitro cell culture techniques, human airway
1-5pm including Fe, Ti, Cr, Mn, Al and Mg were epithelial cells will be exposed to both PM and
[ detected at all sites. Pseudovirus to measure:

<lpm | Same potentially toxic metals in the IN site as . N q 80
at the T! site- Transport of PM Indoors Virus/PM localisation and intracellular trafficking

300nm | Pollutant concentrations indoors followed the (TEM)
| o office time and work pattern Cell death (flow cytometry, plaque assay)
Figure. 1. Lung Deposition Air quality variation at different MEs and Biomarkers of oxidative stress and inflammation
SRR reveals the exposure inequalities around (Immunofluorescence, Reverse Transcription

the city - )
PM effect on viral infection Polymerase Chain Reaction)

Virus Survival: Evidence that influenza P TEM Wi”.be L!SEd
can be deactivated by diesel emission e Q to visualise virus
particles? l Q‘ and PM

Viral Cell Entry: PM known to Oxidati localisation within

upregulate expression of SARS-CoV-2 Lxidative pre-prepared

receptor, ACE-2. PM may also inhibit itz

: o : samples of VeroE2
protective proteins in lung secretions* rd cells exposed to
Inflammatory Response: Persistent SARS-C PV ]
inflammation from chronic PM -CoV- a'n

PM from various

exposure, weaken immune response .

to viral infection. Overstimulation of Cytokine Storm sites .
immune response may occur through

reactive oxygen species (ROS) and

oxidative stress

2. Statement of The Problem 6. Year1

* TEM characterisation of PM10
collected at Marylebone
Highstreet (HS) and Baker
Street Tube station.

+ Ongoing extraction of PM2.5
and PM1 from PUF collected
IN, PK, Gl and LU

EDS Layered Image 8 EDS Layered Image 6

+ Direct visual evidence of interactions between virus and PM is
yet to be demonstrated, as is the cellular inflammatory
response to virus and PM acting together.

» The effects of specific PM chemical components on viral
infectivity could be delineated.

X 0SZ IN3L SH

3. Objectives

STEM EDS
layered
Map
Images

To determine whether PM effects viral cell entry and
intracellular trafficking

To visualise virus and PM interactions within lung secretions
To determine how PM affects viral cell entry and cellular
inflammation in in vitro cell culture

HS 30,000 x

4. Significance @ 7. Responsible Innovation
The outcomes will provide guidance around which
polluted microenvironments are potentially most unsafe » What research avenues should future work follow?

for infection » How can the outcomes of these become entangled
Could shed light on new therapeutic interventions. politically?
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BACKGROUND
Pleverine Moasuice. + Exhaled aerosols are responsible for the transmission of many
e.g. Ventilation, Filtration, Masks . . . a
respiratory diseases and infections
Aerosol Particle Transport, @ = carrier particles « Droplet size and their suspension time in the ambient environment is
Dilution, Mixing, Processing, Aging =l ien dependant on their origin in respiratory tract
* = non-viable pathogen
= salts . . X ;
= soluble organics « Despite the prevalence of these sub-100 micron particles, a detailed
= inscublelomganss understanding of composition and structure of these particles is
lacking®
< Limited characterization is reported
near-field near-field far-field
droplet route aerosol route rosol route
Emission Exposure

(droplet spray) (aerosol cloud)

M

——
Breathe, Speak, Laugh, Sing, Cough, Sneeze

Droplet Deposition, Inhalation

(indoor enrichment)

Respiratory droplet

p

Emitter(s) "

Recipient(s) H

A
e.g. super-spreading i

4

- Individual Physiological Factors

Figure 1. lllustrative representation of respiratory aerosol and droplet of disease transmission (Pohlker et al. 2023)

i e.g. susoeptibilty

Evaporation

Droplet residue

50% RH

30% RH

Figure 2. Drying process of a respiratory droplet. Image taken from (BoZi¢ and Kandug 2021)

METHODOLOGY

Flow
Controller 1

I Valve 1

Valve 2

N,in

Chamber

Controller 2

Bubbler 1 Bubbler 2

Bath

Figure 3. Schematic of the experimental setup

Hygrometer

f—
to digital viewing and
recording apparatus

—— digital camera

—— optical microscope

humidified flow
from temperature
controlled bubbler
(see figure 6)

N2 out
airtight perspex chamber

to atmcsphere

droplets ———————__ temperature
] ® controlled
thermal stage
grease /. .
heater sapphire
window

thermocouple N
==

light source polarising filter

Figure 4. Schematic of the RH controlled chamber

e Relative Humidity (RH) was controlled
in the chamber by the ratio of wet
and dry flow

e Video were recorded on computer
and were analysed

e Samples were also retrieved for SEM
analysis (in process)

RESULTS

Fraction Delique:

Relative Humidity

Figure 5. Deliquescence of NaCl

m-351)

51 s s
tive Humidity (%)

Figure 6. Efflorescence curve obtained from ramping experiment (~1% / 5 min)

. ng—n exp("]hnm Vf)

10 (%) =-Jion 1

Relative Humidity (%)

Figure 7. Homogenous nucleation of NaCl

CONCLUSSION
» The deliquescence is in accordance with literature

» The efflorescence of NaCl is in the same range as reported
in literature

» The solution containing mucin has a lower efflorescence
range than NaCl only

» Homogenous nucleation of NaCl is as expected with bigger
droplets nucleating first and smaller later

FUTURE WORK

» Further experiments with different ratios of different
components of the solution

* Making the solution more representative of lung fluid by
adding other components (surfactants) to it to characterize
the impacts on the crystallization of NaCl

» Sampling exhaled aerosol using a cascade impactors for
characterization using various Electron microscopy
techniques
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1. Background 2. Problem Statement

» Acute lower respiratory tract infections (LRTIs) are a primary public » Dry powder inhalers (DPIl) are devices for pulmonary drug delivery,
concern with rapid morbidity and conS|derabIe mortalityl'l. which exhibit S|gn|f|cantly advantages in delivering aerosolised drug
+ LRTIs are one of the major lung diseases caused by pathogenic particles into the deep lung.
bacteria, viruses, which are mainly associated with pneumonia, » Particle flowability, drug payload, aerosolisation, controlled release
bronchitis, influenza (Fig 1). and antimicrobial resistance pose significant challenges for the
« Some environmental substances (tobacco smoke, air pollution, dust in deployment of DPI formulations for lung diseases.
Fig 1) could also cause inflammation, damage the lung cells and lead + Confinement engineering of the particles is required for pulmonary
to the lung infectionsl?l. route administration.
— * % . .
— :* brposure tonoxious 3. Research Objectives
N fuses  pathogens and partlcles' .
-~ PM L = \'; 55 2; 8 Objective 1- Design carrier-free pharmaceutical products, obtain high-
Be = S R T RS dose antibiotic DPI formulations and explore their performance via the
air pollution bacteria = A_ Orbital inhaler (Aptar)
. 6 a Objective 2- Assess the performance of various excipients, polymers
gﬁ* 2 o Y and surfactants to develop DPI formulations with sustainable release
Pneumonia °° Microphages " characteristics.
@ % 1L-1B, L:-EéT,le’%STNF»u, . . . o . .
' o J Objective 3- Design and optimise multidrug particles for enhanced
Bronchitis  Influenza P P

therapeutic effect.
Fig 1. Schematic of development of acute lower respiratory tract infections (Biorender)

4. Methodology

Electrospray drying (ESD) is a versatile technique commonly used in producing the homogenous syfa -
) f : . . . el BumpIL
monodisperse particles under the electrostatic forces (Fig 2). The advantage consists of rapid, _ —
controlled disintegration of dry particles and particle size production at ambient atmospherel3l. mj High voltage generator
1. Materials synthesis and analysis Topr cone ).
« Utilise ESD to generate inhalable monodisperse DPI of suitable & combination antibiotics with well- . o
tuned and controlled physicochemical properties. L
» Characterise physicochemical performance of DPI formulations like supramolecular structures, ... Coulimbic Depsitiong|
) . . ) ) ) + + P g e ExpH +§> é* °
particle size & morphology, powder flowability, etc. Some of the common characterisation techniques +EED. b 3331 & & o
. . °
are shown in Fig 3. b 4 N & °
Differential scanning ‘ Fig 2. Schematic of electrospray drying

calorimetry
Thermogravimetric
analysis
————

4. Al directed DPI formulations
* Machine learning (e.g. SVM, KNN, Random

2. In vitro pulmonary deposition
* Pulmonary aerodynamic deposition will be

PosmarIcERy Raman Spectrometry estimated via Next Generation Impactor (NGI) Forest, etc.) will be employed to optimise the
plieleCristal ot Transtor e as present in Fig 4. process parameters.

~——/ Particles Analysis

« Aerosols will be generated with the DPI using
the Orbital inhaler device into NGI.

* Determine their aerosol performance via
calculating emitted fraction, fine particle
fraction and respirable fraction.

» Predict and model the relationship between

Techniques formulation variables.

» Optimise the critical quality attributes of the
produced particles.

Scanning Electron
Microscope
Energy Dispersive
X-ray Spectrometry

High Performance
Liquid
Chromatography

Hidden Output
layer layers layer

3. Antimicrobial activity determination

Fig 3. Common particle characterisation techniques « The colony biofilms assay will be used to

assess the antimicrobial activity (Fig 5)11.

filter with

polycarbonate tobramycin
membrane

biofilm

5
T
5

Fig 4. Schematic of Next Generation Impactor Fig 5. Schematic of the colony biofilm[4!

5. Responsible Innovation & Policy 6. Challenging

Fig 6. Example of machine learning model!®!

* Formulate effective high-dose DPI products could alleviate acute » Synthesis of pharmaceutical crystalline materials and determination of
airway infectious diseases and improve global healthcare in the future. their supramolecular structures.

« Strengthen contemporary management practices and policies of » Particle aggregation and aerodynamic deposition performance of DPI
antimicrobial drugs could contribute to reduce the antibiotic resistance. products.

[1] Flatby, H. M., et al., Risk of lower respiratory tract infections: a genome-wide association study with Mendelian randomization analysis in three independent European populations. Clin Microbial Infec
2022, 28 (5), 732.e1-732.€7.

[2] Rahman Sabuj, M. Z.; Islam, N., Inhaled antibiotic-loaded polymeric nanoparticles for the management of lower respiratory tract infections. Nanoscale Adv 2021, 3 (14), 4005-4018.

[3] Ee, L. Y., et al., Electrospray drying-mediated coating of cellulose nanocrystal. Carbohydr Polym Technol Appl 2023, 6, 100345.

[4] Aljalamdeh, R., et al., The effect of particle size of inhaled tobramycin dry powder on the eradication of Pseudomonas aeruginosa biofilms. Eur J Pharm Sci 2021, 158, 105680.

[5] Deng, X., et al., Emerging Applications of Machine Learning in Food Safety. Annu Rev Food Sci Technol 2021, 12, 513-538.



Stability of dry powder formulations used in drug
delivery to the lungs studied one particle at a time

Anna Catton
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* Drug suspended within a liquid droplet, or 3 essenti.al parameters:
mixtures of dry particles agglomerated to * Compliance of the system
carrier particles * Ideal dispersion of fine particles

Dry Powder « Clinical efficacy
Powder y

* Carrier particles are sugars such as glucose Inhalers ™ the s fomatton

(DPIs)

the drug formulation

and lactose FOI"mulationS

* Difficult to predict how drug separates from
carrier particle

* 2. Pre-metered powder
X i i L compartments
» Can use particle engineering to optimise

physical properties [ \ 1. Powder formulation
( 1. Background [
‘ [
\ /

Figure 1: schematic of a DPI

Particle properties affecting deposition
[ * Hygroscopic growth * Size, shape, mass, morphology
occurs due to the o )
’ inertial impaction

increased RH (from 40 9 ) 10 pm

% t0 99.5 %) sedimentation
2-6 pm

Important for Thermo Drug / diffusion

manufacturing dynamics ‘ ‘ Deposition ‘ ‘ o

process, storage, shelf
Figure 2: hygroscopic life and delivery

groyvth of NaCl with within the Iung
increased RH

Figure 3: deposition location of particles

2. Statement of the Problem }

n

Study effects of RH and temperature on a variety of pharmaceutical
formulations

Electrodynamic Balance (EDB)

* Understand effects of RH on manufacturing process, storage, shelf life and

particle growth and deposition Measure the forces upon a singular droplet suspended
within an electric field
* Understand how particle phase and moisture content vary particle to Change in growth monitored by scattering of laser light

particle RH and temperature can be altered

[ 4. Objectives } S

~N S
1. To study the moisture resilience, clumping and coalescence of Fg::;;f:;;ﬁisj;an
particles with respect to relative humidity.
2. To improve the stability and resilience of particles with respect . q o
B | Single Particle Electrodynamic Lung (SPEL)
pZ

Two concentric cylinder electrodes
Can suspend solid particles

Can reach supersaturated condition
RH and temperature can be altered

1. Study the effects of relative humidity of specific drug
formulations provided from Viatris.

2. To determine how the effects of relative humidity and
temperature vary particle to particle within a sample.

J 4[ 5. Responsible Innovation and Challenges P

N 1. Am | using any propriety compounds? Who owns the IP?
1. Determine the optimum size, shape, mass and morphology of

drug particles to control the dissolution rate. 2. What happens if | find a cure?
2. Generate a predictive framework for the moisture response of
APls, carrier particles and engineered particles by spray drying | 3. Is this process ethical?

4. How could this benefit the health service?

6. References }

N. Islam and E. Gladki, Int J Pharm, 2008, 360, 1-11. W. Azouz and H. Chrystyn, Prim Care Respir J, 2012, 21, 208-213. A. H. de Boer and K. Thalberg, in Inhaled Medicines, eds. S. Kassinos, P. Bickman, J. Conway and A. J. Hickey, Academic Press,
2021, DOI: https://doi.org/10.1016/B978-0-12-814974-4.00005-5, pp. 99-146. H. Chrystyn, Br J Clin Pharmacol, 2001, 51, 289-299. A. Fernandez Tena and P. Casan Clara, Archivos de Bronconeumologia (English Edition), 2012, 48, 240-246. T. C.
Carvalho, J. I. Peters and R. O. Williams, 3rd, Int J Pharm, 2011, 406, 1-10. J. F. Davies, C. L. Price, J. Choczynski and R. K. Kohli, Chem Commun (Camb), 2021, 57, 3243-3246. A. G. Tereshchenko, J Pharm Sci, 2015, 104, 3639-3652. J. Fu, J. Fiegel,
E. Krauland and J. Hanes, Biomaterials, 2002, 23, 4425-4433. M. Odziomek, T. R. Sosnowski and L. Gradon, Int J Pharm, 2012, 433, 51-59. R. Kaur Kohli, R. D. Davis and J. F. Davies, Journal of Aerosol Science, 2023, 174. L. P. Chan, A. K. Y. Lee and
C. K. Chan, Environmental Science & Technology, 2010, 44, 257-262. A. Haddrell, D. Lewis, T. Church and J. Reid, Journal, 2024.




Elic University of

W] BRISTOL

Hygroscopic Dynamics of Solution Phase Aerosol on Generation and Inhalation to the Lungs
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/ BACKGROUND

» Soft Mist Inhalers (SMls) deliver bronchodilators for COPD treatment, ) . ]
overcoming limitations of conventional inhalers such as coordination of Evaporatoin and Zondlensatlon o
actuation and environmental impact. aqueous droplets

+ Drug deposition profile of SMls is a function of particle size distribution,
with an optimal range of 1-5 um for effective deep lung delivery.

» Hygroscopic growth of aerosol particles, influenced by the transition from
ambient to lung relative humidity (RH) is poorly understood.

Water kinetics in humid lung

APl in aquous droplet govern final particle properties

Figure 2: Aqueous aerosol production and dynamic aerosol processes occurring during inhalation of SMls [2]

( AIM

« To explore the impact of hygroscopic growth on particle size dynamics of aerosols from generation to lung
deposition employing TAPS and CK-EDB.

« To revise current drug deposition models to include hygroscopic growth dynamics.
\ Figure 1: Diagram of droplet dynamics of SMIs on generation and inhalation to the lungs [1]} « To develope a Next Generation Impactor (NGI) simulator.

METHODS
Tandem Aerodynamic Particle Sizers (TAPS) Comparative Kinetics Electrodynamic Balance (CK-EDB)
* Measuring plume size distribution under varying relative humidity (RH) » Studying hygroscopicity of single droplets to understand individual particle behavior.
Dry nitrogen air POSitiOl’lng Sllelg CCD and lenses

CCD and ~

Humidified nitrogen air

D Mass flow controller

l Bubbler
E Water bath
Sheath
Splitter A

— —MNAFION membrane

- Spacer Theﬁnally
regulated
AES RS RH and Temperature sensor 5
=% water channels
setup
\ Figure 3: Experimental set up of TAPS [3] Figure 4: Experimental set up of CK-EDB [4] /
MODELS N\ INNOVATION N\
Models (E-AIM and AIOMFAC)
« Comparing experimental rgsults W|t_h theoretical predictions to Bl el Potential inequity in access to SMis
understand the hygroscopic dynamics of SMIs aerosols. . A — . .
: consideration across all socioeconomic groups
45
Environmental Manufacturing process and disposal
concerns = of SMis emit carbon dioxide
£, Responsible
g Innovation o ' ' o
3" Policy __ Simplify dosing regimes and prioritize
2 implications patient education on inhalation techniques
TS Ap—
; a5 55 = 75 £ 95 Scientific . . . . -
R I Deliver biologics for treating systemic diseases
Figure 5: The radial growth factor curve for Sodium Chloride under RH from 45%
to 99% determined by E-AIM model [3] ) \ /
N
( CHALLENGES
» Specific setup of TAPS for SMIs requires a newly designed inlet and tailored splitter to ensure engineering precision and compatibility.
« Testing new APIs for SMIs presents formulation and financial challenges, including selecting appropriate ingredients, rigorous testing, and potential investment. In-house preparation of
formulations carries risks, requiring careful implementation planning. P,
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4 Davies, J. F et al (2013). Simultaneous analysis of the equilibrium hygroscopicity and water transport kinetics of liquid aerosol. Analytical Chemistry.




Dry Water for Future Inhaled Medicines
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Background

* Dry water (DW) is the stable dispersion of water in air. It is a are free-flowing dry powders
that contain approximately 98% water.'

* DW is a method of coating water droplets with hydrophobic fumed silica particles to
appear as a flowable powder, but it contains larger amounts of biologics trapped inside.""

+ DW allows for the creation of unstable biological formulations, such as aerosols, which
enhance thermostability, aerosol properties, and flexibility of administration. This could
improve safety and efficacy and be beneficial for biological therapies. 2

* Dry powder formulations, while freeing protein molecules from mechanical stress during
aerosolization, may be unstable and more prone to degradation. DW formulations
overcomes the issues of degradation in the dry powder state.®

* The drug delivery system involves the active release of a drug to achieve a desired
therapeutic response. Upper airways deposit particle sizes 10 um, the conducting
airways deposit particle sizes 5 pm and respiratory alrways deposn partlcle sizes 2 um.*

1.Wang H, FuZ, JiX, LuM, Deng L, LiuZ, et al. A general method for endowing hydrophobi . 2.Chhabra
N, Arora M, Garg D, Samota MK. Spray i Williams

ot ot 2022116098,

1l R. Improved . BioPharm Interational 46-9-9. 4.Ezike TC, Okpala US, Onoja UL, Nwike PC, Ezeako EC, Okpara JO, etal. Advances in drug
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Research Hypothesis and Objectives

DW is the stable dispersion of water in air. It proposes significant advantages in drug
delivery as we can use DW to formulate biologics for drug delivery and delivering
biologics such as proteins, which cannot be stabilised without water.

However, the formulation of stable powders of DW to the airways, which maintain
sensitive therapeutic proteins in their native structure, remains unknown. Therefore,
we hypothesise that if we can produce DW particles with an acceptable excipient
toxicity profile, this would enhance aerosol drug delivery of challenging biological
molecules.

This project aims to explore DW formulations for delivery to the airways by
employing in vitro lung toxicology models to examine the toxicity and potential safety
of hydrophobic silica colloids required for DW formulation. Furthermore, it will
establish DW particle manufacturing approaches that prepare DW particles with
appropriate physicochemical properties for aerosol drug delivery. Once the DW
formulation has been established, we will examine the loading and liberation

processes for DW particles and understand the particle structure and its impact on
DW particle behaviour. Finally, we aim to examine the application of DW particle
medicines in aerosol drug delivery.
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Figure 2. Mechanism of DW Formulations.
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Programme and Methodology

DW excipient toxicity

* Toxicology assays determine the toxicology of excipient substances and
formulations during processing, actuation, and liberation.
* MTT assays, which measure cell viability, cytotoxicity, and proliferation.
* LDH assay can detect cytotoxicity in alveolar epithelium cells.
DW manufacturing
* Aggregation of nanoparticles can significantly impact the size of DW
formulations.
* Small-angle neutron scattering (SANS) aids in studying multicomponent
complex structure through contrast variation and deuterium labelling.
* Laser scattering accurately determines the size of DW in various materials like
liquids, solids, and aerosols.

Aerosolization of drug delivery
+ DW would have a carrier-based formulation that will help improve DW flow
properties. It will look at blends between silica particles and medications in
order to aid dispersion.

* Next Generation Impactors (NGI) has seven stages and controls at any inlet

flow rate between 30-100 L/min and a cut size ranging from 0.54-11.7 um D,
at 30 L/min and 0.24-6.12 pm at 100 L/min.
* DW particle separation and sizing are achieved by increasing the velocity of the
airstream as it passes through each stage by forcing it through a series of
nozzles containing progressively reducing jet diameters
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96 well plate

Figure 4. Schematic of MTT Cell Viability Assay Procedure

Statement of the problem

Pulmonary toxicology of inhalable microparticle-based DW may be problematic in DW
formulation as it consists of hydrophobic fumed silica particles. DW contains nanoparticles,
itis unknown what impact this would have on pulmonary toxicity since they are formulated
into microparticles.

Controlled drug release is important when it comes to DW; however, we are uncertain how
the properties of the nanoparticles necessary to prepare DW particles impact the drug
release rates and the potential control release.

To aerosolize DW formulation, it is important to consider designing it as micron-sized
particles encapsulating or aggregated nanoparticles. Several challenges have arisen since

imeni C3 Fxanubioro. 2016;18(2-4 (69)):151-4. 6 Tin D, Sabeti P, Ciottone GR. Bioterrorism: an analysis of biological
2022;54:117-21. 7.Esfandiari A, Yazdl-Feyzabadi V, Zarei L, Rashidian A, Salari H. Transparency in tor:
Sery Res. 2021;21(1):1316. 8.Leisinger kM, Garabedian LF, Wagner AK. Improving access to medicines in low and

2012:5(2):3.

DW has never been evaluated for respiratory drug delivery. Many DW formulations for inhaled
therapy will be modelled with current dry powder inhaled therapy.

Responsible Innovation

DW, a novel pharmaceutical concept, requires accurate information and marketing to
increase public awareness and receptiveness to its use in future inhaled medicines,
enhancing effective healthcare.5

We still do not know if we can stabilize biologics that cannot be stabilized without water
and can contain sensitive therapeutic proteins. However, DW formulation poses risks as
bacteria or viruses can maintain their biological states.®

Transparency in new medicine development enhances drug access, promotes ethical
practices, and increases trust, facilitating better decision-making and policymaking.”

Financial barrier to access for low-middle-income countries (LMIC), as the high costs
make medication unaffordable.®

5.Smolynets |, Guty] B, Petryshak O, Lytuyn R.
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Figure 3. Schematic of DPI dispersion mechanism.2

12.ZhengZ, Leung SSY, Gupta R. modelling of dry powder in recent development and emerging applications. Pharmaceutics. 2021:13(2):189.

Scientific Innovation

DW is an innovative inhaled formulation for future biologics, enhancing patient
adherence, as most biologics are delivered parenterally, with some exceptions being
ocular or inhaled formulations. DW application aims to reduce incorrect inhaler
usage and the need for trained professionals, enabling less trained professionals like
teachers to administer drugs and use the application more efficiently.

DW application improves sterility and cost-effectiveness for LMICs by allowing
storage in cool, dry places, reducing constant sterile conditions and improving
inventory management, thereby enhancing patient care. DW increases access to
medicines for low-income individuals by providing stable biologics and making them
more cost-efficient, improving their quality of life and accessibility to DW
applications

9.zhang C, DAngelo D, Buttini F, Yang M. Long-acting inhaled medicines: Present and future. Advanced Drug Delivery Reviews. 2023:115146.
10enet A, Nibret G, Tegegne BA. Challenges to the Availability and Affordability of Essential Medicines in African Countries: A Scoping Review. ClinicoEconomics and Outcomes Research.
2023:443-58.

Challenges

Challenging areas of the proposed reach: D\W formulation and device design
application
* How can we prepare DW of the right particle size for this application?
* What particle size do we need for which application? Do we know from the
literature that we can make DW particles in that range?
¢ What are the best devices to allow effective administration?
* How can the biologic be liberated from the DW after administration?
* Toxicology effects of the colloidal excipient
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Background

Systemic nasal drug delivery (NDD) as an alternative to oral and parenteral routes has been an area of interest due to its potential for
delivery of vaccines and biologics such as proteins and peptides (1). However, there is a lack of literature studying the shear
degradation of biologics during atomisation in nasal sprays. This is further complicated as the shear stress generated in unit dose nasal
spray devices is not fully understood.

The aim of this study was to design a working computational fluid dynamics model to study the fluid flow and strain rates of simple
Newtonian and non-Newtonian formulations in the NasaDose device, Bespak’s proprietary unit dose nasal spray. This will be followed

up by studying the shear rates in more complex formulations of interest. Fig.1. illustrates the Bespak NasaDose device (2)

Methodology

A computer-aided design (CAD) representing the internal geometry of the drug pathway in the NasaDose device was created (Fig.1)

Fig.2. lllustrates the CAD used in this CFD study

Next, the mesh was designed, a total of 4 mesh models were used in this study, [1] surface remesher, [2] automatic surface repair [3] Trimmed (hexahedral) volume mesher, [4]
Prism layer mesher (Fig.3)

Fig.3. lllustrates the mesh operation used in this CFD study

The next step was setting up the physical models:
1. volume of fluid (VoF), a Eulerian multiphase model, was used as the main physical model (3).
2. Power-law viscosity model was implemented for non-Newtonian fluids.
3. Implicit unsteady flow model was used (4,5).
4. Convective and free-surface Courant-Friedrichs-Lewy (CFL) adaptive time step were also used (6).

Currently, the formulations tested include two Newtonian fluids, water and viscosity standard, 20cP silicone oil. Some aspects of this study were validated using experimental
data from Proveris SprayVIEW and Malvern Spraytec.

Results & Discussion

Fluid flow Fluid velocity

Here we look at the flow of a Low-viscosity Newtonian (water) and High-viscosity Newtonian (20 cP | | Here we will look at the velocity of Low-viscosity Newtonian (water)
silicone oil) formulations in order of increasing solution time in the NasaDose device: and High-viscosity Newtonian (20 cP silicone oil) formulations in the

Volume Fraction of Water Volume Fraction of Water o
P . 0 e : NasaDose device:
| O | [ N | a) Low-visosity - Water b) High-viscosity - 20 cP silicone oil

Solution Time 5.33282e-05 (s) Solution Time 5.31684e-05 (s)

[ t'ﬁ_“ — 7" - — -
Solution Time 0.0021917 (s) Solution Time 0.00218879 (s) q v-;n.v_ rru‘;w; © - Su!un.un Trmeaaz-d;i;ez )
Fig.6. Velocity of formulations during atomisation
As observed in Fig.6, at the spray nozzle, the low-viscosity formulation
Solution Time 000422659 (5) Solution Time 0.00423677 (5) reaches higher velocities. Additionally, the velocity near the wall is

much lower with the high-viscosity formulation due to viscous drag.
Solution Time 0.0149966 (s) ﬂ Solution Time 0.0249882 (s) n

Velocity (mis)

However, surprisingly, the velocity of the high-viscosity formulation is
slightly higher at the centre of the needle. This may be due to the fact
ﬁ,“:‘, * m that the Reynolds number at the needle for low-viscosity formulation
622 N 3 is 3500, suggesting a transitional flow state while a laminar flow model
.w ' was used in this simulation.

Fig.4. Fluid flow and nozzle Vector field for Fig.5. Fluid flow and nozzle Vector fields Additionally, considering the volume of the nasal spray model

low-viscosity — water for high-viscosity — 20 cP silicone oil geometry is 18 ulL, we can estimate that the average volumetric flow
As observed in Fig.4 and Fig.5, for low and high-viscosity formulations, it takes approx. 15 and 25 ms rate in the device is 18 plL/0.01s (or 1.8x10-6 m3/s). Thus, the average

for the flow to fully develop at the spray nozzle. This is in line with high-speed video footage from velocity would be 5 m/s which is in line with the velocity data
Proveris SprayVIEW where it takes 10-30 ms from actuation to spray observation. observed in Fig.6.

Strain rate

Here we look at the strain rate of Low-viscosity Newtonian (water) and
High-viscosity Newtonian (20 cPsilicone oil) formulations in the NasaDose device:

s s el T .
4
Solution Time 0.0149966 (s) s Solution Time 0.0249882 (s) B

Finally, Fig.7 and Fig.8 illustrate that, formulations with higher viscosity will generally
have a lower strain rate, this is specially visible at the nozzle spray. However, the
exception to thisis at the centre of the needle where the strain rate was higher for the
high-viscosity liquid.

140105 15ael06 163607 6250104 2110406 T.ies0? Ao T Bresr saseioe 2 Tei0s " Piesor
L] LI -

In conclusion, VoF proves to be an effective tool for understanding the strain rate in a nasal

. . . . . . . ] ] . L
spray device. However, the high velocity and shear rate of the high-viscosity formulation ) owerspray nozle ') Upper spray nole o ower spray nazie ') Upper spray nose
should be further explored as this is unexpected. Additionally, further research on Fig.7. Strain rate of low-viscosity — water during Fig.8. Strain rate of high-viscosity — 20 cP silicone oil
implementing shear thinning formulation to these simulations is required. atomisation during atomisation
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Alveolar Basics and Surfactant Statement of Problem
The alveoli have total surface area of ~70m2 with a respiratory barrier and diffusion * Inhalable medicine is currently used to treat
distances as thin as 200nm(1,2,3). As demonstrated in figure I surface area exponentially condition like COPD and asthma, however, these
increases with each generation from the trachea, bronchi, bronchioles and finally the are not examples that demonstrate distal alveolar
alveolar sacs (4, 5). deposition

*  PLGA nanoparticles are biodegradable whereby
functional modifications can be made to
optimise drug loading, bioavailability and
immune-evasion.

*  While PLGA has promise, there is only a
handful of aerosolised examples, none intended
for alveolar drug delivery.

* Later studies on PLGA for drug delivery had
poor success due to reasons such as hygroscopic
aggregation, instability during aerosolization and
immune response

* Identifying the optimal PLGA nanoparticle
formulation has the potential to combat these
issues and undergo epithelial uptake.

* One example is the coating of the nanoparticle
with polyethylene glycol to promote immune-

AT cells cover over 90% of alveolar surface area making them the gas exchange region
of the lungs(6). AT2 cells secrete lung surfactant containing: surfactant proteins(SP)
A,B,C and D and lipids. Surfactant is important as it prevent atelectasis by maintain
surface tension(6).
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Figure 2: Master Mould for PLGA Synthesis
Objectives
ELVEFLOW OB1 MK3 Pressure Inlet Liquid Outlet
PRESSURE CONTROLLER
* Primary Objective: Design and characterize a L:ﬂ
hydrodynamic flow focussing device to synthesise %
homogenous PLGA nanoparticle for alveolar =
internalizations(figure 2). Pressurized [ T2
Reservoir’/ a_
/

* Secondary Objective: Characterise PLGA-Cell

interactions to quantify NP internalization and cell /ﬂ\
response of PLGA particles on AT1 cell models. [} // \
’ \
\ |
* Tertiary Objective: Develop tumour like LIQUID SENSOR LIQUID SENSOR \ //’
organoids and characterise cell penetration of —

PLGA NPs into organoids. [ ]

Figure 3: Microfluidic PLGA Synthesis Setup

Methodology o
This study will use hAELVi cells which express tight cell junctions critical for air-lung modelling (12). <

PLGA nanoparticles will be synthesized using a hydrodynamic flow focussing chip to allow
precipitation of homogenously sized nanoparticles. ./

We will deploy organ-on-chip (OOC) model to mimic in-vivo conditions (13). Customised PDMS chips
will be developed within the lab seen in figure 4. PLGA nanoparticles will be functionalised with
differing properties to identify optimal internalisation and stability formulations.

STED Inverted Confocal Microscope will be used to analyse cell response to formulations. Light Sheet
Microscopy will be used to allow imaging of organoids and asses PLGA penetration into differently
sized organoids which are meant to mimic cancer/tumorous cells.

M\// |

Conclusion

In conclusion, this study will deploy OOC model and advanced imaging

techniques to assess varying formulations to optimise pulmonary

alveolar-epithelial drug delivering. o
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1. Why Study Ice Nucleation in Aerosols? [1] 2. Proposed Research Strategy

explore micron scaled droplets

1. Construct an electrodynamic balance (EDB) suitable for examining the
ﬁt f freezing behaviour of levitated single aerosol droplets. This should be able to

2. Using the EDB apparatus, explore the freezing behaviour of droplets con-
taining the protein apoferritin/ferritin under different pre-treatment condi-

The nucleation of ice in droplets is important for understanding:
1. Weather and meteorological models tions: heat treatment, pH and concentration

2. Industrial processes such as flash freezing 3. Begin exploring droplets containing surfactants. Investigate different surfac-

L . . tant concentrations, droplet sizes and surfactants of different dimensions.
3. The radiative forcing of clouds, and thus, climate models P

4. Continue with freezing experiments of droplets containing DNA origami
sheets organised into wedges. By varying the angle between the sheets, ex-
plore substrate effects. Also conduct experiments with unannealed DNA.

Despite these applications, heterogeneous ice nucleation is still
poorly understood, especially with respect to which properties of a
material give it good nucleating ability.

3. The EDB Design (TOP LEFT) [2]

The EDB uses a combination of AC and
DC electric fields to levitate a single

Cooled Electrode Air flow, RH1 charged droplet in place. Using
[ ) e scattered light from a laser, the size of

the suspended droplet can be found.
Conditions in the device can be varied
using attached coolers/heaters and
through running different humidity
Air flow, RH2 gases through the chamber.

&« The EDB benefits from droplets 100 to
1000 times smaller than droplet array
methods leading to less contaminant
driven nucleation.

4. Apoferritin (TOP RIGHT) [3]

Apoferritin is a protein that stores iron.
Despite  this original evolutionary
purpose, the protein is an exceptional ice

O.

" nucleator.
S J

The protein is believed to primarily
nucleate ice growth through forming

DROPLET BULK

larger protein aggregates. Smaller
droplets from the EDB provide a good
environment to explore the effect of
these rare structures.

The protein has a well studied structural
behaviour under denaturing conditions
such as at low pH and heat treatment.
Exploring the ice nucleating ability of the
protein under these conditions provides
better insight into the biomolecule
structures that best nucleate ice.

BLACK: Scaffold strand BLUE: Staple strands

5. DNA origami [4]

4. Surfactants [4]

DNA by itself is a known ice nucleator but this ability can be augmented by
changing the shape the DNA conforms to. Using a combination of long tailored
DNA “scaffold” strands and shorter “staple” molecules, rigid 2D and 3D
structures can be formed out of sheets of DNA.

Surfactant molecules in a droplet will generally accumulate at the air-water
interface ie. The surface of the droplet.

Hydrophilic surfactant molecule heads (circles) pack in a hexagonal
arrangement, similar to that of ice’s crystal structure.

By combining two sheets of this material, a wedge can be formed with a

Different surfactant concentrations and molecules can be explored to see how tuneable pitch angle.

parameters such as lattice matching effect the “scaffolding” of the ice and thus

. Similar to the planar case from surfactants, the concave pit of the wedge can act
affect the nucleation rate.

to change the volume of the critical ice embryo, changing the rate of ice
nucleation.
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In these experiments, the angle between wedges can be varied, and this
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Background & Motivations
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Figure 1. Schematic illustrating how aviation emissions affect the climate’. studies.
Objectives Methodology
Aim: investigate the impact of aviation aerosol Aerosol Emission Inventory This project will employ the state-of-the-art Met
emissions from 'both current. and future generation Development Office Unified Model (UM) that can address the
aircraft and provide robust estimates for aerosol-cloud current model challeges via improved aerosol
interactions. microphysics scheme, CASIM (Cloud AeroSol
oy Interacting Microphysics) and contrail cirrus
Objectives: 9 physics)

scheme.
1. Assess global aerosol emissions from current and

future aviation, considering different air traffic and CASIM
aircraft technology scenarios. - Current Operational Scheme
2. Quantify the global radiative forcing of aerosol-
radiation interactions resulting from both current Multi-moment3 Single moment?
and future generation aircraft.
Represents cloud Represent cloud

3. Investigate present-day effects of aviation aerosol- through five species® | through three phases?

cloud interactions in high air traffic regions.

Calibration & Validation

Includes aerosol No inclusion®

4.Evaluate the global climate impact from both + process’ng |

aerosol-radiation interactions and aerosol-cloud mechanisms*

interactions under different scenarios. st o | Can represent the response of
5. Investigate the potential of flight route optimisation flight route Clr?u: prOp:rt'es ; carsedm l:y

to reduce the climate impact of future generation Gp el changes In - aefosols  more

. . accurately
aircraft aerosol emissions.
Policy Implications Responsible Innovation & Challenges

Insight into Aerosol-Cloud Interactions: Research highlights the ~ Rl: - Trade-offs between profitability and sustainability
the climate forcing term that is currently absent from assessments - Equity and Justice in accessing air travel and sharing the
of aviation climate impact, enriching policymakers' understanding costs of environmental mitigation measure

and enabling more informed mitigation strategy development. Ongoing dialogue and collaboration with stakeholders to integrate

Guidance for Sustainable Aviation: Assessment of diverse their perspectives into the research
aircraft technologies offers valuable direction for emission
reduction strategies, empowering stakeholders to make informed
decisions and foster sustainable development in aviation.

Challenges: Limitations and uncertainties associated with modelling;

Calibration and validation, sensitivity analysis and parameter
optimisation strategies
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3. Field, PR., et al. (2023). Implementation of a double moment cloud microphysics scheme in the UK Met Office regional numerical weather prediction model. Quarterly Journal of the Royal Meteorological Society, 149(752), 703-739.

4. Grosvenor, D.P,, et al. (2017). The relative importance of macrophysical and cloud albedo changes for aerosol-induced radiative effects in closed-cell stratocumulus: insight from the modelling of a case study. Atmospheric Chemistry and Physics, 17(8), 5155-5183.
5. Igel, A.L., et al. (2015). Make It a Double? Sobering Results from Simulations Using Single-Moment Microphysics Schemes. Journal of the Atmospheric Sciences, 72(2), 910-925.



MANCHESTER
1824

The University of Manchester

Developing and deploying new sensors for in-situ monitoring of clouds

Charlie SB, Main Supervisor: Jonathan Crosier
University of Manchester, National Centre for Atmospheric Science
charlie.stainton-bygrave@postgrad.manchester.ac.uk

Background

o Cloud droplet probes typically use forward-scattered light (from a laser)
to measure cloud droplet size distribution.

o Backscattered light could provide means for a more practical
measurement technique that (doesn’t require a detector in front of the
laser and) could be more easily used on non-specialist platforms e.g.
commercial jets.

o Research Aim: Investigate feasibility of using backscattered light for
accurate cloud droplet size distribution measurement.

Backscattered
light

—— 2um
10 um
—— 50um

270°

‘Phase’ diagram for spherical water droplets — Scattered light
intensity (differential scattering cross-section) over polar angle of an
unpolarized 550nm beam (incident at 0°), spherical droplets scatter

light symmetrically about the azimuth angle relative to the
scattering plane.

Method

o Amodel has been developed to produce droplet scattering ‘response
curves’, for a collection optic displaced from an incident beam by a polar
angle and will be used to inform optimum backscattering arrangements.

o Anoptical assembly is being developed to measure backscattered light
experimentally and assess arrangements for droplet measurement.

o The assembly will consist of a laser source(s) directed at a scattering
target and photodetector(s) that can be adjusted to assess different
arrangements and parameters.

(L) Backscatter Cloud Probe (BCP) beam profile - The BCP is an existing
backscatter instrument, but is limited for quantitative measurement [1]; variation of
beam intensity within the sample area is one source of uncertainty.

(C) Beam profile produced by a spatial filter - A more confined and uniformly
intense laser beam profile could help improve backscatter size measurement.
(R) Spatial filter and laser source — A spatial filter consists of three stages; an
aspheric lens, a pinhole and a collimating (plano-convex) lens.

(Color maps to a linear intensity scale of greyscale pixel value from black to white)

FSSP response curve
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Forward Scattering Spectrometer Probe (FSSP) response curve —
The FSSP collects forward scattered light from a 632.8nm red laser
between 4.6 and 12.8° polar angles using an annular photodetector
and has been widely used in cloud droplet research; the instrument
response curve used to measure droplet size is replicated by the
model [3], (the model is implemented in Python and uses the Python
module scattnlay to calculate scattering amplitudes [4]).

Response curves for backscatter angles 145-155°
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Backscattered light response curve — backscattered cross-section
against droplet size, collected by an optic offset from the incident
beam (0°) between 145 and 155° polar angles in red and blue
wavelengths; non-monotonicity presents an uncertainty in the
mapping of roughly £2.5um.

Next Research

o A‘clean’ spatially filtered laser beam could help define the sample
area and reduce uncertainty due to varying beam intensity, which
remains a challenge in single-droplet cloud spectrometers [2].

o Use of multiple wavelengths (sources) or detectors may also help
define the sample area and reduce measurement uncertainty.

o Backscatter arrangements are being investigated experimentally
that could be suitable for a compact instrument module.

[1] Beswick, K., et al. "The backscatter cloud probe-a compact low-profile autonomous optical spectrometer." Atmospheric measurement techniques 7.5 (2014): 1443-1457.
[2] Lance, Sara, et al. "Water droplet calibration of the Cloud Droplet Probe (CDP) and in-flight performance in liquid, ice and mixed-phase clouds during ARCPAC." Atmospheric Measurement Techniques 3.6 (2010): 1683-1706.
[3] Dye, James E., and Darrel Baumgardner. "Evaluation of the forward scattering spectrometer probe. Part I: Electronic and optical studies." Journal of Atmospheric and Oceanic Technology 1.4 (1984): 329-344.
[4] K. Ladutenko, U. Pal, A. Rivera and O. Pefia-Rodriguez, "Mie calculation of electromagnetic near-field for a multilayered sphere," Computer Physics Communications, vol. 214, May 2017, pp. 225-230.
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1. Background 2 0 o )
«  Pesticid d limi | d h d ) ‘) ., Photochemical Long-range
esticides used to eliminate or control unwanted pests that can damage crops can . . degradation o TR
be partitioned into the atmosphere, either in gas or particle phase by direct J @ o (]
volatilization, or by spray drift, or can be degraded into the atmosphere either by [ I ) ® .. ® °

reactions with OH', O, or NO; or by direct photolysis’

Spray Drift
Volatilization

* Agriculture contributes to feeding 8 billion people3, leads to Global consumption
of pesticides of around 2.66 million metric tons/year?, causing an increased
persistence in atmosphere. Their Persistence is highly dependent on vapor

pressure, Henry’s constant, and dry and wet deposition®®

* According to FOCUS Air Report V, > 1074(20°C) is considered to have potential of
volatilization from surface and once suspended, it will distribute b/w vapour,

aqueous and particle phases to reach equilibrium?®.

Limited understanding of biosphere- = —
atmosphere of pesticides, their transportation 3. Aim and Objective

mechanism, their conversion reactions, their The aim of this study is to determine fluxes of pesticides from the point of application to the regional

ersistence in the environment
P scale, with the development of an eddy covariance (EC) system for both gas and particle phase

characterization, with HR-TOF-CIMS in conjugation with a sonic anemometer.

2. Statement | | Lack of standards to quantify direct * Objective 1: Development of system for simultaneous measurement of scalar quantity from HR-
of Problem surface volatilization of pesticides TOF-CIMS and the vertical wind speed

* Objective 2: Development of an eddy correlation system for both particle and gas phase species

Techniques to quantify range of_pesticidfzs is * Objective 3: Deployment into the field at field scale first which can then be scaled to regional scale
not well explored well to quantify real-time
reactions and influencing meteorological and for different range of environmental conditions and under specific farming practices. Regional
parameters burden of the pesticides may be examined.
4. Methodology 5. Proposed Setup

Eddy covariance flux measurements is based on determining covariance between changes in
vertical wind velocity and deviations in scalar quantity such as mixing ratio of a trace gas or air
temperature® i M

I.

n
- 1
Fo= W& == (=)~ ©)
i=1

Sonic Anemometer (SA) with an operating frequency of 10 Hz in conjugation with CIMS would provide the
Eddy Correlation fluxes, however further Correction are required.

Sonic Anemometer

CIMS (Chemical lonization Mass Spectroscopy) is capable of measuring pesticides in gas and particle
phase because of its reproducibility, minimum sample handling, high mass resolution
(m/Am™~4000-6000), high time resolution (1-10 Hz) allowing measurements of reactive compounds*

Consists of five main components:

* VUV lon source which is a Krypton lamp

Sample Flow

¢ lon molecular Reactor (IMR)

* Big segmented quadrupoles to separate m/z

* Anion lens focusing region Reagent Gas

.

TOF mass analyzer IDP Pump «— IMR PCY —@ <+— IMR
(I~ CIMS ionization mechanism) I[(H,0); + M » n(H,0) + (M)~
—
Ebara Pump +— Quad PCV——@ ‘ Quad
r . +~— sBv
) e |
* Co-Spectra Analysis: = L +«— BsQ
* Homogeneous Eddy-Pro f * Storage corrections ‘ 5
© -Pro for ) : =T P
Terrain® (a_i) & e Time Lag y-rrofo (during formation of s T el e B
Site dx1 Analysis Flux nocturnal bounda =
Specificati d§ =0) Pre-Processing Calculations i BT s g, |+ TOF
pecification o * Data gap andifurther layer) wnl
* No flow divergence Filling corrections * Ogive Optimization(to
and convergence determine the LLLLL] 1
averaging time
interval)

1. Borrds, E. et al. (2017) ‘Atmospheric degradation of i i hyl", Science of the Total E1 t, 579, pp. 1-9. doi: 10.1016/j.scitotenv.2016.11.009. 5. FOCUS (2008). “Pesticides in Air: Considerations for Exposure Assessment”. Report of the FOCUS Working Group on Pesticides in Air, EC Document Reference SANCO/10553/2006 Rev 2 June 2008,
2. Global pesticide agricultural use 2020, by type (2022). Available at: istics/1. i 327ep
3 f;?;f:;??;&"&?% :;.;;s'bl:ﬁm “Identifying Gaps and Challenges in Global Pesticide Legislation that Impact the Protection of Consumer Health: Rice as a Case Study’, Exposure and Health. doi: 2 ::VV:”];;ﬂpffzvl's:":n;;/‘;s';; /EUJ:]’:T/?CDM]SMZU::Sg;j’:ZSU] ?”’M ey e b L e B e B e R T 2 e DG i e G
40 Lee) b1l etal) (2014) ‘n iodide-adduct high-resolution time-of fight chemical m peTE o = . Scence 7 Socorro, . etal. (2016) ‘The persistence of pesticides in atmospheric particulate phase: An emerging air quality issue’, Scientific Reports, 6(May), pp. 1-7. doi: 10.1038/srep33456.

and Technology, 48(11), pp. 6309-6317. doi: 10.1021/es500362a.

. Spirig, C. et al. (2005) ‘Eddy covariance flux measurements of biogenic VOCs during ECHO 2003 using proton A pheric Chemistry and Physics, 5(2), pp. 465
481. doi: 10.5194/acp-5-465-2005.
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What is Resuspension?

Resuspension is when particles that are initially on
the ground become entrained into the air flow

* A significant source of aerosol particles encountered on a daily basis can be attributed
to this process, which poses a substantial health risk.

* Highly relevant and applicable across a range of disciplines:

00000O

Biological Chemical Agricultural Industrial Nuclear
(eg. Virus droplets, (eg. smoke, soot, (eg. Pesticide spray, (eg. Metal, floor dust, (eg. Radioactive waste
pollen, spores) fumes) soil dust) pollen, spores) from power plants)

* There are many factors influence resuspension, including (but not limited to):

* )
= =2 |
®
Particle Surface Concentration  WindVelocity ~ Temperature Relative Humidity
Morphology Material

Resuspension Theory

Whether resuspension of a particle happens depends on the balance forces:

Lift Force
Removal Forces: —E

Drag Force
Air flow Particle T
D ——
D ——
E——
Moisture
= Surface

-— 4
>

Adhesive forces: van der Waals forces
E Capillary Force
Electrostatic Forces

Forces of adhesion are currently not well understood, with current models only applying
in highly idealised cases. Capillary force equations have been shown to be inaccurate
above 60% RH.

Rock 'n' Roll Model:

Proposed by Reeks et al in 1988 [1], the Rock 'n' Roll model offers a promising model for
predicting the resuspension for a given set of input parameters.
Wind (Turbulent
e ) « It considers three forces - adhesion
(F 4an), lift (F;) and drag (Fp).

* The lift and drag forces cause
oscillatory motion about point P,
providing the torque needed for the
particle to either “rock” (oscillate) or
“roll” over.

* Implemented by Biasi et al in 2001 [2]

Fp with a primary rate equation with

. constant p:

Fr

Tadh Tdero

e dNR
*" Fun B = P(E)Ng
* The macroscopic resuspension rate
was solved numerically by integrating
over time:

Figure | (Adapted from [3]): Schematic for a single particle in
the Rock 'n' Roll model. A particle of radius Rp rests on 2
asperities separated by distance a, and the forces of adhesion
are assumed to act at point @. Torque imbalance arises about
the pivot point P.

Nx(t) = I @(Fye PV dFy
0

Limitations

The Rock 'n' Roll model in its current form includes many assumptions that limit the
current predictive capability. These include (but are not limited to):

Particles are spherical and homogeneous; surfaces are smooth; only 2 or 3 asperities;
log-normal force distribution, ¢(F’,); over the surface; particles reside in a monolayer.

It's these assumptions the project aims to address using a variety of techniques.

References

Project Objective

The main objective of this project is to increase the
accuracy of the model for resuspension, capturing a
greater variety of realistic resuspension scenarios.

This can be broken down into 4 stages:

I.Produce a range of surfaces with increasingly complex chemistry and topology
that mimic realistic surfaces

2.Measure adhesive force distributions between particles and these surfaces using
Atomic Force Microscopy

3.Implement the Rock 'n' Roll model using empirical force data, thereby reducing
the number of assumptions

4. Validate the Rock 'n' Roll model experimentally using a wind tunnel

The project aims to sequentially carry out these four stages and iterate the process,
modifying one variable per iteration.

Methodology
Atomic Force Microscopy (AFM):

* Instead of incorporating an assumed force distribution into the model, the adhesive
force distribution across surfaces and particles will be directly measured using colloidal
probe Atomic Force Microscopy (AFM).

* AFM uses a tip on the end of a
cantilever to measure the force
distribution across a surface.

Photodi

* The cantilever will vertically deflect in
accordance with the force applied [4]:

F=—kz k 3EI

Particle ) Cantilever L3
Tip

« Particle will be securely adhered to

N
Feedback ¢ Sample the end of a cantilever.

* Particles chosen will have a known
morphology such as salt, sugar and
sand granules.

z-piezo

Figure 2 (Adapted from [4]): Schematic of a colloidal prove
atomic force microscope.

Custom 3D Printed Surfaces:

* The project will aim to print surface substrates with controlled topology, morphology,
hydrophobicity, and surface energy, aimed at mimicking realistic surfaces.

« Surfaces to be modelled using 3D software such as Blender®.
* Complex techniques such as nano-lithography to be employed for even finer control.

Wind Tunnel:

Recent work by Vincent et al (2019) [3] at DSTL, has given shown promising validation of
the Rock 'n' Roll model.

* Involved a wind tunnel experiment
involving glass beads in a monolayer
and carefully controlling
environmental conditions.

* The model and experiments generally
agree for low RH, although the trend
line is imprecise, especially for large
RH

« This project aims to take this work
further by using a similar wind tunnel
at the University of Bristol. Force
data from the AFM used in the Rock
'n' Roll model can be directly
compared against.

Figure 3 (From [3]): Plot of resuspension amount against
relative humidity for 2 particle sizes. Curves represent the Rock
'n' Roll model, whereas points represent wind tunnel
experiment results.

Responsible Innovation

Due to the project's close ties with a variety of different fields such as industry,
agriculture, healthcare, etc., it's important that research into resuspension is brought
into the wider context.

Accuracy Ethics Policy Innovation

* Ties to industries, all * Potential for results to ~ « Potential for novel
must be accurate, of which have a vast be implemented technologies including
reproducible, and potential on human within an industrial surface coatings and
reliable. health. setting as part of a filtration systems

« Clarity of * Objective is to sttt
communication to improve human * Results must technologies, assisted
ensure findings aren't health through therefore be heavily by novel technologies
misinterpreted. mitigating risk validated. such as Al

* Research findings

* Remote sensing

I. Reeks, M.W, Reed, J. and Hall, D., 1988. On the resuspension of small particles by a turbulent flow. Journal of Physics D:Applied Physics, 21 (4), p.574.
2.Biasi, L, De Los Reyes,A., Reeks, M.W.and De Santi, G.F, 2001. Use of a simple model for the interpretation of experimental data on particle resuspension in turbulent flows. Journal of aerosol science, 32(10), pp.1175-1200.

3. Vincent, |.C., Hill, |, Walker, M.D,, Smith, S.A., Smith, S.E.and Cant, N.E., 2019.Towards a predictive capability for the resuspension of particles through extension and experimental validation of the Biasi implementation of the “Rock'n’Roll” model. Journal of Aerosol

Science, 137, p.105435.

4. Piontek, M.C. and Roos,W.H., 2018. Atomic force microscopy: an introduction. Single molecule analysis: Methods and protocols, pp.243-258.
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Aims of Project

Much work has gone into understanding the coalescence
of aerosol droplets and the different conditions that two
droplets need to be under to result in this phenomenon. These
have especially been understood on a droplet-to-droplet basis,
but less work has been done on a larger scale to understand
the product of two aerosol clouds interacting.

This project aims to develop a model that deciphers
whether there are instances where every droplet from stream
A coalescences with a droplet from stream B and the
resultant droplet has parts of each streamin it.

We also aim to explore different parameters that would
affect successful collision rate such as viscosity of droplets
and there is also potential for experimenting with relative
humidity in this experiment.

Objectives

sources

Experiment composition

Ryan Hyde
Supervisor: Dr. Adam

del systems for exchange of liquid between different aerosol

Squires, Dr. Anton Souslov

Figure 1: A figure showing a basic representation of the main experiment that we are

looking to run

Objective 1:

This project aims to choose which modelling style is most appropriate then develop
a fundamental model that explores whether there are instances where aerosol
exchange between two streams is a complete process for each resultant droplet

Objective 2:

Construct and experiment that can verify the model that was created for this

particular mechanism with two clouds of water that

Objective 3:

Use the findings from the original experiment to apply the mechanism to more
realistic particles like known lipids e.g. lung surfactants and see whether results

vary, and which points particles stop coalescing

are dyed different colours.

Methodology

Modelling

COMSOLwill probably be the programme of choice, but
time will need to be taken as the initial calculations to
display the trajectory, velocity and concentration of
particles will need to be done as well as the properties
of the chamber that the droplets will be modelled in.

Lattice Boltzmann Modelling (LBM) is a very good
mechanism to use for a project like man as it has a great
proficiency in modelling collisions and their behaviour in

\ﬂuid flow simulations

N

Experimentation

This experiment will have different
components which involve construction and
purchasing of items as well as different
experimentaltechniques. The chamber will
need to be modelled and 3d printed

Fluorescent marking, microscopy and high-
resolution imaging will also need to be utilised

Explanation

Water clouds will be shot out of the
ultrasonic nebulisers at the same rate and
towards each other so that they meetin
midair and collide.

This should hopefully make some yellow
droplets that would settle onto the slide to

be observed over different periods of time

Third hole for humidity monitoring possibly

W

in order to quantify the results collected

/

Potential Challenges

One of the main challenges in this project would be the making of this model with its complexity and my personal proficiency with
modelling. With models, they can also have many errors so it could potentially take a lot of time to create a model that works and that can

have results that can be backed by the experiments that will be run.

Another challenge with the model could be to use the correct model type to avoid wrong permutations and assumptions on the
programmer's part. Work will need to be done to ascertain which model type would be best for this particle mechanism.

Another challenge would be with the slide. The question of how we can decipher whether droplets coalesced on the slide or in the air will
always be there, so it needs to be looked into. A series of control experiments will need to be done with various time frames to also see to

which degree that this could be a factor.

the construction of the model.

Because of the need for proficiency with the model, the experiment could have different conclusions to the model because of errors wy

Responsible Innovation

In future, this model could be
very beneficial for understanding
of aerosol exchange for more
complex models that are more
applicable to everyday human
life. We could potentially see
exchange between bioaerosols
and pharmaceutical aerosols

=
v
Ko

=
We could also potentially see
the exchange between rural air

and urban air and explore the
differences in air quality.

vy

Dangerous advancements
coming directly from this study
are unlikely, but the step-up
projects really could be used to
make bioweapons and
intentional cause adverse health
to the public
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‘I What is resuspension? I ‘I Problem statement i

*  Process through which particles detach @ / Current issues with existing resuspension model:
from a surface to become airborne?!

through the action of external forces

«  Ubiquitous applications: Models are Mostly Compromise between Overall lack of data to
scarce and mechanistic accuracy & perform numerical &
,51'")‘} oo dated and empirical computational cost analytical sensitivity

L7 0 J¥
O™o Need to investigate novel solutions to capture the complexity of the problem while enabling

simpler and quicker steps towards resolution, combining accuracy and efficiency.

Pollen, dust,  Metals, fibres, Virus, bacteria, Pestic'ides, Brake, tyre & Can make use of machine-learning techniques to build on numerical simulations and wind
sand, snow pollutants bioaerosols fertilisers  road/track wear tunnel data and enable useful validation of existing models.
| . . |
‘I Background | Objectives |
. Rupture of the balance between the forces moving the particle Fremoval Evaluation of the feasibility and accuracy of resuspension

experiments in a controlled laboratory environment for varying

and those impeding its motion® - . o
particle sizes, surface topologies and flow conditions

. Removal forces: unsteady fluid mechanics, mechanical &
electrostatic forces, particle impaction and thermal gradients

. Adhesive forces: Van der Waals & electrostatic interactions, F
capillary forces, friction and chemical interactions

. 3 main resuspension modes: rolling, sliding and lifting

~

Investigation of key parameters influencing the resuspension ;/’
adhesive mechanism and how they interact and correlate with each other -

Application of numerical and Computational Fluids Dynamics (CFD)

; . : : ; . : J.\E methods to solve scenarios of increasing complexity and gather data
Resuspension mechanics: adhesive properties alter with complex interactions between —=
‘: Particle properties: size, shape (asperities), density, composition Assimilation of experimental and numerical data into machine-
learning-based semi-empirical models to achieve highly accurate |N
~~ Surface characteristics: roughness, electrostatics, hydrophilicity resuspension predictions for a broad range of scenarios
NN

~- Flow conditions: fluid velocity, Reynolds number and turbulence scale, boundary layer

Policy and Responsible Innovation

& Environment: pressure, temperature, humidity Policies:
& * Health and safety regulations: evaluate resuspension hazards (e.g.
- dust & fibres in factories, viruses in hospitals)

Some existing models: * Adjust tolerance thresholds for particles highly prone to resuspend

. . . . * Regulate industrial accidents and sanction malpractice
* Detachment from surfaces with varying roughness in turbulent flow (Soltani et al, 1994 &
1995 and Ziskind et al, 1995 & 1997) , Responsible Innovation:

.,

* RRH model: kinetic approach only considering lift and normal forces (Reeks et al, 1998) -()am * Al training data-use: use own data or get consent to use 3™ party’s
*  “Rock’n’roll” model?: rocking of a particle about an asperity (Reeks et al, 2001), later ‘ 7’ «  Model application: unethical and harmful usage very unlikely
implemented by Biasi et al (2001) .

NN and CFD methods environmental impact: very computationally

* Recent model by Guingo and Minier (2008), enhanced by Henri et Minier (2014) has much intensive, thorough planning required to limit footprint

greater complexity and requires more computational power.

—| Methodology and techniques |

Phase 1: Experimental Phase 2: Numerical Phase 3: Modelling

Hidden Layers

Particle properties  NPUt Layer Output Layer

(size, density, shape) Resuspension behawmlr‘
iy Sa H (Sx;.vyavlli:)lempora\ properties V'l‘ X ; %Y‘, 7 S.:l:s r:va;stfmu:,)cumulanve
3D printed wind tunnel, E. Neal 3 Lagrangian particle tracking CFD simulation using Star-CCM+ ’ Flow conditions RS ﬁ“é“}‘:’@:’( draieportonpartces
B IRET XL KA (s s,
‘ ‘ . Environment conditions. .‘,g‘k& ?;fé:g\“/i‘%“v i p;vame\rls ’
¢ Wind tunnel testing to evaluate different * Numerical methods to investigate resuspension i .’A&‘\W“\‘{\V;’}A\\ {teranic et ety
resuspension scenarios * Computational Fluids Dynamics (CFD): analyse and {roughess mdrophilcin) = '
e Varying particle sizes and surface morphologies predict flow & particle behaviour for complex scenarios
Variation in fluid velocity and turbulence scale + Definition of complicated geometries to perform very * Physics-Informed Neural Networks (PINNs)*: universal
¢ Investigation of time-varying effects realistic simulations with real-life-like conditions function approximator
+ Instruments: particle imaging & hot wire + Modelling of other phenomena: fluid-structure * Reduced-order models
anemometry to gather data (e.g. pressure & interaction, multiphase, electrostatics, thermogradients * Highly modular and versatile
velocity fields, turbulence intensity, particle path, | « High spatial & temporal resolution * Powerful data-driven tool to model resuspension in a
aerodynamic forces) *  Cross-validation of phase 1, generation of additional data simplified and physics-accurate way
|
Challenges |
PINNs convergence: Model interpretability: Computational needs:
oxmm Data management: ¢ Complex model, many layers * NN seenasa “black-box” tool  _Zesel «  PINNs and CFD lengthy and
g ¢ Measurement errors/noise ¢ Multiple parameters to predict ? * Lack of transparency = . = expensive to run
=== * Sufficient scope and frequency * Lengthy computations, no * * Path to solution and output : """': * HPCfacilities required
* PINNs overconstraining convergence guarantee reasoning is not always clear ¢ Extensive planning ahead

1W. C. Hinds, ‘Adhesion of Particles’, in Aerosol Technology: Properties, Behavior, and Measurement of Airborne Particles, John Wiley & Sons, Incorporated, 1999.
2). C. Vincent, J. Hill, M. D. Walker, S. A. Smith, S. E. Smith, and N. E. Cant, ‘“Towards a predictive capability for the resuspension of particles through extension and experimental validation of the Biasi implementation of the “Rock’n’Roll” model’, J. Aerosol Sci., vol. 137, p. 105435, Nov. 2019

3E. Neal, ‘Understanding the Impact of Morphology on Particle Resuspension with a 3D Printed Wind Tunnel, presented at the Annual Aerosol Science Conference 2023, NPL, Nov. 17, 2023.
4M. Raissi, P. Perdikaris, and G. E. Karniadakis, ‘Physics-informed neural networks: A deep learning framework for solving forward and inverse problems involving nonlinear partial differential equations’, J. Comput. Phys., vol. 378, pp. 686-707, Feb. 2019
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Background Key Questions
+ In the troposphere, secondary organic aerosols (SOAs) are a + What are the excited states lifetimes that occur in PA droplets?
large proportion of organic aerosols, which contribute to global + How do the optical properties of a droplet affect the
warming & climate change. o) photochemistry of PA, compared to reactions in the bulk?
+ Pyruvic acid (PA) is an environmentally + How do the surface effects change the photochemistry of PA?
sensitive compound, which has a role in  H3C e
SOAs formation.? OH l TCSPC ]
+ PA chemistry in the gas phase, aqueous Time-correlated single photon counting (TCSPC) exposes the

bullk, and. at the3 surface interface, is Pyruvic acid sample to a UV or visible laser pulse to insight excitation and
uniquely different. fluorescence. PA is excited at 345 nm (within UVA range).

Aims & Objectives
cConduct bulk solution fluorescence/absorption lifetime Laserm /_\

spectroscopy measurements on PA, exploring the : . .
intermediates and lifetimes of excited states. ! “°'es°i°e e
1
1
1

balance (LQ-EDB) with initial coupling to Time-correlated

eLevitate droplets in a linear quadrupole electrodynamic
1

. . I
single photon counting. '«

———
Start-stop-time 1 Start-stop-time 2
| Vary the environmental conditions (pH & relative humidity) A
to measure the change in the photochemistry of PA. .
.
| Assess the suitability of transient absorption spectroscopy . »
coupled to the LQ-EDB to study PA droplets. o .
£
= e s
L_TAS | R
Transient absorption spectroscopy (Figure 3) is used to observe the .ee
population of the short-lived excited states (a few femtoseconds) to sTeEeeseee -
long-lived photoproducts (a few nanoseconds) after photoexcitation. Counts
Variable Delay Figure 1: A pictorial representation of TCSPC and the histogram produced of the
florescence decay from which a time constant is established.*
Stage
Sample
Probe
Titanium Future Work
sapphire P TCSPC setup coupled with the
amplifier Pump GLECION IAA= A pter pump - ABefore pump | | LQ-EDB will allow for the individual
droplets to be excited and retrieve
the fluorescence of the
droplets to compare to the bulk
Figure 2: A schematic of the Pump Probe setup of TAS.S solution.
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Figure 3: Transient Absorption spectra at 345 nm; (A) PA 1 molar in water, (B) PA 2
molar in water with 250 pm path length. Figure 4: Schematic of the LQ-EDB.
—_———
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Responsive aerosol Hydrogels
INCREASING TEMPERATURE
. Aerosols are responsive by nature, which provides an . Initially hydrogels are being used as the test a SOl roere
opportunity to design aerosol to have a desired system to explore aerosol with responsive / \
response to a specified stimuli: properties. >~

Hydrogels are three-dimensional polymeric
networks that have hydrophilic groups

‘ p Composition attached to the polymeric backbone and can
therefore swell to retain large amounts of > LesT
Size water. <LesT

Poly(N-isopropylacrylamide) (pNIPAM) and
Poloxamer-407, both  thermoresponsive Pt
hydrogels (Fig. 1), have been studied in the (hydrophilic) {hydrophobic)
bulk phase and as single droplets.

1
. Z) Rheology
l N

Phase

Refractive - n A~s PNIPAM backbone
‘ S ‘ ifdex - Both polymers exhibit a measurable response H;rj = . amide groups
* 066 to temperature, moving from a solution to gel A\ e isopropyl groups
. . . Poly(N-isopropylacrylamide) N
state as temperature is increased (Flg- 1)- Figure 1—a) Solution to gel transition of P-407 b) Swollen and

collapsed state of pNIPAM below and above the lower critical
solution temperature (LCST). Figure taken from Doberenz et al.

2. Motivation 4. Research Methodology

The ability to design an aerosol BULK PHASE: Poloxamer-407 properties:
to have a required response to . A rheometer was used to measure viscoelastic B Drople Table 1—Surface tensions
its environment has potential properties and a bubble pressure tensiometer : P8l o,/ N |0y /N |y mNm | O Foloxamer-407 iin bulk
L . . R il and droplet phase.
applications in many areas. For was used to measure dynamic surface tension. 0 61.1 425 61.4
example, the aerosol could be DROPLET PHASE: 0 60.1 41.0 60.5
used to report on changes in | | Comparative-kinetic electrodynamic balance will 59.4 40.6 59.2
temperature, pH, or RH in the | |be used to measure the size change of the droplets 0 59.1 40.1 59.3
environment, and they could | Jwith  respect to temperature and RH. 58.1 39.3 58.5
also be designed for controlled Positioning camera  Sizing camera Bulk rheology studies:
release of an APl in aerosol e R
H - : 314000 Strain controlled temperature ramp b55 T,... dependence on concentration
drug delivery. . o
Concentric \ | 12000
levitation l Elastically & 10000 | ¢~ 45
m_ electrodes ' scattered light © 40
35
B B $30

Characterise changes
in an aerosol’s

Shear modulus
N s o 0
S o & 2
S 2 o S
S & & ©

532 nm laser I . | o i
roperties in response Ethylene glycol ~ 15 2 - 30 . " " > o
f pn xternal tl’:n | C‘:"‘);;n:"f')ggp g Laser lock Temperature /°C Concentration / wt%
0 an externa’ SImus contrel Levitated droplet Figure 3- a) Example of a sol-gel transition of 20 wt% Poloxamer 407

using two hydrogel systems. Q exhibited by the extreme increase in storage and loss moduli. G’ is the
storage modulus (elastic component), and G” is the loss modulus (viscous
<= <+—Induction electrodes component). In this case the sol-gel transition temperature is 24.5 °C. b)

Sol-gel transition temperature of poloxamer 407 as a function of

Build a frameV\{ork to Droplet-ondemand concentration. Each data point was found by plotting a strain controlled
o, allow the design of dispensers temperature ramp at varying concentrations.
\—_ aerosol that have a Figure 2—A schematic representation of a CK-EDB from a view looking
- down into the instrument. . .
desired response to Single droplet studies:

Stroboscopic Imaging used to determine the W 1o perature ramp on levitated droplets of poloxamer 407 and
surface tension and viscosity of the droplets phase pNIPAM using the CK-EDB:

from the droplet oscillation frequency and decay,

stimuli.

b 10
Create a model to respectively.
2 0.9
understand how - P¥ m
. — 0.8
changes in the ' 3 n-1)(2l+1)
. & 0.7
environment can be i Tk alpw;?
spect o L@ 0.6
detected from the | | ratio | 1(1-1)(1+2) s
corresponding change in size 2 el 0'4
and rheology of the aerosol Equation 1 and 2- Viscosity and surface tension of the oscillating 0.600 0.602 0,004 0.06 0008 0.610 0.012 0.014 0.016 0.000 0.001 0.002 0.003 0.004 0.00
. i i i (Time / Ro?) / i ¥
and to allow a predlctlon of g:opflreti,drezpictiltvely, iﬁprzssed |;1in:ermfs tcr)]f themdlr;)pcljet ra;dtlrt:s, ’;ah ime /Re? ) /s pm (Time / Ro? ) / s um=2
one from the other e flulds densily, p. the elcay. € of the amplitude of the Figure 4—Normalised evaporation curves at different temperatures measured using
. mode, 1, and the angular oscillation frequency of the /th mode, w. the CK-EDB. a) 2.5 wt% Poloxamer 407 b) 0.2 wt% pNIPAM
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ging of Aerosols:
Interpreting Measurements of Volcanic Ash

(

Introduction and Background

« First documented by Pliny the Younger during the eruption of Mt. Vesuvius, volcanic lightning
is a naturally occurring phenomena with poorly understood charging mechanisms.*

. Both material properties and environmental conditions have been shown to affect granular
triboelectric charging, with the most common measurement technique being Faraday cups.’

« The charging of ash from the four volcanoes: Fuego, Grimsvotn, St. Helen’s and Atitldan were
measured using a Faraday cup and displayed a range of charging and trace shapes.

Pliny the
Younger

« Most current analysis of these charging traces would be to simply take the range of the charging but this
\ doesn’t separate the particle-particle (self-) and preexisting (pre-) charge, so this work develops a new model.

Charge Measurements

Charge measurement for ash of each type
were taken using the rig shown below.
The samples were left to equilibrate in
grounded tubes before being dropped
down a column into the Faraday cup
which was hooked up to an electrometer.
The voltage trace recorded by the elec-

trometer

Charge / pC

was converted to charge using the
know capacitance of the experimental
setup of around 130 pF (top right).
However, we don’t know how much
of this charging is arising from particle
W% -particle (self-) charging or from
charging whilst loading or with the

22 Faraday oty walls (pre-charging).

U/

' Experimental Setup

Charge Trace

|
EN
o
o

L

—600

—800 4

Grimsvétn
Atitldn
Fuego
St. Helen's

Time Distribution

A Newtonian particle dynamics model way
used to calculate the expected time for parti-
cles to fall the 37.25 cm into the Faraday cup
depending on their size. The drag force was cal-
culated using equations for the Stokes and
20 Intermediate

regimes from
work by Perry
et al. Particles
. of dp < 10 um
were found to
not settle in

1000 10000

dy/ pum

T T T T

2 4

Size
Distribution

Measured
Trace

\3

Charge
Distribution

Expected

(Pre-charge)

r
Size Distribution

The following size distribution was fitted to

experimentally obtained data from the Mal-

vern Mastersizer 3000® using a multimodal

lognormal
distribution
fit. This is the
distribution
for ash from
Mt. St. Helen.

° ° °

Frequency Density / %

°

Modular Approach

In order to separate out the charging contributions of the pre-
and self-charging a model was devised as outlined below.
Charge and time distributions as a function of size can be used
with a size distribution to predict the expected trace shapes.
The shapes of the expected pre-and self-charging can be fit to
the experimental trace to estimate their relative contributions.

Time

Distribution Expected

Trace

Expected

Trace Trace

(Self-charge)

N Charging
Components

4 Charge Distribution \

The shape of the charge distribution was estimat-
ed using an Event Driven Molecular Dynamics
(EDMD) simulation of hard spheres. Where a
single charge transfer in an excited state is trans-
ferred upon each collision then fit to: y = ae™ +c.

— e
7Y /
s
/ 60 2
Py

t, |3

g 40 e

o~

©2 A

the given timej

80

Event Driven Molecular
Dynamics (EDMD)

Expected Trace

The size and distribution and charge distribu-
tions were convoluted to give a charge frequen-
cy density distribution. This can be integrated
from oo to each timestep to get the expected
trace over
time. The pre- | s
dicted self- | =00
charging trace |z
for St. Helen’s ::Z
ash is shown. | 1o
This is repeat- | *

ed for the pre-

\

( Fitted Charging Components

( I

~N

Time /s

\, charging

Charge / a.u.

—— self-charging
—— pre-charging
—— predicted trace
—— measured trace

3
Time /s

By fitting the predict-
ed self- and pre-
charging components
to the experimentally
measured trace the
ratio of self to pre-
charging can be calcu-
lated. For St. Helen’s
ash itis 1 : 1.3 in this
case minimizing the

R? value of the fit. )

Strengths

The model is broadly generalisable to
any insulating granular material

The modular approach allows any step
to be substituted

Is an improvement on current Faraday
cup powder charging analysis

Weaknesses

Approximation of the particles’ aero-
dynamic diameters as optical diameters
Assumes the pre- and self-charging do
not interact or impact each other

The charge distribution employs a
highly simplified charging model

The next steps are to experimentally validate the model with a simplified validation
cases of altered size distributions. This has begun using labradorite minerals, which
show a good match with the X-Ray Diffraction (XRD) data from de Fuego ash.
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Organ-on-chip, theend toanimal testing?

Felix Dobree
Imperial College London Dept. Environmental and Civil Engineering
Supervisors: Dr Jorge Bernardino de la Serna

IMPERIAL

Motivation & Aims

$ 15 billion is spent on animal testing in the US every year with <10 % of drugs that pass animal testing, passing
the first round of clinical trials. This project aims to develop a lung-on-chip with an aerosol delivery interface to
improve pre-clinical drug screening procedures.

What is an Organ-on-chip? From First to Second to Future Gen.

Organ-on-chips have emerged out of advancements in tissue
engineering, microfluidics and material science. The fisrt ac-
cepted organ-on-chip was developed by Huh et al at Harvard,
Figure 2:.

An organ-on-chip aims to recapitulate organ-level function in
a microfluidic device.

Air-Liquid-Interface

Aerosolin Positive pressure

Culture medium
out

Culture medium in

Aerosol out .
Negative pressure

Figure 1: lllustration of the alveolus on a chip currently
developed in the lab that will be used to interface with
an aerosol delivery system.

Vacuum

Figure 2: Huh et al First organ-on-chip, Emulate still
use this design commercially. First generation design as
the membrane only considers a single alveolar membrane
as an extended structure.

Methods.

e Microfabrication of PDMS chip by 3D printing and soft
lithography.

e Synthesis of hydrogel ECM mimic. This publication sparked the commercialisation of organ-on-

e Epithelial cell manipulation to express transmembrane protein
GLP1-R, and seeding onto ECM mimic.

e Characterising the microfluidic chip by TEER and microscopy.

e Computational fluid dynamic, (CFD), model of aerosolised
nanoliposomes through the chip.

e Interfacing the chip with aerosol delivery system.

A Photolithography C Laser cutting
Master device - \ ’
B Soft lithography l
PDMS
.:-‘\‘\ 21h@6s°C Plasma treatment Eorionai
(& ° L5 T— gt
e

Figure 4: Fabrication methods of Organ-on-chips.

References

chip technology with companies such as Emulate in the states
and AlveoliX in Europe. Since, a variety of first generation
chips have been produced. First generation chips only con-
sider the alveoli as an extended planar structure.

More recently, second generation designs have been published.
Second-generation lung-on-chips consider an array of
alveoli in 3 dimensions. Allowing bidirectional airflow into
and out of the alveoli to be modelled, as well as inter-alveoli
interactions. Two notable designs by Zamprogano et al. and
Huang et al are below:

Figure 3: Second generation membrane designs for
lung-on-chips. A) Reverse opal structure published by
Huang et al 3 B) Zamprogano et al gold hexagonal
mesh with collagen:elastin membrane.?®
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Chemical and Toxicological Properties of Aerosol Joseph Bainbridge

Supervisors: Dr James Allan,
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4 . )
1. Motivation
The long term impacts of pollution sources on air quality and public health are of great importance in the transition to a net zero future in
which secondary pollutants are expected to dominate as primary emissions are reduced. As characterisation and toxicology of secondary
\_ aerosols is limited there is a need to study chemical changes to inform chemical transport models and evaluate their health effects. Y.

a N N

2. Hypothesis and Aims 3. Ageing and Toxicity

The oxidation of primary aerosols will lead to the * Biomass burning and diesel emissions contribute significantly to urban
formation of secondary organic aerosols (SOA) with aerosol and cooking emissions supply over half of indoor aerosol.12
distinct physicochemical properties and an increased * The physicochemical properties of anthropogenic aerosol emissions are
oxidative potential and therefore greater hazard. altered by chemical ageing, primarily due to oxidation by OH radicals.
1. Establish a protocol for the generation and This can produce various radicals and redox active species.
guantification of secondary and aged primary aerosols * Respirable aerosols can penetrate deep into the lung and cause toxic
from real-world sources effects when they interact with epithelial and airway macrophage cells.

2. Record the physicochemical properties of SOA

3. Evaluate the acellular oxidative potential and in vitro . §ngides
toxicity of aged aerosols in epithelial and macrophage i Figure 1: The Toxic
k cells. J o Inflammation effects of aerosols
¢ ROS generation during ageing. Image
K \ o Altered metabolism was created on
. . o | ]
4. Oxidation Flow Reactors e BioRender
[ ¢ Cell Death
Oxidation Flow Reactors (OFRs) can simulate chemical “
ageing . A new commercial OFR developed by the Tampere \_ )
University of Technology, Finland based on the design in
figure 2 and produced by Dekati: a @ )
_ , ; 5. Methodology
* Is portable and offers short residence times (<100s) Toxicological
* Is characterized by laminar flow resulting in lower Evaluation
particle losses compared to other ageing methods T @ 2N
* Is a widely available piece of equipment to generate 1_ -
SOA Primary ®@ @ @ @ @ ©
Aerosols i L
Vaouum e N . ————) Secondary
3 \ o
B Sy consmunin Aerosols
* VOC - m
UViamp e Oxidants w@® @ @ @ @ @
Inlet — (3) N 4 5 Residenceﬂme(s)jc %
[ UViamp ] o é iPhulochzmxcal age 1dayisj i AV
Chemical
MFC Figure 3: Flow diagram of research stages including diagram of Analysis
Pressurized operating principle of the OFR.? Each stage is referenced below. @
air

Figure 2: Design of a TSAR (TUT secondary aerosol reactor). Composed of
(1) the residence time chamber, (2) the expansion tube, (3) the oxidation Project is split into 4 steps to be repeated for each real-world source

reactor and (4) the adjustable outlet. (3) and (4) are contained in a single (WOOd burning, Euro 6 diesel engine, cooking emissions)
\housing‘3

-

e Use of OFR in standard emissions tests may result in
new regulations and add to the body of evidence
motivating induction of low emission zones (LEZ). 3. Chemical analysis will involve the use of an AMS and FIGAERO-CIMS for

* An established protocol for the generation of SOA from | | chemical composition and volatility sets, ICP-MS to study the metal
real world sources using the OFR provides reproducible | | content, FTIR to identify organic functional groups of the bulk aerosol and

\ 1. Generate and characterise primary emissions from the sources under

6. Policy and Scientific Innovation relevant conditions to establish a baseline before ageing.

2. Optimise the Dekati OFR to be most representative of regional
atmospheric ageing

and reliable measurements when studying SOA. TSI SMPS for aerosol counting and size distribution.
k >"< a\ &‘ J 4. Oxidative potential will be determined in acellular models using the

DTT assay and synthetic respiratory tract lining fluid model.> This is
R followed by an investigation into epithelial cell and airway macrophages
\with a focus on cellular oxidative stress, inflammation and cell death. /
* May be issues with consistency of aerosol emissions

4 8. References

e Challenges with SOA capture - investigate the use of
1. Wang, G., et al., Transport. Res. Transport Environ 2009, 14 (3), 168-179 4. Dekati Ltd., DOFR™ User Manual 1.0, 2022

direct impingement onto tissue culture media vs. gas 2. Klein, F., et al,, Indoor Air 2019, 29 (6), 926-942 5. Ayres, 1., et al., Inhal. Toxicol. 2008, 20 (1), 75-99
3. Simonen, P., et al., Atmos. Meas. Tech. 2017, 10 (4), 1519-1537

phase exposure in air lung interface. ) \

7. Challenges
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Background \/ Hypothesis \

Asthma attacks kill three people in the UK each day.

Exposure to pollutants can induce asthma symptoms,
exacerbations and decreases in lung function.

Exposure to particulate matter (PM) during pregnancy
can increase the risk of developing asthma.

Lung epithelial cells and alveolar macrophages work

together and remove inhaled PM. /

* Early life exposure to PM causes innate immune memory
and contributes to asthma.
Initial

exposure
to PM

Epigenetic

. Second
reprogramming

exposure

Figure 1.
".’ ' : ' Trained

/c\ i“i immunity
\ y

Innate response

Objectives

* Objective 1. To use particle sizing instruments for determining the particle size distribution in a liquid sample.

* Objective 2. To assess epithelial and macrophage in-vitro responses to primary and secondary stimulation with PM.
* Objective 3. To examine early life in-vivo responses to aerosol pollutant particles within the lung.

a

Figure 2. In-vitro exposure design

Air liquid N

interface

Objective 2

o>

— Macrophage

* The cells will be exposed to house
dust mite (HDM) to induce asthma.

* The inflammatory cytokines
produced will be checked using ELISA
and QPCR.

* Epigenetic changes in cells will be

Epithelial cells

Lungs

analysed using ATAC sequencing.

Macrophage/
Epithelial cells

N

Figure 3. In-vivo exposure design

Objective 3 \
* Neonatal mice will be exposed to PMs.

* Mice will be exposed to allergens such

as HDM or extract of fungal products
to induce asthma.

Exposure chamber House dust mite

* Lung immune and epithelial cells will
be isolated and analysed using flow
cytometry, immunostaining, and
microscopy.

N
>

Responsible innovation and policy

5 W
\f References \

* Potential to lead to more evidence-informed public health guidelines and more

effective prevention strategies against air pollution in

* Adhesion to the Animal Rights Act of 1986, with Home Office project and personal

licenses.

* Application of the 3Rs principle (Replace, Reduce, Refine) for animal research.

A

relation to childhood asthma

A\ .
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Water splitting
schematics. [1][2]

Hzo? —
0,

1) Thin Films for Water Splitting

Photocatalytic water splitting aims to
sustainably produce hydrogen, a fossil fuel
alternative, from water and sunlight. Thin film
semiconductors facilitate this via redox
catalysis. Surface morphology and crystallinity
of thin film materials can be tuned to increase
their efficacy, stability and absorption range.

Figure 1: Scanning electron microscope images of tantalum oxide
thin films, showing their differing degrees of crystallinity.

2) Aerosol Assisted Chemical Vapour Deposition

¢ Precursor solutions are %
aerosolised and transported
to the reaction chamber

\/

% Decomposition and ) ot s - s

evaporation of side groups ] \Thnm ot (—
generates a thin crystalline “° L —0

film of inorganic materials etz subataty

Fluid flow: gas streamlines through the reactor

¢ Precursor aerosols deposit on
the hot substrate and react

powder by-products

Figures 2, 3 and 4: A TSI 3076 aerosol generator, and
schematics of an AACVD reaction chamber. [3][4]

3) Chemical Precursors (”I)
O

+* Need the correct elements to
make the target thin film. 5*
No need for volatility but

solubility is important R )
a

" ‘y‘ ", - \ B

2 a o 1 OB.__

+* Single source precursors are NT/)\ qu)\
used to guarantee
homogeneous films

Figure 5: Examples of single source AACVD precursors
possessing synergy with applied fields.

4) Directing Effects of Electric and Magnetic Fields

¢ Aerosols are affected by
fields during transport
and thin film synthesis

+¢ Electric fields can direct
charges and align dipoles
on deposition

+*» Magnetic fields can direct
paramagnetic species on
deposition

+¢ Crystallinity can be
increased, and magnetic
domains can be ordered

Figures 6 and 7: Example AACVD schematics configured to use electric
field direction and magnetic field direction.

5) Challenges and Future Work

The work is among the first studies of

electric field AACVD, and there is no
" literature precedent for magnetic field
E AACVD. The introduction of further

variables to an already complex process
means care must be taken to ensure both
repeatability and reliability.

Two or more thin film layers are often
needed for effective water splitting and
B research will be undertaken into stacking
these. A corona discharge source will also
be investigated to further alter aerosol
properties and increase  deposition
efficiency.

[1] J. Zhang, C. Muck-Lichtenfeld and A. Studer, Nature, 2023, 619, 506-513
[4] L. Romero, PhD thesis, Queen Mary University of London, 2013.

[2] R. Marschall, Eur J Inorg Chem, 2021, 2021, 2435-2441 .  [3] TSI Instruments Ltd.
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Responsive aerosol Hydrogels
INCREASING TEMPERATURE
. Aerosols are responsive by nature, which provides an . Initially hydrogels are being used as the test a SOl roere
opportunity to design aerosol to have a desired system to explore aerosol with responsive / \
response to a specified stimuli: properties. >~

Hydrogels are three-dimensional polymeric
networks that have hydrophilic groups

‘ p Composition attached to the polymeric backbone and can
therefore swell to retain large amounts of > LesT
Size water. <LesT

Poly(N-isopropylacrylamide) (pNIPAM) and
Poloxamer-407, both  thermoresponsive Pt
hydrogels (Fig. 1), have been studied in the (hydrophilic) {hydrophobic)
bulk phase and as single droplets.

1
. Z) Rheology
l N

Phase

Refractive - n A~s PNIPAM backbone
‘ S ‘ ifdex - Both polymers exhibit a measurable response H;rj = . amide groups
* 066 to temperature, moving from a solution to gel A\ e isopropyl groups
. . . Poly(N-isopropylacrylamide) N
state as temperature is increased (Flg- 1)- Figure 1—a) Solution to gel transition of P-407 b) Swollen and

collapsed state of pNIPAM below and above the lower critical
solution temperature (LCST). Figure taken from Doberenz et al.

2. Motivation 4. Research Methodology

The ability to design an aerosol BULK PHASE: Poloxamer-407 properties:
to have a required response to . A rheometer was used to measure viscoelastic B Drople Table 1—Surface tensions
its environment has potential properties and a bubble pressure tensiometer : P8l o,/ N |0y /N |y mNm | O Foloxamer-407 iin bulk
L . . R il and droplet phase.
applications in many areas. For was used to measure dynamic surface tension. 0 61.1 425 61.4
example, the aerosol could be DROPLET PHASE: 0 60.1 41.0 60.5
used to report on changes in | | Comparative-kinetic electrodynamic balance will 59.4 40.6 59.2
temperature, pH, or RH in the | |be used to measure the size change of the droplets 0 59.1 40.1 59.3
environment, and they could | Jwith  respect to temperature and RH. 58.1 39.3 58.5
also be designed for controlled Positioning camera  Sizing camera Bulk rheology studies:
release of an APl in aerosol e R
H - : 314000 Strain controlled temperature ramp b55 T,... dependence on concentration
drug delivery. . o
Concentric \ | 12000
levitation l Elastically & 10000 | ¢~ 45
m_ electrodes ' scattered light © 40
35
B B $30

Characterise changes
in an aerosol’s

Shear modulus
N s o 0
S o & 2
S 2 o S
S & & ©

532 nm laser I . | o i
roperties in response Ethylene glycol ~ 15 2 - 30 . " " > o
f pn xternal tl’:n | C‘:"‘);;n:"f')ggp g Laser lock Temperature /°C Concentration / wt%
0 an externa’ SImus contrel Levitated droplet Figure 3- a) Example of a sol-gel transition of 20 wt% Poloxamer 407

using two hydrogel systems. Q exhibited by the extreme increase in storage and loss moduli. G’ is the
storage modulus (elastic component), and G” is the loss modulus (viscous
<= <+—Induction electrodes component). In this case the sol-gel transition temperature is 24.5 °C. b)

Sol-gel transition temperature of poloxamer 407 as a function of

Build a frameV\{ork to Droplet-ondemand concentration. Each data point was found by plotting a strain controlled
o, allow the design of dispensers temperature ramp at varying concentrations.
\—_ aerosol that have a Figure 2—A schematic representation of a CK-EDB from a view looking
- down into the instrument. . .
desired response to Single droplet studies:

Stroboscopic Imaging used to determine the W 1o perature ramp on levitated droplets of poloxamer 407 and
surface tension and viscosity of the droplets phase pNIPAM using the CK-EDB:

from the droplet oscillation frequency and decay,

stimuli.

b 10
Create a model to respectively.
2 0.9
understand how - P¥ m
. — 0.8
changes in the ' 3 n-1)(2l+1)
. & 0.7
environment can be i Tk alpw;?
spect o L@ 0.6
detected from the | | ratio | 1(1-1)(1+2) s
corresponding change in size 2 el 0'4
and rheology of the aerosol Equation 1 and 2- Viscosity and surface tension of the oscillating 0.600 0.602 0,004 0.06 0008 0.610 0.012 0.014 0.016 0.000 0.001 0.002 0.003 0.004 0.00
. i i i (Time / Ro?) / i ¥
and to allow a predlctlon of g:opflreti,drezpictiltvely, iﬁprzssed |;1in:ermfs tcr)]f themdlr;)pcljet ra;dtlrt:s, ’;ah ime /Re? ) /s pm (Time / Ro? ) / s um=2
one from the other e flulds densily, p. the elcay. € of the amplitude of the Figure 4—Normalised evaporation curves at different temperatures measured using
. mode, 1, and the angular oscillation frequency of the /th mode, w. the CK-EDB. a) 2.5 wt% Poloxamer 407 b) 0.2 wt% pNIPAM
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Development of a Novel Single Droplet Mass Spectrometry Approach
to Investigate Interfacial Photochemistry in Aerosol Droplets

i, ) - Supervisors:
Bl University of Dr Br;)an Bzdek

Nathan Croll Dawes =“= BRISTOL Dr Jim Walker

i Why do we need this instrument? i

Sea spray aerosol; effects and composition What sort of instrument is needed?

1.These surface-active organics can have surface
tension lowering effects, altering activation of SSA
which can act as cloud condensation nuclei (CCN) 3

* Large uncertainties in cloud-aerosol interactions on
radiative forcing in our atmosphere presents a need i 3
for an improved understanding of aerosol effects To probe these reactions an instrument that can

isolate the surface and identify the constituent

* Around 70% of the earths surface is covered by ocean molecules is needed

which produces 2000-10000 Tg/yr of sea spray

aerosol (SSA) !

2.Surfactants at the surface can undergo important,
but understudied accelerated photochemical
reactions at the interface when compared to the
bulk4

Mass spectrometry — provides high resolution
approach to detect small concentrations of

organic molecules I

Field induced droplet ionisation (FIDI) — Single
droplet atmospheric ionisation approach that
samples the surface of droplets via a very large
electric field.

e 5-15 Tg/yr of organic material is contained within
this SSA!

3.Reactions with photosensitizers and light along with
gases in the atmosphere including ozone cause
breakdown of organics like palmitic acid into a range
of products with differing properties®

* Two-thirds of the fatty acid content of SSA is palmitic
acid and steric acid 2

S »

-~ :
-
+

Figure 1.
4.The breakdown can affect many properties of SSA

‘:,,— \/ \\,,/ - - *
— Mechanism for
SSA generation . . o ae e e . .
including lifetime, activation and optical properties

1. Perform FIDI on ( Field-induced droplet 1 2. Couple FIDI with
falling droplets ionisation mechanism linear quadrupole
tal

¢ The first step of the instrumen * The second phase consists of coupling

development process is to perform FIDI - the FIDI source to a linear quadrupole
A 49 .
on free falling droplets Q <> - electrodynamic balance (LQ-EDB) to
control the dispensed droplets

* Using larger droplets, ~200um in No Field Field induced Breakdown event
diameter, with reduced surface tension * This will allow the charged droplets to
(<40 mN/m) will be good candidates / Laser \ be trapped and released into the FIDI
for the first attempts Microdroplet [lumination source when required

Dispenser

* This phase of development is (= * During trapping the droplets can be
completed once droplets closer to evaporated to consolidate charge and
80pm in diameter have been reached. Induction move to smaller sizes, also allowing

Electrode photochemical reactions to be

performed

Going smaller requires more control

over the droplet. -

Critical droplet size of a water droplet in air

034 Zoom Camera Breaking 400
Electrode E

— g 3004
& £
3 024 s

< % 200
w § S
ol TOF Mass- FIDI Field g

Spec Generation & 191

L T T ] 0 2 50 75 100

0 5

Q (\1(21:*3» hd » Charge on droplet (% of Rayleigh limit)
Figure 2. The field strength required to ionize the
droplets can be calculated if a few characteristic Figure 3. By increasing the amount of charge on the
parameters are known; Surface tension at the droplet droplets relative to their Rayleigh limit smaller diameters
&terface, radius of droplet, amount of charge on y {nbe ionized. /
droplet ¢
3. Test the surface selectivity of the

\ instrument | o
* It has been demonstrated numerous times that FIDI is surface selective, but it is /\/W\/\/\O‘%‘O' Na*
important to verify this for the smaller droplets being studied here 7-3 ©
Sodium dodecyl sulfate (SDS) — A well studied
* This could be achieved by varying the ratio of two surfactants that are competing for the surfactant that is a strong candidate for testing
surface of the droplet and comparing MS spectra for the droplet bulk and the surface surface selectivity

| 4. Perform experiments using the |
\ FIDI-MS instrument |

Photosensitized reactions of lipids like POPC have been
previously studied via FIDI-MS with great success but on
much bigger droplets, 2mm. This reaction would be
simple to execute and valuable to confirm the oxidation
mechanisms on smaller droplets *

In the future this instrument my have scope to \

Moving forward the photosensitized influence a wide range of fields including:

reaction of palmitic acid would be a great
choice for study due to its atmospheric
relevance along with it being unstudied
in the droplet environment 3

1. Drug encapsulation — Providing vital information
on the composition of the interfaces of droplets
containing drug molecules

N

Typel o, e "2, 0 . Nano particle synthesis — Where droplet surface
PN o N sy e Figure 4. (Left) . Ho £ composition plays a large role in the dried
Photochemical o 1) °HA OH Moreagised proccts : iti
/_{ B oxidation of Hko‘(vk?”ﬁ Y . materlaI:s shape,' structure and composition )
Type Il =N ZaNE I{\I o OpC with %cn, 3. Synthesis chemistry — Where droplets act a micro
N ﬂ_ O o photosensitiser Ho e reactors, accelerating reaction rates (by orders of
M /_@ _ temoporfin Figure 5. (Above) Photosensitized reaction of magnitudes sometimes) compared to
7 T e palmitic acid in the presence of humic acid macroscopic solutions ¢ /
1. B.N.Hendrickson, et al, Front. Mar. Sci., 2021, 7, 596225 4. B.R.Bzdek, et al, Commun Chem, 2020, 3, 105 7. R.L Grimm and J. L. Beauchamp, J. Phys. Chem. B, 2003, 107
2. R.E.Cochran, et al Environ. Sci. Technol., 2016, 50, 2477-2486 5. M. Shrestha, et al, Chem. Sci., 2018, 9, 5716-5723 8. R.L.Grimm and J. L. Beauchamp, J. Phys. Chem. B, 2005, 109
3. ). Ovadnevaite, et al, Nature, 2017, 546, 637-641 6. O.A.Basaran and L. E. Scriven, Phys. Fluids. A-Fluid, 1989, 1 9. C.Mu, et al, Angew Chem Int Ed, 2020, 59



Engineering and
Physical Sciences
Research Council

HYDRA - Hydrogels for Aerosol Capture

James Summers

University of
Hertfordtghire u H

Supervised by Dr Michael Cook, Dr Loic Coudron and Prof. lan Johnston

1. Motivation

Airborne pathogens are a major issue for animal
and plant survival and flourishment." 2

Hence, we need more sensitive, autonomous and
integrated collection and detection methods.
Electrostatic Precipitator (ESP) aerosol samplers
meet the needs given above, but sometimes
suffer from low collection efficiencies.?

Figure 1: A portable electrostatic precipitator aerosol
sampler in development at The University of
Hertfordshire

3. Objectives

. To synthesize a library of acrylate- and
methacrylate-based hydrogels (figure 3, left) that is
diverse with regards to conductivity, charge and
acidity.

. To evaluate the ability of these hydrogels to
capture aerosols and identify the properties that
result in optimal capture.

. To develop a library of sustainable hydrogels (e.g.
saccharide-based hydrogels — figure 3, right) that
are optimised for aerosol capture.

. To develop and evaluate an ESP incorporating a

sustainable hydrogel collection plate (figure 4).
Ry HO
0]
0 OH
\R2

3 OH OH
Figure 3: Chemical structure of acrylate (left, R, =H, R, =
sidegroup), methacrylate (left, R, = Me, R, = sidegroup),

and saccharide (right) monomers.

Charged
®  particles

Corona needles
scharge 2
]

5 H ; Siamogseamie

Figure 4: Proposed structure of portable electrostatic

precipitator aerosol sampler incorporating a novel hydrogel

collection plate.

2. Hypothesis

Inspired by the ability of mucus to capture and sustain
some airborne pathogens,* this project aims to
quantifiably test the hypothesis that hydrogels can be
applied to develop a novel collection plate for an ESP
to:

1. Enhance their collection efficiency.

2. Better protect the sample from factors that would
result in pathogen death, such as osmotic shock.

.
I

Figure 2: Public domain images of persons suffering
from excessive mucus production.

4. Methods

This project aims to develop novel aerosol capture
materials through use of the following main
experimental techniques:

1. Synthesis

a) Photo-initiated free radical polymerisation.
2. Characterisation

a) Infrared Spectroscopy.

b) Solid-state Nuclear Magnetic Resonance
spectroscopy.

c) Oscillatory rheology.
d) Pycnometry.
e) Volumetric analysis.
3. Evaluation of Aerosol Capture Efficiency
a) Fluorescent microscopy.

b) Solid-state Nuclear Magnetic Resonance
spectroscopy.

5. Challenges

1. Determining the best method to evaluate aerosol
capture given that microscopy of aerosol within a
hydrogel substrate may be difficult.

. Determining the optimal conditions inside the
adapted ESP given that the high electrical current
(10 kV) and flow rate (10 L/min) may have
ramifications for hydrogel state and hydration,
respectively.

6. References
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Improving aerosol and spray process computational fluid dynamics models with
machine learning approaches

Oscar Zhang Engineering and
i School of Chemical and Process Engineering, Physical Sciences
UNIVERSITY OF LEEDS University of Leeds, Leeds, LS2 9JT Research Council
Background Spray drying is a technique for transforming Statement of Problem
" Feegmp‘ atomized slurries or solutions into powders.
v € momangees ThIS Process is behind commonly used products Computational fluid dynamics (CFD)
such as: pharmaceuticals, milk powder, models provides detailed information
Heen [ detergent powder, ... for identifying the optimal operating
 Process variables.
ir Heater — . .
. Cydlone ‘ However, the drying models used in the
= o CFD models are semi-empirical. This
N .
Chamber | Valve means they fall short of capturing the
C/ bowder oS actual behaviours of droplets and the
Product H i i i
Figure 1: A schematic diagram of the spray dryer [1] ':f:p“ . iImpact of drylng hlStOfy on partlcle
No particle Shatfered oo characteristics.
. formation Particle olid Farticle
The drying process 1 A Collpse
. Low solids u:n .4 H H
is complex congenteton,  —igh - ? o Objectives
‘Dry Shell’
The characteristics of the g 3\ Py \ PN | Speed-up of single droplet drying models
powders  produced, for i) — Gy Wmeea & O
1 H — i . Internal Bubble .
exam.p|e-, .denSIty.and porOSIty, Initial Droplet Satura[t)ed_ Surface  Crust Formation Nucleation Uninflated Shell |nC|usi0n Of more Comp|ex phase change
are significantly influenced by YO ligh temperature | ;
) . 4 physics
a range of factors, including v l l
the diameter of the spray - - -
drying chamber, air Q Coupll.ng of more .complex single-particle
temperature, air mass flow i drying models into spray dryer CFD
d feed Blistered Particle  Shrivelled Particle Inflaltze:ml:l:ffed models
rate' an ee temperature' Figure 2: Different particle morphology determined by its drying history [2]

Methodology Computational Fluid Dynamics
Physics-Informed Neural Networks CFD model of spray drying
The learning process is to minimize loss Core Model Submodels

function L |

1 Ny Particle tracking |
i L2
MSE, = A Z|ul —u(xy, t{t)|
u “
i=1

L = MSE, + MSE; | Droplet drying model |

Nf

1 i iy]?

MSEp =+ E |f GeF e
/=

| Air flow simulation | | Deposition model |

| Particle interaction |

]
I

| Results |

Figure 4: Hexahedral mesh of a spray dryer [4]
Eulerian-Lagrangian framework is employed in air flow simulations.

Eulerian approach calculates the continuous phase utilizing the Reynolds-averaged

continuity equation and Navier Stokes equations.
Lagrangian approach applies Newton's Law to determine particles trajectories and
Figure 3: The schematic of PINNs [3] VelOCity profiles

Responsible Innovation

- Integration of advanced models into Computational Fluid Dynamics (CFD) models for spray drying, addressing prolonged
computational times due to complex model integration.

- Enabling quicker access to detailed information for scientists and engineers, facilitating the design of superior spray dryers.

- Enhancement of the capability to produce specially engineered particles and troubleshoot operational problems.

[1] M. Winkler, ‘Spray Drying’. Accessed: Apr. 03, 2024. [Online]. Available: https://www.freund-vector.com/technology/spray-drying/

[2] C. S. Handscomb, M. Kraft, and A. E. Bayly, ‘A new model for the drying of droplets containing suspended solids’, Chemical Engineering Science, vol. 64, no. 4, pp. 628-637, Feb. 2009, doi: 10.1016/j.ces.2008.04.051.

[3] Y. Guo, X. Cao, B. Liu, and M. Gao, ‘Solving Partial Differential Equations Using Deep Learning and Physical Constraints’, Applied Sciences, vol. 10, no. 17, Art. no. 17, Jan. 2020, doi: 10.3390/app10175917.

[4] P. W. Longest, D. Farkas, A. Hassan, and M. Hindle, ‘Computational Fluid Dynamics (CFD) Simulations of Spray Drying: Linking Drying Parameters with Experimental Aerosolization Performance’, Pharm Res, vol. 37, no. 6, p. 101, May 2020,
doi: 10.1007/511095-020-02806-y.
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Bioaerosol Background

Bioaerosols, also known as primary
biological aerosol particles (PBAP)
Defined as suspended airborne
particles that are emitted by living
organisms. Contain diverse
microorganisms such as pollen (10-100
um), bacteria (0.2-10 ym), fungal
spores (2-50 pym), viruses (< 0.2 ym),
etc.

Through their extensive involvement in
surface-atmosphere physic-chemical
reactions affect the stability of the
biosphere, climate change, and animal
and human health.

Biodiversity

Cloud
Physics

Agriculture

Bioaerosol

Atmospheric
Chemistry

Allergenic
Particles

Human
Pathogens

Research Motivations /\

Badidat -

IRY.. Y

Crops and different agricultural activities
can be sources of Bioaerosols.

Pollen and other bioaerosols can be
inhaled by human respiratory system,
causing allergic reactions, etc.

Quantitative measurements of 3y

bioaerosol emissions can help
farmers to set exposure standards
and reduce the risk of hay fever.
Also, monitoring bioaerosols for
changes in distribution can guide
land-use policies.

Betula pollen SEM photo. From
https://www.paldat.org/search/genus/Betula

Challenges

Challengs in this experiment centred on methodological uncertainties, instrument
construction and meteorological conditions:

+ Low pollen and fungal spores concentration in the air >>> may not satisfy the
resolution criteria for flux measurements.

» Expensive detect sensors.

+ Varying atmospheric conditions, near-surface turbulence, etc., affecting data collection.

Aims

1. Determination of bioaerosol emission fluxes from agricultural crops using the
Gradient-Flux and eddy-covariance methodology.

2. Measurement of the concentration of bioaerosols that may be generated during
different agricultural activities as well as natural emissions during the growing
seasonal.

3. Combining upon points, assessment of the accuracy of bioaerosol emissions will be
conducted based on different meteorological case studies using the collected data.

Flux Calculation Theory

Aerosol flux measurements consist of two main methods, the Flux-Gradient measurement and Eddy Covariance measurement.

=

Al

Swisens Poleno: Real time, speciated pollen
concentration measurements. Using UV-LIF and
holography camera to classification pollen species.

measurement.
UV-LIF technology.

DMT WIBS-NEO: real-time, single particle

Flux-Gradient technique is a bottom-up measurement. Two aerosol monitoring The eddy-covariance method is the direct way to measure the turbulent fluxes of momentum,
instruments are fixed at two different heights. Equations below: temperature, trace gases, and particles between the land surface and the atmosphere.
Z\—05
AC (1 - 15—) L<O0 —
=-K— L E =wc
F K Az R o
(1 + SZ) L>0
By combining 3D sonic anemometers and pollen detect sensor, can calculate F, through tools such as
K Zp U _ X
K= — u3T software EddyPro, Version7.
L=-—
kgw'T'
Instruments

Plair Rapid-E+: Real time, single particle
measurement.
Sigma-2 inlet; UV-LIF technology; GPU acceleration.

Ragweed 1

Research Innovations

P (AL)

For aerosol measurement fields, the real-time, high-temporal-
resolution device allows capture of aerosol release processes in

alnus

shorter time intervals. Bioaerosol identification of single particles s

Purmall 1

is possible with UV-LIF technology(analysis of fluorescence
spectra of bioaerosols ). It can provide insights into previously
poorly understood phenomena, such as wind—stamen
interactions and the forces delivering pollen grains into airflows
including rainfall events that generate sub PM2.5 pollen

5

Concentration (grains/m3)

=

2

0 | -
1

3

5 8 9 10 11 12

Month

fragments and enhance certain fungal spore emissions.

wavelengths.

An example of bioaerosols fluorescence response under different

3
After capture pollen emission we can draw plots like this to predict pollen seasons and
provide guidance for farmers and other allergic group.
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What Are Radioactive Aerosols?

—/

Sources of Radioactive Aerosols'2

Properties of Radioactive Aerosols!*

Wall-Bounded Turbulent Flow4

Wall-bounded turbulent flow is characterised by
chaotic motion and the formation of eddies of many

Number Radiogenic Self-

Aerosols Concentration Charging May 3 ;
Containing May Exceed Affect different length scales, and depends upon the ratio of
Material Large 107 particles Electrophoresis inertial to viscous forces. It may be found in:
U":9f8°i"3 Variations in em®
R . Radioactive Morphology Triboelectric
L;scle-\rbfuttmg 8{-\cud‘;ents Decay Aﬁ"’?‘;‘i Pipe Bends
ation Incidents ected By
Radiogenic & Corners
Self-Charging
Size Range of .
<0.1to >100 WEES Merging or
um Concentration | . . .
Can Exceed | Diverging Pipes
. 100 g/m? Radiogenic
Droplet Resuspensmn Composition Self-Heating
Dispersion of Irradiated Material Dependent May Affect Narrowing or

Upon Origin

Thermophoresis

Expanding Pipes

[ Why Study Radioactive Aerosols?

—

‘Evaluating the fate of these particles after their emission is one of the... key issues for these dismantling operations’
Dr. Thomas Gelain, Institut De Radioprotection Et De Siireté Nucléaire (IRSN)S

Modelling is full of assumptions such as: spherical
particles; absence of collision and coalescence
mechanics; and the absence of electric fields.
Consolidating, cataloguing, and combining data and
techniques from various industries and disciplines may
lead to a new understanding of the microphysics of
radioactive aerosols in wall-bounded turbulent flow, and
allow for new large-scale correlations to be discovered.

Reducing the inherent risks
of nuclear decommissioning
activities by allowing safe
exposure times, distances,
and appropriate levels of
shielding to be predicted.

Assisting the use of robotic
and Al technologies to solve
challenges faced by the
nuclear industry; for
example, identifying
radioactive ‘hot spots’
where human access may
be impossible.

Fig. 1. In April 2022, the robot Lyra completed a survey of
a 140m long radioactive ventilation duct below a disused
laboratory at the Dounreay nuclear complex®.

(

L

How To Study Radioactive Aerosols?

]
)

Objectives

1. Create a small-scale Lagrangian model of the transport, deposition mechanics, and coupled physics of
individual radioactive particles in wall-bounded turbulent flow.

Create a large-scale Eulerian model of the transport and deposition mechanics of a concentration of
radioactive particles undergoing wall-bounded turbulent flow.

Apply reduced order modelling to the large-scale Eulerian model to decrease its’ computational cost.
Validate approaches used to reduce computational cost across the stages of the project as modelling
takes place.

w

Methodology

Computational Fluid Dynamics®
Computational Fluid Dynamics (CFD) provides a virtual laboratory in which problems involving fluid flows
(e.g. aerosols transported through air) are solved using numerical analysis and data structures.
Lagrangian Modelling?
In the Lagrangian approach, the equations of motion of each individual particle are solved by the addition of
all of the forces acting upon the particle, according to Newton’s 2" Law, ), F = m%.
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Fig.2. Adapted from Gu et al. A. An example of a computational domain used to model wall-bounded turbulent flow.
B. The simulated distribution of particles in the x-y plane at t=0, 10, and 20s respectively3.

Methodology (Cont.)

Eulerian Modelling!
In the Eulerian approach, the particulate mass conservation equation is solved, as opposed to solving
equations of motion for individual particles. This can be expressed as the Aerosol General Dynamic Equation
(ADGE).

The Aerosol General Dynamic Equation®
The aerosol general dynamic equation describes the conservation of particulate mass and is given by
{ Rate of } _ {Transfer of } I { Rate of }
Change indV) — n; into dV/ Generation in dV)’
where n; is the concentration of all aerosol particle n of species i in volume dV.
Reduced Order Modelling”-1*

By reducing the degrees of freedom found within the original model, we can reduce the computational
complexity of mathematical models. In this way, an approximation to the original (‘full-order’) model is
created.

Numerous approaches have been used in other fields of study, such as in the modelling of coal and of
haemodynamics, which could be adapted to this context, such as using look up tables to store key values,
employing structured-tree models, and director theory.

¢ g ~N
£°5C {(\

r—

Fig.3. A schematic representation of a balance law in
avolume dv 12,

Fig.4. Adapted from Guichard and Belut. The computed local deposition
rate of the CuO aerosol, given as an example of the desired use of CFD to
identify the ‘hot spots’ of radioactive aerosol deposition!3.

[ How Will | Study Radioactive Aerosols? ]

Objectives

¢ The phenomena to be studied are of a multi-scale nature. The

periods of time and dimensions of space to study within the
remit of this project range from seconds to hours, and the size of
models to be produced may vary from centimetres through
metres to kilometres of pipe networks.
* Modelling the wide range of morphologies of radioactive
aerosols and their varying size, volume, surface area, and mass
distributions will prove challenging.

Literature Microscale
Review Modelling

Proposed Timeline of Research

Responsible Innovation

Desired Outcomes
Inform Pipe

Q Network Design
h ) Industrial-Academic

( @ Knowledge Transfer
P

Macroscale Reduce r
Model Modelling

« Radioactive aerosols are often modelled as spheres of * The nuclear industry operates on long time scales; if the project is successful, the

equivalent: surface area; volume; mass; or other parameters. knowledge produced may be in use or development for decades.
Determ!nlng which equlval(::nt sphere_models have been used in * Unintended applications of radioactive aerosol modelling may be used to cause Cardiovascular
comparing models to experimental evidence by whom, and why, harm. .

will be a key outcome of the literature review. « Computational modelling of the cardiovascular system has been integrated into MOde"mg Crossover
products for the clinical market. The feasibility and likelihood of this project
leading to a commercial product or service is unknown at this stage of the project.
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Background

Exhaled breath (EB) carries diagnostic biomarkers, which are
biological indicators of infection and disease.

Microfluidics is the science of miniscule volumes of fluid and its
manipulation and the study of its behaviour.

Digital Microfluidics (DMF) technology involves the
manipulation of an ultra-small droplet on an array of
microelectrodes.

A lab-on-a-chip (LOC) device combines laboratory tests, such
as blood analysis, ELISA assays and DNA amplification, all on
a single miniature chip.

Digital microfluidic multiplex LOC detection of lung disease
biomarkers from EB can be carried out noninvasively and
painlessly at point-of-care by the use of EB collection devices.

Figure 1: A digital microfluidic system (Berthier, 2018). Figure 2: A multiplex lab-on-a-chip device (Maxwell, 2016).

Motivation and Aim

British Lung Foundation/Asthma UK states that ‘lung
diseases are responsible for more than 700,000 hospital
admissions and over 6 million inpatient bed-days in the UK
each year’ and that ‘'somebody dies from lung disease in the
UK every 5 minutes’ (British Lung Foundation, 2017).

‘It is thought that approximately 10% of the population have a
needle phobia’ (NHS Foundation Trust University Hospital
Southampton, 2018). Therefore more non-invasive testing
and diagnostic devices are necessary.

At the end of this project, the goal is to have developed a
fully automated multiplexed DMF system with bioprinted
detection sites that can detect lung disease biomarkers at a
low cost and at point-of-care. Beyond contributing to the
progress of DMF technology in diagnostics, the project's
results hold the potential for broader applications in fields

(a)

Figure 3: Geometries made using Tinkercad: (a) scaffold, (b) pillar, (c) droplet.

2. Selecting the most appropriate ink

e To create the individual biosensing structures, a
combination of printing methods including inkjet printing and
extrusion 3D-bioprinting will be investigated.

Inks will be initially selected based on their mechanical and
rheological properties, wettability, printability, and of course
their known compatibility with antibodies.

The investigation will then consider two different avenues
for functionalisation of the printed structure: (a) embedding
antibodies within the ink itself or (b) using a post-
functionalisation step of the pre-printed structure.

Inks currently being investigated include: SU8, Mebiol and
Gelatin Photogel.

3. Finding suitable geometric structures

Inks can be printed in many different shapes and designs
such as a pillar, a scaffold, a droplet shape, or simply a
standard 2D spot.

The geometry of the structure will affect its functionality,
trapping and cleaning efficiencies.

Fundamentally, the droplet must be able to detach from the
structure. It is anticipated that droplet detachment will be
correlated with the structure-to-electrode size ratio (area
occupied by the structure footprint compared to the area of the

electrode on the EWOD plate.

Geometries will be coded using G-Code.

(b) ()

5. Selecting appropriate immunoassays

Table 2 - Standard assays for chosen biomarkers, their detection
assays and specificities.

such as agriculture and air quality monitoring. Biomarker Standard Detection Sensitivity Range
Assay method
Obiectives 8-isoprostane ELISA Colorimetric 1 pg/ml 0.005 ng/ml
-5 ng/ml
1. Biomarker selection IL-6 ELISA Colorimetric <2 pg/ml 6.25 pg/ml —
2. Selecting the most appropriate ink composition _ 200pg/mi
L. . a q q LB4 ELISA Colorimetric 5.63 pg/ml 11.7 pg/ml —
3. Finding suitable geometric structures for separation sites on 3000 pg/ml
employing total extraction DMF approach . .
4. Selecting appropriate immunoassays for separation and 4. Creating artificial exhaled breath condensate
detection e Exhaled breath is composed of approximately 78% nitrogen, 16%
5. Creating artificial exhaled breath condensate oxygen, 4% carbon dioxide and 0.09% noble gases such as Argon,

1. Biomarker selection

Table 1- Expected concentrations of chosen disease biomarkers C

8-isoprostane IL-6 LB4

Control 7-64.23 pg/ml 1.5-5.1 pg/ml 7.9-53.6
pg/ml

Asthma 30.9-54.1 pg/ml 71+11pgml | 889+109 |°
pg/ml

Chronic 40 + 3.1 pg/ml 8.0 £ 0.1 pg/ml 73.5-170.5

obstructive pg/ml

pulmonary

disease

Cystic fibrosis 42.7 pg/ml 8.7 £ 0.4 pg/ml N/A

Non-small cell N/A 9.3-11.4 pg/ml 24.2-61.5

lung cancer pg/mi

while the rest is made up of water vapour and over 3500 volatile
organic compounds (Johnson, 2018).

Would comprise of realistic ratios of the main components of exhaled
breath in liquid form, salts, a buffer to ensure the stability of pH
alongside, reported contaminants that are found in EBC samples and
the chosen biomarkers.

The components of the artificial exhaled breath will be mixed
manuallv.
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1. Introduction
Airborne microplastics are particles of plastic >5mm that can be suspended in the air and have been ay
detected in a range of environments from ~50n M-3 in mountaintops to ~9000n M3 in urban : - e
apartment building. (Liao et al., 2021) I / \\ “ fumace
. . . . . . . . . . JUUW
Historically airborne microplastics analyses have relied on visual identification and spectroscopy - :
techniques such as Microscopy and Raman. However, these methods are generally: Slow, Difficult, e 3 7
Easily Biased, and Non-Quantitative, mainly producing particle counts instead of mass concentrations. Y oder e
secondary “' oo

Pyrolysis 2-Dimensional Gas Chromatography Mass Spectrometry could help address some of these ||, —

limitations. pyrolysis allows for the direct analysis of plastics by breaking polymers into smaller

volatile marker compounds and providing a quantification of the actual polymer mass.

2-dimensional GC provides strong separation useful in complex mixtures like airborne particulate

matter. (Milani et al., 2023)
An example case study using Py-GCMS to quantify PVC in PM, g samples collected at an urban
background site (Honour Oak Park, London) is provided here.

Spectrometer jets  jets

Figure 1: Diagram of the basic of a 2-dl I Pyrolysis Gas instrument
showing details of the modulator set-up and the effect of 2-dimensional separation. (created with
Biorender)

2. Methods 3. Results

Fluorene (mfz:166)

= 240407+ 02405 R =0980)

06 0 1 12 14 il 18

Indene (m/z:116)

y= 7866407+ 802405 R =0.996)

Pyrolysis conditions: 0
S Three markers of PVC L e
I GRS | were compared for s
Pyrolysis Temp. 650°C . T . [ leral
T T suitability (see Figure 2). |
1st column HP5SMS(Agilent), 30m x 0.25mm, 0.25um
2nd column RXII7MS(RESTEK), 0.62m x 0.25mm, 0.25um [
— 50°C @ min) — [10°Clonin] — 250°C (0 mi) All three show strong D ‘
en termp. [20°C/min] — 300°C (15 min) linearity R2>0.98. ) © Y
Inj. Temp. 300°C
Inj. Mode. Split flow (50:1) " A
Carrier Gas Helium Both Fluorene and ol
Column flow 1.4mL/min -
Modulation period 3s N_aphthalen_e ShOW g w:
MS conditions higher confidence s
Emission current: 1.0mA . i [
Tonizati Ton source temperature: 250°C |nterVa|S and worse i
onetion Electron energy: 70.0¢V linearity than Indene. 1
Transferline heater Temperature: 300°C 02 4
m/z range 40 - 600
m%s\s conditions used to analyse standards and samples gathered in this case study. ThlS SuggeStS |ndene is 2:1(:“
S the most specific and )
Samples were analysed by injection of P 51
o . : stable marker. However,
33.3% of collected filters in 4mm punches the factors infl ) I
. , e factors influencin
as detailed in Levermore et al’s protocol Ker f i 9 sl
. . . marker formation
(submitted). With a Thermal desorption x

Naphthalene (m/z:128)

§=8.290407 x + 1 BAex07 (R =0.987)

X Naphthalene

complicated and difficult o ‘

300°C) ste ior to pyrolysis
( ) step prior to pyrolysi to fully determine.

Quantification was performed using an

external calibration prepared from a Using Indene as a quantification marker
commercially available 12 polymer masses of PVC were determined and
standard mix. used to calculate mass concentrations.
The calibration standard was
homogenised and diluted using a cryomill ST Mi::‘;;e(:;\’c onuieted e 0)
to improve reliability and lower the Week 1 Wed 149.84 18.40
achievable calibration range to 165.47- "‘x:'e‘kllT::“ ‘Z‘igiz zgz;
1666.81ng. Week 2 Thur 171:90 21:10
Honour Oak Park air quality monitoring site.
These are somewhat consistent with a
recent study by Chen et al., 2024, which
measured the concentration of PVC in
EMPOWERING RESULTS PM, 5 as being between 0 and 1800ng M3
with an average of 500ng M-3
EPSRC Centre for However, This study was performed on a
Doctoral Training *i universit in Sh hai which
y campus in Shanghai which may

in Aerosol Science ) . ) )
P > explain the higher plastic concentration.

PYC Mass (ug)

Figure 2: Averaged PVC calibration curves calculated from triplicate 6-point calibrations using the markers: Fluorene (m/2:166), Indene (m/z:116) and Naphthalene
(m/2:128). Highlighted regions indicate 95% confidence (darker shading) and prediction (lighter shading) intervals.

%PVC contribution to total
PM, s concentration:

0.4-
2%

This observed level of PVC is quite
significant for an urban background site,
which supports the hypothesis that
microplastics are ubiquitous throughout
urban air environments.

Liao, Z. et al. Airborne microplastics in indoor and outdoor environments of a coastal city in Eastern China. J Hazard Mater 417, 126007 (2021).

Im perlal COI Iege London References: Milani, N. B. L., van Gilst, E., Pirok, B. W. J. & Schoenmakers, P. J. Comprehensive two-dimensional gas chr y— A discussion on recent i ions. J Sep Sci 46,

2300304 (2023).

Chen, Y. et al. Quantification and Characterization of Fine Plastic Particles as Considerable Components in Atmospheric Fine Particles. Environ Sci Technol 58, 4691-4703

imperial.ac.uk (2024)
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Background

o Cloud droplet probes typically use forward-scattered light (from a laser)
to measure cloud droplet size distribution.

o Backscattered light could provide means for a more practical
measurement technique that (doesn’t require a detector in front of the
laser and) could be more easily used on non-specialist platforms e.g.
commercial jets.

o Research Aim: Investigate feasibility of using backscattered light for
accurate cloud droplet size distribution measurement.

Backscattered
light

—— 2um
10 um
—— 50um

270°

‘Phase’ diagram for spherical water droplets — Scattered light
intensity (differential scattering cross-section) over polar angle of an
unpolarized 550nm beam (incident at 0°), spherical droplets scatter

light symmetrically about the azimuth angle relative to the
scattering plane.

Method

o Amodel has been developed to produce droplet scattering ‘response
curves’, for a collection optic displaced from an incident beam by a polar
angle and will be used to inform optimum backscattering arrangements.

o Anoptical assembly is being developed to measure backscattered light
experimentally and assess arrangements for droplet measurement.

o The assembly will consist of a laser source(s) directed at a scattering
target and photodetector(s) that can be adjusted to assess different
arrangements and parameters.

(L) Backscatter Cloud Probe (BCP) beam profile - The BCP is an existing
backscatter instrument, but is limited for quantitative measurement [1]; variation of
beam intensity within the sample area is one source of uncertainty.

(C) Beam profile produced by a spatial filter - A more confined and uniformly
intense laser beam profile could help improve backscatter size measurement.
(R) Spatial filter and laser source — A spatial filter consists of three stages; an
aspheric lens, a pinhole and a collimating (plano-convex) lens.

(Color maps to a linear intensity scale of greyscale pixel value from black to white)

FSSP response curve
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Forward Scattering Spectrometer Probe (FSSP) response curve —
The FSSP collects forward scattered light from a 632.8nm red laser
between 4.6 and 12.8° polar angles using an annular photodetector
and has been widely used in cloud droplet research; the instrument
response curve used to measure droplet size is replicated by the
model [3], (the model is implemented in Python and uses the Python
module scattnlay to calculate scattering amplitudes [4]).

Response curves for backscatter angles 145-155°
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Backscattered light response curve — backscattered cross-section
against droplet size, collected by an optic offset from the incident
beam (0°) between 145 and 155° polar angles in red and blue
wavelengths; non-monotonicity presents an uncertainty in the
mapping of roughly £2.5um.

Next Research

o A‘clean’ spatially filtered laser beam could help define the sample
area and reduce uncertainty due to varying beam intensity, which
remains a challenge in single-droplet cloud spectrometers [2].

o Use of multiple wavelengths (sources) or detectors may also help
define the sample area and reduce measurement uncertainty.

o Backscatter arrangements are being investigated experimentally
that could be suitable for a compact instrument module.

[1] Beswick, K., et al. "The backscatter cloud probe-a compact low-profile autonomous optical spectrometer." Atmospheric measurement techniques 7.5 (2014): 1443-1457.
[2] Lance, Sara, et al. "Water droplet calibration of the Cloud Droplet Probe (CDP) and in-flight performance in liquid, ice and mixed-phase clouds during ARCPAC." Atmospheric Measurement Techniques 3.6 (2010): 1683-1706.
[3] Dye, James E., and Darrel Baumgardner. "Evaluation of the forward scattering spectrometer probe. Part I: Electronic and optical studies." Journal of Atmospheric and Oceanic Technology 1.4 (1984): 329-344.
[4] K. Ladutenko, U. Pal, A. Rivera and O. Pefia-Rodriguez, "Mie calculation of electromagnetic near-field for a multilayered sphere," Computer Physics Communications, vol. 214, May 2017, pp. 225-230.
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The Impacts of Phase Separation and Particle Shape on Aerosol Optical
Properties

By Ruaridh Davidson
University of Bristol

e Aerosols in the atmosphere are known to regulate global climate through radiative forcing.

*  The extent of this is poorly understood resulting in large uncertainties in climate models.

*  Adeep understanding of the optical properties of aerosols with diverse shapes and those of multiphase
composition remains elusive.

¢ Understanding these optical properties can allow us to infer the physical properties, allowing refinement of climate
models.

e Applications out with environmental science, such as investigation of multiphase bio-aerosol to understand disease
transmissions.

* UV based sterilisation devices may also be designed to eliminate airborne pathogens in the environment at a high
level of disinfection should their interaction with light be better understood.

*  The development of innovative approaches like this to counteract quickly evolving superbugs is needed, where
pathogens are becoming resistant to the standard chemical approach.

e Provide seeds
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Figure 1 describing the direct and indirect effect of

radiative forcing.
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Figure 2 by Archer, Kolwas et al. 2019[1] illustrating the components of a L1 1 ¢: speed of light Figure 4 showing p/otf gene.rated in Mie;.JIot. The Ieft—handside:
quadrupole electrodynamic balance. Uy = — | = —— L: distance between the two reflective mirrorg. show; a polar p/(.’t of intensity vs Smn,‘e”f’g angle (phusefunct/on).
ext i . A The right-hand side shows the refractive index(imaginary) vs the
C\T To I: cavity length occupied by the sample

absorbance efficiency (Qabs).
Figure 3 by Cotterall, Knight et al[2] showing a diagram of a SP-CRD
. spectrometer. Equation on how to calculate the extinction co-

The tra pa ppl iesa DC voltage above and below efficient from cavity ring down measurements.

generating a static electric field.

* Insufficient to hold levitated particles in place * Two highly reflective mirrors flank optical cavity » “Wet lab” techniques such as SP-CRDS will be
to allow for precise measurements. resulting in constructive interference. used to retrieve the extinction cross sections

* Quadrupoles apply AC voltage to generate an * Light leaks out the back mirror, of which the and particle size may be retrieved using
oscillating electric field. intensity decays at an exponential rate. angularly resolved elastic light scattering.

* This field can respond to changes in the * Referred to as the ring down time. + Complementary Mieplot software can then be
position of the particle in space, keeping the * Difference in ring down time of empty cavity used to retrieve phase state and particle shape.

particle still in accordance with newtons and that with sample gives the above
second law. relationship.

* T-Matrix add on may be used for non-spherical
particles (solids).

Atmospherically relevant aerosol particle

with core shell morphology. Refractive Index m @ ik

Organic

Inorganic Phase
Phase ™

¢ Where n is the real refractive index, and ik is the
imaginary refractive index, measuring the attenuation
of light by absorption.

¢ The real part refers to the speed of light in a vacuum
over that in a medium, such as an aerosol droplet.

5 !

1) Archer, J., et al. (2019). "Sodium dodecyl sulfate microaggregates with diversely developed surfaces: Formation from free microdroplets of colloidal suspension." The European Physical
Journal Plus 134.

2) Cotterell, M. ., et al. (2022). "Accurate Measurement of the Optical Properties of Single Aerosol Particles Using Cavity Ring-Down Spectroscopy.” The Journal of Physical Chemistry A
126(17): 2619-2631

Figure 5 showing the core shell morphology adopted by many composite
aerosols with both an organic and inorganic component.

Figure 6. Unit cells of atmospherically relevant salts. NaCl(top) and
ammonium sulphate(bottom)

3) Brunamonti, S., et al. (2015). "Redistribution of black carbon in aerosol particles undergoing liquid-liquid phase separation." Geophysical Research Letters 42(7): 2532-2539
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Introduction

This project investigates the photobleaching kinetics of individual
aerosol particles in the size range of 1-10 um using a linear
electrodynamic quadruple (LEQ) trap combined with cavity ring-
down spectroscopy (CRDS), where the effects of particle size,
viscosity, chemical composition and wavelength of illumination will
be explored.

Background

Size dependent photochemistry:

L B L I L B B B B B B

0.10 o
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L Polarization
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Propagation

o =~ mw s o

Propagation

Figure 1 - (a) Inverse first half-lives as a function of the droplet radius for a
laser power of 1 mW. Distribution of the light intensity inside droplets at
t=0s for (b) a 0.5 um droplet and (c) a 20 nm droplet. The colour scheme is
relative to an incident light intensity of 1. Figure is adapted from Ref.1

Droplets vapour pressure:

* Droplet vapour pressures, p, can be obtained by fitting the

Maxwell equation to the time-dependent radius data.

da* _ 2D;Mp

dr RpT

™

D; = the gas diffusion coefficient of
species i in the surrounding phase j

a = particle radius

Radius-Squared/m?

M, = molecular weight

p = density

000 £ Toooo

w000 w00
Time/s T = temperature at droplet surface

Figure 2—Time dependent radius change.
Interaction of aerosols with light :

e extinction cross section (gext): quantifies how much power is
removed from the incident light.

* Oext is a combination of the scattering cross sections (osca) and
absorption cross sections (Gabs).

* The extinction cross section can be measured by many
spectroscopic techniques, e.g. cavity ring-down spectroscopy
(CRDS) .

L= length of optical cavity

w = beam waist at the cavity center
Lnw? 1 1 v

Oext = — = —

c = speed of light
2c 1 T

t=ring down time

t, = ring down time for empty cavity

Methodology

Vac | phase shift: 180°
Vac 1P

— “|photodiode|

k]
Gaussian beam Eces 78 88 98 108
illumination Scattering Angle / °

Figure 3 — (a) Schematic of CRDS and quadrupole electrodynamic trap. (b)
Phase function of a single particle. Figure is adapted from Ref.2

e CRDS accurately measures the extinction cross-section of single
particle, which indicates the chemical composition. And phase
function measures the evolving size.

Results
Measurements on 1,2,6-hexanetriol:
16
n=1.4920
14 OH
- How
= OH
E o 1,2,6-hexanetriol
&g
v *  Non-absorbing at 405nm
6 * Relative low volatility

4
800 900 1000 1100 1200 1300 1400 1500
Radius / nm

Figure 4 — Extinction cross-section measurement of 1,2,6-Hexanetriol as a
function of particle radius. The red line shows the Mie theory prediction.

Rl and vapour pressure of Hexaehylene glycol:
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Figure 5 — Saturation vapor pressures vs. temperature of hexaethylene
glycol®. The red square marked the experiment point.
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Contrail Overview

Contrails are line shaped clouds formed from ice crystals. The distribution of contrail
coverage is sensitively dependent on ambient conditions, seasonal effects, fuel and

aircraft properties. [1] 4

Heterogeneous ‘%" w Homogeneous 4}-:
b Nucleation Freezing '
A RH=RH, * T~235K *
Exhaust aerosols & Activated Ice Crystal
ambient aerosols Droplets Nucleation
Fig 1. Schematic of contrail formation Contrail Cirrus
Contrails form - plume conditions C0o2 —
exceed water saturation. NOx
Contrail persists > ambient air ice
p 0 50 100

Problem Statement

This project aims to measure the process of
condensation onto nanoparticles, to better understand
the relationship between the activation of emissions and
the characteristics of AIC formed. Data collected will be
used to address the current limitations of contrail models.

Specific Research objectives include:

Produce and characterise nvPM and vPM (both
externally and internally mixed)

Activation measurements using CPC-based approach
Parameterise the hygroscopicity of particles
Implement the experimental data into models to
assess how aviation climate impacts are impacted by
uncertainty in emissions properties.

supersaturated.
Persistent contrails can spread to
form contrail-cirrus. [2]

Fig 2. Aviation EFR adapted from Kércher et al. [3]

Effective Radiative Forcing (mW m-2) . .
warming mit

igation efforts.

Short life-time of contrails makes them ideal for global

k -Kohler Hygroscopicity

In 2007 Petter and Kreidenweis introduced a
hygroscopicity parameter k, which relates the
uptake of water volume to a particles water activity.
K is determined experimentally by fitting CCN
activity. [4]

Particle Type K Ref
Pure soot 0 [3]
nvPM
Coated soot particles 0.005 [3]
Sulfuric acid >0.6 [3]
vPM Lubrication oil 0 [1]
Organic Compounds 0.0-0.5  [5]

Fig 3. k values of different particle types

Proposed Experimental Method
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3. The number concentration will be obtained by a

Fig 4. Schematic of proposed experimental set-up to parameterise hygroscopicity

1. Anaerosol source will be obtained by a diffusion flame combustor [6]
2. The polydisperse aerosol will be size selected by a H-TDMA

mini-CPC [7]

Parameterised
hygroscopicity will be
used as input for the
CoCIP model [2]

Policy Implications

In November 2023, supported by up to £1m of
grant funding from the government Virgin
Atlantic's Flight100 became the first commercial
airliner to cross the Atlantic using 100% SAF.

By 2025, five commercial scale SAF facilities
should be under construction in UK with £53m of
funding between nine sustainable initiatives.

By 2030, 10% of all jet fuel in flights taking off
from the UK to come from SAF. [8]

Mini-CPC

Low- cost optical particle counters
(OPCs) normally detect particles
with diameters d,,> 300 nm.
Ultrafine particles common in
exhaust and present in contrail

other activation techniques e.g
PINE chamber. [1]

Cooling
Peltier

\H[

Heater

~ @l
plumes d),< 100 nm. Using the mini- Atla;lc;stol |l = i"*W Il
CPC diameter d;;,=10 nmcanbe \g;\ — 'H‘ S
detected. [7] (airflow + T aill
particles) ae Wet wick
This device will be compared to ~ cut p\@

Fig 5. Schematic of mini-CPC device taken from Balendra et a/. [6]
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