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Investigation of organic aerosol during high pollution events in Beijing
William J. Dixon; Rachel E. Dunmore; Freya A. Squires; Andrew R. Rickard and Jacqueline F. Hamilton
Wolfson Atmospheric Chemistry Laboratories, University of York, York, YO10 5DQ, UK
Summary
Recent news has highlighted the extent of aerosol pollution globally; cities with populations of millions are
particularly at risk from high pollution events, leading to an increased risk of detrimental health effects. This study
examines the organic aerosol from a winter campaign in Beijing using hourly filter samples analysed by UPLC
coupled with high-resolution orbitrap MS and automated identification against a compound database. The aim of
this study is to investigate the evolution of aerosol compounds in more detail; analysing co-variance of compounds
with common tracer compounds and gas-phase measurements to establish source apportionment.
Introduction
Air pollution, particularly from particulate matter (PM), has detrimental effects on human health. PM of 2.5
microns or less (PM2.5) in diameter has been linked to cardio-respiratory disease and cancer1,2. Beijing has been
classified as a Mega-city and has a population of over 20 million; recent news has brought to light the scale of
pollution in Beijing. Official estimates of PM2.5 are 86 µg m-3 annually3. The organic fraction of the aerosol has
multiple sources, leading to a very complex mixture of compounds. Knowing the composition of the aerosol
allows sources to be traced and recommendation can be made on how to improve the air quality of Beijing and
improve the health of the population.
Experimental methods
In this study, we examine the composition of organic aerosol from the winter of 2016 in Beijing using an extensive
database built from literature and known tracer compounds from chamber experiments. A high throughput method
of UHPLC and orbitrap high resolution mass spectrometry was used to integrate peaks from the chromatograms
and compared against the library to identify compounds. An automated program written in R is used to produce
time series of each of these compounds, quantify commonly observed compounds (such as nitro-aromatics and
organosulfates) and produce common aerosol metrics to visualise the broader composition. The combination of
this high through-put analysis along with automated data processing drastically reduces analysis times.
Results
127 filter samples were collected, including high time-resolution sampling (hourly) to highlight finer details in
the evolution of the aerosol mass. 643 compounds from the library were found present in the filter samples;
ranging from C2 to C22 and containing between 1 and 13 oxygens. A significant proportion of the aerosol was
observed to be from organosulfates and nitro-aromatics. Modern data mining and statistical analysis will be used
to identify patterns and begin to outline source apportionment through co-variance comparison with tracer
compounds, gas-phase measurements and particle measurements.
References
1

R. A. Rohde and R. A. Muller, PLoS One, 2015, 10, 1–14.

2

C. Arden Pope III and D. W. Dockery, J. Air Waste Manage. Assoc., 2006, 56, 1368–1380.

3

X. Zhou, Z. Cao, Y. Ma, L. Wang, R. Wu and W. Wang, Chemosphere, 2016, 144, 518–526.

1

Probing the Microphysical Properties of Single SOA (Secondary Organic Aerosol) Particles
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Summary
The characterisation of the microphysical properties of secondary organic aerosols (SOA) is key to improve our knowledge of their
dynamic behaviour in the atmosphere and their effects on climate, as well as to refine their representation in atmospheric models. In
this work, an electrodynamic balance was used to confine individual α-pinene SOA particles, allowing the characterisation of their
equilibrium hygroscopic response, optical properties and kinetics of gas-particle partitioning of water and SVOCs.
Introduction
Secondary organic aerosols (SOA) from the atmospheric processing of volatile organic compounds (VOCs) can account for a
substantial fraction of the overall mass of atmospheric aerosols.[1] The current understanding of the role of SOA in atmospheric
processes such as cloud droplet formation and their interaction with solar radiation can be significantly improved by constraining
some of the physicochemical properties of SOA, such as hygroscopicity, gas-particle partitioning kinetics of water and semivolatiles,
viscosity, heterogeneous chemistry and optical properties. In this work, we investigated some of these dynamic properties of α-pinene
SOA single particles confined within an electrodynamic balance (EDB).
Experimental Methods
SOA was formed from the ozonolysis of α-pinene in a flow reactor (300 L polyvinyl fluoride bag, controlled VOC, NOx, O3
concentrations and RH, University of York). SOA particles were sampled with an electrical low pressure impactor and extracted for
offline analysis (1:1 vol., water-ethanol mixture). The dynamic behaviour of SOA is observed using an EDB (University of Bristol),
where single aqueous SOA particles are confined at variable RH and T conditions (0 - 90% RH, -25 - 50°C).
Results
The evaporation of individually trapped α-pinene SOA solution droplets can be observed at different RHs and temperatures within an
EDB. From the initial fast water evaporation (steep radius change in Figure 1(A), 20 °C) the equilibrium hygroscopic properties can
be retrieved according to a comparative kinetics method that has been previously described.[2] Secondly, a slower evaporative loss
of mass is observed afterwards, which is due to the loss of semi-volatile organic compounds (SVOCs, see the inset in Figure 1(A)).
Long trapping experiments (up to >20000 s) allow the observation of the kinetics of SVOCs evaporation at different T and RH
conditions. The relation between the gas phase RH and T conditions and the kinetics of the evaporative loss of SVOCs from α-pinene
SOA particles will be discussed. As a matter of fact, SOA particles can reach highly viscous and glassy states at certain T and RH,[3]
which can result in kinetic limitations to the gas-particle partitioning of SVOCs and in changes in the chemical composition and the
size of SOA in the atmosphere, their CCN and ICN activity, their hygroscopic and optical properties and eventually their effects on
climate. Furthermore, an increase in the refractive index of SOA evaporating droplets can be observed over time (Figure 1(B)). A
slower but significant change in refractive index over timescales of thousands of seconds indicates that the composition of the droplet
varies over time, due to the loss of SVOCs, which results in dynamic optical properties too.

(A)

(B)

Figure 1 - Panel A: Evolution of the radius (A) and of the refractive index (B) of two α-pinene SOA droplets (90% and 30% RH, T=20 °C).
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Measuring Aerosol Active Surface Area by Direct Ultraviolet Photoionization and Charge Capture in Continuous Flow
R.T. Nishida1, Adam Boies1, Tyler Johnson1, Nene Yamasaki1, John Saffell2, Simone Hochgreb1
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Summary
Direct ultraviolet (UV) photoemission yields electrical current measurements proportional to aerosol active surface area which is of
interest for emissions, environmental or exposure monitoring. However, the fundamental mechanisms of photoemission must be
understood to accurately interpret measurements in the field. In this work, photoemission theory is evaluated by analysing
photoelectric current measurements for a range of aerosol particle types, sizes, concentrations, and morphologies. Sintered silver
spheres and aggregates are classified with an aerodynamic aerosol classifier (AAC) allowing a direct comparison of aerosols of the
same material and electrical mobility, but with different morphologies. Photoemission measurements from raw and thermo-denuded
flame soot confirm surface-dependent effects on photoemission yield. A 3D computational model of particle charging and transport
is used to demonstrate the effect of particle polydispersity on integrated electrical current. Experimental and modelling results show
good agreement for a range of conditions, providing confidence in the theory and modelling techniques used.

Figure 1 - (A) Ultrafine particles in continuous flow are ionized by ultraviolet light. The resulting charges are captured in an electric field
to yield information on particle size, concentration and surface area. (B) Photoelectric current, i, as a function of particle mobility diameter,
dm, and concentration, N, demonstrating current is proportional to active surface area of silver aggregates.

Introduction: Epidemiological evidence of the harmful effects of ultrafine particles remains limited due to the lack of measurement
networks that monitor local particle concentrations. We have demonstrated a low-cost, proof-of-concept device for using UV
photoionization and detection electronics to yield direct, real-time measurements of total active surface area of some ultrafine particle
materials. However, understanding of the fundamental physical processes is key to meaningful interpretation of in-field
measurements.
The particle mobility diameter describes an active particle surface which interacts with gas molecules producing a drag force for both
spheres and agglomerates. Photoionization measurements yield signal proportional to the active surface, however, for the same
material, previous research[i] has found a morphology dependency distinct from mobility diameter which disagrees with existing
photocharging theory. This work aims to isolate the effect of particle morphology in order to improve photoelectric charging theory.
Methodology: Experimental data is obtained for electrical photoionization measurements from a range of particle materials, sizes
and concentrations in continuous flow including flame soot, silver, and metal nitrates. An aerodynamic aerosol classifier (AAC) is
used to classify neutral-charged silver spheres and agglomerates allowing a direct comparison of photo-emission from aerosols with
the same mobility and different morphologies. Results are compared with those from a 3D computational fluid dynamics model in
which we solve the conservation equations for particle/ion charging and transport (convection, diffusion and electrical transport) for
a laminar, steady-state, incompressible flow.[ii] Lognormal particle size distributions are represented with upwards of 100+ coupled
conservation equations for multiple size bins and charge levels to demonstrate the effect of polydispersity on integrated electrical
current.
Results: Photoemission theory is evaluated for the applicability of its experimental constants, including a single empirical constant
and a particle work function for each material to account for photoionization. Experimental and modelling results show good
agreement for a range of particle distributions and operating conditions providing confidence in the theory and modelling techniques.
The method of detecting particle size and concentration parameters is evaluated in terms of experimental uncertainty and applicability
in a commercial low-cost, environmental monitoring device for ultrafines.
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Bioaerosols emissions characterization from green waste composting
Zaheer Ahmad Nasir and Sean Tyrrel
School of Water, Energy and Environment, Cranfield University, Cranfield, MK43 0AL, UK
Introduction
Currently the risk assessment of bioaerosols emissions from industrial processes, such as green waste composting,
suffers from uncertainties in hazard characterization and the probability of consequences due to limitations associated
with currently used methods. The lack of knowledge on spatio-temporal characterization and size distribution of
bioaerosols emissions from such facilities poses significant challenges for policy makers and regulators to propose
proportionate risk based policies and regulations to protect public and environmental health. Among variety of emerging
techniques fluorescence spectroscopy has shown promising potential in detecting and broadly classifying bioaerosols
(Hernandez et al. 2016). This paper provides the results of a study that aims to detect and characterize bioaerosols
emissions in real-time from green waste composting by using a novel ultraviolet light-induced fluorescence sensor.
Methods
Four measurements were made between October – December 2016 by using the Spectral Intensity Bioaerosol Sensor
(SIBS) (Droplet Measurement Technologies, USA) downwind of the source at a green waste composting facility. The
SIBS is capable of highly sensitive measurements of bioaerosols and records a range of data (size, number, shape, and
resolved emission fluorescence) on single particles in real-time.
Results
The results presented in Figure 1 show that particulate emissions at a composting site under different operational
scenarios can vary greatly. Higher concentrations of fluorescent particles were found during turning followed by
screening and shredding. In terms of size distribution a substantial proportion of these emissions were in coarse size
fraction (Figure 2).

Figure 2. Mass size distribution of fluorescent particles
during turning at downwind of a composting site (n= 1
minute mean concentration

Figure 1. Mass concentration of particles under different
operational periods at downwind of a composting site
(MT= Mass of total particles, MF= Mass of fluorescent
particles, n= 1 minute mean concentration.

Conclusions
This study offer evidence that real-time bioaerosol sensing at a composting site can elucidate the influence of various
product and process specific variables on timing, intensity, spatial extent and duration of hazardous events. The mass
concentration and size distribution of total and fluorescent particles showed high variability and were largely influenced
by site activities. The availability of time varying and activity specific emission data will advance the state of art on nature
and magnitude of emissions from these facilities and building evidence base to inform public health risks and improving
forecasting capabilities of dispersion models.
Acknowledgment
This work was supported by the Natural Environment Research Council [NE/M01163/1].
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Occupational exposures to pesticide products among amenity horticulturists
Alison Connolly1, Kate Jones2, Karen S. Galea3, Ioannis Basinas3, Laura Kenny2, Padraic McGowan4, Marie Coggins1
for Climate and Air Pollution Studies, School of Physics, National University of Ireland, Galway, H91 CF50, Ireland.
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Summary
This research project aims to investigate occupational exposure to pesticides among amenity horticulturalists applying pesticides as
liquid aerosols. The use of pesticides and their potential adverse health effects is of public concern, which has become significantly
more emphasised with the implementation of the European Union Directive 2009/128/EC on the Sustainable Use of Pesticides. In
2015, a pilot occupational biomonitoring (BM) study was conducted and results suggest that there is potential for exposure, that
warranted further investigation (post-task exposure concentrations GM (GSD) 0.66 (1.11) μg L-1 of glyphosate). The current study
involves conducting a more comprehensive occupational biomonitoring study to evaluate total glyphosate exposure among amenity
horticulturists using 24 hour (24 hr) BM sampling, to quantify total glyphosate uptake per task. To evaluate the contribution of the
different exposure pathways from aerosol deposition and surface transfer, dermal and inadvertent ingestion samples will be collected
concurrently with BM samples, using Ghost wipes. Preliminary results shows a statistical significant positive association between
urinary pesticide concentrations and pesticide perioral concentrations as well as pesticides contamination on worker hands and
pesticide concentrations.
Main Body of Text
The current study grouped amenity horticulturists worker measurements into three Similar Exposure Groups (SEGs) based on the
pesticide aerosol applicators used; manual knapsacks, pressurised handheld lance applicators and controlled droplet applicator.
Over a 24 hr period, worker urine samples were collected, before the work task began, within one hour of the task completion and
the following morning void. Participants had also the option to provide all urine voids in a 24 hr period. All urine samples were analysed
using LC/MS-MSi. Dermal samples were collected of the hand and perioral region, using ghost wipes, before and after the work task
and gloves were collected at the end of the task. Ghost wipes were also collected of potentially contaminated work surfaces: the
product container, steering wheel of vehicles and mobile phones, to quantify contamination of work objects.
Preliminary results suggest BM glyphosate concentration exposures are higher than dietary exposure estimates from environmental
exposure studies, exposure varied when different aerosol applicators were used. Glyphosate concentrations were found on dermal
sampling wipes, and contamination was also identified on the surface of work objects, which could contribute to inadvertent exposure
by surface transfer. Preliminary statistical analysis of the data found a strong positive association between peak urinary and perioral
concentrations, indicating that inadvertent ingestion could contribute of overall exposure. A strong positive association was also found
between hand and perioral concentrations.
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Figure 1: Urinary vs Perioral contamination

Figure 2: Hand vs Perioral contamination
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Hydrodynamic stability of rotating, charged and electric-field-exposed drops
J. T. Holgate and M. Coppins
Plasma Physics Group, Imperial College London, London SW7 2BW
Summary
Determining the stability of a liquid drop is a fundamental problem in hydrodynamics and aerosol science with industrial applications
including fuel injection, microfluidic chips and atomization of drops for mass spectrometry. The breakup of drops also influences
natural processes such as the formation and behaviour of thunderstorm clouds. An isolated drop is held together by surface tension
but, if a sufficiently strong repulsive force is applied, the drop may split into two or more smaller drops. The breakup processes and
stability limits of drops which experience a single repulsive force are well-established: rotating drops deform into an elongated shape
with two lobes connected by a thin neck of liquid, which eventually splits into two evenly-sized subdrops, while charged droplets form
cone-like tips from which jets of small subdroplets are ejected. The quantitative stability limits for both of these processes have been
rigorously confirmed by theory, simulation and experiment. However no such consensus exists for drops which experience multiple
repulsive forces; for example experiments show that charged and rotating drops undergo asymmetric fission and hybrid breakup
processes involving both necking and cone formation which have not yet been found in the theory. This work explores the breakup
of rotating, charged and electric-field-exposed drops through an energy-minimization method applied to spheroidal drops and through
numerical simulation.
Main text
The manipulation and breakup of liquid drops have a multitude of applications in, for example, inkjet printing and the atomization of
drops for mass spectrometry. Furthermore liquid drop models are often employed as approximate descriptions for physical
phenomena on a vast rage of scales, from the fission of atomic nuclei to the shape and stability of astrophysical bodies. This work is
motivated in particular by the behaviour of drops in plasmas which are either deliberately-injected, in processes such as plasma
spraying and vapour deposition, or formed unintentionally due to, for example, condensation of water in silicon etching plasmas or
erosion from metal surfaces in plasma arc cutters and magnetic fusion devices. These droplets can accumulate significant amounts
of charge and rotation from the plasma and are subsequently susceptible to electrostatic disruption [i] and rotational breakup.
Compelling evidence for the latter process has been seen in camera images of fusion plasmas.
The shapes and stability limits of drops with only one of charge, rotation or applied electric fields are well approximated by modelling
the drop as a spheroid and minimizing its energy. Such calculations provide the ideal foundation for studying combinations of these
forces. We will present the results of a simple spheroidal approximation for charged and rotating drops which is in good agreement
with previous experiments and numerical simulations [ii].

Figure 1 – Simulations of droplet instabilities. Top: symmetric disruption due to
rotation (left) and electrostatic forces (right). Bottom: asymmetric breakup
processes induced by a combination of rotation and charge.

However the spheroidal approximation is limited
to the consideration of symmetric shapes and
drops with sharp tips and necks. Recent
experiments have observed asymmetric drop
shapes and hybrid necking-coning breakup
processes. We will also present a level-set
based method for calculating free-surface flows
under surface tension, electrostatic, rotational
and viscous forces. The simulated droplets, such
as those in Figure 1, are in good agreement with
experimental observations and reproduce, for
the first time, the asymmetric hybrid breakup
processes which were recently observed by Liao
and Hill [iii].

In summary the disruption of liquid drops which are subjected to both rotational and electrostatic breakup forces are investigated by
means of a spheroidal approximation and numerical simulations. The results are pertinent to aerosols in a range of industrial
applications and, in particular, to those involving plasma technologies.
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Characterisation of atmospheric aerosol sampled from an aircraft using electron beam techniques
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Summary
Here we describe a technique to characterise atmospheric aerosol particles according to their morphological and chemical properties.
Aerosol particles are collected at different altitudes and locations on filters using the inlet filter system on board of Facility for Airborne
Atmospheric Measurements (FAAM) aircraft. The filter analysis is done in a Scanning Electron microscope (SEM) at the University
of Leeds. Automation software is used to scan and get images of large areas of the filters, identify the aerosol particles and study
their chemical composition using Energy Dispersive Spectroscopy (EDS). This technique is a powerful tool that we are currently using
to evaluate the efficiency of the inlet system on board of the FAAM aircraft, and also to inform our simultaneous measurements of
ice-nucleating particles.
Introduction
Atmospheric aerosol particles are known to have an important effect on climate through direct mechanisms as scattering or absorbing
solar and terrestrial radiation or indirect effects such as acting as Cloud Condensation Nuclei (CCN) or Ice-nucleating particles (INP).
Hence, measurements of aerosol size and composition are needed at cloud-relevant altitudes, but very few quantitative
measurements of, for example, desert dust are available in air remote from deserts. This is important, because the transport of desert
dust to remote regions is highly uncertain in models.
Methods, results and conclusions
For our technique we sample atmospheric aerosol particles in polycarbonate filters with a pore size of 0.4 μm using an inlet system
on the BAe 146 FAAM aircraft. These filters are analysed under the Tescan VEGA3 XM electron microscope using the Aztec feature
software. Our technique builds on other studies where electron microscopy was used to study the characteristics of atmospheric
particles[1] [2]. We use a secondary electron detector since we discovered that some small carbonaceous particles are transparent in
backscatter electrons since they have a similar composition to the polycarbonate filter[3]. We use a thick Ir coating (30nm) which helps
to reduce the number of false particle detections of the analysis. The system takes images of a fraction of the surface of the filter,
and particles are identified based on the contrast they produce compared to the filter. An EDS detector is used to get the X-ray
spectrum of each particle, obtaining semi quantitative information about the weight percentage of the elements present in each
particle.
Morphological information from the images can be used to produce size distributions of the aerosol particles that were sampled. In
figure a one can see the size distribution of the aerosol particles of two filters that were collected in parallel, with a different sampling
set up (a bypass that was kept open and closed). This different set up did not affect the sampling of aerosol. The chemical information
from the EDS analysis can be used to do a size-segregated analysis of the collected aerosol particles, as one can see in the figure
b.

Figure a - Comparison of the size distribution of the particles collected on filters with different set ups of the bypass of the BAe 146 inlet
with some online aerosol measurements under the wings of the aircraft. Figure b – Size-segregated compositional analysis of the aerosol
particles collected by the aircraft.
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Profiling mineral dust size distributions in the eastern Mediterranean with the balloon -borne Universal
Cloud and Aerosol Sounding System (UCASS) and validation with coinciding aircraft measurements, lidar
and sun-photometer retrievals
Abstract

Measurements of the size distribution of atmospheric aerosols and cloud particles are fundamental not only for
understanding the physical processes that govern aerosol-cloud interactions but also to gain statistical insight into
the microphysical properties. Measuring the aerosol content of a local environment plays a key role in modern
environmental and occupational health monitoring. Optical Particle Counters (OPCs) are a common instrument
used to measure the aerosol particle concentration and size distribution. The Universal Cloud and Aerosol
Sounding System (UCASS) is a novel balloon-borne open-path optical particle counter that has been developed at
the University of Hertfordshire. In spring 2017, UCASS measurements of mineral dust particles have been
performed during campaigns at the eastern Mediterranean (Cyprus and Greece) – a region strongly affected by
dust storms from western Africa to central Asia. In order to assess the quality of the aerosol size distributions
obtained from UCASS soundings, UCASS findings will be compared to coinciding independent measurements with
research aircraft as well as to the ones retrieved by combining data from sun photometer and lidar. This data will
be used to evaluate the performance of UCASS within different aerosol layers and to assess whether UCASS could
be used as an affordable alternative to research aircraft for in-situ profiling of the size distribution of mineral dust
particles. If UCASS data is found as reliable and representative, it will provide a new option to obtain aerosol data
that can be used for the validation of in-situ and remote sensing instrumentation, as well as global aerosol models.

Maria Kezoudi
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Aircraft Black Carbon Particle Number Emissions – A New Predictive Method and Uncertainty Analysis
Roger Teoh1, Marc E.J. Stettler1, Arnab Majumdar1 and Ulrich Schumann2
2
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Summary
Black Carbon (BC) particle number emissions from aircraft jet engines contribute to contrail formation, which have a significant and
short-lived climate impact. Previous studies have shown that the number of contrail ice particles is dependent on the number of BC
particles emitted by aircraft. This research proposes a new method to estimate BC particle number emissions per mass of fuel (EIn)
for global civil aviation based on theory of the morphology of fractal aggregates
The new method is applied to an aircraft activity sample dataset from the Aviation Environmental Design Tool (AEDT). Quantitative
analysis suggests the average cruise BC EIn to be around 1.2x1015 kg-1, 40% higher than previous estimates. A higher BC EIn
estimate relative to previous methodologies implies that young contrail properties will have a smaller ice particle diameter and
larger optical depth. As a result, contrail lifetime and its magnitude of radiative forcing is expected to increase.
Introduction
Black Carbon (BC) particle number emissions from aircraft jet engines is associated with direct and indirect climate forcing.
Possibly the largest uncertainty in civil aviation’s climate impact is the indirect forcing due to the formation of contrails, which have a
significant and short-lived climate impact. Previous studies have shown that the number of contrail ice particles is dependent on the
number of BC particles emitted by aircraft [1]. Existing methods to estimate BC particle number emissions per mass of fuel (EIn) rely
on simplified assumptions. This research proposes a new method to estimate EI n for global civil aviation based on theory of the
morphology of fractal aggregates.
Main Body of Text
Equation 1 (below) represents the new EIn predictive model, named as the Fractal Aggregates (FA) approach. Most BC EIn
estimates from the new method agree within a factor of 2 relative to experimental measurements. Uncertainty analysis suggests a ±
62% uncertainty for the EIn outputs calculated from the new model. A variance-based sensitivity analysis identified GMD as the
most critical parameter for EIn outputs.

where:

𝜑𝜑 = 3𝑏𝑏 + (1 − 𝑏𝑏)𝐷𝐷fm
EIm = BC mass emissions index

𝐸𝐸𝐸𝐸𝑛𝑛 =

𝐸𝐸𝐸𝐸𝑚𝑚
𝜋𝜋
𝜑𝜑2 ln(GSD)2
3−𝐷𝐷
fm
𝜌𝜌0 ( )(𝑎𝑎)
GMD𝜑𝜑 exp(
)
6
2
GMD = Geometric Mean Diameter
GSD = Geometric Standard Deviation

(1)
𝜌𝜌0 = Material density of BC primary particles
Dfm = Mass-mobility exponent

The new EIn model is applied to an aircraft activity dataset. The
average cruise BC EIn is estimated to be around 1.2x1015 kg-1
[4.4x1014 – 1.9x1015 kg-1], 40% higher than previous estimates.
Modelling results for an example transatlantic flight is
presented in figure 1. When the usage of alternative fuel is
assumed for the entire fleet, average BC EIn is reduced by
around 29% to 60%. A higher BC EIn estimate relative to
previous methodologies implies that young contrail properties
will have a smaller ice particle diameter [2] and larger optical
depth [1]. As a result, contrail lifetime and its magnitude of
radiative forcing is expected to increase3.
This research recommends the incorporation of the new BC
EIn estimation methodology into a contrail model. While the
new BC EIn estimation methodology might not necessarily
reduce the output uncertainties of a contrail model, its
accuracy on the modelling of initial contrail characteristics and
its subsequent climate impacts can certainly be improved.

Figure 1: Changes in BC EIn from different estimation methodologies and thrust
settings across a transatlantic flight profile made by an A330-300 aircraft.
Kärcher, B. (2016) The importance of contrail ice formation for mitigating the climate impact of aviation. Journal of Geophysical Research:
Atmospheres. 121 (7), 3497-3505.
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Effective sampling duration in determining PAHs and NPAHs concentration in PM 2.5 and PM10 glass filters
Egide Kalisa1, Edward Nagato2, Stephen, DJ Archer1, Kevin C Lee1, Stephen B Pointing1, 2, Kazuichi Hayakawa2, Donnabella C
Lacap-Bugler1
1
Institute for Applied Ecology New Zealand, School of Science, Auckland University of Technology, Auckland, New Zealand,
Private Bag 92006, Auckland 1142, New Zealand.
2
Institute of Natural and Environmental Technology, Kanazawa University, Kakuma-machi, Kanazawa, Ishikawa 920–1192, Japan

Previous studies have shown significant differences in particulate matter (PM) sampling and filter extraction efficiency between
techniques used for chemical composition of the extracted PM. Consequently, data from various study are often difficult to compare
due to the differences in experimental design, sampling duration and extraction methods. It remains technically challenging, partly
owing to the limited mass of collectable atmospheric PM and its chemical contents. Additionally, little is known about how filter area
size influences the extraction efficiency for PAH/NPAHs. The current study was conducted to investigate the effect of sampling
duration and extraction efficiency of different filter area sizes on the concentrations of PAHs and NPAHs that can be detected using
HPLC with fluorescence and Chemiluminescence detection. Samples of particulate matter less than 2.5 in diameter (PM 2.5)
and particles less than 10 μm in diameter (PM10) were collected with a high volume air sampler using three sampling periods: seven
days, five days and twenty–four hours. PM2.5 filters were cut into different sizes of the original filter, as were PM10 filters. The
concentration of PAHs and NPAHs decreased as the duration of the sampling time increased i.e. 24 hours > 5 days > 7 days (p
=0.0001). The analysis also revealed that the concentration of PAHs and NPAHs was relatively the same sampling duration of five
and seven days (p = 0.999). In contrast, the sampling duration of 24 hours showed that the particulates are not uniformly distributed
over the filter, thus, required a larger sampling area (at least half of the whole filter) for extraction. The shorter collection period does
not appear to come at the cost of PAH/NPAH concentrations and therefore may allow for several consecutive sample monitoring.
Material and Methods
Field study was conducted over 3 months from August to October 2016 in the Central Business District of Auckland, New Zealand.
The study involved the use of different PM2.5 and PM10 filters sizes, [sixteenth (1/16), an eighth (2/16), a quarter (4/16) and a half (8/16)
of the PM2.5 filter (20.3cm x 25.4cm) and a tenth (1/10), a fifth (2/10), and a half (5/10) of the PM10 filter (12.6 cm×16.6 cm)]. Sampling
duration was done over 24 hours, five and seven days. The total air volume was 1440 m3, 7200 m3 and 10080 m3, respectively.
Results and Discussion

Figure 1: Distribution of total PAHs concentration in PM2.5 from sampling duration of 24 hours, 5 days and 7 days and by filter
area size extract

Figure2: Distribution of NPAHs in PM2.5 by
different sampling duration and filter area size
i

The highest mean concentration of total PAHs was high during 24 hours sampling
duration followed by 5 days and 7 days for PM2.5 and PM10. Similar findings were also
found for NPAHs. The variation observed between 24 hours, 5 and 7 days sampling
duration might be associated with the complex influence of other environmental
parameters and the degradation of PAHs and NPAHs on filter over time. This has
also been observed in previous studies of Davis & Fellin (1987). Although, the 24
hours sampling duration is commonly used in assessing PAH/NPAH in airborne PM.
The particulates sampled in 24-hours are not yet saturated on the filter membrane,
thus, a larger area of the total filter needs to be used to represent and reflect the
whole filter, as mentioned in the study of (Cheng (2015). The 24 hours sampling
duration is advantageous as it lowers the cost for sampler operation and filter
analysis, which may be attractive for large-scale and/or long period monitoring. When
planning sampling campaigns, a consideration of multiple consecutive sampling in
24-hour durations could be more effective than five days or more with fewer samples
and longer time intervals.
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Time resolved Characterization of Organic Nitrogen in Particulate Matter: An investigation into Beijing's Air Quality'
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Beijing, China, is widely acknowledged to be largely affected by air pollution. Particulate matter (PM) is known to be ubiquitous in
areas of poor air quality, for which Beijing, China, is largely affected. Exposure to high PM loadings has been strongly correlated with
impaired lung function, respiratory diseases and premature mortality [1]. ON is known to be emitted into the atmosphere
anthropogenically through a wide range of combustion sources, but most of the observed ON is formed through gas-phase oxidation
processes leading to secondary organic aerosol formation [2]. In this study, comprehensive two-dimensional gas chromatography
coupled to nitrogen chemiluminescence detection (GC X GC – NCD) will be used in order to qualify and quantify the organic nitrogen
(ON) component in Beijing. Filter samples were taken as part of the Sources and Emissions of Air Pollutants (AIR-POLL) campaign
which took place between Oct-Dec 2016 (winter) and May-Jun 2017 (summer) at the Institute of Atmospheric Physics, Beijing, China
(IAP) (39°97'40.0"N 116°37'10.0"E). We present the extraction methods of filter samples as well as the GC X GC – NCD methods
which will be used in the quantification and characterization of these compounds. We also present the results from the Ion
chromatography (IC) analyses of the Beijing winter samples which was used to detect major anions and cations found in PM2.5
samples during this campaign.
Over 22 million inhabitants live and work in this megacity and with increasing evidence that air pollution induces adverse health
effects on humans, characterizing these pollutants, their concentrations, sources and specific health effects is vital. PM is known to
be abundant in areas of poor air quality and has been associated with impaired lung function, respiratory diseases, lung cancer,
cardiovascular disease and premature mortality. It is widely known that ON compounds are especially toxic and carcinogenic, and
increasing evidence has suggested that ON contributes significantly to PM[3]. Anthropogenic primary emissions such as smoking,
cooking and combustion sources are known to be a source of ON, however most of the detected ON is formed from secondary gasphase oxidation processes leading to secondary organic aerosol formation. In this study, we aim to characterize and quantify the ON
constituents within PM, in Beijing during the AIR-POLL campaign to assess the cancer risk of these compounds as well as evaluate
the possible sources of these chemicals.
The sampling site was approximately 9 km from the centre of Beijing, located in a mainly residential area between the 3rd (100 meters
north) and 4th (400 meters east) ring road. PM samples were collected onto preconditioned quartz fibre filters (Whatman, UK) using
a HiVol sampler (Ecotech 3000, Australia) with a size selective inlet of PM2.5. Highly-time resolved PM samples were collected during
daytime hours (e.g. 08:00 – 18:00); one to three-hour sampling duration dependent on PM concentrations.
Nitrogen chemiluminescence detection is a highly selective
and sensitive technique for the detection of ON compounds
in ambient particulate matter. When coupled with
comprehensive two-dimensional gas chromatography, the
identification of hundreds of ON compounds is possible. The
use of two different stationary phases allows species to be
separated by two physical properties (i.e. boiling point and
polarity), significantly increasing resolution and providing a
characteristic chemical space where compounds of similar
chemical speciation are grouped, aiding in the identification
of unknown compounds. Due to the low concentration of ON
within PM, detection of ON is challenging and has been left
relatively untouched. Previous studies have however
reported that GC X GC – NCD demonstrates high sensitivity
Figure 1 – 2D plot of retention times of ON library used for calibrations

and selectivity, as well as a low limits of detection and much more enhanced peak capacity when compared to 1 dimensional GC. In
this study, we use GC X GC – NCD to characterize and quantify ON species within PM taken from these filter samples. An extensive
library consisting of over 100 ON compounds (an extent not exhibited by previous studies[3],[4]) has been built, allowing rapid
identification of a vast range of ON compounds (i.e. nitroalkanes, nitrosamines, alkanenitriles, nitrophenols, nitroalkenes,
alkenenitriles, nitro-PAHs, amides, amines, nitramines, and nitroaromatics) in China’s PM. This library coupled with the highly
sensitive detection capabilities of the NCD, will allow for a considerable number of ON compounds to be identified. The temporal
evolutions of these species will be compared with meteorological data, providing greater insights into the sources and chemical
transformations of ON. The lifetime cancer risk from exposure to these species in Beijing’s PM will be determined. In addition, the
anion and cation constituents have so far also been determined using Ion Chromatography (IC) for the winter campaign. By
considering the meteorological data also obtained during the campaign as well as analysing the time series for each constituent, an
idea of the primary sources and secondary processes may be established.
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Measurements of the Real and Imaginary Refractive Index of Single Aerosol Particles
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Summary
Single, hygroscopic aerosol particles were studied at a number of wavelengths of illumination and at varied relative humidity (RH)
(and therefore varied composition) to provide accurate parameterisations of the optical properties of surrogates of atmospheric
aerosol. In this work, particles were optically trapped with a Bessel laser beam and the particle refractive index and size were probed
with cavity ring-down spectroscopy and phase function measurements. A parameterisation of the real refractive index of aqueous
inorganic aerosol and a new method to retrieve the imaginary refractive index will be presented.
Introduction
The extent to which aerosols scatter and absorb radiation in the Earth’s atmosphere remains one of the most significant sources of
uncertainty in modelling the climate. Laboratory measurements of single aerosol particles allow the fundamental microphysical
properties of aerosols to be retrieved with a high level of precision.
Experimental methods
A Bessel laser beam was used to optically trap single aerosol particles while the relative humidity surrounding the particle was varied.
The evolving extinction cross-section of the particle was measured with cavity ring-down spectroscopy while the geometric crosssection was retrieved by collecting the elastic light scattering. A near infrared beam intermittently irradiated a single aerosol which
caused a heating-induced size-change and allowed the imaginary component of the refractive index to be inferred.
Results
Measurements of the real refractive index were conducted at 405, 473, 532 and 650 nm; this data was combined with literature data
at 589[1] and 633 nm[2], [3] and parameterised with a Cauchy optical dispersion model. The parameterisation represents the most
extensive and precise description of refractive index in terms of wavelength of illumination (400 - 650 nm) and RH (100% to the
efflorescence RH of the specific solute).[4]
The capability of the single particle cavity ring-down spectrometer to retrieve the imaginary refractive index of weakly absorbing single
aerosol particles will be presented. The imaginary component of weakly absorbing aqueous aerosol was investigated as a function
of RH; showing increasing absorption with decreasing RH. [5]

Figure 1 - (a) Parameterisation of the refractive index of aqueous NaCl in terms of wavelength and RH (b) Measured absorption (k) of
aqueous (NH4)2SO4 at 1520 nm as a function RH.
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Summary
Few studies have been carried out on severe effects of brick kiln pollution exposure. The current research was carried out between
January-April, 2016 on three selected brick kilns located at Dholan chak 27, Pattoki, Kasur, to examine the relations between brick
kiln pollution exposure and severe respiratory symptoms as well as lung functions among the workers. Air quality parameters i.e.
PM2.5, PM10, SO2, NO2 and VOCs were measured in the modulation and kiln areas as well as in residential areas of the workers.
A total of 60 workers were selected with ages between 18 and 65 years and have been working at least for one year in the brick
kilns. All workers were subjected to a questionnaire and lung function measuring. Average concentrations of air quality parameters
of modulation, kiln as well as residential areas were found above the WHO guidelines. A clear link was observed between brick kiln
pollution exposure with respiratory health and pulmonary function among the workers.
Introduction
In developing countries, brick production is an energy consuming process and makes a significant contribution to air pollution by
burning fossil fuels and firewood[i]. Low quality coal and other fuels result in emissions of fly ash, SO2, CO2, NOx, CO, particulate
matter, toxic metals and volatile organic compounds [ii]. In Bangladesh it was reported that particulate matter and SO2 were major
pollutants of brick kiln clusters [iii].
Methodology:
The current research was carried out between January-April, 2016 on three selected brick kilns located at Dholan chak 27, Pattoki,
Kasur, Pakistan. A DRX 8533 (TSI) was used for PM measurements and an Aeroqual for different gas analysis, Spirometery was
measured with a Spirolab.
Results and Discussion
Air quality parameters i.e. PM2.5, PM10, SO2, NO2 and
VOCs were measured (Table I) in periods of activity at the
modulation and kiln areas and in residential areas.
A clear link was observed between brick kiln pollution
exposure with respiratory health and pulmonary function
Table I. – Air quality Parameters of brick kiln
among the workers (Table III)).
Table III: Descriptive Statistics of spirometric pulmonary
Air
functions with reference to smoking habit
Quality
Parame
ters
PM2.5
(µg/m3)
PM10
(µg/m3)
SO2
(ppm)
NO2
(ppm)
VOCs
(ppm)

Brick Kiln
Areas

Min.

Max.

Mean ± SD

Modulation
Kiln
Residential
Modulation
Kiln
Residential
Modulation
Kiln
Residential
Modulation
Kiln
Residential
Modulation
Kiln
Residential
Modulation

10.50
27.11
3.58
231.42
588.92
229.35
0.00
0.07
0.00
0.036
0.044
0.017
648.33
622.33
395.67
29.40

101.72
233.86
44.21
1313.30
2849.74
1154.07
0.00
1.69
0.08
0.083
0.091
0.061
3728.33
2585.67
2704.67
37.57

48.58±26.05
100.34±27.22
15.36±2.50
656.36±26.05
1327.55±388.98
466.20±219.35
0.00±0.00
0.652±0.186
0.013±0.002
0.0591±0.013
0.070±0.007
0.034±0.013
1303.08±388.41
1106.04±338.12
1163.98±395.40
34.45±1.95

Self-reported Pulmonary
Health Problems
Frequent cough
Chronic cough
Frequent phlegm
Chronic phlegm
Frequent wheezing
Chronic wheezing
Shortness of breath
Grade I and Grade II
Self-reported asthma
Physician diagnosed asthma

Table II: Frequency and %age of self-reported pulmonary
health problems in brick kiln workers
Parameters
FVC (liter)
FEV1 (liter)
PEF (l/s)
FEV1%
FEF2575 (l/s)
FEF25 (l/s)
PEF75 (l/s)
Pulse Rate
SpO2 (%)

Smokers
Mean
2.27
1.98
3.75
89.24
2.61
3.32
1.84
85.40
98.08

%age

30
07
13
07
12
09

50.00
11.67
21.67
11.67
20.00
15.00

23

38.33

02
---

3.33
---

Brick kiln pollution causes significant decline in spirometric
values (FVC, FEV1, PEF, FEV1% and FEF2575) among
workers with of 81.67% having abnormal lung functions and
95% having restrictive lung functions with pulmonary
problems like frequent cough 50%, chronic cough 11.67%,
frequent phlegm 21.67%, chronic phlegm 11.67%, frequent
wheezing 20%, chronic wheezing 15%, shortness of breath
grade-I and grade-II 38.33% and self-reported asthma
3.33%. These abnormalities were found to be related to
exposure of brick kiln pollution.
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A total of 60 workers were selected, aged between 18 and
65 years and having worked for at least for one year in the
brick kilns were selected. All workers were subjected to a
questionnaire and lung function measurement (Table II).

Smoking Habit
Non-Smokers
Mean SD
2.53
0.736
2.16
0.616
4.12
2.055
86.83 13.870
2.66
1.029
3.47
1.587
1.80
0.766
89.00 13.850
97.60 1.035

Frequency

SD
0.670
0.534
1.482
14.420
1.087
1.367
0.860
12.062
0.759
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Resolving the Factors Governing Photochemistry in Aerosol Particles
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Summary
Photochemistry is central to our understanding of gas phase reactivity in the atmosphere. However, photochemistry in aerosols is
largely understudied. This work capitalises on recent developments in approaches to measure the surface and bulk properties of
optically trapped aerosol droplets in order to determine the various factors governing aerosol photochemistry.
Introduction
Atmospheric aerosols impact global climate and human health. Whereas gas phase photochemistry and its role in the production of
new particles and determination of gas phase composition are relatively well understood, aerosol phase photochemistry is
understudied in part because of the complexity of the system. For example, nanofocusing of light into aerosol particles results in
nonhomogeneous light distributions that are highly size dependent. Moreover, photochemistry at the solution-air (or particle-air)
interface has been implicated in production of atmospherically significant volatile organic compounds that may even produce new
atmospheric particles. Finally, aerosol particles can access supersaturated and highly viscous or glassy solute states, potentially
changing the rates of photochemical reactions as well as the ability for the products to diffuse throughout the particle. The goal of this
work is to resolve the factors that govern aerosol photochemistry (i.e. particle size, surface composition, and bulk properties) and
compare them to bulk systems.
Main Body of Text
These experiments will utilise holographic optical tweezers, where a laser beam is focussed through a microscope objective to
produce one or several optical traps that will capture airborne picolitre volume droplets. Droplet size and refractive index can be
precisely retrieved through collection of a Raman spectrum. Droplet surface and bulk properties are quantified through precise
measurement of the coalescence dynamics of two optically trapped droplets. This approach allows quantification of droplet surface
tension and viscosity to <1 mN·m-1 and 1 mPa·s (across 12 orders of magnitude dynamic range), respectively.
The photolysis of nitrate will be used as a model system to probe photochemistry in aerosol particles. In a first set of experiments,
the loss of the nitrate signal in the droplet Raman spectrum will be monitored as a function of exposure to UV light and particle size.
A second set of experiments will examine how photolysis rates change as the droplet viscosity is increased by adding a known
amount of sucrose to the droplet. The third set of experiments will resolve the significance of the aerosol-air interface to
photochemistry. These experiments will involve incorporating a photoactive surfactant (e.g. nonanoic acid) into the droplet and
monitoring changes to droplet properties as the surface coverage is changed. Together, these experiments will identify and quantify
which factors are most significant to determining photochemical rates in aerosol droplets.
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Summary
Particulate matter was measured in indoors in three animal enclosures of Lahore Zoo and Safari Zoo, Lahore. Real time data for
PM2.5, NO2, VOC, relative humidity and temperature were measured. Bioaerosols, as bacteria and fungal spores were identified
along with chemical analysis for heavy metals, Pb, Cd, Cr, Zn and Cu. A considerable variation was observed in 24 hour
concentrations of PM2.5 owing to variations in relative humidity and temperature, with a decrease during the night hours. PM2.5 was
comparatively higher in indoors as compared to outdoors, with the highest value of 1997 µg/m3 in the pheasant enclosure of Lahore
Zoo and lowest levels (59 µg/m3) in the lion enclosure of Safari Zoo. Volatile organic compounds were also highest in the pheasant
enclosure due to heavy vehicular traffic close by. The concentration of NO2 was highest in the hog deer enclosure of Lahore Zoo as
compared to the lowest in pheasant enclosure (0.08 and 0.047 ppm respectively). Bioaerosol analysis revealed the presence of
Bacillus sp, Bacillus subtilis and Staphylococcus epidermidis with highest concentrations in terms of CFU/m3 at Lahore Zoo as
compared to Safari Zoo, Lahore. Fungal spores included Aspergillus niger, A. fumigatus, A. flavus Fusarium solani, F. oxysporum
and Alternaria alternata. Heavy metal analysis revealed higher values for Pb, Cd, Cr, Cu and Zn at Lahore Zoo compared to Safari
Zoo Lahore.
Introduction
Animals are exposed to air pollution both in and outdoors, so it is reasonable to assume that varying levels of air pollution as well
as average daily temperatures would affect their health and wellbeing. Whereas, the effects of PM2.5 have been extensively studied
in humans, very little research on the effects of air pollution on the quality of life of zoo animals has been carried out. The levels of
ambient particulate matter and vary from place to place owing to the presence or absence of point sources, location of the area,
meteorological factors, and seasonal variations. It has been reported that urban areas are more polluted than rural ones due to
high vehicular activities in urban centers and industrialization.
Methodology
Three enclosures i.e., Pheasants, Hog Deer, Lion were monitored at both zoos for 24 hours at each site. A DustTrak DRX (Model
8533, TSI Inc.) was used for real time monitoring of PM2.5. An Aeroqual 500 series was used for real time monitoring of NO 2, VOC,
relative humidity and temperature. A portable dust sampler was used collect particulate matter onto filter paper (47 mm) for further
analysis of bioaerosols (bacterial and fungal isolates) and heavy metals assessment by graphite furnace atomic absorption
spectroscopy.
Results and Discussion
Based on 24 hours data, it is difficult to draw solid conclusions. However, diurnal variation, temperature, humidity, locality, vehicular
load, all contribute to the levels of particulate matter including bioaerosols and heavy metals (Tables 1 & 2).
Table 1: Comparative analysis of various parameters measured at sites
Site

(Outdoor)
PM2.5
(µg/m3)

(Indoor)
PM2.5
(µg/m3)

VOC
(ppm)

NO2
(ppm)

RH
(%)

Temp.
(oC)

Pheasant

865

1997

275

0.07

53

19

Hog Deer

912

1843

197

0.08

59

18

Lion Encl.

812

884

120

0.071

60

22

Pheasant

530

391

83

0.047

66

21

Hog Deer

620

715

62

0.05

62

20

Lion Encl.

513

59

51

0.06

53

21

Cd
(ng/m3)

Cu
(ng/m3)

Pb
(ng/m3)

Cr
(ng/m3)

Zn
(ng/m3)

0.117

0.114

2.03

0.13

3.30

0.076

0.097

3.57

0.014

3.30

0.091

0.089

0.71

ND

1.99

0.02

0.055

0.26

0.014

0.46

0.013

0.025

0.14

0.003

0.77

0.016

0.016

0.14

ND

0.09

Safari

Lahore
zoo

The higher levels of PM2.5 at Lahore Zoo as compared to Safari Zoo Lahore is due to the locality as Lahore Zoo falls in an urban
category while Safari Zoo lies in the suburbs. Heavy vehicular pollution load on Mall Road and Lawrence Road adjacent to Lahore
Zoo has its effect on increased levels of VOC and NO2. The size of the enclosure, animal activity, floor covering and ventilation all
influence PM levels indoors.
Table 3: Bacterial and fungal analysis at Lahore zoo and Safari zoo, Lahore.
Site
Pheasant

Hog Deer
Lion Encl.
Pheasant
Hog Deer
Lion Encl.

Bacteria
Bacillus sp.
Bacillus sp.
Staphylococcus epidermidis
Bacillus sp.
Bacillus subtilis
Bacillus sp.
Bacillus sp.

8
9
1
8
2
6
1

Diff. count

CFU
1280
1600
320
1280
320
960
160

Fungal Species
Aspergillus niger; A fumigatus; Fusarium solani
A. flavus; A. fumigatus
Fusarium oxysporum; A. niger & A. flavus
Fusarium oxysporum; A. niger & A. flavus
A. niger; Fusarium oxysporum; Alternaria alternata
A. flavus; Alternaria alternata
Aspergillus flavus; Fusarium solani

There is an urgent need to relate the presence of bioaerosols with prevailing diseases in animals at both zoos as those found are
the causative agents for gastroenteritic diseases, ear infections, meningitis, pulmonary and urinary infections, allergy etc [i].
References
[i] Wielebnowski, N., (2003) Stress and distress: evaluating their impact for the well-being of zoo animals. JAVMA. 223, 973 - 977.
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Variability in air exchange rates due to meteorological conditions: parameterisation date for PM
exposure models
Ciarrai O’Toole, James A. McGrath, Miriam A. Byrne
School of Physics and Centre for Climate and Air Pollution Studies, Ryan Institute, National University of
Ireland, Galway, University Road, Galway, Ireland
Summary
This small-scale project aims to characterise the ventilation and air tightness status of selected dwellings. Air
exchange rate measurements were carried out at selected periods over a week-long period, during which PM
concentrations were monitored in the same dwellings. The data generated captures some of the variability in
airflow patterns in naturally ventilated dwellings due to variations in meteorological conditions, and the data
can then be used to parameterise computational models for PM exposure.
Introduction
The World Health Organization (WHO, 2014) estimated in 2012 that approximately 3 million premature deaths
worldwide were as a result of exposure to ambient PM10. The general population in North Europe spends
approximately 69% of their time in an indoor residential environment. Research has highlighted that human
activities can contribute to increased PM concentrations through combustion events such as smoking, frying,
solid fuel fire and use of candles and incense and resuspension activities; such as walking, dusting or
vacuuming(Abt et al., 2000, Ott and Siegmann, 2006).
Main Body
Experimental PM2.5 concentrations were measured using a SidePak Personal Aerosol Monitor Model AM510
(TSI Incorporated, Shoreview, MN, USA). The SidePak recorded data at 1-minute intervals and was calibrated
to the recommended flow rate of 1.7 l/min using a primary air flow meter (DryCal DC Lite; BIOS International,
NJ, USA.). Air exchange rate measurements were carried out and comprised of eight selected hourly
measurements over a measurement week to capture the effect of meteorological variations. The CO2 tracer
gas decay measurements involved releasing CO2, from a sealed cylinder, into the room, until concentrations
exceeded 2500 ppm. A GrayWolf probe (GrayWolf Sensing Solutions; Shelton, CT, USA) was used for gas
detection at one-minute intervals.

1)

2)

Figure 1 shows simultaneous time-series measurements of three locations (outdoors, kitchen and the
adjoining hallway) during a cooking event in the kitchen and the consequent indoor infiltration of PM
concentrations into an adjoining room. The ambient PM2.5 concentration was measured to quantify the
infiltration potential from outdoor air and todistinguish it fromthe indoor-generated aerosol.
Figure 2 highlights the release of CO2 gas into a room and the resulting decay due to intrazonal and interzonal
airflow. Repeated air exchange rate measurementscapturedsome of the variability in meteorological
conditions. The mean and standard deviation 1.87  0.73ACH-1with values ranging from 0.97 to 2.78 ACH1.The results capture some of the variability in air exchange rates in residential dwellings and
highlightsarequirement for multiple measurements to avoid errors when calculating decay rates for indoor
aerosol concentrations.
References
ABT, E., SUH, H. H., ALLEN, G. & KOUTRAKIS, P. 2000. Characterization of indoor particle sources: A
study conducted in the metropolitan Boston area. Environmental Health Perspectives, 108, 35-44.
OTT, W. R. & SIEGMANN, H. C. 2006. Using multiple continuous fine particle monitors to characterize
tobacco, incense, candle, cooking, wood burning, and vehicular sources in indoor, outdoor, and intransit settings. Atmospheric Environment, 40, 821-843.
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Aerosol measurements from e-cigarette devices in an in vitro Air-Liquid Interface (ALI) cell exposure system
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Summary – E-cigarette use is increasing rapidly, but health impact assessments are controversial and based on limited knowledge.
In addition, the physicochemical properties of e-cigarette emissions are not well characterised, and the method of measurement and
exposure may impact on measurement of the size distribution, chemical composition, dose estimate and hence toxicological response
induced by e-cigarette aerosol. We present an experimental setup to examine the effect of e-cigarette aerosol exposure to human
bronchial epithelial cells in vitro in an Air-Liquid Interface (ALI) system, designed to replicate aerosol thermodynamic behaviour along
the path from device-to-lung in ‘real-world’ use. Initial characterisation based on particle number concentration and retrieved nicotine
concentration is presented, and subsequent work on both aerosol characterisation and exposure studies is outlined.
Introduction – E-cigarette use is increasing rapidly worldwide, and assessment of their potential public health impact remains
controversial and based on limited knowledge [1]. Research into e-cigarettes suffers in part due to the wide range of products, ‘eliquid’ formulations, user behaviours etc. but also due to measurement methodologies. E-cigarette emisisons are a complex mixture
containing propylene glycol (PG), glycerol (VG) and nicotine, along with water, heating phase reaction products, and possibly also
metals from the device coil [2]. This system of gas-phase and aerosol components, containing compounds with a wide range of
vapour pressures, responds very strongly to changes in humidity, dilution and temperature conditions, meaning that different
measurement techniques result in, for example, very different particle size distributions [3]. We will undertake in vitro toxicological
studies of the effects of e-cigarette emissions with aerosol properties that are relevant to ‘real-world’ use of devices and which are
properly characterised from an aerosol science perspective, improving knowledge of the potential health impact of e-cigarettes.
Experimental methods – We use the ECAG (e~Aerosols, USA) to generate aerosol from a 3rd-generation e-cigarette using the
CORESTA 81 vaping cycle (3 s puff of 55 ml every 30 s). Emissions (gases and aerosol) are then passed to the Cultex ALI exposure
system [4]. Dilution flow is maintained at 1.5 litres per minute, approximating the dilution of the 55 ml ‘puff’ taking place during an
average breath of tidal volume 750 ml (~15:1). Dilution air is humidified to > 90% through a bubbler system. The e-liquid used is
available in 0, 6, 12 and 18 mg ml-1 nicotine concentrations to allow dose-response effects for nicotine to be obtained. We are also
able to vary the number of puffs to modify overall received dose. In addition, we also use a synthetic mixture of 50:50 PG:VG to
determine whether flavour components affect aerosol properties. Aerosol-associated nicotine concentration deposited in the Cultex
is determined by washing ‘blank’ exposure wells with 1 ml milli-Q water and assessed using UHPLC-ESI-MS (Thermo). Particle
number concentrations (PNC) are assessed using a CPC (TSI 3075) at the Cultex exhaust outlet, after dilution at ~150:1 using a
Palas VKL100 diluter to reduce concentrations (Figure 1).
Results and Discussion – PNC is variable from puff to puff despite supposedly identical generation conditions, a result also seen
in previous studies. Typical peak concentrations (corrected for dilution) are 3.0 x 10 8 cm-3 (S.D. ± 0.4 x 108 cm-3) while cumulative
particle number over a 10-puff exposure is 5.7 x 109. Some variability in nicotine concentration was observed over the three Cultex
exposure chambers (200, 200, 286 ng respectively for 10-puff exposure to 18 mg ml-1 nicotine) highlighting the need for continued
assessment of deposition efficiency within the ALI system.
Future work will include: a) exposure of HBEC-3KT immortalised human bronchial epithelial cells to a range of nicotine concentrations
followed by rt-qPCR to measure changes in the expression in genes involved in the bioactivation of carcinogens, specifically tobacco
specific nitrosamines (TSNAs), cell viability (Alamar blue assay) and cytotoxicity (LDH assay); and b) characterisation including
particle size distribution measurement by SMPS and DMS, and direct sampling (via cold impinger) and subsequent analysis of
material collected, under different generation and conditioning (T, RH, dilution) parameters to investigate the effect of these on the
physicochemical properties of the produced aerosol.

Figure 1. Photograph of e-cigarette aerosol generation and
exposure system

Figure 2. Particle number concentration profile for a typical
‘exposure’
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Experimental Evaluation of Particle Emission Levels of Aviation Fuel with Different Species and Proportions of Aromatics
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Summary
The type of fuel burnt in a gas turbine has a huge impact on PM emissions it produces. This is evident when the PM emissions from
two extreme gas turbine fuels are brought into perspective. The aromatic hydrocarbon group have been widely proven to be
responsible for the production PM of during combustion of liquid fuels. Nevertheless, because of the elastomer seal swell property
of aromatics, aviation fuels are specified to have 8 to 25 % by volume of aromatics. This, poster presents emission measurement
from different aromatic specie (Toluene, styrene o-xylene and ethylbenzene) and proportion blends by volume with a surrogate Jet
fuel with negligible aromatic content. The fuels were burnt in Rolls Royce Tay single can combustor with the same fuel heat input
delivered. Overall, the results show an increase in PM emission levels with highest increase observed between 17.5% and 22.5% by
volume of o-xylene.
Introduction
The aromatic content of aviation fuels is primarily responsible for the generation of smoke, unburnt hydrocarbons and the IR signature
of the exhaust stream. Further, increased smoke/particulate is usually associated with increased flame radiation which in turn may
reduce hot-end life by increasing surface temperatures and/or abrasion by carbon particles. However, to ensure compatibility with
legacy hardware a minimum aromatic content of 8% has been adopted to this point. Alternative feedstocks and production pathways
are now available which are aromatic free, and require blending with conventional fuels or the addition of synthetic aromatics. Not all
aromatics (synthetic vs conventional) produce the same levels of smoke and emissions or produce the same level of seal swell which
is a design requirement in that many seals are designed for and require a certain level of swell. Aromatics are therefore required for
fuel system compatibility to seal swell but also ensure density, energy density and are within acceptable limits. A systematic study
and evaluation is required to address the effects of aromatics on combustion, engine performance and platform as a whole. Thus, an
experimental investigation has been carried out to analyse the performance of different blends of aromatics in terms of the particulate
emissions produced.
Experimental Setup
Four aromatic species were investigated including toluene, styrene, o-xylene and ethylbenzene. Four different percentage quantities
by volume: 7.5%, 12.5%, 17.5% and 22.5 % of the aromatic was blended with the surrogate jet fuel. A Royce combustor rig was used
to burn the fuels with emission samples extracted and transported through a heated line that has an 8-mm inner diameter a PM
emission analyser. The particle measurement system used is an Atrium LII300 which uses the incandesce of the PM particles when
exposed to laser heat to determine the PM concentration. The exhaust sample were transported to the instrument at 8 litres per
minute using an external pump placed downstream of the analyser.
Result and Discussion

Mass Concentration mg/m 3

Error! Reference source not found. shows the soot mass concentration of the blends. From the figure it is clear that with blending
of the surrogate fuel with any of the aromatic species there is a significant increase in the soot emitted. A consistent rate of change
is observable between the different percentage volume blends for both toluene and styrene blends. In contrast for both o-xylene and
ethylbenzene the changes in the PM levels between are in consistent. The change in the PM levels produced for o-xylene is highest.

0.12
0.1
0.08

7.5%
17.5%

12.5%
22.5%

0.06
0.04

0.02
0

Figure 1 - PM mass concentrations emitted from blends of the surrogate fuel with aromatic blends
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Characterisation of volcanic aerosol plumes using sun photometry and trace element analysis (MRes Dissertation Project)
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Summary
The aerosol plumes of Mt Yasur (Vanuatu) and Mt Erebus (Antarctica), two active volcanoes exhibing persistent low-level activity,
have been characterised using a handheld MICROTOPS II sun photometer to retrieve particle size distributions and fluxes using an
inverse modelling code [I]. Mt. Erebus’ aerosols, sampled using cascade impactors, were further characterised in terms of their size
resolved metal and major anion composition. Results show that these mildly explosive volcanoes’ emissions are dominated by
submicron sized particles and in the case of Mt Erebus are highly enriched in metals and halogens.
Introduction
Quiescently degassing volcanoes are important sources of aerosols to the troposphere. Emissions can influence climate, atmospheric
composition and pose hazards to human health and ecologies. Characterisation of emissions in terms of particle size, particle
composition and flux is therefore important to better understand their environmental impacts as well as mechanisms of their formation.
Main Body of Text
Retrievals show both volcanoes’ plumes are dominated by fine (<2 μm diameter) particles and show bimodal size distributions with
modes within the accumulation range (1-2 μm at Yasur; 0.75-1.5 μm at Erebus) indicating particles are mostly formed by nucleation
and condensation of vapours. Size distributions at Yasur appear to change dynamically in response to small explosions. Particle
fluxes in the diameter range 0.15 - 8.0 μm are estimated at 1017 s-1 and 1014-1015 s-1 for Yasur and Erebus respectively, most of which
are small enough to act as cloud condensation nuclei and are potentially respirable.
Aerosol samples from Mt Erebus were extracted by a three-stage sequential leaching process and analysed for anion and traceelement content to deduce size resolved metal content and environmental lability. This revealed highly elevated mass concentrations
of metals and metalloid such as Pb, Zn, Fe, As, Sn and Sr correlated with Cl - and F- in with a peak mass of particles around 0.4 μm
and a weaker sulphate mode at around 1.0 μm. This loosely correlated with sun photometer retrievals although with difference in the
strength of the modes. Mass fluxes of toxic elements such as Pb, As, Cd were estimated at around 100, 75 and 20 kg day -1
respectively which are 101 to 102 times the magnitude of other volcanoes with equivalent SO 2 emissions and are were found to be
mostly water soluble. Analysis also confirmed past previous data on Erebus’ plume composition being amongst the most halogen
and metal enriched of any volcano yet sampled [II] and supports the theory that halogens enhance metal uptake into aerosols in
volcanic plumes. Due to their small (submicron) size Erebus’ emitted particles experience extended airborne lifetimes and potentially
be deposited over a wide range of the Antarctic continent and/or Southern Ocean.

Figure 1 – A time series of aerosol optical depth of the plume
of Mt Yasur, Vanuatu, on 14/08/2014 measured using a
MICROTOPS II sun photometer. Length of sampling period is
approximately 20 minutes and timings of small explosions are
denoted. Aerosol assemblages pre-explosion (blue shading)
and post-explosion (red shading) were identified and grouped
for inversion modelling.

Figure 2 – Size distribution of pre-explosion aerosols (blue)
and post-explosion aerosols (red) from Figure 1. Both
ensembles show bimodal distributions and post-explosion
aerosols are enhanced in the smallest size bins.
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Summary
We present hygroscopicity measurements for a broad range of multi-functional aliphatic and aromatic compounds, mimicking the
complexity of species found in the atmosphere. Experimental data are compared with predictions from group contribution models,
showing some model refinement is possible for the aromatic species.
Introduction
Aerosol hygroscopicity affects both the aerosol direct effect, via control of particle size and refractive index, and the indirect effect,
through its impact on the critical supersaturation required for atmospheric aerosol to activate into cloud droplets. Cloud parcel models
indicate that the cloud droplet number can change by as much as 50 % based on the magnitude of the assumed hygroscopic growth
as saturation is approached[1]. In order to improve the representation of hygroscopic growth in group contribution models, accurate
measurements of the hygroscopicity of multi-functional organic compounds are required, including low solubility aromatics such as
those found in the atmosphere. In this study we present hygroscopic growth curves for a range of multi-functional aliphatic and
aromatic compounds, including nitrogen containing species, starting at aw > 0.99 and going down to aw ~ 0.5 for some compounds.
Experimental method
A comparative kinetics cylindrical electrodynamic balance (CK-EDB) is used to trap single, aqueous aerosol particles (30 m to 4 m
in radius) within a nitrogen flow of controlled relative humidity (RH; 0 to >90%) and temperature (245 – 325 K). Droplets are illuminated
with a 532 nm laser beam and the angularly resolved elastic light scattering collected to determine the change in radius of the
evaporating particle as a function of time (accuracy in radius < 100 nm, time resolution < 10 ms). The RH of the nitrogen flow is
determined by sequential trapping of a calibrant droplet with an accuracy of ±0.2 % for aw > 0.8[2]. From the particle radius vs time
data, the mass flux of water leaving the aerosol can be calculated at all times, allowing the water activity within the evaporating droplet
to be determined with high temporal resolution [3]. Using the particle initial mass fraction of solute (MFS) and from knowledge of the
variation in droplet density with changing composition, the mass fraction of solute in the particle can also be calculated at each time
step[4]. MFS vs aw curves are constructed from multiple droplets evaporating into a range of RHs. By starting with very dilute solute
solutions, measurements can be made at aw > 0.99.
Results and discussion
The CK-EDB was used to measure the hygroscopicity of a range of multi-functional aliphatic and aromatic compounds of varying
solubility. Retrieved experimental MFS vs aw curves for each compound were compared with predictions from AIOMFAC-web[5]
(Figure 1). In general, the hygroscopicities of the multi-functional aliphatic compounds compared well with AIOMFAC-web predictions,
while significant disagreement was observed for the aromatic species. The value of kappa at aw = 0.95 was also calculated for each
compound and compared with predictions from UManSysProp[6][7].

Figure 1 - Measured hygroscopicity of phthalic acid (red circles) compared with predictions from AIOMFAC-web (black line).
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Organic components of PM2.5 have drawn attention for the past decade as they have significant
importance for human health, global and regional climate, and chemistry of the atmosphere. Beijing, as
capital of China, has experienced serious air pollution problems due to its rapid economic growth and
large population, which affect the surrounding areas via regional atmospheric transport. The aim of this
study is to characterize atmospheric organic tracers, including PAHs, n-alkanes, hopanes, anhydrosugars,
and cholesterol in order to investigate the sources of aerosols at Pinggu, a rural site close to Beijing.
Three-hour PM2.5 samples were collected on haze days, and daily PM2.5 samples on non-haze days using
pre-fired quartz fiber filters on a high volume sampler during winter 2017 in Pinggu. These filters were
then extracted with DCM/methanol and analyzed for quantification of organic tracers by a GC/MS
technique. Organic carbon (OC) and element carbon (EC) were measured using DRI Multi-wavelength
Carbon Analyzer.
The three hourly concentration of OC at Pinggu ranged from 2.5-49µg/m3 and 6.9-152µg/m3 on non-haze
and haze days respectively in winter, with average concentrations of 15.3µg/m3 and 52.3µg/m3
respectively. The average EC concentration on haze days was 5.4µg/m3 which was 2.8 times higher than
that on non-haze days. The total n-alkane concentration was 387ng/m3 on haze days, compared to
137ng/m3 on non-haze days. Similarly, higher levels of PAHs, hopanes, levoglucosan, cholesterol and
dicarboxylic acids were found during haze days. Based on OC/EC ratios and molecular characterization,
the sources of organic aerosols are found be dominated mainly by local sources, like traffic and coal
combustion. During the haze days, the diurnal variation showed a peak after 6 pm for all organic
compounds, coincident with dinner time and the start-up of residential heating via coal combustion or
biomass burning in the village. Additionally, regional transport contributed to the organic aerosol on haze
days.
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Vertical and horizontal distribution of aerosol chemical composition across Northern India
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Summary
For the first time, a synthesis of India based airborne in-situ measurements of inorganic and organic submicron aerosol properties
using a compact Time-of-Flight Aerosol Mass Spectrometer (cToF-AMS) is presented. The vertical distribution of sub-micron
aerosol modulates its impact on meteorology and thus the type, magnitude and sign of associated climate forcing. However,
aerosol vertical and horizontal distributions are poorly characterised over Northern India. We address these uncertainties via
analysis of in-situ aerosol chemical composition data collected by the South-West Asian Aerosol Monsoon Interactions (SWAAMI)
field experiment of 2016. The major focus of the study is the vertical and horizontal distribution of sub-micron aerosol chemical
composition. Vertical profiles and straight-and-level-runs (SLRs) are derived from a cToF-AMS. Sub-micron aerosol varies
dependant on location. Data analysis shows that inside the IGP, organic aerosol (OA) dominates NR-PM1, whereas outside the
IGP, sulphate dominates. BC mass concentrations indicate greater values inside the IGP. Nitrate appears to be determined by
thermodynamic processes, with increased nitrate mass concentration in conditions of lower temperature and higher relative
humidity. The total aerosol mass concentrations decrease as monsoon rainfall arrives over the study regions. NR-PM1 also
displays variations in the vertical profiles. Inside the IGP, profiles undergo changes with monsoon progression. During the premonsoon, OA dominates in the lower atmosphere (<1.5km) with sulphate dominating in a clear elevated aerosol layer (EAL) above
(>1.5km). As the monsoon progresses into the IGP region, this EAL structure diminishes, with the profile decreases in vertical
extent, mass concentration and a switch to being dominated by OA. Outside the IGP, the profiles display sulphate aerosol
dominating throughout.
Introduction
The Indian subcontinent is one of the most polluted regions in the world. At the moment, the nature and magnitude of the aerosol
impacts are poorly understood and constrained. Uncertainties lie in the vertical distribution, spatial distribution of various different
aerosols and the relative contribution from different sources (Chakraborty et al, 2016). The South West Asian Aerosol-Monsoon
Interactions (SWAAMI) project, which occurred from June to July 2016, sought to address these uncertainties by carrying out an
airborne experiment. Such experiment was on-board the UK Facility for Airborne Atmospheric Measurements (FAAM) BAe-146
research aircraft (pictured above). The field campaign conducted 22 flights in advance of the summer monsoon, and during the
onset phase. The vertical and spatial extent of aerosols were studied across both Northern India, based out of Lucknow, in the
Indo-Gangetic Plain. Two aerosol instruments were operated by the University of Manchester on-board the aircraft; an Aerodyne
Aerosol Mass Spectrometer (AMS) and a DMT Single Particle Soot Photometer (SP2).
Main Body of Text
In the IGP, organic aerosol (OA) dominates NR-PM1, whereas outside the IGP, sulphate dominates. BC mass concentrations
indicate greater values inside the IGP. The main inorganic components show different spatial patterns. Sulphate is regional in
nature, especially in the pre-monsoon season. Nitrate appears to be determined by thermodynamic processes, with increased
nitrate mass concentration in conditions of lower temperature and higher relative humidity. The total aerosol mass concentrations
display decreases as monsoon rainfall arrives over the study regions. However, the decrease is less significant over the IGP,
possibly indicative of the strength of emissions sources over this region. NR-PM1 also displays variations in the vertical profiles.
Inside the IGP, profiles undergo changes with monsoon progression. During the pre-monsoon, OA dominates in the lower
atmosphere (<1.5km) with sulphate dominating in a clear elevated aerosol layer (EAL) above (>1.5km). As the monsoon
progresses into the IGP region, this EAL structure diminishes, with the profile decreases in vertical extent, mass concentration and
a switch to being dominated by OA. Outside the IGP, the profiles display sulphate aerosol dominating throughout, with no change
in structure with monsoon progression (apart from decrease in vertical extent and mass concentration). These results will serve as
useful model input for the SE Asia region.
Figure Example
Figure 1 - Aerosol Profile out of Lucknow, N India, during flight B972 on 5th July 2016. Example of
aerosol and thermodynamic structure.

References
Chakraborty, A., Gupta, T. and Tripathi, S. N. (2016) Atmospheric Environment 136 144-155.

22
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Epidemiological studies have consistently shown links between adverse health outcomes and airborne particle
exposure. Within the urban environment, road traffic, particularly diesel vehicles, is one of the most significant
emission sources of particles. Once particles are emitted, they can be modified by a number of physical and
chemical processes. Many uncertainties exist regarding the semi-volatile organic component of the particles,
which may evaporate and subsequently oxidise to form less volatile compounds which recondense onto solid
particles, giving an increased particle mass. Detailed knowledge of the identities and chemical composition of
SVOC is elusive, as traditional gas chromatographic methods are unable to separate and characterise complex
mixtures adequately, presenting an unresolved complex mixture (UCM) within the chromatogram. In this
research, a two-dimensional gas chromatography (GC×GC) was applied to separate compounds in a mixture by
volatility and polarity, to offer a more comprehensive understanding of the semi-volatile organic compounds
emitted from traffic.

An in-house auto-sampler was designed to collect 24h duration samples for 7 days. The air was drawn through a
PTFE filter to collect particulate phase and then through an absorbent tube to collect the gas phase. Samples
were collected at the roof of University of Westminster above the heavily trafficked Marylebone road and a roof of
a building in Regent’s Park in London, UK. Flowrate is 1.5 L/min and the volumes were around 2.6m 3. Samples
were analysed using thermal desorption coupled to comprehensive two-dimensional gas chromatography timeof-flight mass spectrometry (TD-GC×GC-ToF-MS), to identify and quantify SVOC in the C12 to C31 range. Peak
identification was based on the NIST mass spectral library and analysing the samples with soft and hard
ionisation mass spectrometry.

Groups of compounds identified in particles include n-alkanes, branched alkanes, alkyl-cycloalkanes, alkylbenzenes, ketones, aldehydes, decalins, tetralins, PAH, and oxygenated-PAH. The major components present
are reported and include n-alkane concentrations from C15-C20 derived from diesel fuel, and C18-C33 from engine
oil, identified from their volatility/polarity profile and mass spectra. Gas-particle phase partitioning is discussed
and results are compared between sites.
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Summary
Radioactive aerosols, released to the atmosphere via accidents, have the potential to travel over long distances with wind.
Radioactive aerosols have the ability of self-charging, and this distinguishes them from non-radioactive aerosols, which follow
Boltzmann equilibrium. However, in radioactive aerosol exposure modelling, the charge on radioactive aerosols is often neglected,
despite the significant role played by charge in aerosol interaction with surfaces. As few experimental data currently exist regarding
charged aerosol deposition, an experimental methodology is proposed whereby charged aerosol particles will be generated under
laboratory conditions, and their deposition behaviour will be investigated for a range of test indoor surface types. The data will then
be used to populate a probabilistic indoor air pollution model so that the indoor movement of radioactive particles can be simulated
more accurately than previously possible.
Introduction
The main source of origin of atmospheric radioactive aerosol generation is via nuclear accidents, either in a nuclear power plant, as
part of the nuclear fuel cycle, or through nuclear testing. Depending on their origin, radioactive aerosols vary in size from submicron
particles to larger fragments that can travel at long distances with wind. Radioactive aerosols are self-charging; as they release
radiation, they develop a charge, the concentration and duration of which depends on the radioactive material [1]. The presence of
this charge is important, as electrostatics play an important role in particle attachment to different surfaces [2], and this distinguishes
the behaviour of radioactive aerosols from non-radioactive counterparts which have charges that conform to Boltzmann equilibrium.
Rationale for the Study and Proposed Research
A literature review has been conducted, and has revealed that the behaviour of radioactive aerosols in indoor environments has not
been widely studied, although there are many theoretical and some experimental studies of outdoor radioactive deposition and
transport. Laboratory design of indoor deposition experiments with radioactive aerosol is not feasible for safety reasons, and hence,
for the current study, it is proposed that highly charged particles will be used to mimic radioactive aerosols, and their deposition
behaviour investigated. Test chamber experiments will be conducted, to generate data on deposition velocities [3], to feed into the
IAPPEM probabilistic model [4], that can simulate time-varying aerosol concentrations in multiple zones of a building. Monodisperse
silica and polystyrene particles, in the range 0.5 – 3 μm will be charged using a corona unit [5] and an ELPI device will be used to
measure the resulting aerosol charge. Aerosol deposition velocities will be measured for a range of candidate indoor surfaces in the
test chamber.
The data and model simulations from this research, would ultimately contribute to the development of more accurate radioactive
exposure estimates and therefore assist in emergency response planning. It will also contribute to the limited knowledge base that
exists regarding the interaction of charged aerosol particles with indoor surfaces.
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Summary
Cold-plate based cooling systems have been used for the immersion-mode investigation of ice-nucleating particles (INPs), but are
typically high-cost, reliant on a ready supply of liquid nitrogen or relatively unportable and thus unsuitable for field-based analyses.
We have developed an ultra-low cost cold stage based on a Peltier thermoelectric module, constructed largely from off-the-shelf
consumer parts, for the study of ice nucleation, and have validated it using a range of atmospherically relevant INPs.
Introduction
Clouds are a significant driver of the Earth's climate, but the presence of INPs can affect their lifetime and radiative properties by
triggering ice formation in supercooled, mixed-phase clouds. However, the rarity of INP makes it difficult to ascertain their type,
concentration and source. Thus, field measurements are required to characterise INP around the globe, necessitating cheap, robust,
and portable instrumentation that can be set up easily set up for on-site measurements. Cold-plate based cooling systems are often
used to explore immersion-mode ice-nucleation but the commercially available Stirling cryocooler and custom liquid nitrogen based
systems traditionally used [1] exhibit significant shortcomings in terms of high cost and sensitivity to mechanical shock in the former
case, and poor portability and the requirement of a liquid nitrogen supply in the latter, making them less than ideal for requirements
in the field. In this work we have developed a robust, ultra-low cost and small footprint Peltier thermoelectric module based cold stage
and associated control system, and present analyses of a number of well characterised atmospheric INPs across a range of freezing
temperatures.
Materials and Methods
The cold stage [Fig. 1] comprised a Peltier thermoelectric module (1) sandwiched between a thin aluminium sample plate (2) and an
aluminium liquid heat exchanger (3). Thermal transfer grease was used to ensure good thermal contact between the three
components. Cooling fluid (4) was circulated through the heat exchanger to remove the heat pumped from the sample plate by the
Peltier module during operation, provided either by a recirculating chiller or an ice bath. Temperature control of the sample plate was
achieved through modulation of the Peltier module drive current via a custom-built closed-loop proportional integral derivative (PID)
control system comprising a switching power supply (5), micro-controller (6) and K-type thermocouple embedded into the aluminium
sample plate (7). Additionally, a calibrated platinum resistive thermometer (8) was embedded into the sample plate against which the
thermocouple was calibrated. The micro-controller was interfaced with a personal computer (9) running a custom software suite that
facilitated control of the sample plate cooling parameters, logging of the sample plate temperature and the synchronous capture of
images of the sample plate via a webcam (10). The total cost of the cold stage was less than £150.
Following a multi-point calibration of the integral thermocouple, various atmospherically relevant INP were suspended in pure water
and passed through a microfluidic droplet generator to yield monodisperse, picolitre volume water-in-oil droplets, which were then
collected and pipetted into a sample chamber placed on the cold stage. The droplets were cooled at a rate of 1 °C/min to −40 °C,
and images of droplet freezing events were recorded synchronously with logging of the sample plate temperature [Fig. 2].
Results and Conclusions
Analyses of the images captured throughout the cooling ramps demonstrated the ability of the system to detect a range of different
INP, in addition to the homogeneous freezing of pure water. The synchronised temperature and image logs enabled the derivation of
fraction frozen curves [Fig. 3] which, following further analysis, demonstrated good agreement with the literature in terms of the INP
freezing characteristics. Due to the excellent system performance, it is anticipated that the platform will be deployed extensively in
future campaigns for the measurement of INP concentrations around the globe.
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Summary
Asia is rapidly urbanising with important impacts on climate change and air quality. Urban regions are developing Low Emissions
Development Strategies (LEDS) with unquantified co-benefits for air quality and public health. We will use the WRF/Chem regional
model to simulate the air quality over southern China, with a focus on the Pearl River Delta region. We will investigate the impact on
air quality of investment in LEDS, along with the potential co-benefits to greenhouse gas emissions reductions, public health and
economic savings.
Introduction
A rapidly urbanising global population has resulted in increased exposure to poor air quality, resulting in 3.3 million premature deaths
per year, 70% of which are in Asia[1]. In addition, around two thirds of greenhouse gas emissions are attributable to cities[2]. Urban
areas are designing future development pathways that combine economic growth with low greenhouse gas emissions known as Low
Emissions Development Strategies (LEDS). Cost-effective investments in green technologies in the electricity, transport and waste
sectors have been identified for Asia[3]. It has been demonstrated that there economic case for cities in both developing and developed
countries to invest in LEDS[4].
In addition to reducing greenhouse gas emissions, LEDS will alter the emissions of trace gases and aerosol species. If LEDS are
associated with a reduction in emissions of other pollutants they may result in improved air quality and public health. Improved air
quality may have wider economic co-benefits. For example, health impacts from particulate matter air pollution is estimated to cost
around 1% of Shanghai's annual GDP[5], and there is a significant relationship between childhood exposure to poor air quality with
reduced earnings and labour market participation in later life[6]. Although LEDS are aimed at reducing carbon emissions to mitigate
climate change, improvements in air quality could also have complex effects on climate, as aerosols are thought to be impacting
temperature and precipitation in China[7]. However, there has been little previous work on the potential impacts of LEDS on air quality
and public health or the impacts on climate through changes in aerosol and other pollutants.
In this work, we will make the first assessment of the air-quality co-benefit from implementation of low-carbon city strategies in the
Pearl River Delta (PRD) region, which contains the largest and most populous megalopolis in the world [8]. We will present our strategy
for using in-situ and remote sensed measurements alongside regional air quality modelling to better understand the emissions and
processes that affect air quality in the region. We will focus on airborne pollutants that are most harmful to human health, including
fine particulate matter aerosol (PM2.5) and ozone. We will outline our methodology for assessing the impacts of LEDS on air quality.
The aim is to identify realistic and effective measures to rapidly mitigate poor air quality, while also reducing climate impacts of cities
in the region. This knowledge will then be communicated to policy makers, NGOs and the business sector.
Methods
We will use the regional model WRF/Chem version 3.7 to simulate air quality over East Asia including China, the Korean Peninsula,
and mainland Southeast Asia, with a nested high resolution domain over the PRD. WRF/Chem is a fully coupled 'online' model that
can simulate chemistry-atmosphere feedbacks[9], such as the negative feedback of aerosol on precipitation, which has been observed
in eastern China[10].
An annual WRF/Chem simulation will be evaluated against observed PM2.5 and ozone concentrations across the region. We will then
compare this control simulation with a second simulation using air pollutant emissions consistent with the LEDS scenarios. We will
use the difference in simulated PM2.5 and ozone concentrations as an estimate of the impacts of the LEDS scenario on air quality.
As well as the potential improvements in air quality and public health resulting from a reduction in emissions due to LEDS, an
assessment of the economic and climate benefits will also be made.
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Summary
This paper sets out to explore the relationship between LDSA and BC in different urban environments within London and their
performance as a measure of personal exposure. Results across the locations showed large variability. By comparing BC and
LDSA measurements, more information about the proportion of BC in ambient PM and the size distribution of particles can be
extracted from the personal exposure studies.
Measurements near Marylebone road have the highest correlation coefficient (𝑅𝑅 = 0.707) and coefficient of determination (𝑅𝑅2 =
0.504) between BC and LDSA. This could indicate that a significant proportion of ambient PM is BC. Measurements in the
Underground show the lowest LDSA/BC ratio (median ~ 2 m2 /g) due to the presence of oxide Fe particles. Larger particles have a
lower surface area, which leads to a lower LDSA/BC ratio. Further work is needed to evaluate how the ratio and correlation
between BC and LDSA vary with controlled particle sources and with respect to reference instruments.
Introduction
Black carbon (BC) and Lung Deposition Surface Area (LDSA) are two metrics by which ambient particulate matter (PM)
concentrations are quantified and both are regarded as important indicators of the human health impacts of air pollution [2]. In urban
environments, exposure levels are highly variable. For instance, on the Underground exposure to PM2.5 can be 3-8 times higher
than above ground transport modes (car, bus and Bicycle)1. Different combustion sources have different particle emissions
characteristics (mass, number, size). In this study, we hypothesise that the comparison of LDSA to BC measurements could be
used to give an indication of the source of the particles, by giving some further detail of their size distribution (ratio) and the
proportion of black carbon (correlation). This study investigates the relationship of these two pollutants and how they are affected in
different scenarios.
Main Body of Text
BC and LDSA are measured across four different locations to monitor personal exposure using Micro-Aethalometer (MicroAeth AE51,
Aethlabs, United States) and Partector (Naneos Particles Solutions GmbH, Switzerland) respectively. Road side measurements in
Central London (Marylebone), were collected along a designed route along of a range of roads with different traffic conditions (flow
and density), at three different times through a day, including morning rush hour (7:30 to 9:30), lunch time (11:30 to 13:30) and
evening rush hour (17:30 to 19:30). Measurements were also taken in the London underground system, close to the north perimeter
fence of London Heathrow Airport, and in Hyde Park in Central London.
Plots of LDSA and BC measurements at each location are
shown in Figure 1. The largest mean BC reading of 24.33
μg/m3 was captured in the London Underground. This is likely
due to the cross-sensitivity of the micro-aethalometer to iron
particles generated by abrasion of the train brakes and wheels,
and train tracks. Relatively low mean BC concentrations were
measured at the other locations with 3.11 μg/m3, 2.15 μg/m3
and 0.52 μg/m3 recorded in Marylebone, at Heathrow and in
Hyde Park, respectively. The highest mean LDSA
measurement of 187.50 μm2/cm3 was obtained at Heathrow
Airport.
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The highest correlations between the LDSA and BC
measurements were recorded in Marylebone Road and the
London Underground, with correlation coefficients of 0.71 and
0.66 respectively. This indicates a significant proportion of the
PM was measured by both instruments and suggests that
LDSA could be used as a surrogate for BC, or vice versa.
The LDSA/BC rations varied significantly at different sites. A
high LDSA to BC ratio at Heathrow airport is indicative of a
large number of small particles. A lower LDSA/BC ratio in the
London Underground suggests that the measured particles
were larger in size. The results of this could be used to
distinguish sources of PM emissions using portable and
relatively cheap instrumentationError! Bookmark not defined.
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Figure 1 Plots of LDSA concentrations against BC concentrations with regression
lines representing their ratio for different locations in London.
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Summary
The atmospheric potential gradient (PG) is caused by thunderstorm activity charging the ionosphere causing a current to flow back
to ground through the weakly ionised atmosphere. The conductivity of the atmosphere is dependent on the concentration of
atmospheric ions, created by cosmic rays and terrestrial radiation, and lost to recombination and attachment to aerosol. Enhanced
aerosol concentration can deplete ions and hence increase the magnitude of potential gradient. Measurements of PG in an urban
and a rural site have been compared and differences in the time series between the two have been attributed to higher aerosol
concentration within the city.
Introduction
PG is an atmospheric measurement that has been recorded through recent history. The global background PG is a consequence of
the Earth’s global electrical circuit which is generated by thunderstorm activity throughout the globe[i], The vertical PG measured
within a city will change over time, and these fluctuations are a function of both global and local processes. On a regional scale,
charged rain clouds and precipitation cause large fluctuations to the global background PG to such an extent that analysis of PG with
a view to global processes in often constrained to fair weather measurements, though the definition of fair weather can vary it is
typically described by a clear sky, low wind speeds and no precipitation. Locally, sources of space charge can cause changes in PG
through coulomb fields[ii] [iii], . Sources of aerosol can cause a reduction in atmospheric conductivity locally through attachment of ions
to aerosols, and hence increase the local PG as a consequence of Ohm’s law[iv]. Within an urban environment, there can be significant
aerosol content which can affect levels of PG, and therefore it is important to be able to discern the effects of local sources on the
PG time series recorded. The early results presented here seek to prove the value of measuring PG in nearby urban and rural sites
as an indication of aerosol content, indicating how further measurements might aid interpretation of historic and real time urban PG
measurements.
Experimental methods
Three monitoring sites have been set up near the Bristol area, one on the roof of the at-Bristol Science centre, one on the roof of the
University of Bristol School of Chemistry, and the third at the Langford Vet School, south of Bristol. Each measured local weather
and PG. 5 weeks of data were collected between 20th May and 25th June 2016 recorded at a 1 s resolution but averaged to 1
minute.
Results
Figure 1 shows the 24 hour cycle for fair weather measurements of PG (no rainfall for +/- 1 hour) for all data averaged to one day
and normalised. The deviation in field at the urban site compared to the rural site after 8:00 AM could be due to aerosol loading or
boundary layer effects diminishing the concentration of ions and therefore increasing the PG measured at ground. Frequency domain
analysis of the PG shows a dominant 24 hour cycle at the Langford site, while a dominant weekly peak is seen at the Bristol urban
site. These results further demonstrate the value in measuring atmospheric PG to investigate aerosol properties.

Figure 1 - Average weekly cycle of PG measured between 19th May and 25th June 2016 and normalised to the mean.
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Typically, there is a paucity of air pollution data for cities in low and middle-income countries (LMICs). Nairobi, the
capital city of Kenya, has more measurements than most, but it still lacks long-term measurements with appropriate
calibration. Existing measurements in Nairobi indicate that particulate matter (PM) concentrations regularly exceed
WHO guidelines, both in the PM10 and PM2.5 mass fractions e.g. Gaita et al. (2014).[1] This poses a significant risk
to human health by increasing the likelihoods of respiratory and cardiovascular disease.[2]
This study investigates the use of low cost optical particle counters (OPCs) to measure PM pollution in Nairobi.
Measurements were performed in three locations, an urban background and urban roadside site in Nairobi (at the
top of a tower block and a busy roadside location, respectively) and one in a rural location, Nanyuki, upwind of
Nairobi. Measurements were conducted between February and March 2017. OPC sensors (Alphasense OPC-N2)
had their data logged using Raspberry Pi 3 minicomputers, housed in weather resistant casing and placed in areas
free from obstruction. The measured OPC-N2 particle number concentrations were calibrated using gravimetric
measurements of PM2.5 and PM10. Meteorological measurements were also taken at the tower block site, which
were also appropriate for the roadside location. Previous measurements indicate that high relative humidity (RH)
can lead to inaccurate measurements. Nairobi in the season of the measurement period is typically dry (RH < 80%)
and the measurements were not affected by changes in RH.[3]

Figure 1. Hourly time series data showing PM10 and PM2.5 mass concentrations. Red line = urban roadside,
black line = urban background and blue line = rural background. Grey shading represents rain events as
measured at the urban background location.
Both urban sites show daily exceedances of PM2.5 and PM10 per WHO guidelines for some of the sampled days.
The urban roadside site has the highest number of days in exceedance (85% for PM 2.5 and 90% for PM10) with
13% and 40% respectively exceeding guidelines by at least double. The urban background site only exceeds
guidelines approximately one third of the sample time. The roadside site shows a clear diurnal pattern consistent
with vehicular traffic being a major source of PM in Nairobi. A lack of low cost, accessible air monitoring data has
impeded health risk assessments and the implementation of transport and land use policy that can aid in reducing
the serious health threat due to outdoor pollution . This study provides much needed high temporal resolution

calibrated data on the particulate matter loadings in a rapidly developing and urbanising East African country.
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Introduction
There has been steady increase in intensive agricultural practices such as poultry production to meet food demands of
growing population worldwide. Simultaneously, concerns about emissions (including dust, gases and bioaerosols) from
such facilities and their environmental, climatic and public health impact have increased (Witkowska and Sowińska,
2017). A range of factors involving building design, use and management can significantly influence emission from such
facilities. The knowledge on temporal characteristics of emissions from such facilities is limited. The availability of data
on nature, magnitude and spatio-temporal characteristics of emissions is vital to propose proportionate regulations in
order to manage public health risks as well as allowing food production. Among wide range of detection and
quantification methods low cost sensors offer real-time data along with portability, affordability and ease of use. The aim
of the present study was to investigate temporal characteristics of particulate and gaseous emissions from various
poultry facilities by using low cost sensors.
Methods
Measurements were carried out indoors and outdoors of 18 broiler houses in outskirts of Lahore, Punjab, Pakistan during
February – July 2017. All of these facilities were controlled environment and had approximate dimensions of 127×15×3
m. Different poultry farms were grouped into three categories based on age of birds: group I (1-20 days), group II (21-30
days) group III (31-40 days).
A low cost sensor Dylos 1700 was used to measure PM 2.5
and PM10 while gaseous emissions were monitored by Aeroquals 500 series with different gas sensor heads. All the
measurements were made at the height of 1.5 meters.
Results
Particulate emissions increased with age of birds and group 1 was significantly different from group 2 and group 3 but no
significant difference was present between group 2 and group 3 (Figure 1). Age along with birds activity has been
observed as one of the major cause of PM emissions in poultry houses. Similarly, different gases varied significantly
between the groups (Figure 2).

Figure 1. Summary of PM10 and PM2.5 in different
poultry farm categories

Figure 2. Summary of gaseous emissions in different
poultry farm categories

Conclusions
The present study showed that poultry farms are significant source of particulate and gaseous emissions and these
increased with age and activity of birds. Higher concentration of PM10 as compared to PM2.5 was found. In terms of
gaseous emissions the concentration of methane and hydrogen sulphide increased with the age of birds but for carbon
dioxide and nitrogen dioxide such trend was not observed. Low cost sensors can offer information on temporal profiles of
emissions from controlled environment poultry farms and can be used as tool to identify high emission scenarios and to
informing and evaluating efficacy of abatement technologies and strategies.
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