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ABSTRACT 

Measurement of alkali-containing aerosol particles over extended periods provides valuable 

insight into both natural and anthropogenic influences on air quality. This study aimed to establish 

continuous measurement of alkali-containing particles using a Surface Ionization Detector (SID) 

at the Natrium Air Quality Research Station in Gothenburg. As a low-cost with high-impact tool, 

the SID holds strong potential for long-term atmospheric research. The project focused on 

optimizing SID operational parameters, characterizing the temporal variability of alkali particles, 

and comparing results with complementary datasets, including EDXRF filter analysis and PM2.5 

measurements. In total 40 days of valid data were obtained from a 62-day measurement campaign. 

SID measurements revealed that alkali particle concentrations were influenced by meteorological 

conditions and air mass origins. Results from EDXRF analysis shows that on some occasion, 

EDXRF detected high chlorine levels during a short sampling period in February. However, alkali 

concentration was low possibly due to incomplete data and different temporal resolution. In 

contrast, during April, SID concentrations aligned more closely with EDXRF results. These 

elevated levels were also observed during mild temperatures and periods of high relative humidity, 

likely associated with sodium from sea salt particles in marine air. Lower concentrations occurred 

under colder conditions and easterly winds, suggesting potassium-containing particle from inland 

biomass burning influence. Back trajectory analysis using the HYSPLIT model further supported 

these findings, showing that the highest alkali concentrations were linked to Atlantic air masses, 

while the most frequent easterly inland flows exhibited the lowest concentrations. This emphasises 

the role of sea salt as a major contributor and highlights the importance of air mass transport in 

shaping ambient alkali-containing aerosol levels. Overall, this study demonstrates SID’s 

effectiveness as a selective, sensitive instrument for detecting trace alkali species and offers 

valuable insights for future aerosol monitoring. 

Keywords: Alkali-containing particles, Surface Ionization Detector (SID), atmospheric aerosols, 

sea salt aerosols, biomass burning, air mass transport, HYSPLIT, PM2.5, EDXRF 
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SAMMANFATTNING 
 

Mätning av alkaliinnehållande aerosolpartiklar över längre tidsperioder ger värdefulla insikter i 

både naturliga och antropogena påverkan på luftkvaliteten. Denna studie syftade till att etablera 

kontinuerliga mätningar av alkaliinnehållande partiklar med hjälp av en Surface Ionization 

Detector (SID) vid Natrium luftkvalitetsstation i Göteborg. Som ett kostnadseffektivt verktyg med 

stor genomslagskraft har SID stor potential för långsiktig atmosfärforskning. Projektet fokuserade 

på att optimera SID:s driftsparametrar, karakterisera den tidsmässiga variationen av alkalipartiklar 

samt jämföra resultaten med kompletterande dataset, inklusive EDXRF-filteranalys och PM2.5-

mätningar. Totalt erhölls 40 dagar av giltiga data under en 62 dagar lång mätkampanj. SID-

mätningarna visade att koncentrationerna av alkalipartiklar påverkades av meteorologiska 

förhållanden och luftmassors ursprung. Resultat från EDXRF-analysen visade att höga klorhalter 

uppmättes vid några tillfällen under en kort provtagningsperiod i februari. Alkali-koncentrationen 

var dock låg, vilket troligen berodde på ofullständiga data och olika tidsupplösning. Under april 

däremot stämde SID-koncentrationerna bättre överens med EDXRF-resultaten. Dessa förhöjda 

halter observerades även vid mildare temperaturer och hög relativ luftfuktighet, troligtvis kopplat 

till natrium från havssaltpartiklar i marin luft. Lägre halter uppmättes under kallare förhållanden 

och ostliga vindar, vilket tyder på påverkan från kaliuminnehållande partiklar från inlandsbaserad 

biomassaeldning. Bakåtanalys med hjälp av HYSPLIT-modellen bekräftade dessa fynd och visade 

att de högsta alkali-koncentrationerna var kopplade till atlantiska luftmassor, medan de mest 

frekventa ostliga inlandsströmmarna visade de lägsta halterna. Detta understryker havssaltets roll 

som en viktig källa och belyser luftmasstransportens betydelse för halterna av alkaliinnehållande 

aerosolpartiklar i omgivningen. Sammantaget visar studien att SID är ett effektivt och selektivt 

instrument för detektion av spårhalter av alkalimetaller och ger värdefull kunskap för framtida 

övervakning av aerosolpartiklar. 

 

Nyckelord: Alkaliinnehållande partiklar, Surface Ionization Detector (SID), atmosfäriska 

aerosoler, havssaltaerosoler, biomassförbränning, luftmasstransport, HYSPLIT, PM2.5, EDXRF  
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1 Introduction 

1.1 Background 
The atmosphere that surrounds us daily conceals countless of interacting particles that shape our 

environment around us. These particles, known as aerosols, can remain suspended for days, years, 

or even decades and travel around the world or just from one neighbourhood to the next [1]. Since 

the Industrial Revolution, rapid industrialization has led to the release of vast quantities of aerosol 

pollutants into the atmosphere [2]. When present in high concentrations at ground level, fine 

particulate matter poses serious health risks due to its ability to penetrate deep into the respiratory 

system, contributing to cardiovascular and pulmonary diseases [3, 4]. Among the varied classes of 

atmospheric aerosols, particles containing alkali metals are predominantly found in ambient air as 

non-reactive compounds, having transformed into stable oxides or salts upon emission. Despite 

their reduced chemical reactivity, these compounds can still influence atmospheric processes such 

as aerosol acidity buffering and hygroscopic behaviour [5]. The particles usually contain sodium 

(Na) and potassium (K), which are the alkalis and are accompanied by the presence of alkaline 

earth metals like magnesium (Mg) and calcium (Ca) These elements are released from a variety of 

sources, including natural processes like sea spray and volcanic activity, as well as both natural 

and anthropogenic biomass burning (e.g., wildfires and residential heating), in addition to fossil 

fuel combustion and industrial emissions [1, 2]. 

 

While particles with alkali compounds usually account for a smaller fraction by mass compared to 

all aerosols, these apply an impact on atmospheric chemistry. They contribute to neutralizing acidic 

species (such as sulfuric and nitric acids), thus adjusting the pH value in the atmosphere's droplet 

clouds and aerosols [6]. This influences secondary organic aerosol formation, cloud formation, and 

gas-particle partitioning. Additionally, potassium is often employed as a tracer to identify events 

related to biomass burning, providing useful insights into emission sources [7].  Moreover, sodium 

serves as a reliable tracer for sea salt aerosols due to its abundance in marine environments and its 

stability in the atmosphere [8]. Their measurement over an extended period can further refine our 

insight into natural and anthropogenic air quality and reactivity changes [9]. It is also relevant in a 

city like Gothenburg where coastal, rural, and industrial influences interacting with one another 

thus make the city an ideal place to conduct observational long-term studies. 

 

One of the methodologies used to observe alkali-containing aerosol particles is through surface 

ionization. Surface ionization is a naturally occurring phenomenon in which adsorbed atoms or 

molecules are ionized during thermal desorption [10]. In Surface Ionization Detector case, sample 

gas is being exposed over a hot platinum filament, from which the alkali atoms desorb as ions 

because of their low ionization energies compared with the platinum work function [11]. This 

process converts neutral atoms into positively charged ions upon contact with a heated metal 

surface. Surface Ionization is highly effective for alkali metals, such as sodium (Na) and potassium 

(K), due to their low ionization energies and strong tendency to lose electrons at elevated 

temperatures [12].  
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Recent studies demonstrate that surface ionization can achieve high ionization efficiencies for 

alkali species, especially when optimized for temperature and surface material properties [13]. 

Conventional offline analyses like scanning electron microscopy with energy-dispersive 

spectroscopy (SEM-EDS) and inductively coupled plasma optical emission spectroscopy (ICP-

OES) give an extensive morphological and compositional information but are not monitors 

temporal changes in alkali species concentrations [11, 14]. In comparison, in situ and online 

techniques like laser-induced fluorescence, absorption spectroscopy, or mass spectrometry provide 

real-time measurements of alkali concentrations [15]. 

 

SID has found extensive use in pilot- and full-scale thermal conversion research for the 

measurement of total alkali content in flue gases. In its original design, the SID measures the total 

alkali concentration and does not discriminate among potassium and sodium, and not among 

different alkali salts [11]. However, recent studies describe a novel method to help the device 

distinguish between sodium and potassium with a temperature-modulated SI (TMSI) method [11]. 

SID is notable not only for its sensitivity but also for its affordability and ease of use. As a result, 

it holds promise for improving atmospheric research capacities in areas with limited resources.  

 

Low-cost, high-impact tools like SID can support long-term atmospheric monitoring and research, 

particularly in developing nations where access to sophisticated instrumentation is often limited. 

The World Meteorological Organization states that financial limitations, inadequate infrastructure, 

and trouble maintaining costly instruments frequently pose a threat to the sustainability of 

atmospheric observations in developing nations [16]. Strong and reasonably priced systems like 

SID can be used to fill in observational gaps and increase the coverage of environmental data 

worldwide and thereby help assisting both regional air quality projects and global climate 

initiatives. 

1.2 Objectives  
This project aims to establish continuous measurements of alkali-containing aerosols at the 

Natrium Air Quality Research Station while conducting their preliminary characterization. The 

collected data will not only enhance the existing dataset at Natrium but also enable comprehensive 

analysis of these particles. Apart from deepen our understanding of aerosol dynamics in the 

Gothenburg region, this work will optimize the SID methodology in preparation for future 

international measurement campaigns. 

Specific Objectives: 

• Optimize SID operational parameters for consistent, high-quality data collection. 

• Characterize temporal variations in alkali aerosol concentrations over at least one month. 

• Compare SID results with complementary datasets and methods. 
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2 Materials and Methods 

2.1 Site description 
Air quality measurements performed in the present study were made from the Natrium Air Quality 

Research Station on the roof of the Natrium building of the University of Gothenburg. Opened in 

2023, the Natrium building accommodates part of the Faculty of Science with state-of-the-art 

research facilities. There is a measurement tower on the roof for atmospheric monitoring with 

minimal obstruction and full exposure to the dominant winds. The eight-stories building is situated 

on Medicinareberget in the central-southern part of Gothenburg, Sweden (Figure 1). The site lies 

just south of the city centre and the Göta River. It is positioned within an elevated urban area 

surrounded by dense residential areas to the east (e.g., Johanneberg and Guldheden) and green 

areas to the south and west, including Slottsskogen and the Gothenburg Botanical Garden. The 

nearby industrial harbour area to the northwest and open maritime influence from the Kattegat to 

the west. 

Its closeness to the Kattegat which is part of the Atlantic and nearness to main roads and residential 

heating districts enables it to sample both regional sea influences and biomass burning sources that 

is important for research on alkali-containing aerosol particles. 

  

Figure 2-1 Satellite view of Natrium building from Google Earth 
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2.2 Instrumentation and sampling method 

2.2.1 Online measurement (Surface Ionization Detector) 

The sampling period took place from 25 February to 27 April 2025, during the seasonal shift from 

winter to spring in Gothenburg, Sweden. In late February, the weather was generally cold, with 

frequent temperature inversions that can trap air pollutants close to the ground [17]. As time 

passed, temperatures gradually increased. By April, it was common to experience milder days with 

temperatures exceeding 10 °C. During this transition, the wind direction also changed from mostly 

easterly winds in winter to more south westerly winds in spring, bringing in moist air from the sea 

[18]. These changing weather conditions can influence how aerosol particles form, move, and stay 

in the air [19].  

 

A continuous sampling of ambient air was performed from the rooftop of the Natrium building of 

the University of Gothenburg through a 10 m copper sampling tube. The intake point was around 

105 m above sea level, with minimal interference from nearby structures. The aerosol-containing 

air was delivered to the Surface Ionization Detector in the CIMS laboratory on the eighth floor of 

the Natrium building using downstream pumping. 

 

SID comprises a filament made from 0.35 mm diameter platinum wire with a purity of over 

99.99% and a metal collector plate, both housed within a cylindrical stainless-steel chamber. The 

housing is grounded to a metal structure to ensure operator safety and to stabilize the system’s 

electrical potential. Flow configuration was set to steady flow rate of 1.0 L min⁻¹, a higher flow 

rate is expected to increase the total number of aerosol particles reaching the detection zone which 

improves signal frequency and detection probability. Additionally, it also decreases the diffusion 

distance of vaporized alkali species to the hot filament surface. This behaviour is in line with 

research by Hagström, who demonstrated that higher flow decreases the thickness of the thermal 

boundary layer, which allows particles to evaporate closer to the surface and causes a faster rise in 

the signal and narrower peak widths [12]. 

 

Because of its chemical and thermal stability in ambient conditions, platinum is selected as the 

filament material. Platinum can be heated above 1500 K for prolonged periods of time without 

suffering significant deterioration, in contrast to most other metals, which oxidize quickly at high 

temperatures in air [12]. To maintain a clean and reactive surface that is suitable for surface 

ionization over an extended period of sampling, this resistance to oxidation and surface 

contamination is important. According to Hagström, many alternative metals, like iridium or 

rhodium, oxidize or disintegrate visibly in a matter of minutes or hours under comparable 

circumstances, making them unsuitable for SID systems operating at atmospheric pressure. 

Platinum, on the other hand, is the preferred material for continuous high temperature use in air 

because it retains its structural integrity and ionization performance even at temperatures above 

1800 K [12]. 
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The platinum wire is coiled into a 15 mm wide spiral with a diameter of 2.5–3 mm forming a total 

of 10 loops. A programmable DC power supply (Elfa model RND 320-KWR103) is used to heat 

the filament. As shown in Figure 2-2, the filament is placed in the middle of the SID chamber and 

heated to about 1000 °C. This temperature was adjusted by referring to prior characterization 

studies regarding Online Speciation of Alkali Compounds by Temperature-Modulated Surface 

Ionization (TMSI) by Viktor Andersson. The study demonstrated the relation between alkali salts 

with their volatility and desorption kinetics can undergo effective thermal decomposition and 

surface ionization within the 800–1100 °C range [11]. This temperature range preserves filament 

stability and prevents excessive background signal. The filament temperature is continuously 

monitored through a quartz window using a non-contact infrared thermometer (Optris, model 

CT2MHCF) to ensure stable operation under desired thermal conditions. 

Figure 2-3 Ionization potential vs probability for selected elements, The ionizing surface was assumed to 

have a work function ϕ = 530 kJ mol−1 (corresponding to polycrystalline platinum) and a surface 

temperature T = 1500 K. 

Alkali atoms that have been released from the interaction between the high temperature filament 

surface become ionized upon thermal desorption from the hot surface. The alkali atoms have a 

comparatively low ionization potential in relation to the filament’s work function which favours 

ion desorption over desorption of alkali atoms. With a work function of roughly 5.6 eV, platinum 

makes it easier to ionize alkali species like potassium (4.34 eV) and sodium (5.14 eV) [11]. Figure 

2-3 shows an ionization versus probability which includes several alkali metals element, leading 

to ionization probabilities of over 99% for K⁺ and about 89% for Na⁺ at 1500 K. 

Figure 2-2 Heated platinum filament inside SID chamber captured through quartz window 

70 mm 



9 

 

The filament serves a dual purpose: it acts as a thermal ionization source and functions as a 

positively charged electrode to drift positively charged alkali ions (Na⁺, K⁺) toward the collector 

plate, which is positioned in parallel. The positive charge is generated by applying a constant 300 V 

using a high-voltage power supply. When ions collide with the collector plate, a current signal is 

produced. This signal is amplified using a current amplifier (Keithley, model 427) at 10⁹ voltage 

per ampere gain with 1 millisecond rise time. The amplified signal is then digitized using a 

National Instruments USB-6000 data acquisition system (DAQ). Data acquisition is handled in 

real time using NI FlexLogger software, and the output is stored in TDMS format for offline 

processing and analysis. Figure 2-4 shows the full instrumentation set up installed at the CIMS lab 

and lay out diagram from the system. 

 

2.2.2 Offline measurement (Cyclone Impactor & EDXRF) 

Another sampling method conducted in this study was an offline measurement technique using a 

cyclone impactor. The cyclone was installed on the rooftop of the Natrium building and connected 

to an air pump with a constant flow rate of 2.2 L min⁻¹ to draw ambient aerosol particles through 

the system. Inside the cyclone, a 25 mm Polytetrafluoroethylene (PTFE) filter with a 0.2 µm pore 

size (PALL TF-200) was used to collect submicron aerosol particles. The filters were typically 

replaced once per week. Before installation, each filter was weighed three times to obtain a precise 

initial mass and then reweighed after the sampling period. The mass difference shows the total 

amount of particulate matter collected during that time. 

 

Figure 2-5 (A) visualize the cyclone compartment and (B) installation at the roof of Natrium 

building. It consists of several components arranged to separate and collect particles based on 

aerodynamic diameter. The inlet airflow enters the grit pot at the base of the cyclone, where a 

vortex is induced by the cyclone body geometry. This swirling motion forces larger particles 

outward, causing them to deposit into the grit pot. Smaller particles (PM4 and below) are carried 

upward into a filter cassette assembly, where the PTFE filter is mounted on a filter support screen 

and held in place between the lower and upper cassette halves. The screen is positioned above the 

Figure 2-4 SID instrumentation set up and layout diagram during sampling at the CIMS laboratory 
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filter to prevent deformation from the upward airflow. The entire cassette is secured with a screw 

cap and attached to the vacuum pump to maintain constant flow.   

 

Following sampling, the filters were analysed using Energy-Dispersive X-Ray Fluorescence 

(EDXRF) with an instrument from AMETEK. EDXRF is a non-destructive analytical method used 

to determine the elemental composition of aerosol samples. The technique works by exposing the 

sample to a primary X-ray source that causes atoms in the sample to emit characteristic secondary 

(fluorescent) X-rays. These are detected and resolved by energy using a detector that allows 

identification and quantification of multiple elements. In this study, particular attention was given 

to potassium (K), which is a known tracer for biomass burning, and chlorine (Cl), which is 

associated with sodium (Na) from sea salt particles since sodium was not available in the EDXRF 

dataset [7, 20]. EDXRF is suitable for detecting inorganic elements in particulate matter and 

provides a complementary dataset to the online measurements. The results from the offline cyclone 

sampling and EDXRF analysis will be compared with the online SID data to investigate potential 

correlations between both methods and to assess the temporal dynamics of atmospheric alkali-

containing particles and the accuracy of SID measurements. 

2.3 Data processing and analysis 

2.3.1 Online sampling data (alkali signal) 

As mentioned in the online measurement section, the alkali pulse signal was obtained through an 

amplification process and recorded using an NI USB-6000 device into a TDMS file format which 

was being handled by NI FlexLogger software. This TDMS format is compatible with Python and 

has a significantly lower size compared to .csv file, meaning that it creates a lighter work for the 

logging software to minimize risk of crashing. In this project, the data was processed using 

JupyterLab. To handle the TDMS files, the nptdms library was used in the script. This library 

allows Python to open and read the structure of TDMS files, including extracting specific channels 

such as "Dev1/ai0" which contained the recorded voltage signal. This signal should be converted 

first into particle concentration for further analysis. The original signals are recorded at 1-

A B 

Figure 2-5 (A) cyclone impactor compartments; (B) Installation at the roof of Natrium building 
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millisecond resolution were inverted and averaged to 1-hour the time resolution. Lowering the 

resolution from 1 millisecond to 1 hour is necessary to match the complementary datasets that 

generally available at 1-hour intervals. 

 

Conversion of the SID signal into an alkali mass concentration has been performed by Andersson 

et al. (2022) with a calibration experiment. The experiment was conducted using a continuous flow 

of KCl particles from aerosol atomizer and introduced simultaneously into SID and Scanning 

Mobility Particle Sizer (SMPS). The SMPS measured the particle size distribution and number 

concentration of the aerosol, from which the mass concentration of KCl was calculated under the 

assumption of spherical particle shape and known density [21]. This experimental setup allowed 

the authors to establish a linear correlation between the SID output signal and the known KCl mass 

concentration as shown in equation 1. 

[𝐾] (𝑛𝑔/𝑚3) =
𝑆𝐼𝐷 𝑠𝑖𝑔𝑛𝑎𝑙 (𝑛𝐴)

0.0466
   (1) 

Since the data were recorded at a 1 ms time resolution, compared to 1 s in previous studies, 

applying the same 10⁹ V/A amplification factor leads to an overestimation of current by a factor of 

1000. Consequently, the calculated concentrations are expressed in ng/m³ rather than μg/m³. After 

the data was compressed, all the processed alkali signal data that is converted into particle 

concentration were combined into a .csv file together with other complementary parameters, such 

as wind direction, PM 2.5 concentration, temperature, and relative humidity. 

2.3.2 Offline sampling data  

The cyclone impactor sampling provides several outputs from the filter, including its weight before 

and after the sampling period. The difference in weight represents the amount of particulate matter 

collected on the filter. Additionally, the duration of each sampling period is recorded. After 

sampling, the filters were analysed using EDXRF. The EDXRF data were obtained through the X-

Analyzer Pro software, which identifies the concentrations of multiple inorganic elements present 

on the filter.  

 

For this study, only chlorine (Cl) and potassium (K) were processed, and the relevant data were 

extracted accordingly. Chlorine as detected through EDXRF analysis, can serve as a tracer for sea 

salt aerosols, particularly those containing sodium (Na). This is because both Cl and Na are major 

constituents of sea spray that mainly present as sodium chloride (NaCl) [22]. 

 

The initial data also include blank filter measurements and are expressed in ng/cm². To ensure 

comparability with other parameters, two adjustments were made: blank correction and unit 

conversion. Blank values were removed by subtracting the Cl and K concentrations measured in 

the blank filter from those in the sampled filters. Once the blank correction was applied, the data 

were converted from ng/cm² to ng/m³. This conversion involved calculating the particle-loaded 

area on the filter to eliminate the area unit, followed by determining the air volume sampled. The 

sampled air volume (in m³) was calculated by multiplying the flow rate (2.2 L/min) by the total 

sampling duration (in minutes). Finally, the corrected concentrations of Cl and K were multiplied 

by this volume to yield results in ng/m³.  
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2.3.3 Weather and air quality data 

Complementary data used in this study were obtained from two sources: the University of 

Gothenburg's Natrium rooftop station and Gothenburg City’s air quality monitoring network. The 

rooftop station is equipped with met eorological instruments that measure wind speed, wind 

direction, temperature, relative humidity, and precipitation, all recorded using a Campbell 

Scientific CR10 data logger. Meanwhile, PM 2.5 data were acquired from Göteborgs Stad’s 

website at the Femman station. It should be noted that this station is located at a different site than 

Natrium, where the primary aerosol sampling was conducted. 

 

2.3.4 Air mass back trajectories 

Backward air mass trajectories ending 100 m above ground level in Natrium building, Gothenburg 

were computed using the NOAA HYSPLIT model. Trajectories were initiated every hour 

throughout the entire measurement period, resulting in a total of 1464 trajectories. These were 

grouped using the cluster analysis function built in feature from HYSPLIT software. The cluster 

analysis iteratively merges the most similar trajectory pairs until all are combined into a single 

cluster. To determine the appropriate number of clusters, the change in total spatial variance (TSV) 

was evaluated at each step. The TSV curve indicate a marked increase in spatial variance when 

reducing the number of clusters from 5 to 4 and from 7 to 6. Based on this evaluation, a 5-cluster 

solution was selected for the current analysis to offer a reasonable compromise representation of 

the trajectories.  
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3 Results 

3.1 Standard operating procedure for SID operation 
In order to establish long-term measurements using the Surface Ionization Detector (SID), a 

reliable and safe handling procedure needed to be developed. The procedure includes mechanical 

and electrical setup, safety grounding, operational sequences, and maintenance routines to ensure 

stable and accurate data acquisition. Key aspects involved minimizing electrical noise, 

implementing a step-by-step heating protocol to achieve and monitor the filament temperature 

(~1000 °C), and establishing flow control for consistent sampling conditions. Particular attention 

was given to the positioning and alignment of the IR thermometer for continuous non-contact 

temperature monitoring. Signal stability and safety precautions were addressed by introducing a 

plastic barrier over the SID during operation and highlighting start-up/shutdown order to prevent 

electrical shock or filament damage. The full procedure, including detailed steps for filament 

replacement and system reconditioning, is provided in Appendix I. 

3.2 Overview of SID alkali signal data 
This section presents an overview of the alkali signal data obtained from the SID, including time 

series visualizations at multiple temporal resolutions. The purpose is to illustrate the detector’s 

response across different time scales and to highlight key features in the dataset, such as individual 

particle events, signal peaks, background levels, and periods of instrument stoppage. 

The first plot on Figure 3-1 displays a segmented time series of the inverted SID signal in volts 

(V) captured with 1 millisecond sampling resolution from NI FlexLogger. This segment also 

highlights a transition between two operational phases: 

1. Outdoor ambient air sampling (from approximately 14:00 to 14:21), and 

2. HEPA filter installation for background check (starting around 14:22). 

It is evident that during outdoor sampling phase, the SID detected frequent voltage peaks with 

many signals reaching up to 10–11 V. The high frequency and intensity of these pulses are 

characteristic of active particle events that is driven by real-time aerosol input from ambient air. 

 

Figure 3-1 Inverted SID Signal During Outdoor Sampling and HEPA Filter Installation 
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At approximately 14:22, a HEPA filter was installed to stop particles from the ambient air to reach 

the SID. Immediately, the SID signal dropped with only occasional low-level pulses detected that 

originate from remaining particle during the transition. This procedure confirms the absence of 

particle input when a filter is applied and highlights the baseline or electronic noise level of the 

instrument. The contrast between these two phases illustrates the system’s sensitivity and confirms 

that the SID output is largely particle-dependent, not instrumentally induced. 

 

Furthermore, if we zoom in on a shorter time window during the ambient sampling period shown 

in the previous figure, we can observe the detailed structure of particle detection events. 

In figure 3-2, a segment of the SID signal is presented over an 8 second window. It clearly shows 

a series of sharp voltage pulses, each representing individual alkali-containing particles interacting 

with the hot filament inside the SID chamber. 

 

The peak heights vary, with some signals exceeding 10 V (maximum limit set by amplifier) and it 

becomes overload when very large particles are detected. On the contrary, other peaks stay within 

the range of 1–2 V. This variation may reflect differences in particle composition, size, or 

ionization efficiency. With the gap and frequency of these peaks, the temporal resolution of the 

SID was demonstrated. In-between these pulses, the signals return to a low baseline level that 

indicates minimal background noise during ambient sampling. This pattern supports that the SID 

is sensitive to short-lived transient events by registering discrete particle influxes and not just bulk 

aerosol mass. 

Figure 3-2 Zoomed-In View of Multiple Particle Detection Events 
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To examine the detection in greater detail, the signal was zoomed in to focus on a single particle 

detection event at millisecond resolution as shown in Figure 3-3 below. 

The isolated voltage pulse occurring within a 300 ms window has a value to 10 V, it is then 

followed by a rapid decay toward the baseline. This pattern of different peak shape indicates the 

surface ionization event detected by the SID. Moreover, it also explains why high temporal 

resolution is critical in SID measurements. The captured decay pattern provides insights into the 

desorption and ionization behaviour of different alkali species. For example, potassium and sodium 

exhibit slightly different decay characteristics due to differences in ionization probability and 

desorption kinetics on a platinum surface [21]. Without millisecond resolution, these features could 

not be apparent. 

 

The second operational phase is related to baseline noise level of the SID system. HEPA filter was 

installed at the inlet to eliminate particles from the sampled air. The signal was then monitored 

under the same operational conditions. 

Figure 3-4 SID Background Signal During HEPA-Filtered Sampling 

Figure 3-3 Single Particle Detection at Millisecond Resolution 
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Figure 3-4 shows a zoomed-in time series of the SID output after the HEPA filter was installed. As 

expected, the high-voltage pulses observed during ambient air sampling have disappeared. Instead, 

the signal stabilizes around a low and consistent baseline between 0.05 and 0.1 V, with occasional 

minor fluctuations. A few brief spikes are observed but remain below 0.45 V which is far lower 

than typical particle detection peaks. This background profile represents the electronic noise floor 

and potential environmental interference in the absence of airborne particles. Establishing this 

baseline is essential for several things during the sampling by checking the sensitivity threshold of 

the instrument and distinguishing real particle signals from noise. 

 

After two months of sampling period from 25 February to 27 April 2025, a total of 40 days of valid 

data were collected throughout the campaign. Figure 3-5 presents the full time series of hourly 

averaged alkali- containing particle in ng/m³. The data represent SID voltage values that is 

converted from voltage into mass concentration. Moreover, the data is also averaged at 1-hour 

resolution to improve clarity and align with the resolution of complementary datasets (e.g., 

meteorological data, PM2.5, and wind speed).  

 

Data gaps are clearly visible in early March and around mid-April due to filament failure and 

software problem. During these periods, the SID system was shut down and data logging was 

paused to avoid recording invalid background values. However, the time series still provides 

valuable information regarding alkali-containing particle behaviour by revealing several distinct 

peaks period. For instance, particle concentrations exceeded 40 ng/m³ around 10 – 12 April was 

captured. This event can be further investigated by relating to other complementary data. 

Figure 3-5 – Hourly Averaged Alkali Signal During Measurement Campaign 
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3.2.1 Overview from complementary air quality and meteorological data 

In this section, complementary data such as temperature, windspeed, RH and wind direction during 

the sampling period will be described. In addition, PM 2.5 background trend will also be included. 

These data are illustrated with hourly resolution to improve clarity and visibility for better 

processing in the analysis. 

The first plot in Figure 3-6 illustrates the hourly ambient temperature recorded during the 

measurement campaign. The data captures the transition from late winter into early spring, with 

an increased trend in daily average temperature. In late February to mid-March, temperatures 

frequently remained below 5 °C, with occasional drops below freezing. From late March onward, 

daytime temperatures became consistently milder, often ranging between 5–15 °C, and peaking 

just above 20 °C in mid-April. 

Figure 3-6 Ambient temperature recorded at Natrium Weather Station 

Figure 3-7 Relative humidity recorded at Natrium Weather Station 
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Secondly, Figure 3-7 illustrates the relative humidity (RH) trend to show the temporal pattern of 

humidity level during the sampling period. The RH values remained generally high, often 

fluctuating between 80% and 100%. However, several significant drops were observed, 

particularly in mid-March and early April, when RH shortly dropped below 40%. 

Another complementary parameter to be discussed is wind speed. Based on Figure 3-8, the hourly 

averaged wind speed over the SID measurement campaign is ranging from near 0 m/s to just above 

9 m/s, with frequent fluctuations. Notably, periods of higher wind speeds were observed 

temporarily throughout late March and mid-April often exceeding 6 m/s. 

 

 

 

Figure 3-8 Wind speed recorded at Natrium Weather Station 

Figure 3-9 Wind Direction recorded at Natrium Weather Station 
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In Figure 3-9, the hourly wind direction recorded during the SID sampling period is shown. Wind 

direction values range from 0° to 360°, where 0° (or 360°) represents North, 90° is East, 180° is 

South, and 270° is West. During early March, the winds were frequently from easterly and 

northerly sectors (0°–135°), while from late March into April, the dominant wind direction 

gradually shifted to south-westerly and westerly sectors (225°–315°).  

Lastly, Figure 3-10 presents the hourly PM 2.5 concentration in (µg/m³) recorded at Femman 

Station throughout the SID measurement campaign. The dataset shows variability in PM 2.5 levels, 

ranging from near-zero up to over 60 µg/m³. Two notable pollution episodes are observed: a major 

peak around 7–9 March, where concentrations sharply rose above 60 µg/m³, and a second event 

near 30 March, peaking just above 40 µg/m³. For the remainder of the campaign, PM 2.5 levels 

remained mostly between 5 and 25 µg/m³, with intermittent short-term spikes.  

  

Figure 3-10 PM 2.5 concentration recorded at Femman Station 
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3.2.2 EDXRF results from offline sampling 

In this section, results from offline sampling stage will be reviewed. The sampling produces several 

data including filter weight, sampling duration, and elemental composition from EDXRF analysis. 

The recorded weights were used to calculate the mass of collected particles by difference, with 

values ranging from approximately 77 to 260 µg from the total of 10 samples collected. This range 

reflects the ambient load of submicron aerosol particles during each sampling interval. Table 3-1 

summarizes the start and stop dates, weight difference, calculated number of days, and weight for 

each sample filter. 

 

Furthermore, each sampled filter was analysed using EDXRF to quantify its elemental content. 

The results include elemental concentrations for several elements, however, emphasize is placed 

on potassium and chlorine. In Figure 3-11, concentrations of both chlorine and potassium as a 

function of time are illustrated. These concentrations represent the elemental mass of Cl and K as 

reported from the X Pro software. The concentration of Cl shows a sharp spike on the beginning 

of February, followed by a steep decline and a secondary peak around mid-March, after which it 

remains low and quite stable. In contrast, K concentrations stay relatively low and stable 

throughout the entire period, with minor fluctuations but no intense peaks. 

Table 3-1 Offline sampling result 

Figure 3-11 XRF analysis results on Cl and K 
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3.3 Comparison and analysis 

Following the overview of background conditions from the complementary datasets 

(meteorological variables, PM 2.5 concentrations, elemental composition from EDXRF filters, and 

HYPSPLIT air mass back trajectory) this section presents a comparison with the alkali-containing 

particle concentrations measured by the SID. The analysis begins with a visual comparison of 

temporal trends between the alkali concentration and each individual dataset to explore coinciding 

peaks, and anomalies. This is followed by correlation analysis using scatter plots that quantitatively 

provide an assessment of relationships between the alkali concentration and external variables. 

3.3.1 Temperature 

The analysis starts with Figure 3-12, the highest alkali-containing concentrations occur mainly 

during moderate temperature within the 5 – 10 °C range. In contrast, colder and warmer periods 

show lower concentrations. This is confirmed by the scatter plot on Figure 3-12, where the densest 

cluster of high particle concentration is concentrated in the mild temperature zone. Low particle 

concentrations in the coldest periods may also reflect differences in the type of particles being 

emitted or detected. Biomass burning is typically more frequent in winter due to domestic heating. 

These emissions are known to contain potassium, a tracer for biomass burning [23]. However, 

potassium-containing particles are usually smaller than sea salt particles and therefore tend to 

produce lower peak voltages in SID measurements compared to sodium [11]. 

Since the SID signal is integrated over one-hour intervals, the amplitude does not reflect individual 

particle directly. Instead, the generally lower alkali concentration observed during the colder 

period may be explained by calmer meteorological conditions and reduced atmospheric transport. 

On the other hand, higher signals during later periods likely correspond to increased wind speeds 

and westerly winds [18]. 

Figure 3-12 Temporal trend comparison between particle concentration and temperature 
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Relationship between temperature and alkali-particle concentratrion is shown by Figure 3-13. A 

distinct concentration cluster between approximately 5°C and 10°C is apparent with the highest 

alkali concentration including those exceeding 40 ng/m³ are most frequently observed. 

An important mention, during the period with temperatures below 0°C, the low frequency of alkali-

containing particle might be affected by minimum data availability during this period. The 

measurement was able to obtain a short period of data approaching the end of winter. However, 

during most of the sampling time the temperature was above the freezing point. On the contrary, a 

peak density of data points between 5–10°C have the broadest range in particle concentrations.  

3.3.2 Relative Humidity 

 

Figure 3-13 Correlation plot between temperature and particle concentration 

Figure 3-14 Temporal trend between alkali particle concentration and RH 
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The following plots in Figures 3-14 and 3-15 show the relationship between relative humidity 

(RH) and the alkali-containing particle concentration. The time series comparison (Figure 3-13) 

reveals that the highest concentration events (late March and early to mid-April) tend to overlap 

with periods of elevated RH, often above 70–80%. Conversely, during lower-humidity periods 

(late April), alkali concentrations are generally lower. This trend is supported by the scatter plot 

analysis (Figure 3-14), which shows that higher particle concentrations (above 20 ng/m³) mostly 

occur when RH exceeds 65%, with a cluster between 70–90%. At RH below ~60%, most particle 

concentrations remain below 10 ng/m³. 

 

These findings suggest that the observed correlation between relative humidity and elevated 

particle concentration is likely due to their relationship with marine air masses reaching 

Gothenburg. Periods of high RH often coincide with increased transport of sea-salt-rich air from 

the west, which may explain the coincident rise in alkali-containing particle concentrations [24]. 

Therefore, the relationship is not necessarily driven by a direct microscopic interaction between 

RH and alkali particles, but rather by shared meteorological conditions. 

  

Figure 3-15 Correlation plot between RH and particle concentration 
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3.3.3 Influence of Wind Speed and Direction on Alkali-containing particle 

concentrations 
This section focuses on the role of wind dynamics, especially wind speed and wind direction that 

may have a significant role in shaping the concentrations of alkali-containing particles. 

A. Wind Speed 

The time series plot in Figure 3-16 shows an incidence of elevated wind speed and high alkali 

concentration during the early April period (10–11 April). In contrast, on March 26, high particle 

concentration also occurred despite moderate wind speed. In another case, a period of high wind 

speed around April 26 coincided with low particle concentrations. It is still challenging to 

recognize the pattern due to the inconsistency of these coinciding events. To further analyse it, 

correlation between the two parameters is illustrated by a scatter plot. 

Figure 3-17 shows a distribution pattern of the alkali-containing particle concentration (ng/m³) 

related to wind speed. The data points clustering below 10 ng/m³ are widely spread. It is noticeable 

that low particle concentration generally appears within moderate wind speed from 2 m/s to 6 m/s. 

Figure 3-16 Temporal trend between particle concentration and wind speed 

Figure 3-17 Correlation plot between wind speed and particle concentration 
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However, some elevated particle concentrations above 20 ng/m³ appear mostly when wind speed 

is higher than 4 m/s. Based on this observation, some elevated particle concentrations above 20 

ng/m³ appear mostly when wind speed is higher than 4 m/s 

B.  Wind Direction 

The time series (Figure 3-18) explores wind direction in relation to particle concentration. Notable 

periods of high alkali concentration (around 26 March, 10–12 April) coincide with wind directions 

consistently between 250° and 310°. These events highlight the idea that westerly or south-

westerly winds are favourable for the arrival of alkali-containing particles. On the other hand, 

during periods with winds predominantly from the eastern or northern sectors, such as late March 

or late April, alkali concentrations remained low. 

 

The relationship between wind direction and alkali particle levels is illustrated in Figure 3-19. The 

distribution of data points confirms that elevated alkali signals are most frequently observed when 

wind directions fall within the 250° to 320° range. This clustering supports the view that specific 

wind sectors are associated with increased alkali-containing particle presence. 

 

Figure 3-18 Temporal trend between particle concentration and wind direction 

Figure 3-19 Correlation plot between wind direction and particle 

concentration 
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Furthermore, a deeper investigation was carried out by performing wind rose and polar directional 

plot analyses. This analysis enhance the understanding and visualization of wind behavior in 

relation to alkali-containing particle concentrations. The wind rose analysis focuses on the 

directional distribution and frequency of wind speeds. Meanwhile, the polar directional plot 

presents the mean alkali signal as a function of wind direction. By combining these two methods, 

it is possible to identify both the dominant transport directions and the likely source regions 

contributing to observed alkali signals. 

 

Based on the wind rose diagram in Figure 3-20, the most frequent winds originated from the east 

(E) and west (W) sectors, with some contribution from the southeast (SE) and northwest (NW). 

The eastern sector shows the highest frequency overall. However, as illustrated in the polar plot, 

the particle concentration in the east sector is generally low. Conversely, with a lower contribution 

of wind from the southwest to northwest sectors (approximately 240° to 330°), particle 

concentration is significantly higher. This pattern supports that high alkali signals arriving from 

the northwest (~315°) likely indicate a marine influence [25].  

  

In contrast, the dominant wind coming from east side generally provide lower alkali-containing 

particle concentration signals. The air coming from the land may indicate influence from biomass 

burning (e.g., residential heating) [25]. These emissions are rich in potassium, a known tracer for 

combustion [23]. The lower alkali concentration observed during easterly winds may reflect 

overall lower concentrations of alkali-containing particles. While the signal strength alone does 

not confirm the particle source, the wind direction may provide an indication of a biomass-burning-

dominated influence during these periods. 

Figure 3-20 Wind rose and polar plot for particle concentration and wind direction 
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3.3.4 PM 2.5 

Figure 3-21 displays the temporal variation in alkali-containing particle concentration (ng/m³, blue 

line) and PM 2.5 concentration (µg/m³, orange line) over the measurement period. Both parameters 

reveal considerable variability over time; however, no clear correlation between them is observed. 

The alkali concentration typically represents only about 0.1% of the total PM 2.5 mass. This 

highlights the SID’s capability to selectively detect trace amounts of alkali species despite the 

presence of other dominant aerosol components.  

Figure 3-22 illustrates the relationship between PM2.5 concentration (µg/m³) and alkali-containing 

particle concentration (ng/m³) across the measurement period. While there is a slight increasing 

trend, the correlation between PM2.5 and alkali particle concentrations appear weak. Most of the 

data points are clustered below 10 µg/m³ PM2.5 and 10 ng/m³ alkali concentration, with a wide 

scatter. At higher PM2.5 levels (>15 µg/m³), alkali-containing particle concentration do not 

consistently increase, indicating that elevated fine particle concentrations do not necessarily 

correspond with elevated alkali presence. This suggests that many PM 2.5 episodes may be 

dominated by non-alkali sources, such as secondary aerosols or combustion products. 

Figure 3-21 Temporal trend between particle concentration and PM 2.5 

Figure 3-22 Correlation plot between wind direction and particle concentration 
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3.3.5 EDXRF results 
The comparison aims to explore whether sodium and potassium containing particles presence 

correspond with elevated alkali-containing particles concentration. 

In Figure 3-23, substantial Cl peak is observed during the late February sampling period, with 

concentrations exceeding 700 ng/cm²; however, the SID alkali signal remains low during the 

relatively short measurement periods. This is likely due to the different resolution from both 

parameters. The particle concentration is presented in hourly resolution, while Cl concentrations 

have a weekly resolution. Unfortunately, it is not possible to have the particle concentration in 

weekly resolution due to the incomplete data acquisition during the sampling period. However, 

from March 26 onwards, the particle concentration pattern more closely matches the Cl 

concentration which may indicate a stronger influence of marine air masses during this period. 

Since sea salt particles contain both sodium and chlorine in the form of sodium chloride (NaCl) 

 

Furthermore, the temporal pattern comparison between alkali-containing particle concentrations 

measured by the SID and weekly potassium (K) concentrations obtained from EDXRF analysis is 

illustrated in Figure 3-24. Although the two datasets differ in temporal resolution, only a few 

periods show elevated alkali particle concentrations coincide with weeks of higher potassium 

levels. 

Figure 3-23 Comparison between alkali-containing particles with Cl concentrations 
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The absolute concentrations measured by the SID are consistently lower than the potassium 

concentrations from the EDXRF filter samples. This discrepancy may be attributed to the fact that 

the SID only detects alkali-containing compounds (Na and K) that decompose and are efficiently 

ionized at the filament temperature, typically compounds such as alkali chlorides, nitrates and 

sulphates. In contrast, the XRF quantifies the total elemental potassium concentration, including 

non-volatile forms bound in mineral dust particles (such as silicates and aluminosilicates). These 

particles are not effectively ionized or detected by the SID [12]. Another possibility is that the 

calibration used for the SID may not be fully accurate for the current setup. For instance, operating 

the filament at 1000 °C instead of the previously recommended 1100 °C may have affected 

ionization efficiency.  

  

Figure 3-24 Comparison between alkali-containing particles with K concentrations 
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3.4 HYSPLIT air mass back trajectory analysis 

To delve deeper into investigation of the origin of detected alkali-containing particles, 72 hour 

back-trajectories of air masses arriving at the Natrium building were analysed using cluster 

analysis. The resulting 5 group solution is shown in Figure 3-25, where each panel presents 

individual trajectories grouped by their spatial similarity. These clusters represent distinct air mass 

transport pathways which indicates variability in source regions. 

Figure 3-26 presents the mean trajectories of the 5-cluster solution based on the cluster analysis in 

Figure 3-25. These mean paths illustrate a simplified overview of dominant air mass transport 

directions during the measurement campaign. The cluster analysis enables comparison between 

alkali-containing particle concentrations with respect to each cluster. Figure 3-27 summarizes the 

mean value of the particle concentration in each cluster. By involving mean alkali levels to specific 

air mass origins, it becomes possible to assess the relative influence of different source regions 

such as marine, continental, or polar on the observed particle concentrations. 

 

Figure 3-25 Trajectory group analysis for six air mass types reaching Natrium building during the sampling period 

Figure 3-26 Cluster based mean trajectories from 

previous grouping 
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Figure 3-27 Mean value for particle concentration in each cluster 

Cluster 4 with the largest number of trajectories (31%) represents easterly air masses. It is 

associated with the lowest mean alkali concentration of 2.8 ng/m³. This cluster suggests a strong 

inland air influence.  Cluster 1 with 27% of the total number of trajectories represents westerly air 

masses shows a moderate concentration of 4.8 ng/m³. Thus, it likely reflects a mix of continental 

and possibly maritime influence. 

Furthermore, Cluster 2 is contributing to 26% of the trajectories. This cluster is associated with air 

mass transport from the northwest to Gothenburg suggesting a major influence of marine air 

masses. It has a relatively high average concentration of 8.1 ng/m³. Cluster 5 with 6% represents 

air masses arriving from the polar region. This cluster is also associated with an elevated particle 

concentration of 7.3 ng/m³, potentially reflecting long-range transport of aged marine aerosol. 

Notably, Cluster 3, with only 10% of trajectories originates from the Atlantic and shows the highest 

mean alkali concentration (11.8 ng/m³).  This cluster is associated with higher average wind speeds 

over the Atlantic Ocean, which likely enhances the generation of sea salt aerosols [26]. Thus, 

Elevated wind speeds increase the mechanical production of sea spray through wave breaking and 

bubble bursting, resulting in higher emissions of sodium-containing particles that are efficiently 

detected by the SID [27]. 

 

The highest alkali concentrations were observed in air masses originating from the Atlantic, 

whereas trajectories that passed mostly over land exhibited lower concentrations. This pattern is 

consistent with a dominant influence of sea salt aerosols during the measurement period, while 

contributions from biomass burning appeared limited. This is likely because much of the campaign 

took place in spring, when reduced residential heating would lead to fewer combustion-related 

emissions. The influence of air mass origin on observed alkali concentrations was previously 

reported by Noda et al., using an alkali mass spectrometer based on surface ionization [25]. 
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4 Discussion 

The project began with the development of a method to operate the SID. When initially placed in 

a horizontal position at 1100 °C, the filament typically broken after only 4–5 days and required 

replacement. Additionally, the quartz window was covered by particle deposits that accumulated 

inside the chamber. After a series of adjustments, the SID was successfully run using a more stable 

method by adapting the placement of SID in horizontal position and lowering the temperature 

(1000 °C). Furthermore, the equation applied to convert the voltage signal into a mass 

concentration is specified for potassium (K). In this case, the concentration value for sodium (Na) 

is assumed to be equal as potassium. Several approaches could improve the operation, such as 

implementing remote monitoring in future projects to enhance the overall monitoring process. 

During the two-month measurement campaign, alkali particle concentrations demonstrated high 

temporal variability. The highest concentrations were observed during periods with mild 

temperatures and high RH. On the other hand, lower concentrations were typically recorded during 

colder periods due to lack of data during freezing period. Therefore, in temporal study, long-term 

data collection is essential to identify aerosol concentrations over time [28]. The observed 

correlation between RH and alkali particle concentration appears to reflect shared meteorological 

patterns, particularly the transport of moist marine air from the west. The marine air masses are 

generally more humid than their continental air due to their origin over oceans. This air masses 

have high moisture content through direct evaporation [29]. This is further supported by directional 

analysis. Wind rose and polar plot analyses indicate that while easterly winds were most frequent, 

they were generally associated with lower alkali concentrations.  

The result from PM2.5 and alkali-containing particle concentrations revealed considerable 

temporal variability; however, no strong correlation was observed between them. Most data points 

were clustered at low PM2.5, with a wide scatter and no consistent increase in alkali signal at 

higher PM2.5 levels. This suggests that many PM2.5 episodes may be driven by non-alkali 

sources, such as secondary aerosols. Meanwhile alkali concentration typically accounts for only 

~0.1% of the total PM2.5 mass [30], and the SID demonstrated selectivity in detecting trace alkali 

species without interferences from other dominant aerosol components.  

Comparison between SID data with offline EDXRF analysis shows that during a short sampling 

period in late February, high Cl levels were recorded. However, alkali concentration remained low 

which is likely due to incomplete data and the difference in temporal resolution. From March 26 

onwards, the concentration aligned closely with Cl levels. Despite these correlations, SID 

constantly recorded lower concentrations than those detected by EDXRF. One likely reason is that 

potassium measured by EDXRF may be bound in mineral dust particles, such as silicates and 

aluminosilicates, which are not effectively ionized in the SID [12]. Another factor may be the 

reduced operational temperature of the filament that may reduce the signal generated from SID. 

The HYSPLIT cluster analysis highlights the influence of air mass origin on alkali particle 

concentrations. The highest concentrations (11.8 ng/m³) were associated with Atlantic air masses, 

suggesting a strong marine influence, likely linked to sodium-rich sea salt aerosols. In contrast, 

the most frequent cluster originated from the east showed the lowest concentrations (2.8 ng/m³). 

indicating limited marine input and stronger inland influence. Moderately elevated levels were 

observed from polar and northwestern trajectories, while lower concentrations from easterly and 

westerly clusters likely reflect reduced biomass burning during the spring period [25]. 
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5 Conclusions 

The project successfully established continuous measurement of alkali-containing particles using 

the Surface Ionization Detector (SID) at the Natrium Air Quality Research Station. A refined 

methodology was developed to maintain stable data acquisition with minimal disturbance. This 

study also demonstrates SID’s capability and reliability in detecting trace alkali particles in 

ambient air. Out of a 62-day measurement campaign, 40 days of valid data were collected and 

analysed alongside complementary datasets. 

Offline sampling results suggest a potential link between elevated alkali-containing particles and 

the presence of sodium and potassium. However, differences in measurement principles and 

resolution limit comparability. The SID detects volatile or loosely bound alkali species, whereas 

EDXRF captures total elemental content, including non-ionizable mineral-bound forms. 

Additionally, instrument settings such as filament temperature may influence SID sensitivity. 

These limitations highlight the need for further studies to better assess the comparison between 

both methods. The correlation between PM2.5 and alkali-containing particle concentrations was 

weak, indicating that high PM2.5 levels are often dominated by other aerosol types. Nonetheless, 

SID successfully detected trace levels of alkali species, which comprised only ~0.1% of total 

PM2.5 mass, highlighting its selectivity and sensitivity. 

The comparison analysis provided valuable insight into the behaviour of alkali-containing particles 

and their relation to emission sources. Results indicate that particle concentrations are influenced 

by both meteorological conditions and source regions. Elevated concentrations were typically 

observed during periods of mild temperatures and high relative humidity, likely linked to the 

transport of marine air masses. Directional analysis further supports the role of sea salt aerosols 

under north westerly winds, while lower concentrations associated with easterly winds suggest a 

stronger influence from inland biomass burning. 

The interpretation of particle origin was further supported by HYSPLIT back trajectory analysis. 

The highest alkali concentrations were linked to infrequent Atlantic air masses, consistent with a 

sea salt aerosol origin. In contrast, the most frequent trajectories from eastern inland regions 

showed the lowest concentrations, indicating limited marine influence and stronger contributions 

from continental sources. 

Overall, SID exhibited strong potential as a low-cost, high-sensitivity tool for detecting alkali-

containing particles, offering valuable insights into aerosol composition and transport processes. 

Its performance in this study highlights its utility for long-term atmospheric monitoring. Further 

studies may include to differentiate between potassium and sodium compounds using the 

temperature-modulated surface ionization method (TMSI) that has recently been demonstrated in 

energy conversion studies [11].  
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7 Popular Science Summary   
 

Air pollution consists of many different types of particles, some of them natural and others caused 

by human activities. Among them are particles containing alkali metals such as sodium and 

potassium. Although these particles can influence atmospheric chemistry and affect human health, 

they are difficult to detect because they typically exist in very small amounts. 

 

In this study, a sensitive instrument called a Surface Ionization Detector (SID) was used to 

continuously measure alkali-containing particles at the Natrium Air Quality Research Station in 

Gothenburg. Over a two-month campaign, despite technical challenges, 40 days of high-quality 

measurement data were successfully collected. 

 

The results showed that particle concentrations varied with weather and wind conditions. Higher 

levels were observed during mild temperatures and high humidity, especially when air masses 

came from the Atlantic. This air mass is likely carrying sea salt particles. In contrast, air arriving 

from inland regions to the east tended to have lower concentrations, indicating a smaller marine 

influence with stronger inland influence which is a possible link to emissions from biomass 

burning. By using the HYSPLIT model, an internationally recognized tool for tracing air mass 

movements, we were able to track where the air had travelled over the previous 72 hours and better 

understand the sources of the measured particles. 

 

Even though the alkali concentration accounted for only about 0.1% of the total fine particulate 

matter (PM2.5), this study shows that SID is a highly effective tool for detecting them. These types 

of measurements are crucial for improving our understanding of air pollution transport and 

composition. Moreover, the SID is relatively low-cost, making it especially suitable for use in 

regions where advanced monitoring equipment may not be readily available. 
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8 Appendix 
 

I. Standard Operational Procedure 

Before operating the Surface Ionization Detector (SID), ensure that the workspace is clean and 

large enough to accommodate all necessary components. Organize equipment and cables in a tidy 

layout to avoid mechanical disturbance or electrical hazards. It is strongly recommended that the 

operator reads and understands the user manuals for all equipment involved (power supplies, data 

acquisition systems, current amplifier, and temperature sensor) before beginning setup or 

operation. 

Step I Mechanical and Pump Setup 

1. Place the vacuum pump on a soft surface (e.g. foam pad) to reduce vibration noise. 

2. Connect the pump outlet to an exhaust line using rubber tubing. 

3. Connect the pump inlet to the SID outlet using a second rubber tube. 

4. Install a flow adjuster (valve) between the SID and the pump to regulate the sampling flow. 

5. Connect the SID inlet to the outdoor copper sampling tube using an airtight rubber 

connector. 

Step II Electrical Setup and Grounding 

1. Prepare a power terminal with at least five outlets to supply: 

o The computer charger 

o DC power supply  

o Current amplifier 

o High voltage power supply 

o Flowmeter (if applicable) 

2. Ground the SID housing to a safe metal structure for electrical safety. Two grounding points 

should be used: one to an external grounded surface and one to the voltage power supply. 

3. Connect: 

o High voltage power supply to one antenna terminal on the SID. 

o Current amplifier to the SID via a short coaxial cable. 

o Current amplifier output to the NI USB-6000 DAQ. 

o NI USB-6000 and Optris IR thermometer to the computer via USB. 

Step III Operation and Heating Procedure 

1. Power on the computer and launch: 

o NI FlexLogger for data acquisition. 

o Compact Connect for IR thermometer monitoring. 

2. Set the flow rate using a flowmeter placed between the copper tube and the rubber tube 

connected to the SID inlet. 

3. Switch on the devices in the following order: 

o Vacuum pump 

o DC power supply 

o High voltage supply (set to 300 V, positive polarity) 

o Current amplifier (gain = 10⁹ V/A, rise time = 1 ms) 

4. In the DC power supply: 

o Press VSET and set the voltage limit to 5 V. 

o Set ISET to 1 A, then press ON/OFF to initiate filament heating. 
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5. Monitor the filament glow visually. For initial checks, remove the thermometer assembly 

to inspect the filament directly. 

6. Gradually increase the current (e.g., 4.0–4.5 A) by fine-tuning ISET. The filament glow 

should become visible around 4.5 A. 

7. Reinstall and align the IR thermometer toward the filament through the quartz window to 

identify the hottest spot. Fix it in place once identified. 

8. Continue increasing the current gradually until the filament reaches ~1000 °C. Monitor ion 

signal via FlexLogger to confirm operation. 

9. Once heating is complete, move the SID into vertical orientation for normal operation and 

begin data logging. 

10. Keep track of the filament temperature over time, once it increases, lower the current flow. 

Note: If the system has not been operated for an extended time, it is recommended to preheat the 

filament using indoor air at 1.0 L/min to reduce initial stress. Outdoor air typically has higher 

resistance and flow demand. It is recommended to place a HDPE (high-density polyethylene) 

plastic cover over the SID chamber and wiring area. This provides a physical barrier to prevent 

accidental contact with hot surfaces and components carrying high voltage during operation. The 

cover should be positioned so that it does not interfere with airflow, cable positioning, or the IR 

thermometer’s view through the quartz window. 

Step IV Logging and Monitoring Notes 

1. Operators should keep a written or digital log of the following: 

o Current and temperature levels 

o Time when logging starts/stops 

o Any background measurements 

o Flow settings 

o Filament clearing or cleaning cycles 

o Any abnormal signal behaviour or equipment changes 

Important: Always turn the vacuum pump on first and switch it off last during startup/shutdown 

procedures to avoid backflow or pressure shock to the SID. 

2. NI FlexLogger set up: 

o Select NI USB-6000 channel (ai0) at channel selection section 

o Segment the data to automatically logging every 1 hour (6000 s) at logging 

specification section. 

Note: Logging process is expected to be segmented to avoid losing data if software problem 

occurs. 

Step V: Maintenance and Filament Replacement (To be completed) 

1. Identify a broken filament: 

A broken filament is indicated by: 

o The DC power supply current dropping to 0 A 

o A rapid temperature decrease 

o No visible filament glow 

o No ion pulse signal in NI FlexLogger 

2. Shutdown procedure (in order): 

o Stop data logging in NI FlexLogger 

o Turn off equipment in this order: 

✓ DC power supply 

✓ High voltage power supply 
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✓ Current amplifier 

✓ Pump 

3. Replace the SID head: 

o Carefully disassemble the SID head. 

o If available, install a replacement SID head with a new or pre-tested filament. 

o Store the broken filament assembly for repair and future use as backup. 

 

4. Preheat and clear a new/repaired filament: 

o New filaments often contain surface contamination that causes signal noise. 

o Power on all equipment and allow the filament to run continuously for 1–2 days. 

o Monitor signal stabilization and noise reduction using NI FlexLogger. 

5. Prevent contamination during clearing: 

o Install a HEPA filter at the SID inlet to avoid external particle interference during 

filament cleaning. 

o Maintain indoor airflow during clearing (do not connect to outdoor line yet). 

6. Resume measurement: 

o Once noise is reduced and the ion signal stabilizes, remove the HEPA filter. 

o Connect the SID inlet to the outdoor sampling line. 

o Begin regular logging procedures as described in Step III. 

 

 

 

 

 


