
3. Results 
3.1 Concentration levels
Daily averages across the ambient locations ranged from 3 to 82 µg/m3, with an interquartile range 
(IQR) of 12 to 22 µg/m3. Under indoor circumstances, hourly averaged concentrations ranged from 6 
to 4,799 µg/m3, with an IQR of 59 to 360 µg/m3. 

3.2 Comparison of two collocated SPSA
Figure 2 shows all daily and hourly averages for two collocated SPSA. The similarity between two 
SPSA was strong (r≥0.96). Across the different ambient and indoor locations, the CV varied from 3.2 
to 9.2%. It was in all cases lower than the required 10%.

3.3 Comparison of SPSA and other sensors with reference
Figure 3 show the comparisons of SPSA as well as the two commercial LCS collocated with the 
UPAS. 

Both under ambient and indoor circumstances, the correlation between SPSA and UPAS was strong 
(R2=0.98, r≥0.96). Under ambient concentration, bias correction was required: linear regression 
resulted in a slope of 1.65, implying that the SPSA reported too low concentrations. For indoor 
circumstances, the bias was less than 10% (slope 0.91). After bias correction, the SPSA accuracy 
was lower than the required 25% (15% and 18% under ambient and indoor circumstances, 
respectively). In comparison, the IQAV under ambient circumstances did not result in a strong linear 
relationship with the UPAS (R2=0.51). Under indoor circumstances, R2s of IQAV and PATS were 
lower (0.95 and 0.91, respectively), and the bias was larger (slopes of 3.48 and 1.30, respectively).

4. Conclusions
The locally developed low-cost PM2.5 sensor system SPSA was tested across ambient and indoor 

concentration circumstances common for Ethiopia. The coefficient of variation between two 

collocated SPSA was lower than 10% under all concentration levels. Furthermore, the accuracy with 

respect to the gravimetric reference method was under both ambient and indoor circumstances 

lower than the threshold of 25%. While under ambient concentration, a correction is required, both 

under ambient and indoor circumstances the linear relation to the gravimetric method is strong 

(R2=0.98). Data quality results for the SPSA were competitive with two commercial low-cost 

sensors. Local development of a PM2.5 sensor system resulted in local expertise building, lower 

costs, and a sensor with good data quality for Ethiopian air quality circumstances. It is strongly 

recommended to similarly build, test and develop low-cost sensors in other environmental fields. 

This will increase both the expertise and research capacity of the Ethiopian scientific community.
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1. Introduction
1.1 Background
Air pollution is amongst the top risk factors for the global disease burden (Shaddick et al., 2018). 

This burden is relatively higher in low-income countries under both ambient and indoor 

circumstances (World Health Organization, 2021, 2022), but resources for measurements are 

lowest in those countries. A primary indicator for air pollution in indoor and ambient situations is 

particulate matter with a diameter smaller than 2.5 μm (PM2.5) (World Health Organization, 2021). 

Recently, for PM2.5 various low-cost sensor systems (LCS) are being developed. Commercial LCS 

prices range from $200-$500, and a sensor system can be self-built for approximately $60. LCS 

have the potential to increase data collection in Ethiopia. It is important to evaluate the quality of an 

LCS under the conditions where it will be used (Karagulian et al., 2019), but LCS have so far been 

barely validated in low-income countries (Dingemanse and Tademe, 2023). To use an LCS in 

Ethiopia, its quality should be evaluated under circumstances encountered in Ethiopia.

1.2 Objectives
To evaluate the quality of a locally assembled low-cost PM2.5 sensor system in Ethiopia:

- Under ambient concentration circumstances;

- Under indoor (high concentration) circumstances.

2. Methods
2.1 Instrument development
Within Arba Minch, a low-cost sensor system (SPSA) was developed (Dingemanse and Tademe, 

2023). It consists of a Sensirion SPS30 sensor for PM2.5 measurements, a DS3231 Real Time 

Clock for keeping track of time, an SD Module for data storage, optionally a BME280 relative 

humidity and temperature sensor, and an LED for control light. All components are connected to an 

Arduino microprocessor and put in a plastic box. The Sensirion SPS30 measures the PM2.5 

concentration based on scattered IR light (Sousan et al., 2021). Figure 1 shows an overview of the 

sensor system.

2.2 Instrument comparisons
The quality of the SPSA data was evaluated through collocation with itself, a reference instrument, 

and two commercial LCS. The reference method for PM2.5 data collection is gravimetry. As 

gravimetric instrument, we used the Ultrasonic Personal Aerosol Sampler (UPAS). We conducted 

gravimetric analysis of the filters with a Mettler AE240 Dual Range balance. The two commercial 

LCS used were the IQAir Airvisual (IQAV) and the UCB-PATS+ (PATS). Both IQAV and PATS 

estimate the PM2.5 concentration based on scattering of infrared light (Pillarisetti et al., 2017; 

Zamora et al., 2020). The PATS is designed for personal sampling and (high) indoor concentrations, 

but not for low ambient concentrations (lower detection limit is 10 µg/m3). Hence, we only used the 

PATS at indoor locations. 

2.3 Measurements
Instruments were collocated at four ambient locations (two in Arba Minch, one in both Addis Ababa 

and Adama) and four indoor locations. For the ambient locations, sources of PM2.5 are traffic and 

neighborhood biomass burning. The four ambient locations represented four assumable distinct 

concentration levels. The indoor locations were selected for their use of biomass fuel, to represent 

(extremely) high and variable concentrations. All indoor locations were in Arba Minch kitchens. Table 

1 presents a summary of all measurements.

2.4 Data analysis
For comparing two SPSA, the coefficient of variation (CV) is calculated with Equation 1:

𝐶𝑉 =
1

𝑛
σ

𝜎𝑖

µ𝑖
       (Eq. 1)

where σi is the standard deviation and µi is the mean of measurements of identical LCS during time 

period i, and n is the number of time periods. The CV reflects the variation amongst two identical 

instruments and should be lower than 10% (EPA, 2006; NIOSH, 2012). CV was calculated based on 

10-minute averaged data. Another metric we used is the Pearson correlation (r). 

Metrics for comparing SPSA with the UPAS are slope (S) and coefficient of determination (R2) from 

Ordinary Least Squares regression. Furthermore, accuracy is calculated as the upper value of the 

confidence interval at 90% of all
𝒙
𝒊
𝒚
𝒊
, where xi is the concentration of the LCS and yi the concentration 

of the reference instrument for time period i. Accuracy reflects how close the SPSA is to the UPAS 

and should be below 25% after bias correction (NIOSH, 2012).
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Type Location INTRA

[hours]

IQAV | PATS

[hours]

UPAS

[samples]

Ambient Arba Minch, quiet area 1,825 7,164

Ambient Arba Minch, center 2,905 1,015 3

Ambient Addis Ababa, EMI station 8,663 5,295 7

Ambient Adama, EMI station 1,093 1,268 12

Indoor Inside wood cooking kitchens 442 2,157 | 546 10

Fig. 3: Comparison between UPAS and low-cost sensors under ambient (A) and indoor (B) 

circumstances.

Fig. 1: Sketch of the SPSA circuit (A) and photo of the insides of an SPSA sensor system (B).

Table 1: Summary of collocated measurements of two SPSA (INTRA), other LCS (IQAV, PATS), and a 

gravimetric instrument (UPAS).

A B

r = 0.97 r = 1.00

A B

Fig. 2: Hourly (A) and daily (B) averaged paired measurements of SPSA across Arba Minch (AM1, AM2), 

Addis Ababa (AA), Adama (AD) and kitchens (K).

A B
r = 0.96 r = 0.99
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