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Abstract

Air quality is a critical factor for public health and the balance of urban ecosystems, with aerosols
playing a key role in environmental risk assessment. This study proposes an integrated method for
evaluating air quality and associated risks using Aerosol Optical Depth (AOD) measurements
obtained with a Calitoo sun photometer. Applied to the metropolitan area of lasi, Romania,
throughout 2024, the method combines aerosol classification into three main categories — biomass
burning (BB), fine and coarse particles (FCP), and desert dust (DD) — with a quantitative assessment
of environmental impact and risk. To better reflect the severity of effects specific to each aerosol type,
the impact values were rescaled accordingly. The results indicate that BB and FCP aerosols have a
major influence on air quality, while DD shows a more moderate impact. Method validation was
performed through Root Mean Square Error (RMSE) analysis, which confirmed the accuracy of the
proposed approach. This integrated methodology offers an efficient tool for monitoring pollution
dynamics and supporting evidence-based environmental decision-making at urban and regional
levels.

Keywords: Aerosol Optical Depth (AOD); air pollution risk assessment; environmental monitoring;
CALITOO; integrated assessment framework

1. Introduction

Maintaining good air quality is vital for protecting public health, preserving environmental
balance, and supporting economic stability. Air pollution is linked to numerous health problems,
such as cardiovascular and respiratory diseases, and is responsible for millions of premature deaths
worldwide annually, particularly affecting vulnerable groups like children, the elderly, and
individuals with pre-existing conditions. Air quality depends on a multitude of factors, including the
characteristics of the pollutant sources, meteorological conditions and the characteristics of aerosols
[1-4]. These aerosols are very small particles (liquid or solid) that are in the atmosphere and can come
from various human activities (industry, transport) or from natural sources (volcanic eruptions).
Aerosols have a different impact on visibility, human and environmental health, depending on the
characteristics of each category (biomass burning, mixtures and desert dust). To better illustrate the
distinct impacts of different aerosol categories, Table 1 provides a comparative overview of their
main components, associated health risks, and environmental effects, highlighting the greater toxicity
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and complexity of aerosols from biomass burning (BB, resulting from vegetation combustion) and
fine and coarse particles mixtures (FCP, formed through atmospheric mixing of various sources)
compared to desert dust (DD, originating from natural wind-driven soil erosion and sand particles
in semi-arid and arid regions) [5-27].

Table 1. Environmental and human health effects of aerosol exposure.

Fine and coarse

Category/characteristic Biomass burning (BB) particles (FCP) Desert dust (DD)
Oreanic Mineral particles
Organic compounds, & [6,19,26]
. compounds,
Main components black carbon, heavy
metals [9,12,15,18] carbon, metals
T [16,27]
Respiratory, . . .
. Respiratory, Respiratory, allergic,
. cardiovascular, cancer, . :
Health risks higher mortality [8 cardiovascular, some cardiovascular
11,15,19] cancer [16,27] [6,7,17,26]
Strong imflammation, Inflammation, Induces inflammation,
Inflammation and oxidative stress high oxidative stress ~ oxidative stress  lower oxidative stress
[8,9,15,19] [16,27] [6,17,26]
High oxidative High oxidative Lower oxidative
Toxicity potential, more toxic potential, toxic potential, less toxic
[8,9,23] [16,27] [6,17,26]
. Increased risk of
. . Strongly linked to heart . Present, but less
Cardiovascular risk disease, stroke [9,19,26] cardiovascular ronounced [6,7,17,26]
’ T disease [16,27] P e
Less about

L bout all
€55 abotlt atiergens, allergens, more  Can carry allergens and

Allergenicity ciiica;;:l[lg ;(;XZIE] about toxic microbes [6,17,26]
T chemicals [16,27]
All people, with higher Al,l P eopl'e, with Children, elderly, people
. ; higher risk for . D
Vulnerable populations risk for vulnerable with pre-existing
vulnerable groups o\

groups [8-11,15,19] [16,27] conditions [6,17,26]

Air quality v[e;;{ 1}“1%}‘213)}\4 High PM [20,24] Increased PM [6]

Strong warming (black

. Altered radiative Mixed radiative effects,
carbon), climate

forcing, complex more scattering/cooling
effects [20,24] [5,21]

Climate i t
1mate mmpac feedbacks, ozone

formation [8,14,16,21,25]

Combined soil and

Soil degradation, carbon .
nutrient effects,

sink loss, nutrient ) moderate soil effects,
possible

depletion, biodiversi e some ecosystem benefits
P ty acidification and y

loss [14,16,23] toxicity [20,24] 1

Nutrient deposition,

Ecosystem effects

Reduced visibility,
infrastructure damage

(6]

Severe haze, agricultural Haze, reduced

Socioeconomic impact . . L .
losses, indoor air visibility, potential
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pollution infrastructure risks
[13,14,16,19,23] [20,24]

The study of aerosol properties and their effects is crucial for climate modeling and risk
assessment. Aerosol Optical Depth (AOD) is a key parameter used to understand air quality and
aerosol types, measured via ground-based sun photometers or remote sensing, as it is the AERONET
network. Aerosols are classified using AOD and the Angstrém coefficient, revealing seasonal and
regional variations in aerosol types. Studies from across the world — including Europe — show that
AQOD varies with local conditions and seasons. Additionally, AOD mapping aids in assessing
aerosols’ climate influence globally [28—41].

Considering the consequences of air pollution on the environment and implicitly on human
health (Table 1), a useful tool for developing effective strategies for managing air quality risks is the
assessment of environmental impacts and risks. One of the approaches used in such assessments
consists of the analysis of certain indices, facilitating the subsequent application of specific risk
assessment and impact methodologies. The integration of environmental impact and risk assessment
methods is essential to understand the complexity of environmental problems, to improve decision-
making and to guide investments in health and infrastructure, and the effectiveness of this approach
has been demonstrated in studies from various regions of the world [42—47]. Considering all the
aspects mentioned above, the primary aim of this study is to develop and apply an integrated
methodology for assessing air quality and environmental risks using AOD-based aerosol analysis.
By correlating data collected with a portable solar photometer (Calitoo) with aerosol classification
based on optical and health-related characteristics, the study introduces a framework adapted to
urban environments in Romania. This approach allows for both pollution impact quantification and
the identification of high-risk periods, offering valuable support for public policy and air quality
management decisions. In addition, this study presents a novel, locally adapted method that
leverages a portable photometer as a practical alternative to satellite or fixed station monitoring
networks, particularly suited for under-monitored areas, thereby filling a critical gap in aerosol risk
assessment.

2. Materials and Methods

2.1. Site Description

In Romania, atmospheric aerosol monitoring is carried out through 8 AERONET stations located
in Timisoara, Bucharest, Cluj-Napoca and lasi. Additionally, 148 air quality monitoring stations
operate nationwide: 58 industrial, 30 traffic-related, 37 urban, and 13 suburbans. Given recent
pollution trend analysis, the city of Iasi has been identified as one of the most affected areas, which
led to the focus of this study. The choice was also supported by a prior statistical analysis conducted
in four major Romanian cities and published in 2023, which ranked Iasi as the most polluted. In the
present study, aerosol measurements were conducted on-site in lasi using the Calitoo sun
photometer. Located in northeastern Romania, lasi is a major historical and cultural center with
approximately 271,700 inhabitants. Key economic sectors include the chemical, pharmaceutical, food,
and metallurgical industries. The city has a continental climate, and air quality is assessed through
six monitoring stations, which report suspended particle concentrations about twice the normal limit.
As part of the local air quality monitoring system, lasi hosts an AERONET station (Iasi_LOASL) that
enables atmospheric aerosol measurements (Figure 1) [48-52].
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Figure 1. Site boundaries and Iasi city air quality monitoring network.

2.2. Experimental Data and Calitoo Photometer

The Calitoo photometer (Figure 2), a handheld portable device, provides information on aerosol
concentrations, recording certain essential data, such as time, pressure, GPS position and Angstrém
coefficient. It is easy to use in field work, operating with four AA batteries, but respecting certain
conditions. Measurements must be made in stable weather conditions, daytime, without clouds. The
device is activated by pressing a central button for a few seconds, thus entering the measurement
mode. The user must face the sun and adjust the position of the photometer, so that direct sunlight
falls centered in the viewfinder. The photometer can store a number of 999 measurements, which can
later be transferred and analyzed on a computer, using the accompanying software. With its help,
AOQOT (aerosol optical thickness) values can be calculated, as well as other parameters, and various
graphs can be created, contributing to broader environmental studies. The photometer operates at
three wavelengths, namely 465 nm (blue), 540 nm (green) and 619 nm (red) [53-55].

r(s). Distributed under a Creative Commons CC BY license.
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Figure 2. Calitoo photometer in measurement mode (original photo).

The data used in this study were collected using the Calitoo photometer in the south-east part
of the Iasi metropolitan area throughout the year 2024. Measurements were performed under specific
conditions — during the daytime, with stable weather and clear sky — at different time intervals. All
the data from the photometer were downloaded to the computer, followed by their organization and
sorting. In this study, we use the term Aerosol Optical Depth (AOD), which is equivalent to Aerosol
Optical Thickness (AOT), as provided by the Calitoo solar photometer at 465 nm and to comply with
the criteria for the classification of the type of aerosol as indicated by the manufacturer. Therefore,
AOD at 465 nm — recorded with a Calitoo handheld sun photometer — was used to implement our
integrated method, which we initially introduced and validated in the AERONET framework. To our
knowledge, this is the first application of the method to Calitoo measurements [56]. The aerosols were
classified into three main categories based on specific ranges for AOD (465) and Angstrém exponent
(AE). Biomass burning (BB) aerosols were identified under conditions where AOD465 was greater
than or equal to 0.25 and the Angstrém exponent ranged between 1 and 2.4 (1 < AE <2.4), indicating
a high concentration of fine particles. The fine and coarse particles (FCP) category was associated
with AOD (465) = 0.25 and AE values between 0.7 and 1 (0.7 < AE <1), suggesting a mixed presence
of fine and coarse aerosol modes. Desert dust events were characterized by AOD (465) > 0.25 and AE
<0.5, typical for large, coarse-mode particles. Additionally, "Clear” category, defined by AOD (465)
<0.25 and 1.5 < AE <24, was identified, but is not further analyzed in this study, as it corresponds to
low aerosol loading conditions [57,58].

Bayat and Assarenayati present a classification of aerosols based on data collected using the
Calitoo instrument. Their study shows that the 'Dust' category is defined by an AOD 2= 0.25 and an
AE <0.75 [59]. However, the authors also consider values for an AOD < 0.25 in their discussion of
“dust plus mixed” aerosols. In our study, we retained the classification presented in references
[57,58], adding that we named the category of aerosols with an AOD (465) 20.25 and AE<0.5 as “Dust
Dominated” (DD). This "Dust Dominated" category of aerosols is often used in the literature

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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[56,60,61]. We have chosen this name because we could not validate all the measurements in this
category as being of the mineral or long-range dust transport type. Furthermore, since the Calitoo
instrument is mobile and measurements are performed manually, even data with R? < 0.80 is
eliminated. This means that the instrument mainly captures local pollution events (local dispersion).

2.3. Integrated Assessment Methodology

An efficient approach to quantifying environmental impact is the integrated impact and risk
assessment method [48,56,62]. In the first phase, the environmental components are established and
given an importance score, with values between 0 and 1 (maximum importance). Further, the
normalized scores and importance units (IU) are obtained, based on matrices. These will be used later
in the calculations. Then follows the application of Equation 1, representing the quantification of
environmental quality (Q), and finally EI (quantification of environmental impact - Equation 2) and
ER (quantification of risk - Equation 3) are determined, based on importance units (IU) and
environmental quality (Q) [63-66]. In our work, we adjusted the method, considering the maximum
value for the importance of the environmental component (value 1). This results in values of 1000 for
IU. Also, in the case of the probability of pollution occurrence (p), the maximum value was 1,
resulting in a similarity between ER and EI, ultimately having the same values.

_ MAC

0= M

Equation 1. Environmental quality quantification (Q)

Where:

Q - environmental quality;

MAC - the maximum allowed concentration (in the absence of specific limits established by
legislation for atmospheric aerosols, it was necessary to adjust the integrated assessment method;
thus, after aerosol classification, for each aerosol category, we defined the MAC as the highest AOD
value recorded in our dataset; this approach resulted in three distinct MAC values, as it follows:
0.6203 for BB, 0.6887 for FCP, and 1.3809 for DD). BB, FCP and DD were determined based on the
results discussed in chapter 3.1;

MC - measured concentration.

El; = v ()
.
Equation 2. Impact on environmental quality quantification (EI)

Where:

EL - environmental impact considering the quality indicator 7;

IU — unit of importance assigned to each environmental component;

Q - quality of the environmental component considering the quality indicator i.

ER,: = Ell Xp (3)

Equation 3. Environmental risk quantification (ER)

Where:

ERi - environmental risk;

EL - environmental impact considering the quality indicator i;

p - probability of the impact/pollution occurring.

Finally, after the values for the environmental impact and risk quantification have been
obtained, their classification follows, according to Table 2.

Table 2. Environmental impact and risk classification [63-66].

Impact scale Description Risk scale Description

Natural environment, unaffected by

<100
industrial/human activities

<100 Negligible/insignificant risks

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Environment modified by industrial Minor risks, and monitoring actions are

100-350 100-200

activities within admissible limits required
Moderate risks at table level
Environment modified by industrial ocerate risks at an acceptable ‘evel
350-500 . . 200-350 monitoring and prevention actions are
activities that cause discomfort .
required
Environment modified by industrial
Moderate risks t table level
500-700 activities that cause suffering to life 350-700 prerale Hisks 7o aly HhaceepTabie "evel
control and prevention measures are required
forms
700-1000 Env.irc‘)r'lment modified by 'industrial 700-1000 Major risl.<s, remediation, COl’ltl‘C?l and
activities, dangerous for life forms prevention measures are required
1000 Degraded envil"onment, unsuitable for 1000 Catastrophic risks, all activities should be
life forms stopped

2.4. Rescaling Method and Its Validation with Statistical Indicators (Error Calculation: Root Mean Square
Error — RMSE)

Since the application of the integrated assessment method led to high impact scores — suggesting
a strongly affected environment — yet the AOD values measured with the Calitoo photometer did not
reflect conditions of extreme or catastrophic risk, it became necessary to rescale the Environmental
Impact (EI) distribution. This adjustment, described in Equation 4, was introduced to align the results
more closely with the specific characteristics of the measured data, while maintaining the integrity of
the original assessment framework.

_ (x - xmin) ' (ymax - ymin)
(xmax - xmin)

+ Ymin (4)

Equation 4. Rescaling formula

Where:

x - the value to be adjusted;

Xmax, Xmin- the boundaries of the original interval (EI calculated);

Ymax, Ymin - the boundaries of the new interval (we set the upper bound at 700 for BB and FCP, and
at 350 for DD, as no measurements were conducted under the specific conditions corresponding to
intervals exceeding these limits, as described in Table 2));

y - the rescaled value.

Scientific research highlights that various aerosol categories have distinct effects on health and
the environment. Accordingly, and following the classification described in Section 2.2, we grouped
aerosols into three categories for analysis: biomass burning (BB), fine and coarse particles (FCP), and
dust dominated (DD), applying tailored rescaling for each. BB and FCP are linked to serious health
issues and higher mortality rates, whereas DD aerosols generally cause less severe health effects
(Table 1). Their environmental impacts also vary notably. While DD pollution carries risks, especially
in dry regions, its overall environmental burden is lower than that of BB and FCP. The latter emit
complex toxic substances and have a greater role in climate change, whereas DD primarily increases
particulate matter with more localized, milder consequences [5-27]. Reflecting these distinctions and
the risk thresholds in Table 2, we rescaled the environmental impact (EI) values for BB and FCP
between 100 and 700, and for DD between 100 and 350. This scaling starts at 100, as we excluded
pollution-free scenarios, thereby better representing the varying severity of effects among aerosol
types.

In addition, to assess the validity of the rescaling approach, we re-applied the standard
evaluation method, this time incorporating differentiated weights for each aerosol category. BB and
FCP were treated as having the highest relevance in terms of impact (with a score of 1), while DD
was assigned gradually increasing scores between 0.1 and 1, reflecting its comparatively lower
significance.

To further support the proposed rescaling and the differentiated risk-based scoring system, we
also computed a standard statistical metric — the Root Mean Square Error (RMSE). This indicator

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.2501.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 November 2025 d0i:10.20944/preprints202510.2501.v1

8 of 17

serves to quantify the discrepancy between the rescaled values and those derived from the
application of the integrated method for the aerosol categories examined in this study, offering a
reliable and objective mean of assessing the method’s effectiveness. Due to its sensitivity to larger
deviations, RMSE penalizes them more heavily, making it particularly suitable for identifying scoring
combinations that lead to major inconsistencies — a crucial factor when determining the most
appropriate score allocation for each aerosol type. Additionally, RMSE is effective in highlighting
scenarios with substantial estimation errors [67-72]. The formula used to compute RMSE is presented
in Equation 5.

RMSEabsolute
—) 100 (5)

RMSE% =
% ( Amplitude

Equation 5. RMSE formula

The amplitude of the distribution was determined based on the specific pollutant category. As
previously explained, an EI range of 100 to 700 was assigned for BB and FCP, while a range of 100 to
350 was selected for DD, considering several factors outlined earlier.

This integrated assessment methodology has previously been applied by us using AERONET
data over Cluj-Napoca and Iasi, demonstrating its capacity to evaluate pollution risk and differentiate
between aerosol types based on optical parameters [56]. In the present study, the method is adapted
for field-based measurements using the Calitoo sun photometer, offering new insights based on
direct local monitoring.

3. Results and Discussion

3.1. Overview of Aerosol Type Distribution

Depending on the weather conditions, a total of 498 measurements were conducted over 69 days,
between April 1, 2024, and November 30, 2024. Of the 498 measurements, 86 were associated with
biomass burning (BB), 42 with fine&coarse particles (FCP), 33 with dust dominated (DD), and 4 of
them indicated a clean atmosphere (“Clear” category). The remaining 333 measurements were
attributed to unidentifiable sources.

The aerosols measured over the study period were primarily dominated by biomass burning
particles, which accounted for 52.1% of the total (see “Biomass fires and pollution” in Figure 3). FCP
represented 25.5% of the aerosols, indicating a significant contribution from combustion and urban
sources. Dust dominated aerosols comprised 20% of the total measured particles. The assessment was
limited to the three main groups, as the role of additional, unclassified sources could not be evaluated
with confidence.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 3. Aerosol type distribution (Iasi, 2024).

3.2. Performance Evaluation Using RMSE

Furthermore, to support the validation of the rescaling method, we employed error analysis
using the Root Mean Square Error (RMSE) metric.

The rescaled RMSE% for FCP and BB shows a reduced variation, indicating lower sensitivity to
these parameters compared to DD, which significantly influences RMSE. FCP and BB were rescaled
between 100 and 700 (justified by the far more severe effects on health and the environment, due to
the release of toxic compounds and their stronger contribution to global warming), resulting in a
wider amplitude for the FCP and BB variables, which leads to a more attenuated variation of RMSE%
in relation to these parameters. In contrast, DD was rescaled between 100 and 350 (due to its
comparatively lower and more localized impact on both health and the environment), generating a
more sensitive RMSE variation and thus highlighting more clearly the influence of DD fluctuations.
The results show that the lowest values of both error metrics (RMSE variation for BB-DD and FCP-
DD) were achieved with importance scores of 0.5 and 0.6 for DD, and 1 for BB and FCP (see Figure
4). Similar results were obtained by Tanasa et al., 2025 using data from the AERONET network [56].

The MAC was defined as the maximum AOD value for each pollutant category. As the
measurements were not taken under controlled pollution conditions, it was not possible to establish
a standardised MAC value. Furthermore, the measurements are significantly affected by local
dispersion conditions. For this reason, the RMSE values reported here are slightly higher than those
reported by Tanasa et al, who used a solar photometer to perform measurements under the
conditions imposed by the AERONET network (i.e. on tall buildings or in areas far from them).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. (a) RMSE variation for BB-DD; (b) RMSE variation for FCP-DD.

3.3. Environmental Impact Quantification Calculated Using Calitoo Sun Photometer Data

Figures 5-7 illustrate the rescaled Environmental Impact (EI) values, calculated based on AOD
measurements obtained with the Calitoo photometer, and considering only the categories “biomass
burning”, ”fine&coarse particles”, and ”“dust dominated”. The methodology applied for impact
quantification is detailed in Section 2 — Materials and Methods.
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Figure 5. Environmental impact quantification statistics for biomass burning category (BB) — Iasi, 2024.
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Figure 6. Environmental impact quantification statistics for fine&coarse particles category (FCP) —Iasi, 2024.
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Figure 7. Environmental impact quantification statistics for dust dominated category (DD) — Iasi, 2024.

The distribution of rescaled environmental impacts values for the biomass burning category in
Iasi (Figure 5) shows a clear predominance in the minor risk range, accounting for 77.9% of the
recorded values. Approximately 20% fall within the 350-700 interval, indicating moderate risks at
both acceptable and unacceptable levels, and suggesting a notable environmental burden associated
with this aerosol type. The AOD values corresponding to these moderate-impact events range from
0.43 to 0.62, reflecting elevated aerosol concentrations in the atmospheric column. These results
emphasize the significant contribution of BB aerosols to local air quality degradation and their
potential implications for public health. Consequently, BB represents a key target for local
environmental monitoring and risk mitigation strategies.

For the FCP category (Figure 6), the distribution of rescaled environmental impact values shows
that 85.7% fall within the minor risk range, associated with AOD values between 0.26 and 0.43. A
smaller proportion, 14.3%, indicates moderate risks (500-700), corresponding to AOD values ranging
from 0.64 to 0.69. These measurements reflect aerosol pollution from mixed sources such as traffic
and industrial activities. The results confirm the significant impact of FCP particles on air quality and
emphasize the need for targeted monitoring in urban environments.

For the DD category (Figure 7), all rescaled environmental impact values fall within the minor
risk range (100-350), indicating a low impact on air quality. The associated AOD values range from
0.34 to 1.38, reflecting the presence of coarse-mode particles predominantly of natural origin. While
generally less toxic than aerosols from anthropogenic sources, such particles may still affect air
quality temporarily, depending on atmospheric conditions. The findings suggest that, despite the low
direct risk, monitoring these events is important for a comprehensive evaluation of local atmospheric
variability.

4. Conclusions

Air quality is a critical factor for public health and environmental protection, and aerosols from
various sources contribute differently to associated risks. This study proposed and applied an
integrated methodology for assessing environmental impact and risk, based on Aerosol Optical
Depth (AOD), measurements collected with the Calitoo photometer in the metropolitan area of lasi
during 2024.
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By classifying aerosols into three main categories — biomass burning (BB), fine and coarse
particles (FCP), and dust dominated (DD) — the analysis enabled a differentiated evaluation of their
influence on air quality. The rescaled impact values showed that BB and FCP were associated with
moderate risk episodes, while all DD values remained within the minor risk range. The recorded
AOD values supported this differentiation, and RMSE analysis validated the rescaled method used
in the assessment.

These findings underscore the importance of integrating AOD into environmental evaluation
frameworks and classifying aerosols to better understand pollution dynamics. The proposed
methodology offers an effective tool for monitoring, supporting data-driven and locally adapted
policy decisions. In the context of urbanization and climate change, such an approach contributes to
the development of effective risk reduction strategies and the protection of public health.
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