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Abstract: Intensive industrial development in the form of metallurgical plants
and quarries for mining of mineral resources in the vicinity of the city of Yazd
resulted in significant dustiness of the ground layer of atmosphere and
accumulation of industrial dust on the soil surface. At the locations of alloy
steel production facilities, dust composition was dominated by particulate
matter less than 1 um (PM1), while near sand quarries, dust particles less than
10 um (PM10) were predominant. The dust from these sources also differs in
chemical composition (iron/silicon content ratio, pH). Registration with a
pyranometer with a dark green filter with transmittance at a wavelength of 550
nanometers with a time interval of 20 seconds at a speed of 30 km/h during the
movement along the specified routes allowed authors to identify zones with a
stable increased content of particles of different sizes in the near-surface
atmosphere. Sampling soil pits in these zones confirmed the presence on their
surface of layers of dust deposits with a thickness of more than 5 cm, which
allows them to be attributed to Technosols in accordance with the WRB soil
classification. The soil map of the research area was compiled at a scale of
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1: 25000 with the reflection of Technosols participation in the soil patterns.
According to the map, more than three quarters of the study area are soil
complexes including Technosols. Arid climatic conditions of the region lead
to the accumulation of dust on the soil surface, which are practically not
transformed and not removed from the soil, which results in their degradation
and deterioration of the environmental conditions. Dust accumulation on the
soil surface affects the state of vegetation cover of the region, which serves as
a basis for indirect satellite indication of dusting zones. The method of
revealing the dust layer on the soil surface based on the assessment of
dustiness of the near-surface atmosphere using pyranometer can serve as a
good complement to remote sensing methods.

Keywords: industrial dusts; pyranometer; Yazd city; desert; Technosols.

BoisiBiIeHHe TeXHOCO0J1ei, CPOPMUPOBABIINXCS U3
NPOMBIIILIEHHOI NBLLIN B paiione ropoaa Hesn
(HenTpansubiii Upan), ¢ nomoubo
HAa3eMHOM PaJMOMETPUH

Pesiome: WHTeHCUBHOE  pa3BUTHE IPOMBIIIIEHHOCTH B BUJIE
METALTYPrHYeCKuX MNPEANpHATHH W KapbepoB IO JI0ObIYE TMOJIE3HBIX
HCKOTIAaeMBIX B OKPECTHOCTSX Topoja Ve3n mHpuBeno K 3HAUYMTENbHOM
3aIBUIEHHOCTH NPU3EMHOM aTMOC(Ephl U HAKOTUICHNIO TIPOMBIIIIIEHHOH MBIIH
Ha TIOBEPXHOCTH TIOYB. B MecTax pacmojokeHus NPeANpHsITHH o
IIPOM3BOJICTBY JISTUPOBAHHOM CTallM, B COCTaBE IbUIM IPeoOagail TBEpAbIe
gacTuipl pasmepom mMeree 1 Mkm (PMI1), B To Bpems Kak OKOJO NECUaHBIX
KapbepoB — 4acTHIBI MbLIH pazmepoM MeHee 10 mxm (PM10). ITbutb ot aTHX
HMCTOYHHUKOB OTIMYAETCS TaKXKe M 10 XUMHYECKOMY COCTaBy (COOTHOIIEHHIO
coJiepkaHus kene3a U kpemHus, pH). Perncrpanus nupanoMeTpoM ¢ TEMHO-
3eNIeHbIM (PUILTPOM C TMPOIMYCKaHWEM Ha JJIMHE BOJHBI 550 HAaHOMETPOB ¢
BpPEMEHHBIM HMHTepBajioM B 20 cexyHa Ha ckopoctd 30 KM/4ac BO BpeMs
IOBIDKEHUSI 10 33JaHHBIM MapuipyTaM II03BOJIWJIA BBIACIUTH 30HBI C
YCTOWYMBBIM TOBBIIIEHHBIM COAEp)KaHWEM B IPU3EMHON aTMocdepe JacTHil
pasHoro pasmepa. BribopodHsle pas3pesbl MOYB B ITHX 30HAX ITOITBEPIIIH
HaJIMYie Ha WX MMOBEPXHOCTHU CJIOEB IBIIEBHIX OTIOKEHHWH MOIIHOCTBIO OoJiee
5 cM, YTO TO3BOJIIET HMX OTHECTH, corjacHo kiaccudukammum WRB, x
texHocoisiM  (Technosol).  ITloctpoena  mouBeHHass  kapta  paiioHa
uccinenoBanuii B macirrade 1 :25 000 ¢ oTpakeHHEM yd4acTHs B [MOYBCHHOM
MIOKpPOBE TexHOcosieH. B cooTBercTBMM C KapToi, Oojee Tpex ueTBeprTei
HCCIEOYyeMOH  TEppPUTOPHH  COCTaBJISIIOT ~ IIOYBCHHBIE  KOMINUIEKCHI,
BKJIIOYAOIUE TEXHOCOIH. 3acyIIIMBBIE KIMMATHUECKUE YCIOBUS PErHOHA
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MPUBOAAT K HAKOIUICHHWIO TIBUIEBBIX BHIOPOCOB Ha MOBEPXHOCTH IIOYB,
KOTOpPBIC MPAKTHYCCKH HE TPAHCPOPMHUPYIOTCS M HE YIANSIOTCS W3 MOYBEHI,
YTO MPHUBOINUT K WX JETPajallii M YXYALIICHUIO KOJOTHYECKONH 0OCTaHOBKH.
Hakomnenne mnbulM Ha TIOBEPXHOCTHM TMOYB  BIMAET Ha COCTOSIHUE
PACTUTENFHOTO IOKPOBA PETHOHA, YTO CIYXKUT OCHOBAaHHEM MIJIsi KOCBEHHOM
CITyTHUKOBOW WHAMKAIIMKU 30H 3ambUIeHHUs. MeTOoJl BBISBICHUS CIOS MBUIM Ha
MMOBEPXHOCTH TIOYB II0 OIEHKE 3albUICHHOCTH TIPH3EMHON aTtmochepsl C
HCTOJIb30BAaHUEM IMHUPAHOMETPAa MOKET CIYKHTh XOPOIIMM JOMOJHEHUEM K
MHACTAaHIIMOHHBIM METOIaM.

Knrwueevle cnosa: TPOMBIIUICHHAS TBUIb; MHUPAHOMETP, TOPOI tesn;
ITyCTBIHS, TEXHOCOIIH.

INTRODUCTION

Dust absorbs solar radiation and scatters it to space and the bal-
ance between dust absorption and scattering (Fraser, Kaufman, 1985)
determines its ability to counteract greenhouse warming and atmos-
pheric heating, but at present the amount of radiation to be absorpted
by dust is uncertain (Sokolik, Toon, 1996; Alpert et al., 1998). Accord-
ing to Kaufman et al. (2001), dust absorption is expressed by its imagi-
nary index of refraction, which had been recommended by the world
meteorological organization (WMO, 1983). Cattle et al. (2009) in a
semiarid zone of Australia, at the central location, where a Calcisol has
formed in lacustrine lunette sediment, found that local dust of the same
size as the dominant silt of the topsoil continues to be deposited, while
minor topsoil is represented by very fine-grained silt matching regional
and long-distance dust deposited at the site. Any suspended material
with different size and shape in the air has defined as particles. Among
all particles suspended in the atmosphere, the particles with diameters
of 10, 2.5 and 1 micron and less are considered as air pollutants and
environment health threat (DEQ, 2014). Zia-Khan et al. (2015) during
the experiment found that dust deposits could block the stomata on the
top of the leaf surface of a cultivated cotton, and, in addition, the cano-
py temperature of the dust-covered leaves was always higher than the
control treatment. There are many factors provoking the emergence of
the phenomenon of dust, so they can be classified into two major cate-
gories: natural and human factors. Natural factors include climate
change, volcanic activity etc., and human or man-made factors include
drying up of wetlands, desertification, the loss of underground water
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and industrial activities such as metal and non-metal industries, mining,
urban activities like as civil engineering and road construction. Due to
the important influence of the dust pollution on soil, which is an essen-
tial parameter of environment, and on human health, identification and
control of dust pollution is necessary. According to the report of Beine
et al. (2017) ambient particulate matter is a major health hazard, caus-
ing ~3 million premature deaths annually. It is also widely known that
PM affects incoming solar radiation, and hence, it is routinely included
in assessment of climate change. It logically follows that PM will also
affect solar energy generation, yet there have been only a few local
studies of the effect of PM deposited on solar panel surfaces, and none
that have explored the impact of ambient and deposited PM, including
dust and anthropogenically produced particles. According to Interna-
tional Standard ISO 9060:1990 and the World Metorological Organisa-
tion (WMO) a pyranometer is the designed type of instrument of hemi-
spherical form to measure global or diffuse solar radiation integrated
over the wavelengh range from 0.3 to 3 pm (300 to 3 000 nm) (Kipp,
Zonen, 2016). Gu et al. (2019) studied the perturbation of phosphorous
emements from dust sediments to soil surface, and according to their
study, dust contained abundant amount of Ca-P, which is consistent
with its alkaline and calcareous nature and with previous studies on
dust, derived from dry-lands. Karta (2020) after experiment showed the
impacts of soil disturbances by human activities on the soil aggregation
and dust fluxes and provided quantitative estimates of soil loss over
time, thus, substantial loss of PM10 (particulate matter, that is less than
10 micrometers in diameter) was recorded in most experimental condi-
tions. According to Giltrap et al. (2021), harmful emissions from soil
can be increased or decreased by anthropogenic activity, while climate
change is likely to modify future emissions patterns, both directly and
in response to human mitigation and adaption actions. It corresponded
to the scattering albedo (ratio of scattering to scattering + absorption).
Khalesi Doost and Akhlaghi (2014) in estimation and comparison of
solar radiation intensity by some models in a region of Iran mentioned
the effect of factors such as altitude above sea level, the number of
dusty days during month and seasonal changes of Sun-Earth distance.
Eger (2011) in the research on the super humid and tropical soils re-
vealed, that the increase of ecosystem fertility in correlation with aeoli-
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an processes was reflected by an increase of fertility-demanding spe-
cies with dust flux, which was, however, not capable of maintaining
vegetation suites characteristic of earlier stages of dust-free succession.
Rashki (2012) emphasized the role of dust aerosols in atmospheric pro-
cesses, i. e. the Earth’s radiation balance and cloud microphysics, that
strongly depends on a variety of physico-chemical parameters, such as
size distribution and dust sources. Javadi and Moeini (2019) in Iran, by
using the pyranometric stations solar radiation data and the daily sun-
shine hours and also by Angstrom equations classified five climate re-
gions, that in our research the area related to the total solar radiation
(TSR) according to sunshine hours located in the highest class of TSR.
Mohammadi et al., Aghasi et al. (2019) in relationships of soil physical
and chemical properties with seasonal and annual dust deposition rate
in Gavkhouni swamp sub-basin, Central Iran, found areas with high
ecological complexity and complex nonlinear relationships among in-
put and output data, the nonlinear methods were superior to linear
methods. Adebiyi et al. (2021) showed that the cement dust particles
entering the soil increased the pH of the soil, it is more alkaline on a
forest tropical topsoil. Mohammadi et al. (2022) in their research aimed
to identify and prioritize suitable locations for constructing photovolta-
ic power plants from the perspective of dust in some of the cities in
Iran. Due to the geographical location and cold and dry climate of
Mashhad, the city is exposed to the dust of the deserts of Turkmenistan.
But due to high temperature in Abadan, as one of the tropical regions in
Iran, the dust affects the performance of solar systems and significantly
reduces the output power. Also, Mohammadi et al. (2022) reported that
in Rasht city, near the Caspian Sea, with a temperate and humid cli-
mate the dust was negligible and in Sanandaj, in north-west of Iran, due
to its cold and humid climate and with significant number of snowy
days, dust load was low and insignificant. This study was conducted to
investigate the effect of dust on the soils in the industrial zone of Yazd
with desert and semidesert climate.

MATERIALS AND METHODS

For determination of dust effects on sun irradiation the sun pyra-
nometer Kipp & Zonen model of CMP 3 with dark green filter with
transmissions at 550 nanometers was used. After installation of the py-
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ranometer on the roof of a car, data were collected with data logger
model of combilog LT 1021 manufuctured by Teodor Friendrichs &
Co. Data were collected within 20 seconds of time intervals (equal to
ground distances of about 167 meters), when the car was moving with
30 km/h speed. The concentration and diameter of dust in PM10,
PM2.5 and PM1 were analyzed with Haz-Dust portable instrument,
model: epam-5000, manufactured by environmental device corpora-
tion. Sampling flow rate in Haz-Dust was 5 liters/minute. Sampling
program was planned for rate of 1 minute, and the averaging was con-
tinued up to one hour with every PM filter and for each measured
point. The accuracy of Haz-Dust, dust analyser, was +10% for filter
gravimetric SAE fine test dust (Figurel).

Fig. 1. Pyranometer installation on the car and the used Haz-Dust instrument.

On the collected dust from topsoils, x-ray imagery and total ele-
ments analyses were performed with scanning emission microscopy
(SEM) with a SEM TESCAN instrument and combination with EDS
mapping, Bruker X Flash. The location of study area, about 400 km?,
was shown in Figure 2. Soil description in the field included morpho-
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logical parameters and such routine physical and chemical analyses as
vegetation status, soil color, soil structure, soil texture, soil reaction and
organic matter percentage. The soils were classified according to WRB
2014 (FAO, 2015).

Y

Fig. 2. The red rectangle shows research area in southwest of Yazd City.

According to Schad (2018), the Technosols as a Reference Soil
Group in the WRB, after the version in 2014/15, seem to have provided
a satisfactory scheme for classifying technogenic soils. In 2014 version
of WRB, only little changes were made to the definition of the arte-
facts: “deposits in an environment, where they do not commonly oc-
cur” and “properties” were changed into “chemical and mineralogical
properties”. Also, in third version of WRB, related to its previous ver-
sion, the technic hard rock was renamed technic hard material, because
it is substantially different from natural rock.

RESULTS AND DISCUSSION

In Figures 3 and 4 Google images in the time series from 2005
till 2023 and an exponential curve of spatial expansion of steel town in
the northwest of the study area were shown.
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Fig. 3. The monitoring of steel town development on the Google images in
2005, 2015 and 2022.
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Fig. 4. The curve of steel town development from 2005 till 2023.
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For comparison of two types of dust derived from steel and
gravel industries the SEM images of dust, collected from topsoils, were
shown in Figure 5. The left image in Figure 5 showed PM of bigger
size in gravel mining areas in relation to the right image, demonstrating
dust formed near steel combination industries. The EDS analyses of
dust revealed that the samples taken near steel industries contained
more Fe and less Si compared to the ones taken near gravel industies
(Figure 6).

Moreover, dust quantitative analyses, performed by means of
Haz-Dust portable instrument (Figure 7), confirmed the increase in fine
particles (PM1) content near steel industries, where the ratio of Fe/Si
(based on EDS analyses) increased as well.

The location of dust sampling points and track line of irradiance
data using mobile pyranometer within the study area are shown in Fig-
ure 8.

Figure 9 shows variation of the irradiance intensity at track
points with a Max. 619.44, a Min. 362.27, an Ave. 587.32 and a
St. Dev. 26.62 values.

The results of Kriging analysis in Arcmap 10.4.1 of recorded py-
ranometer data are shown in Figure 10.

SEMMAG: 350Kk WD: 4 99 mm Ll MIRA3 TESCAN| SEM MAG: 35.0 kx WD: 6.64 mm
Det: SE SEM HV: 150KV 1pm Det: SE SEMHV: 150kV | 1ym
Date(m/dly): 05/23/23 Date(m/dly): 05/23/23

Fig. 5. SEM images of dust derived from two sources: steel (right) and gravel
(left) industries.
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cosfev

=

cpsfev

6

-

EI AN Series unn. C norm. C Atom. ¢ Er_ror El AN Series unn. C norm. C Atom. ¢ E(ror
(1 Sigma) (1 Sigma)

[wt., %] [wt., %] [at., %] [wt., %] [wt., %] [wt., %] [at., %] [wt., %]
C 6 K-series 54.50 54.50 62.10 8.86 C 6 K-series 69.40 49.16 60.22 11.62
O 8 K-series 41.96 41.96 35.89 7.89 O 8 K-series 51.67 36.60 33.65 9.32
F 9 K-series 1.59 1.59 1.15 0.93 Ca 20 K-series 4.75 3.37 1.24 0.21
Si 14 K-series 0.78 0.78 0.38 0.08 Fe 26 K-series 4.72 3.34 0.88 0.23
Ca 20 K-series 0.73 0.73 0.25 0.09 Si 14 K-series 4.70 3.33 1.74 0.25
Al 13 K-series 0.32 0.32 0.16 0.06 Al 13 K-series 2.57 1.82 0.99 0.18
Mg 12 K-series 0.06 0.06 0.03 0.04 Mg 12 K-series 1.49 1.06 0.64 0.15
Na 11 K-series 0.06 0.06 0.03 0.04 K 19 K-series 0.71 0.50 0.19 0.07
Total: 100.00 100.00 100.00 Na 11 K-series 0.67 0.48 0.30 0.11

Cl 17 K-series 0.24 0.17 0.07 0.05

S 16 K-series 0.21 0.15 0.07 0.05

Ti 22 K-series 0.03 0.02 0.01 0.03

Total: 141.16 100.00 100.00

Fig 6. EDS analyses of dust derived from two sources: steel (right) and gravel (left) industries.
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Fig. 7. Dust quantitative results, obtained by means of Haz-Dust portable in-
strument, and Fe/Si ratio resulting from EDS analyses.
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Fig. 9. Variation of the irradiance intensity at track points in study area.
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Fig. 10. Geostatistical analysis of radiation fluxes (W/m?) by Kriging method
in Arcmap 10.4.1, recorded by pyranometer on the tracking GPS line.

Due to the changes in the chemical composition of the sediments
that came from the dust of metal industries or sand mines, the color of
the soil surface had also changed. All soils had the same Munsell Hue
10YR. All natural soils had Munsll color of 10Y/R 6/3 or pale brown.
In the area affected by sand and gravel mines, color value 1 degree in-
creased and Munsell color changed to 10YR 7/3 or very pale brown.
The steel and complex industries changed Munsell color of topsoils to
10YR 7/1 or light gray. The semidesert plant coverage, where affected
by industrial and mining activities, decreased to 50% (from 30% on the
natural soils to 15% on the Technosols). The surface horizon of the
soils near the metal industries had a slightly acidic soil reaction
(pH = 6.5) in contrast to the soil reaction of other natural or sand mine
areas (pH = 7.5). This difference in hydrogen ion concentration of the
soil could be due to acid rain or the presence of acid chemical com-
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pounds in the dust of these areas. The percentage of organic matter in
the surface horizon of industrially affected soils was reduced to less
than 0.1%, compared to organic matter content in the surface horizon
of natural desert soils, wich is about 0.6-0.8%. The texture of all sur-
face soils was sandy loam, and noticeable changes were not observed
in them. The structure of the soils in the areas affected by the industry
had changed from a weak medium size blocky to a massive unstruc-
tured soils. The usual natural soil great groups were: Fluvisols on the
alluvial depositions in desert zone with gentle slope (4-8%); and at
upper slopes: Leptosols on highlands to the pedimonts direction in
semidesert (Sirezems) zone with moderate slope (8-12%). In study ar-
ea consolidated and relatively continuous material was found, resulting
from industrial process, and identified as technic hard material called
‘Technogenic diagnostic materials of WRB (2015)’. Therefore, accord-
ing to the definition of Ekranic (ek): having technic hard material start-
ing <5 cm from the soil surface (in Technosols only); in Figure 11 it is
possible to determine the Ekran layer on the soil surface, which con-
firm the identification of Technosols in the study area.

Fig. 11. The example of profile of Technosol (soil pit) nearby the steel factory
in the study area.

In the study area the soil great groups (Table 1) were classified
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according to WRB (FAO, 2015).

Table 1. The soil great groups in the study area (FAO, 2015)

Soil code Description
FL Fluvisols
TCFLCI Technosols-Fluvisols-Complex industry
TCFLGI Technosols-Fluvisols-Gravel industry
TCFLSI Technosols-Fluvisols-Steel industry
TCLPGI Technosols-Leptosols-Gravel industry
TCLPSI Technosols- Leptosols -Steel industry
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W Locatons
Soil_Code
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A L32°00'N
. F31°57:30"
Niok Road
s F31°55'0"N
Technology City

31°52'30"0
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31°42'30"0
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" 54100°E | B4°150°E | 54°200°E

Fig. 11. The soil great groups, formed after industrial activities in the desert to
semidesert areas, Yazd, Iran.
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According to the dust (Figure 7) and irradiation (Figure 10) data
the industry affected soils were classified (Table 1 and Figure 11).

Although the industrial sediments have had a chemical and phys-
ical effect on the surface horizon, it is not possible to determine the
thickness of a new horizon layer, which is supposed to bury the under-
lying profile. The reason for this can be due to the wind erosion, which
takes place at the same time as the wind blown materials are accumu-
lated in the studied area. The main indicators, which helped to distin-
guish metal industry dust from sand mines one, were smaller size of the
particles and greater Fe/Si ratio recorded near metal industries. These
differences can be due to the escape of smaller dust particles from the
filters of metal industries and the type of processes carried out in alloy
steel industries compared to sand mines. However, the dust formed in
the air remained suspended and with light breezes from the plain to the
mountain during the day and from the mountain to the plain at night
covered the entire area. The role of fine dust in reducing the emission
of solar radiation to the earth in Iran was also reported by Rashki
(2012) and Javadi and Moeini (2019). Yazd, belonging to subtropical
and dry climate, could be a region with high potential for dusty air sim-
ilar to Abadan in the research of Mohammadi et al. (2022). Although
the pyranometer is designed to be installed at synoptic meteorological
stations, in this research it was used as a mobile device to perform the
relative comparison of radiation levels around polluting industries. Be-
cause of a variety of physico-chemical parameters such as size distribu-
tion (PM10 and PM 2.5 vs PM1) and dust sources, adapted to Rashki
(2012), a dark green filter (550 nm) was used in the pyranometer to
distinguish and separate relatively the areas with different types of dust
in the study area (Figure 10). Dust deposits on native vegetation may
reduce the percentage of green cover, which was found by Zia-Khan et
al. (2015), becuse dust can block the stomata on the top of leaves. As
far as vegetation is one of the main factors of soil formation and evolu-
tion, this effect can lead to changes in the type of soil compared to its
natural state. Also, acording to the research of Adebiyi et al. (2021)
about dust effects on the chemical properties of soils, the soils of the
study area were classified on the basis of the collected radiation data
(Figure 11). As a result, in the area affected by the industry, more than
three quarters of soil cover is represented by soil complexes, including
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Technosols. Finally, the soil map was designed at the scale 1 : 25 000,
where the accuracy of soil groups boundaries was ensured and verified
by the field study results.

CONCLUSIONS

The rapid industrial development in the study area has exceeded
the environmental capacity in the desert and semi-desert regions of
Yazd. The use of a mobile pyranometer contributed to distinguishing
high-risk areas from low-risk areas in terms of environmental pollution,
including soils affected by industry. It is necessary to prevent the inten-
sity of pressure on the environment through industrial development or
even to relocate it to other areas, characterized by lower risks. If the
industrial dust in some regions have been able to increase the vegeta-
tion by increasing some nutrients concentration (Eger, 2011), but in the
same regions, the change in the environmental conditions has led to a
change in the type of vegetation, and, as a result, they have transformed
the natural soils into Technosols. The relative increase of Technosols
area, like what happened in Yazd, is a proof of unsustainable develop-
ment in the considered region, because with the reduction of natural
soil areas, the plant and animal species dependent on them are likely to
be destroyed. This method can be used as a supplementary one to the
satellite remote sensing method. For example, Landsat 9 satellite is
able to image the entire Earth every 16 days, and when combined with
Landsat 8 the entire planet can be scanned in 8 days. Therefore, when
there is an information gap in the high-resolution satellite remote sens-
ing data, additional information can be obtained through pyranometer
as a complementary method. Using this method, it will be possible to
be informed about the state of fine dust in the protected areas every
hour of a sunny day under the supervision of an environmental expert.
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