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Abstract

The present study reports characterization of some gaseous and particulate pollutants in three different studied sites around
Quesna Industrial City, in Monufia Governorate, Egypt. Samples were collected monthly from December 2018 to November
2019 in all studied sites. Seasonal mean concentrations (ug/m®) of SO,, NO, and NH; were higher in spring, summer and
winter, respectively, with maximum concentrations recorded at site 1 (urban—industrial area). Dust fall concentrations were
higher in autumn, with maximum values recorded at site 1 followed by site 3 (traffic-residential area). The monthly mean
concentration of dust varied from 17.41 to 221.28 (g/m3/ month). Dust fall, have no Air Quality Limit value. However, some
countries normally state that when dust fall values exceed 10 g/m3 per 30 days, the area is considered unclean (polluted).

The chemical composition of dust fall including S0,%, CI', NH, and NO, (%) was analyzed for samples collected from the
three studied sites. Correlation coefficient values of the relationships between the chemical constituents of collected dust
samples indicated that the total soluble and insoluble matter were negatively correlated (P < 0.01). A significant negative

correlation was found between SO, and NO, at 0.05 significant level for samples collected from semi-residential area.

Keywords: Dust fall, Gaseous pollutants, Industrial pollution, Traffic pollution.

1. Introduction

Air pollution is one of the most important
environmental problems in the developing
countries[1]. Poor air qualitydue to air pollutants
considered the most recognized environmental
problems in urbanized areas around the world. Air
Pollution defined as the human introduction into the
atmosphere of chemicals, particulate matter or
biological materials that cause harm or discomfort to
humans, or other living organism or damage the
environment. Air pollution is a major problem arising
mainly from industrialization [2].

Air pollution occurs when gases, dust particles,
fumes (or smoke) or odor are introduced into the
atmosphere in a way that makes it harmful to
humans, animals and plants. Air pollution threatens
the health of humans and other living beings in our
planet. It creates smog and acid rain, causing cancer
and respiratory diseases, reducing the ozone layer
atmosphere and contributing to global warming. In
this industrial age, air pollution cannot be completely

eliminated, but steps can be taken to reduce it. The
government had developed guidelines for air quality
and ordinances to restrict emissions in an effort to
control air pollution [3].

The air pollutants emitted from the different
industries into the atmosphere are either gaseous or
particulates. Over the years there has been a
continuous increase in human population, road
transportation, vehicular traffic and industries, which
has resulted in further increase in the concentration of
gaseous and particulate pollutants[4].
Industrialization and the automobiles are responsible
for maximum amount of air pollutants [5].

Particulate matter (PM), along with ozone (O3),
nitrogen dioxide (NO,), sulfur dioxide (SO,), and
carbon monoxide (CO) are the common harmful
ambient air pollutants[6]. Atmospheric particulate
matter (PM) has received wide attention due to its
adverse impacts on human health and the
environment[7].
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Dust-fall pollution represents one of the major
concerns in Egypt because it significantly contributes
to environmental damage and health problems[8]—
[11]. It represents air particulate matter containing a
mixture of organic and inorganic pollutants. After
temporary suspension in air, dust has the capability to
settle down. Generally, dust originates from natural
and anthropogenic sources such as soils, surrounding
desert environment, industrial wastes, traffic
congestion, incomplete fuel combustion in domestic
heating, industrial plants, and vehicular exhausts. Soil
dust represents major constituents in the dust-fall
samples. Physical, chemical, and mineralogical
characterization of the dust-fall samples are essential
to understanding the influence of dust in the
environment and in human health[10].

PM results from natural and anthropogenic
processes, such as wind erosion, volcanic eruptions,
marine salt formations, industrial production, coal
combustion and vehicle emissions. PM is a complex
mixture of suspended solid and liquid particles with
different physical and chemical properties,
originating from natural and anthropogenic sources.
Organic matter, sulphate, nitrate, ammonium and
elemental carbon are the main PM contributors.
Organic carbon and elemental carbon originate from
combustion processes; primary organic carbon arises
from combustion, geological and natural sources,
while secondary organic carbon is formed when the
atmospheric oxidation products of Volatile Organic
Compounds (VOCs) undergo gas—particle transfer.
Elemental carbon is essentially a primary pollutant
emitted during the incomplete combustion of fossil
and biomass carbonaceous fuels [12].

Particulate matter (PM) pollution is a serious
health issue throughout the world, exacerbating a
wide range of respiratory and vascular illnesses in
urban areas [13]. PM results from natural and
anthropogenic processes, such as wind erosion,
volcanic eruptions, marine salt formations, industrial
production, coal combustion and vehicle emissions.
The size of the PM is an essential characteristic
because it determines its behavior and toxicity.
Smaller particles such as PM 2.5 (fine particulate
matter with an aerodynamic diameter less than 2.5
pm) or UFP (ultrafine particles with an aerodynamic
diameter less than 0.1 um) can more easily penetrate
the pulmonary alveoli and hence are more harmful to
human health [14].

Long-term exposure to PM has more negative
impact on human health compared to high levels of
daily (short-term) exposure[15]. Heavy metals
deposit on the finest fraction of particulate matter.
Many studies on the elemental composition of PM
collected from air in different world regions and
months confirmed the presence of following heavy
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metals Ti, Fe, Pb, Mn, Cr, Mn, Cu, Cd, V, Ni, Mo,
As, Co, Sb and Hg [16].

Earlier studies on PM2.5 in Lanzhou investigated
the effect of topographicand meteorological
conditions and potential sources and
transportpathways causing the accumulation of
PM2.5 [17], [18]. More recent studies analyzed the
chemicalcharacteristics of PM2.5 focusing on trace
elements, OC and EC, andwater soluble inorganic
species[19]-[21].

Levels of pollutants in the air have decreased over
the past decades, but in many urban areas, the levels
of particulate matter (PM), ground-level ozone (O3),
nitrogen dioxide (NO,), and volatile organic
compounds (VOC) still high enough to cause serious
human health problems. Most of such air pollutants
arise from road traffic and energy production.
Industry, power stations, transportation, agriculture,
and waste management may also contribute to air
pollution [22].

The present study aims to evaluate the chemical
characteristics of particulate matter (dust) and
gaseous pollutants around Quesna Industrial City, in
Monufia Governorate, Egypt, during December 2018
- November 2019.

Material and method
I-Climatic factors

Meteorological data during the sampling period
obtained from http://www.wunderground.com. Table
1 showed the average of prevailing climatic
conditions {temperature (°C), dew point (°C),
relative humidity (%), wind speed (mph) and
Precipitation (inch)} for Quesna city during the
period 2018-2020.

II-Geographical locations of study

In this study, seasonal variations of major groups
of dust-fall chemical components were characterized.
In addition, we investigated the air quality in terms of
gases pollutants as SO,, NO, and NH;.This study was
carried out on three sites, which are:
sitel: {an urban-industrial area} located in the
industrial sector (Mubarak industrial city) inside
Quesna city (30°32'41.6"N 31°10'34.7"E), which is a
city in Southeast of Monufia Governorate, Egypt as
illustrated in map 1.Quesna industrial city has an area
of 203.9 Km’. Hundreds of various size factories
(plants) located in this area beside the high-density
residential activities. However, the main sources of
pollution are electronics, home appliances, food

industries, furniture, spinning, weaving, Glue
industry, ceramic, glass and metallurgical
industries.The various industrial activities in

Mubarak industrial city will no doubt contaminate its
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own atmosphere and surrounding area by different
Site 2: {Semi-residential area} located at the
Faculty of Science, Menoufia  University,
(N36°02'47.38", E103°49'50.87"). The site is located
in a residential and commercial area without nearby
industrial emission sources (map 1). This building
has also been used for monitoring of ambient air
pollutants such as concentrations of dust-fall, SO,,
NO,, and NH3;.
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particulates and gaseous pollutants.

Site 3: Traffic road {traffic-residential area} which
located at the rood between El Bajour and Shebin El
Kom cities of Menoufia governorate, Egypt
(30°26'25.3"N  31°02'06.5"E). All samples were
collected monthly at the same time from 1/12/2018 to
31/11/2019.
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Map 1: The studied locations (site 1, 2 and 3) where the air samples were collected

1. Determination of deposited matter
1.1. Sampling of total dust-fall

Dust collectors were used for collecting dust-fall.
The collectors consist of cylindrical glass beaker 17
cm height and 9 cm diameter. The beaker was half
filled with distilled water and mounted on iron
tripods at height of 50 cm above roof level to avoid
that collection of re-suspended dust. Dust jars were
collected at the beginning of each month. The
monthly rate of deposition from the different sites
were calculated as gm.m”.month; and then analyzed
for water-soluble and in soluble fractions [17].

1.2. Chemical analysis of dust-fall

Jar contents were transferred quantitatively to dry
clean pre-weighted beaker using successive washing
with distilled water until the inside of the jar is
cleaned. Then the beaker was dried to constant
weight in electrical oven at 60-80°C, the difference in
weights represent the amount of dust-fall and
expressed as gm.mz.month [18].

1.2.1. Determination of water soluble matter
After determination of dust-fall, the beaker
content was re-suspendedin 200 mL distilled water
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and filtered throw ash-less filter paper (What-man-
filter paper no. 42). After that, the filtrate was divided
into 8 equal portions (each equaled 25 mL). One of
these portions was evaporated in dry clean weighted
100 mL beaker over water bath until dryness[18].
The excess in weight of the beaker was multiplied by
8 to give the amount of total soluble matter and then
expressed as (%) the remaining portions of the filtrate
were used for determination of (sulphate, ammonium,
chlorides, and nitrites).

1.2.1.1. Determination of chlorides (CI’)

Chlorides were determined by using turbid-metric
measurement of the precipitated silver chloride in the
samples [23]. A portion of filtrate (25 mL)was
transferred to 100 mL flask, and then 5 mL of 0.01 N
silver nitrate dissolved in diluted nitric acid (1:5) was
added. After standing for 5 minutes, precipitation of
silver chloride formed. The turbidity measured at 560
nm using a spectrophotometer (spectroUVS-
2700/uvs-2800). Different concentrations of sodium
chloride (NaCl) were used to prepare standard curve.

1.2.1.2. Determination of sulphate (S0,

Sulphate was determined as barium sulphate at
500 nm[24]. Another portion of filtrate (25 mL) was
transferred to 100 mL flask, then 1 mL of 10 N HCL
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was added to the sample and mixed with 4 mL
glycerol alcohol solution (1 glycerol:2 alcohol95%).
A spoon full ofBaCl,.2H,0 crystals added. Then the
mixture allowed to stand for 40 min. standard curve
of different concentrations of sulphate were prepare
using Na,SO,.

1.2.1.3. Determination of ammonium (NH,")

Nesseler’s method[25], [26]was used for
determination of ammonium salts in water soluble
matter. Another portion of filtrate (25 mL) was
transferred to 100 mL flask, then 4 mL of Nesseler’s
reagent was added and mixed. The developed yellow
color was determined colorimetrically at 460 nm with
reference to blank.

1.2.1.4. Determination of nitrates (NO;3’)

Nitrates were determined by the method described
by[27]. 25 mL of filtratewas transferred into 100 mL
beaker. 1 mL of sodium salicylate was addedand
evaporated on water bath until dryness then cooled. 2
mL of concentrated H,SO,were added to the beaker
containing the samples and left for 10 min. In
addition, 15 mL distilled water and 15 mL
NaOHmixturewereadded,then allowed to stand for 10
min. the samples were measured at 420 nm by using
spectrophotometer(spectroUVS-2700/uvs-2800).

1.2.1.5. Determination of heavy metals (Pb and
Cd)

Heavy metals (Pb and Cd) were determined in 25
mL  of filtrate using atomic  absorption
spectrophotometer, (model Perkin Elmer, 2380A
Analyst 100).

1.2.2. Determination of water insoluble matter

The total insoluble matter calculated by
subtracting the weight of soluble matter from total
weight of deposited matter (dust-fall).

1.2.2.1. Ash fraction

The filter paper containing the insoluble fraction
was transferred to pre-weighted crucible and ignited
in muffle furnace at 600°Cfor 8 h. The crucibles were
cooled in a desiccator and weighted. The difference
in weight represents the ash fraction [24].

2. Measurement of gaseous pollutants

2.1. Determination of SO,

SO, in ambient air was determined by the method
described by [22] as following:

Reagent

a) Absorbing reagent 0.1M sodium
tetrachloromercurate (mercuric chloride 27.2g and
sodium chloride 11.7 g were dissolved in 1 L distilled
water).
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b) Acid-bleached 0.04% pararosaniline hydrochloride
(0.2 g pararosaniline hydrochloride dissolved in 100
mL distilled water and left for 48 h then filtrated. 20
mL of this solution was transferred into 100 mL
volumetric flask. 6 mL of conc. HCL was added; the
solution was allowed to stand for 5 min. and diluted
to mark with dis. H,O.

¢) 0.2% Formaldehyde (5 mL of 40% formaldehyde
diluted to 1L with disH,0).

d) Standard solution (sodium metabisulfite, 0.64 g)
was dissolved in 1L dis. HO (assay 65.6 as SO,).
This yield a solution of approximately 0.4 mg/ mL as
SO,, this solution was standardized by titration with
standard 0.01 N I, with starch as indicator. Then
series of different concentrations were prepared from
standard solution.

i.sampling

SO,in ambient air was determined by the method
described by[28]. Air was aspirated (1 L/min for 24
h) through a glass bubbler sampler containing 50 mL
ofabsorbing solution.

Addition of acid bleached pararosaniline and
formaldehyde to the complex ion produce red-purple
pararosaniline methyl sulphonic acid, which is
determined spectrophotometrically at 560 nm.

ii.Analytical analysis

The collected samples transferred into a flask, and
then5 mL of formaldehyde and 5 mL of acid
bleachedpararosanilinewere added. ~The blank
prepared by the same manner using equal volume of
unexposed sample of sodium tetrachloromercurate
solution. The mixture was allowed to stand for 20
min. for maximum color development, and the
absorbance of samples were measured at 560 nm.
The concentration of SO, was calculated from
standard curve (expressed as pg/m°).

2.2. Determination of NO,

NO, in ambient air was determined by the
sulphanilamide diazotization method according to
[19]

Reagent

a)Absorbing reagent: 4 g sodium hydroxide dissolved
in 1L of distilled water (0.1 N), 1 mL of butanol
added to this solution to increase foaming and assist
in trapping the nitrogen dioxide.

b)Diazotizing reagent: 20 g of
sulphanilamidedissolved in 1L of distilled water
containing 50 mL of phosphoric acid (85%).

c) (NEDA) n-(1-
naphthyl)ethylenediaminedihydrochloride: 1 gm of
NEDA dissolved in 1L of distilled water.
d)Formaldehyde (0.2%): 5 mL of 40% formaldehyde
diluted to 1L with disH,O.
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e)H,0, (hydrogen peroxide): 0.2 mL of 30% H,0,
diluted to 250 mL with distilled water.
i.sampling

Air was aspirated (1 L/min for 1h) through a glass
bubbler sampler contain 50 mL of absorbing solution
(0.1 N sodium hydroxide).
ii.Analytical analysis

The collected samples transferred into a flask, and
thenl mL of H,0,added and mixed to oxidize the
dissolved SO, to SO,. 10 mL of diazotizing reagent
added and then 1.4 mL of NED added. The blank
prepared by the same manner using unexposed
absorbing reagent. The mixture allowed standing for
10 min. until the color developed, and the absorbance
of samples measured at 550 nm. The concentration of
NO, calculated from standard curve (expressed as
u g/m3 of air).
2.3. Determination of NHj;

Results
a) Climate

The study area characterized by hot and dry
summer, rare rainfall during winter and bright
sunshine through the year. The study area was
characterized by 23.24°C, while the average of dew

NHj; in ambient air was determined according to
[26]. The air samples were collected by aspirating air
(1L/min for 24 h) throw a glass bubbler sampler
containing 50 mL of absorbing solution (diluted
H,SOy4). The solution treated with Nesseler s reagent
and the intensity of the produced color measured at
460 nm. The concentration of ammonia in the
solution determined by standard curve with different
concentrations of ammonium chloride solutions.

Statistical analysis

Statistical analysis of the results were analyzed
using T-test (2-tailed) and the results considered
significant when P < 0.05. In addition, correlation
was calculated between samples using Pearson
Correlation.

point is 11.70°C; relative humidity was 52.18%
(Table 1). The dominant wind directions are from
southeast in summer and east in winter with an
average speed of 11.08 Km/h.

Table 1: Meteorological data (averaged) for Quesna city from December 2018 to November 2019

Month Temperature Dew Point Humidity Wind Speed Precipitation
Dec-18 16.684 8.032 58.11 8.535 0
Jan-19 13.99 1.548 46.18 10.584 0
Feb-19 15.72 5.098 52.51 8.343 0
Mar-19 17.713 7.506 55.14 10.119 0
Apr-19 21.013 8.26 48.23 9.38 0
May-19 27.435 9.545 38.15 9.713 0
Jun-19 29.577 16.94 49.63 15.14 0
Jul-19 30.271 18.59 52.78 12.597 0
Aug-19 30.345 18.86 54.07 11.926 0
Sep-19 27.93 18.28 57.93 13.303 0
Oct-19 25.897 16.48 59.17 12.339 0
Nov-19 22.29 11.26 54.23 11.013 0

Annual Mean 23.24 11.70 52.18 11.08 0

b) Dust-fall
* Total Dust-fall
The dust-fall measurement is an indication of the
quantity of large particles. Dust precipitation was
monthly collected using Dust collectors and
expressed as g/m3 /month. T-test was used for
comparing the obtained results. Tables 2, 4 and 6, and
figure 2-4 show the rates of total deposited matter
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over the investigated sites during the period of study.
The annual means of Dust were
65.74+60.52,72.67+17.46 and 78.28+8.45g/m’>/month
for sites 1, 2 and 3 respectively. The highest rate of
dust-fall deposition was recorded during month of
October (221.28 g/mzlmonth) for site 1(industrial
area), November (93.91 g/mz/month) for site 2 and
October (99.45 g/mz/month) for site 3.Tables (2, 4
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and 6) shows that the rate of dust deposition was
higher in autumn season followed by spring season
for sites 1 and 3 during the period of study, while in
site 2 the highest amount of dust deposited in autumn
followed by winter season.

Chemical Composition of Dust-fall

b)Water Soluble Fraction of Dust-fall

The concentration of chemical constituents
(expressed as %) for seasonal and annual means of
the total water-soluble matter (TSM) in total deposits
shown in tables2, 4, 6 and figure 2-4 B. Moreover,
concentration of TSM varied from one month to
another with a slightly higher concentration during
autumn (31.66 + 3.71% for site 1) and winter and
autumn for site 3 (was about 26% in both seasons). In
addition, the highest concentrations of TSM were
34.67, 32.33, and 33.4 in November, august and June
months for sites 1,2 and 3 respectively. These months
are characterized by passage of sand storms over
Egyptian countries and carry with them desert sands
that contains in soluble compounds.

1. Sulphates in Total Dust-fall:

The results illustrate that the mean concentration
of sulphates in the different studied locations
recorded the highest concentrations during summer
season for site 1 (10.25+4.04%), during spring
(4.56%1.19%) for site 2 and during winter (3.31+0.42
%) for site 3 figures 2-4E.

2. Chlorides in Total Dust-fall:

Airborne chlorides are the suspended salt and
gaseous content present in the atmosphere. For
example, large quantities of chlorine are released

»
g/m¥/month

Dec-18

ngl
cwaow

Figure 1:
Chemical analysis of dust samples Ccollected from site (1)
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from water purification plants, evaporated ocean
spray as sea salt (sodium chloride) particles.
Volcanoes can emit large quantities of hydrogen
chloride, but this gas is rapidly converted to
hydrochloric acid, which dissolves in rainwater and
does not reach the stratosphere.Figures2-4 f show the
average monthly percentage of chlorides in total dust-
fall at the different studied sites.

The results showed a relatively higher value of
chlorides during summer and autumn seasons for site
1 and 2. The mean seasonal percentage of chlorides
varied between 0.13+0.11 and 0.44+0.29, 0.39+0.34
and 0.63+0.82 for autumn and summer seasons for
samples collected from site 1 and 2, respectively.
While, it varied between 0.17+0.11 and

0.64+0.41during winter and autumn seasons for
samples collected from site 3.
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Table 2: Chemical Analysis Of Dust Samples Collected From Site (1)
Season  Month TSM INS Dust fall Ash Pb Cd SOy CL NH4 NO;
5 Dec-18 22.24 77.76 51.82 94.67 137 0.11 1.85 0.36 0.08 0.27
.% Jan-19 11.05 88.95 63.74 69.55 263 5.99 1.63 0.17 0.06 0.18
g Feb-19 22.85 77.15 28.59 71.96 109 0.81 2.16 0.08 0.03 0.49
Mean +SD 18.7126.6  81.29+6.6  48.05+17.9  78.73+13.8 169.67+82.1 2.3+32  1.88+0.27  02%0.15 0.06£0.03 0.31+0.16
- Mar-19 13.32 86.68 46.82 83.27 204 5.59 0.56 0.13 0.22 0.24
i Apr-19 155 84.5 62.04 88.13 198 5.89 0.58 0.09 0.3 0.25
s May-19 19.04 80.96 53.96 47.29 164 2.19 0.67 0.1 0.2 0.16
Mean +SD 15.9542.9  84.05+2.9  54.27+7.6 7294223  188.674#21.6 4.56+2.1  0.6£0.06  0.11+0.02 0.24+0.05 0.21+0.05
y Jun-19 21.92 78.08 17.41 67.61 119 0.61 11.38 0.25 0.96 0.22
E Jul-19 21.71 78.29 15.21 83.2 82.3 0.61 13.61 0.78 1.03 0.32
z Aug-19 28.56 71.44 37.21 72.55 140 0.39 5.77 0.3 0.62 0.1
Mean +SD 24.06+3.9 759439 2328121 744679  113.77+#29.2 0.54+0.1 1025+4.04 044403  0.87+02  0.22+0.1
Sep-19 27.51 72.49 38.15 51.56 167 5.99 6.38 0.25 0.44 0.1
g Oct-19 32.8 67.2 221.28 40.99 155 2.59 133 0.02 0.08 0.03
< Nov-19 34.67 65.33 152.62 45.27 188 4.7 2.39 0.11 0.11 0.06
Mean +SD 31.6643.7  68.34+3.7 137.35+92.5  45.94+5.3 170£16.7  4.43+1.7 337427  0.1320.1 021202  0.07+0.04
Annual Mean 226474 774474  6574+60.5  68.01x18  160.53+48.7 2.96+2.5  4.03+44 022402  034+04  0.2+0.1
T-Test 270E-04  3.70E-11 1.06E-02 6.28E-07 427E-07  1.69E-01  6.10E-05  579E-21  2.65E-18  3.23E-23
Table 3: Correlation Coefficient Values Of The Relationships Between The Chemical Constituents Of Dust Samples Collected From Site (1)
Ttem TSM INS Dust Ash Pb cd SO, CL NH, NO;
TSM 1 -1.000-" 0.546 -.587- -0.403 -0.281 0.162 -0.036 0.03 0.48
INS -1.000-" 1 -0.546 587" 0.403 0.281 0.162 0.036 -0.03 0.48
dust 0.546 -0.546 1 -.604-" 0.275 0.228 0.441 -0.492 -0.499 -616-"
Ash -.587-" 587" -.604-" 1 0.122 -0.184 0.115 0.444 0.199 643"
Pb -0.403 0.403 0.275 0.122 1 836™ -633- 0.54 -0.552 -0.394
cd -0.281 0.281 0.228 0.184 836™ 1 -0.437 0.43 -0.372 -0.332
SO, 0.162 0.162 -0.441 0.115 -633- -0.437 1 787" 932" 0.122
CL -0.036 0.036 -0.492 0.444 0.54 0.43 187" 1 17 0.25
NH, 0.03 0.03 -0.499 0.199 0.552 -0.372 932" 17 1 0.061
NO; -0.48 0.48 -616-" 643" -0.394 -0.332 0.122 0.25 0.061 1
*. Correlation is significant at the 0.05 level (2-tailed).
*%, Correlation is significant at the 0.01 level (2-tailed).
Egypt. J. Chem. 66, No. 10 (2023)
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Table 4: Chemical Analysis of Dust Samples Collected From Site (2)

Season Month TSM INS Dust Ash Pb Cd SO, CL NH, NO;
N Dec-18 13.25 86.75 58.73 74.86 1000 3.39 2.18 0.13 0.44 0.1
Q
E Jan-19 12.01 87.99 82.51 54.31 317.5 1.49 2.48 0.09 0.29 0.04
z
Feb-19 29.74 70.26 76.25 29.62 300 0.59 4.03 0.16 0.08 0.08
Mean+ SD 18.33+9.9 81.6749.9 72.5+12.33  52.93+£22.65 539.17£399.19  1.82+143  2.9+0.99  0.12+0.04 0.27+0.18 0.07+0.03
Mar-19 31.81 68.19 64.6 76.72 229 3.39 4.6 0.15 0.38 0.05
)
E Apr-19 26.4 73.6 92.03 68.2 272 3.39 3.34 0.22 0.05 0.14
a
B Mlagy' 21.22 78.78 55.69 70.77 160.8 0.11 573 027 039 0.13
Mean+ SD 26.47+5.3 73.53+53  70.77+18.94  71.9+4.37 220.6+56.07 23+1.89  4.56+1.19 0.21+0.06 0.27+0.19 0.11£0.05
o Jun-19 28.12 71.88 38.37 33.33 196.9 2.69 1.22 0.24 0.44 0.13
L
E Jul-19 25.02 74.98 70.11 12.58 230 0.51 3.36 1.57 0.23 0.1
3
@ Aug-19 32.33 67.67 88.07 32.36 93.5 0.71 0.16 0.08 0.17 0.12
Mean+ SD 28.49+3.67 71.514£3.67 65.52425.17 26.09+11.71 173.47+71.2 1.3£1.21  1.58+1.63 0.63+0.82 0.28+0.14 0.12+0.01
o Sep-19 19.16 80.84 61.28 67.21 118.8 1.29 0.42 0.16 0.25 0.29
E Oct-19 24.81 75.19 90.51 62.6 100.7 4 0.97 0.23 0.17 0.06
=
® Nov-19 27.35 72.65 93.91 66.16 1114 6.1 3.89 0.77 1.38 0.13
Mean SD 23.78+4.19  76.22+4.19 81.9£17.94 65.33+2.41 110.34£9.1 3.842.41 1.76+1.87 0.39+0.34  0.6+0.68 0.16+0.12
Annual Mean 24.27+46.67 75.73£6.67 72.67x17.46  54.06+£21.4 260.88+£245.59 2.31+1.81 2.7£1.76 0344043 0.35£0.35 0.11£0.07
T-Test 1.24E-04 9.00E-10 1.12E-07 2.92E-05 4.88E-03 714E-01 1.36E-09 243E-17 2.65E-18 2.28E-26
Table 5: Correlation Coefficient Values Of The Relationships Between The Chemical Constituents Of Dust Samples Collected At Site (2)
Item TSM INS Dust Ash Pb Cd SO, CL NH, NO;
TSM 1 -1.000™ -0.270 -0.152 -0.575 -0.176 0.224 0.311 -0.085 0.557
INS -1.000” 1 0.270 0.152 0.575 0.176 -0.224 -0.311 0.085 -0.557
dust -0.270 0.270 1 0.043 -0.258 0.511 -0.042 0.067 0.071 -0.238
Ash -0.152 0.152 0.043 1 0.232 0.258 0.211 -0.481 0.274 0.119
Pb -0.575 0.575 -0.258 0.232 -0.256 0.047 -0.149 -0.039 -0.212
Cd -0.176 0.176 0.511 0.258 -0.256 1 0.007 0.214 723" -0.099
SO, 0.224 -0.224 -0.042 0.211 0.047 0.007 1 0.242 0.236 -0.317
CL 0.311 -0.311 0.067 -0.481 -0.149 0.214 0.242 1 0.270 0.012
NH,4 -0.085 0.085 0.071 0.274 -0.039 7237 0.236 0.270 1 0.040
NOs 0.557 -0.557 -0.238 0.119 -0.212 -0.099 -0.317 0.012 0.040 1
**_Correlation is significant at the 0.01 level (2-tailed).
Egypt. J. Chem. 66, No. 10 (2023)
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Table 6: Chemical Analysis Of Dust Samples Collected From Site 3
Season  Month TSM INS Dust Ash Pb Cd SO, CL NH, NO;
. Dec-18 29.86 70.14 75.21 19.58 210.8 3.59 2.83 0.09 0.07 0.22
E Jan-19 26.96 73.04 70.51 12.68 104.8 0.79 3.6 0.12 0.08 0.09
& Feb-19 22.17 77.83 78.46 21.09 114.6 0.49 351 0.29 0.05 0.12
Mean+ SD 26.33+3.88  73.67+3.88  74.73%3.99  17.79+4.48  143.4+58.58  1.62+1.71 3.31£0.42 0.17+0.11 0.06£0.01  0.14+0.07
o Mar-19 24.74 75.26 79.81 18.66 134 0.21 3.04 0.09 0.32 0.03
'g Apr-19 26.42 73.58 75.83 14.67 112.7 0.79 3.04 0.08 0.29 0.07
@

May-19 0.44 99.56 82.57 12.97 144 0.41 0.54 0.13 0.18 0.07
Mean+ SD 17.2+14.54  82.8+14.54 79.4+3.39 15.43+2.92  130.23%£15.99 0.47+0.29 221%1.44 0.10.02  0.27+£0.07  0.06+0.02
5 Jun-19 334 66.6 78.9 18.82 117 0.29 0.49 0.13 0.19 0.2
E Jul-19 6.09 93.91 74.7 15.67 127.9 2.89 0.62 0.17 0.2 0.13
? Aug-19 3331 66.69 69.41 8.48 71.8 0.41 0.79 0.16 0.21 0.25
Mean+ SD 24.26x15.74  75.74£15.74  74.33#4.75 1432453  105.57+#29.75 1.2+147  0.63+0.15 0.15+0.02  0.2+0.01 0.2+0.06
= Sep-19 27.94 72.06 65.41 29.78 69 0.3 1.59 0.16 0.22 0.26
E Oct-19 28.34 71.66 99.45 23.56 93.5 39 2.38 0.84 0.2 0.12
5 Nov-19 21.98 78.02 89.15 19.55 161 4.6 3.25 0.91 0.19 0.14
Mean+ SD 26.09+3.56  73.91£3.56  84.67x17.46 24.29+5.16 107.83+47.65 2.93+2.31 2.41+0.83 0.64+0.41 0.2+0.02  0.17+0.08

Annual Mean 23.47£9.39  76.53+9.39  78.28+8.45  17.96+5.24 121.76£36.06 1.56£1.59 2.14%+1.19 0.26£0.27 0.18+0.09  0.14+0.08
T-test 2.67E-28 1.10E-26 4.61E-11 3.62E-03 1.70E-05 4.69E-09 1.79E-11  3.08E-19  3.24E-25  8.44E-26

Table 7: Correlation Coefficient Values Of The Relationships Between The Chemical Constituents Of Dust Samples Collected At Site (3)

Item TSM INS Dust-fall Ash Pb Cd SO, CL NH, NO;
TSM 1 -.588" 0.169 0.270 -0.130 -0.153 0.353 0.279 0.004 0.336
INS -.588" 1 698 -0.050 0.253 0.032 0.128 0.442 0.068 -.586°
Dust-fall 0.169 698" 1 0.179 0.386 -0.229 0.156 786 0.086 -0.416
Ash 0.270 -0.050 0.179 1 0.557 0.230 0.192 0.328 -0.002 0.249
Pb -0.130 0.253 0.386 0.557 1 687" 0.151 -0.303 -0.276 0.006
Cd -0.153 0.032 -0.229 0.230 687" 1 -0.001 -0.113 -0.339 0.337
SO, 0.353 -0.128 0.156 0.192 0.151 -0.001 1 0.254 -0.238 -0.388
CL 0.279 0.442 786 0.328 -0.303 -0.113 0.254 1 -0.024 -0.048
NH,4 0.004 0.068 0.086 -0.002 -0.276 -0.339 -0.238 -0.024 1 -0.248
NO; 0.336 -.586" -0.416 0.249 0.006 0.337 -0.388 -0.048 -0.248 1
*. Correlation is significant at the 0.05 level (2-tailed).
*%, Correlation is significant at the 0.01 level (2-tailed).
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Figure 4: Seasonal Means for Chemical Composition Of Dust Samples Collected From Different Studied Sites

Correlation coefficient values of the
relationships between the chemical constituents of
dust samples collected at site 1 (table 3), indicated
thatthe total soluble and insoluble matter were
negatively correlated(P < 0.01). In addition, the
amount of dust-fall deposited in this site was
negatively correlated with ash and nitrates contents at
P < 0.05 significant level. Moreover, the ash content
was positively correlated with insoluble matter and
nitrates content at the 0.05 significant level. The lead
and cadmium contents were positively correlated at
the 0.01 significant levels. The sulphate, chlorine and
ammonium were positively correlated at 0.01
significant level. Moreover, correlation coefficient
values of the relationships between the chemical
constituents of dust samples collected at site 2 (table
5) illustrated that there were no significant correlation
between the studied chemical components except for
TSM and ISM, Cd and NH, (at 0.01significant level).
While for site 3 it was found that the amount of dust
was positively correlation with INS and CI (table 7).
Additionally, total soluble matter was negatively
correlation with INS and NO;. The lead and
cadmium contents were positively correlated at P <
0.05.

¢) Gaseous Air Pollutants:

Gaseous pollutants monitored in the investigated
area atmosphere are SO,, NO, and NH;(expressed as
ug/m’) table (8-10). These are the major gaseous
pollutants in industrial and urban areas.

1. Sulphur Dioxide (SO,):

Concentrations of SO, were measured in the three
studied sites and the results revealed that the annual

Egypt. J. Chem. 66, No. 10 (2023)

mean concentration of 50.9+15.6, 15.3+8.6 and 1443
pg/m’® were detected in the atmosphere of sites 1, 2
and 3 respectively. The maximum monthly
concentrations of 73, 36 and 21 were detected in the
atmosphere of the same sites in September, January
and October during the period of study. The
maximum SO, concentrations of 61.0x11.5,
26.7+10.7 and 16.3+4.5 were recorded in the seasons
of autumn, winter and autumn of investigated sites 1,
2 and 3 respectively. The seasonal average
concentration of SO, of the present study is
represented graphically in figure 5A. The higher
levels of SO, were recorded in winter and autumn
seasons and lower concentrations were recorded in
summer except site 1.
2. Nitrogen Dioxide (NO,):

Tables 8-10 summarize the NO, concentration in
the investigated sites during the period of study.The
annual mean concentration of 49.6+19.4, 31.6+14.8
and 31£16.7 pg/m3 were detected in the atmosphere
of sites 1, 2 and 3 respectively. The maximum
monthly concentrations of 90, 55 and 60 were
detected in the atmosphere of the same sites in
august, June and July during the period of study. The
maximum NO, concentrations of 61.0x11.5,
38+10.8and 50£13.2 were recorded in the seasons of
summer, autumnand summer of investigated sites 1, 2
and 3 respectively. The seasonal average
concentration of NO, of the present study are
represented graphically in figure 5B. The maximum
seasonal concentrations of NO,were recorded in
summer and autumn seasons additionally, the highest
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concentration of NO, was recorded in site 1 followed
by site 3.

3. Ammonia (NH;):

High concentrations of ammonia were recorded in
this study in samples collected at the industrial sector
of Quesna Industrial City (site 1). The annual mean
concentration of 50.34+8.6, 27.8+10.7and
32.6+13.3pu g/m3were detected in the atmosphere of
sites 1, 2 and 3 respectively. The maximum seasonal
mean concentration concentrations of 55.0+5, 40.7+4
and 49.7+5.5were recorded in the seasons of summer

Table 8: Chemical Analysis of Gaseous Air Pollutants

for site 1, spring of investigated sites 2 and 3, while
the minimum seasonal mean concentration of
47.7+#6.8, 19+3.6 and 22+9.2 were recorded in
autumn of all studied sties. The maximum monthly
concentrations of 60, 42 and 50 were detected in the
atmosphere of the studied sites respectively during
the period of study. The seasonal average
concentration of NH; of the present study is
represented graphically in figure 5C. A significant
negative correlation was found between SO, and NO,
at 0.05 significant level for samples collected from
site 2.

Table 9): Chemical Analysis of Gaseous Air

Pollutant at Site (1). Pollutant at Site (2).
Season Month SO, NO, NH; Season month SO, NO, NH;
Dec-18 35 30 60 Dec-18 15 20 25
™~ -
< <
E Jan-19 26 35 55 E Jan-19 36 25 20
z z
Feb-19 46 40 45 Feb-19 29 30 15
AvSD 357+10  35.045 533476 AvSD 26.7+10.7 2545 205
Mar-19 53 35 60 Mar-19 15 29 37
& 2
T Apr-19 60 30 35 T Apr-19 12 35 45
(=3 S
v w
May-19 55 30 40 May-19 10 50 40
AvSD 56.0+3.6 317429  45.0£132 AvSD 123+25 38108 40.7+4
. Jun-19 40 55 50 5 Jun-19 8 55 2
< <
E Jul-19 35 70 60 E Jul-19 9 30 30
# &
Aug-19 78 90 55 Aug-19 15 10 22
AvSD 510235 71.7£17.6 55045 AvSD 107438 3174225 31.3+10.1
Sep-19 73 65 53 Sep-19 10 9 15
= =
= =
E Oct-19 60 55 50 E Oct-19 10 49 22
Z 2
Nov-19 50 60 40 Nov-19 15 37 20
AvSD 61.0£115  60.045  47.7+6.8 Av£SD 117429  31.7+20.5 19436
Annual mean+SD 509156 49.6£194  50.318.6 Annual mean +SD 153486 31.6:148 27.8+10.7
T-Test Sig. (2-tailed)  3.00E-06  3.30E-05  8.30E-09 T-Test Sig. (2-tailed)  0.062 0.002 2.30E-04
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Table 8: Chemical Analysis of Gaseous Air Pollutants at Site (3)

Season month SO, NO, NH;
Dec-18 15 15 20
ot
Q
E Jan-19 12 20 32
=
Feb-19 12 25 35
Av+SD 131.7 2045 29+7.9
Mar-19 17 33 44
4
£ Apr-19 15 35 50
w2
May-19 13 50 55
Av % SD 1522 393293  49.7#5.5
. Jun-19 10 55 33
L
E Jul-19 9 60 40
@
Aug-19 16 35 16
Av % SD 117438 50£132  29.7+123
g Sep-19 12 20 20
2
2 Oct-19 21 13 32

Egypt. J. Chem. 66, No. 10 (2023)

Nov-19 16 11 14
Av +=SD 16.3+4.5  14.7+4.7 2249.2
Annual mean + SD 14+3.3 31+16.7  32.6x13.3
T-Test Sig. (2-tailed) 0.062 0.002 2.30E-04

Table 9: Correlation Coefficient Values of The Relationships

Between The Gases Collected At The Different Studied Sites

Site 1 Site 2 Site 3
Ite
m
SO | NO | NH N S N[N
2 2 3 $0: | NO: H; | O] O: | Hs
e 1 %g 0.24 1 .601 0. 1 0. 0.
2 7 - 2 3|5
N | 04 0.25 - 0. N 0.
o || Pl | s g' U s6
a2 (;g 1|02 os7|1]o ;)é 1
| 47 5
*, Correlation is significant at the 0.05 level (2-tailed).
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Discussion:

Dust-fall:

The deposition of atmospheric dust particles by
dry or wet deposition is continuous processes. Dust
deposition rates are affected by many factors such as
dust concentration in the atmosphere, energy of dust
transporting winds, and characteristics of depositional
environment. Additionally, type and distance of
emission sources, location of sampling site, and
certain meteorological conditions are some of the
other factors involved[23], [24].

The annual means of deposited dust varied
between 65.74+60.52 and 78.28+8.45g/m2/month
for studied sites; with the highest rate of 221.28
g/m2/month recorded in October collected at site 1.
This rate of deposition is considered very heavy.
These surprisingly high dust-fallvalues in this study
also indicate that more effort will be needed to
decrease the primary dust-fall emissions, as well as
control the formation of secondary pollutants.

Furthermore, these rates exceed the standard
for dust deposition in many countries. For example,
the air quality standard for the residential areas in
USA is 5.7 g/m2/month and is 1.93 g/m2/month as a
background value [17].Nevertheless, dust-fall have
no Air Quality Limit value. However, some countries
normally state that when dust-fall values exceed 10
g/m2 per 30 days, the area may be considered
unclean (polluted area) [25].

Moreover, Tables 2, 4 and 6 showed that the rate
of dust-fallreached the maximum values in autumn
season in all studied locations during the period of
study, and then comes winter and spring seasons and
the lowest concentrations were recorded in summer.
This could be attributed to many factors such as
rainfall, light and wind speed that might also have
effects. While, the high temperature low relative
humidity and active winds may enhance high rate for
dust-falland passage Khamasin dust may cause the
high deposition rate in spring.In a previous study in
the Gansu Province of China, Ta et al.,(2004)reported
the highest dust deposition rates values in the spring
and the lowest in the autumn[26]. These authors
found a positive and significant correlation between
dust deposition rates and dust storms but an inverse
correlation between dust deposition rates and
precipitation[26].  Al-Dousari and  AlAwadhi,
(2012)investigated the dust deposition rates in
northern Kuwait and reported higher quantities of
dust deposition rates in Novembere-January, April,
Julye-August and September[27].

Previous research of Chai et al. (2014)shows that
particulate matterconcentrations in some northern
cities in china reached as high as 80-100, while those
in the south were 40-70 [28]. It is evident that the
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higher values in northern cities are mainly due to the
enhanced concentration in winter, while PMs begin to
decrease after reaching their maximum value in
autumn in southern cities. With insufficient
photochemical promotion in winter, the stronger
emission of primary particles during the heating
period may play a very important role in causing
heavy PM pollution.

The concentrations of the total water-soluble
matter (TSM) in total deposits were shown in tables
2, 4 and 6 for the investigated sites. Besides, the
concentration of TSM varied from one month to
another with a slightly higher concentration during
autumn then followed by winter. S0,%, CI” and NH,,*
were the most important soluble salts measured in
dust samples and their concentrations were higher in
summer for samples collected from site 1 (Fig. 2-4).
While, in sites 2 and 3 the highest concentrations
were recorded in winter and/or autumn; which may
be likely caused by high fuel consumption due to
domestic heating in winter, and more traffic during
these periods of the year at investigated sites. These
results come in agree withTan et al., (2017)they
stated that traffic emissions is characterized by high
levels of water-soluble inorganic ions[29]. Previous
studies confirmed that OC and EC were the most
abundant species in vehicle exhausts [31-34].

Furthermore, the secondary  aerosol
formation is characterized by high levels of NH,,
S0,2~ NO; and CI".

The secondary aerosol accounted for 33%
PM2.5 mass in winter and 15% in summer. This is
likely associated with SO, and NOx emissions from
coal combustion and vehicle exhaust forming sulfate
and nitrate through photochemical reactions.
Although photo-oxidation rates of NOx and SO, are
slower in winter than in summer, stationary
meteorological conditions and higher levels of
gaseous precursors enhanced the levels of secondary
inorganic components in winter [29], [34].

In our study, the concentration of nitrates
showed a slight seasonal variation with higher values
recorded during winter, autumn and summer seasons
for studied sites respectively.The relative percentage
of nitrates at the investigated sites is mainly due to
emission of nitrogen oxides (NOx) which intern
converted to nitrates.

However, the highest average concentrations
of insoluble matter were recorded during spring and
winter seasons. While the maximum monthly mean
was recorded in January for sites 1 and 2 and in May
for site 3. These months are characterized by passage
of sand storms over Egyptian countries and carry
with them desert sands that contains insoluble
compounds.
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The concentration of Pb and Cd were higher
in spring season in site 1; they increased by 1.7 and
8.4 times for Pb and Cd respectively, from spring to
summer. While, for the two other sites the highest
concentrations were recorded in winter season that
increased by 3.1, 0.98, 1.5 and 1.4 times for Pb and
Cd in sites 2 and 3 respectively. Such increase could
be due to winter domestic heating and stagnant
meteorological conditions.

Several emission factors including biomass
burning from agricultural fields, sea salt and domestic
cooking. As agricultural and domestic areas, biomass
burning is common in this region. Thus, biomass-
burning emission couldn't be ignored and might be
collinear with other sources. All of these factors with
traffic and industrial emissions may cause the
elevated levels of total deposited matter and its
contents of soluble and insoluble components in sites
under investigations.

Gaseous Pollutants:

Sulphur dioxide, nitrogen dioxide and
ammonia are the major gaseous pollutants in
industrial and urban areas. The maximum SO,
concentrations in our study were recorded in winter
and autumn while, lower concentration was recorded
in summer (except for site 1) and this may be
attributed to climatic conditions, topography and
presence of oxidants in the atmosphere. In addition,
the low temperature and wind directions during these
seasons may enhance the accumulation of SO, in the
atmosphere. This findings is in agree withChai et al.,
(2014), they found that high concentrations of SO,,
and CO were observed in northern cities, especially
in winter, indicating strong emissions from coal and
biomass or biofuel burning during the heating
period[28].

The maximum seasonal concentrations of
NO, recorded in summer and autumn, additionally,
the highest concentration of NO, was recorded in site
1 (industrial area) followed by site 3 (traffic-
residential area). Such increase may be due to the
transport of NO, from the pollution source (industrial
sector and the traffic emission) by the prevailing
wind during these periods of the year. These findings
disagreed with Chai et al., (2014); they found that
NO, dominated the major pollutants in winter, which
implies that highly oxidized secondary pollutants
were playing a very important role[28]. According to
the statistics of major pollution in northern cities, the
pollution status was much more complicated in that
almost all the pollutants on the list could have been
the major pollutant. The NO, is a little higher in
northern China, which is partly due to residential
emissions during the heating period.

The maximum seasonal mean of NH,
concentrations were recorded in summer and spring

Egypt. J. Chem. 66, No. 10 (2023)

of investigated sites while, the minimum seasonal
means were recorded in autumn for all studied sties.

The pattern of autumn and summer high
concentrations is mainly attributed to the more
intense solar radiation and higher temperatures often
associated with the presence of weak, slow-moving,
and persistent high-pressure systems, which favor the
photochemical oxidation. Thus, the elevated levels
observed in the summer and autumn could be
explained by the impact of the photochemical process
that occurs in the boundary layer. While, the lower
concentrations recorded in winter could be attributed
to less impact of photochemical pollution in winter,
with a decrease of solar radiation and temperature
and a reduction in photochemical production [35].

The studied contaminants showed several
temporal variations that also observed by earlier
studies of Yu et al., (2019)in the urban air of Yangtze
River Delta (China),[36],Van Der Wal and Janssen,
(2000) in the ambient air of Netherlands[37], and
Marcazzan et al., (2001) in atmospheric air of Milan
(Italy)[38]. Such differences is due to differences in
source of emissions and meteorological situations of
each case.

Conclusion:

This article has reported the spatial and seasonal
variations of gaseous pollutants (SO2, NO2, and
NH3) and  dust-fall(soluble and insoluble
components) observed in three investigated sites from
December 2018 to November 2019. This will help to
gain a deeper understanding of the pollution levels of
different pollutants, evaluate the attainment of air
quality standards, and mark the major pollutants in
different seasons at the investigated sites. The
surprisingly high dust-fallvalues in this study also
indicate that more effort will be needed to decrease
the primary PM emissions, as well as control the
formation of secondary pollutants.
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