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Abstract

The present study employed six paint furniture workshops; A, B, C, D, E and F, which have small
and different size and types of painting, in close to carpenter workshops at EI-Shoaraa in Damietta
city. The particulate matter of PM1o and PM.s were measured, using Casella device for dust
detective (Casella Cel-712 Microdust Pro Real-Time Dust Monitor). On the other hand, total
suspended particulate (TSP) samples were collected using sampling air pump connected an open
face holder on Whatman glass fiber filter. Metallic constituents of TSP were determined, using
Atomic Absorption Spectrophotometer (A.A.S). The study results indicated that the mean
concentrations of PMio ranged from 26.85 to 44.41 ug/m3, whereas, the mean concentrations of
PM2sranged from 39.5 to 125 pg/m?®. The TSP concentrations ranged from 359 to 410 pg/m?. The
most paint particulate matters (PM) detected have unacceptable concentrations.

The mean heavy metals concentration of Pb, Cd and Zn in paint furniture workshops was (14.59,
7.59, 10.82) pg/md, respectively. Thus, the present study evaluated concentrations of dust that might
generate in the indoor air of workshops involving spray painting and varnishing. Therefore, to
protect air quality and painter’s safety, and health concerns, occupational health and safety
regulations, its implementation and enforcement within spray-painting furniture workshops must be
improved and to ensure greater attention mitigations and management is given.
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ships and aircraft. Spray painting in furniture
finishing processes is one of the major activities

Introduction of painting. Paint is a mixture of various
chemicals that work together to provide color,

The paints are used as a related activity protection, and durability to surfaces. The

in a variety of industries include motor vehicles, composition of paint can vary depending on the
buildings, furniture, white goods, machinery, type (latex, oil-based, epoxy, etc.) and brand,
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but some common components are pigments,
binder, solvents, additives, extenders, retarders,
driers, fragrances and preservatives (Hussain,
2024). Spray painting is usually a mixture of
resins or polymers which cure or harden to
produce a durable coating on the application
surface, coloured pigments and fillers, and
solvents or water acting as carriers for the resins
that evaporate during application and drying
(Ifjen et al., 2022).

Paint is used to decorate, protect

buildings and other objects, and industrial
coatings, which are applied as finish-
manufactured goods such as cars, vehicle
restoration, wood and furniture, and
prolong the life of natural and synthetic
materials, which acts as a barrier against
environmental conditions (Veleva, 2012).
Spraying is a painting technique that
employs a spraying device, by using a valve
to release chemicals and paintings coupled
with compressed gas, air, allows for easy
and even application over various surfaces,
with a choice of applying coating material
to produce the required thickness film of a
liquid material release in mod of aerosol or
vapour. Coatings can differ between paint,
ink, varnish, and various other materials.
Spray painting is one of the primary
methods of painting besides using a brush
or a roller, because it is quicker, cleaner,
and easier to achieve a uniform coat.
Application may be manual or automatic,
but the majority of spray operate by using
manual finishing techniques. The most of
them is inserted with dry filters to control
particulate; paint droplets, which is
generated by overspray (Sefiane, 2014). A
furniture spray painting is a tool that has
gained popularity for many years with a
professional, to complete the proses faster
with less effort, and with a smooth and
professional finish. (Thorud et al., 2005
and Veleva, 2012). Varnish as a
homogeneous, Transparency or
semitransparent liquid that is converted to a
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solid, after being applied as a thin layer
(Schurr and Allison, 1981). However,
Lacquer is a coating, dries by evaporation
much rather oxidation or polymerization, so
dry very rapidly (Lu et al., 2004). Alkyd is
a prevailing product in the coating painting
surface, since the 1930s. Therefore, they
contend the water-based coatings such as
acrylics and latex, and still make them a
more preferable coating for architectural,
machinery, wood and industrial
applications,  cause  impedance to
environmental factors and almost, the
strong adhesion to all surface (Stoye and
Freitag, 1998; Chong, 2020).

In the wood-furniture industry,
emissions from spray painting comprise
many sources, including operations such as
finishing; spray booths, flash-off areas,
ovens, mixing, touch-up and repair, gluing,
and cleaning. The potential emissions to
atmosphere from spray painting operations
are sanding and blasting dust arising from
surface preparation in some activities, such
as smash repairing or timber painting
(Ratnasingam et al., 2009). Most of the
dust is generated, so fine that literally find
its way out into the work area (NOHSC,
1999; SafeWork, 2022).

There are various types of paints are
based on synthetic paints, with a mixture of
volatile organic solvents such as semi bright
and matt lacquer "varnish", lacquer
polyesters, polyurethane lacquer, acrylate,
synthetic resins that give colour and
appearance, used for surface coating of
wood and furniture (Thorud et al., 2005).

Furniture spray painting is aerosol a
solvent-intensive process, which, forming a
mist of fine liquid paint droplets (10-50
um). During the process, painter is exposed
to the chemicals which are atomized, which
can be absorbed through skin and mucous
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membranes, inhalation route (McKeown,
2011).

Anthropogenic particulate matter (PM)
originates from human activities, such as
construction,  agricultural and industrial
emissions (Liu et al., 2021). Addition to
airborne particulate matter (PMs), exposure to
spray paint PMs (SPPMs) may also be
associated with human health and pulmonary
dysfunction (Lai et al. 2017; Chen et al.,
2019).

In the indoor environment, exposure to
pollutants has increased with reduced
ventilation that making many indoor
environments act as concentrators of emissions
from plastics, paints, and other building
materials. Poor ventilation always increases the
indoor pollutant when outdoor does not go
through to dilute emission from paints and
others (Ruan and Rim, 2019).

The paints contain pigments for opacity
as coloring materials and a variety of additives
as drying materials (tenner) to accelerate
solidification and formation, and organic
solvents to regulate viscosity. Within wood
manufacturing industry, exposure may occur to
solvents, wood preservatives in glues and
surface coating and to engine exhausts.
Furniture painting workers are artisan that could
be occupationally at risk hazardous attributed to
the chemical composition of paints (El
Gammal, 2008; Ratnasingam et al., 2009,
2010). Inorganic pigments are anti-corrosion
coloring components of paint that can influence
and control the corrosion of metal substrates,
known as “inhibitors.” These coating
components are usually introduced into the
primer layer. A variety of metals such as
aluminum, chromium, lead, iron, and zinc are
known as effective anti-corrosive pigments, and
they are introduced into the coating formulation
as finely ground metal or powdered metal oxide
(Veleva, 2012).

Spray painting workers in furniture
workshops are occupationally exposed to
intense painting vapors the inhaled airborne
metal particles, beside other constituents. Data
revealed that occupational exposure to
paintings spray induce several health hazards
related to blood components, as well as liver,
kidney and brain functions (EI-Gammal, 2008;
Abdel maksoud et al., 2018; Abdrabouh et
al., 2023).

The toxic metals; lead, cadmium,
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mercury and zinc are known to promote adverse

health effects, such as carcinogenicity,
nephrotoxicity, neurotoxicity and
cardiotoxicity. Human exposure to these

toxicants is predominantly secondary to
anthropogenic  activities (IARC,  1989;
ATSDR, 2012; Lai et al., 2018; Garaga,
2024). Lead, a heavy metal, has been proven to
influence the ecosystem negatively. Exposure
to lead heavy metal may cause diverse health
problems. It will be absorbed, bound to red
blood cells, and distributed to the main
compartments, bones and soft tissues, liver,
kidneys, bone marrow, and brain (Abdel
maksoud et al., 2018; Abdrabouh et al., 2023;
Halmo and Nappe, 2024). The major sources
of lead are, lead (Pb) smelters, automobile
emissions and pigments and paints (Dara,
1993; Chuitha et al., 2014).

The higher risk priority number in the
furniture painting process, which required
reducing by implementing of the defects and
then improve the painting process quality.
Numerous studies evaluated the exposure of
human to dust in occupational environments by
combining adverse health effects (EI Gammal,
2008; Vergara-Murillo et al., 2022;
Abdrabouh et al, 2023; Garaga, 2024). The
characterization of human exposure is a critical
component of occupational epidemiological
studies and environmental (Berglund, 2001)
and it is an essential step in regulatory processes
(NRC (National Research Council), 1991)

Environmental concerns have led to
changes in the ingredients in spray paint,
moving away from harmful ones to
environmentally friendly options. Moreover,
many studies have been made to produce eco-
friendly exceptional resin compounds from
natural renewable resources, vegetable oils
obtained from various seeds are considered the
best natural sources (Ifjen et al., 2022).

This study monitored the dust
concentrations and metal dust in the most
common work environment; the spray paint and
varnish workshops where the workers exposed
to the adverse health effects due to the exposure
to these compounds.

Materials and Methods:

Physical characteristics and activities in the
workshops.
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The studied environments are
carpentry, varnishing and painting workplaces
and found in a residential area, Al-Shoaraa
which located at the northern direction of
Damietta city, with high population density
(46348 population) (Damietta Governorate,
2023). The study was conducted in six of spray
painting and varnishing furniture workshops
(A, B, C, D, E and F), which are located on the
ground floor of building in very narrow streets.
The selected workshops have a small size; the
areas of the investigated workshops were
limited; varies from 25m2 to about 80m2. The
most painting workshops have poor natural
ventilation through small windows. Almost,
there is no exhaust ventilation in the most of

workshops. The equipment has no fitted
extraction ventilation or was frequently not
working.

It occupies about 4-8 workers per a
workshop, with lack of dust control, or personal
protection. It was noted that the personal
protection was not used appropriately, and filter
respirators were saturated of dust and paint, and
incorrect procedures are adopted. Each painting
workshop different in premises and size of
shop, and a unique environment that work
practices, workload, and in chemical structure
and type and toxicity of the solvent which is
used (Table 1).

Table (1): Characteristics and Activities performed in Paint Furniture Workshops Evaluated.

. A No. of
Workshop Characteristics Products Activities Painters
Varnishing Area: 60 m2 :L/J?rre"r?tri]ﬁe alcohol, furniture surface finishing, such as
(A) No of windows: 3 P K varnishing, lacquering, 6
- solvent, wax and - ;
Height: 4 m . waxing and coloring.
paraffin
Turpentine, solvent,
_ Poly vinyl alcohol Paint wood
. 2 1
Vamishing Area: 75. m . (PVA) paint, polish and touch up painted surfaces
(B) No of windows: 2 - 5
Height: 4 m synthetlc and dry surfaces
) paint, lacquer and
spackling
Varnishing Area: 45 m? ;S?rglr?tri]ﬁe alcohol, Wood and furniture surface finishing, such
© No of windows: 2 P ! as varnishing, lacquering, 4
S solvent, wax and - .
Height: 4 m . waxing and coloring.
paraffin
Spray Painting ~ Area: 25 m? Varnl_sh, alcohol,_ Wood and furniture surface finishing, such
- . gasoline, turpentine, - -
(D) No of windows: 2 as varnishing, lacquering, 4
. solvent, wax and - :
Height: 4 m . waxing and coloring.
paraffin
_— Turpentine, solvent,  Paint wood
. 2 1 1 1
Spray Painting  Area: 80. m . Poly vinyl alcohol  Polish, touch up and dry painted surfaces
(E) No of windows: 3 - o 8
Height: 5 m paint, lacquer and prepare painting
spackling equipment.
Turpentine, lacquer
. ) and spackling.s S o
Spray Painting Area: 55_ m . solvents PVA Poly Po_llshmg and painting wood and touch up
G No of windows: 2 vinvl alcohol  and painted surfaces 3
Height: 5 m y!  aicon and dry surfaces
synthetic paint. ? . i
paint, preparing equipment.

Painting Furniture Particulate Concentration
Measurements:

Sampling

A total of 360 samples were collected
twice a week, from each of the six painting
workshops; Varnishing workshops (A, B, C,)
and Spray paint workshops (D, E and F), along
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the months of March 2021 and June 2021,
through 9 AM and 5 PM, along the period of
day work in paint workshops. One hundred and
ninety-two samples were collected inside each
of the six paint workshops evaluated, and 72
samples were collected in the outside of
workshops, at a distance of approximately 260
m and away from the influence of the paint
workshop activities (Martins et al., 2019).
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Determination of Paint Furniture Dust; TSP,
PMao and PMss

Total dust (TSP), particles of less than
10 um in diameter (PMio) and particulate matter
of less than 2.5 pm in diameter (PM2s) were
measured for each of the six workshops.

PMyo and PM2s Measurements:

Particles of (PMio) and (PM2s) were
measured for each workshop using the Casella
device for dust detective (Casella CEL-712
Microdust Pro Real-Time Dust Monitor)
operated at 1.0 L/min £ 5% constant, along the
sampling period. The time measuring ranged
from 0.25 to 32 mm in 31 channel sizes, each
unit being certified with NIST (National
Institute of Standards and Technology)
monodisperse latex on the size of calibrated
channels. The sampling monitor was mounted
1.5 m high for indoor measurements in the
painting furniture workshops (Ruiz-Jimenez et
al., 2019).

Total Suspended Particulates (TSP)
Measurement:

A total of 192 (TSP) suspended
particulate samples were collected from
painting workshops (A, B, C, D, E and F)
between the months of March 2021 and June
2021, using sampling air pump connected an
open face holder on Whatman glass fiber filter
(pore size 0.454, diameter 47mm), operated at
1.5 L/min for a period of 8h at a height of 1.5 m
above the ground level during workday.

Determination of Metallic dust particles in
paint workshops:

In the present study, heavy metals lead
(Pb), cadmium (Cd), Zinc (Zn), were measured
in the particulate matter in the paint furniture
workshops, for a period of 30 days. Particulate
matter was collected using the filtration
technique. The filters were then extracted using
concentrated HNOs; (86 to 71 %) and the
metallic constituents of TSP were determined

by using Atomic Absorption
Spectrophotometer  (A.A.S).  (Perkin-Elmer
double beam 2380 atomic absorption

spectrometer was used with adapted Perkin-
Elmer hallow-cathode lamps and conventional
10-cm slot burner head for an air-acetylene
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flame).
Statistical analysis:

The results were statistically evaluated
using SPSS (version 22) (Core Team, 2025).
On the other hand, Bray-Curtis cluster analysis
based on general characters, of the workshops
evaluated was performed.

Results and Discussion

Tables (2 and 3) show the results to
represent the monthly concentrations of PMg
and PM,s inside the six paint workshops
evaluated. The mean concentrations of PMyo in
painting furniture workshops (B<A<C<D<
F < E) was 26.85 pg/m?, 32.85 pg/m?, 33.83
pg/md, 34.74 pg/md, 41.55 pg/m® and 44.41
ug/mé, respectively, (Fig. 1). The highest
concentration of PMyo is observed in Spray
paint workshop (D) is 61 pg/m?®, whereas the
lowermost of PMiy was 14.7 upg/m® in
Varnishing paint workshop (B), (Fig. 2).

Whereas, the monthly mean amounts of
particulate matter < 2.5 microns (PM 25) inside
the paint furniture workshop, PM 25 was 39.5
pug/mé, 43.75 pg/md, 70 pg/md, 72 pg/m?,
119.25 pg/m?® and 125 pg/md, respectively (B <
C <A <D< E<F)(Fig. 3). The highest
concentration of PM 25 was observed in Spray
paint workshop (F) was 134 pug/m3, whereas the
lowermost of PM 25was 32 pg/ m? in varnishing
paint workshop (B), (Fig. 4).

As can be observed, the mean
concentrations of PM,s and PMi were
considerably higher than the World Health
Organization’s 24-hour mean PM10 limits (50
png/m3), which resulted in more severe adverse
pulmonary effects. One significant risk factor
for pulmonary epithelial barrier failure was
exposure to PM.s. Chen et al. (2019) provided
evidence that exposure to SPPMs, particularly
SPPM1, may raise the chance of developing
pulmonary dysfunction. Additionally, Yi-Chun

et al. (2019) showed that pulmonary
dysfunction in human normal bronchial
epithelial cells is caused by ambient

concentrations of spray paint particle matter.
Table (4) shows the monthly mean
concentrations of TSP inside the paint
workshops (A< C< B< D< E< F) was 359
pg/mé, 359.41 pg/m®, 362.84 pg/m?, 370.31
pug/mé,  384.88 upg/m® and 410 pg/m?,
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respectively, (Fig 5). The highest concentration
of TSP was observed in Spray paint workshop
(F) was 489 pg/mé whereas the lowermost
concentration of TSP was 229 pg/ m® in
varnishing paint workshop (B), (Fig 6).
Because the coarsest fractions are removed by
gravity, the finest dust size was found when the
compressor was not running, whereas the
coarsest dust size is created during emery
operations (Black, 2015).

The  concentrations of  suspended
particulates measured for paint furniture
workshops exceed the maximum concentrations
recorded at many cities in the world, and also
exceed the ambient air quality standards of the
Egyptian and U.S.A ambient air quality
standard (230 pug/m®) (EEAA, 1994) the U.S.A
standard (260 ug/m?® for 24 h.) (Dara, 1993;
Chuithaetal., 2014), and exceed the WHO Air
Quality guideline (120 pg/m? for 24 h.) (WHO,
2024). PM spray painting particles exposure
enters the human body via respiration, able to
enter the lungs are extremely small, their
incredibly huge surface area makes it easier for
them to interface with the respiratory
epithelium’'s mucosa (Zhao et al., 2015). This
PM may react with proteins, nucleic acids, and
cell membranes, resulting in more severe
pathogenic alterations and a loss of respiratory
function epithelia. Lung cancer, chronic
obstructive pulmonary disease (COPD), acute
respiratory tract infections, and a host of
cardiovascular disorders can result from this.
Because they cause significant oxidative stress
and inflammatory reactions, ultra-fine particles
are particularly harmful (Gao et al., 2015).

For outside samples, the mean
concentrations obtained for each of particulates;
PMi, and PM_s and TSP samples outside the
paint furniture workshop were (39.5, 43.75, 70,
72, 119.25 and 125) pg/md, respectively, (B <
C <A <D< E<F)(Fig.7). These outcomes
indicate that the source, which is likely
vehicular emission and population activities.
These results were confirmed by Martins et al.
(2019) by documenting that it would be better
to spray outside because painting requires
enough ventilation. The painting inside,
however, requires that a well-ventilated
location be selected, that any objects or areas be
taped and covered, and that the following safety
equipment be worn: respirator mask, gloves,
coveralls, eye protection, or at least long sleeves
and pants.

Table (2): Monthly Mean Concentrations of PMig
(ng/md) in the Paint Workshops Evaluated during
the Study Period.

1t Month 29.15 26.83 33.41 32.97 4515 42.63
2nd Month  36.53 24.86 34.63 39.52 46.92 36.13
39 Month 32.88 28.88 33.45 31.73 4116 45091
Mean 32.85 26.85 33.83 34.74 4441 4155
S.D. 843 683 490 793 7.78 10.24
Max. Conc. 51.1 371 421 441 61 56.8

Min. Conc. 198 147 254 209 27.7 19.6

Table (3): Monthly Mean Concentrations of PM. s
(ng/md) in the Paint Workshops Evaluated during
the Study Period.

B C D E F

1t Month 64 32 35 67 123 134

2" Month 79 35 36 78 113 129

3 Month 68 37 45 68 124 110

4* Month 69 54 59 75 117 127

Mean 70 395 4375 72 119.25 125

S. D. 692 9.18 1058 6.19 8.81 11.99

Max. Conc. 79 54 59 78 124 134

Min. Conc. 64 32 35 67 113 110
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deviation in the Paint Workshops Evaluated
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Evaluated.

Table (4): Monthly Mean Concentrations of TSP (ug/m®) in the Paint Workshops Evaluated during the Study

Period.
Workshops
A B C D E F
Monthly Mean
15t Month 294.125 334.125 352.875 412.375 365 434.25
2" Month 341.25 363.375 342.375 397.625 404.75 405.625
3" Month 404.875 390.875 363.125 338.875 389.25 385.375
4™ Month 395.75 363 379.25 332.375 380.5 414.75
Mean 359.00 362.84 359.41 370.31 384.88 410.00
S D 65.78 70.74 53.84 46.44 35.60 46.47
Max. Conc. 477 476 482 455 465 489
Min. Conc. 243 229 232 286 320 328

3

Mean Conc. of TSP (uglmj)
w
£

360
340
320
300
A B C D E F
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Fig (5): Mean of TSP concentrationst standard
deviation in the Paint Workshops Evaluated

600

3
3

400

= Mean
= Max.

Min.

TSP. Conc. (pg/m')
8
=

A B C D E F
‘Workshops

Fig. (6): Mean, Maximum and Minimum
Concentrations of (TSP) in the Paint Workshops
Evaluated.
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Fig. (7): PM Concentrations of TSP, PM1o and PM2 5
Outside of Paint Workshops Evaluated during the
Study Period
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The high variation is explained by the different
activities, and the way that each employee
utilized the products, that every paint shop is a
distinctive setting with varying shop sizes,
locations, and chemical types and structures
(Table 1). It is noticed, the high mean
particulate concentration in spray paint
workshops (E and F) is due to the high density
of painting furniture works, lack of ventilation
and non-using dust control and exhaust
ventilation systems. Whereas, the low mean
particulate concentration which recorded in
varnishing paint workshops (A and B) is due to
good ventilation, also the low density of works
plays a role in the minimizing the concentration
from other workshops (Fig. 8), (EI-Gammal
and Niazy, 2000; Hafez, 2017 and Hagras et
al., 2017).

700
600
500

o

300

PM2.5
== PM10
=TSP

Mean PM Conc.

200
100

Workshops

Fig. (8): Mean Concentrations of TSP, PMj, and
PM; s inside the Paint Workshops Evaluated During
the Study Period.

Table (5) and Figure (9) summarize
the results of the mean, maximum, and
minimum concentrations of TSP, PMy, and
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PM2s was 374.40+19.95, 35.71 + 6.34 and
78.25 + 36.51pug/m?, in paint workshops
evaluated (A, B, C, D, E, F), during study
period.

Table (5): Comparing Mean Concentration of TSP,

PMyo and PM_;s in (ug/m®) during the Study Period
in in the Paint Workshops Evaluated.

Workshop TSP PMao PMz2s
A 359.00 32.85 70.00
B 362.84 26.85 39.50
C 359.40 33.83 43.75
D 370.31 34.74 72.00
E 384.87 4441 119.25
F 410.00 41,55 125.00
Max. Mean 410.00 4441 125.00
Min. Mean 359.00 26.85 39.50
Mean Conc. 374.40 35.71 78.25
S.D. 19.95 6.34 36.51
450
“a 400
2 3%
£ 300
=4—NMean Conc. E 250
~#~Min. Mean E 200
Max. Mean ; 150
100
" /
2 TSP PM10 PM2.5
Fig. (9): Mean, Maximum, Minimum

Concentrations of TSP, PMio and PM_s during the
Study Period.

The application of cluster analysis based
on the different particulates for different pain
furniture workshops (A, B, C, D, Eand F). The
results indicated that the paint workshops (D
and F) form two separate groups left the other
Varnishing paint workshops Varnishing A, B, C
and Spry paint (E) as similar group in evaluated
(Fig.10).  These workshops have similar
characters, which may be the reason to form a

group.

T

Siaiy
o

|

Fig. (10): Bray-Curtis Cluster Analysis Based on
General Characters of Paint Workshops Evaluated
(A, B, C, D, E and F) in a Residential Area, Al-
Shoaraa at Damietta City, Egypt.
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Metallic Constituents of Particulate Matter:

Table (6) provides heavy metals dust of
(Pb), (Cd), and (Zn), inside paint workshops
evaluated (A, C and E) for a period of 30 days.
The results show that the daily mean
concentrations of (Pb) ranged from (19.16
ug/md to 10.89, 13.03 to 7.88, 22.45 to 14.53)
ug/m3, respectively, in the workshop evaluated,
during the study period. The highest daily
concentrations of Pb was 22.45 pg/m?, recorded
in workshop (E) at a highly working day
density, whereas the lowermost amounts of Pb
was 10.23 pg/m? in varnishing paint workshop
(C). (Pb) is a heavy metal commonly found in
the environment and main component of paints.
It is probably the most serious atmospheric
heavy metal pollutant (Martins et al., 2019;
Vergara-Murillo et al. 2022; Abdrabouh et
al, 2023; Simatupang et al. 2024). It is clear
that the levels of lead particulates in painting
furniture workshops in Damietta City were
higher than the recommended air quality
standards of (1 ug/m?for 1 yr) recommended by
Egypt (EEAA, 1994).
For the results of cadmium (Cd), concentrations
show the daily mean ranged from (5.35 t0 11.92
ug/m?®), (4.10 to 7.13 ug/m?®), and (6.88 to 12.6
ug/m®) in workshops evaluated (A, C and E),
respectively, during the study period. The
highest daily concentration of Cd was 12.6
ug/mé, found in workshop (E), while the lowest
concentration of Cd was 4.10 pg/m?, recorded
in workshop (C). For the results of Zinc (Zn),
concentrations show the daily mean ranged
from (13.54 to 6.79 pg/m?®, 8,91 t05.46 pug/m?
and 18.66 to 9.90 ug/m?®), respectively, at
workshops evaluated, during the study period.
The highest daily concentration of Zn was 18.66
ug/mé, found at workshop (E), while the lowest
concentration of Zn was 6.46 ug/md, recorded
at workshop (C). Zinc chromate or zinc yellow
is used widely in the metal and painting
industries (Flyvholm, 1991). As the likelihood
of industrial sources for Zn is not found, so the
high Zn concentration detected at painting
furniture workshops, which emitted Zn from
using chemicals in painting processes. Zinc is
one of the metals whose oxides can result in
acute and reversible syndrome (Plum et al.,
2010; (Akafuah et al., 2016).
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Table (6): Mean Concentrations of Heavy Metals, Pb, Cd and Zn in SPM in Paint Furniture Workshops Evaluated

(A, C and E) in (ug/m®)

Workshops A E
Element
Pb Cd Zn Pb Cd Zn Pb Cd Zn
Sample No.
2 10.89 5.35 6.79 7.88 4.10 5.46 14.53 6.88 9.90
4 13.83 5.87 8.67 9.81 4.84 7.68 16.77 8.61 12.54
7 17.58 7.98 11.98 10.21 6.88 8.78 18.98 8.88 16.87
9 19.16 11.92 13.54 13.03 7.13 8.91 22.45 12.6 18.66
Mean 15.37 7.78 10.25 10.23 5.74 7.71 18.18 9.24 14.49
S. D. 3.73 2.99 3.07 2.12 1.50 1.60 3.38 241 4.00

The metal elements in particles (SPM)
on all sampling days of Pb, Cd, Zn in the
workshop evaluated (A) were 15.37 + 3.73,
7.78 +2.99, 10.25 + 3.07 ug/m?, for workshop
(C) was 10.23 + 2.12,5.74 + 1.50, 7.71 £ 1.60
ug/m3, whereas, for workshop (E) was 18.18 +
3.38, 9.24 + 241, 1449 + 4.00 pg/m?
respectively (Table 7). In comparing of dust
heavy metal; Pb, Cd, Zn Pb concentration for
paint workshop evaluated (A, C, E). The
highest concentrations of Pb were (18.18
ug/md) recorded at workshop (E). However, the
lowest concentrations of Pb were (10.23
ug/m?®), recorded at workshop (C). The highest
concentrations of Cd were (9.24 pg/m®)
recorded at workshop (E), However, the lowest
concentrations of Cd were (5.74 pg/md),
recorded at workshop (C). The highest
concentrations of Zn were (14.49 ug/m?®)
recorded at workshop (E), However, the lowest
concentrations of Zn were (1.60 pg/m?),
recorded at workshop (C). These results were
according to work intensity in painting furniture
workshops. This is confirmed by Pandey et al.
(1998) and Khan et al. (2021). Furthermore,
El-Gammal (2008) who documented, as the
primary source of lead pollution in the Damietta
City area does not appear to be heavy industry
or lead smelters.

Table (7): Mean Concentration of Heavy Metals; Pb,
Cd and Zn (ug/m?3) in SPM in the Paint Workshops
Evaluated (A, C and E)

Workshop Pb Cd Zn
A 15.36 7.78 10.24
C 10.23 573 7.70
E 18.18 9.24 14.49
Max. Mean 18.18 9.24 14.49
Min. Mean 10.23 573 7.70
Mean Conc. 1459 759 10.82
S. D. 4.03 1.76 3.43
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Distribution of the Heavy Metals (%) in SPM
in the Painting Workshops Evaluated (A, C
and E):

The distribution of the mean percentage
amounts of (Pb, Cd and Zn) in the sampling
sites (painting furniture workshops was
evaluated for (A, C and E), as shown in fig.
(11). Results showed that the exposure to spray
paintings in furniture workshops could
participate in significant elevation of Cd and Pb
concentrations in samples obtained from
workshops evaluated. Pb% constituted of SPM
increased by 46%, 43% and 43% for painting
workshops (A, C and E), respectively,
however, Cd % was 23%, 24% and 22 %,
respectively. However, the percent of Zn mean
concentrations was 31%, 33% and 35 %,
respectively.

It was clearly noticed that the Pb
percent was the highest percent between the
evaluated metals (Pb, Cd, Zn) at the paint
workshops (A, C and E). This is due to the fact
that paints are one of the most notable
environmental sources of lead, with the main
source of lead in paints being the usage of lead-
based compounds throughout the
manufacturing process (Yusuf, 2017). The high
occurrence of the three metals (Pb, Cd, Zn) in
the particulates samples due to exposure to
intense painting vapors, consequently, they
represented an integral part of components in
several paints, where Pb has anticorrosive
properties, help in fast drying and increase
durability with fresh appearance, additionally,
pigments containing Cd are characterized by
bright colors (Flora et al., 2012). The
percentage diversity of Pb, Cd, and Zn
concentrations in particulate measurement in
the workshops is associated with differences in
the work environment, including shop size and
location, work practices, workload, and
chemical structure; solvent type and toxicity;
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and the amount, duration, and route of
exposure, all of which are unfortunately
undetectable due to technical limitations.

(Workshop A)
(Workshap C)

Pbh mCd mZn 2% Pb =Cd wZn

(Workshop E)

d =Zn A

Fig. (11): Distribution of the Heavy Metals, (Pb, Cd,
Zn) % in SPM in the Paint Workshops Evaluated (A,
Cand E).

Because of the risks that pollutants pose
to human health and the environment, many
countries have implemented regulations to
control their emissions. These regulations
usually set pollution limits for particular
industries, such as painting (Gupta et al.,
2018).

Conclusion and Recommendation:

The present study focuses on the
evaluated the workshops involving spray paint
and varnishing based on the concentrations of
dust that might generate in paint workshops'
indoor air and the metal elements in particles.
Data revealed the high variation related to the
exposure of spray paintings in furniture
workshops could participate in significant
elevation of Cd and Pb concentrations in
samples obtained from workshops evaluated
was explained by the different activities, and the
method that each worker utilized the products
that every paint workshop is a different setting
with varying sizes, locations, and types of
chemicals used.

To improve air quality and reduce
health impacts in paint workshops, we then
recommend increasing local ventilation,
replacing solvent-based products with water-
based ones, and establishing procedures for
keeping the containers closed after use. Spray
paint's ingredients must be changed from
hazardous to ecologically benign due to
environmental concerns
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