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ABSTRACT 

Different natural, synthetic fabrics and their blend (silk, wool, cotton, nylon, polyester nylon/polyester and wool/polyester) were exposed 

at two selected sites in residential and industrial atmosphere in Cairo city (Dokki and Helwan) for a period of 4 months. The changes in 

the whiteness, mechanical properties of the exposed textiles were investigated in both places. Isothermal study was estimated using 

yellowness index values over exposed fabrics for a different time. 
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1. INTRODUCTION 

 As the environmental atmosphere gets more crowded and 

polluted without using clean fuels or technologies, the air that we 

breathe becomes dangerously polluted and cause kills for millions 

people around the world every year because of stroke, lung cancer 

and heart disease. Air pollution can penetrating deeply into our 

respiratory and circulatory system causing damaging to our lungs, 

heart and brain [1-4]. 

One of the main air pollution reasons is industrial processes and 

traffic. Tackling air pollution has significant economic benefits. In 

addition, it is not indication that the air is good, not polluted and 

healthy if we seeing the lack of visible smog [5, 6]. 

Furthermore, air pollution destroy the textile materials. Losing in 

tensile strength, fading of the dyes and degradation in weight are 

the most factors affected by air pollution [7, 8]. In addition, some 

dangerous gasses, which presented as pollutants in air atmosphere, 

cause deterioration of natural and synthetic fabrics such as sulfur 

and nitrogen oxides [7, 9, 10]. 

Therefore, air pollution is one of the most reason for degradation 

cellulosic fabrics. It known before that, exposed natural yarn 

affected by losing in tensile strength in winter more than in 

summer which ascribed to one or all of the triple increment in coal 

utilization, together with a high incidence of quiet, foggy days that 

brought about a higher acidity (sulfuric) in the winter [10, 11]. 

Natural fabrics consist mainly of the cellulosic materials (cotton, 

viscose and viscose rayon) and fibers as silk, wool, flax, hemp and 

jute [12]. Effects of air pollution particles on the natural fabrics 

have been generally confined specially on the cotton, because 

cotton used communally as a workhorse in the textile industry, and 

it has several utilisation with low resistant to environmental 

degradation. The effect of air pollution on the photochemical 

degradation of wool is similar to that of cotton exposures [13]. 

As the synthetic fibers are now used in textile industry more than 

natural one, soiling problems and air pollution have greater 

important. In addition, because of the nature of synthetic fibers it 

is difficult to clean. Furthermore, the effects of air pollutions on 

synthetic fabrics have been limited studied, because the synthetic 

fibers are normally chemically stable. Nevertheless, with the 

possibility of synergistic effects this idea may be inaccurate [14]. 

Sulfur and nitrogen dioxide (SO2 and NO2) are a gaseous formed 

during the combustion of fuels containing one or both element 

(sulfur or nitrogen) and they are a major atmospheric pollutant. 

Tensile strength and elongation at a breack for exposed fabrics to 

industerial or residential atmosphere offers possibility of 

determining the change in physical properties and measuring the 

atmospheric affect textile fabrics.  

However, the effect of air pollutants on the stability of nature and 

synthetic fabrics exposed in Egypt industerial or residential 

atmosphere on textile during the present study was carried out by 

examine the physical properties of different fabrics exposed over 

120 days. In addition its isothermal model has been investigated to 

determine the ability of these fabrics to adsorp air pollutions. 

Moreover, the exposure of textile to atmospheric pollutants in 

Cairo city results in significant deterioration and weakening of 

textile fibers [15]. The major effects of air pollution on fabrics are 

soiling, loss of tensile strength and degradation in weight, 

Moreover, sulfur oxides (SOx and NOx) are capable of causing 

deterioration to natural and synthetic fibers [16, 17]. However, 

there is only irregular information on the effect of air pollutants on 

textile. Consequently, this part of the present study was carried out 

to determine the effect of air pollutants and climate on the stability 

of cotton and synthetic fabrics exposed in Cairo's atmosphere. 
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During this research textile samples (natural, synthetic and some 

blends between each other’s) were exposed at two sites, selected 

in El-Dokki residential area and at Helwan industrial area in Cairo 

City, which represents different loads of air pollutants for a period 

of 4 months (starting from October to January). During this period 

October to January, heavy smog days struck greater in Cairo 

having high concentrations of pollutants, which depends on the 

stability of the atmosphere such as temperature inversion and the 

prevailing winds [18, 19]. 

2. MATERIALS AND METHODS 

2.1. Materials 

Textile used fabrics used in this study are natural, synthetic and 

some blends between each other’s. Natural used fabrics are silk 

(165 g/m2), wool (210 g/m2) and cotton (158 g/m2) fabrics. 

Synthetic used fabrics are nylon (145 g/m2) and polyester (160 

g/m2). Blended used fabrics are nylon/polyester (50/50, 165 g/m2) 

and wool/polyester (45/55, 165 g/m2). All used fabrics have been 

found in the local market. 

2.2. Methods. 

2.2.1. Exposed profile for fabrics to air pollution. 

Textile samples were exposed at two different places for 120 days, 

the first place at residential atmosphere in Cairo city (Dokki place) 

and the second place at industrial atmosphere in Cairo city 

(Helwan place) which represent loads of air pollutants. The textile 

fabrics were hanged over roofs of building in both selected area 

for 120 days. After exposure for 30, 60, 90 and 120 days, samples 

of each fabrics were removed and going to measurements.  

2.3. Characterisation of the exposed fabrics. 

2.3.1. Determination of Suspended Particulate Matter (SPM). 

Suspended dust was collected at three sites (outdoor, reception 

tower and residence palace, due to security instruction), on pre-

weighted whatman 42 filters, open face filter holder and a vacuum 

pump calibrated to draw 7 L/min for 24 hrs. The filters were 

weighted (Sartorius TE2145, Germany) and along with sampling 

time and flow rate, concentration was calculated and expressed as 

microgram per cubic meter of the air (µg/m3). 

2.3.2. Determination of Gaseous air pollutants. 

Sulphur dioxide (SO2), nitrogen dioxide (NO2) and ammonia 

(NH3) were measured using gas bubblers and vacuum pumps 

calibrated to draw air at flow rate of 1 L/min. The absorbance of 

the solution was measured by means of a UV–Visible 

spectrophotometer (Novaspec – LKB model 4049 – Biochrom, 

Cambridge, England), and concentration of gaseous air pollutant 

was expressed as µg/m3. 

2.3.2.1. Sulphur dioxide. SO2 was collected using absorbent 

solution of 0.1M sodium tetra-chloromercurate as an absorbing 

reagent using improved West and Gaeke method (West and 

Gaeke, 1986, CPCB, 2011) followed by adding para rosaniline 

and formaldehyde to form the pararosaniline methyl sulfonic acid. 

The blank solution was prepared in the same manner using 

unexposed absorbing reagent. 

2.3.2.2. Nitrogen dioxide. NO2 was collected using absorbent 

solution of 0.1N sodium hydroxide as an absorbing reagent 

(CPCB, 2011). Nitrite ion (NO2
-) concentration was determined 

calorimetrically by reacting nitrite ion with phosphoric acid, 

sulfanilamide, and N-(1-naphthyl)-thylenediamine di-

hydrochloride, and colorimetric measured at 550 nm. The blank 

solution was prepared in the same manner using unexposed 

absorbing reagent. 

2.3.2.3. Ammonia. NH3 levels were determined using dilute 

sulfuric acid as an absorbing reagent, followed by reaction with 

Nessler's reagent and colorimetric estimated at wavelength 460 nm 

[20]. The blank solution was prepared in the same manner using 

unexposed absorbing reagent. 

2.3.3. Yellowness and whiteness measurements. 

The yellowness and 0 degrees of the samples were evaluated by 

Hunter Lab Ultra Scan PRO (USA) [21-25]. 

2.3.4. Mechanical properties of exposed fabrics. 

Tensile strength and elongation at break are carried out according 

to the ASTM Standard Test Method D–1682–2011 [26] on a 

tensile strength apparatus type FMCW 500 (Veb Thuringer 

Industrie Werk Rauenstein 11/2612 Germany) at 25°C and 65% 

relative humidity. The results quoted are the mean of 5 breaks for 

the warp direction with test length of 20 cm at a constant breaking 

time of 20 seconds, load scale 10–50 Kg.  

2.4. Isothermal studies. 

Isotherms experiments were carried out for the sorption of the 

exposed fabrics. Langmuir, Freundlich and Dubinin – 

Radushkevich isotherm models with some modification were used 

during this study. [27-29] The first isothermal method is Langmuir 

isotherm which given by the following equation: 

   
      

      
 =====>

 

  
 

 

  
 (

 

    
) (

 

  
) 

By modification of this isothermal model, it was converted to be: 

 

 
 

 

              
 (

 

                
) (

 

           
) 

where t is the exposure time of fabrics (days), ∆ whiteness is the 

difference between whiteness at 0 and 120 days exposure time and 

KL is the Langmuir constant. From the linearization of the 

Langmuir isotherm plotting of 1/t versus 1/∆ whiteness gives a 

straight line with a slope of 1/∆ whitenessmax KL and an intercept 

of 1/∆ whitenessmax. 

Freundlich isotherm used to describe the heterogeneous systems 

and its equation given below [29] 
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where t is the exposure time of fabrics (days), ∆ whiteness is the 

difference between whiteness at 0 and 120 days exposure time, KF 

is the Freundlich constant, and n is the heterogeneity factor. The 

plot of ln(t) versus ln(∆ whiteness) gives a straight line with the 

slope of 1/n and an intercept of ln(KF). 

Dubinin–Radushkevich isotherm model was used in this study 

also. The liner form of this model written as: [30] 

              
  

By modification of this isothermal model, it was converted to be: 
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where t is the exposure time of fabrics (days), ∆ whiteness is the 

difference between whiteness at 0 and 120 days exposure time, β 

(mol2.kJ−2) is a constant related to adsorption energy while ε is the 

Polanyi sorption potential and can be calculated by 
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where R is the gas constant 8.314J.mol−1K−1and T is the 

temperature in Kelvin.  

The values of β and∆ whiteness max were calculated from the slope 

and intercept of the plot ln(∆ whiteness) vs ε2. The mean free 

energy of sorption E (kJ.mol−1) required to transfer one mole of 

pollutant from the air pollutions to the fabric surface can be 

determined using the following equation: 

   (    ) 
 
  

Furthermore, some error functions were utilized for the nature of 

fitting [31-34]. The root means square error (RMSE) has been 

utilized to test the sufficiency and precision of the model fit with 

the results. Second statistical method is the chi-squared test (X2) 

which has some comparability with the root mean square error. 

The third statistical method is the sum of absolute errors (SAE), 

which aggregate of total errors. The fourth statistical method is the 

average relative error (ARE) which endeavours to limit the 

fractional error conveyance over the whole range. All the error 

models can be calculated through the following equations: 
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where W is the test sorption limit from the batch analysed i, 

Weis the sorption capacity evaluated from the sorption model for 

comparing Wi and n is the quantity of perceptions in the batch 

experimental. 

 

3. RESULTS 

3.1. Estimation of Gaseous Air Pollutants. 

The sources and composition of air pollutants being the current 

major concern from a public health perspective and it is resulted 

from interaction of multiple emissions and chemical reactions. 

[35, 36]. in addition, air pollutants consisting of ozone (O3), 

nitrogen dioxide (NO2), volatile organic compounds, carbon 

monoxide (CO), carbon dioxide (CO2) and sulfur dioxide (SO2). 

Some of the most aggressive pollutants being generated during hot 

periods with high UV index also contribute directly to global 

warming, which thus can influence cardiovascular health [37, 38]. 

Suspended particulate matter (SPM), nitrogen dioxide (NO2), 

sulphur dioxide (SO2) and ammonia (NH3) concentrations as air 

pollutants in the either residential or industrial atmosphere; Dokki 

and Helwan; were illustrated in Table 1. Air pollutants 

concentrations in Table 1 represent the mean concentrations of 

four air pollutants (SPM, NO2, SO2 and NH3) during the whole 

month and the mean concentration values of these pollutants over 

the four examined month in either residential or industrial 

atmosphere; Dokki and Helwan. From these data, it is clear that, 

concentration of all pollutants in industrial atmosphere are higher 

than its values in residential atmosphere. In addition, ammonia gas 

in both atmosphere are almost similar, but other two gases (NO2 

and SO2) have difference in gas concentration between both 

atmospheres, which is a result from the industrial output 

pollutants. 

3.2. Whiteness of exposed fabrics. 

Difference in whiteness between exposed fabrics and blank one 

which expressed as ( whiteness) at different exposed time (0 – 

120 days) are shown in Figure 1. Whiteness for the blank fabrics 

has been recorded as 31.3, 100.33, 19.4, 111.08, 60.82, 60.24 and 

46.8 for silk, nylon, wool, cotton, polyester, nylon/polyester and 

wool/polyester respectively. From Figure 1, as the  whiteness 

increased before and after washing, the whiteness values for 

exposed fabrics  

In addition, it is clear that, whiteness of all types of exposed 

fabrics decreased as the exposure time increases even after 

washing in both sites (residential or industrial atmosphere).In 

addition, from  whiteness values it is clear that, natural fabrics 

have whiteness values lower than synthetic or blended fabrics 

which provide the ability of natural fabrics type to adsorb the 

pollution from the atmosphere more than synthetic or blended one.

 

Table 1. Gaseous air pollutants concentration in both Helwan and Dokki destinations. 

 SPM (µg/m
3
) NO2 (µg/m

3
) SO2 (µg/m

3
) NH3 (µg/m

3
) 

 Dokki Helwan Dokki Helwan Dokki Helwan Dokki Helwan 

October 336.51 417.12 32.95 39.38 50.42 56.88 37.45 40.81 

November 232.31 500.81 35.67 40.48 52.92 57.88 39.3 41.48 

December 242.33 355.08 36.56 44.87 55.77 61.45 41.06 41.73 

January 226.01 359.25 39.32 49.38 57.51 65.64 43.55 42.48 

Mean 259.29 408.07 36.16 43.53 54.15 60.46 40.34 41.63 

 

 

3.3. Mechanical properties of exposed fabrics. 

Mechanical properties of exposure fabrics after different period 

(30, 60, 90 and 120 days) have been investigated in terms of 

tensile strength and elongation. Both results for exposed fabrics 

(natural, synthetic, or blended fabrics) are shown in Figure 

2.From Figure 2 it can be noticed that, the tensile strength and 

elongation (%) of all the exposed fabrics were decreased at both 

places as a function of the exposure time. Therefore, it is clear 

that, all exposed fabrics in industrial atmosphere (Helwan 

Industrial Area) have decreasing in both examined mechanical 

properties more than exposed fabrics at residential atmosphere 

(Dokki residential area) as the exposure time increased. 

One can notice that, tensile strength of exposed fabrics was 

decrease from the initial values of 33, 48, 51, 120, 60, 65 and 58 

kg (force) to about 16, 35, 34, 96, 20, 40 and 44 kg at Dokki and 

14, 32, 24, 91, 14, 38 and 36 kg at Helwan after 120 days for silk, 

wool, cotton, polyester, nylon, nylon/polyester and wool/polyester 

fabrics; respectively. In addition, elongation at a break (%) of 

exposed fabrics was decrease from the initial values of 30, 44, 35, 

26, 72, 56 and 51 (%) to about 14, 27, 16, 16, 45, 41 and 38 (%) at 

Dokki and 12, 27, 14, 14, 40, 38 and 30 (%) at Helwan after 120 
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days for silk, wool, cotton, polyester, nylon, nylon/polyester and 

wool/polyester respectively.  

From another point of view, Figure 3 illustrate the tensile strength 

(%) and elongation at a break (%) after 120 days which provide 

that, a) tensile strength (%) between 0 and 120 exposure time for 

all fabrics in both places can be arranged in descending order as 

nylon, silk, cotton, nylon/polyester, wool/polyester, wool and 

polyester. B) elongation at a break (%) between 0 and 120 

exposure time for all fabrics in both places can be arranged in 

descending order as cotton, silk, polyester, nylon, wool, 

wool/polyester and nylon/polyester. 

 

 
Figure 1. whiteness and  whiteness over expressed days curves for 

different fabrics at industrial and residential atmosphere in Egypt before 

and after washing. 

 

From these data, we can conclude that, air pollution effects the 

mechanical properties of the fabrics especially in the industrial 

areas more than residential one because of the presence of the 

industrial pollutants, which includes many, gases pollutants and 

particulate matter especially heavy metals. These materials, which 

also presented an atmosphere of Dokki residential area but with 

less amount due to the traffic and other different human activities 

destroy the mechanical properties of the fabrics especially the 

natural one more than synthetic one. Therefore, this difference is 

due to the variation of the pollution concentrations at each site 

individually. 

 
Figure 2. Tensile strength and elongation at a break (%) over exposure 

days curves for different fabrics at industrial and residential atmosphere in 

Cairo Egypt. 

 

This decreasing in tensile strength of natural fabrics at both 

investigated sites is mainly attributed to the degradation of 

polymer chain of natural fibers under the effect of various 

pollutants with the meteorological factors such as radiation, 
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temperature, and relative humidity, which causes a reduction in 

average molecular weight and loss in tensile strength. Moreover, 

degradation of biopolymers chain depends on the number of 

pollutants. Increasing the exposure time let to that, the fibers 

become dry, brittle, and easy to rupture. Exposure fabrics to 

atmospheric pollutants may result in significant deterioration and 

weakening. [39] Moreover, higher temperature in summer with the 

relative humidity accelerate the action of acidic gases such as SO2, 

NO2 and photochemical oxidants that affect the fabric 

deterioration [40, 41]. These results are in agreement with those of 

stated that fabrics are subjected to damage due to industrial 

pollutants emissions. [42, 43]. 

In addition, it is clearly indicate that, the natural fabrics provide a 

higher loss in tensile strength compared to that for synthetic or 

blended fabrics at both investigated sites. This difference increases 

with increasing the concentrations of pollutants in the atmosphere 

(in industrial atmosphere more than residential atmosphere). 

Changing in the elongation at a break of textile fabrics after 

exposure illustrated in Figure 2 provides that, the percentage loss 

of elongation for natural, synthetic or blended fabrics increases as 

time of exposure increased. In addition, the changing from 

residential to industrial atmosphere as in the same manner 

discussed in the case of tensile strength. 

It is noticeable that, the natural fabrics at both sites lost their 

elongation after 30 days exposure time while synthetic or blended 

fabrics lost their elongation after 60 days exposure time. The 

decreasing in elongation for natural fabrics in both sites was 

attributed to the degradation of biopolymer chain resulting from 

the effect of various pollutants and other factors such as 

temperature and relative humidity, which cause breaking of the 

biopolymer chains and reduction of their elasticity [44, 45]. 

 

 
Figure 3. Tensile strength (%) and elongation at a break (%) after 120 

exposure days for different fabrics at industrial and residential areas in 

Cairo Egypt. 

 

3.4. Isothermal Studies. 

The yellowness index values over exposed fabrics for different 

time (0, 30, 60, 90 and 120 days) were presented in Error! 

Reference source not found.. Yellowness index for the blank 

fabrics has been recorded as 10.53, -19.48, 16.98, -18.2, 0.72, 1.16 

and 3.5 for silk, nylon, wool, cotton, polyester, nylon/polyester 

and wool/polyester respectively. From Error! Reference source 

not found., as the exposure time increasing the yellowness index 

values increased for all exposed fabrics type in both examined 

sites (residential or industrial atmosphere) even before or after 

washing. In addition, it is clear that, natural fabrics have 

yellowness index values higher than synthetic or blended fabrics 

which provide more ability of natural fabrics to adsorb the air 

pollutants from the residential or industrial atmosphere more than 

synthetic or blended one. 

 

 
 

Figure 4. Yellowness index values over expressed days for different 

fabrics at industrial and residential areas in Cairo Egypt before and after 

washing 

 

Different isothermal models have been investigated to describe the 

behaviour of air pollution to adsorb on the fabrics surface, the 

most used models for textile fibers are Langmuir, Freundlich and 

Dubinin – Radushkevich models [27, 28]. The parameters of the 

isothermal models with different errors function are listed in 

Table 2 - Table 8 for each examined fabrics at both investigated 

sites (Dokki and Helwan) before and after washing. 

Langmuir isothermal model has been used to describe the mono 

layer adsorbed pollution onto the surface of exposed fabrics. As 

known, the expectation using this model that, the intermolecular 

forces decrease quickly with separation with monolayer coating on 

the external fabric surface with homogeneous distribution.  

Freundlich isothermal model is a good model to characterise the 

heterogeneity adsorption of pollutants onto the fabric surface. The 
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last examined isothermal model was Dubinin – Radushkevich 

model [30]. 

During this research, the previous models were generally applied 

to provide the physical and chemical adsorption of air pollutions. 

It is noticeable that, Langmuir model gives a better fit R2 than the 

other models. These results confirm that air pollutions can 

adsorbed onto the active sites of the fabrics with monolayer. 

Besides that, from Freundlich model as n value > 1, in this way, it 

represented positive adsorption condition [46]. 

Based on this data, different isothermal models described by 

Langmuir, Freundlich and Dubinin – Radushkevichmodels. This 

means that the air pollutions are absorbed to fabric surface in a 

homogeneous layer. 

 

Table 2. Parameters of different adsorption isotherm for silk fabric. 

 Silk (Dokki) before washing Silk (Dokki) after washing 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich  

model 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

R
2
 0.9942 0.9868 0.9961 0.9842 0.9988 0.9917 

E (mg/g) 4.115226 0.191 1.0051 -40 0.279 1.0016 

K 4.6 6.4595   -67.58 5.0804   

1/n   0.3181     0.5264   

     -0.0031     -0.0008 

E     12.70     25.00 

RMSE 24.206 28.269 27.368 107.638 55.044 54.272 

X
2
 418.911 12546.430 2233.542 -788.952 32597.370 8820.344 

SAE 10.919 9.084 6.642 217.961 17.124 14.956 

ARE       

 Silk (Helwan) before washing Silk (Helwan) after washing 

R
2
 0.9991 0.9984 0.9903 0.9941 1 0.9225 

E (mg/g) 10.75269 0.907 1.0034 -1.650165 -142.971 1.0149 

K 17.15914 2.6272   -17.33993 0.0027   

1/n   0.5818     1.9683   

     -0.0019     -0.0098 

E     16.22     7.14 

RMSE 27.913 36.313 36.211 24.537 232.715 22.079 

X
2
 195.874 4358.191 3918.265 -1091.264 -850.438 1438.965 

SAE 41.462 9.579 9.291 14.477 721.081 5.369 

ARE       

 

Table 3. Parameters of different adsorption isotherm for cotton fabric. 

 Cotton(Dokki) before washing Cotton(Dokki) after washing 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

R
2
 0.9997 0.9984 0.9957 0.9863 0.9865 0.9696 

E (mg/g) 12.34568 0.058 1.0008 38.46154 8.266 1.0021 

K 4.928395 14.8252   62.83846 1.2497   

1/n   0.3722     0.9106   

     -0.0004     -0.0011 

E     35.36     21.32 

RMSE 86.689 102.784 101.484 45.625 52.430 60.695 

X
2
 1192.728 366808.53 20579.318 31.322 648.524 7350.265 

SAE 33.189 28.366 25.537 176.193 25.218 13.109 

ARE 80.971 99.156 85.330 1109.821 160.027 68.478 

 Cotton(Helwan) before washing Cotton(Helwan) after washing 

R
2
 0.9979 0.9932 0.989 0.9945 0.9894 0.9864 

E (mg/g) 21.73913 0.513 1.0010 25 6.687 1.0023 

K 17.76087 3.5449   37.78 1.3026   

1/n   0.6709     0.8004   

     -0.0005     -0.0012 

E     31.62     20.41 

RMSE 67.506 91.555 90.909 39.369 52.998 59.833 

X
2
 375.773 32661.071 16510.483 73.996 826.633 7141.555 

SAE 83.999 23.157 21.694 108.742 17.179 13.251 

ARE 309.392 90.334 81.149 625.070 93.954 70.930 

 

Table 4. Parameters of different adsorption isotherm for wool fabric. 

 Wool(Dokki) before washing Wool (Dokki) after washing 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

R
2
 0.9822 0.982 0.9699 0.9961 0.9978 0.9784 

E (mg/g) 15.625 -6.409 1.0106 22.72727 4.599 1.0019 

K 67.14 0.2911   30.88 1.4220   

1/n   0.9224     0.7951   
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     -0.0070     -0.0010 

E     8.45     22.36 

RMSE 18.216 33.320 22.576 43.359 59.029 63.443 

X
2
 11.224 -333.611 1006.639 119.985 1505.978 8032.813 

SAE 71.921 38.251 3.859 96.646 10.543 13.984 

ARE 1166.234 619.410 43.859 567.919 53.661 70.556 

       

       

 Wool (Helwan) before washing Wool (Helwan) after washing 

R
2
 0.9839 0.9647 0.9224 0.9935 0.9895 0.9553 

E (mg/g) -3.831418 -31.468 1.0112 -28.57143 -7.115 1.0038 

K -27.75 0.0183   -82.12 0.2029   

1/n   1.5452     1.1474   

     -0.0072     -0.0021 

E     8.33     15.43 

RMSE 32.157 79.313 25.926 90.472 57.293 45.970 

X
2
 -532.127 -336.861 1327.459 -515.824 -908.432 4208.481 

SAE 25.795 163.980 4.295 155.119 47.838 9.251 

ARE 419.304 2722.525 41.644 1230.061 381.425 60.297 

 

Table 5. Parameters of different adsorption isotherm for Nylon fabric. 

 Nylon(Dokki) before washing Nylon (Dokki) after washing 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

R
2
 0.9997 0.9978 0.9868 0.9009 0.804 1 

E (mg/g) 15.87302 1.331 1.0020 3.676471 0.313 1.0070 

K 19.45 2.1974   5.0125 4.7326   

1/n   0.6933     0.355   

     -0.0011     -0.0045 

E     21.32     10.54 

RMSE 45.560 61.484 61.912 25.543 29.918 28.982 

X
2
 229.790 5677.385 7648.901 347.583 5718.925 1666.112 

SAE 62.488 12.884 13.871 9.973 7.470 5.388 

ARE 341.982 62.937 72.099 83.651 84.365 49.696 

 Nylon (Helwan) before washing Nylon (Helwan) after washing 

R
2
 0.9977 0.9976 0.9698 0.9941 0.9911 0.982 

E (mg/g) 66.67 -6.518 1.0036 55.55556 -6.259 1.0070 

K 156.5 0.4763   189.8389 0.3726   

1/n   0.963     0.9351   

     -0.0020     -0.0044 

E     15.81     10.66 

RMSE 86.573 55.766 45.391 76.053 40.671 30.557 

X
2
 91.511 -941.225 4103.856 97.115 -515.995 1852.345 

SAE 321.309 44.614 9.013 269.702 39.374 5.905 

ARE 2837.587 387.205 55.777 4076.614 570.591 60.807 

 

 

Table 6. Parameters of different adsorption isotherm for polyester fabric. 

 Polyester (Dokki) before washing Polyester (Dokki) after washing 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

R
2
 0.9987 0.9987 0.9717 0.9911 0.9767 0.9961 

E (mg/g) -55.56 -6.270 1.0032 4.762 0.633 1.0060 

K -132.9222 0.3460   7.552 3.1608   

1/n   1.0583     0.465   

     -0.0017     -0.0037 

E     17.15     11.62 

RMSE 140.059 61.395 51.407 26.108 31.033 30.557 

X
2
 -595.080 -1189.724 5266.450 276.757 3041.453 1854.241 

SAE 291.424 44.998 10.636 15.381 6.530 5.787 

ARE 2163.343 332.883 62.741 188.845 61.604 50.470 

 Polyester (Helwan) before washing Polyester (Helwan) after washing 

R
2
 0.9922 0.9901 0.9789 0.9852 0.9904 0.9631 

E (mg/g) -43.48 -6.379 2.6645 -2.309469 -36.187 1.0189 

K -130.5043 0.2990   -22.76005 0.0152   

1/n   1.0398     1.5408   

     -0.0028     -0.0133 

E     13.36     6.13 
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RMSE 108.459 49.750 37.961 24.268 83.184 20.083 

X
2
 -454.159 -763.270 1076.355 -505.406 -310.059 789.669 

SAE 227.525 42.028 7.712 16.752 186.142 3.816 

ARE 3526.972 602.777 138.855 378.448 4463.057 70.367 

 

Table 7. Parameters of different adsorption isotherm for Nylon/polyesterfabric. 

 Nylon/Polyester (Dokki) before washing Nylon/Polyester (Dokki) after washing 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

R
2
 0.9995 0.9974 0.9863 0.9961 0.9993 0.9887 

E (mg/g) 6.25 -7.803 1.0125 5.617978 2.175 1.0064 

K 23.93 0.6224   11.35899 1.8005   

1/n   0.7344     0.581   

     -0.0086     -0.0040 

E     7.62     11.18 

RMSE 14.992 33.173 20.045 24.318 28.268 29.716 

X
2
 59.422 -266.461 791.633 199.294 730.570 1752.790 

SAE 25.701 44.562 3.535 19.789 4.596 5.311 

ARE 502.831 852.592 53.389 219.297 41.830 43.527 

       

       

 Nylon/Polyester (Helwan) before washing Nylon/Polyester (Helwan) after washing 

R
2
 0.994 0.9906 0.9832 0.9898 0.9933 0.9812 

E (mg/g) 27.77778 -6.323 1.0108 7.518797 -15.606 1.0075 

K 120.0528 0.3167   21.0188 0.8387   

1/n   0.9134     0.7299   

     -0.0072     -0.0048 

E     8.33     10.21 

RMSE 34.245 33.730 23.262 20.394 53.617 27.385 

X
2
 28.882 -347.200 1068.722 95.599 -337.200 1486.658 

SAE 132.614 37.892 4.256 29.914 85.713 4.657 

ARE 2436.511 677.419 57.977 350.775 1035.660 39.595 

 

Table 8. Parameters of different adsorption isotherm for wool/polyesterfabric. 

 Wool/Polyester (Dokki) before washing Wool/Polyester (Dokki) after washing 

Langumir 

model 

Freundlich 

model 

Dubinin – 

Radushkevich model 

Langumir 

model 

Freundlich 

model 

Dubinin – Radushkevich 

model 

R
2
 0.9994 0.9951 0.9921 0.9989 0.9931 0.9938 

E (mg/g) 6.452 1.049 1.0048 6.536 0.507 1.0038 

K 10.5271 2.4502   8.419 3.5686   

1/n   0.5525     0.4972   

     -0.0029     -0.0022 

E     13.13     15.08 

RMSE 29.266 35.625 35.681 34.316 41.777 41.118 

X
2
 252.616 2418.450 2532.098 347.261 6881.493 3366.609 

SAE 22.381 6.731 6.863 21.151 10.007 8.518 

ARE 212.952 49.133 51.259 153.433 80.334 61.077 

 Wool/Polyester (Helwan) before washing Wool/Polyester (Helwan) after washing 

R
2
 0.9975 0.9996 0.9274 0.9989 0.9911 0.9966 

E (mg/g) -2.02 -77.855 1.0145 5.263 0.197 1.0037 

K -19.36384 0.0057   4.973 6.3329   

1/n   1.7963     0.3707   

     -0.0096     -0.0021 

E     7.22     15.43 

RMSE 29.150 163.832 25.485 35.845 42.317 41.235 

X
2
 -837.207 -533.810 1278.302 477.727 18180.306 3386.086 

SAE 16.416 395.588 4.632 14.694 11.031 8.611 

ARE 312.502 8289.406 62.811 100.312 92.503 61.799 

 

4. CONCLUSIONS 

 Three fabrics type namely natural (silk, wool and cotton), 

synthetic (nylon and polyester) and some blends between each 

other’s (nylon/polyester and wool/polyester) were exposed at two 

different places for 120 days, the first place at residential 

atmosphere in Cairo city (Dokki place) and the second place at 

industrial atmosphere in Cairo city (Helwan place) which 

represent loads of air pollutants. 

Whiteness of exposed fabrics have been investigated at different 

exposed time (0 – 120 days) and it is clear that, natural fabrics 

have whiteness values lower than synthetic or blended fabrics 

which provide the ability of natural fabrics type to adsorb the 

pollution from the atmosphere more than synthetic or blended one. 

Mechanical properties of exposed fabrics after different period 

(30, 60, 90 and 120 days) have been investigated in terms of 
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tensile strength and elongation. It is clearly indicated that, the 

natural fabrics provide a higher loss in tensile strength compared 

to that for synthetic or blended fabrics at both investigated sites. 

This difference increases with increasing the concentrations of 

pollutants in the atmosphere (in industrial atmosphere more than 

residential atmosphere). 

Different isothermal models have been investigated to describe the 

behaviour of air pollution to adsorb on the fabrics surface, the 

most used models for textile fibers are Langmuir, Freundlich and 

Dubinin – Radushkevich models, and they confirm that the air 

pollutions are absorbed to fabric surface in a homogeneous layer. 
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