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Abstract: Marble workers are occupationally exposed to intense environmental marble dust in their workplace. The main objective of this study is to evaluate health risk assessment that might generate from marble manufactures in Damietta City. We also aimed to investigate the effect of marble dust exposure on lugs of rats. The rats exposed to inhalation of dust induced pathological changes in their lungs which involved the different tissue constituents. The degree of these pathological changes was proportional to the duration of exposure. This study shows positive relationships between respiratory lesions and marble dust. The mean concentrations of inhalable dust in marble workshops (A,B,C) were 30.44, 60.41, 68.73 mg/m3 respectively, whereas The mean concentrations of personal respirable dust in marble workshops (A ,B and C) were 6.10, 6.92, 7.15 mg/m3 respectively. Most of these measurements were exceeded the permissible exposure limit. Moreover, the data of the present study demonstrated that long period of chronic exposure to dust induced progressive atrophic changes in the alveoli of rats. Therefore, there are some potential risk of such industry lying on the environmental, which requires attention, mitigations, and management to protect the existing human and animal health.  
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1. Introduction
Marble has been commonly used in the sculpturing of statues, the construction of buildings and monuments since the ancient times. It is a material used in tiles, countertops and indoor flooring. The industry’s disposal of the marble powder material, consisting of very fine powder, today constitutes one of the environmental problems around the world (Corinaldesi et al., 2010). One of the major waste generating industries is the marble quarry and production industry by which around 70% of this precious mineral resource is wasted in the mining, processing, and polishing procedures. Around 40% of marble waste is generated world widely during quarrying operations in the form of rock fragments and being dumped either in nearby empty pits, roads, riverbeds, pasturelands, agricultural fields, or landfills leading to wide spreading environmental pollution (Çelik, 1996; Akbulut and Gürer, 2003).

Marble is a metamorphic rock composed of recrystallized carbonate minerals, most commonly calcite or dolomite (Kearey, 2001). Workers who quarry, grind, polish and install marble are exposed to the dust, which contains particles of calcium carbonate and silica. Prolonged exposure to respirable crystalline silica has long been known to cause one of the oldest known industrial diseases, silicosis (Pilkington et al., 1996; Tjoe-Nij et al., 2003). In addition to silicosis, respirable crystalline silica has been associated with autoimmune disease (Parks et al., 1999), non-malignant renal disease (Steenland and Sanderson, 2001), cardiac opestractive disease (COPD) (Hnizdo and Vallyathan, 2002) and lung cancer (IARC, 1997). Health risks are associated with exposure to marble dust.
The manufacturing of marble involves cutting and finishing marble obtained from quarries, where specific dimensional marble is prepared for various uses in specialized mills equipped with saws, polishing machines, and others. Marble sawing equipment includes large circular saws, where various types of diamond and other equipment are used for smoothing, polishing, and edging the raw marble. The marble production process includes several steps. Marble blocks are cut into smaller blocks in order to give them the desired smooth shape. During the cutting process about 25% the original marble mass is lost in the form of dust.

Processing of marble results in the formation of marble dust, which is suspended in the air and may then, is inhaled by the workers. Epidemiological studies indicates that workers exposed to marble dust stand an increased risk of suffering from asthma symptoms, chronic bronchitis, nasal inflammation and impairment of lung function (Camici et al., 1978 Angotzi et al., 2005; Leikin et al., 2009).

The affected workers were having body problems like headache, backache and stressed due to under- payment. Individuals having papilloma have faced problem at work like noise, dust or fumes and poor maintenance of equipment (Dagli et al., 2008).

Currently, Egypt has about 500 marble and granite factories. 400 factories or about 70% of the industry is located in Shak El Thoban in Katameyya, Cairo. The remaining 100 factories are scattered all over Egypt (Kandil and Selim, 2006).

The study was conducted at Damietta City of the capital of Damietta Governorate at the Northeast Egypt. It is counts with almost one million inhabitants; it is an old city with long history. As Damietta City is a commercial city with extensive economic activity, is based on the different activities of furniture work-shops including painting and marble workshops, in addition to numerous numbers of small industrial activities as Company for textile and weaving and Egyptian Company for Diary.

In addition, there are about 169 marble manufacturing plants of small and medium sized enterprises, which are scattered within Damietta City, and often occupy the ground floor of the building, where the streets are very narrow and located in densely populated metropolitan areas. About 845 laborers work in these workshops with an average of about 4-6 persons per a workshop; with lack of workplace dust control, ventilation and personal protection. They used also equipments with no fitted extraction ventilation.

The main objectives of this study are to evaluate risk health assessment that might generate from marble manufactures in Damietta City. We also aimed to investigate the effect of marble dust exposure on lungs of rats.
2. Materials and Methods

Raw material of these workshops is marble only and this widely found on the earth's crust and with no risk running out in nature, the raw blocks extracted from quarries and are then processed into split, sawn or polished slabs and stone blocks then give the soft finish surface by sawing process. Pollution problems resulting from the working processes of marble is predominantly dust generation and noise from the mechanical operations (Angotzi et al., 2005).
Environmental Measurements

Sampling and analysis of Marble Dust

Three marble workshops (A, B, C) were randomly selected in Damietta City for this study. Most of the selected workshops depend on the natural ventilation that varies from one to nine openings just four of selected workshops use exhaust ventilation. Workers in all workshops have never worn respirators.

Exposure to marble dust concentration

Measurement of Marble Dust
During 15 consecutive weeks, 4 inhalable marble-dust samples were measured daily for each of the three marble workshops (A, B and C) twice per week. A total of 360 inhalable particulate samples were collected on whatman glass fiber filter (pore size 0.45µ, diameter 47mm), using an open face holder, connected to sampling pump operating for 8hr at a height of 1.5 m above the ground level during workday. The flow rate of the portable pumps was calibrated to 1.5 L/min.
Potential Health Impacts

In the present study, a total of 360 personal respirable marble dust measurements were performed on 12 non smokers marble workers selected randomly from  three marble workshops (A, B and C); 150, 120 and 90 samples were performed on 5 workers at (A), 4 workers at (B) and 3 workers at (C), respectively.  The age of workers ranged from 16 to 50 years, with mean of 33 years and continues in their work since 5 to 35 years, during which they are exposed to these pollutants.

Personal respirable marble dust samples were collected for 8hr on Cellulose membrane filters (pore size 0.45µm, diameter 25mm), supported in aluminum cassettes and were weighed to an accuracy of 10-4 using an electrobalance, within the cassettes before and after sampling. The flow rate of the portable pumps was calibrated to 1 L/min. The filter is about 100 % efficiency for particle 0.1 µm (Harrison and Perry, 1986).

Experimental Animal

A total of 40 adult albino male rats were individually restrained in stainless steel holders; the restrainers were placed into the face plate of the exposure chamber. The rat respiratory system has been highly used as an experimental model for speech, since its shape is similar to the human respiratory system. 40 adult albino male rats with average body weight between 150-200 gm (Rattus norvergicus Wistar strain), aged 60 days (7 to 8 weeks of age), were used in this study, kept in cages and exposed to inhalation of the dust in marble workshops. Rats were randomly divided into three groups, sacrificed at survival periods 15, 90 and 115 days after exposure to dust inhalation in marble workshops (10 rats for each survival period) and 10 rats not ex-posed to dust (control group).
The lungs of each rat were dissected, cut into smaller pieces and fixed in 10% neutral buffered formalin over night at room temperature. Tissue samples were dehydrated in alcohols, cleared in xylol and embedded in hard paraffin.  Tissue sections of 5um thickness were stained with haematoxylin and eosin (Bancroft and Gamble, 2008).
3. Results and Discussion

Evaluation of Inhalable and Respirable Marble-Dust Sampling
Tables (1 and 2) and figs. (1 and 2) represent the mean, maximum and minimum concentrations of inhalable and respirable marble dust at marble workshops (A, B and C) during 15 consecutive weeks (study period). The mean inhalable marble dust were (30.43 mg/m3, 60.4 mg/m3 and 68.7 mg/m3), respectively. However, the mean concentrations of personal respirable marble dust at marble workshops (A, B and C) were (6.10, 6.92 and 7.15 mg/m3), respectively.

For the marble workshop (A, B and C) the inhalable concentrations of marble dust samples ranged from (2.0 to 82.1 mg/m3), (9.8 to 136.7 mg/m3) and (8.4 to 115.3 mg/m3), respectively. For the marble workshop (A, B and C) the personal respirable concentrations of marble dust samples ranged from (1.8 to 11.8 mg/m3), (1.2 to 11.3 mg/m3) and (1.4 to 11.3 mg/m3), respectively. Most of measurements were exceeded the current exposure standard for dust (5 mg/m3). The Dutch Expert Committee for Occupational Standards (DECOS) has recommended a health- based limit of 0.2 mg/m3 to prevent irritation of eyes and of the respiratory tract, as well as to minimize the risk of occupational asthma and nasal allergies. It was noticed that the highest exposures have generally observed during sawing machine for cutting and emery machine for polishing and glossing the surface. The rising threats to the health of the workers and inhabitants residing near the marble quarries in Pakistan, and the workers and residents living in adjacent areas are prone to a disease called silicosis, whereby inhaled marble dust damages the cells of the respiratory system (Zaman, 2008). 

For marble workshops, the maximum inhalable marble dust level involves cutting, polishing and finishing marble was 115.3 mg/m3 at workshop (C), whereas, the maximum personal respirable marble dust was 11.8 mg/m3 at workshop (A). However, the minimum inhalable marble dust was 2.0mg/m3 at workshop (A),marble dust was 1.2 mg/m3 at workshop (A and B). The coarsest dust size was produced during machining operations whereas the finest was detected when machines were not operating due to the removal of the coarsest fractions by gravity. Inhalable diameter particulate matter (IPM) sampling, with aerodynamic ranges for 0 - 100µm, is the environmental measurement which is the most closely predictive of the risk of developing nasal cancer (Hinds, 1988). It is the mass fraction of total airborne particle which is inhaled through the nose and mouth (ISO, 1995). 
ACGIH (1991) has defined inhalable particulate mass (TLV- IPM) as those materials that are hazardous when deposited anywhere in the respiratory tract. Respirable mass sampling (RPM) should be used when the health concern is occupational asthma (Hinds, 1988; Anto et al., 2001). Although inhalable dust exposures were high compared with the respirable dust exposures, some of the exposure effects were associated with the airways of lung.    

The result of this marble dust level demonstrates that 2.22% of inhalable marble dust was lower than MAC (5mg/m³), and 3.05% of them was (5 < 10) above MAC value, 13.85% of them was (5<10) above MAC, 24.16% of inhalable marble dust level was 70<100 and 2.78% above MAC, (Table 3). Whereas, 8.05% of respirable marble dust was below MAC value, and 19% of them was equal to or above MAC. Moreover 71.67% of respirable marble dust was (5<10) above MAC and 5.27%respirable marble dust was (>100) above MAC. The mean inhalable dust for 360 samples was above MAC and for 325 samples was below MAC value. This result is in agreement with Worksafe (1995) and El-Gammal (2005) who found that the personal dust exposure often exceeds the current exposure standard. 

Present study have demonstrated that, the high level of environmental pollution by marble dust level in all workshops studied was observed for workers not wearing respirators and the poor maintenance of ventilation systems at most workshops. Lack of awareness of potential health effects of marble dust exposure might have potential health hazards.

Since, only a small number of workshops had concentration of marble dust below the detection limit, it can be stated that almost all personal exposures were exposed to marble dust concentration higher than the MAC value.
Table (1) Means Concentration of Inhalable Marble Dust in Workshops (A,B,C) in mg/m3 during 15 weeks.
	Marble workshop
	Mean Conc. Of  inhalable dust
	Maximum Conc. Of  inhalable dust
	Minimum Conc. Of  inhalable dust

	A
	30.44
	82.1
	2.0

	B
	60.41
	136.7
	9.8

	C
	68.73
	115.3
	9.7


Table (2): Mean Concentrations of Personal Respirable Marble Dust in Workshops in mg/m3 during 15 Weeks.
	Marble workshop
	Mean Conc. Of personal respirable dust
	Maximum Conc. Of personal respirable dust
	Minimum Conc. Of personal respirable dust

	A
	6.10
	11.8
	1.2

	B
	6.92
	11.3
	1.2

	C
	7.15
	11.3
	1.4


Table (3):  Range and Percentage of Concentrations of Inhalable Marble Dust in Workshops (A, B and mg/m3 along the 15 Weeks along the Study Period.
	Inhalable Dust
	Range

	Percentage (%)
	Range (mg/m3)
	No. of Samples
	

	2.22%
	2.0 - 4.8
	8
	< 5

	3.05%
	5.6 – 9.8
	11
	5 < 10

	16.39%
	10.4 – 29.7
	59
	10 < 30

	22.5%
	30.1 – 49.7
	81
	30 < 50

	28.89%
	50.2 – 69.8
	104
	50 < 70

	24.16%
	70.1 -99.5
	87
	70<100

	2.78%
	102.2-136.7
	10
	>100

	
	
	360
	Total


	Personal Respirable Dust
	Range

	Percentage (%)
	Range (mg/m3)
	No. of Samples
	

	1.94%
	1.2-1.7
	7
	1< 2

	5.83%
	2.1-2.9
	21
	2 < 3

	7.22%
	3.1-3.9
	26
	3< 4

	8.05%
	4.2-4.9
	29
	4< 5

	71.67%
	5.1- 9.9
	258
	5 < 10

	5.27%
	10.0-11.8
	19
	> 10

	
	
	360
	Total


 Table (4): Range and Percentage of Concentrations of Personal Respirable Marble Dust in Marble work-shops (A, B, and C) in mg/m3 during 15 Weeks along the Study period.
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	Figure 1: Mean, Maximum and Minimum Concentrations of Inhalable Marble Dust in Workshops (A, B and C)
	
	Figure 2: Mean, Maximum and Minimum Concentrations of Personal Respirable Marble Dust in Workshops (A, B and C). 


Evaluation Impact of Marble Dust on exposed rats at marble Workshops
Histological changes:
In this prospective study, we observed an inverse relationship between lung in control rats and rats exposed to marble dust inhalation.
A-Group І (control rats):
The normal architecture of lung in control rats appeared formed of thin wall lined with flat epithelial cells separated by thin connective tissue septae (Figs. 3, 4). The alveoli and bronchioles illustrated the presence of intact alveoli, alveolar sacs and alveolar ducts with presence of bronchioles. The alveoli are lined by two types of cells; the main type is flat squamous epithelial cells sited on very thin basement membrane. The alveoli were separated by thin layers of connective tissue (C.T.) septae (Fig.4) while the bronchioles revealed the presence of ciliated columnar epithelial cells. The submucous layer appeared very thin containing blood vessels and lymphocytes and thin layer of C.T. corium (Fig 5).
B-Group П (rats exposed to dust inhalation) were divided into three subgroups:
1-Group exposed to dust inhalation for 15 Days:
Induced minimal atrophic changes in the lining epithelium of the alveoli and bronchioles. Only there was minimal infiltration of C.T. septae and submucosae with few macrophages and lymphocytes (Figs. 6, 7), Few extravasated blood was detected (Fig. 7). The bronchioles inside the lungs showed also edematous C.T. changes (Fig. 8). 
2- Group exposed to dust inhalation for 90 Days:

    It was apparent an alveolar shrinkage and collapse associated with disruption and increased in thickness of the alveoli, alveolar sacs and distortion of alveolar ducts with broadening of the C.T. septae filled with huge amounts of macrophages (Fig. 9)
 3- Group exposure to dust inhalation 115 Days Post-Exposure:

The alveoli displayed collapse and shrinkage causing narrowing of its lumen, widespread increased thickness of C.T. septae (Figs10). Disruption of the alveoli associated with increased number of phagocytic cell infiltrations in the septae were detected (Fig. 11). The pathological changes markedly increased in severity and extent. The epithelial alveolar cells and alveolar ducts manifested variable forms and degrees of pathological changes. Areas of granuloma appeared in tissue lungs (Figs.11 and 12)  as well as marked degeneration of epithelium of bronchioles (Fig.13) as compared to control group and 15 days exposure. Also, showed areas of hyperplasia with signs of tumor cells.


The bronchioles exhibited relative reduction in submucosal layer with atrophied its lining epithelial layer with loss of its cilia, while the submucosal layer was edematous, widely spaced and contained abundant amounts of macrophages which markedly increased with the time of exposure (Figs. 13 and 14). There was also marked degenerative changes of alveolar epithelium covered with secretion and advanced increase in C.T. thickness (Fig. 14).
Histological examination:
This study showed that workers exposed to chronic inhalation of the dust in marble working processes showed prevalence rates of respiratory illness. The respiratory effects of exposure to occupation marble dust was more pronounced in the rats exposed to inhalation more than 115 days as revealed from the histological slides. This attributed to concentration of the dust and duration of exposure inducing respiratory impairment. These findings in agreement with investigators on the respiratory health effects of silica, who found reduction in all mean lung functions (Kalacic, 1973; Valic and Zuskin, 1977 Choudat et al., 1990;  Pang et al., 1992;). They explained that progressive loss of lung function probably resulting from non specific airways disease and fibrosis become more prominent in smaller airways. Also, concomitant with findings of Yoseph and Bekele (1998) who revealed that individual developed reduced lung functions and respiratory symptoms in increased dust concentration and duration of exposure. They found that; Lung functions impairment in correlated with dust exposure, dust concentration and duration of exposure have a considerable bearing in producing decrease in lung functions, and occupational dusts have greater bearing on smaller airways than larger airways.

An important finding in the present study was distortion in the lining epithelium of respiratory bronchioles with areas of loss of its cilia and increased lymphocytic infiltrations which markedly increased with duration of exposure. In agreement to Bennett et al. (1993) and Rusch et al. (1995) who demonstrated early human bronchial neoplasia due to accumulation of P 53 protein.

Histological examination for slides of lung for rats exposed to marble inhalation revealed marked gradual increase in lymphocytic infiltration. Also, persistent changes included, distortion in epithelial lining of bronchioles and alveoli and presence of areas of degeneration which increased by day 100 after exposure.

This agreed with results obtained by Dungworth et al. (2001), who recorded many types of morphological changes in the lungs of mice exposed to silica inhalation. These were inflammation, lymphatic infiltration, bronchio-alveolar hyperplasia as well as bronchioles and pulmonary fibrosis. Moreover, Malkinson (1998) and Dragani et al. (2000) mentioned that mice developed lung tumors resemble human lung adenocarcinoma.

Johnson et al. (2001) and Ress et al. (2003) found also hyperplasia and hypertrophy of alveolar epithelium in response to silica exposure in rats. They explained this because silica increase secretion of the product of alveolar type II cells, surfactant in exposed mice.

These finding supports the need to further investigate of marble dust exposure as possible carcinogenic particulate.

The data of the present study, demonstrated that long period of chronic exposure to dust induced progressive atrophic changes in the alveoli, the alveolar ducts are lined with interrupted flat epithelial cells, even collapse of the alveoli. The intera-alveolar septae showed C.T increase in thickness. Similar changes have been reported by Mery et al. (1994) ; Monticello et al. (1996) and Calderon- Garciduenas et al. (1998). 

Rats have been utilized for the study of atrophy of epithelial lining the trachea, bronchioles and alveoli of their lungs after exposure to dust inhalation for different periods. The process of atrophy is variable in extent and intensity (Morgan, 1991). Several repeated exposure to inhaled chemical irritants caused degeneration, necrosis of surface epithelium, increased cell proliferation and even carcinoma in upper respiratory tract (Monticello et al. 1996). While short exposures to pollutants an acute inflammatory response in the upper respiratory tract of humans (Koren et al., 1990 and Steerenberg et al., 1996).
There was marked infiltrations with macrophages, lymphocytes and extra-vasated blood in lung alveoli. This concomitant with studies of Calderon– Garciduenas et al. (1997) who mentioned presence of macrophages in nasal mucosa associated with vascular proliferation in children exposed to dust inhalation.
In a study in Hong Kong, this was addressed using visual scoring of emphysema at CT according to the extent of lung involvement [Ooi et al., 2003].
In this work there were areas with identifiable respiratory epithelium cell hyperplasia and damaged cells. This was similar to findings of Cheng et al. (1992) who referred this due to oxidation of C8 guanine is a major mutagenic lesion, producing predominantly G-T transversion mutations. 

Bascom et al. (1996) and Lee et al. (1997) reported also that respiratory epithelium in humans subjected to different air pollutants with potentially different mechanisms of DNA damage.

Stained sections with haemtoxylin and eosin revealed thickening of the alveolar septae, vascular extravasations and edema of the septae with hemorrhage in the interstitial tissues with marked proliferation of macrophage cells. This is concomitant with results obtained by Taysee et al. (2005) who found sever lung lesions secondarily to edema and intralveolar hemorrhage in the mice exposed to toxin botulinum inhalation. This was concomitant with researches of Nikula et al. (1997) who clarified increased thickness of interstitial septae in the lungs was due to accumulation of macrophages, giant cells, all lymphocytes and plasma cells causing micro-granulomas in the lungs of mice.
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Figure (3): Micrograph of a paraffin section of control rat-lung, showing alveoli with thin walls (A) as well as alveolar ducts (D) and alveolar sacs(S).  (H&E X 400)
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Figure (4): Micrograph of a paraffin section of control rat-lung, showing the alveoli (A) lined with flat epithelial cells (arrow) cubical cells (curved arrow). (H&E X 1000)                        
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Figure (5): Micrograph of a paraffin section of control rat- lung, displaying bronchiole (B) composed of pseudostratified ciliated epithelial cells (E), intact layer of corium formed of intact connective tissues (c). Note: the alveoli (A) and alveolar sacs (S). (H&E X 400)                                                
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Figure (6): Micrograph of rat-lung 15 days post-exposure to dust, demonstrating thickened interalveolar connective tissue (arrowheads). Note, many macrophage (arrows) between the alveoli. (H&EX 400)
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Figure (7): Micrograph of rat-lung 15 days post-exposure to dust, revealing thickened interalveolar connective tissue (arrows) and extravasuated blood cells (arrowheads). (H&E X 400)
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Figure (8): Micrograph of rat-lung 15 days post-exposure to dust inhalation, showing bronchiole with thick edematous connective tissue. (H&E X 400).
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Figure (9): Micrograph of rat-lung 90 days post-exposure to dust inhalation, demonstrating collapsed alveoli (A) with thick lining epithelium, surrounded by thick C.T. septae filled with marvelous amounts of macrophages (Thick arrows) with extravasated blood cells (thin arrows). Note: distortion and collapse of alveolar ducts (D). (HX&E X 400)
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Figure (10): Micrograph of rat-lung 115 days post-exposure to dust inhalation, revealing marked increase in interalveolar connective tissue (arrow heads) and collapse in many alveoli . Note: hyaline degeneration in some areas (arrows).  (H&E X 400)
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Figure (11): Micrograph of rat-lung 115 days post-exposure to dust inhalation, showing large degenerated ill defined area multifocal granuloma (arrows).       (HX&E X 100)
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Figure (12): A higher magnification of the previous figure showing the degenerated granuloma (stars) and thick connective tissue septae between the alveoli (arrows). (H&E X 400).
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Figure (13): Micrograph of rat-lung 115 days post-exposure to dust inhalation, showing the bronchiole composed of degenerated epithelial layer (arrows), wide   edematous submucosal layer infiltrated with inflammatory cells  (arrow heads), (H&E X 400)                                                           
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Figure (14): Micrograph of rat-lung 115 days post-exposure to dust inhalation, showing the bronchiole formed of degenerated, atrophied epithelial layer (E) covered with aggregation of secretion (S), the submucosal layer increased in thickness due to separated edematous C.T. which was hugely infiltrated by large amounts of macrophages (arrow heads).   (HX&E X 400).
Conclusions


Marble production, as an industrial sector, has a great contribution to Damietta City gross national income due to both different activities of workshops (furniture and painting workshops), capacity and marble reserve. 


However, there are some potential risk of such industry lying on the environment, which requires attention, mitigations, and management to protect the existing human and animal health. From environmental point of view, results indicated that marble industry has human impacts with environmental risks, however, marble workshops need an intensive evaluation to determine the certain norms to regulate their action and to control the possible impact produced. However, marble workshops must be established within industrial zones to prevent environmental-community inflects and to allow better safe competition. On the other hand, existing marble workshops have to introduce mitigation measures to minimize gradually the environmental impacts through providing

Recommendation

Generated dust during operation may affect human, plant and animal growth at the surrounding environment. Therefore, a management strategy should be implemented to avoid the negative impacts of dust contamination and to reduce the translocation of dust outside the workshops. To avoid respiratory or other problems caused by exposure to dust and lesions due to noise. Engineering control methods should be introduced. Some examples are: 

· Use of wet processes 

· enclosure of dust-producing processes under negative air pressure (slight vacuum compared to the air pressure outside the enclosure) 

· Exhausting air containing dust through a collection system before emission to the atmosphere 

· Exhaust ventilation should be used in workshops.
· Controlled disposal of solid waste and do not allow entering drains, sewers or watercourses.

· Use of personal protective equipment may be vital, but it should nevertheless be the last resort of protection. Personal protective equipment should not be a substitute for proper dust control in order to respiratory protection and should be used only where dust control methods are not yet effective or are inadequate.

·  Direct skin contact should be prevented by gloves, wearing respiratory protection during clean up is very essential.

· Educational awareness programs for workers should be instituted about hazard of exposure to marble dust and on the use and maintenance of exhaust ventilation systems, and the use and maintenance of personal protective equipment for avoid risk of dust and noise.

· Marble dust can be used either to produce new products or as an admixture so that the natural sources are used more efficiently and the environment is saved from dumpsites of marble waste.

· Constructive city planning by the complete separation of industry and commercial work-shops activities and habitations should receive a much attention as a responsible solution for environmental improvement.
· The further studies including risk assessment should be carried out in the marble workshops and more research of exposure to marble dust, as related to nasal mucosa and trachea lesions of marble workers in order to prevent series nasal problems. 
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