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4. Egyptian Laws and Regulations

There are a number of laws and regulations that address the different environmental violations. The following are the laws applicable to the paints industry.

4.1 Concerning Air Emissions

Article 40 of Law 4/1994, article 42 of the executive regulations and annex 6 deal with gaseous emissions from combustion of fuel. The statutes relevant to the fuel combustion are:
· The use of solar oil and other heavy oil products, as well crude oil shall be prohibited in dwelling zones.

· The sulfur percentage in fuel used in urban zones and near the dwelling zones shall not exceed 1.5%.

· The design of the burner and fire-house shall allow for complete mixing of fuel with the required amount of air, and for the uniform temperature distribution that ensure complete combustion and minimize gas emissions caused by incomplete combustion..

· Gases containing sulfur dioxide shall be emitted through chimneys rising sufficiently high in order that these gases become lighter before reaching the ground surface, or using fuel that contains high proportions of sulfur in power generating stations, as well as in industry and other regions lying away from inhabited urban areas, providing that atmospheric factors and adequate distances to prevent these gases from reaching the dwelling and agricultural zones and regions, as well as the water courses shall be observed.

· Chimneys from which a total emission of wastes reaches 7000 – 15000 kg/hr, shall have heights ranging between 18 – 36 meters.

· Chimneys from which a total emission of gaseous wastes reaches more than 15000 kg/hour, shall have heights exceeding at least two and a half times the height of surrounding buildings, including the building served by the chimney.

· The permissible limits of emissions from sources of fuel combustion in boilers are given in table (8) (Ministerial decree no. 495, 2001). The permissible limits of emissions from sources of other fuel combustion sources (Dow-therm oil heater) are given in table (9).

Table (8) Maximum Limits of Emissions from Sources of Fuel Combustion in Boilers

	Pollution
	Maximum limit mg/m3 of Exhaust



	Sulfur Dioxide


	3400

	Carbon Monoxide


	250

	Smoke
	50


Table (9) Maximum Limits of Emission from Fuel Burning Sources

	Pollutant
	Maximum Permissible Limit, mg/ m3

	SMOKE
	250

	DISPERED ASHES


	250 (sources existing in urban regions, or close to residential areas)

	
	500 (sources far from habitation)

	
	500 (burning of wastes)

	SULPHUR DIOXIDE
	Existing      4000

New            2500

	ALDEHYDES
	Burning of waste 20

	CARBON MONOXIDE
	Existing      4000

New            2500


4.2 Concerning Effluents

Limits for pollutants in wastewater vary depending on the type of receiving water body.  The parameters that should be monitored and/or inspected are Oil& grease, BOD, COD, pH, color, temperature, residual chlorine, TSS, TDS, and heavy metals.

Table (10) presents the permissible limits for discharges to the different recipients (sea, Nile, canals, agricultural drains, public sewer) according to the different relevant laws.

Spent lube oil has a negative impact on water and soil and therefore its disposal should be monitored/inspected. A record should be kept for this purpose.
4.3 Concerning Solid Wastes

A number of laws address solid waste management. The following laws apply to scrap, garbage (paper,..), and sludge from the WWTP:

· Law 38/1967 which addresses public cleanliness, regulates the collection and disposal of solid wastes from houses, public places, commercial and industrial establishments.

· Ministry of Housing, Utilities and Urban Communities (MHUUC) decree No. 134 of 1968, which provides guidelines from domestic and industrial sources, including specifications for collection, transportation, composting, incineration and land disposal.

· Law 31/1976, which amended law 38/1967.

· Law 43/1979, the Law of Local administration, which provided that city councils are responsible for “physical and social infrastructure”, effectively delegating responsibility for infrastructure functions.

· Law 4/1994 regulates incineration of solid waste.

4.4 Concerning Work Environment

Violations of work environment could be encountered:

· Gas emissions (VOCs and metal particulates) generated in the production lines, are regulated by article 43 of Law 4/1994, article 45 of the executive regulations and annex (8), (table 11).
· In the boiler house: gas emissions, regulated by article 43 of Law 4/1994, article 45 of the executive regulations and annex 8. The limits for the relevant pollutants are presented in Table (11).

·  Wherever heating is performed: temperature and humidity are regulated by article 44 of Law 4/1994, article 46 of the executive regulations and annex 9 of the Law (table 12). 

· Near heavy machinery: noise is regulated by article 42 of Law 4/1994, article 44 of the executive regulations and table 1, annex 7 of the Law. 

· Ventilation is regulated by article 45 of Law 4/1994 and article 47 of the executive regulations (tables 13, 14, 15) 

· Smoking is regulated by article 46 of Law 4/1994 and article 48 of the executive regulations, and Law 52/1981.

· Work environment conditions are addressed in Law 137/1981 for Labor, Minister of Housing Decree 380/1983, Minister of Industry Decree 380/1982

Table (11) Permissible limits as time average and for short periods

	Material
	Threshold

	
	Time average
	Exposure limits for short periods

	
	ppm
	mg/m3
	ppm
	mg/m3

	Ammonia
	25
	18
	35
	27

	Carbon dioxide


	5000
	9000
	15000
	27000

	Carbon monoxide
	50
	55
	400
	440

	Sulfur dioxide
	2
	5
	5
	10

	Acetone
	750
	1780
	1000
	2375

	n- Butyl alcohol
	50
	150
	
	

	Butyl acetate
	150
	710
	200
	150

	Toluene
	100
	375
	150
	560

	Xylene
	100
	435
	150
	655

	Ethyl acetate
	400
	1400
	
	

	Cadmium salts/ particulates


	0.05
	
	0.2
	

	Hexa valent chromium
	
	0.05
	
	

	Total particulates
	200
	
	
	


Table (12) Maximum Permissible Limits for Heat Stress (law 4/1994)

	Type of Work
	Low Air Velocity
	High Air Velocity

	Light work
	30o C
	32.2 o C

	Moderate work
	27.8 o C
	30.5 o C

	Severe work
	26.1 o C
	28.9 o C


Table (13) Maximum Permissible Noise Levels (law 4/1994)

	No
	Type of place and activity
	Maximum permissible noise decibel  (A)

	1
	Work place with up to 8 hour and aiming to limit noise hazards on sense of hearing 
	90  dB

	2
	Work place where acoustic signals and good audibility are required
	80  dB

	3
	Work rooms for the follow up, measurement and adjustment of high performance operations 
	65  dB

	4
	Work rooms for computers, typewriters or similar equipment  
	70  d.B

	5
	Work rooms for activities requiring routine mental concentration 
	60  dB


Table (14) Noise Intensity Level Related to the Exposure Period 

	Noise intensity level decibel (A) 
	95
	100
	105
	110
	115

	Period of exposure (hour)
	4
	2
	1
	½
	¼


Table (15) Noise Intensity Level In Intermittent Knocking Places  

	Noise Intensity db
	Max Allowable Knocks During Daily Work Period  

	135
	300

	130
	1000

	125
	3000

	120
	10,000

	115
	30,000


4.5 Concerning Hazardous Materials and Wastes 

Law 4/1994 introduced the control of hazardous materials and wastes. The paints industry generates any hazardous wastes, such as chemicals empty containers, spent solvents, sludges from the solvent recovery unit and WWTP,  and spent filters clothes. Hazardous chemicals such as solvents, and caustic solutions are used for washing vessels. The hazardous chemicals used in the lab and the fuel for the boilers, fall under the provisions of Law 4/1994. Articles 29 and 33 of the law makes it mandatory for those who produce or handle dangerous materials in gaseous, liquid or solid form, to take precautions to ensure that no environmental damage shall occur. Articles 25, 31 and 32 of the executive regulations (decree 338/1995) specify the necessary precautions for handling hazardous materials. Storing of fuel for the boilers is covered by the Law 4 as hazardous material There is no explicit articles in Law 4/1994 or in decree 338/1995 (executive regulations), regarding holding a register for the hazardous materials; article 33 is concerned with hazardous wastes. However, keeping the register for the hazardous materials is implicit in article 25 of the executive regulations regarding the application for a license.

4.6  The Environmental Register

Article 22 of Law 4/1994 states that the owner of the establishment shall keep a register showing the impact of the establishment activity on the environment.  Article 17 and Annex 3 of the executive regulations specify the type of data recorded in the register. The emergency response plan and the hazardous materials register will also be part of the environmental register as stated in part 4.5.

5. Pollution Abatement Measures

This section deals with pollution abatement (preventions) in the three media air, water and soil. Three types of interventions will be considered:

· In-plant modifications, which are changes that are performed in the plant to reduce pollutant concentrations in streams through recovery of materials, segregation and/or integration of streams, reducing the flow rate of the wastewater streams that need further treatment to reduce the hold-up of the required WWTP. 

· In-Process modifications, which are changes performed on the process such as the introduction of newer technology,  substitution of a hazardous raw material, performing process optimization and control. 
· End-of-pipe (EoP) measures, which involve treatment of the pollutant or its separation for further disposal. Whereas in-plant and in-process modifications usually have an economic return on investment, end-of-pipe measures will be performed for the sole purpose of compliance with the laws without economic. 

Egyptian Environmental Laws do not require water and energy conservation measures. These measures have been considered in this manual since resource depletion and hence conservation is a worldwide-recognized environmental issue that could be implemented in Egypt in the near future. Water conservation measures can lead to higher concentrations of pollutants in the effluent streams. Both energy and water conservation measures will provide both financial and economic benefits.

The term Cleaner Production (CP) refers to the same concepts of pollution reduction through in-process, in-plant and resource conservation, in contradistinction to end-of-pipe treatment. In many cases, the adoption of CP can eliminate the need for (EoP) treatment.

The paints industry sector has a great potential for implementation of cleaner technology measures. Newly installed factories employing manpower above 100 has acquired relatively newer technologies, which need little in-process or in-plant modifications and are carrying out end-of-pipe treatment to meet the requirement of environmental laws. However, medium size enterprises as well as public sector companies badly need the 3 types of modifications. Small private enterprises are using primitive technologies.  

Mitigation measures in paints industry vary from in-process modification or recovery of solvents especially used in cleaning purpose.

The following CP and EoP measures have been identified for the paints industry.

5.1 Air pollution Abatement Measures

	Flue gases
	Particulate matter in flue (exhaust) gases are due the ash and heavy metal content of the fuel, low combustion temperature, low excess oxygen level, high flow rate of flue gases. Sulfur dioxide is due to the sulfur content of the fuel. Nitrogen oxides are formed when maximum combustion temperature and high excess oxygen. Carbon monoxide is formed when incomplete combustion occurs at low air to fuel ratio. 

The following measures can be adopted to minimize air pollution from flue (exhaust) gases:

· Replace Mazot by solar or natural gas. Mazot is high in sulfur content.

· Regulate the fuel to air ratio for an optimum excess air that ensures complete combustion of carbon monoxide to dioxide.

· Keep the combustion temperature at a moderate value to minimize particulate matter and nitrogen oxides formation.




5.2 Work Environment Pollution Abatement Measures

	VOCs emissions
	· Using VOCs control equipment such as; absorbents (activated charcoal)/ biofilters on exhaust systems, water scrubbers should be implemented where necessary to achieve acceptable odor quality for nearby residents.

·  During equipment cleaning process, solvents are released to air. This emissions could be minimized through closing off the immediate area around the axles, and also during operation for dissolvers and stirring equipment.

· Reduction of the use of open strainers (closed filling system).

· Covering of some containers could prevent the evaporation of solvents into air.

· Using mixing system by vibration rather than by stirring. The lake of a shaft holding a stirrer or a paddle means that the coating and solvent can be gently blended in a completely sealed vessel.



	Particulates emissions
	· Using control equipment such as; Fabric filters should be used to control particulates, from the process of charging pigments and fillers to the mixers, to below 50 milligrams per normal cubic meter (mg/Nm3) .

· Using of pigments in the form of pastes (premixed with resins) could be used instead of powdered pigments, to minimize particulate emissions during pigments charging and mixing processes.

· Using of closed equipment (mixers, vessels, mills, and tanks), to prevent the fugitive emissions (VOCs and particulates) of the raw materials in the work place.




5.3 Water Pollution Abatement Measures

Equipment cleaning is considered the major source of pollution (liquid waste) in paints industry, hence reducing cleaning process is a useful way for pollution control. The following are some ways for liquid waste control:

	In-plant modifications
	· Elimination of unnecessary intermediate storage tanks, to minimize the amount of spent solvents generated from the cleaning of these tanks.

· Recycling from intermediate tank directly to the mill instead of using recycling tank, which lead to reducing the pollution (liquid waste) resulting from cleaning of the removed tank.
· Using high efficiency mills, which allows no need for recycling tank.

· Using centrifugal clarifier instead of filter press, to minimize losses (spills and leaks) occur during recycling of the filtrate to the intermediate tank. This will accordingly improve the quality of the wastewater.

· Using high-pressure jets for cleaning of tanks to enhance cleaning process, so reducing the amount of liquid wastes (solvents and caustic solutions) generated from cleaning process.

· Using manual skimmers for removing materials (paints) stuck to the tanks or container walls, before cleaning with solvent or caustic soda solution. This reduces the amount of liquid wastes used in cleaning, and the removed sticky materials could be recycled. Also mechanical skimmers can be used for tubes cleaning. 

· Using Teflon-lined tanks to reduce materials sticking to their walls. 

· Segregation of sewer systems for liquid wastes, generated from water- based paints production line and solvents-based production line, as this leads to more efficient recycling.

· In all cases, it is recommended the industrial liquid waste discharged separately from domestic wastes as they differ in the pollutant nature.

· The installation of product-capture systems for filling machines can reduce product losses.

· Implementation of a quality control system such as HACCP (Hazard Analysis & Critical Control Point) is recommended to minimize waste.



	In-process modifications
	· In solvent-based paints production line;

· Random choice of the cleaning solvent could be replaced by an evaluation process, leading to a choice of one single solvent for all tanks and equipment cleaning.

· Schedule the production runs and modify the manufacturing procedures to minimize or eliminate the use of wash solvent.

· Reuse of cleaning solvents (spent solvents) many times, hence reducing the solvent consumption. After that, the solvent can be regenerated distilled and recycled for use in dilution or cleaning.

· Spent solvent could be recovered through distillation process, with about 90% solvent yield achievable from the still, and 10% sludge (removed paints). This sludge could be used in the production of a new paint product (a primer).

· In Water-based paints production line;

· Using washing liquids (caustic solutions), generated from cleaning of mills and packing machines, in dilution of next batch.

· Scheduling operations to produce light color first then dark color paints to reduce the need for equipment cleaning. For white paints we can use intermediate tank to minimize the washing operations.

· In acrylic paints production line; Wash water generated from white acrylic paint manufacture could be reused in the next production run. Also the wastewater generated from the colored acrylics could also be stored for reuse in the next production run.
· In all production line;

· Appling quality assurance to reduce the possibility of errors in paints preparation.
· Using counter current cleaning operations to reduce the amount of water or solvent used.

· Cleaning the tanks directly after production step to prevent materials sticking into walls. This means coordination between the production steps and cleaning operation.

· Reusing the rejected or off-spec. paints in new batches.

· Raw materials substitution; replacing the toxic pigments or dyes such as lead and chromium compounds by another non-toxic ones such as organic dyes or iron oxides.

· Controlling raw materials stock using computerized system, which facilitate the detection of any leak in the initial stages and indicate the sources of solid waste pollutants.

· Implementation of a control system involving pressure regulators on the steam lines, temperature controllers, flow controllers…

· Change from batch processes into continuous ones.

· Modernize the equipment and upgrade the system.

· Introduce new environmentally friendly products (water-bases paints) to increase sales and minimize pollution.

· Improving raw materials handling, to prevent spills occur during manual unpacking of sacks and containers, and training of personnel to insure complete unpacking of containers.

· Integration (acidic and alkaline streams), and segregation of sewer lines of water and solvent based paints, to minimize treatment needs and ensure compliance with the environmental laws, can be an option for many factories. In some cases where there are several discharge points from the factory, mixing of the streams could lead to compliance. In other cases where treatment is imperative some streams could be segregated and discharged without violation. The remaining streams will require a treatment unit of small capacity.  



	End-of-pipe treatment


	Because of the typically high content of suspended solids, TDS, TSS, O&G, COD, BOD, pH, and temp., in the paints industry waste-streams, end-of-pipe treatment frequently involves settling tanks and biological treatment. Pretreatment of effluents is required, it is normally followed by biological treatment.

	1)Water-based paints
	The wastewater generated from the water-based paints production line is characterized by high values of BOD, COD, S.S, TSS, and TDS. Therefore, the end-of-pipe treatment could be as follows:

· Collection and flow equalization,

· Precipitation, using coagulants and flocculants (such as; lime, alum,…), in a homogenizing tank equipped with mixer, followed by a sedimentation tank to allow the time needed  for reactions of chemicals to precipitate the dissolved solids.

· Decantation for removal of generated sludge, and drying of sludge using filter press.

· Filtration using activated carbon filter, to remove any entrained solids.



	2) Resins production line
	The wastewater generated from the resin production line, contain xylene and other organic compounds, this wastewater could be incinerated in the Dow-therm oil heaters instead of the fuel (Mazot or Solar).



	3) Solvent-based paints
	The spent solvent generated from equipment cleaning, in the solvent-based production line, could be recovered by vacuum distillation of the spent solvent, then condensation of solvent vapors. The solvent can be recycled for reuse in dilution or cleaning.

 The sludge (precipitates) generated from the solvent recovery process could be dried and safely disposed into a landfill. 


5.4 Abatement Measures for Solid Waste Pollution

	Scrap from workshops and garage
	· Scrap metals are collected and sold.



	Solid wastes from processes
	Hazardous solid wastes sources includes chemicals sacs, packs, empty barrels, filters cartridge, materials spills, and precipitates from liquid wastes (caustic solutions and solvents) clarification by settling or distillation. The following are some ways for reducing solid waste pollution.

· Planning of packaging systems to avoid solid waste and/or to facilitate recycling of packages or packaging wastes.

· Separating hazardous solid waste from non-hazardous ones. This means separating sacs or packs containing hazardous materials such as lead or chromium compounds, from that free from such compounds.

· Gathering the empty sacs containing hazardous compounds in plastic bags, to prevent the spread of hazardous dust in the atmosphere.

· Using water-soluble sacs in making water-based paints can reduce the amount of waste sacs, as the whole sacs can be dissolved in water with their content. This could be done with pigments containing mercury compounds, or in making paints containing anti-fungi compounds, but this in turn affect the degree of shininess of paints.

· Using bag filters instead of cartridge filters, as the spent cartridge should be safely disposed into a landfill or burned, while the bag filters can be used many times. In addition, the bag filters can be washed by water or solvents, for recovery of the toxic material, and recycling of these materials with dilution liquids (solvents and thinners), then the filter bags can be dried and disposed safely. 

	
	· Using metallic screens for paints filtration process, which can be reused after cleaning with water or solvent.

· Handling of solid materials spills, by dry cleaning methods such as; vacuum cleaner, or by wet saw dust, to prevent spreading of these materials. Also the personnel should be trained to close the grills of the internal sewer system, when leaks or spills occur, to reduce the pollution load discharged to the sewer.

· Using automatic methods for unpacking of sacs, which prevent dust spreading in the workplace, also can reduce solid materials spills.

· Cleaning pollutants, from empty sacks and containers by solvent, should be done before storing or selling.

· Solid wastes, generated from spent solvent distillation or pretreatment of alkali solutions, used in cleaning and washing, could be safely disposed into a landfill or burned.

· Generally, recycling of incoming raw materials packaging like steel barrels, plastic barrels, nonce-use pallets, corrugated, paper bags, shrink plastic (PE) and transition to storage of raw materials in tanks. The reuse of these packages is a measure to reduce costs and amounts of waste.



	Sludges from water and wastewater treatment
	· Effluent treatment processes generate sludge. It can also be hazardous to health by absorbing pathogens that multiply in this favorable medium and toxins. It also contain traces of heavy metals. Raw sludge is saturated with water, should be de-watered and disposed of into landfills.

· Sludge also generated from water treatment unit due to addition of lime and chemicals to water. 


5.5 Water and Energy Conservation

Water and sewer service costs have been rising, and these increases can cut into profits. Using water more efficiently can help counter these increases.

	Water Conservation
	· Install water meters and monitor water use 

· Use automatic shut-off nozzles and mark hand-operated valves so that open, close and directed-flow positions are easily identified.

· Use high-pressure, low-volume cleaning systems, such as CIP (clean in place) for washing equipment. 

· Install liquid level controls with automatic pump stops where overflow is likely to occur.

· Recycle cooling water through cooling towers.

· Minimize spills on the floor minimizes floor washing.

· Repair leaks.

· Handle solid waste dry.

· Recycle steam condensate whenever economically viable.



	Energy conservation measures
	· Insulation of steam lines.

· Installation of steam traps.

· Repair or replace steam valves.

· Use the optimum excess air to perform efficient combustion process

· Install pressure regulators on steam lines.

· Return steam condensate.

· Improvement of power factor and electrical circuits. 
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