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2.3
Service Units, Description and Potential Pollution Sources 


Medium and large size plants will have some/all of the following service and auxiliary units.  These units can be pollution sources and therefore should be inspected and monitored. Figure (28) shows the various service units with their corresponding raw materials and potential pollution sources. 

2.3.1
Boilers 

Boilers are used to produce steam which is used to supply heat to the processes. Although, processes in the production lines do not require steam, some paints facilities have boilers to supply heat to the solvent recovery unit.

The gaseous emissions, due to fuel (Mazot or solar) burning, contain primarily particulates (including heavy metals if they are  present in significant concentrations in the fuel), sulfur and nitrogen oxides (SOx, and NOx), carbon oxides (CO, and CO2), and volatile organic compounds (VOCs). The concentration of these pollutants in the exhaust gases depends on firing configuration (nozzle design, chimney height), operating practices and fuel composition. 

Wastewater is generated as blow-down purged from boilers to keep the concentration of dissolved salts at a level that prevents salt precipitation and consequently scale formation. The blow-down will be high in (TDS) 

Also large quantities of water is used for cooling the turbines, therefore, spent cooling water is generated. Also steam condensate is generated as wastewater. The amount of wastewater generated depends on whether cooling is performed in open or closed cycle, and on the recycling of steam condensate (may return to the boiler). Wastewater contamination may arise from lubricating and fuel oil. 

The heat stress may be high, in work place, in case of absence of thermal insulation for boilers and steam pipelines. 

2.3.2
Water Treatment Units 

There are different treatment processes, depending on the water source and the application in the industry.

i) Water softening for medium hardness water
calcium and magnesium ions are removed from hard water by using cation exchange resin (sodium form). When the exchange resin has been loaded with Ca and Mg ions, it is regenerated to the sodium form by using a salt solution (sodium chloride) in the pH range of 6-8. This is performed by backwashing with the salt solution. The treated water has a hardness level of less than 1 ppm expressed as calcium carbonate.

ii) Water softening for very high bicarbonate hardness

Water from wells and canals is pre-treated before softening. Water is treated first by the lime process, then by cation exchange resin. The lime process reduces dissolved solids by precipitating calcium carbonate and magnesium hydroxide from the water. It can reduce calcium hardness to 35 ppm if proper opportunity is given for precipitation. A coagulant such as aluminum sulfate (alum) or ferric sulfate is added to aid magnesium hydroxide precipitation. Calcium hypochlorite is added in some cases. 

Currently the use of organic polyelectrolytes is replacing many of the traditional inorganic coagulant aid. Sludge precipitates and is discharged to disposal sites whereas the overflowing water is fed to a sand filter followed by an activated carbon filter that removes any substances causing odor and taste. A micro filter can then be used to remove remaining traces. 

A successful method to accelerate precipitation is contacting previously precipitated sludge with the raw water and chemicals. The sludge particles act as seeds for further precipitation. The result is a more rapid and more complete reaction with larger and more easily settled particles. 

iii) Desalination (Reverse Osmosis/ Electro-dialysis) 

Desalination can also be performed by reverse osmosis. In this process water is forced through a semi-permeable membrane by applying pressure. 

2.3.3
Cooling Towers   

Moderate quantities of cooling water is used for cooling furnaces and the formation equipment in this industry. Cooling towers provide the means for recycling water and thus minimizing its consumption. The cooling effect is performed through partial evaporation. This causes an increase in the concentration of dissolved salts which is controlled by purifying some water (blow-down). The blow-down will be high in TDS and will represent a source of pollution to the wastewater to which it is discharged.

2.3.4
Laboratories 

Laboratories, in paint industry, are responsible for: 

· Testing raw materials for compliance with required standards. 

· Quality control of products to check agreement with standard specifications.

· Check the physical, chemical, and mechanical properties of final products.

Chemicals, including hazardous materials, are used in laboratories. Storage and handling should be checked by the inspectors, in addition to the disposal of chemicals empty containers, which is considered as hazardous waste.

2.3.5
Workshops and Garage  

Workshops are very important in the paint industry, where they are divided into mechanical and electrical workshops. They are responsible for repairing and maintenance of the equipment. Environmental violation could be due to: 

· Noise 

· Rinse water contaminated with solvents and lube oil

Pollution in the garage will depend upon the services offered. The presence of a gasoline or diesel station implies fuel storage in underground or over the ground tanks that require leak and spill control plans. Replacing lube oil implies discharge of spent oil to the sewer system or selling it to recycling facility.

2.3.6
Storage Facilities 

The specifications for the storage facilities depend on the nature and properties of the stored material:
· Environmental laws stipulate that special system should be applied for handling and storing hazardous chemicals.

· Fuel is kept in under/or above ground tanks. Storage requires proper preventive plans for spills and leaks.

2.3.7
Wastewater Treatment Plants

Although a WWTP is a pollution abatement measure, it has to be inspected and monitored for potential pollution.  Pollution may be due to malfunctioning or improper management.  A paints production facility discharges wastewater, high in organic load.  From time to time, due to batch processing, peak load will be discharged. They may be due to internal processes, to seasonal fluctuations, to lack of control or a “force majeur” situation such as power collapse. The potential pollution sources are:

· Sludge which represents a solid waste problem.

· Treated water could represent a water pollution problem if not complying with relevant environmental laws.

2.3.8 Dow-therm Oil Heater

Heating oil is heated in a furnace, where fuel is burned to produce the necessary energy. The pollution is expected to be generated from oil leaks or spills, which may contaminate the wastewater, if discharged to the sewer system. The gaseous emissions generated from stacks, due to fuel (Mazot or solar) burning in the heater.

2.3.9 Solvent Recovery Unit

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

2.3.10
Restaurants, Washrooms and Housing Complex

These facilities will generate domestic wastewater as well as domestic solid waste.

Figure (28) Service Units and their Related Pollution Sources
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Figure (28) Service Units and their Related Pollution Sources (continue)
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2.4
Emissions, Effluents and Solid Wastes

Table (5) summarizes the major polluting processes, process inputs, their outputs, the pollution parameters and corresponding impact.

2.4.1 Air emissions

There are two sources of air emission in the paints industry.

· Exhaust gases, resulting from fuel consumption used to generate steam from boilers, and to heat oil in the heater (Dow-therm oil heater).

The violating parameters would be; particulate matters (PM10), sulfur oxides, nitrogen oxides, carbon monoxide.

· Fugitive emissions; volatile organic compounds (VOCs) as solvents and other low molecular weight compound (in solvent-based paints, inks, alkyd resins and varnishes), ammonia (in water based paints), solvents, particulate matters (PM10), these emissions  resulting from the operation processes (mixing, grinding, packaging,…) in the workplace.

2.4.2 Effluents

The major pollution load of the paints industry is the wastewater from the various sources. Liquid effluent is generated from equipment, vessels, tanks, mixers, mills, and packages, cleaning or washing process, between batches. 

The cleaning process is performed using water (in water-based paints), or using solvent (in solvent-based paints). This effluent contains oil& grease, BOD, COD, ammonia, solvents, and heavy metals (lead, chromium, and mercury), and is considered hazardous waste.

Specific effluents are: 

· Caustic wash wastewater generated from vessels and reactors cleaning. This effluent contains caustic soda, BOD, COD, heavy metals, and oil& grease. It is usually pretreated (precipitation and pH adjustment), and recycled for reuse. The pretreatment process generates sludge, which is considered hazardous waste.

· Equipment (mixers, mills, tanks, and vessels) and filling machines are responsible for raw materials and products spills, these leaks could contaminate the wastewater if discharged to the internal sewer system. (BOD, COD, oil& grease, and heavy metals).

· Spent solvents used for equipment cleaning in the solvent-based paints production line. The solvent is recovered by distillation and recycled back. The nonvolatile materials, sludge (containing paints, solvents, and heavy metals) is disposed as solid waste, and considered hazardous.

· Blow-downs from the cooling tower and boilers as well as back-wash of softeners are high in TDS and TSS.

· Spent lube oil from garage and workshops if discharged to sewer will give oily wastewater (O&G).

· Floor washing and sanitation produces a wastewater containing organic matter, oil and grease, and traces of the chemicals used for sanitation.
· Out-dated, off-spec, and refused or rejected products.
Typical effluent characteristics of the Egyptian paints industry are shown in table (6) Typical pollution loads per ton of production are given in table (7). 

Table (5) Pollutants Per Process

	MAJOR POLLUTING PROCESS
	  PROCESS INPUTS
	PROCESS OUTPUTS
	POLLUTION PARAMETERS
	IMPACT

	Solvent-based paints
	Pigments

Resins

Fillers
Binding agents

Solvents

Additives
	Accepted product
	
	

	
	
	Fugitive emissions
	VOCs, particulates 
	Work Environment

	
	
	Solid waste
	Chemicals empty containers, paints filters sludge 
	Land

	
	
	Spent cooling water
	Contaminated with traces of  chemicals ( O&G, BOD, COD, TDS, TSS, S.S, color, pH, heavy metals )
	Water

	
	
	Spent solvent from equipment cleaning 
	Contaminated with paints
	Water, if discharged to sewer



	
	
	Losses or leaks to Sewer
	O&G, BOD, COD, TDS, TSS, S.S, color, pH, heavy metals
	Water

	water-based paints
	Pigments
Fillers

Binders (resins/ oils)

Water

Ammonia
	Accepted product
	
	

	
	
	Fugitive emissions
	particulates, ammonia 
	Work Environment

	
	
	Solid waste
	Chemicals empty containers, paints filters sludge 
	Land

	
	
	Spent cooling water
	Contaminated with traces of  chemicals ( O&G, BOD, COD, TDS, TSS, S.S, color, pH, heavy metals )
	Water

	
	
	Wastewater from equipment wash
	O&G, BOD, COD, TDS, TSS, S.S, color, pH, heavy metals
	Water

	
	
	Losses or leaks to Sewer
	O&G, BOD, COD, color, pH, TDS, TSS, S.S, heavy metals
	Water

	Printing inks
	Pigments
Binder (resins/ oils)

ٍSolvents
	Accepted product
	
	

	
	
	Fugitive emissions
	VOCs, particulates 
	Work Environment

	
	
	Spent cooling water
	Contaminated with traces of  chemicals ( O&G, BOD, COD, TDS, TSS, S.S, color, pH, heavy metals )
	Water

	
	
	Spent solvent from equipment cleaning 
	Contaminated with paints
	Water, if discharged to sewer



	
	
	Losses or leaks to Sewer
	O&G, BOD, COD, color, pH, TDS, TSS, S.S, heavy metals
	Water

	
	
	Solid waste
	Chemicals empty containers, paints filters sludge 
	Land

	Resins
	Vegetable oils

Binders (resins/ oils)
Solvents
	Accepted product
	
	

	
	
	Fugitive emissions
	VOCs, particulates 
	Work Environment

	
	
	Spent cooling water
	Contaminated with traces of  chemicals ( O&G, BOD, COD, TDS, TSS, S.S, color, pH, heavy metals )
	Water

	
	
	Spent solvent from equipment cleaning 
	Contaminated with paints
	Water, if discharged to sewer



	
	
	Losses or leaks to Sewer
	O&G, BOD, COD, color, pH, TDS, TSS, S.S, heavy metals
	Water

	
	
	Solid waste
	Chemicals empty containers, filters sludge 
	Land

	
	Vegetable oils

Oil free Fatty acids

Alcohols/ Glycero

Penta erythrito

Solvents (Xylene)

Phthalic anhydride

Maleic anhydride

Metal oxides
	Accepted product
	
	

	
	
	Fugitive emissions
	VOCs, particulates, acids vapor 
	Work Environment

	
	
	Wastewater from the reaction 
	Contaminated with xylene
	Water, if discharged to sewer



	
	
	Caustic wash wastewater from equipment cleaning
	O&G, BOD, COD, color, pH, TDS, TSS, S.S, heavy metals
	Water

	
	
	Losses or leaks to Sewer
	O&G, BOD, COD, color, pH, TDS, TSS, S.S, heavy metals
	Water

	
	
	Spent cooling water
	Contaminated with traces of  chemicals ( O&G, BOD, COD, TDS, TSS, S.S, color, pH, heavy metals )
	Water

	
	
	Solid waste
	Chemicals empty containers, filters sludge 
	Land

	Packaging
	Paints  products
	Losses in wastewater
	O&G, BOD, COD, color, pH, heavy metals
	Water

	Softeners
	Raw Water
	Treated Water
	
	

	
	
	Back-wash
	TDS, TSS
	Water

	Boilers
	Treated Water  +

Condensate recycle
	Blow-down
	TDS, TSS
	Water

	
	Fuel
	Flue Gasses
	PM10, CO2, CO, NOx, SOx 
	Air

	Cooling Towers
	Water
	Blow-down
	TDS, TSS
	Water

	Dow-therm  oil heater
	Fuel
	Flue Gasses
	PM10, CO2, CO, NOx, SOx 
	Air

	Solvent Recovery Unit
	Spent  solvents
	Sludge
	Solvents and heavy metals
	Land

	
	
	Air emissions (VOCS)
	solvents
	Air

	WWTP
	Process W.W
	Treated effluent
	O&G, BOD, COD, TDS, TSS, S.S, color, pH, heavy metals
	Water

	
	
	Sludge
	O&G, heavy metals, TSS
	Soil


Table (6) Typical chemical analysis of paints factory waste effluents

	Parameter
	pH


	BOD

mg/1
	COD

mg/1
	TSS

mg/1
	TDS

mg/1
	S.S

mg/1
	Color

Pt/CO
	Oil& Grease

mg/1

	Solvent-based paints line
	7.7
	66
	221
	39
	353
	-
	15
	28

	Water-based paints line
	7.7
	3000
	5930
	1485
	1659
	-
	Out-of-range
	402

	Printing inks
	7.1
	220
	680
	123
	403
	0.5
	40
	168

	Resins
	7.4
	615
	1344
	218
	790
	3
	55
	89


Table (7) Typical organic pollution loads in Egyptian paints industry per ton of production

	Plants


	Effluent flow rate m3/d
	BOD kg/d
	COD

kg/d
	TSS

Kg/d
	TDS

Kg/d


	S.S

Kg/d
	Oil& Grease

Kg/d

	Solvent-based paints line
	150
	9.9
	33.15
	5.85
	53
	-
	4.2

	Water-based paints line
	2.5
	7.5
	14.83
	3.7
	4.15
	-
	1

	Printing inks
	2
	0.44
	1.4
	0.25
	0.81
	0.001
	0.34

	Resins
	90
	55.4
	121
	19.6
	71
	0.27
	8


2.4.3 Solid and Hazardous Wastes

The main sources of hazardous and solid wastes are:

· Empty containers of raw materials and chemicals, contaminated with traces of chemicals, are considered as hazardous waste.

· Spent bags of the Bag-Filters, contain pigments particulates. This solid waste is considered as hazardous waste.

· Sludge generated from the solvent recovery unit, and filter press, containing paints, solvents, and heavy metals, are considered as hazardous waste.

· Outdated, rejected, and off-spec. products. These solid wastes are considered hazardous wastes.

· Sludge generated from the biological wastewater treatment plant, may contain heavy metals, and could be considered hazardous.

· Oil separators could be used as a pretreatment before the WWTP or in the garage, workshops, and storage area. Sludge is generated from the oil separators and considered hazardous waste.

· Scrap metals generated from workshops and garage.

· Packaging wastes, paper, plastic,…

2.4.4 Work Environment

There are many sources of air emission in the paints industry. These emissions  resulting from the operation processes (mixing, grinding, packaging,…) in the workplace.

Fugitive emissions; volatile organic compounds (VOC) as solvents and other low molecular weight compound (in solvent-based paints), ammonia (in water based paints), particulate matters (PM10) of pigments during unpacking and mixing. 

Noise could occur during grinding (near mills). 

2.5
Characteristics Specific to the Paints Industry 

Proper inspection and monitoring of the paints industry should take into consideration the following aspects:

· Production lines operate on batch mode, therefore, equipment cleaning and washing are performed between batches.

· Shock loads are expected and are caused by discharging equipment wash wastewater, in water-based paints production lines.

· Paints products production rate is seasonal, it increases in summer and decreases in winter.

· Pollution loads are expected to be higher during start-up and shut-down.
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