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3. Impacts of Pollutants on Health and Environment

3.1 Impact of Air Emissions 

	Ammonia
	Ammonia is a colorless gas at atmospheric pressure, but is shipped as a liquefied compressed gas. It is soluble to about 34 percent in water and has a boiling point of –15.5o C. Ammonia is corrosive and has a pungent odor.

Ammonia is the primary nitrogen source for all nitrogenous fertilizers and ammonium phosphatic fertilizers.

Anhydrous ammonia is irritating to the skin, eyes, nose, throat, and upper respiratory system. Ecologically, ammonia is a source of nitrogen (an essential element for aquatic plant growth), and may therefore contribute to eutrophication of standing or slow-moving surface water, particularly in nitrogen-limited waters. In addition, aqueous ammonia is moderately toxic to aquatic organisms.

There is currently no evidence to suggest that ammonia is carcinogenic.

Ammonia’s ability to dissolve in water and its tendency to escape quickly as a gas make it a potential environmental problem. It can hurt wild-life and fish when absorbed by water streams, it has a harmful effect on cold-water fish. Ammonia combines with sulfate ions in the atmosphere and is washed out by rainfall, resulting in rapid return of ammonia to the soil and surface waters. Ammonia is a central compound in the environmental cycling of nitrogen. Ammonia in lakes, rivers, and streams is converted to nitrate.



	Phosphoric Acid
	Phosphoric acid is a thick, colorless, and odorless crystalline solid, often used in an aqueous solution. Its boiling point is 230.5° C and it is soluble in water.

Phosphoric acid is the primary phosphorous source used for phosphatic fertilizers.

Phosphoric acid is toxic by ingestion and inhalation, and is an irritant to skin and eyes. The toxicity of phosphoric acid is related to its corrosivity as an acid, with ulceration of membranes and tissues with which it comes in contact. Because it is a source of phosphorous, an essential element for aquatic plant growth, phosphoric acid may contribute to eutrophication of standing or slow-moving surface water, particularly in phosphorous-limited.

There is currently no evidence to suggest that phosphoric acid is carcinogenic.

The acidity of phosphoric acid may be reduced readily by natural water hardness minerals. The phosphate will persist until used by plants as a nutrient.



	Nitrate compounds
	Many different nitrate compounds are formed during nitrogenous fertilizer production.

Nitrate compounds that are soluble in water release nitrate ions which can cause both human health and environmental effects. Human infants exposed to aqueous solutions of nitrate ion can develop a condition in which the blood’s ability to carry oxygen is reduced. This reduced supply of oxygen can lead to damaged organs and death. Because it is a source of nitrogen, an essential element for aquatic plant growth, nitrate ion may contribute to eutrophication of standing or slow-moving surface water, particularly in nitrogen-limited waters.

There is currently no evidence to suggest that nitrate compounds are carcinogenic.

Nitrogen in nitrate is the form of nitrogen most available to plants. In the environment, nitrate ion is taken up by plants and becomes part of the natural nitrogen cycle. Excess nitrate can stimulate primary production in plants and can produce changes in the dominant species of plants, leading to cultural eutrophication and ultimately to deterioration of water quality.




	Urea
	Urea is a colorless to white, prismatic crystals or white crystalline powder. It is almost odorless, may gradually develop slight odour of ammonia, especially in the presence of moisture. It has a saline cooling taste. Its melting point reaches 132.7o C. 

Urea causes redness and irritation of skin and eyes. Adverse reactions include headache, nausea, vomiting, syncope, disorientation, transient confusion and electrolyte depletion (hyponatremia and hypokalemia). Because the eye is permeable to urea, rebound elevation in intraocular pressure and vitreous volume may occur after ocular hypotensive effect has terminated. Urea is irritating to tissues, it causes pain at site of infusion and necrosis may result if extravasations occurs.

Urea is artificially released to the environment through direct application to soil as a nitrogen-released fertilizer. If released to the atmosphere, urea will degrade rapidly in the vapour phase by reaction with photo-chemically produced hydroxyl radicals. If released to soil, urea is hydrolyzed to ammonium through soil urease activity. The rate of hydrolysis can be fast (24 hrs), however, a number of variables (such as increasing the pellet size of the fertilizer) can decrease the degradation rate from days to weeks. If released to water, urea can degrade readily through biotic hydrolysis. The presence of naturally- occurring phytoplankton increases the degradation rate because phytoplankton use urea as a nitrogen source and because urea is decomposed by phytoplankton photosynthesis. Degradation of urea occurs much faster in sunlight than in dark water. Addition of urea appeared to have adverse effects on the uptake of phosphorous. Biodegradation is expected to be the major fate process in the aquatic ecosystem. Urea can biodegrade readily with the release of CO2 and ammonia. The rate of degradation generally decreases with decreasing temperature. In aqueous solution, urea is in equilibrium with ammonia and isocyanate ions; in the absence of microorganisms, urea hydrolyzes very slowly to yield ammonium carbamate which decomposes to form ammonia and carbon dioxide. The hydrolysis is catalyzed by increasing temperatures and alkalinity.  

Occupational exposure to urea occurs through dermal contact and inhalation of dust.



	Methanol
	Methanol is a colorless liquid with a characteristic pungent odor. It is miscible with water, and its boiling point is 81.6°C.

Methanol is generated in ammonia production. It is also used as a solvent and for equipment cleaning in pesticide formulations.

Methanol is readily absorbed from the gastrointestinal tract and the respiratory tract and is toxic to humans in moderate to high doses. In the body, methanol is converted into formaldehyde and formic acid. Methanol is excreted as formic acid. Observed toxic effects at high dose levels generally include central nervous system damage and blindness. Long-term exposure to high levels of methanol via inhalation cause liver and blood damage in animals. 

Ecologically, methanol is expected to have low toxicity to aquatic organisms. Concentrations lethal to half the organisms of a test population are expected to exceed one mg methanol per liter water. Methanol is not likely to persist in water or to bioaccumulate in aquatic organisms.

There is currently no evidence to suggest that methanol is carcinogenic.

Methanol is highly volatile and flammable. Liquid methanol is likely to evaporate when left exposed. Methanol reacts in air to produce formaldehyde which contributes to the formation of air pollutants. In the atmosphere it can react with other atmospheric chemicals or be washed out by rain. Methanol is readily degraded by microorganisms in soils and surface waters.




	Sulfuric Acid


	Sulfuric acid is an oily, odorless liquid which can be colorless to dark-brown. It is miscible, and its boiling point is 307.7°C. Sulfuric acid reacts violently with water with evolution of heat and is corrosive to metals. Pure sulfuric acid is a solid below 28°C.

Sulfuric acid is a raw material of most fertilizer products. Concentrated sulfuric acid is corrosive. In its aerosol form, sulfuric acid has been implicated in causing and exacerbating a variety of respiratory ailments.

Ecologically, accidental releases of solution forms of sulfuric acid may adversely affect aquatic life by inducing a transient lowering of the pH (i.e., increasing the acidity) of surface waters. In addition, sulfuric acid in its aerosol form is also a component of acid rain. Acid rain can cause serious damage to crops and forests. Releases of sulfuric acid to surface waters and soils will be neutralized to an extent due to the buffering capacities of both systems. The extent of these reactions will depend on the characteristics of the specific environment.

There is sufficient evidence that occupational exposure to strong-inorganic acid mists containing sulphuric acid is carcinogenic. Sulphuric acid causes irritation of the mucous membranes, eye irritation and a pronounced reflex cough. In addition it results in corrosion of mucous membranes of mouth, throat and esophagus with immediate pain and dysphagia.



	Particulate matters 
	Much of the health damage caused by exposure to particulates is associated with particulate matters smaller than 10μm (PM10).  These particles penetrate most deeply into the lungs, causing a large spectrum of illnesses including asthma attack, cough, chronic bronchitis and may lead to obstructive lung diseases, skin irritation. 

Emissions of particulates include ash, soot and carbon compounds, which are often the result of incomplete combustion. Dust fall concentration is considered another sensitizing factor in fertilizers plants. It can be visualized in many places inside the plants, causing skin eczema and chronic bronchitis and bronchial asthma. 

 

	Sulfur Oxides
	Air pollution by sulfur oxides is a major environmental problem. This compound is harmful to plant and animal life, as well as many building materials. Sulphur oxides are harmful for human health. They cause mild respiratory irritation. Inhalation of low concentrations causes burning pain in chest.

Another problem of great concern is acid rain which is caused by the dissolution  of sulfur oxides in atmospheric water droplets to form acidic solutions that can be very damaging when distributed in the form of rain. Acid rain is corrosive to metals, limestone, and other materials, also deteriorates the agriculture land.



	Nitrogen Oxides
	Nitrogen oxides also dissolve in atmospheric water droplets to form acid rain. They cause severe irritation of eyes and respiratory tract. High concentrations can cause immediate asphyxia.



	Carbon dioxide
	Combustion of fossil fuels to produce electricity and heat contribute to the green house effect caused by the formation of carbon dioxide. The greenhouse phenomenon occurs when heat radiation from earth is absorbed by the gases causing a surface temperature increase. High concentrations of carbon dioxide can cause immediate asphyxia.



	Carbon monoxide
	It is absorbed through lungs and in addition to its reaction with hemoglobin, it combines with myglobin, cytochromes, and metalloenzymes. 

The binding of CO with hemoglobin producing decreasing the oxygen carrying capacity of blood, this is appear to be the principle mechanism of the toxic action of low-level carbon monoxide exposure. Carbon monoxide reduces blood oxygen- carrying capacity, causing dizziness, weakness, headache. Concentrations above 1000 ppm can be fatal within one hour.



	Water Vapor (Humidity)


	Humidity in workplace is regulated by law 4/1994 due to its effect on the respiratory system especially for people suffering from asthma.



	Hydrogen Fluoride
	Hydrogen fluoride is a colorless gas or fuming liquid. It has a strong irritating odour. It corrodes most substances except lead, wax, polyethylene, Teflon and platinum. 

It is non combustible substance, but it may decompose upon heating to produce corrosive and/ or toxic fumes. 

Inhalation or ingestion of this gas may cause fluorosis, symptoms, weight losses, malaise, anemia, leucopoenia and discoloration of teeth. In addition it may cause eyes injury, severe skin burns, respiratory diseases and in extreme cases it may cause death. All forms diluted or concentrated solution or vapour of hydrofluoric acid cause severe burns. Inhalation of anhydrous HF or its mists or vapours can cause severe respiratory irritation that may be fatal. Severe irritation to eyes resulting in visual defects. Skin contact results in pungent irritation odour. Concentrated aqueous solution also cause early sensation of pain. Ingestion of large quantities of the acid cause sudden death without gross pathologic damage. On the other hand repeated ingestion of small amounts of the acid resulted in moderately advanced osteosclerosis. Thus HF is capable of inducing system manifestations of both acute & chronic poisoning additional hazard. It was found that hydrogen fluoride in liquid or vapour phases produces tissue dehydration and necrosis similarly to other mineral acids. It can also penetrate deeply into tissues. Its toxicity occurs after ingestion, inhalation or ocular or dermal contact. Ingestion of this gas produces pan and corrosion of the oral mucous membranes, esophagus and stomach. Inhalation of the concentrated fumes of this gas results in irritation, coughing and retrosternal burning.

Its corrosive action on metals can result in formation of hydrogen in containers and piping to create fire hazard. Therefore, potential sources of ignition should be excluded from areas around equipment containing the acid.

It reacts with water releasing corrosive toxic gases and heat which increases the concentration of its fumes in the air. Fluoride concentration in groundwater fluctuate within wide limits. Its concentrations are higher in sea water than in fresh water. 

Fluoride in the air may accumulate to vegetation and may lead even to damage the vegetation. Conifers are especially sensitive to fluoride.


	Silicon compounds
	These compounds are emitted during the production of phosphate fertilizers.

 There is sufficient evidence in humans for the carcinogenicity of inhaled crystalline silica or contribute from occupational sources. Carcinogenicity may be dependent on inherent characteristics of the inhaled silica or on external factors affecting is biological activities or distribution of its polymorphs.

There is inadequate evidence for the carcinogenicity of uncalcined diatomaceous earth. 

The action of crystalline silica on the lungs results in the production of a diffuse, nodular fibrosis in which the parenchyma and the lymphatic system are involved. This fibrosis is, to a certain extent, progressive, and may continue to increase for several years after exposure is terminated. 

The most physical; sign of silicosis is a limitation of expansion of the chest. There may be a dry cough and shortness of breath. Further progress of the disease results in marked fatigue, extreme dyspnea and cyanosis, loss of appetite, pleuritic pain and total incapacity to work.



	Ammonium sulfate
	It is emitted during the production of ammonium sulfate fertilizer, its bagging and storage. It is transferred into human body by inhalation, which cause breathing passages to contract and decrease air flow. Dust also may irritate the skin, eyes, digestive tract and respiratory tract. Ammonium sulfate is not considered a carcinogenic. 

Burning ammonium sulfate releases toxic gases such as ammonia, sulphur oxides, sulphuric acid and nitrogen oxides. 



	Sulphur and hydrogen sulfide
	It is used during the production of sulphuric acid, during the combining of elemental sulphur and water. Combining elemental sulphur with oxygen creates sulphur dioxide. Sulphur causes physical burns and exposure to hydrogen sulphide with its powerful rotten eggs odor, can irritate breathing passages, temporarily destroy sense of smell, and even crowd out air in the lungs to suffocate those who breathe it in concentrations above 550 ppm. Exposure to hydrogen sulphide may cause nausea, cough, headache, dizziness, extreme eye irritation and bronchitis. Although liquid sulphur is only a slight fire hazard, the hydrogen sulphide gas can give off explodes or burns relatively does burn, it gives off poisonous gases such as sulphur dioxide, sulphuric acid and other sulphur compounds. If molten sulphur spills, it causes hazardous vapours emissions. Sulphur dioxide, which is a colourless gas, can cause irritating odour that is toxic by inhalation and is a strong irritant to eyes and mucous membranes. 



	Gypsum
	Gypsum dust has an irritant action on mucous membranes of the respiratory tract and eyes. It also causes chronic rhinitis, laryngitis, pharyngitis, impaired sense of smell and taste, bleeding from the nose, reactions of tracheal bronchial membranes in exposed workers. Waste gypsum contains also fluoride and trace metals.



	Dolomite
	Calcium carbonate is considered the main component of dolomite. This compound causes systemic and renal effects, slight to moderate metabolic alkalosis, hypercalciuria and alkaluria predispose to nephrolithiasis, admin and hypophosphatemia.  

Large doses of calcium carbonate increase gastric secretion for a period of time that considerably outlasts elevation of pH.



	Kaolin
	The use of kaolin causes innocuous, granuloma of the stomach. Occupationally inhaled kaolin produced chronic pulmonary fibrosis, sites of action: lung parenchyma and lymph nodes. 


3.2 Impact of Effluents 

Wastewater from fertilizer industry generates from several sources including; process effluents resulting from scrubbers, condensers and stripping operations, effluents from service units and occasional effluents such as leaks or spills. In addition wastewater from equipment and floor washing constituents is considered a major polluting source for the effluents. 

Concerning the nitrogenous fertilizers effluents, the most polluting parameters are ammonia, nitrates and organic nitrogen as well as organic load and suspended solids. On the other hand phosphate fertilizers industry generate wastewater which is highly contaminated with phosphate, fluoride, heavy metals and organic load as well as suspended solids. Fluorine, a gaseous halogen does not exist in free state, but occurs in combination without elements. Fluoride becomes toxic to animals and human beings when present at a concentration of about 1 mg/ l in drinking water. It was found by several investigators that industrial effluents containing fluorides up to 10 mg/ l have injurious effect to some crops when present in soil solution. On the other hand, fluoride could affect skeletal components due to the natural affinity of fluoride ions for calcium. 

The organic material in wastewater stimulates the growth of bacteria and fungi naturally present in water which then consume dissolved oxygen. Spent lube oil from lubricating equipments, garage and workshops could be a cause for concern if discharged into the sewer system. There can be also heavy metals and other hazardous components in wastewater.

The environmental impact of wastewater depends on the receiving water body. Polluting parameters from fertilizers industry could affect the plants and aquatic life. Discharging polluted wastewater high in BOD, O&G, and COD into lakes and sea can cause eutrophication and impact bio-diversity. Eutrophication is a natural aging process in which the water becomes organically enriched, leading to increasing domination by aquatic weeds, transformation to marsh land and eventually to dry land. It can be accelerated by human input of nutrients, its effects are compounded by large day-night excursions in dissolved oxygen due to photosynthesis and respiration.

Sudden discharge of high O&G, BOD, and COD loads to the public sewer system will have an indirect environmental impact. Shock loads can cause malfunction of the domestic wastewater treatment plant. In addition, spent solvent and caustic wash wastewater make corrosion of the internal sewer system of the plant, if discharged.

3.3 Impact of Solid Wastes 

One of the largest solid wastes in the fertilizers industry is phosphogypsum which is produced during phosphoric acid production. It contains traces of many mineral impurities that accompany phosphate rock. It is considered a hazardous solid waste due to its content of radium, nickel, cadmium, lead, aluminum, fluoride and phosphoric acid. Cadmium is a heavy metal which accumulates in living systems and can become toxic above certain limits. The cadmium content in the phosphate rocks varies from almost zero to over 300 mg/kg P2O5. It takes large areas to pile phosphogypsum. Waste waters from storage areas should be treated. Fluoride and particulates can  be emitted in air around the storage area. Phosphogypsum ponds and leaks from other storage areas may contaminate surface and ground water.

Catalysts used in the steam reforming process need to be replaced every several years depending on the operating conditions, type and the life time for the catalyst. These catalysts are considered hazardous and should not disposed on land. Spent catalysts in general should be returned for regeneration, if not possible they should be disposed in the safe landfill.

Sludge generated from WWTP contaminates the soil, surface water and underground water, if disposed on them. Therefore this sludge must be dried first and safely dumped in special dumping sites. 

Ashes may contain heavy metals depending on the burned fuel. Also other solid wastes from industry and service units may contaminate surface and ground waters and soil if not disposed safety.
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