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ABSTRACT
This paper focuses on the environmental implication of cement production, an analysis of toxic metals pollution from Cement Company of Northern Nigeria. Samples of the raw material (Clinker, Gypsum and Limestone) used for cement production were collected from quarrying sites, and analyzed using AAS technique. The results showed that copper had the highest value of 1.689µg/ml from Clinker samples, 1.657µg/ml from Gypsum samples and 1.620µg/ml from Limestone samples, which have exceeded the permissible guideline values of WHO (1.5µg/ml) and FEPA (1.0µg/ml) which means it is capable of causing a wide variety of diseases. The paper recommended ways to help reduce the quantity of toxic elements exposed to the environment, which include construction of Settling Chamber, use of wet scrubbers, Electrostatic precipitators, and strict implementation of industrial policies.

INTRODUCTION

The intension behind the encouragement of industries which according to Ofori-Cud (2009), Endashaw (2009) and Boakye (2010), lies in the development of a diversified economy that could propel the achievement of stable and sustainable societies, since the agricultural sector, as the main economic activity in sub-Saharan African countries cannot provide enough employment and income for the growing population.


However, the impact of industrialization on social, economic, environmental and health of the populace both at local and national levels cannot be over emphasized. Cement production, for instance, may create employment and business opportunities for the people but on the other hand can seriously provide negative impacts which include disturbance to the landscape, dust and noise generation and disruption to the local bio-diversity from quarrying of limestone (the raw material for cement). Besides, it causes environmental pollution at all stages of the process. These include emission of air borne pollutants in the form of dust, gases, noise and vibration when operating these machineries and during blasting in quarries and damage to countryside from quarrying (Ambuja Knowledge Initiative, 2014).


The principal sources of dust emissions are kilns, raw mills, clinker coolers and cement mills (EIPPC, 2001). Dust emissions also arise as a result of transport of raw materials to the site, from stockpiles of raw materials, from hoppers and raw material transfer, and pipe work. Quarrying operations are also an important source of dust. Cembureau (1997) indicates that dust emissions from European cement kilns in the year 1950 represented as much as 3.5% of the production but this had been reduced to a fraction of a percent by 1970 and further reduced by 90% over the last 20 years. Ambient air levels of total suspended particulates (TSP) and sulfur dioxide (SO2) in Chinese cities are among the highest in the world. Of these emissions, medium and small plants are responsible for the vast majority due to their obsolete equipment and production methods. As an imperfect generalization, near-ground fugitive releases of dust impact primarily on the local environment, whereas releases from high stacks may have an impact on air quality over a much larger area. Larger diameter grains of dust may give rise to local nuisance. However, it is the finer sized particulates that give the greatest cause for concern mainly because of impacts on human health. The production of cement kiln dust (CKD) and its disposal have a volatile impact on the environment and human health. In 1995, 3.3 million metric tons of CKD was disposed of by the US cement industry (EPA, 1999).

More so, workers of the cement plants and the people living around the industries are exposed to hazardous waste which can increase health risk. For instance, exposure to heavy metals can provoke serious health effects, such as exposure of pregnant women to Lead that cause development problems in the fetus and affect the neurological development of the child, including its future intelligence. Also exposure to cadmium can affect the kidney, liver and lungs and can cause genetic damage and has been proven to cause cancer in rats. Mercury on the other hand, when at high concentration, can cause permanent damage to the brain, the kidneys and the fetus during development (MamasHealth, 2013).

It is against this background that this paper seeks to determine the level of toxic metals in the raw materials used for cement production in the Cement Company of Northern Nigeria (CCNN), Sokoto and their possible consequences on the environment and human health.

MATERIALS AND METHOD

Study Area

The study area is Kalambaina town where the Cement Company Northern Nigerian (CCNN), Sokoto is located. Kalanbaina is one of the important towns in Wamakko local government area, Sokoto state. The town is located on Latitude 13º 13' 56''N and on longitude 5º 10' 30''E.
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   Figure 1: Map of the study area

Methods
Samples of limestone and gypsum were randomly collected from the quarry sites of the Cement Company of Northern Nigeria, while that of clinker was obtained from the Kiln chambers of the company. 


Atomic Absorption Spectrometer (AAS) was used to determine Cadmium (Cd), Chromium (Cr), Copper (Cu), Iron (Fe), Manganese (Mn), Nickel (Ni), Zinc (Zn) and Lead (Pb) (Greenbaerg, 1985 and Weber, 1996) from the rock samples, which are used as raw materials in the production of cement. AAS is analytical technique in which atoms are exited in a flame or electric arc to produce a characteristic emission (Tebbutt, 1998). In AAS a light beam is directed through the flame, into a monochromator, and on to a detector that measures the amount of light absorbed by the atomized element. Therefore AAS technique is based on the fact that atoms produced in an atomizer (Flame, Graphite furnace, etc.) absorb radiation at element characteristic wavelengths in proportion to their concentration (Greenberg, 1985 and Weber 1996). 


According to Greenberg (1985) for many metals difficult to be determined by other methods (such as Flame Emission), AAS technique exhibits superior sensitivity. Also, the method is relatively free from radiation interference; this is because different source lamp is used for each element. However, more than 60 elements are measurable using AAS, with detection range of 0.01-1µg. (Weber, 1996).

Sample preparation

0.500 - 1.00 g of thoroughly mixed soil samples was digested using 9 ml of concentrated HN03, 4 ml of concentrated Hydrofluoric Acid (HF) and 1 ml of concentrated HCl at 120 PSI for 20 min, in a CEM MDS-2000 digestion microwave oven US- Environmental Protection Agency 1995 (EPA method 3052). After the digestion, 2.0 g of boric acid was added to neutralize excess HF prior analysis. The samples were then filtered and diluted to 100 ml with deionized distilled water (Yahaya et,al, 2010).

Results and Discussion

Concentration of each metal as it is found in the samples of limestone, gypsum and clinker is presented in Table 1. Also, such concentrations were compared with the standard values of both the World Health Organization (WHO) (1993) and Federal Environmental Protection Agency (FEPA) (1988). 

Table 1: Concentration of Toxic metals from Raw Materials used for Cement Production in the Cement Company of Northern Nigeria, Sokoto

	Raw Materials
	Toxic Metals

	
	Cd
	Cr
	Cu
	Mn
	Ni
	Zn

	Gypsum
	0.014
	0.42
	1.657
	0.231
	0.338
	0.393

	Limestone
	0.5
	ND
	1.62
	0.503
	0.164
	0.493

	Clinker
	0.59
	ND
	1.689
	0.649
	0.364
	0.278

	WHO Max. Limit
	0.03
	0.05
	1.5
	0.5
	0.3
	0.5

	FEPA Max. Limit
	0.01
	0.05
	1
	0.5
	0.1
	<1



ND: Not Detected

Except for gypsum, the level of Cd is found to be above the maximum permissible limit (Table 1). Accumulation of Cd in the kidney (irrespective of the source route) damage filtering mechanism, which eventually causes the excretion of essential proteins and sugar from the body, and further kidney damage (SON, 2007; WHO, 2006)

No trace of Cr was detected in the samples of limestone and clinker.  However, gypsum samples showed a relatively significant quantity of Cr (0.42µg/ml) though below the permissible guideline values of WHO (0.05 µg/ml) and FEPA (0.05 µg/ml). Chromium compound occurs in several forms in the environment, and can be found in waters only in trace amount (1ppb in river water); but the element can be discharged in surface water through industrial activities, domestic waste and various synthetic materials (Bailey, 2002 and UNICEF, 2008). The most important are trivalent (Cr III) and hexavalent (Cr VI) forms (UNICEF, 2008). The former is relatively non-toxic and is in fact an essential trace element, but the latter is carcinogenic (WHO, 2006 and UNICEF, 2008). However Cr VI compounds are usually converted to Cr III under anaerobic condition; therefore the toxic Cr VI is usually converted to non-toxic Cr III in water (UNICEF, 2008). Better still, according to SON (2007) and Ogontona (2012), Cr is carcinogenic in drinking water.

The Cu concentration in gypsum (1.657µg/ml), limestone (1.620µg/ml) and clinker (1.689µg/ml) have exceeded the permissible guideline values of both WHO (1.5µg/ml) and FEPA (1.0µg/ml). Copper is a common substance that occurs naturally in the environment and spreads through natural phenomena and anthropogenic (industrial and agricultural) processes (El-Gendy, 2011 & Ogbonna, 2011). It can also be leached into water from plumbing system (WHO, 2006). Cu is essential nutrient, but high dose through long exposure in drinking water can lead to taste problem and gastrointestinal disorder (WHO, 2006 & SON, 2007). Other problems according to El-Gendy (2011) include anemia, as well as liver and kidney problems.

According to Borak et al. (2000), workers involved in grinding and sieving Cu dust usually are exposed to anorexia, nausea, and occasional diarrhea with exposure levels as high as1.44 µg/ml over a relatively short period. Studies have shown that the major symptoms of neurological disorders include headaches, muscle weakness and drowsiness which have been linked with factory workers exposed to Cu levels above 1.44µg/ml (Suciu et al. 1981). 

High levels of Cu in the liver and low levels of serum ceruloplasmin can lead to Wilson’s disease which is an autosomal recessive genetic disorder with a worldwide occurrence of 1 in 30,000 to 1 in 100,000 depending on the population (Scheinberg and Sternlieb, 1996; Llanos and Mercer 2002). The accumulation of Cu in the liver is due to a genetic defect resulting in impaired biliary excretion of Cu. One of the early manifestations of the disease, typically at 8–12 years of age, is liver damage. Three types of liver damage are seen- cirrhosis, chronic active hepatitis, and fulminant hepatic failure. Some studies have reported metal fume fever, a 24–48-hour illness characterized by chills, fever, aching muscles, dryness in the mouth and throat, and headache, in workers exposed to copper dust or fumes (Gleason 1968). However, it is unlikely that the manifestation of Wilson’s disease is related to exposure to high levels of Cu (Scheinberg and Sternlieb 1996). 

The concentrations of Mn in the samples of clinker (0.649µg/ml) have exceeded the permissible guideline values of both WHO (0.5µg/ml) and FEPA (0.5µg/ml). Manganese can exist in both inorganic and organic forms. The inorganic forms include manganese chloride (MnCl2), manganese sulfate (MnSO4), manganese acetate (MnOAc), manganese phosphate (MnPO4), manganese dioxide (MnO2), manganese tetroxide (Mn3O4), and manganese carbonate (MnCO3). Emphasis has been placed on the health effects of compounds containing inorganic manganese in the Mn(II), Mn(III), or Mn(IV) oxidation states.


Mn+2 is necessary for healthy living, but elevated and chronic exposure through drinking water can cause neurological disorder (SON, 2007, WHO, 2006 & UNICEF, 2008). It can also cause black coating (Chamley, 2003) and undesirable taste at a level exceeding 0.5 mg/L (WHO, 2006). Mn+2 is one of the most abundant metals in the earth’s crust, usually occurring with iron (WHO, 2006).

In humans, inhalation of particulate Mn compounds such as manganese dioxide or manganese tetroxide can lead to an inflammatory response in the lung. This is characterized by an infiltration of macrophages and leukocytes, which phagocytize the deposited manganese particles (Lloyd, 1946). Symptoms and signs of lung irritation and injury may include cough, bronchitis, pneumonitis, and minor reductions in lung function (Abdel-Hamid et al. 1990). These effects have been noted mainly in people exposed to manganese dust under occupational conditions, although there is some evidence that respiratory effects may also occur in residential populations near ferromanganese factories (WHO 1987). The frequency of effects has been shown to decrease in at least one population when concentrations of total manganese in falling dust declined (Kagamimori et al., 1973). The concentration of Ni in clinker samples (0.364µg/ml), and gypsum samples (0.364µg/ml) have exceeded both the WHO and FEPA permissible guideline values of 0.3µg/ml and 0.1µg/ml respectively.

Sources of Ni in drinking water include emission from power plant, industrial waste, solid waste from urban run-off and plated pipes (Bailey, 2002 and WHO, 2006). However while exposure to Ni through drinking or inhalation is proved to be carcinogenic (WHO, 2006), its potentiality to cause cancer through oral route is only a mere possibility (SON, 2007). However, under normal circumstances, the concentration of Ni in drinking water is less than 0.02 mg/L (WHO, 2006). Adekunle (2003), Alhassan (2008) and Edu (2010) reported different levels of Ni in different places.

The most serious harmful health effects from exposure to Ni, such as chronic bronchitis, reduced lung function, and cancer of the lung and nasal sinus, have occurred in people who have breathed dust containing certain nickel compounds while working in nickel refineries or nickel-processing plants. The levels of nickel in these workplaces were much higher than usual (background) levels in the environment. Lung and nasal sinus cancers occurred in workers who were exposed to more than 10 mg of nickel compounds, which were hard to dissolve such as nickel sub sulfide (U.S. Department of Health And Human Services, 2009).

 A number of immunological and lymphoreticular effects have been reported in humans and animals exposed to nickel. The increase in immunoglobulins and serum proteins suggests that the immune system was stimulated by nickel exposure. Similar but less-pronounced effects were observed in workers exposed to cobalt. A relationship between nickel and cobalt sensitization is further supported by the finding that nickel-reactive IgE antibodies were observed in eight patients with hard-metal asthma induced by cobalt exposure (Shirakawa et al., 1990). 

The concentration of Zinc in samples of limestone, gypsum and clinker (0.493 µg/ml, 0.393µg/ml and 0.278µg/ml) are below the maximum permissible guideline values of both WHO (0.5µg/ml) and FEPA(less than 1µg/ml). This means that no health challenges associated with zinc will result from the process of cement production.

CONCLUSION 
Different stages involved in cement production are capable of generating land, water and air pollution in the study area and its environs. Agents of erosion which include water and wind help in the transportation of enormous materials (including toxic pollutants) from both excavation sites and processing sites (factories) in the form of dust and solutions. This may lead to long exposures to these toxic metals to the workers, local residents and the entire environment.

RECOMMENDATIONS
In spite of the hazardous nature of the metals that are released to the environment in the course of cement production, such production cannot be totally stopped, because the production of cement is inevitable due to the enormous demand for the product. Therefore the release of these toxins will always be rising if proper measures are not taken. This paper therefore recommends the following measures:

· Settling Chamber should be constructed at the smokestacks or chimney of the crusher where limestone and gypsum are pulverized into smaller sizes. 

· Wet Scrubbers should be used to trap significant quantities of pollutants. 

· Electrostatic precipitators should be used where negatively charged particulates move towards positively charged collecting electrodes and attach to their surface. The electrostatic precipitators can handle large volumes of gas at different temperatures and conditions.

· The government through the State Environment Protection Agency should ensure strict adherence to the policies governing industrial activities which aims at protecting the environment from industrial pollution.

· Finally, studies needs to be carried out to investigate the concentration of these metals in soils, water and vegetation in the study area.
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