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			Abstract

			Chromium is an important metal used in vast range of industrial units. The major contributor remains tannery industry. The aim of the present study was to determine wastewater quality of tanneries effluent of Korangi Site with the estimation of chromium pollution levels. Analysis of selected parameters (TSS, TDS, pH, BOD, COD and chromium) have shown results to be within acceptable limits (in April, May and June) except for chromium, having exceeded concentrations of 10.26ppm and 13.05ppm in the month of May and June respectively. The analysis result emphasized the use efficient tanning processes and implementation of best industrial practices, recycling and recovery of chromium. It is recommended to use efficient treatment plants having feasible physico-chemical and/ or biological treatment options, and implementation of polluters pay principle for individual sense of responsibility of industrial units against deuteriation of environment and carcinogenic effect of chromium on human health. The possible reasons for the absence of chromium in the month of April has been mentioned. However, the actual reasons remain unclear due to lack of additional information and has identified an important area for further research to have answers. 
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			Introduction

			In Industries toxic waste are released from different chemical processes into the environment [1]. Chromium (Cr) is an important metal used in a wide range of industrial processes, the prominent industrial sectors are electroplating, metal finishing industries, leather tanning, chromate preparation [2], oxidative dyeing unit, textile dyeing, and water-cooling towers [3] and is therefore considered as a major environmental toxin [4]. Among all the industrial secotrs, effluent released from tanneries is categorized as major contributor of chromium pollutant [5]. Out of the total leather exports of Pakistan, Korangi alone covers one third of it. A number of industrial units are clustered in Korangi that are making this significant contribution in Leather Exports. Almost 170 tanneries are reported in Korangi besides the unofficial number that exceeds well above the stated figure [6]. Therefore, Korangi tanneries have been well known and marked for their adverse effects on the environment and level of pollution particular in temrs of chromium. Usually sulphate salts of chromium (III) are applied as tanning agent, almost 90% of the tanning industry uses basic chromium sulfate. Out of the total chromium applied in the tanning process, 60-70% is actually consumed, whereas rest of the 30-40% remains unconsumed. It is this unconsumed chromium that goes away with the industrial effluent [7]. Overall tanning process degrades the environment by polluting surface waters, air, land, groundwater. In particular, tanning causes rapid decline in chemical, physical and biological characteristics of surface water thereby producing obnoxious 
odor by the degradation of hair and skin material. Chromium with 

other pollutants (sulphides and ammonia) causes toxicity, while algal growth is accelerated (due to nitrogen-based compounds), suffocating other life forms due to depletion of dissolved oxygen and sunlight. 

			There are two predominant species (with different oxidation states) of chromium in the environment, Cr (III) and Cr (VI). Both these species present different biological, geochemical and toxicological properties [8]. Cr (III) is considered of biological importance for mammals within very limited range, helping in the regulation of metabolic processes of glucose [8,9] and proteins [10]. Chromium (III) is comparatively less mobile [11] whereas chromium (VI) is found to be more soluble in water. Toxicological studies revealed potential effects of chromium (VI) on human health. It is highly toxic, mutagenic and carcinogenic [12] for the mammals. In General, toxic effects of chromium are linked with long-term low-level exposures in our environment. However, chromium (VI) has shown toxicity for both acute and chronic exposures [13]. The maximum acceptable concentration of Cr (VI) discharged into inland surface water is 0.1mg/L [14] whereas in drinking water, it is 0.05 mg/L [12,14,15]. Its exposure is associated with many chronic diseases; respiratory illnesses, ulcers and perforation of the nasal septum as well as increased lung and nasal cancer [4,16], skin irritation diseases,dermatitis [10], eczema, conjunctivitis, liver and kidney damage [17-19]. It is the chromium (III) of tanning agent that is transformed into chromium (VI) thorught oxidation, becoming the source of chromium (VI) pollution and associated health hazards as indicated in former section. The objective of our study is to determine the wastewater quality of Korangi Nala and to assess the concentration of chromium in the tanneries industrial effluent. The concentration of chromium will not only determine the level of pollution but will also indicate the level of efficiency of tanning processes in tanneries unit of Korangi. 

			Material and Method

			Both the inlet and the outlet are the location for the sample from the combine tannery waste flow. Duplicate sample were taken from the inlet of Korangi Nala by using a PET plastic bottles, (waste water discharge into the main river flow down into the Arabian Sea) at afternoon in the month of April, May and June that was the average production period of leather in Karachi. For the determination of parameter, samples were stored in the fridge until the time for the sample to be analyzed. All the sample were pretreated to remove floated materials. Chromium was determined by using the ion-exchange chromatography, by the separation of different cations and anions, it becomes easier for the determination of chromium (VI) species. Induced Couple Plasma (ICP) Model no. Plasma 2000 was used for the analysis of chromium. In the sample it was determined with reference to the standard calibration curve via Inductively Coupled Plasma Model number 2000. Chromium analysis results were determined with reference to calibration curves which were developed by the use of Standard solution preparations of chromium. Other parameters tested for wastewater were Biological oxygen demand (BOD), Chemical oxygen demand (COD), Total dissolved solids (TDS), Total suspended solids (TSS), Total solids (TS) and pH [20]. 

			Result and Discussion

			According to the analysis results presented in Table 1, wastewater parameters i.e., TSS, TDS, BOD, COD, pH all are within the SEQs limits. However, varied outcome of chromium is obtained. The chromium concentration is showing exceeded values of 10.26, 13.05 ppm for the month of May and June respectively. In contrast to it, no chromium was found for the month of April. The presence of high levels of chromium (i.e, above than SEQs limit of 1mg/L) for the month of May and June not only determines heavy pollution load exerted by chromium but also indicates the probable inefficient tanning processes in practice. However, it is to be noted that the cause of exceeding results may also be contributed due to inefficient operational conditions of combine effluent treatment plant. On the other hand, absence of chromium in the month of April can have multiple reason. One possible reason can be related to pH of the wastewater. Since chromium states are pH dependent therefore, both species are interchangeable based on wastewater characteristics and pH. Therefore, determination of levels of chromium species (III) and (VI) from the tannery industries remains difficult. In basic medium reduction in chromium (VI) concentration from the tannery wastewater can be achieved. Therefore, the basic pH of the month of April sample, might have idcuced the chromium VI) transformation and it might have settled down in the bottom as oxides. becoming part of sludge. Other possibility could be the consumption of chromium in wastewater due to availability of high organic waste (especially proteins), the reaction is very rapid forming protein-chrome precipitates that are added into the sludge of the wastewater. 

			Table 1: Comprehensive Table of the Analysis.

			
				
					
					
					
					
					
					
				
				
					
							
							S NO

						
							
							Parameters

						
							
							Analysis Results (mg/L or otherwise defined)

						
							
							SEQs Limit (mg/L)

						
					

					
							
							April

						
							
							May

						
							
							June
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			The high concentration of chromium in other two months (May and June) can also be associated with pH values. The pH values for the month of May and June indicate acidic conditions of wastewater. It has been reported that most mobile forms of chromium (VI) prevailing in acidic conditions are HCrO41- and Cr2O72- ions [4]. However, in slightly acidic condition (pH range of above 5.5) the level of chromium (III) species are reduced in wastewater effluent. Therefore, higher concentration of chromium in these months indicates potential presence of hazardous chromium (VI) species which is predominately formed due to chromium (III) species oxidation. 

			It is evident that tanning processes of Korangi industrial area are not meeting the standards. Besides the efficient use of chromium (III) is also required in order to reduce the chromium (VI) production in wastewater of tanneries units. There are varied practices and approaches that can be adopted at different levels to make tanning processes efficient. The inefficient use of Cr (III) and its release into the environment has to be reconsidered through adopting an appropriate recycling and recovery system. It is reported, that recovery of Cr from spent tanning and re-tanning baths provides a significant economic advantage in terms of both its reuse and simplification of the wastewater treatment [12]. The first approach of recycling i.e., is direct reuse of the chromium liquor after filtering and reconstitution useful to reduce the chromium concentration in wastewater and it appears to be least complex in terms of physical/ chemical operations. The second approach of chromium recovery form waste liquor is, precipitation/dissolution. It has appeared that virtually all of the chromium that is precipitated may be recovered for reuse in tanning process. It is experimentally proved that 70-80% chromium is consumed in hides and skin during tanning process and the remaining 20-30% becomes part of process effluent, an important resource is drained out and ultimately waste. To utilize this quantity chromium recovery plants can be installed [21]. Typically, chromium (ΙΙΙ) is recoverd from the industrial effluent in the form of chromium hydroxide by raising the pH of wastewater with the addition of chemicals and/or coagulants like lime and iron compounds. Recovery of chromium (III) from this method is said to be 99.5% [4]. The recovered chromium can be reused after reconstituting according to process requirements. It is further reported that the process efficiency in terms of color, softness, shine, texture, quality surface and smoothness of the leather is not affected due to the use of recovered chromium [21]. In terms of cost effectiveness, the recovered chromium remains cost effective as it accounts for 1/3rd of the cost of new chromium [6] provided that wastewater contains higher amount of chromium for recovery. Thus, direct recycle (with reconstitution) is the more efficient and cost-effective approach [22] before steping towards recovery options. 

			Besdies recycling and recovery options, the amount of chromium (VI) in wastewater can be reduced by inhibiting the transformation of remaining chromium (III) to chromium (VI). Oxidation of chromium (III) is a critical process where the non-hazardous species is transformed into hazardous species chromium (VI). Fortunately, the only known oxidation agent of chromium (III) that is naturally present are manganeseoxides. The conversion of Cr (III) is dependent on Cr (III)-MnO2 complex and the reaction that inhibit or controls the formation of this complex may reduce the chances of Cr (III) transformation. One of the options available to inhibit Cr (III) oxidation or compex formation is by the retention of chromium (III) through sorbent material present in soils or waters that are non-redox reactive such as permanently charged aluminosilicate clay minerals [8]. However, as the heavy metal ions are shifted from liquid phase therefore, sorption reactions may regulate the risk of these metal ions in other compartments of environment (solid or liquid). Thus, fate of heavy metal ions in such treatment options should be clearly known before its application at commercial scale. 

			Another option for eliminating the chromium (VI) concentration in wastewater is to reduce this species into chromium (III) i.e., non-hazardous form. Biotransformation or biodegradation is one of the feasible option available in this regard. Microorganisms (aerobic and anaerobic) bearing the potential of chromium (VI) conversion to chromium (III) can play vital part in the detoxification of wastewater from chromium (VI) species. Studies on Pseudomonas species has reported enzymes named as chromium reductase that can reduce chromium (VI) to chromium (III) [23]. Besides, a number of microorganisms (bacteria and fungi) have been reported to remove chromium from tannery waste, some of these include, Bacillus sp., Pseudomonas sp., Desulfovibrio sp, Escherichia coli., Microbacterium sp, Enterobacter sp., and in group of fungi Nostoc, cyanobacteria and Aspergillus spp [23]. Microorganisms are capable to reduce chromium (VI) are recognized as chromium reducing bacteria (CRB). 

			The waste water treatment plants (WWTPs) remains the last necessary options to ultimately discharge polluted water within the acceptable legislative limits of hazardous substance. For industrial sectors or sites, it is suggested to have a combine effluent treatment plant to finally process all hazardous waste. However, in case of Korangi industrial site, lack of sufficient individual treatment facilities as well as clear denial of certain tanners in Korangi to contribute a significant protion in the operational and maintenance cost of the combine effluent treatment plants (CETPs), has also lead to worsen the pollution situation. Review of past events and negociation between government and tanneires, indicated constrains for these units to unanimously agree upon a single joint remediation pollution prevention option [24]. Therefore, as a minimum, all tanneries can comply with their legislative obligations by installing individual WWTPs [25]. 

			Conclusion and Recommendations

			The study validates the waste water quality of Korangi nala and situation of receiving water bodies deteoiration due to chromium pollution. High chromium levels clearly indicate inefficient tannig process are in practice by Koranig tanneries units. It also realtes the potential health profile of workers in particular and public in general who are getting expose to higher concentration of chromium; indicating speard of various environmental health issues. In order to reduce chromium based impacts on environment and human health, there is dire need to update tanning processes to improve its efficiency. Pollution load could be redcued by in-house improvements in operational and maintenance methods and activities by individual units. Besides process improvements, successful options of reuse and recovery of chromium in tanning industries if not, must be adopted. Besdies being cost effective with no compromise on the process efficieny and product quality these approaches will also reduce environmental pollutin load and impact on human health. Therefore, tanneries unit should be encouraged to carry out reuse and recovery options.

			Nations word wide have achieved enforcement of regulation through various strategies, one of the successful strategies is Polluters Pay Principal (PPP). However, the failure in use of such tools over the last 25 years in Pakistan has led to several challenges and consequences for environmental management and human health. In general (with few exceptions), the consultations between the government agencies and tannery industry remains to have overall no useful output. As the behavior remains to establish committees that work slowly to have concensus among all the stakeholders, ultimately ending up with no mutual agreement i.e., no workable and useful way forward. This attitude remains key hurdle in managing crucial issues relating to chromium pollution in our city. In the situation of disagreement between tanneries units for cooperation in regard to the CETPs, adoption of the PPP remains as a central strategy for protection against environmental degradation and impact on human health. The active implementation of PPP by the concerned regulatory authority (in this case SEPA) seems to have great potential to make industrial units realize the full extent of its obligation and liability with respect to pollution mitigation. A detailed route cause analysis needs to be performed in order to obtain additional information to identify the actual reason behind no chromium in the month of April. It may open doors to a more feasible option to have no chromium in tanneries waste. 
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