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Summary
Tanning industry has always been considered as a non-environmental friendly activity, mainly due to the discharge of effluents, non tanned waste and solid leather waste containing chromium. The treatment of the waste water has to be assumed as essential part of the process not only from the environmental but also from the economical point of view. In the present study, three different low cost adsorbent materials (tonsil stone, zeolite and quarry stone) were tested for chromium removal from waste water. The parameters in study were the pH of the solution (8-11) and the particle size, described as mesh sieve (8-14). Response surface methodology was employed to analyze the effect of these variables. Maximum adsorption (93.7 %) was obtained using activated quarry stone with a size particle of 1410 µm (mesh sieve 14) and pH solution of 10.4. Moreover, the chromium adsorbed can be reused in the process after preparation of tanning liquor by conditioning with 10 % H2SO4 and the water filtered could find application in the pickling stage. 
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Introduction
The majority of the operations involved in the transformation of skin into leather are performed in aqueous media, leading to the generation of waste water in excessive amounts. These effluents are considered toxic due to the presence of inorganic, organic and toxic nature chemicals [1]. Among the most important are chromium, sulfur salts, ammoniac, sodium chloride, suspended solids, proteins and fat.  The problematic is evident as demonstrated in Fig. 1. The processing of 1000 kg of raw hide generates approximately 10,000 kg of effluent including 5 kg of Cr2O3 [2]. The development of technologies for tannery waste water treatment is considered as priority for the valorization point of view, since chromium and water can be isolated from the waste water to be reutilized in the process. Due to the problematic caused by the presence of chromium in the environment, its mobility, toxicity and classification as carcinogen respiratory in humans, the separation of chromium from tannery waste water is essential to reduce health and ecological repercussions.
Several attempts have been realized to overcome this situation by means of solid phase extraction and liquid-liquid extraction. For example, Kalidhasan et al., [3] proposed the extraction of Cr (VI) with tribenzylamine in chloroform, Tuzen and Soylak [4] used Chromosorb 108 resin to adsorb Chromium (III) as dithizonate chelate, and Fahim et al., [5] proposed the utilization of activated carbon from sugar industrial waste for the treatment of tannery wastewater. Minerals from natural origin such as quarry stone contain high concentration of CaCO3, SiO2, Al2O3, and MgO and therefore have the potential to be used as filter and adsorbent material. Natural quarry stone is widely used in construction and building industry. However, no application for heavy metal adsorption has been reported. 
In search of technologies for industrial purpose, the use of low cost and efficient adsorbents is one of the key elements for successful applicability. In this study, removal of chromium from tannery wastewater using different low-cost adsorbent materials, namely zeolite, tonsil stone and quarry stone was investigated by experimental design.

Materials and Methods
Waste water derived from tanning stage was collected from a leather industry in León, Mexico. The water was filtered to remove solid waste and was characterized by testing Cr2O3 concentration, fatty and oil content, pH, chemical oxygen demand (COD) and conductivity. Laboratory experiments were carried out using reagent grade chemicals from Fermont and Merck. Adsorbent materials such as zeolite and quarry and tonsil stones were obtained from building waste. The samples were triturated in an automatic crushed and the particles were passed through three different mesh sieves (8, 12, 14), which are in a range of 1410-2380 µm particle size.
The concentration of chromium from waste water was estimated as chromium oxide (Cr2O3) and measured as g Cr2O3 L-1. Chromium oxide content was measured from Cr (III) oxidation to Cr (VI) with perchloric and sulfuric acid, pH and conductivity were measured using digital pH meter Orion 420A and CRISON micro CM2202 respectively. Fatty and oil content was calculated by Soxhlet extraction according to the Mexican Official Norm NMX-AA-005-SCFI-2000 based on non - volatile hydrocarbon extraction with grade reactive hexane. COD was determined using colorimetric method (DR100 colorimeter in HACH cuvettes, digestion solution was prepared in the presence of potassium bicarbonate and sulfuric acid) according to the Mexican Official Norm NMX-AA-030-SCFI-2001

Activation of adsorbents
For activation purposes, 30 g of each material were sequentially immersed in 100 mL of three different types of solutions (5 % NaOH, 5 % HCl and distilled H2O) and stirred during 2 hour at 250 rpm for deproteination, demineralization and neutralization purposes. The washing step with each solution was repeated three times. The washed material was dried at 115 °C for three hours to obtain the activated material. 
Adsorption experiments
In order to analyze the separation of chromium from tannery effluent, the influence of pH, adsorbent material, and particle size of zeolite and quarry and tonsil stones, was analyzed. 6 g of each adsorbent were collocated in a glass column of 10 x 100 mm. 20 mL of sample solutions were adjusted to different pH values by adding 5 % NaOH to the effluent to reach a pH of 8-11. After, 20 mL of sample were added and the chromium adsorbed was measured to analyze the separation efficiency. Considering the results from the first set of experiments, a second experimental design using the adsorbent material which presented the best results was proposed. Conditions of pH and mesh sieve closer to the relative maximum obtained were tested for optimization purpose. 

Preparation of tanning solution and re-tanning test
Once the water was filtrated, chromium was separated from the adsorbent material by adding a 10 % H2SO4 solution to the column. The pH was controlled to 2.5 and the solution was evaporated to obtain a tanning salt from which a liquor solution at specific concentration can be prepared. Basicity from the solution was measured using the Leigh method, which is based on the titration of H2SO4 formed in excess with a chromium oxalate complex [6]. The chromium sulphate solution prepared was tested for tanning purposes in a tanning industrial facility located in León, Mexico. 

Results and Discussion
The characterization of the effluent recollected is presented in Table 1. Results are similar to those found in literature. Fahim et al., [5] reported values of 3.54 for pH, COD of 2625.5 mg O2 L-1, and 5500mg L-1 of chromium. Munz et al, [7] found values of 3690 mg L-1 for COD, pH in a range between 5.8 and 7.5 and conductivity between 6.3 and 12.1 µS/cm. Differences can be attributed to the tanning raw material and concentration of chemicals in the process. Moreover, higher values of conductivity are also related to the concentration of NaCl in the effluent. Normally this salt is added to the animal skin in the conservation and pickling stages. 
The results of chromium retention using tonsil is presented in Figure 2. The chromium recovery was in the range of 65 to72 %. The adsorption of chromium was higher using a mesh sieve of 12. When using lower mesh sieve, the chromium precipitate starts to form a monolayer which caused an obstruction problem and the solution required nearly double time to pass through the column in comparison to higher mesh sieve. Similarly, Fig. 3 presents the combined effect of mesh sieve and pH on zeolite adsorption of chromium. 	In this case, the higher percentage of chromium adsorption was found to be 89.67 % at pH 9 and using particles that pass through a mesh sieve of 12.
The adsorption of chromium using quarry stone is presented in Fig.4. Reduction in particle size increased the separation. 92.68 % of Cr2O3 were adsorbed at pH 10 and using a 1410 µm particle size (mesh 14). Similarly to the results obtained using zeolite and tonsil stone, a slightly decrease is presented towards the end of pH 11. This decrease might be related to the amphoteric behavior of chromium, which starts to re-dissolve at pH ∼12. This increases the chromium in the aqueous phase and reduces the adsorption into the material. Due to the higher adsorption capacity of quarry stone, a second experimental design was proposed using 12, 13 and 14 mesh sieve and pH solutions in a range between 9.2-10.8. The results from the change in set pH and mesh sieve are presented in Fig. 5. Maximum recovery was attained when using a mesh sieve of 14 and pH solution of 10.4. This resulted in 93.7 % chromium adsorption. Higher mesh sieve caused obstruction in the column and was considered as the limited particle size for practical separation (1410 µm). The results were analyzed using Statgraphics Centurion XVI version 16.1.11. A model that described the interaction between mesh sieve (A) and pH (B) the variables was obtained and is expressed as:
 	(1)
The analysis of variance (ANOVA) for this second experimental design is presented in Table 2. The ANOVA table partitions the variability in chromium adsorbed into separate pieces for each of the effects. It tests the statistical significance of each effect by comparing the mean square against an estimate of the experimental error.  In this case, 3 effects have P-values less than 0.05, indicating that they are significantly different from zero at the 95.0% confidence level. A correlation coefficient (R2) of 0.8836 was obtained for the model, which is an indication of a desirable quadratic model fit.
Table 3 presents the results of the characterization of the water treated with the optimized conditions. Content of chromium and fatty and oil content decreased to 476.658 and 62.01 mg L-1 respectively. Moreover, a conductivity value of 12.31 µS/cm was obtained, which is nearly equivalent to 7 % NaCl concentration. This value was confirmed by the density of the solution (7 °Be). It is worth mentioning that this allows the solution to be reused in the pickling process, where salt is incorporated to avoid acidic hide swelling [8]. Addition of 10 % H2SO4 to lower the pH solution to 2.5 is required to transform the chromium oxide into chromium sulphate salt.

Preparation of tanning solution and tanning test
The chromium liquor that was separated from the activated quarry stone using 10 % H2SO4 was centrifuged at 100 rpm for 5 minutes due to the presence of insoluble solids and had a concentration of 15.8 % Cr2O3. After water evaporation, the concentration of chromium in the liquor was 18.3 % with a basicity of 37.7 %. This solution was used for tanning purposes and the results were compared with commercial tanning liquor and are presented in table 4. The measured parameters were similar which demonstrates the suitability for industrial application.
Conclusions
This study describes the recovery of chromium from waste water using three different low cost adsorbent materials (zeolite, tonsil and quarry stones). Quarry stone is a low cost adsorbent material since it was obtained from building waste. Activation process is necessary for impurities elimination and neutralization. Response surface methodology was employed for the analysis of chromium adsorption into the material and separation from waste water. Maximum conditions for chromium adsorption (93.7 %) were achieved using mesh sieve of 14 and pH solution of 10.4. 
The addition of H2SO4 to the column enables the separation of chromium and formation of basic chromium sulfate solution, the salt of chromium used in tanning process. The liquor prepared was successfully tested for tanning purposes. The control of pH to 2.5 is a key element for efficient tanning test. The water obtained from the process had the concentration of salt necessary to be used in pickling. Therefore, it can be reused in this stage.
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Table 1. Characterization of waste water recollected
	Parameter
	Value

	pH 
	3.9

	Cr2O3 (mg L-1)
	7566

	Conductivity (µS/cm)
COD (mg O2 L-1)
Fatty and oil (mg L-1)
	12.5    
3032
2979.2     














Table 2. Analysis of variance for the percentage of chromium oxide
	Source
	Sum of Squares
	Df
	Mean Square
	F-Ratio
	P-Value

	A:mesh sieve
	14.7072
	1
	14.7072
	30.18
	0.0000

	B:pH
	26.2052
	1
	26.2052
	53.78
	0.0000

	AA
	0.5808
	1
	0.5808
	1.19
	0.2893

	AB
	0.07203
	1
	0.07203
	0.15
	0.7051

	BB
	25.0434
	1
	25.0434
	51.40
	0.0000

	Total error
	8.77026
	18
	0.487237
	
	

	Total (corr.)
	75.379
	23
	
	
	


       R2=0.8836, R2adj=0.8513, Standard Error= 0.6980









Table 3. Analysis of treated water
	Parameter
	Value

	pH 
	9.8

	Cr2O3 (mg L-1)
	476.658

	Conductivity (µS/cm)
COD (mg O2 L-1)
Fatty and oil (mg L-1)
	12.31    
1895
62.01     














Table 4. Quality test for the tanned leather using the chromium salt recovered
	Parameter
	
	
	Control
	Sample

	Tensile strenght (N/mm2)
	21
	20

	Elongation at break (%)
	42
	40

	Split tear force (N/mm)
	45
	45

	Water adsorption (%)
	20
	18

	Cr2O3 content (%)
	3.15
	2.9

	Fatty substances (%)
	8
	6
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Figure 1. Global balance of chromium oxide in the tannery process
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Figure 2. Response surface model for the adsorption of chromium in tonsil. (mesh sieve: 8-14, pH solution: 8-11) 
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Figure 3 Response surface model for the adsorption of chromium in zeolite (mesh sieve: 8-14, pH solution: 8-11) 




[image: ]
Figure 4. Response surface model for the adsorption of chromium in quarry stone. (mesh sieve: 8-14, pH solution: 8-11)
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Figure 5. Response surface methodology of the second experimental design. Adsorption of chromium in activated quarry stone (mesh sieve: 12-14, pH solution: 9.2-10.8)
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