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			Abstract

			The pulp and paper industry are considered as one of the major potential sources of pollution in the environment. Environmental effects have been attributed to chemicals introduced during the manufacturing process. Here, effluents from two chemical pulping processes were analyzed for Chemical Oxygen Demand (COD) and Biochemical Oxygen Demand (BOD). A dewatered kenaf stem was cooked in the 20%, 60% & 90% concentrations of formic acid and sodium hydroxide at time intervals of 1hr, 2hrs and 3hrs to compare the COD and BOD of their effluents for environmental friendliness. Analysis of the parameters of the three concentrations at the three time interval and physical examination of the pulp showed that 60% concentration of the acids at 2hrs pulping is better. COD of the effluent from formic acid was 1960mg/L while that of sodium hydroxide gave 7000mg/L. Also, the BOD of formic acid effluent was 31.25mg/L while sodium hydroxide effluent gave 37.5mg/L. It can be concluded here that effluent from pulping kenaf stem with formic acid at 60% concentration for two hours is less polluting than using sodium hydroxide of the same concentration with respect to COD and BOD.
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			Introduction

			Reports from literature have shown that industrialization improves the economic value of a nation but simultaneously leads to degradation of the environment [1]. Paper is an essential commodity of today’s society. The pulp and paper industry has been growing with demand of paper. These industries also affect the world economy, because their products are consumed worldwide [2] pointed out that pulp and paper industry has been a major consumer of natural resources (wood, water) and energy (fossil fuels, electricity) and a significant contributor of pollutants discharge to the environment. Pulp and paper industry is considered as one of the most polluting industry contributing 100 million kg of toxic pollutants that are being released every year in the environment according to [3]. Effluent quality is commonly judged on the basis of such aggregate characteristics as biochemical oxygen demand (BOD), chemical oxygen demand (COD), total suspended solids (TSS), total solids (TS), turbidity, pH, color etc. Biological oxygen demand is the amount of oxygen required for microbial degradation of organic matter while chemical oxygen demand is the amount of oxygen 

required to breakdown both organic and inorganic matter. Both are parameters which indicate the pollution load of effluent.

			It has previously been observed that pulp and paper industry typically generates large quantities of wastewater and this effluent cause considerable damage to the receiving water body if discharged untreated as they have high BOD, COD and suspended solids [4,5] reported that polluted river due to pulp and paper effluent discharge has adversely affected the aquatic fauna as well as communities in the surrounding areas who economically depend on this river for fishing and agriculture purposes. In addition to the pollution by pulping processes, the continuous use of wood which is raw material for paper making is having a devastating impact both economically and environmentally. In addition to being faced with national paper shortages, Nigerian paper and pulp manufacturing sub-sector of the economy is nonexistent. The few existing ones have not considered environmental issues in their production processes.

			Previous research has established that pulping is the process generally started by debarking, which removes soil, dirt, and barks from the wood raw materials and converts the plant fiber into smaller pieces (chips). The main aim of any pulping procedure consists of a selective extraction of lignin from lignocellulosic like wood and nonwood materials without degradation of cellulose. Chemical pulping achieves fiber separation by dissolving the lignin that cements the fibers together. Among various processes, chemical pulping generates high amount of wastewater. Results from earlier studies shows that waste water generally contains high concentration of color, Biological oxygen demand (BOD) and Chemical oxygen demand (COD) due to the presence of lignin and its derivatives from the raw cellulosic materials, chlorinated compounds, suspended solids, fatty acids, tannins, resin acids, sulfur and its compounds etc., [6,7] reported that organic and inorganic constituents of effluent are responsible for the characteristic dark brown color and toxicity of effluent.

			Soda pulp is the original chemical pulp and is produced by cooking chips of (usually) deciduous woods in a solution of caustic soda under pressure. The principle drawback of any conventional pulping process of lignocellulosics is that it is not possible to separate lignin and hemicelluloses without alteration of their chemical structure. During the last few years many attempts have been made to develop organogold processes based on the application of alcohol as reported by [8,9] and organic acid which was reported by Young and [10].

			[11] reported that Chemoil’s process is based on acidic delignification to remove lignin, a desired part of the hemicellulose and nutrients, while silicon remains in the pulp. In the process pulping is carried out with formic acid at slightly elevated temperatures with a conventional liquor-to-straw. Resulting wood pieces are cooked at high or low temperature and pressure. Also, chemical techniques can be used to separate lignin and hemicelluloses from cellulose used for making paper. This process is usually carried out by means of wet processes, which is responsible for removing large amounts of organic compounds from the processing wood [12] This study set out with the aim of comparing the COD and BOD of the effluent obtained from pulping kenaf stem with formic acid and sodium hydroxide. The major area of interest was to determine their environmental friendliness.

			Materials and Method

			Kenaf stem was chopped into 1 to 4cm long, washed with warm water to remove dirt and dust. The washed kenaf was dewatered to a solid content of 40% to 45%. 5 grams of kenaf stem was taken in 400ml of cooking liquor in 1000ml flask at atmospheric pressure and pulped at 20%, 60% and 90% concentrations of formic acid and sodium hydroxide, cooking time was varied from 1hr, 2hrs & 3hrs at 95oC. At the end of each period, the sample was filtered with a fine mesh sieve to get the effluent used in the analyses. The effluent was analyzed using the Standard Method for Examination of Water and Wastewater [13]. 

			The parameters determined were COD and BOD.

			Calculation done to determine the BOD5;
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			DO1 = initial dissolved 

			DO5 = final dissolved oxygen (dissolved oxygen after five days)

			P = fraction of sample (volume of sample/volume of sample bottle)

			Calculation done to determine the COD;
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			Where Vt is the volume of titrant, N is normality of the standard Ferrous Ammonium Sulphate and Vs is volume of sample used. Chemical Oxygen Demand (COD) represents the amount of oxygen required to oxidize all of the organic matters both degradable and non-degradable present in the sample. Figure 1-4 showed the values of COD and BOD of the effluents when the stem was pulped with 20%, 60% and 90% concentrations of formic acid and sodium hydroxide at 3 hours interval. With sodium hydroxide (NaOH), the COD values in the reaction was at lowest (3050mg/L) after 1 hour but increased with increase in time with a value of 7300mg/L at 3 hours. This showed that degradation increased with time. But, Karimi et al. [14] reported a COD of 1178 mg/L from soda pulping effluents. Formic acid had its lowest COD value (1252mg/L) at 2 hours which did not differ significantly with values at 1 (1332mg/L) and 3 (2000mg/L) hours. BOD (Biochemical Oxygen Demand) represents the amount of oxygen used by microorganism to decompose organic material. The BOD value of NaOH pulping is also lowest after 1hr with 13.75mg/L and this also increased gradually with time to 17.5. This also showed increased degradation with time and the value reported by [14] was 690mg/L for BOD. With formic acid, the effluent has BOD value of 10.63 which increased with increase in time to 30mg/L.

			The 60% concentration of FA gave effluent with higher COD of 2800mg/L at 3hrs as compared to 20% which has 2000mg/L at 3hrs. The COD of effluent from 60% concentration of NaOH was high after 1hr (6250mg/L) but rose sharply after 2hrs to 14350mg/L at 3hrs. This showed that both concentration and time has impact on the degradation of the lignin. BOD values of FA effluent at 60% concentration increased minimally with increase in time of heating with maximum value of 34.38mg/L after 3hrs. While the increase in BOD value of effluent from NaOH was very minimal between 1 and 2hrs Figure 5. 
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			At 90% concentration, COD from FA pulping increase with time, having highest and lowest as 3488mg/L (1hr) and 3648mg/L (3hrs). The value from NaOH pulping also has highest and lowest as 5650mg/L (1hr) and 18750mg/L (3hrs). The BOD value of both FA and NaOH followed the same pattern of increasing with time. [15] reported the value of 5.8mg/L for COD during the pulping of kenaf with soda. The highest COD value (18750mg/L) obtained in this research was far below 174680mg/L which was the COD value showed by [16] during soda pulping. The rise in COD value after 2 hours might be due to the presence of more oxidisable organic compounds in the effluent as identified by [17]. With formic acid, the COD values of the effluent increased with increase in concentration of the acid from 20% to 90%. This agrees with results obtained by [18] which reported that COD values increase with increase in formic acid concentration [18-20] have worked on formic acid pulping of agricultural residues but their focus were on the properties of pulp and not on the waste produced during the process Table 1-4.

			Table 1: Mean and SE of COD (mg/l) over the concentrations, time and chemicals for pulping.

			
				
					
					
					
					
				
				
					
							
							Concentration

						
							
							Time

						
							
							Chemical

						
							
							Mean + SE

						
					

					
							
							20%a

						
							
							1 Hour

						
							
							NaOH

						
							
							3050 + 2561.78a

						
					

					
							
							Formic Acid

						
							
							1332 + 2561.78b

						
					

					
							
							2 Hours

						
							
							NaOH

						
							
							7300 + 2561.78a

						
					

					
							
							Formic Acid

						
							
							1252 + 2561.78b

						
					

					
							
							3 Hours

						
							
							NaOH

						
							
							5900 + 2561.78a

						
					

					
							
							Formic Acid

						
							
							2000 + 2561.78b

						
					

					
							
							60%a

						
							
							1 Hour

						
							
							NaOH

						
							
							6250 + 2561.78a

						
					

					
							
							Formic Acid

						
							
							1684 + 2561.78b

						
					

					
							
							2 Hours

						
							
							NaOH

						
							
							8000 + 2561.78a

						
					

					
							
							Formic Acid

						
							
							324 + 2561.78b

						
					

					
							
							3 Hours

						
							
							NaOH

						
							
							18750 + 2561.78a

						
					

					
							
							Formic Acid

						
							
							748 + 2561.78b

						
					

					
							
							90%a

						
							
							1 Hour

						
							
							NaOH

						
							
							5650 + 2561.78a

						
					

					
							
							Formic Acid

						
							
							400 + 2561.78b

						
					

					
							
							2 Hours

						
							
							NaOH

						
							
							7000 + 2561.78a

						
					

					
							
							Formic Acid

						
							
							710 + 2561.78b

						
					

					
							
							3 Hours

						
							
							NaOH

						
							
							14350 + 2561.78a

						
					

					
							
							Formic Acid

						
							
							922 + 2561.78b

						
					

				
			

			Table 2: The ANOVA table reveal that of the 3 factors, only Chemicals and time were significant (p < 0.05) while concentration is not (p > 0.05). Also, the interaction between chemical and time was also significant (p < 0.05). 

			
				
					
					
					
					
					
					
				
				
					
							
							Source

						
							
							Sum of Squares

						
							
							Df

						
							
							Mean Square

						
							
							F

						
							
							Sig.

						
					

					
							
							Chemical

						
							
							4.97E+08

						
							
							1

						
							
							4.97E+08

						
							
							37.863

						
							
							0

						
					

					
							
							Time

						
							
							1.06E+08

						
							
							2

						
							
							53133548

						
							
							4.048

						
							
							0.035

						
					

					
							
							Conc.

						
							
							37231718

						
							
							2

						
							
							18615859

						
							
							1.418

						
							
							0.268

						
					

					
							
							Chemical * Time

						
							
							96971097

						
							
							2

						
							
							48485548

						
							
							3.694

						
							
							0.045

						
					

					
							
							Chemical * Conc.

						
							
							61102385

						
							
							2

						
							
							30551192

						
							
							2.328

						
							
							0.126

						
					

					
							
							Time * Conc.

						
							
							38370079

						
							
							4

						
							
							9592520

						
							
							0.731

						
							
							0.583

						
					

					
							
							Chemical* Time* Conc

						
							
							50982479

						
							
							4

						
							
							12745620

						
							
							0.971

						
							
							0.448

						
					

					
							
							Error

						
							
							2.36E+08

						
							
							18

						
							
							13125397

						
							
					

					
							
							Corrected Total

						
							
							1.12E+09

						
							
							35

						
							
					

				
			

			Note: R Squared = .790 (Adjusted R Squared = .591).

			Table 3: Mean and SE of BOD (mg/l) over the concentrations, time and chemicals for pulping.

			
				
					
					
					
					
				
				
					
							
							Concentration

						
							
							Time

						
							
							Chemical

						
							
							Mean + SE

						
					

					
							
							20%a

						
							
							1 Hour

						
							
							NaOH

						
							
							80.63 + 9.48a

						
					

					
							
							Formic Acid

						
							
							34.38 + 9.48a

						
					

					
							
							2 Hours

						
							
							NaOH

						
							
							51.88 + 9.48a

						
					

					
							
							Formic Acid

						
							
							21.88 + 9.48a

						
					

					
							
							3 Hours

						
							
							NAOH

						
							
							45.63 + 9.48a

						
					

					
							
							Formic Acid

						
							
							30 + 9.48a

						
					

					
							
							60%b

						
							
							1 Hour

						
							
							NaOH

						
							
							37.5 + 9.48a

						
					

					
							
							Formic Acid

						
							
							31.25 + 9.48a

						
					

					
							
							2 Hours

						
							
							NaOH

						
							
							17.5 + 9.48a

						
					

					
							
							Formic Acid

						
							
							10.63 + 9.48a

						
					

					
							
							3 Hours

						
							
							NaOH

						
							
							32.5 + 9.48a

						
					

					
							
							Formic Acid

						
							
							26.88 + 9.48a

						
					

					
							
							90%ab

						
							
							1 Hour

						
							
							NaOH

						
							
							80.63 + 9.48a

						
					

					
							
							Formic Acid

						
							
							34.38 + 9.48a

						
					

					
							
							2 Hours

						
							
							NaOH

						
							
							51.88 + 9.48a

						
					

					
							
							Formic Acid

						
							
							21.88 + 9.48a

						
					

					
							
							3 Hours

						
							
							NaOH

						
							
							45.63 + 9.48a

						
					

					
							
							Formic Acid

						
							
							30 + 9.48a

						
					

				
			

			Table 4: ANOVA Table above shows that while only time, concentrations and chemical interactions are significant (p < 0.05), the rest are not significant (p > 0.05).

			
				
					
					
					
					
					
					
				
				
					
							
							Source

						
							
							Sum of Squares

						
							
							df

						
							
							Mean Square

						
							
							F

						
							
							Sig.

						
					

					
							
							Chemical

						
							
							189.063

						
							
							1

						
							
							189.063

						
							
							1.052

						
							
							0.319

						
					

					
							
							Time

						
							
							1414.931

						
							
							2

						
							
							707.465

						
							
							3.935

						
							
							0.038

						
					

					
							
							Conc

						
							
							1966.753

						
							
							2

						
							
							983.377

						
							
							5.47

						
							
							0.014

						
					

					
							
							Chemical*Time

						
							
							32.292

						
							
							2

						
							
							16.146

						
							
							0.09

						
							
							0.915

						
					

					
							
							Chemical*Conc

						
							
							4346.094

						
							
							2

						
							
							2173.047

						
							
							12.088

						
							
							0

						
					

					
							
							Time*Conc

						
							
							1308.767

						
							
							4

						
							
							327.192

						
							
							1.82

						
							
							0.169

						
					

					
							
							Chemical*Time*Conc

						
							
							1179.427

						
							
							4

						
							
							294.857

						
							
							1.64

						
							
							0.208

						
					

					
							
							Error

						
							
							3235.938

						
							
							18

						
							
							179.774

						
							
					

					
							
							Corrected Total

						
							
							13673.26

						
							
							35

						
							
					

				
			

			Note: b. R Squared = .763 (Adjusted R Squared = .540).

			Conclusion

			From the physical observation of the pulp samples, 1 hour at 20% concentration of acids was under pulped, 2 hours at 60% concentration was well pulped while the one for 3hours with 90% concentration, was over pulped. Also, analysis showed that 2 hours pulping with 60% concentration of the chemicals has lower COD and BOD. From the results, it showed that effluent from the FA pulped kenaf stem has less pollution load using COD and BOD as a yard stick. If kenaf waste can be turned into useful resource using process that is less harmful to the environment, farmers can reap a second harvest. However, further study with more focus on other effluent parameters is therefore suggested.
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Figure 2: Variation of COD with cooking time and formic acid concentration.
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Figure 3: Variation of BOD with cooking time and sodium hydroxide.
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Figure 5: The parameters determined were COD and BOD.
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Figure 4: Variation of BOD with cooking time concentration and formic acid concentration






OEBPS/image/313235.png
M BOD, mg/l





OEBPS/image/313300.png
20000

16000
14000 /l
12000
a —-+=20%
8 10000 }/
2000 --60%
6000 —90%

4000
2000

1HR 2HRS 3HRS

Figure 1: Variation of COD with cooking time and sodium hydroxide concentration.






