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1. Introduction

One of industries having potential to pollute is leather tanning industry. Leather industrial wastewater changes
continuously and is different from time to time according to type and amount of raw leather processed, type of
finished leather, type and amount of chemical material added and technological level applied. Pollution occurs due
to chemical material used in the process that is not absorbed perfectly by processed leather, so wastewater in wet
process still contain remnant chemical material in great amount. One of damaging metal is chrome. Chrome in
waters environment with certain concentration can cause problem. Cr (V1) in water has high solubility and is toxic,
corrosive and carcinogenic that may cause lung cancer when accumulated in human body (Palar, 2008). One of
efforts to deal with pollution by leather tanning industry is removal of chrome and organic material from leather
tanning industrial wastewater with cheap and natural way by absorption method using natural adsorbent using
chitosan and coconut shell active charcoal. According to Griffon er al (2006) chitosan is non-toxic cationic polymer,
which is biodegradable and biocompatible. Chitosan is effective pollutant bio-absorbent due to high deacetilization
rate and have free amino group, so it is polycationic having capability to bind metal, protein and dye. However,
chitosan has also weakness. Use of chitosan as bio-absorbent is soluble in low pH so it cannot absorb Cr (I1I) at low
pH (Onar and Sarisik, 2002). It is due to active site (amine group) of chitosan undergo protonization and its
adsorption capability is influenced by anion in waters. In contrary, coconut shell active charcoal or active carbon has
wide surface (300-2000 mlfg) (Suhartana., 2006) and has high absorption rate due to having active site that can
absorb organic and inorganic material. According to Rodrigues and Reinoso (1998) active carbon is species with
amphoteric characteristic that can have negative or positive content and depend on solution pH to absorb organic
and inorganic material. Anionic adsorption will occur in low pH and cationic species will prefer high pH. Due to its
usage to absorb heavy metal, it is used as substrate to attach chitosan to absorb heavy metal and organic material
from industrial wastewater more effectively.

2. Experimental
2.1 Materials

Chitosan was purchased from Sigma Aldrich Co (USA), Coconut Shell Active Charcoal from Lab Chem-mix
Pratama (Indonesia)

2.2, Sample acquisition of leather tanning industrial wastewater

Sample of leather tanning industrial wastewater was taken on discharge flow that is not using wastewater
treatment plant and one using wastewater treatment plant. Analysis in laboratory include temperature, pH, BOD,
COD, Cr(total), TSS and their comparison to wastewater quality standard according to DIY Governoor Regulation
number 7/2010. Wastewater from leather tanning without treatment plant is given with chitosan coating active
charcoal to study efficiency in decreasing leather tanning wastewater concentration.

2.3. Making chitosan coated coconut shell active charcoal

Making chitosan coating active charcoal is similar to that done by Nomanbhay and Palanisamy (2005). Fifteen
gram active charcoal was entered into 15 ml gel chitosan 1% (1g chitosan in 100 ml oxalate acid 10%) and the mix
was shaken with shaker for 24 hours. Ratio of 15 ml gel chitosan 1% and 15 g active charcoal is considered 1:1 that
coded with K1A1l. The mixture was filtered, washed with distilled water and dried. coating process was repeated
three times to obtain thick chitosan on active charcoal. Chitosan-layered active charcoal was separated from solution
and soaked in 0.5% NaOH for 3 hours for neutralization and filtered and washed with distilled water to obtain
neutral substrate. The active charcoal is dried at 60°C and resulted in constant weight. Similar procedure was done
for 15 ml gel chitosan 2%:15 g active charcoal with 2:1 ratio (K2A1) and 15 ml gel chitosan 3%: 15 ml active
charcoal with 3:1 ratio (K3A1).
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2.4. Test of pH effect and chitosan conceniration coated coconut shell active charcoal on Cr(total) absorption,
BOD, and COD

The 25 ml sample of leather tanning industry was taken, pipetted and entered into 500 ml Erlenmeyer. Solution
pH in each Erlenmeyer was amranged by adding HCl 0.1M and NaOH 0.1 M. pH variation used is 1, 2, 3, 4,5,6 and
7. In each solution, 5 g adsorbent is entered. It is shaken with shaker for 24 hour. Resulted solution is filtered and its
filtrate is analyzed with atom absorption Spectrophotometer to identify Cr (total) and to analyze BOD, COD
remaining in the solution after interaction with adsorbent.

The removal efficiency (E) of adsorbent on Cr (total), BOD, COD was defined as
E (%) = [(Co - Cy) / C,] x100
where C, and C, are the initial and equilibrium concentration of Cr (total), BOD, COD solution (mg/l), respectively.
3. Results and discussion
3.1. Analysis of leather tanning industry wastewater

Results of analysis of leather tanning industry wastewater with and without wastewater treatment plant for

various physical and chemical parameter and comparison with wastewater quality standard in DIY Governor

Regulation number 7 of 2010 is presented in Table 1.

Table 1 Results of analysis of leather tannin liquid waste without and with reatment plant

Parameters Unit Test result Test result with Liquid waste quality standard of DIY
without IPAL IPAL Province No 7/2010
pH - 3 7.28 6.0-9.0
Suhu °C 255 30.6 + 3eC
DHL umhos 920.00 550 -
BOD mg/| 1200.1 128 40
cob mg/| 3400 1146.08 90
TSS mg/| 640 105 40
Cr (total) mg/| 644.850 0.5 0.4

Based on Table 1 above, following discussion is about physical and chemical parameters:

3.1.1. Temperature

Wastewater temperature measurement is very necessary to observe biological activity, chemical, solvability,
oxygen saturation and decomposition. Biological activity and chemical reaction will increase twice each 10°C
temperature increase. Oxidation level of organic material is far higher in relatively high temperature than in low
temperature. The increase in temperature is accompanied with decrease in dissolved oxygen, so cannot met oxygen
requirement for water organism to do metabolism and respiration process (Effendi, 2003). Analysis of wastewater
from leather tanning industry without wastewater treatment plant, indicated wastewater temperature of 25.5°C and
that with treatment plant is 30.6"C, considered normal for aquatic life with the wastewater with treatment plant is
discharged to water body or river. According to wastewater quality standard in DIY Governor Regulation Number
7/2010, the wastewater temperature still according quality standard.
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3.1.2. Acidity level (pH)

pH is an important physical parameter in controlling wastewater. Due to many chemical and biological reactions
involving microorganism occur in certain pH. Analysis of wastewater from leather tanning industry without
wastewater treatment plant, indicated wastewater pH 3 and that with treatment plant is 7.28. When pH of river
changes extremely with pH less than 5 as indicated in wastewater without treatment plant directly discharged into
water body, there will be change in river water such as disturbed fish life and other water animal, solved damaged
mineral or metal, corrosion of iron pipes in water (Fardiaz, 1992). According to Palar (1994) chemical process
occurring in water body can cause reduction of Cr (V1) to be Cr (I1I) when water body in acid condition and for
alkali water, Cr (I1I) ions will be precipitated in water base. According to wastewater quality standard in DIY
Governor Regulation Number 7/2010, liquid waste without wastewater treatment plant cannot be discharged directly
to water body.

3.1.3. BOD (Biological Oxygen Demand)

BOD does not indicate actual organic material in water used commonly as river pollution indicator that indirectly
describes organic material in water (Davis and Masten, 2004). BOD reveal amount of organic content in wastewater.
Greater organic material oxidized in wastewater indicates higher BOD. Result of BOD analysis in wastewater
without treatment plant and with treatment plant indicate BOD without wastewater treatment plant was 1200.1 mg/l
and BOD with wastewater treatment plant was 128 mg/l. related to the wastewater quality standard in DIY Governor
Regulation number 7/2010, both values do not meet quality standard, which means the liquid waste with and
without wastewater treatment plant do not suit being discharged directly to river, because it will cause pollution in
water body.

3.1.4. COD (Chemical Oxygen Demand)

Chemical Oxygen Demand (COD) is amount of oxygen required for discharged organic in water can be oxidized
through chemical reaction. COD test only required three hour, while BOD take 5 days. Result of COD analysis in
wastewater without treatment plant 3400 mg/l and with wastewater treatment plant are 1146.08 mg/l. compared with
wastewater quality standard in DIY Governor Regulation Number 7/2010, the COD value for liquid waste with and
without wastewater treatment plant have exceeded threshold and not meet the standard. So it is not appropriate to be
discharged directly to water body because it will add pollution in water body.

3.1.5. Cr (total)

Chromium (Cr) is heavy metal that is widely used in leather tannin industry. Chrome in wet process still
contains remaining chrome in great amount. Result of Cr (total) in liquid waste without and with wastewater
treatment plant are 644.8500 mg/l and 0.5 mg/l. the liquid waste with and without treatment plant did not suit
wastewater quality standard in DIY Governor Regulation Number 7/2010, so it is not appropriate to discharge
directly to water body. The liquid waste should be processed again to reduce Cr (total).

32. Test of pH effect and concentration of chitosan coated coconut shell active charcoal on adsorbed Cr (total)

pH variation in Cr (total) adsorption in the solution is factor influencing Cr (total) adsorption by chitosan coated
active charcoal. It accords to One-way statistical test. Variable of Cr (total) is significant at 5% (p<0.05), so pH
variation affect decrease in Cr (total) of liquid waste from leather tannin industry. Different Cr (total) reduction may
be seen in figure 1. Cr (total) adsorption increase in pH 4 through pH 5. 1t is due to at pH 4 and pH 5, amount of H™
ion in the solution decreased so Cr (total) adsorption is easier and there is increase in adsorbed Cr (total). AtpH 4,
there is increase in Cr (total) adsorption by chitosan coated active charcoal (98.78%, 99.06% and 99.19%) for
adsorbent A, adsorbent B, and Adsorbent C, respectively). According to Nomanbhay and Palanisamy research
(2003), optimal pH is 4 for Cr (V1) adsorption. At adsorbent A, Cr (total) adsorption is less than adsorbent B and C.
it is due to at adsorbent B and adsorbent C, chitosan coated active charcoal is greater so they can adsorb more Cr
(total) and due to role of coconut shell active charcoal adsorption any material interacting with active charcoal
causing heavy metal Cr (total)) pulled by active charcoal and attach on active charcoal surface in combination of
complex physical power and chemical reaction. So active group that can bind Cr (total) do not only come from
active sites in chitosan but also from coconut shell active charcoal. Result of influence of pH and chitosan
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3.3, Test of pH effect and concentration of chitosan coated coconut shell active charcoal on adsorbed BOD

pH variety in BOD adsorption in solution is factor influencing BOD adsorption by chitosan coated coconut shell
active charcoal. It accords one-way Anova statistical test. BOD variable is significant at 5% (p<0.05) so pH variety
affect BOD reduction in liquid waste from leather tannin industry. Result of absorbed BOD analysis is presented in
figure 1b. The figure shows that BOD reduction efficiency occur at pH 5 and 6, and at pH 6 its optimal, when
absorbed BOD at adsorbent A, B and C are 99.93%, 99.94%, and 99.95%, respectively. According to Marganof
(2003) chitosan can be made as coagulant in processing organic and inorganic liquid waste. It is due to coconut shell
active charcoal as substrate for attachment of chitosan having high absorption rate and have wide surface (Hadi,
2011). Therefore, BOD adsorption by chitosan coated coconut shell active charcoal is more effective as adsorbent,
due to combination of chitosan and coconut shell active charcoal.

3.4. Test of pH effect and concentration of chitosan coated coconut shell active charcoal on adsorbed COD

pH variety in COD adsorption in solution is factor influencing COD adsorption by chitosan coated coconut shell
active charcoal. It accords to one-way Anova statistical test. COD variable is significant at 5% (p<0.05) so pH
variety affect COD reduction in liquid waste from leather tannin industry. Analytical result in figure 3,the figure
shows that at pH 1 there is increase in COD reduction efficiency, where COD absorbed is greater than other pH. It is
due to chemical material resistant to biochemical oxidation but not resistant to chemical oxidation. As presented by
Fardiaz (1992), COD test in essence resulting in higher oxygen demand than BOD test, due to stable material over
biochemical reaction that is oxidized in COD test. At ph 6 and pH 7, there occur increase in reduction efficiency. It
is due to at low pH chitosan is not optimal in adsorption organic material due to amine group is protonated to be
NH," so less effective in adsorption organic material in leather tanning liquid waste. Result of COD adsorption
analysis on different adsorbent concentration indicated that the different concentration affect efficiency of COD
adsorption reduction in adsorbent A, B and C. it may due to adsorbent C contains more chitosan concentration than
adsorbent A and adsorbent B that affect COD adsorption, It causes chitosan having amino group and polycationic
characteristic can bind remaining protein from leather tannin. According to Marganof (2003), chitosan can be
coagulant in handling organic and inorganic liquid waste that influence COD adsorption.
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4. Conclusions

1. Characteristic of liquid waste quality with and without wastewater treatment plant exceed liquid waste
quality standard for leather tannin based on DIY governor regulation number 7/2010, so leather tannin
industry should improve their wastewater treatment plant to comply with quality standard determined by
local govemment.

2. Chitosan coated coconut shell active charcoal is more effective in absorbing heavy metal Cr (total) at pH 4,
is more effective in adsorption of BOD at pH 6 and is more effecting adsomption of COD at pH 1.

3. Concentration of chitosan coated coconut shell active charcoal at adsorbent C (K3A1) is more effective
adsorption of Cr (total), BOD and COD than adsorbent A (K1A1) and adsorbent B (K2Al).
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