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ABSTRACT 
 

This study investigates the separation of zinc and heavy chromium metals in 
biosolid waste by an extraction process using H2SO4 solvent. The extraction 
of the heavy chromium process was performed in biosolid waste of 100 mesh 
with various times and pH. The solid extracts were analyzed using the Atomic 
absorption spectrometry (AAS) analysis method. The most effective condi-
tion to decrease Zn and Cr levels were obtained at the extraction process 120 
minutes, and the solvent concentration was 1.5 M with the efficiency of 98.80 
% and 97.89 %, respectively. 
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Introduction 

Biosolid waste is a nutrient-rich organic solid waste that comes from the by-products of 
aerobic and anaerobic biological treatment of industrial and household wastewater. Industrial 
wastewater treatment involves biological processes or uses microorganisms. The wastewater can 
come from industry, household kitchens, laundry, and bathrooms. Biosolid solid waste of Waste 
Water Treatment Industry (Industri Pengolahan Air Limbah, IPAL) has contents of nutrients or 
complete nutrients, both macro and micronutrients (Said, 2010). Biosolid waste also contains 
many microorganisms because the wastewater treatment process uses biological processes. 
Besides that, biosolid waste also contains heavy metals depending on the wastewater treated.   

Each industry can produce biosolid waste in relatively large quantities up to 30 tons/month. 
This biosolid waste is a serious problem for the industry because the amount is very large, and 
there are also some heavy metals in the biosolid waste. Contents of heavy metals, among which 
metals including arsenic (Ar), cadmium (Cd), chromium (Cr), lead (Pb), zinc (Zn), thus cause 
treatment and utilization of biosolid waste are not maximized (Setiyono, 2017). Biosolid 
management is currently only accommodated on empty lands and has not been handled and 
managed, which can pollute the environment and harm human life.   

Based on contained biosolid waste quality, one alternative to reduce 
pollution/environmental damage is expected in late lowered ions of heavy metals in the biosolid 
waste. The reduction of heavy metal ions in biosolid waste can be reduced by further processing 
and utilized into goods with a higher use-value. Reducing the levels of heavy metal ions in biosolid 
waste can be done by an extraction (leaching) process. In the research of (Hutagaol, 2015), the 
solid-liquid extraction of ZnO from the dust filter of the steel-making process using acid by adding 
50 grams of raw material to the solvent in the form of H2SO4 and HCL as much as 500 ml at 
different concentrations. In this study, the best conditions for separating ZnO using H2SO4 solvent 
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at a concentration of 0.75 M resulted in the extracted ZnO content of 97.73 %. (Latifa, 2016; 
Nugroho, 2013), conducted research on the influence of extraction duration and concentration of 
ethanol solvent on the physical-chemical properties extracts of stevia leaves with the MAE 
method. The method used was experimental descriptive by using 5 (five) times microwave 
extraction, namely 30, 60, 90, 120, and 150 seconds, and two variations of concentrations of 
ethanol solvent, which were 80 and 90 %. The results obtained from the extraction time at 60th 
to 90th minute experienced an increase in the extracted substance. At a concentration of 90%, the 
ability of the solvent to extract substances was better than the concentration of 80 %, in the 
research of (Pomantouw, 2011) with the title separation of heavy metals (Pb and Cd) in biosolids 
with an acid-base leaching process. In this study, the heavy metals in the biosolid waste were 
extracted by pulverizing the biosolid waste as much as 30 grams dissolved into a solution of 
H3PO4 and 500 ml of KOH. In this study, the best conditions for separating heavy metals Pb and 
Cd in biosolid waste were extracted using H3PO4 solvent at pH 6, stirring speed of 100 rpm, 
extraction time of 90 minutes. The percentage decrease in Pb was 97.43 %. Initial Pb was 362.33 
mg/L; after processing was 9.57 mg/L.  The percentage decrease in Cd was 97.20 %. Initial Cd 
was92.63 mg/L; after processing was 2.671 mg/L. 
 
Material and Methods 
Material 

The raw material used in this research was biosolid solid waste from PT. Sier, Rungkut – Su-
rabaya.  

 
Tools 

The raw material used in this research was biosolid solid waste from PT. Sier, Rungkut – Su-
rabaya.  

 
Research variables 

Fixed variables in this study consisted of particle size of 100 mesh, a temperature of 25 ° C, 
material weight and volume ratios of solvent 1:10, stirring speed of 100 rpm. While the independ-
ent variables of the study include concentrations of H2SO4: 0.5M; 0.75m; 1 
M; 1.25M; 1.5M. And stirring time: 40, 60, 80, 100, 120 minutes.  

 
Biosolid waste extraction procedures 

The biosolid waste was dried and then crushed and sieved with 100 mesh and weighted with 
a weight of 50 grams. A solution of H2SO4 pH 3 was inserted with a concentration variation of 0.5 
M; 0.75 M; 1 M; 1.25 M; 1.5 M. Put the biosolid waste into a glass beaker containing a solution of 
H2SO4, then stirred with a stirring speed of 100 rpm with time variations of 40; 60; 80; 100; 120 
minutes. The mixture that had been stirred was filtered so that the residue and the filtrate were 
separated. The resulting residue was washed using demineralized water, so that residue and fil-
trate were formed from the washing. The washed residue was analyzed for Zn and Cr content by 
Atomic absorption spectrometry (AAS) analysis. 
 
Results and Discussion 

Elemental analysis was carried out quantitatively using the Atomic absorption Spectropho-
tometry (AAS) analysis method and the result shown in figure 1 
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Figure 1. Relationship stirring time and levels of Zn metal 

Initial conditions of the metal content of Zn 10, 400 ppm. After the extraction process, the Zn 
metal content decreased to 124.37 ppm, with an efficiency of decreasing 98.80 %. Figure 1 shows 
that the significant decrease of Zn content occurred at a solvent concentration of 1.5 M and a stir-
ring time of 120 minutes. The data obtained show the longer the stirring time, the higher the metal 
content of Zn obtained. Due to the duration of the contact between the solvent with the extracted 
material, it increases the diffusion, and the mass transfer of Zn on the surface of the particles in 
the solution was also getting bigger.   

 

Figure 2. The relationship between the concentration of H2 SO4 and the metal content of Zn 

The data obtained showed that the greater the solvent H2SO4 concentration, the more zinc 
levels decreased. Figure 2 shows that the largest decrease in Zn content was at a time of 120 
minutes of stirring and the concentration of the H2SO4 1.5 M solvent was 124.37 ppm with a de-
creased efficiency of 98.80 %, so this indicated that the biosolid waste which was treated by ex-
traction was able to reduce the Zn content by 10,120.96 ppm.   Because of a high concentration of 
H2SO4, Zn would be easily soluble, and the extraction results would be more effective. 
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Figure 3. Relationship between stirring time and Cr metal content 

Figure 3, showed decreased levels of Cr most likely in a solvent concentration of 1.5 M was at 
a stirring time of 120 minutes. The initial condition of the Cr content of 990 ppm after processing 
the Cr metal content decreased to 20.91 ppm with a decreasing efficiency of 97.89%. The data 
showed that the stirring time greatly affects the decrease in Cr metal content, the longer the stir-
ring time, the greater the decrease in Cr metal concentration obtained. This was due to the dura-
tion of contact between the solvent with materials in the extract can increase the diffusion, mass 
transfer of Cr from the surface of the particles into solution was also more.  

 

Figure 4. Relationship of H2 SO4 Concentration and Cr metal content 

 
Based on Figure 4, it showed that the initial Cr content in the biosolid waste was 990 ppm after 

extraction with H2SO4 solvent, the largest decrease in Cr content was obtained at 120 minutes of stirring 

time and the concentration of H2SO4 solvent of 1.5 M was 20 .91 ppm with a decrease of 97.89% effi-

ciency. This showed that the biosolid waste which was treated with the extraction process using H2SO4 

was able to reduce the Cr content of 969.09 ppm. The data obtained showed that the greater the concen-

tration of the solvent H2SO4, the decrease of Cr also getting bigger, this was due to that the concentration 

of H2SO4 was high then the more samples were contacted with H2SO4 so that Cr would be easy soluble 

and the extraction yield was greater. 
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Conclusion 
The reduction in the levels of Zn and Cr can be done by an extraction process using H2SO4 and 

influenced by stirring time and solvent concentration. The higher the stirring time, the greater the 
decrease in Zn and Cr metal contents, and the higher the solvent concentration, the greater the 
decrease in Zn and Cr metal contents. The Zn metal decreased levels obtained at 120 minutes stir-
ring time and solvent concentrations of 1, 5 M, with the result of Zn metal content of 124.37 ppm 
with reduction efficiency of 98.80 %. The largest decrease in Cr metal concentration was obtained 
at a time of stirring for 120 minutes and solvent concentration of 1.5 M, with the final result of Cr 
metal content of 20.91 ppm with a reduction efficiency of 97.89 %. 
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