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ABSTRACT 

ASSESSING POTENTIAL USE OF GARBAGE ENZYME IN HEAVY 
MET AL REMOVAL OF WATER TREATMENT SLUDGE AND ITS 

CONTRIBUTION TO HUMAN HEAL TH 

MUHAMMAD ASHRIL BIN MOHD ROSOi 

Introduction: Heavy metals in Water Treatment Sludge (WTS) pose acute 
and chronic health risks to adult and children. Since there are limitations such 
as limited disposal facilities and expensive costs, most sludge is disposed at 
landfill and eventually degraded to form leachate that contaminate soil and 
water sources. A low cost and environmentally friendly technology like 
Garbage Enzyme (GE) is needed to tackle this issue. Objectives: To assess 
potential use of GE, derived from food wastes to remove heavy metals in 
water treatment sludge and its contribution to human health. Methodology: 
Six different types of food wastes (i.e. citrus peels, banana peels, carrot 
wastes, potato wastes, nut wastes and black bean wastes) were fermented for 
4 weeks to produce GEs and the physico-chemical characteristics of GE (i.e. 
pH and temperature) were assessed using CyberScan pH 300 Portable pH 
meter (Eutech Instruments). Citric acid concentration of GE was also 
determined using acid-base titration technique. The sludge samples were 
collected at Bukit Nanas Water Treatment Plant using APHA standard 
methods for examination of water and wastewater, 1999. During treatment of 
sludge using GEs, the pH and temperature of sludge samples were assessed. 
The heavy metal concentrations (Lead, Zinc and Copper) of sludge samples 
were analysed using Inductively Coupled Plasma Mass Spectrometry 
(ICPMS). The obtained concentrations of heavy metals were then compared 
by types of sludge samples and also used for health risk calculation via 
ingestion. Results: There were significant mean difference of pH and 
temperature among GEs. For sludge samples, there was a significant mean 
difference of pH levels among sludge samples but no significant difference of 
temperature. There was a fair negative association (r = -0.358) between 
temperature and pH of GE. There was a good negative association (r = -0. 73) 
between lead concentration in sludge samples and citric acid concentration of 
GE. All heavy metals in this study did not show any significant health risk 
(HQ < l ,  LCR within acceptable risk). Conclusion: Garbage Enzyme is 
potential be used to remove heavy metals in water treatment sludge. 

Keywords: Garbage Enzyme, Water Treatment Sludge, Heavy Metals, 
Health Risk 
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Table 4.9 Correlation between heavy metals and citric acid 

concentration of GE 

Table 4.10.1 Non-carcinogenic and carcinogenic health risk 

on ingestion of heavy metal for Adult 

Table 4.10.2 Non carcinogenic and carcinogenic health risk 

on ingestion of heavy metals for Child 

XIV 

71 

72 

73 
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2.2. Relationship between organic acids and heavy metals 

Garbage Enzyme contains various organic acids. Organic acids are alternative 

agents for the extraction of heavy metals from the soils. In contrast to strong acids, 

Organic acids cause less damage to the soil's crystalline structure over extended 

contact times and they are often suggested as alternatives to straight mineral acid use 

(Yu and Klarup, 1994; Wuana, Okieimen, & Imborvungu, 2010; Oustan, Neyshabouri, 

& Reyhanitabar, 2015). Natural organic acids include oxalic, citric, acetic, and lactic 

and malic acids which are natural products of root exudates, microbial secretions, and 

plant and animal residue decomposition in soils (Naidu and Harter, 1998; Wuana, 

Okieimen, & lmborvungu, 2010; Oustan, Neyshabouri, & Reyhanitabar, 2015). The 

chelating organic acids are able to dislodge the exchangeable, carbonate, and 

reducible fractions of heavy metals via washing procedures (Peters, 1999; Wuana, 

Okieitnen, & Imborvungu, 2010; Oustan, Neyshabouri, & Reyhanitabar, 2015). 

Citrate has been reported to be one of the organic acids in soil solution. Among the 

organic acids used to simulate metal mobilisation, citric acid presents a high metal 

complexation strength (Labanowski et al., 2008; Huang et al., 2008; Oustan et al., 

2015). Many researchers have studied various natural and synthetic chelating agents 

for their ability to remediate soils contaminated by heavy metals. Determining the 

effectiveness of a chelating agent for washing soils contaminated by heavy metals has 

commonly been accomplished in one-step batch extractions at the laboratory scale 

(Andrade et al., 2007;Oustan et al., 2015). A study by Heidari et al. (2015) reported 

that citric acid showed high efficiencies for removing Pb and Zn from a contaminated 

soil, while oxalic acid and acetic acid were mild extractants, but effective for 

removing Zn and Cd, respectively. 
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2.3 Heavy metals pollution in Malaysia 

Rapid industrialization and urbanization in Malaysia has increased alarmingly 

due to the amount of toxic heavy metals entering the environment Solid and/or liquid 

waste containing toxic heavy metals are generated in various industrial processes such 

as chemical manufacturing, coal and ore mining, smelting and metal refining, metal 

plating; and others (Nair et al., 2008; Y ahya, 2008). The most common toxic heavy 

metals found in industrial wastes include copper (Cu), lead (Pb), zinc (Zn), cadmium 

(Cd), chromium (Cr), iron (Fe) and manganese (Mn). Sludge generated during various 

industrial processes has been found to contain undesirable levels of toxic metals. 

Disposal of sludge containing heavy metals is a complex and problematic situation for 

most waste generators because the metals are non-biodegradable and tend to 

bioaccumulate. Based on the Malaysia Environmental Quality Report (MEQR) 2011 

(DOE, 2011 ), heavy metal sludge was one of the main wastes produced in Malaysia 

with the amount of 173,837.06 metric tonnes (MT) per year contributing 10.72% of 

total waste. There was a slight increase in the amount of waste produced when 

compared to 2010 where the total amount of heavy metal sludge generated was 

157,381.38 MT per year or 8.37% of total waste. The waste generated was mostly 

from the electronic/electrical and metaVengineering industries. Realizing the potential 

danger of improper management of toxic and hazardous wastes, the Malaysian 

Government has taken initiatives to identify the possible options and necessary 

measures to ensure its proper management since 1979. 
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The regulations aimed to ensure hazardous waste produced in the country is 

safely managed and in an environmentally sound manner. The Environmental Quality 

(Scheduled Wastes) Regulation 1989 was further improved when the Environmental 

Quality (Scheduled Wastes) Regulation 2005 came into force on August 15, 2005. All 

these regulations are stipulated under the Environmental Quality Act (EQA), 1974 

which are meant to prevent, abate and control pollution, as well as, further enhance 

the quality of the environment in this country. The Department of Environment (DOE) 

is responsible for the administration of this legislation to ensure that Malaysia will 

continuously have the benefit of both industrial growth and a healthy living 

environment. Scheduled wastes can be defined as any waste falling within the 

categories of waste listed in the First Schedule in Environmental Quality (Scheduled 

Wastes) Regulations 2005. According to the World Health Organization (WHO), 

hazardous waste possesses physical, chemical or biological characteristics, requires 

special handling and disposal procedures to avoid risk to health and adverse 

environmental effects. Table 2.1 present the categories of waste that are listed in the 

First Schedule under the Environmental Quality (Scheduled Wastes) Regulation 2005. 

Table 2.1: the categories of waste listed in First Schedule under Environmental 

Quality (Scheduled Wastes) Regulation 2005, EQA 1974 

Code Waste Categories 

SW 1 Metal and metal bearing wastes. 

SW 2 Wastes containing principally inorganic constituent which may contain metals 

and organic material. 

As example SW 204 refer to sludge containing one or several metals including 

Cr, Cu, Zn, Pb, Cd, aluminium (Al), tin (Sn), vanadium (V) and beryllium (Be). 

18 

© C
OPYRIG

HT U
PM

 
UPM 



SW 3 Wastes containing principally organic constituents which may contain metals 

and inorganic materials. 

SW4 Wastes which may contain either inorganic or organic constituents. 

sws Other wastes. 

2.4 Health effects of heavy metals 

With the assumption that heaviness and toxicity are inter-related, heavy metals 

also include metalloids, such as arsenic, that are able to induce toxicity at low level of 

exposure (Duffus, 2002, Tchounwou et al., 2012). Some metals such as zinc, copper, 

iron, manganese, and cobalt are required by human body for normal physiological 

processes (Lane & Morel, 2000; Ouyang et al., 2002; Rehman et al., 2017), however; 

they may be harmful if ingested at higher or excessive concentrations (Chronopoulos 

et al., 1997; Ouyang et al., 2002; Rehman et al., 2017). The heavy metals such as lead 

and mercury which are not known to have any beneficial effects on human health but 

in fact are deleterious to human health if accumulated in body over time 

(Chronopoulos et al., 1997; Rehman et al., 2017). Heavy metals such as lead, Zinc 

and Copper can cause serious impact on health (Table 2.2). Ingestion of water 

containing certain amount of heavy metals at high level may cause health problems 

including shortness of breath (Kavcar, 2009). 
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activities such as coal burning and burning of wastes, zinc can enter natural resources 

such as air, water and soil, increasing the zinc levels in the environment. In addition, 

zinc also being discharged into waterways through zinc and other metal 

manufacturing, zinc chemical industries, domestic waste water and nm-off from soil 

containing zinc (ATSDR, 2006). The recommended dietary allowance (RDA) of zinc 

consumption for men is 11 mg/day and 8 mg/day is RDA of zinc consumption for 

women (FNB IOM, 2001). In fact, excessive intake of zinc can cause fever, coughing, 

stomach pain, fatigue and many other health problems (Plum et al., 2010). 

2.4.2 Copper 

Copper (Cu) is a type of metal that found naturally in rock, soil, water and 

other natural resources. Although the level of copper in surface and ground water is 

generally very low in nature, the high levels of copper may enter environment through 

anthropogenic activities such as mining, farming, manufacturing operations as well as 

municipal or industrial waste water released into rivers and lakes. A study tested on 

hair cells on zebrafish larvae has shown acute exposure to an overload of this metal 

can easily lead to Fenton-type redox reactions with hydrogen peroxide (H202), 

resulting in oxidative cell damage and cell death (A Olivari et al., 2008) while some 

studies have suggested that copper overloading increases the formation of an 

undefined oxidant in mammalian cells (Archielo et al., 2005; Krumschnabel et al., 

2005). 
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2.4.3 Lead 

Lead is a naturally occurring toxic metal found in the Earth's crust. Its 

widespread use has resulted in extensive environmental contamination, human 

exposure and significant public health problems in many parts of the world. People 

can become exposed to lead through occupational and environmental sources. This 

mainly results from inhalation of lead particles generated by burning materials 

containing lead, for example, during smelting, recycling, stripping leaded paint, and 

using leaded gasoline or leaded aviation fuel; and ingestion of lead-contaminated dust, 

water (from leaded pipes), and food (from lead-glazed or lead-soldered containers). 

Large numbers of heavy metals from urban areas, agricultural areas and industrial 

sites are discharged into aquatic environments where they are transported in the water 

column, accumulated in sediment, and biomagnified through the food chain (Yi et al., 

2011). Lead in the body is distributed to the brain, liver, kidney and bones. However, 

human exposure is usually assessed through the measurement of lead in blood. 

(WHO, 2018). Generally, it is stored in the teeth and bones, where it accumulates over 

time. Therefore, in pregnant women, lead in bone is released into blood during 

pregnancy and becomes a source of exposure to the developing foetus. High lead 

exposure probably results in foetal death. Since lead is a cumulative toxicant that 

affects multiple body systems, it is particularly harmful to young children. The 

digestive system of children absorbs 50% of lead they ingest (NRCLPI, 2019). The 

World Health Organization estimates that 15-18 million children in developing 

countries are suffering from permanent brain damage due to lead poisoning. Hundreds 
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of millions of children and pregnant women in practically all the developing countries 

are exposed to elevated levels of lead. 

2.5 Solid waste 

According to Malaysian Solid Waste Management Act 2007 (Act 672), solid 

waste is defined as any unwanted substances or materials that are broken, 

contaminated or worn out which are required to be disposed by authority. It is also 

stated as useless, unwanted or discarded materials generated from domestic, 

commercial, industrial or agricultural sectors (Shyamala & Belagali, 2012). Solid 

wastes in Malaysia can be categorized into three main categories namely Municipal 

Solid Waste (MSW), scheduled or hazardous waste and clinical waste. They are 

managed through numerous methods including recycling, composting, incineration, 

inert landfill, sanitary landfill and other disposal sites (Ghafar, 2012). 

United States Environmental Protection Agency (USEP A) defined MSW as 

wastes generated from daily items such as food waste, garden waste, newspapers, 

electronic items and other items produced from homes, institutions and commercial 

sectors. However, sludge, industrial wastes, automobile wastes, combustion products 

as well as construction and demolition debris are not included as parts of MSW by 

USEPA. 

2.5.1 Food waste 

Food waste is described as a discarded food starting from primary production 

until the end of consumer level and they are decreasing in subsequent stages of food 

supply chain intended for human consumption (FAO, 2017). Moreover, food waste 

also can be defined as all food materials that left uneaten or thrown away produced 
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the sludge waste to be disposed. The waste sludge generated from the water treatment 

plant consists of organic and inorganic matters. Rizzardini & Goi (2014) stated that 

the disposal of waste sludge by landfill has become a serious threat to the 

environment due to the toxic content of sewage waste in Italy. The untreated sewage 

sludge has caused serious pollution to the soil condition. 

In Malaysia, the pollution caused by the disposal of sludge cannot be ignored 

and needs immediate remedial. As the problem triggered by landfill become worst, 

awareness from the public and government has been raised upon this problem. To 

encounter the problem, there are researchers studied the properties of sludge so that it 

can be reused. The wasted sludge can be utilized as resources after treatment process. 

For example, treated and stabilised sludge can be utilised for soil conditioning. 

Treated sludge is inert and stable where it might be suitable for agriculture use. The 

sludge consists of chemical composition of phosphorus, nitrogen and organic matters 

which has fertilizer properties. These components in sludge are proved for the ability 

to improve the condition of agriculture soil. 

However, Lin et al. (2012) concluded that sludge consists more than 5%

content of heavy metal which shows that sludge has high amount of heavy metal. The 

content of heavy metal might be harmful for human consumption. Donatello & 

Cheeseman (2013) stated that there are also limitations to the application because 

sludge contains heavy metal that may contaminate agriculture soil. Public also 

consider the risk of pathogen from sludge transferred to the crops. Application of 

sewage sludge for agriculture has become even difficult as fertilizer quality is 

standardized. 
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Conventional water treatment plants (WfPs) transform crude water into 

potable water utilizing a series of processes: coagulation, flocculation, decantation 

and filtration. The process of coagulation involves the use of Fe or Al salts that form 

floccules with impurities in water, which sediment ( or float) and are later filtered out. 

This treatment produces a solid residue (alum or ferric sludge) with a high water 

content, whose composition depends on the origin of the crude water collected 

( surface water or groundwater through wells), the type of soil of the region, the 

material discharged into the river, chemical products present, the process of treatment 

employed, etc. The main components of the sludge from WTPs are (sometimes 

known as water treatment residues): clay minerals, very fine-grained minerals (mainly 

oxides and hydroxides of aluminium and iron), organic matter and contaminants from 

the discharge of urban and industrial effluents and other human activities (Teixeira et 

al., 2011). 

In general, this sludge is dumped directly into rivers and streams or into the 

drain system, causing a significant environmental impact, which compromises the 

quality of drinking water and the health of the public and animals that utilize it 

(Pamukoglu, F. Kargi, 2006; Sawalha et al., 2007; Teixeira et al., 2011). The growing 

concern of environmental organizations, due to the risks to health and to the 

environment, has led to the restriction or prohibition of discharging this residue into 

the environment (streams, landfills, soil, etc.) (Teixeira et al., 2011). 
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CIIAFrER3 

METHODOLOGY 

3.1 Study design 

This is an experimental study to assess the effectiveness of Garbage Enzyme (GE) on 

sludge treatment prior to heavy metal removal and its contribution to human health 

risk reduction. 

3.2 Sampling location 

3.2.1 Location of food waste sampling 

Food wastes were collected from cafeteria of Faculty of Medicine and Health 

Sciences, Universiti Putra Malaysia, Serdang, Selangor, Malaysia. Six different types 

were collected and separated in different containers namely as citrus peels, banana 

peels, carrot wastes, potato wastes, nut wastes and black bean wastes. The brown 

sugar for fermentation mixture was bought from local supermarket in Serdang. 

3.2.2 Location of sludge sampling 

600 grams of sludge were sampled from sludge tank at Bukit Nanas Water Treatment 

Plant, Federal Territory of Kuala Lumpur, Malaysia on 18th February 2019. This 

phase involved sampling of food wastes, preparation of materials for GE production, 
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wastes were pushed downward every once in a while. After one month of 

fermentation, the light brownish solution yielded, separated from solids. The solution 

from each container was sieved to remove large solids and then filtered with 

Whatman qualitative filter paper No. 1. Grade 1 to remove the remaining residues. 

ch solution was then stored in a volumetric flask and labelled. 

l ratio brown supr : 3 ratio fruit & vegetable dregs : 10 ratio of filtered water 

Figure 3.1: Mixture ratios for GE preparation 

Figure 3.2: The citrus peels sample was rinsed with tap water before air-dried. 

29 

© C
OPYRIG

HT U
PM

 
UPM 



Figure 3 .3: The carrot and black bean wastes samples were crushed and grinded 

using pestle and mortar. 

Figure 3 .4: Brown Sugar (Gula Prai) was used as one of the ingredients 

Figure 3.5: Each GE mixture was sieved to remove large solids 
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Figure 3.6: Each GE was filtered with Whatman No. I filter paper to remove residues 

Figure 3. 7: The samples after filtration 

Figure 3.8: The samples were stored in volumetric flasks until further analysis 

3.5 Sludge sampling 

600 grams of sludge wa sampled from Bukit Nana Treatment Plant Kuala 

Lumpur on 18th February 2019. The sampling followed American Public Health 

A ociation (APHA) tandard method 1999. The wide-mouthed Polyethylene 

ontainer were rin ed with 50% Nitric Acid fortnight. For Quality Control the 
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heated. For preservation of the sludge during transportation 

fie d to tbe laboratory the containers filled with sludge samples 

lhe cooler filled with cooling agents. The samples were transported 

ratoty for proper cooling using refrigerator at 4 °C ± 2°C in the 

fffl\'llen� ---....... aluminum foil 

Figure 3.9: Process of collecting sludge 
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3.6 Determination of pH and temperature of GE 

The test was conducted by one-week interval for a month (4 intervals). About 50 

milliliter (ml) of each type of GE was transferred to six different beakers prior to 

measurement. The pH and temperature of each GE was determined using CyberScan 

300 Portable pH meter (Eutech Instruments). 

Figure 3 .10: CyberScan pH 300 Portable pH meter (Eutech Instruments) 

3. 7 Determination of citric acid concentration 

3.7.1 Preparation of 0.1 N Sodium Hydroxide (NaOH) 

4 g of NaOH pellets (R&M Chemicals) were dissolved in 1 Liter (L) of ultra-pure 

water from Milli-Q® Integral Water Purification System, to form 1 L of 0.1 N NaOH 

solution. 

3. 7 .2 Titration

The test was conducted at the end of pre-treatment process. The required apparatus 

including 25 ml-burette, filter funnel retort stands and 250 ml-conical flasks were set 

up as in Figure 3.13. Five millilitre of each Garbage Enzyme (GE) solution was 
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diluted using 25 ml of ultra-pure water. (The solution is called an analyte) 25 ml of 

0.1 N NaOH solution was added into burette through filter funnel (The solution is 

called as a titrant). About 3-4 drops of phenolphthalein was used as indicator. The 

titration process began for each GE starting from CR (citrus peels) ending with BB 

�lack bean wastes). The titration process for each GE was stopped when the pale 

colour appeared indicated the end-point of titration has reached. 

Figure 3 .11: Titration Setup 

3. 7 .3 Calculation of citric acid concentration

Calculations were then performed to find the unknown concentration of the 

analyte ( citric acid): 

Macid X Vacid = Mbase X V base 

Where: 

Mac id = Molarity of the acid 

Vac 1d = Volume of the acid 

Mba e = Molarity of the base 

Vba e = Volume of the base 
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If the titrant and analyte have a 1: 1 mole ratio, the formula equation above can 

be used to determine the unknown concentration, if the ratio is not 1: 1 then a 

modified version should be used. In this study, the balanced equations for chemical 

reactions used for calculation were as following. The reaction between citric acid 

with sodium hydroxide: 

C3HsO (COOH) 3 (aq) + 3 NaOH (aq)--. Na3C3HsO (COO) 3 (aq) + 3 H2O (1) 

In this reaction equation, the mole ratio of acid (C3HsQ (COOH) 3) and base 

(NaOH) is 1: 3. In this case, a modified version of Macid x Vacid = Mbue x Vt,ue is 

required, therefore Maciel x V acid = 3 x Mlue x Vt,ue equation is used. Since, 5 ml of 

each GE sample was diluted with 25 ml of ultrapure water to form 30 ml of diluted 

GE solutions. Thus, the dilution factor of 1 :6 was applied for the concentration of 

acid obtained from the earlier formula and equation in order to obtain the undiluted 

sample's concentration of acid. In short, the concentration of acid obtained from 

the earlier equation should be multiplied by 6. 

3.8 Treatment of Water Treatment Sludge (Wf S) using GE 

Ninety grams of well mixed WTS was inserted into a beaker and 50 ml of garbage 

enzyme solution was added into the same beaker (Arun & Sivashanmugam, 2015). 

The mouth of the beaker was then covered with aluminium foil to retain the 

mixture from evaporating and avoided from direct sunlight (Fama & Meera, 2017). 

After addition, the beaker was shaken in an orbital shaker PSU-1 0i (BOECO 

Germany) for 5 days at 250 rpm (Figure 3.14). Simultaneously in another beaker 

90 g of sludge and 50 ml of distilled water were added and kept in orbital shaker as 

a blank (untreated sludge) (Arun & Sivashanmugam, 2015). At regular time 
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intervals ( 12 hours) parameters like pH and temperature of sludge samples were 

measured and the measurements were repeated twice to determine the consistency 

in the result determined (Arun & Sivashanmugam, 2015). 

Figure 3.12: The agitation for orbital shaker was set as 250 rpm in duration of 12 hours 

Table 3 .1: Treatment time 

Day of treatment Treatment hour Time frame 

1 

2 

3 

4 

5 

36 

12 8 a.m.-8 p.m. 

24 8 p.m.-8 a.m. 

36 8 a.m.-8 p.m. 

48 8 p.m.-8 a.m. 

60 8 a.m.-8 p.m. 

72 8 p.m.-8 a.m. 

84 8 a.m.-8 p.m. 

96 8 p.m.-8 a.m. 

108 8 a.m.-8 p.m. 

120 8 p.m.-8 a.m. 
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Table 3.5: The variables involved in carcinogenic health risk calculation 

Variable Value Source 

C = Average concentration Depend on the average USEPA(2011) 

of heavy metal results from this study 

(Lead)[ mg/kg] 

IR = Soil ingestion rate Adult = 0.0001 

(kg/day) 

EF = Exposure frequency 

( days/year) 

Child 0.0002 

Adult = 350 

Child 350 

BW = Body weight of the Adult = 70 

exposed 
Child 15 

Individual (kg) 

ED = Exposure duration Adult = 30 

(years) Child 15 

AT = Average time (days) Adult and Child 

365daysx70 years 

Note: USEP A refers to United States Environmental Protection Agency 
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For carcinogenic health risk, Lifetime Cancer Risk (LCR) between LCR between 

lxl0-6 and lxlo-• is considered as acceptable risk. LCR <10-6 is considered as clearly 

acceptable whereas LCR > 1 o-• is considered as clearly unacceptable indicating that 

the health risk is significant. LCR was calculated as following: 

LCR = LADD x Cancer Slope Factor, CSF 

Cancer Slope Risk (CSF) for given heavy metal was used in this study as shown in 

Table 3.6. 

Table 3.6: Cancer Slope Factor (CSF) For Lead 

Heavy Metal Cancer Slope Factor, CSF 

(Mg/Kg/Day) 

Lead 8.5 X 10, 

Source 

CalEPA (2011) 

Note: CalEP A refers to California Environmental Protection Agency 
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MS was Multi-Element Calibration Standard 3, Matrix per Volume: 5% HNO3 per 

125 ml (PerkinElmer Inc., 710 Bridgeport Ave Shelton, Clj. The standard originally 

has 10,000 ppb. The standard was then diluted to ultra-pure water from Milli-Q® 

Integral Water Purification System to form five standards with different 

concentration; 10 ppb, 30 ppb, 50 ppb, 100 ppb and 500 ppb. The ultra-pure water 

was used as the blank standard for the ICP-MS. The acceptable correlation coefficient 

of calibration curve for ICPMS was 0.995 and higher .. 

I 
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Figure 3.14: Multi-element Calibration Standard 3, Matrix per Volume: 5%

HNO3 per 125 ml was used to produce standards 

3.12 Data Analysis 

MS Excel was used calculation of average, standard deviation and drawing of graphs. 

IBM SPSS Statistics Version 22 was used to analyse comparison and correlation of 

samples. 
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4.3 Comparison of citric acid concentration of Garbage Enzymes (GE) after 

four weeks of fermentation. 

Table 4.3 shows the comparison of citric acid concentration of 6 types 

Garbage Enzymes (i.e. citrus peels GE, banana peels GE, carrot wastes GE, potato 

wastes GE, nut wastes GE and black bean GE) after four weeks of fermentation. 

There was a significant mean difference of citric acid concentration of Garbage 

Enzymes [F (5) =150.73, p-value<0.001 •]. 

Citrus peels GE had 1.33 ±0.05 moVL of citric acid concentration which was 

the highest among the other GEs. The second highest citric acid concentration was 

carrot wastes GE with concentration of 1.16±0.10 moVL. Next, the third highest was 

banana peels GE with 1.00±0.09 moVL followed by potato wastes (0.44±0.03 

mol/L), nut wastes (0.30±0.06 moVL) and the lowest one which was black bean 

wastes GE with citric acid concentration of0.19±0.06 moVL. 
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Table..\.3: Comparison of citric acid concentration of Garbage Enzymes (GE) after 

fbur weeks of fennentation. 

Mean Citric Acid Concentration of GE, mol/L (SD) F- p--value
statistics 

Citrus Banana Carrot Potato Nut Black (df) 
Peels Peels Wastes Wastes 

Wastes 
Bean 

Wastes 
[N=:3] (N=3] [N 3] [N 3] 

[N 3] [N 3] 

-· - ·- - -- - --------------------------
1 .. 00 1.16 0.44 0.30 

(:-J:0.09) (±0.10) (±0.03) (±0.06) 

Note: One-Way ANOVA tcs 

�value is significant at 0.05 level 

55 

0.19 

(±0.06) 

150. 73 <0.001 *
(5)
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stipulated by Industrial Effluent Standards, EQA 1979 (Standard A: range of pH 6.0- 

9.0 and Standard B: range of pH S.S-9.0) 
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Table4.4: Comparison of pH level of sludge sampies in 5 days (120 hours) of treatment. 

Mean pH of Sludge Sample (SD) 

Treatment Citrus Banana Carrot Potato Nut Wastes Black Bean Control 
time GE Wastes GE 

Peels Peels Wastes Wastes GE 
(hour) 

GE GE GE 

[N=2) [N 2) [N==2) [N 2] 
[N 2) [N 2) 

[N 2] 

12 4.49(±0.01) 4.68(±0.01) 4.36(±0.01) 5.86(±0.01) 6.20(±0.01) 6.52(±0.01) 6.42(±0.01) 

24 4.34(±0.01) 4.59(±0.03) 4.00(±0.01) 5.61(±0.01) 5.55(±0.04) 6.39(±0.01) 6.14(±0.01) 

36 4.69(±0.01) 4.74(±0.01) 4.49(±0.01) 5.55(±0.01) 5.69(±0.01) 6.36(±0.01) 6.42(±0.01) 

48 4.73(±0.03) 4.90(±0.01) 4.38(±0.01) 5.64(±0.01) 6.00(±0.01) 6.51(±0.01) 6.54(±0.01) 

60 4.52(±0.01) 4.45(±0.01) 4.05(±0.01) 5.62(±0.01) 6.15(±0.03) 5.69(±0.01) 6.45(±0.01) 

72 4.17(±0.01) 4.34(±0.01) 4.12(±0.01) 5.32(±0.01) 6.07(±0.01) 5.74(±0.01) 6.32(±0.01) 

84 4.82(±0.01) 4.57(±0.01) 4.45(±0.04) 6.10(±0.01) 6.37(±0.03) 6.37(±0.01) 6.50(±0.01) 

96 4.25(±0.01) 4.46(±0.01) 4.08(±0.01) 5.28(±0.01) 6.10(±0.01) 6.44(±0.01) 6.19(±0.01) 

108 4.70(±0.01) 4.88(±0.01) 4.43(±0.01) 5.71(±0.01) 6.42(±0.01) 6.03(±0.01) 6.51(±0.01) 

120 4.97(±0.01) 5.00(±0.01) 4.75(±0.01) 6.10(±0.02) 6.66(±0.01) 6.18(±0.01) 6.30(±0.01) 

Note: One-Way ANOVA test; •p- v al ue is significant at 0.05 level 

Standard A: PH 6.0-9.0 and Standard B: PH 5.5-9.0 in Indu st rial Effluent Standard (EQA,1979). 

61 

F-statistics p-value 
(df)

10282.60 (6) <0.001• 

4445.65(6) <0.001 • 

9428.98(6) <0.001 • 

5754.87(6) <0.001• 

6053.57(6) <0.001• 

9814.81(6) <0.()()1* 

3394.70(6) <0.001* 

10026.24( 6) <0.001• 

9676.33(6) <0.001* 

6218.57(6) <0.001• 
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For sludge sample Black Bean Wastes GE, the temperature values were 

ranged from 23.30±0.01°C to 23.60±0.01°C from 12 hours of treatment until 120 

hours of treatment. The lowest temperature was shown after 84 hours of treatment at 

22.40±0.14 °C while the highest temperature was shown after 96 hours of treatment 

at 29.75±1.48 °C. Overall, all temperature values of the sample were not exceeding 

acceptable limit of 40 °C stated in Industrial Effluent Standard (EQA, 1979). 

For control sludge sample with blank ultrapure water, the temperature values 

were ranged from 23.50±0.01 °C to 23.60±0.01 °C from 12 hours of treatment until 

120 hours of treatment. The lowest temperature was shown after 48 hours of 

treatment at 22.40±0.01 °C while the highest temperature was shown after 96 hours 

of treatment at 29.40±1.56°C. Overall, all temperature values of the sample were not 

exceeding acceptable limit of 40 °C stated in Industrial Effluent Standard 

(EQA, 1979). 
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4.6 Comparison of heavy metals (Lead, Zinc and Copper) of sludge samples 

after 5 days (120 houn) of treatment. 

Table 4.6 highlights the comparison of heavy metals (lead, zinc and copper) of 

sludge samples after 5 days (120 hours) of treatment. There were significant mean 

differences of lead concentration among sludge samples [F (6) =2080.62, p­

value<0.001 •]. 

Sludge sample with banana peels GE had 35.03±0.16 ppb of lead 

concentration which was the lowest among the other GEs. The second lowest lead 

concentration was sludge sample that contained citrus peels GE with lead 

concentration of 36.30±0.53 ppb. Next, the third lowest lead concentration was 

shown by control sludge sample ( 43 .85±0.22 ppb) followed by sludge with carrot 

wastes GE (48.74±0.05 ppb), potato wastes GE (51.00±0.20 ppb) and Black Bean 

GE (51.59±0.26 ppb). 

For zinc concentration, there was a significant mean difference of zinc 

concentration among sludge samples [F (6) =31516.62, p-value<0.001 •]. The sludge 

sample with citrus peels GE had the lowest concentration of 212.60±2.68 while the 

highest zinc concentration was originated from sludge sample with banana peels GE 

( 1856.3 3± 14.30 ppb ). 

For copper concentration, there was a significant mean difference of copper

concentration among Garbage Enzymes [F (6) =10667.30, p-value<0.001 *]. The

1 d 1 ·th banana peels GE had the lowest copper concentration
s u ge samp e w1 

(52.67±0.30 ppb) while the sludge sample with potato wastes GE has the highest

copper concentration (114.40±0.24 ppb).
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4. 7 Correlation between pH level and temperature of GE.

Table 4. 7 shows the correlation between two physicochemical 

characteristics (i.e. pH and temperature) of GE. There was a significant correlation 

between temperature and pH level. There was a fair negative correlation (r = -0.358) 

between temperature and pH of GE. This means pH of GE was inversely 

proportional to temperature of GE. When the temperature of GE is increased, the pH 

level of GE is decreased or vice versa. 

Note: <0.25 (Poor); 0.26-0.50 (Fair); 0.51-0.75 (Good); 0.76-1.00 (Excellent) 

Table 4.7: Correlation between pH level and temperature of GE 

Physico­

chemical 

characteristics 

Temperature 

ofGE 

pH 

Correlation 

coefficient, r 

-0.358

Note: Pearson's correlation 

*p-value is significant at 0.05 level
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p-value

0.012• 
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4.8 Correlation between pH level and temperature of sludge samples. 

Table 4.8 shows the coITelation between two physicochemical 

characteristics (i.e. pH and temperature) of sludge samples. There was no 

significant coITelation between temperature and pH level of sludge samples. 

Note: <0.25 (Poor); 0.26-0.50 (Fair); 0.51-0.75 (Good); 0.76-1.00 (Excellent) 

Table 4.8: C oITelation between pH level and temperature of sludge samples 

Physico-chemical Temperature 

characteristics of sludge -C- 0-
ITe
-la-

ti
-on--p---val-ue-

coefficient, r 

pH -0.138 0.103 

Pearson's correlation 

*p-value is significant at 0.05 level 
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4.9 Correlation between heavy metals and citric acid concentration of 

GE. 

Table 4.9 shows the correlation between heavy metals (i.e. lead, zinc and 

copper) of treated sludge samples with citric acid concentration of GE. 

There was a significant correlation between lead concentration in sludge 

samples and citric acid concentration in GEs but there was no significant 

correlation between zinc and copper with citric acid concentration. There 

was a good negative correlation (r = -0.73) between lead concentration in 

sludge samples and citric acid concentration of GE. This means citric acid 

concentration of GE was inversely proportional to the lead concentration of 

the sludge samples. When the citric acid concentration of GE is increased, 

the lead concentration of sludge samples is decreased or vice versa. 

Note: <0.25 (Poor); 0.26-0.50 (Fair); 0.51-0.75 (Good); 0.76-1.00 (Excellent) 

Table 4.9 Correlation between heavy metals and citric acid concentration of 

GE. 

Heavy Citric Acid Concentration (M) 

Metals (ppb) ---------------
Correlation coefficient, r p-value• 

Lead (Pb) -0.73

Zinc (Zn) 0.08 0.75 

Copper (Cu) -0.17 0.49 

Pearson's correlation *p-value significant at 0.05 level 
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4.10 Non-carcinogenic and carcinogenic health risk on ingestion of 

heavy metals from sludge (lead, zinc and copper). 

Table 4.10.1 shows non-carcinogenic and carcinogenic health risk on 

ingestion of heavy metal for adults. For ingestion of zinc and copper, the 

Hazard Quotient (HQ) for all samples were less than 1, indicating the non­

carcinogenic health risk is not significant to human via ingestion of Zinc 

and Copper from sludge samples. For ingestion of lead, the Lifetime Cancer 

Risk (LCR) for all samples were less than 1 x 1 o-6 and considered as clearly 

acceptable. 

Table 4.10.1: Non-carcinogenic and carcinogenic health risk on ingestion of heavy 

metal for adults 

SJudgt Hea,-y Mml, mg/kg [n•3)(:=SD) HQ LCR. 

Samplt 

With Pb 0.04(=0.16) - t.81x10-10

Citrus 
Pffll OE Zn 0.21(:1.74) 9.71><10·· -

Cu 0.08(:0.50) 2.63><104 
-

With Pb 0.05(:0.26) - 2.s1x10-1°
Banana 

PffJs OE Zn O.4S(:1.68) 2.05><10 .. -

Cu 0.08(::0.42) 2.58><104 
-

With Pb O.OS{:::O.OS) - 2.43xlO·10 

CIITOt 

\Vast, OE Zn 0.25(: 1.49) 1.13><10.f -

Cu 0.08(:0.35) 2. 70>< 104 
-

With Pb 0.05(=0.20) - 2.54><10-10 

Potato 
Wute OE Zn 0.43(:1.51) 1.9S><1O4 

-

Cu 0.11(::0.24) 3.92><10 .. -

With Nut Pb O.OS(=O .. S3) - 2.47xlo-10

Waste OE 
Zn 0.52(:2.68) 2.39>< 104 

-

Cu 0.06(:0.16) 2.09><1o-' -

With Pb 0.04(=0.16) - 1.7SxtO·10 

Black 
Bun Zn 1.86(:::14.30) 8.48>< 10.f -

Waste OE Cu 0.05(=0.30) 1.80><104 
-

Control Pb 0.04(=0.22) - 2.19><10·10 

Zn 0.29(::0.41) 1.33•10 .. -

Cu 0.09(:0.22) 2.99><104 
-
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Table 4.10.2 shows non carcinogenic and carcinogenic health risk on ingestion of 

heavy metals for children. For ingestion of zinc and copper, the Hazard Quotient 

{HQ) for all samples were less than 1, indicating the non-carcinogenic health risk is 

not significant to human via ingestion of Zinc and Copper from the sludge samples. 

For ingestion of lead, the Lifetime Cancer Risk (LCR) for all samples were less than 

l x I 0-6 and considered as clearly acceptable.

Table 4.10.2: Non carcinogenic and carcinogenic health risk on ingestion of 

heavy metals for children 

Sludge Heavy Metal (mg/kg) HQ LCR 
Sample 

\\'ith Pb 0.04(±0.16) - - 3.47><10-
Citrus 10 

Peels GE Zn 0.21(:::1.74) 9.06X10� -

cu 0.08(::0.50) 2.46xl0-5 -

"'ith Pb 0.05(±0.26) - 4.93><10-
Banana 10 

Peels GE Zn 0.45(±1.68) l.92X 10-5 -

Cu 0.08(±0.42) 2.40xl0·5 -

With Pb 0.05(±0.05) - 4.66><10-
CBJTOt 10 

\Vaste Zn 0.25(±1.49) l.05x 10·5 -

OE Cu 0.08(±0.35) 2.52xl0·5 -

With Pb 0.05(±0.20) - 4.87><10-

Potato 10 

\\Taste Zn 0.43(±1.51) 1.82x 10·5 -

GE cu 0.11(±0.24) 3.66><10·5 -

,1lithNut Pb 0.05(±0.53) - 4.73><10-

"'aste 10 

GE Zn 0.52(:::2.68) 2.23x 10·5 -

Cu 0.06(±0.16) 1.95x 10·5 -

"'ith Pb 0.04(±0.16) - 3.35><10·

Black 
10 

Bean Zn 1.86(±14.30) 7 .91 X 10·5 
-

\\'aste Cu 0.05(±0.30) 1.68x 10·5 
-

GE 

Control Pb 0.04(±0.22) - 4.19><10-
10 

Zn 0.29(:0.41) 1.24 x 10·5 -

Cu 0.09(±0.22) 2. 79x 10-5 
-
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CHAPTERS 

DISCUSSION 

5.1 Comparison of pH level and tempenture of Garbage Enzyme (GE) 

in four weeks off ermentation. 

During four week of fermentation, most GEs showed a decrease of pH level 

and all of them were in acidic condition (pH less than 7). Organic acids 

generated from decomposition of organic matters by microorganism caused 

the decrease of pH (He et al., 2012). Food waste contains high levels of 

organic compounds, nutrients, carbohydrates, fat and protein. The 

carbohydrate will be degraded into smaller compounds like sucrose, 

fructose, lactose and these simpler sugars can be easily taken up by 

indigenous acid-producing bacteria (Zhang et al., 2008). Anaerobic 

digestion consists of a few stages including hydrolysis, acidogenesis, 

acetogenesis and methagonesis. Acidogenesis is involved in the breakdown 

of the simple sugars, fatty acids and amino acids by acidogenic bacteria into 

volatile fatty_ acids and produces ammonia, carbon dioxide and hydrogen 

sulfide as by-products (Stabnikova et al., 2006). J'he acidic conditions may 

be occurred due to fonnation of organic acids in anaerobic condition or 

accumulation of organic acids produced from abundance of carbonaceous 

substrates (U.S. Department of Agriculture, 2000). The citrus peels GE 
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showed the lowest range of pH. This may be due to the predominant 

presence of citric acid and amino acid in the citrus peels which lower the pH 

level (Fazna & Meera, 2017). Overall, there were significant mean 

differences of pH level for all GEs from first week to fourth week of 

fermentation (p-value<0.001). [ANOVA test] 

During four week of fermentation, most GEs showed both increase and 

decrease of temperature. Due to the exothermic nature offermentation, 

temperature increases as sugars are metabolized ( Centinari, 2015) resulting 

heat generation which is corresponding to sugar consumption rate and 

ethanol production rate during fermentation process (Kumar et al, 2013). 

However, the external temperature which is the room temperature of the 

laboratory where the fermentation took place might influence the increase 

and decrease of the temperature since the containers that were being used 

for fermentation were made up from plastics that are not heat resistant or 

equipped with good heat insulator. Since the air conditioning of the 

laboratory only operated between 8.00 a.m. to 5.00 p.m., the results of 

sludge temperature for treatment hours after 5 p.m. might be influenced by 

the room temperature without air conditioning which was more than 22 °C 

and this higher room temperature might cause the increase of temperature of 

the sludge. Thus, the room temperature was the confounding variable that 

must be controlled at all time during the treatment. Overall, there were 

significant mean differences of temperature values among GEs during 4 

weeks of fermentation (p<0.001) except the fourth week. [ANOVA test] 
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S,2 Con1parl1on of citric acid concentration of Garbage Enzymes (GE) 

after four weeks of fermentation. 

From acid-base titration, this study found out that Citrus Peels GE had the 

highest concentration of citric acid. This can be explained by the presence of 

citrate which is the most important organic acid in citrus fruit (Lin et al., 

2016) however the citric acid is also produced during fermentation process 

(Arun & Sivashanmugam, 2015). Organic matter in food waste was 

converted to hydrogen, soluble by-product (organic acids and alcohols) and 

biomass through biohydrogen fermentation. The conversion of food waste 

to organic acids and alcohols would enhance the reduction of waste volume 

(Kim et al., 2004). Overall, there was a significant mean difference of citric 

acid concentration of Garbage Enzymes [F (5) =150.73, p-value<0.001 •]. 

(ANOV A test) 

5.3 Comparison of pH level and temperature of sludge samples in 5 

days (120 hours) of treatment. 

From 12 hours to 24 hours, most sludge sample showed decreasing 

pH level. All of them were in acidic condition (pH<7). This condition was 

likely occurred due to mineralization of organic acid by acid forming 

bacteria (Fei-Baffoe et al, 2015) which lowered the pH level. Biological 

76 

© C
OPYRIG

HT U
PM

 
UPM 



furmentation of food waste and sludge produce hydrogen accompanied by 

the furmation of acidic metabolites (Nazlina et al., 2009). 

However, the pH values started increasing after 24 hours of 

fermentation. This condition was likely occurred due to the process of 

breaking down of protein (Saad et al, 2013) and the transformation of 

organic acids to carbon dioxide caused by microbial activity (Fan et al. 

2017). Intense proteolysis (protein degradation) and rapid metabolic 

degradation of organic acid must have released alkaline ammonia compound 

(Fei-Baffoe et al, 2015) which increased the pH level. In addition, Huang et 

al., 2004 also state that this condition was probably occurred due to high 

production of ammonia during ammonification and mineralization of 

organic nitrogen as a result of microbial activities. Mat Saad et al. (2013) 

also stated that the increasing level of pH is due to break down of protein. 

Adhikari, Barrington, Martinez and King (2009) also stated that the 

depletion of organic acids and the process of denitrification occurs lead to 

higher pH level while Fazna and Meera (2013) also claimed that the 

denitrification process by the microbes is the cause of increased pH level. In 

addition, this condition also indicates that the sludge samples were reaching 

stabilization of organic matter (Fan et al., 2017). 

There was a significant mean difference of pH level among sludge 

samples in 120 hours of treatment (p<0.001). Comparing to permissible

limits for industrial effluent discharge (DOE Malaysia, 1979), all samples
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did not comply with Standard A (6.0-9.0) and Standard B (5.5-9.0) but 

sludge samples with Nut and Black Bean GE comply with Standard B. 

During 5 days ( 120 hours) of treatment, most sludge samples 

showed both increase and decrease of temperature. A study concluded that 

heat generation during anaerobic digestion of sludge was correlated with the 

Carbon: Nitrogen ratio of sludge under identical aeration conditions 

(Solowiej, 2017). Temperature signifies the metabolism of microorganisms 

during decomposition process and it affects the activity of microorganism 

and the process of decomposition of the sludge (Zhu, 2006). Besides, Fan et 

al. (2017) also stated that the heat also produced from the decomposition of 

the food wastes. 

However, the external temperature which is the room 

temperature of the laboratory where the fermentation took place might 

influence the increase and decrease of the temperature since the containers 

that were being used for fermentation were made up from plastics that are 

not heat resistant or equipped with good heat insulator. Since the air 

conditioning of the laboratory only operated between 8.00 a.m to 5.00 p.m, 

the results of sludge temperature for treatment hours after 5 p.m might be 

influenced by the room temperature without air conditioning which was 

more than 22 °C and this higher room temperature might cause the increase 

of temperature of the sludge. Thus, the room temperature was the

confounding variable that must be controlled at all time during the treatment.
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Overali there were significant mean differences of temperature 

among sludge samples after 12 hours of treatment [F (6) = 42.83, p­

value<0.001] and after 60 hours of treatment [F (6) = 7.66, p-value=0.01] 

but there was no significant difference of temperature of sludge samples in 

other intervals. 

Comparing to permissible limits for industrial effluent discharge 

(DOE Malaysia, 1979), all samples did not exceed acceptable limit of 40 °C 

for temperature in Standard A and B. 

5.4 Comparison of heavy metals (Lead, Zinc and Copper) of sludge 

samples after S days (120 houn) of treatment 

There were significant mean differences of lead concentration among 

sludge samples [F (6) =2080.62, p-value<0.001]. [ANOVA test]. Banana 

peels GE showed lowest lead concentrations (35.03 ppb). Banana peel is a

cheap and effective adsorbent for the adsorption of Pb (II) ions from 

aqueous solution (Kumari, 2017). Comparing to permissible limits for 

industrial effluent discharge (DOE Malaysia, 1979), all samples did not 

exceed acceptable limit for lead concentration in Standard A ( 100 ppb) and 

Standard B (500 ppb). 

There were significant mean differences of zinc concentrations among 

sludge samples [F (6) =31516.62, p-value<0.001]. [ANOVA test]. Citrus

peels GE showed lowest zinc concentration (212.60 ppb). Citrus Peels GE

had highest concentration of citric acid by which it can effectively remove
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zinc from sludge (Song et al, 2015). Comparing to permissible limits for 

industrial effluent discharge (DOE Malaysia, 1979), all samples did not 

exceed acceptable limit of 1000 ppb for zinc concentration in Standard A 

and B. 

There were significant mean differences of copper concentration 

among sludge samples [F (6) =10667.30, p-value<0.001]. [ANOVA test]. 

Banana peels GE showed lowest copper concentrations. Banana peel is a 

high capacitate, economically viable and low cost adsorbent for copper 

removai and the favorable alternative of copper removal from water as 1 g 

of banana peel can adsorb 28 mg of copper in a favorable condition 

(Hossain et al., 2012). Comparing to permissible limits for industrial 

effluent discharge (DOE Malaysia, 1979), all samples did not exceed 

acceptable limit in Standard A (200 ppb) and Standard B (1000 ppb). 

S.5 Correlation between pH level and temperature of GE.

There was a fair negative correlation (r = -0.358) between 

temperature and pH of GE indicating that pH of GE was inversely 

proportional to temperature of GE. 

Temperature has great impact on hydrolysis and acidification of 

food waste; as the temperature increased, the hydrolysis rate increased

which produce organic acids that lower the pH value (He et al., 2012).
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Reasonable temperature and pH are essential for a successful and 

productive anaerobic digestion process of food waste (Leung & Wang, 

2016). 

5.6 Correlation between pH level and temperature of sludge samples. 

There was no significant correlation between temperature and 

pH level of sludge samples. Both physicochemical properties might not 

influence each other. The pH level is influenced by the acidic by-products 

from fermentation by microorganisms which decrease the pH values and 

also influenced by the depletion of the organic acids. 

During metabolism of those microbes during fermentation, the 

heat is generated. However, the temperature measured during treatment 

might be influenced by external temperature which is the room temperature 

instead of the temperature influenced by the heat production of the microbes. 

This might be the reason why there is no correlation between pH level and 

temperature of the sludge samples. 

5. 7 Correlation between heavy metals and citric acid concentration of

GE. 

There was a good negative correlation (r = -0. 73) between l�d 

concentration in sludge samples and citric acid concentration of GE,

indicating that citric acid concentration of GE was inversely proportional to

the lead concentration of the sludge samples.
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