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Abstract - Coir is an abundant bio-resource coming out as 

coconut industry residues. With the high fiber content and 

porous surface area, coir can be utilized as an adsorbent for 

heavy metal removal from water. This study investigates the 

capability of multi-component heavy metal removal using raw 

coir dust and processed coir pith. The capabilities of raw coir 

dust and processed coir pith samples to remove the major 

heavy metals are measured by the Inductively Coupled 

Plasma-Optical Emission Spectrometry (ICP-OES) method. 

Raw coir dust indicates higher capabilities of heavy metal 

removal, compared with processed coir pith, recording the 

highest efficiencies of 17.66%, 21.27%, 18.90%, 6.66%, 

12.87%, 21.63%, and 24.29%, for As, Cd, Cr, Cu, Mn, Ni, and 

Pb, respectively. The study also evaluates life cycle energy 

consumption and global warming impact of the two 

adsorbents. Production of one tonne of processed coir pith 

accounts for a life cycle energy consumption of 705.53 MJ and 

global warming impact of 248.15 kg CO2eq while raw coir dust 

shows insignificant life cycle energy consumption and global 

warming potential. The effect of adsorption conditions on 

heavy metal removal efficiencies, stage-wise life cycle analysis, 

and the appropriateness of coir as environmentally benign 

heavy metal adsorbents are discussed. 

Keywords - Multicomponent heavy metal removal, Raw coir 

dust, Processed coir pith, Life cycle energy analysis, Global 

Warming Potential. 

I. INTRODUCTION  

Water is one of the most critical natural resource that all 
living organisms on the earth are dependent on. Access to 
safe and clean water has become a crisis due to intense water 
pollution by anthropogenic activities, limited water 
availability, and the over-pumping of groundwater for 
irrigation purposes. Further, heavy metal concentration in 
freshwater bodies is escalating day by day due to the high 
usage of chemicals, and the release of wastewater. 
Significant quantities of wastewater are generated from 
industrial processes, such as paper and pulp processing, 
galvanizing, printing, dyeing, metal fabrication, 
electrolyzing, mining activities, manufacturing processes of 
batteries, electronics, ceramics, paints, drugs, etc. [1]. 
Excessive discharge of untreated wastewater that contains 
heavy metals could be harmful to the ecosystem, including 
human life as well [2]. Even low concentrations of heavy 
metals that are absorbed continuously over the time can be 
toxic to the living organisms [3, 4]. Cu(II), Pb(II), Cd(II), 
As(III), Cr(III), Mn(II), Ni(II), and Zn(II) are the widely 
available heavy metals in wastewater streams from 
industrial and some domestic activities. Some of these 
metals are also important as nutrients to living organisms in 
trace amounts. However, the presence of these heavy metals 
at higher levels in both surface and groundwater degrades 

the quality of freshwater, inhibits the growth of aquatic 
organisms, and thereby makes the water unsafe for 
consumption. Heavy metal ions and their supplementary 
complexes can accumulate in the bodies of aquatic flora and 
fauna and finally could reach the human body through the 
food chains by bio-accumulation, bio-concentration, and 
bio-magnification [5]. Therefore, the removal of heavy 
metal ions from wastewater before disposal as well as fresh 
water before consumption is now a subject of great concern 
in industrial sectors, government agencies, and even at 
household level throughout the world. 

The industries utilize various techniques to remove 
heavy metals from wastewater/fresh water, such as chemical 
precipitation, chemical coagulation, extraction, membrane 
separation, electrodeposition, electrochemical techniques, 
and ion exchange [6]. Nevertheless, the majority of these 
techniques require significant amount of time, and 
expensive chemicals. Further,  some of them are proven to 
be less effective and inefficient, especially in removing trace 
amounts of metals [6]. Another disadvantage of many of 
these methods is that they produce metal-containing sludge 
that requires further treatment before disposal. Besides the 
above procedures, the adsorption technique is one of the 
well-known techniques to remove heavy metals from water. 
The existing literature have stated that adsorption is more 
effective in removing heavy metals at both high and low 
concentrations [7]. The removal of heavy metals from 
aqueous solutions using non-living and biologically inactive 
biomass is known as biosorption. The bio-sorbents are the 
non-living biomass and the use of bio-sorbents to remove 
heavy metals from wastewater is a novel and emerging 
technology in the water treatment field [8]. 

There are various biomaterial types used as bio-sorbents, 
such as plant parts, agricultural and natural residues, 
industrial wastes, algae, fungi, bacteria, etc. The key 
advantages of biosorption are the abundant availability of 
biomaterials in the nature, cost-effectiveness, minimum 
requirements of pre-processing, and high efficiency of 
heavy metal removal. This indicates that biosorption is an 
attractive and feasible alternative for wastewater/freshwater 
treatment. Many investigations have been conducted to treat 
heavy metals in the wastewater/freshwater using 
agricultural byproducts, such as rice husk, rice straw,  palm 
oil fiber, rubberwood saw dust, and coconut husk as 
adsorbent materials [9]. Coconut husks and shell by-
products are largely accumulated in the environment since 
they are residue materials. The husk is comprised of coir 
fibers, coir pith as well as 60% of lignin and cellulose, which 
enhance the performance as a bio-sorbent [9].  Further, 
researchers have revealed that coir pith is a potential 



adsorbent for Cd, and Pb removal where the removal 
efficiency is mainly affected by the dose of the adsorbent, 
metal ion concentration, and pH of the solution [10]. 
Therefore, utilization of coir pith as a bio-sorbent has been 
discussed as a sustainable option for wastewater/freshwater 
treatment, with low environmental impacts and material 
costs for heavy metal removal processes. 

The mechanism of sorption process in biomaterials are 
categorized into two methods: passive binding and active 
binding [11]. Passive binding occurs in both living and 
nonliving cells, and it involves rapid and reversible ion 
exchange with cell surface, whereas active binding occurs 
in living cells at slower and irreversible metal uptake 
because of metabolic activity. The metal uptake in nonliving 
biomaterials is taken place due to the functional groups 
associated with the proteins, polysaccharides, lignin, and 
other biopolymers. Coir pith has a high percentage 
composition of lignin (29.6%) and holocellulose (42.3%) 
which are responsible for its physical stability causing poor 
biodegradability. Lignin and cellulose are biopolymers 
bearing multiple phenolic, carboxyl, hydroxyl and amino 
groups which are responsible for the removal of pollutants 
from wastewater. The low bulk densities and high pore 
space volumes of coir pith are also favorable for the process 
of adsorption. 

Processed coir pith is commercially produced for 
various purposes, such as a cultivation medium for seeds, 
and fertilizer. In Sri Lanka, abundant amounts of raw coir 
dust and processed coir pith can be found without further 
value addition or reuse. Phenols and tannins leached from 
coir pith can contaminate the nearby agricultural soils and 
decrease agricultural productivity [12]. Thus, reusing both 
raw coir dust and processed coir pith as adsorbents for heavy 
metal removal is an attractive solution for heavy metals 
pollution in wastewater, and effective utilization of waste 
raw coir dust and processed coir pith. 

Therefore, this study investigates the biosorption 
qualities of raw coir dust and processed coir pith and 
determine their efficiency in simultaneous removal of 
multicomponent heavy metals, i.e., Cu, Pb, Cd, As, Cr, Mn, 
Ni, and Zn heavy metals from aqueous solutions. In 
addition, life cycle energy analysis and greenhouse gas 
(GHG) emission assessment are carried out considering 
three cradle-to-gate life cycle stages, namely coconut 
cultivation, husk transportation, and coir pith production. 

II. MATERIALS AND METHODS  

A. Experiments for heavy metal adsorption efficiency  

Raw coir dust and processed coir pith were directly 
obtained from a coir product manufacturing plant, where 
coir pith and coir fibers were produced for commercial 
purposes. Raw coir dust was generated as a waste in the coir 
fiber manufacturing process. Before the sample preparation, 
both raw coir dust and processed coir pith were ground to 
obtain a homogeneous mixture and sieved to remove large 
and alien particles. No further treatment was conducted for 
all the raw coir dust and processed coir pith samples, 
because the objective of this study was to test the possibility 
of direct application of these materials for heavy metal 
adsorption. 

Multicomponent heavy metal adsorption using the 
prepared raw coir dust and processed coir pith samples were 
tested from the Inductively Coupled Plasma-Optical 
Emission Spectrometry (ICP-OES) technique. Aqueous 
solutions with known concentrations of multicomponent 
heavy metals were obtained by using the standard stock 
samples. Standard stock solutions were prepared to obtain 
the aqueous solutions containing specific metal ions, such 
as As, Cd, Cr, Cu, Mn, Ni, Pb, and Zn, which were to be 
treated with the raw coir dust and processed coir pith 
samples. Initially, standard solutions with 1,000 μg/mL 
concentration of each metal ions were prepared followed by 
dilute aqueous samples with required concentrations. 
Specifications of the used reagents and standard samples 
were as follows. Reagent-grade solutions were interference-
free reagent water, hydrochloric acid (conc.), hydrochloric 
acid (50% [v/v]), hydrochloric acid (5% [v/v]), nitric acid 
(concentrated), nitric acid (50% [v/v]), and hydrofluoric 
acid (conc.). Concentrated nitric acid, concentrated 
hydrochloric acid, and regent water were used for 
microwave acid digestion of raw coir dust and processed 
coir pith samples before ICP-OES experiments. 

Multicomponent batch adsorption tests were conducted 
to determine the removal efficiencies for all eight heavy 
metals, using both raw coir dust and processed coir pith 
samples. Both raw coir dust and processed coir pith samples 
were initially prepared using the Microwave-Assisted Acid 
Digestion Method and then their initial heavy metal 
concentrations were measured using the Inductively 
Coupled Plasma-Optical Emission Spectrometry (ICP-
OES) method. 

The heavy metal concentrations of eight aqueous 
solutions were measured simultaneously using the ICP-OES 
method. The same volume of five portions were obtained 
from each heavy metal solution to test the adsorption 
efficiencies of different quantities of raw coir dust samples. 
To these five aqueous solutions, 1g, 2g, 3g, 4g, and 5g of 
coir dust doses were added, respectively, and kept for 2 
hours. The same procedure was repeated for processed coir 
pith samples as well. After 2 hours, samples were filtered 
using qualitative filter papers and each liquid filtrate was 
tested for the considered heavy metal concentrations using 
the ICP-OES method. The analyses were conducted at room 
temperature (30 ᵒC). In order to test the adsorption 
efficiency of raw coir dust and processed coir pith at 
different contact times, four portions with the same volumes 
were obtained from each heavy metal solution and for every 
two samples, 2g of raw coir dust  added and the other two 
samples were mixed with 2g of coir pith. One sample of 
each adsorbent was left to contact with the heavy metal 
solution for 30 minutes while the other sample was kept for 
4 hours. After respective contact times, each sample was 
filtered using qualitative filters paper and heavy metal 
concentration of all eight metals were measured from each 
liquid filtrate using the ICP-OES method and the analyses 
were carried out at room temperature (30 ᵒC). Furthermore, 
to test the adsorption efficiency of raw coir dust and 
processed coir pith at different temperatures, a similar 
procedure as in the contact time experiment was followed to 
prepare the samples. One sample of each raw coir dust and 
coir pith samples was kept at 50 ᵒC for 2 hours while the 
other samples were kept at 70 ᵒC for the same contact time. 
After 2 hours, each sample was filtered using qualitative 



filters paper and concentrations of heavy metals were 
measured in each filtrate using the ICP-OES method. 

B. Inductively Coupled Plasma- Optical Emission 

Spectrometry-Method 

The instrument was calibrated using typical mixed-
calibration standard solutions and calibration curves for 
each heavy metal were generated. Aqueous solutions before 
and after contacting with the raw coir dust and processed 
coir pith samples were analyzed for their heavy metal 
concentrations. For all the concentration values, the removal 
efficiencies were calculated using equation (1) as follows. 

Removal efficiency = (A-B)/A% (1) 

Where, A: Heavy metal concentration in standard aqueous 
solution  

       B: Heavy metal concentration in the filtered sample 

Then graphs were illustrated between the removal 
efficiencies and dosage of adsorbent to find the liquid/solid 
ratio at optimum removal efficiency. 

For all the raw coir dust and processed coir pith samples 
solid (metal-mg)/solid (adsorbent-g) ratios were calculated 
according to the calculation steps as follows. 

Concentration of the standard metal solution 
= x ppm = X mg/L 
Amount of heavy metal in the 50 ml of standard metal 
solution = (X mg/1,000 ml) * 50 ml = 0.05X mg  

Heavy metal concentration in the filtrate = Y 

Amount of heavy metal in the 50 ml of the filtrate 
= (Y mg/1,000 ml) * 50 ml = 0.05Y mg 
Amount of the heavy metal adsorbed = 0.05(X-Y) 

Solid (metal-mg)/solid (adsorbent-g) ratios 
= 0.05(X-Y)/ weight of the adsorbent 

C. Life cycle energy analysis and greenhouse gas impact 

assessment 

Life Cycle Assessment (LCA) is the systematic 
technique to evaluate and compare the environmental 
impacts of any chemical process. This study adopted the 
ISO 14040/44 framework as the LCA methodology to 
analyze the life cycle energy consumption and global 
warming impact of production of the two adsorbents, i.e., 
processed coir pith and raw coir dust. The LCA 
methodology comprises of four steps: (1) goal and scope 
definition, (2) life cycle inventory analysis, (3) impact 
assessment, and (4) interpretation of results 

1) Goal and Scope Definition 
The goal of the LCA in this study was to evaluate the 

life cycle energy requirements, and global warming impact 
of processed coir pith production and utilization as an 
adsorbent. In this LCA study, the raw coir dust has 
insignificant life cycle inventory due to the fact that raw coir 
dust was a byproduct generated from the coir pith 
production process. The mass and economic allocation 
factors were very low for the raw coir dust compared with 
processed coir pith (the main product). The defined cradle-
to-gate system boundary (SB) for processed coir pith was 
comprised of three main life cycle stages, including coconut 
cultivation, transportation, and coir pith production. The 
treatment stage of the utilized coir pith has not been 
considered in this SB.  The functional unit (FU) of this study 

was 1 tonne (1,000 kg) of processed coir pith production for 
all inventory calculations. This study utilized the literature-
based considerations for inventory calculations in each life 
cycle stage as follows. 

For the cultivation stage: 

1. Application of fertilizer  was considered throughout its 
lifetime from the hole preparation before coconut 
plantation to the end of life of 60 years. [13, 14] 

2. The average weight of a dried husk was 350 g and 210 
g is coir pith [15, 16]  

3. Fertilizer requirement for coir husks was calculated 
considering the mass and economic allocation factor of 
0.046 with respect to a coconut fruit. 

For the transportation stage: 

4. The average round-trip distance to collect coir husk from 
households and factories to coir pith production plant 
was taken as 250 km and transported by 5.5-tonne 
diesel trucks with a fuel economy of 5.7 km/L. The 
diesel volume and energy consumption are calculated 
using the equations (2) and (3) [17] 

Diesel volume�L =
�������� ��� × �������� �������������

 ���� !��� ������"#$%
& ' ×  ���� ��(����" ������

   (2) 

EDiesel = 45.3 (MJ/L) × Diesel volume (L)    (3) 

2) Inventory analysis 
The amount and type of fertilizer to be applied 

primarily depends on the climate zone of the area, and the 
age of the plant [14]. Three climatic zones can be identified 
in Sri Lanka, namely dry, wet, and intermediate zones. 
However, it is categorized into two zones for fertilizer 
application of coconut: Wet/intermediate zone, and Dry 
zone. In this study, coconut cultivation only in the 
wet/intermediate zone has been considered for all the 
inventory calculations. Thus, the considered fertilizer types 
are urea, Eppawala rock phosphate, muriate of potash, and 
dolomite [14]. Since, the amount of fertilizer to be applied 
is vary with the age, calculations were carried out 
depending on the reference data [14]. 

3) Life Cycle Energy Analysis 
Within the considered system boundary, the energy 

requirement was valuated since there was no useful energy 
output. Diesel was as the fuel for transportation, while 
electricity was the major source to operate the coir fiber 
extraction machine. The required electricity was obtained 
from National Electricity Grid in Sri Lanka. 

4) Global Warming Potential Impact Assessment 
In the present study, life cycle environmental (airborne) 
emissions are evaluated, and the global warming impact is 
assessed for the considered life cycle stages. Greenhouse 
gas emissions from the cultivation stage is calculated 
according to the equations (4) and (5) [18]. Among these 
fertilizers primarily both urea and dolomite are responsible 
for CO2 emissions, whereas it is only urea that contributes 
to N2O emissions. 

CO2 emissions from limestone, dolomite, and urea 
containing compounds: 

CO2 − Cem = (MLimestone ∗ EFLimestone) + (MDolomite ∗ 
EFDolomite) + (MUrea ∗ EFUrea)   (4) 



Where, CO2 – Cem = C emissions from lime, dolomite, and 
urea application, [kg C] 

Mlimestone, Mdolomite, Murea = amount of calcic limestone 
(CaCO3), dolomite (CaMg(CO3)2), or urea respectively, in 
[kg] 

EFlimestone, EFdolomite, EFurea = emission factor [kg C/ of 
limestone, dolomite, or urea] 

For coconut cultivation, limestone is not applied as a 
fertilizer. Therefore, the emission factors for dolomite and 
urea are taken as 0.13 and 0.2, respectively [18]. 

Several pathways result in N2O emissions in coconut 
cultivation, which can be divided into direct emissions 
(release of N2O directly from N inputs) and indirect 
emissions (N2O emissions through a more intricate 
mechanism). This study concerns only direct emissions 
result in the direct application of synthetic fertilizers. The 
equation (5) is derived from Intergovernmental Panel on 
Climate Change (IPCC) methodologies on N2O emissions 
from managed soils. 

N2O − Ndirect = N2O − NN,inputs + N2O − NOS + N2O − NPRP    

  (5) 
Where,  

 N2O –NDirect = annual direct N2O–N emissions produced 
from managed soils, [kg N2O–N] 

N2O–NN,inputs = annual direct N2O–N emissions from N 
inputs to managed soils, [kg N2O–N] 

N2O–NOS = annual direct N2O–N emissions from 
managed organic soils, [kg N2O–N] 

N2O–NPRP = annual direct N2O–N emissions from urine 
and dung inputs to grazed soils, [kg N2O–N] 

The global warming impact is calculated taking 
characterization factors for 100 years lifespan, defined by 
the IPCC fourth assessment report. Global warming impact 
at the FU basis is evaluated for all the life cycle stages using 
equation (6). 

 Global warming = GWP(100,i)×mi               (6) 

Where, GWP100,i = global warming potential over 100 years 
of substance 

III. RESULTS AND DISCUSSIONS 

Table I represents the heavy metal removal efficiencies 
for raw coir dust specimens at different dosages and their 
respective removal efficiency percentages for 2 hours of 
contact time. R1, R2, R3, R4, and R5 indicate the filtrate 
obtained from the samples with 1 g, 2 g, 3 g, 4 g, and 5 g of 
raw coir dust, respectively. It shows that the removal 
efficiencies for Cd, Cr, Ni, and Pb are gradually increasing 
with the dosage of the adsorbent up to the R4 sample. 
According to the results, further increment in adsorbent 
causes a decline in removal efficiencies in these samples, 
including the Cu, Mn, and As. However, the removal 
efficiencies for As, Mn, and Cu also show some increasing 
trend with the increase of adsorbent dosage, but the pattern 
is not gradual. Zn does not demonstrate a removal 
efficiency, by escalating the adsorbent dosage. 

Table II presents heavy metal concentrations of 
processed coir pith samples at various dosages and their 
respective removal efficiency percentages for 2 hours of 
contact time. According to the results, removal efficiencies 
for As, Cd, Cr, Cu, Ni, and Pb gradually increase with the 
dosage of the adsorbent. The maximum removal efficiency 
is recorded for Pb, when the filtrate is obtained from the 
sample with 5 g of coir pith. However, removal efficiencies 
for Mn and Zn are zero indicating the initial concentrations 
of Mn and Zn solution have increased after adding 
processed coir pith.  

When comparing heavy metal removal efficiencies of raw 
coir dust and processed coir pith (Table I and Table II), 
processed coir pith illustrates its maximum removal 
efficiency for As, Cd, Cr, Cu, Ni, and Pb at the highest 
dosage of adsorbent. In contrast, the maximum removal 
efficiencies of raw coir dust are shown at 4 g of dosage, i.e., 
not the highest dosage of adsorbent. Therefore, for these 
heavy metals, the most adsorbing efficient solid/liquid ratio 
for raw coir dust and processed coir pith is 0.08 g/ml 
(4g/50ml) and 0.1g/ml (5 g/50 ml), respectively, at room 
temperature for 2 hours of the contact time. Thus, the 
experimental results indicate that raw coir dust has better 
performances of heavy metal removal for As, Cd, Cr, Cu, 
Ni, and Pb in comparison to that of processed coir pith. 
Nevertheless, the samples of Mn and Zn show completely 
different behavior of heavy metal removal, such that 
processed coir pith demonstrates zero efficiencies, while 

TABLE I.  HEAVY METAL REMOVAL EFFICIENCIES OF RAW COIR DUST SAMPLES AT VARIOUS DOSAGES AND THEIR RESPECTIVE REMOVAL EFFICIENCY 

PERCENTAGES FOR 2 HOURS 

 
 
Sample 

ID 

As 

(188.980 nm) 

Cd 

(214.439 nm) 

Cr 

(267.716 nm) 

Cu 

(327.395 nm) 

Mn 

(257.610 nm) 

Ni 

(231.604 nm) 

Pb 

(220.353 nm) 

Zn 

(213.857 nm) 

 

Conc 

(ppm) 

 

Removal 

% 

 

Conc 

(ppm) 

 

Removal 

% 

 

Conc 

(ppm) 

 

Removal 

% 

 

Conc 

(ppm) 

 

Removal 

% 

 

Conc 

(ppm) 

 

Removal 

% 

 

Conc 

(ppm) 

 

Remova

l 
% 

 

Conc 

(ppm) 

 

Removal 

% 

 

Conc 

(ppm) 

 

Removal 

% 

Standard 
aqueous 
solution 1.04 - 1.02 - 1.05 - 1.04 - 1.04 - 1.04 - 0.99 - 1.04 - 

R1a 0.91 12.63 0.84 16.93 0.90 14.71 0.99 4.42 0.94 9.03 0.85 18.32 0.79 20.28 1.15 0 

R2b 0.89 14.08 0.84 17.33 0.89 15.33 0.98 5.16 0.97 6.23 0.84 18.99 0.79 20.51 1.21 0 

R3c 0.90 13.08 0.83 17.81 0.89 15.15 0.98 5.54 0.95 8.09 0.84 19.33 0.78 21.43 1.20 0 

R4d 0.85 17.66 0.80 21.27 0.85 18.90 0.97 6.66 0.90 12.87 0.82 21.63 0.75 24.29 2.11 0 

R5e 0.93 9.88 0.88 13.01 0.92 12.10 0.98 5.21 1.10 0 0.89 15.02 0.83 15.56 1.29 0 

a,b,c,d Filtrate obtained from the sample with 1g, 2g, 3g, 4g, and 5g of raw coir dust, respectively 



raw coir dust represents decreasing and increasing variation 
with the adsorbent dosage for Mn. 

Heavy metal removal capacity of processed coir pith is 
tested at two distinct temperatures and contact times. As per 
the results in Table III, the removal efficiencies of As, Cd, 
Ni, and Pb has significantly decreased when increasing both 
temperature and the contact time. In contrast, Cu shows a 
slight increment of removal efficiency with the increasing 
temperature, but a reduction with the contact time. It is 
interesting to note that, Zn concentration in the standard 
aqueous solution escalates with both time and temperature. 
Correspondingly, Mn indicates a similar behavior except at 
the 30-minute contact period. Therefore, the experimental 
results imply that the most appropriate conditions for heavy 
metal removal from processed coir pith is room temperature 
and 30 minutes of contact time. 

A. Energy analysis 

Fig. 1. illustrates the life cycle stage-wise energy 
consumption for processed coir pith production. In the 
considered system boundary, the energy is primarily 
consumed by the transportation and coir pith production 
stages while the coconut cultivation stage consumes an 

insignificant amount of energy. The required weight of the 
dried coir husks is 1.67 tonnes/tonne of processed coir pith. 
Energy consumption for the coconut husk transportation 
stage is 602.06 MJ/tonne of processed coir pith. A 
commercially available machine with 5 HP of power is 
utilized to obtain the processed coir pith from the husks 
[19]. The energy requirement of the machine is recorded as 
63.92 MJ/tonne of processed coir pith. Hence, the total life 
cycle energy consumption for production of 1 tonne of 
processed coir pith is 705.53 MJ.  

 

B. Global Warming Potential 

Fig. 2. summarizes the global warming potential from the 
considered three stages. Application of urea and dolomite 
directly contributes to CO2 and N2O gas emissions, resulting 
in 1.26 kg CO2eq/tonne and 2.02 kg CO2eq/tonne, 
respectively. The required electricity for the plant is taken 
from National Electricity Grid in Sri Lanka, which is 
coming from approx. 30-40% coal, 20-30% diesel & fuel 
oil, and the rest are from hydropower and renewable energy. 
None of these fuel combustions emits a significant amount 
of N2O and CH4. Therefore, the predominant emission is 
CO2, which records 97.46 kg CO2eq/tonne. The highest 
global warming impact is occurred by the transportation 
stage of coir husks, indicating 147.12 kg CO2eq/tonne of 
CO2, 0.02 kg CO2eq/tonne of CH4, and 0.28 kg CO2eq/tonne 
of N2O. The total global warming impact of processed coir 
pith is 248.15 kg CO2eq/kg of the adsorbent. 

TABLE III.  HEAVY METAL REMOVAL EFFICIENCIES OF PROCESSED 

COIR PITH SAMPLES AT TWO TEMPERATURE CONDITIONS AND TWO CONTACT 

TIMES  

Heavy metal 

T1- 

Sample 

with 2 g 

of coir 

pith kept 

at 500C 

T2- 

Sample 

with 2 g 

of coir 

pith kept 

at 700C 

D1- 

Sample 

with 2 g of 

coir pith 

kept for 30 

minutes 

D2- Filtrate 

Sample with 

2 g of coir 

pith kept 

for 4 hours 

As 7.71% 6.09% 14.38% 7.83% 

Cd 5.70% 3.88% 10.64% 5.13% 

Cr 14.24% 14.21% 18.69% 13.55% 

Cu 15.05% 15.43% 21.34% 16.13% 

Mn 
0 

(1.05 
ppm) 

0 
(1.07ppm) 

6.42% 
0 

(1.07ppm) 

Ni 12.19% 9.38% 18.17% 7.93% 

Pb 6.61% 3.79% 26.30% 17.17% 

Zn 
0 

(1.41 
ppm) 

0 
(1.34 
ppm) 

0  
(4.10 ppm) 

0 
(1.41 ppm) 

 

TABLE II.  HEAVY METAL CONCENTRATIONS OF PROCESSED COIR PITH SAMPLES AT VARIOUS DOSAGES AND THEIR RESPECTIVE REMOVAL EFFICIENCY 

PERCENTAGES FOR 2 HOURS  

 
 
Sample 

ID 

As 

(188.980 nm) 

Cd 

(214.439 nm) 

Cr 

(267.716 nm) 

Cu 

(327.395 nm) 

Mn 

(257.610 nm) 

Ni 

(231.604 nm) 

Pb 

(220.353 nm) 

Zn 

(213.857 nm) 

 

Conc 
(ppm) 

 

Removal 
% 

 

Conc 
(ppm) 

 

Removal 
% 

 

Conc 
(ppm) 

 

Removal 
% 

 

Conc 
(ppm) 

 

Removal 
% 

 

Conc 
(ppm) 

 

Removal 
% 

 

Conc 
(ppm) 

 

Removal 
% 

 

Conc 
(ppm) 

 

Removal 
% 

 

Conc 
(ppm) 

 

Removal 
% 

Standard 
aqueous 
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C1a 0.97 6.13 0.95 6.93 0.96 8.33 0.98 5.16 1.04 0 0.95 9.37 0.90 9.21 1.29 0 

C2b 0.94 8.97 0.92 9.12 0.94 10.30 0.98 5.96 1.10 0 0.92 11.92 0.87 11.99 1.34 0 

C3c 0.92 11.39 0.89 12.66 0.91 13.43 0.97 6.36 1.16 0 0.89 14.37 0.83 15.80 1.44 0 

C4d 0.90 13.11 0.87 14.06 0.90 14.77 0.94 9.48 1.17 0 0.87 16.9 0.82 16.88 1.55 0 

C5e 0.87 16.15 0.84 16.97 0.86 17.72 0.91 12.02 1.23 0 0.84 19.74 0.79 20.43 1.55 0 

a,b,c,d Filtrate obtained from the sample with 1g, 2g, 3g, 4g, and 5g of processed coir pith, respectively 

 

Fig. 1. Stage wise energy consumption of the processed coir pith 
production  



A published study reports that 1 kg of activated carbon, 
which is a commercial heavy metal adsorbent produced 
from either biochar or coal results in 8.60 kg CO2eq - 18.28 
kg CO2eq of global warming impact [20]. Further, another 
study has investigated the LCA for commercial-scale 
production of graphene (1 g) by electrochemical exfoliation, 
chemical/thermal reduction and chemical oxidation that has 
reported global warming impacts of 0.28 kg CO2eq, 0.081 kg 
CO2eq, and 0.05 kg CO2eq, respectively [21]. In comparison 
to commercial heavy metal adsorbents like activated carbon 
or graphene, both raw coir dust and processed coir pith show 
low impact values of life cycle global warming impact, 
highlighting them environmentally benign heavy metal 
adsorbents.  

IV. CONCLUSION 

In this study, multicomponent heavy metal removal 
efficiencies of raw coir dust and processed coir pith were 
investigated for Cu, Pb, Cd, As, Cr, Mn, Ni, and Zn aqueous 
solutions. According to the findings, raw coir dust records 
higher removal efficiencies of As, Cd, Cr, Cu, Ni, and Pb, 
in comparison to that of processed coir pith. Both raw coir 
dust and processed coir pith demonstrate elevated 
concentrations of Zn after adsorption and zero removal 
efficiencies at all dosages. Therefore, raw coir dust and 
processed coir pith cannot be used as an adsorbent to 
remove Zn from aqueous solutions, and further 
investigations are required for Mn removal using both 
adsorbent materials. The product stage-wise life cycle 
analysis indicated that the coir pith production stage and 
cultivation stage consume lower amounts of energy and 
contribute for lower global warming impact, compared to 
the transportation stage. The study provides useful findings 
regarding the appropriateness of raw coir dust as a more 
environmentally-benign adsorbent for multi-component 
heavy meatal removal. 
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