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Abstract: Laboratory waste can take the form of organic and inorganic materials if it
accumulates, it can be harm the surrounding environment such as soil, water and plants.
Some heavy metals are discharged without prior processing so it is feared that they can
cause environmental pollution. The purpose of this research was to identify heavy metals
from the laboratory activities waste and reduce that heavy metals using activated carbon
and bentonite. The adsorption method using adsorbents such as activated carbon and
bentonite is widely used to reduce metal contamination in waste and for analysis of heavy
metal content in this research we used an atomic absorption spectrophotometer. The
results of the analysis show the presence of several heavy metals such as Pb, Cu, Ag, Co, Cd,
Cr and Hg. Identified laboratory waste results are quite high at 35 g/L for Cu, 1200 ppm for
Pb metal and 220 ppm Ag. Adsorption using carbon and bentonite showed a reduction of
Cu in the laboratory waste of 90.8 and 83.9% respectively with 2gram adsorbents. This
shows that carbon and bentonite can be used as adsorbents to reduce metals in laboratory
waste.
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INTRODUCTION

Waste is a residual that produced from a production process both industrial and domestic (household)
whose presence at a certain time and place is not desired by the environment because it has no economic
value. Laboratory waste is waste from a laboratory, in this case specifically a chemical laboratory. This
waste can come from chemicals, equipment for laboratory activities and others. In a certain amount with
a certain level, that waste can damage health and even kill other humans or lives so it is necessary to set
limits that are permitted in the environment at a certain time. Laboratory waste in the form of organic
and inorganic materials can produce sufficiently hazardous waste. Reagents or heavy metals also used in
a laboratory activities and when it accumulated it can be harm the environment(!l. The presence of heavy
metal ions is of major concern due to their toxicity to many life forms. Humans can become exposed to
heavy metals in dust through several routes which include ingestion, inhalation, and dermal absorption!2l.
Mainly related to the heavy metals lead, mercury and cadmium but covering other heavy metals like
chromium as well extensive documentation of the potential harmful effects to humans and the
environment is available.

Waste is a waste of chemicals that have been used, raw materials expire, or process products in the
laboratory such as the remaining specimens. Organic or inorganic wastes with certain concentrations and
qualities can have a negative impact on the environment, especially for human health, so it is necessary to
handle waste. As it is known that metals such as chromium, copper, lead, manganese, mercury, cadmium
are very dangerous to human health and also the environment because they are toxic[3 4 5.

The laboratory is mentioned as one of the sources of producing solid, gas or liquid waste. Laboratory
waste is a waste that produced from the laboratory, in this case specifically a chemical laboratory.
Laboratory in general is a place where the process of experiments or chemical analysis carried out
involving human resources, hazardous chemicals and by-products of the reactions that occurred.
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Laboratories are very unique because all the harmful chemicals in them are small but can produce
potential waste against environmental damagel®l.

This waste can come from chemicals, equipment for laboratory work and others. This laboratory
waste has a dangerous risk to the environment and living things. When viewed chemically, this waste
consists of chemicals of organic compounds and inorganic compounds. The level of danger of poisoning
caused by waste depends on the type and characteristics of the waste. Waste characteristics are
influenced by particle size (micro), are dynamic, spread widely and have a long or long impact. While the
quality of waste is influenced by the volume of waste, waste content, pollutant content and frequency of
wastel7l.

As a waste, its presence is quite alarming, especially those sourced from chemical laboratories due to
the toxic and dangerous materials used in many chemical laboratories. The disposal of a number of
hazardous materials into the environment can cause problems for the environment because the presence
of these materials is difficult to biodegrade. In a certain amount with a certain level, its presence can
damage the food chain that exists in the environment and endanger health and even kill other humans or
lives so it is necessary to set permitted limits in the environment at a certain time(8l. Heavy metal is a
global issue for the environment and human health due to its toxicity, causing bioaccumulation in the
human body and food chain, carcinogenic and can cause mutations in some organisms[9l.

MATERIAL AND METHODS

e Adsorbates : laboratory activities waste
e Adsorbent: activated carbon and bentonite
Sampling of the Laboratory Waste

Samples from the waste of practical activities in each laboratory are accommodated in a container for
one activity. The sample was added with concentrated nitric acid and filtered by filter paper, and then the
filtrate that obtained ready for analysis.

Metal Adsorption

20 grams of adsorbent soaked in aquademin with a volume ratio of 1: 50 and stirred for 2 hours using
a magnetic stirrer at a speed of 100 rpm. The mixture was deposited and left for 2 days then filtered and
the residue dried in an oven at 1052C for 24 hours. The adsorbent was mashed up until it size 100 mesh.
For the adsorption process 5 beakers are prepared and added by 0.4; 0.8; 1.2 ; 1.6 and 2 grams
adsorbents and 25 mL of laboratory waste are added to each beaker. The mixture is stirred using a shaker
for 12, 20, 30, 45 and 60 minutes at a speed of 200 rpm. The mixture is filtered by filter paper to separate
the filtrate from the adsorbent. The filtrate then added by a few drops of HNOsand analyzed the content of
Cu and Pb ions using AAS.

Adsorbent Characterization

Characterization of the adsorbent before and after adsorption was carried out by determining the
functional group using FT-IR (Fourier Transform InfraRed Spectroscopy), morphology using SEM
(Scanning Electron Microscopy), and pore size using SAA (Surface Area Analyzer) with BET method.

RESULTS AND DISCUSSION

The presence of heavy metals such as Cu, Cr, Co, Cd, Ag, Mg and Pb was found in a large number of
results in laboratory activities, which were around 0.25 - 212.87 ppm and Cu metal was found in the
largest amount as shown in Figure 1.
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Figure 1: Types of metal waste in analytical chemistry laboratories
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Some of these metal wastes are produced from experiments activities in the laboratory using reagents
from compound compositions in the composition and a sufficiently high amount so that the waste that is
wasted is of sufficiently high concentration (Figure 1). Cu metals are found in very high amounts, which is
more than 90% of total waste in the laboratory by using reagents from compounds in concentrations and
amounts that are quite high so that the waste that is wasted is still quite high in concentration (Figure 1).
Cu metals are found in very high amounts, which is more than 90% of total waste in the laboratory.

Copper is an indispensable element in carbohydrate and fat metabolism and maintaining heart and
blood vessel activity. According to WHO the maximum concentration of copper that allowed in drinking
water is 1.5 mg / L and in adults the body contains 100 - 150 mg Cu?+. If it exceeds the concentration, it
will be toxic to the body and cause health problems such as nausea, headache, respiratory problems,
anemia, bleeding in the gastrointestinal, liver, kidney failure and deathl0l.

Research from Lou and Chang(!!l related to the development of procedures for handling wastes
containing a lot of heavy metals, states that ten metals such as Pb, Cd, Cu, Cr, Zn, Ag, Hg, Sn, Mn and Ni are
categorized as heavy metals so that its existence must be reduced. These heavy metals can be adsorbed
using carbon or bentonite. Bentonite in mineralogy belongs to a large group of clay soils, is a rock formed
from volcanic ash and contains montmorillonite minerals. There are two types of bentonite stones,
namely Bentonite Na and Bentonite Ca, each of which has a different function. Bentonite is used as the
main alternative in the adsorption process due to the content of montmorillonite compounds which have

a measure of inter-layer space which has a large capacity in adsorption so that it can be used as an
adsorbent.

Likewise with carbon or often referred to as activated charcoal with the configuration of carbon atoms
freed from bonding with other elements, and pores cleared from other compounds so that the surface and
center become active which can cause adsorption of liquids or gases will increase.

The results of optimization of the interaction time of the adsorbent against Cu metal (Figure 2) show
that the optimum time that used to perform optimum adsorption for bentonite or activated carbon is 60
minutes. In Figure 2 shows that the adsorbent can reduce metals in waste by 60 - 85%.
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Figure 2: Effect of contact time on the adsorption of lead (a) and copper ion (b) using activated carbon
and bentonite
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Teker et al. 121 conducted an optimization of the contact time of activated carbon from rice husk
against Cu?* and obtained an optimum contact time of 60 minutes with an effectiveness of 58%. Activated
charcoal has a structure in the form of twisted tissue from imperfect carbon layers which are
interconnected by an aliphatic bridge. The surface area, dimensions and distribution of carbon atoms
making up the structure of activated charcoal are highly dependent on raw materials, carbonation
conditions and their activation processes[3l.
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Figure 3: Effect of mass adsorbent using activated carbon and bentonite on the adsorption of lead (a) and
copper ion (b)

On the mass of 2 gram adsorbent all metals showed an optimal reduction in concentration with a
reduction in metal ions of 73.7 - 99.2%. Carbon has greater effectiveness when compared to bentonite in
both copper and lead metal ions. Karnib[*4l made a reduction in waste containing Pb by 83%, using 20 mg
activated carbon in 20 ml of metal-containing waste. In another research, it was stated that activated
carbon was successfully used to remove Fe (III) and Mn (II) ions from El-General drainage water in the
coast of Alexandria, Egypt(15l.

The Langmuir equation is based on the maximum adsorption correlation of the adsorbates molecule
to the surface of the adsorbent, where the adsorption energy is constant and there is no displacement of
the adsorbates in the surface field[6.The plot between Ce and Ce / n obtained a graph of the Langmuir
equation with the values of constants, K and b in the system as in Table 1.

Table 1: Correlation of The adsorbates molecule to the surface of the adsorbent
Adsorbent Adsorbates K b(molg?!) R2
Copper 58,14 0,408 99,3
Lead 163,93 0,489 99,6
Copper 188,68 0,392 99,8

Activated carbon

Bentonite Lead 384,62 0,608 99,9
0.035 0.025
0.03 ¥
0.025 ” ¢ S N N R %
;ﬁ 00 e o Activated %015 o #— Activated
‘E’O N = catbon 2 A Carbon
:;;? 015 Qﬂﬂ el ) "}3001 P f | H
3 o N Bentonite ol S Bentonite
aﬁ ¢ 0.003 4
0005 * g o
0 @ 0"
) 0.005 0.01 0 0.002 0.004 0.006 0.008 001
Ce (mol) Ce (mol)

Figure 4: Langmuir Isotherm for lead and copper ions adsorption
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Figure 5. FT-IR spectra bentonite (a) before adsorption and (b) after adsorption

The peak at wave number 3634 cm! shows stretching vibrations of the hydroxyl groups and peaks at
3347.3 cm'! indicating the presence of stretching O-H vibrations caused by adsorption of water molecules
absorbed on the interlayer and having weak hydrogen bonds with Si-O surfaces. The presence of wave
number 1644 cm ! indicates Montmorillonite. The absorption band at wave number 1036.5 cm is caused
by stretching vibrations of Si-O from Si-O-Si which are observed as wide absorption peaks with sharp
intensity. The presence of a wave number 689.3 cm-! indicates the presence of Si / Mg-O symmetry range
vibrations[7].

Figure 6: Scaning electron microscope of activated carbon (a) before adsorption, (b) after adsorption and
bentonite (c) before adsorption, (d) after adsorption

Functional groups can be formed on activated carbon when activated, which is caused by the

interaction of free radicals on the carbon surface with atoms such as oxygen and nitrogen, which come
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from processing or atmosphere. This functional group causes the surface of the activated carbon to be
chemically reactive and affects its adsorption properties. The activation process aims to enlarge the pore
by breaking the hydrocarbon bonds or oxidizing surface molecules so that the carbon changes, the surface
area increases and affects the adsorption power(18l. Activated carbon morphology supports the above
statement which shows a wide enough pore as shown in Figure 6. These results are supported by pore
measurements of carbon and bentonite as in Table 5.5 where the active carbon pore area is almost 6
times that of bentonite while the carbon pore volume almost 10 times the volume of pore bentonite.

Table 2: Pore area and pore volume activated carbon and bentonite

No. Adsorbent Pore area (m?/g) Pore volume (cc/g)
1. Activated Carbon 756,34 263,49
2. Bentonite 142,74 21,05

Based on the data obtained in Figure 5, it shows that there is a reduction in metal concentration in
waste when compared to the control (without the addition of adsorbents). With increasing
concentrations of adsorbents both bentonite and carbon have almost the same effect, namely a decrease
in metal concentration. The decrease was 90.8% using activated carbon and 83.9% with bentonite at 2
gram adsorbent concentration respectively. This shows that the presence of these two adsorbents can
reduce the presence of metal waste in laboratory waste effluents. At 30 ppm of heavy metals, the
percentages were 90, 86, 83.6, 83 & 50.6,% for Ni, Cd, Zn, Pb & Cr respectively(!4. Activated carbon and
rice husks were successfully removed from Fe (III) and Mn (II) ions from El-General drain water,
Alexandria coast, Egypt(!5l. The maximum removal of natural zeolite was 91% at copper concentration 10
mg / 1, and the maximum removal of zinc using natural zeolite was 96% at a metal concentration of 10 mg
/1061,

CONCLUSION

Laboratory activities can produce residual waste that contained some dangerous heavy metals with a
high enough concentration. The highest concentration of metal waste found is Cu with a concentration of
7123 ppm, Pb 291.3 ppm and Ag 44.7 ppm. With the addition of bentonite adsorbent and activated
carbon can reduce copper metal in laboratory waste by 80 - 90%.
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