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A high rate of population growth is increasing per-capita income, industrialization, and urbanization results in the
generation of an enormous volume of solid waste, which poses a serious threat to environmental quality and human
health. Furthermore, weak institutional framework and low capacities, as well as lack of resources, both human and
capital, has put waste management in a very terrible state. Several types of solid wastes are generating due to human
activities. Municipal solid waste, industrial waste, construction, and demolition waste (CDW), etc. are the most
challenging wastes types, and still, most of the nations are unable to tackle these materials on efficient and productive
way, especially developing nations. In this study, we were mainly concerned only on construction demolition waste
and some industrial by-products (IBPs), which are the most challenging waste materials in the twenty-first century.
According to the statistics on treatment and recycling of CDW and IBPs, developing nations are the most vulnerable as
well as suffering from a lot of environmental and social issues due to lack of knowledge and technology for the handling
these waste on effective ways. Thus, strengthen the institutional framework and introducing the new policies and laws
on proper management of wastes are essential. On the other hand, researchers and scientists have a great challenge to
carry out research and to propose new technologies and methods for the appropriate treatment, management and set
added values for the CDW and IBPs materials to realize the sustainable development in worldwide.

Contamination of water by toxic heavy metals through the discharge of industrial wastewater is a global environmental
problem. Rapid industrialization has seriously contributed to the release of toxic heavy metals to water bodies. Mining,
electroplating, metal processing, textile, battery manufacturing, pesticides, and photographic industries are the primary
sources of heavy metals contamination. Metals such as lead, cadmium, copper, arsenic, nickel, chromium, zinc and
mercury have been recognized as most hazardous heavy metals. As an example, the annual global release of heavy

metal reached 22,000 tons (metric tons) for cadmium, 939,000 tons for copper, 783,000 tons for lead and 1,350,000 tons



for zinc. These metals are non-biodegradable, and they can be accumulated in living tissues, causing various diseases
and disorders. Thus heavy metals must be removed before discharge.

Countless efforts are being made to develop improved and innovative methods of wastewater treatment, such as
chemical precipitation, membrane filtration, hydroxide precipitation, reverse osmosis, phytoextraction, ion exchange,
electrokinetic remediation, and adsorption. Adsorption is one of the most effective processes of advanced wastewater
treatment, which industries employ to reduce hazardous metals present in the effluents. Activated carbon produced
by carbonizing organic materials is the most widely used adsorbent. Activated carbon has shown excellent metal ion
adsorption capacities. However, the high cost of the activation process limits the utilization of wastewater treatment.
Over the last few years, a large number of investigations have been conducted to test the low-cost adsorbents for the
removal of heavy metals such as geo and bio sorbents. Adsorption method provides an attractive alternative for the
treatment of contaminated water, especially if the adsorbent is inexpensive and does not require an additional pre-
treatment step before its application. Also, adsorption is superior compared to the other techniques for water re-use in
terms of initial cost, flexibility and simplicity of design, ease of operation, and insensitivity to toxic pollutants. Then,
developing countries, small scale industries are keen to use adsorption technology to treat industrial effluents. However,
the adsorption technique sustainability much depends on efficient and abundantly or freely available materials.

Moreover, the literature review in this study revealed that more than 74% of published works on adsorption studies
were targeted single or binary metal solutions for the adsorption experiments. But, real industrial wastewater might
be a one or mixture of two or several common heavy metals such as Pb>", Cd*", Ni**, Cu™, Zn"", etc. Consequently,
studies on simultaneous removal of these metals are sensible to increase the effectiveness of adsorption as a method
to treat industrial wastewater. The next primary concern is when applying simultaneous removal process by adoption
technology, metals like Pb”" and Cu’" always dominating and the other metals (especially Cd*") are hampering in the
system. Thus, the number of researchers have been concluded, simultaneous removal of Cd*" using low-cost adsorbent
is impossible. Therefore, it is appreciated to find out low-cost adsorbents which are potential to simultaneous removal
of commonly available heavy metals in wastewater. Besides, more than 99% of batch adsorption studies were mainly
concerned about the effect of initial concentration (C,) to study adsorption isotherm/adsorption mechanism rather than
the effect of solid:liquid (S:L) ratios. The adsorption efficiency of heavy metals might directly influence it. Generally,
for a fixed metal concentration in solution, when increasing the S:L ratio by adding the adsorbent, the amount of
metal adsorption is rising due to boosting of the number of adsorption sites. However, S:L ratio directly alternating the
characteristics of the adsorbate and adsorbent mixture, and ultimately, it affects for the metal adsorption mechanism
which, although not often studied should have a substantial effect on the metal sorption. Thus, main objectives of this
study are (i) to set an added value for the selected CDW and IBPs materials as low-cost adsorbents to treat industrial
wastewater, (ii) to investigate the metal adsorption mechanism onto selected CDW and IBPs materials, and (iii) to
investigate the simultaneous removal potential of Cd*" and Pb”" by the selected CDW and IBPs materials under the
batch adsorption condition.

Three CDW (autoclaved aerated light-weight concrete, crushed concrete fines crushed clay bricks), two IBPs
(steel slag, municipal solid waste slag) and two reference materials (Japanese zeolite, fine sand) were selected as the
low-cost adsorbents to examine the heavy metal adsorption process in this study. First, a series of batch adsorption
experiments were carried out using all materials with three different particle sizes to examine the effects of the particle
size (<0.105, 0.105-2, 2-4.75 mm), initial metal concentration (0-5000 mg/L), initial pH (3-11), ionic strength (0-

0.1), metal desorption, contact time (0-192 h), and competitive metals (binary and multi-metals). Then, based on the



materials adsorption capacity of each metal and adsorption mechanism, best-performed materials were selected for the
simultaneous removal experiments. In simultaneous experiments, to examine the effect of molar mixed ratios of Cd*'
and Pb*" in the binary metal solutions for each metal adsorption, Cd*" to Pb*", was mixed at metals molar ratios of 1:0,
1:0.25, 1:0.5, 1:0.75, 1:1, 1:2, and 1:5 to investigate the effect of Pb*" concentrations on Cd*" adsorption. Similarly, the
same mixing ratios of Pb>" to Cd*" were used to investigate the effect of Cd*" on Pb>" adsorption. To examine the effects
of multi-metals solution on Cd*" and Pb>" adsorption onto each adsorbent, C, of 1,000 mg/L Cd*, Pb*", Cu®", Ni*", and
Zn*" mixed solutions with metals molar mixed ratios of 1:1:1:1:1 were used. Also, To examine the effect of S:L ratios
(adsorption isotherms) and to find out the best S:L ratio/s for simultaneous removal of Cd*" and Pb’* by the selected
adsorbents, C;of 1,000 mg/L binary and multi-metals solutions were used with five different S:L ratios (1:5, 1:10, 1:60,
1:100 and 1:250). The same experiment was carried out with single metal solutions for each adsorbent, and observed
results were compared with its binary and multi-metals solutions.

Based on the results in this study, AAC and SS were shown the high capacity to remove harmful heavy metals from
wastewater. Noticeably, AAC showed greater affinity with Pb*" (>250 mg/g). In contrast, SS showed greater affinity
with Cd*" (>300 mg/g). Importantly, AAC fines (<0.105, 0.105-2 and 2-4.75 mm) were achieved effluent discharge
standards (<0.001 mg/L) for Cd*" and Pb’" up to initial concentration of 600 mg/L for Cd*" and 1000 mg/L for Pb**
by the single batch adsorption under carried out experimental conditions, respectively. Also, SS (<0.105, 0.105-2 and
2-4.75 mm) achieved effluent discharge standards for the Cd*" up to initial metal concentration of 800 mg/L by the
single batch adsorption process. However, both individual adsorbents were exhibited poor performance on simultaneous
removal of Cd*" and Pb™" from binary and multi-metals solution. Therefore, this study introduced three mixtures of
AAC and SS fines which are AAC+SS [4:1], AAC+SS [1:1] and AAC+SS [1:4] for the simultaneous removal of Cd*"
and Pb”". Accordingly, serious of batch adsorption experiments were carried out with binary and multi-metals solutions
on simultaneous removal of Cd®" and Pb*" from wastewater. Besides, the effect of solid: liquid ratios (S:L ratios)
were investigated using binary and multi-metals solutions for the simultaneous removal of Cd®" and Pb’" and, results
were compared with its single metal solutions. Results revealed that AAC+SS [1:1] is an effective adsorbent for the
simultaneous removal of Cd*" and Pb*" from wastewater than the other tested adsorbents. In the binary metal solutions,
AACHSS [1:1] was capable of removing Cd*" and Pb*' simultaneously, without any effect of metals molar mixed ratios
at the S:L ratio of 1:60. Interestingly, AAC+SS [1:1] mixture showed 100 % removal of Cd*" and Pb** simultaneously,
in the multi-metals solution up to S:L ratio of 1:10. Thus, it was able to eliminate the low-cost adsorbents major
drawback, which was always Cd’" hampering and Pb’" domination in the multi-metals system. Then, the selectivity
sequence of AAC+SS [1:1] mixture was observed as Cd*~Pb*"~Cu*~Zn’"=Ni*". AAC fines main adoption mechanisms
are ion exchange, surface complexation, and surface precipitation. Especially, Ca>” ion exchange on the hydrated
adsorbent surface is the dominant adsorption mechanism of Cd*" and Pb”* adsorption for tested AAC fines at the early
stage of adsorption. The dominant mechanisms for Cd*" and Pb”" adsorption onto SS are Ca’" ion exchange, surface
complexation along with surface precipitation. The solution equilibrium pH mainly controls Pb”* adsorption onto SS
fines and its mixtures. At the very high pH (>12 ), only Ca*" ion exchange reaction act as the dominant mechanism,
but the equilibrium pH<12, surface precipitation playing a significant role to remove Pb’" from the metal system.
Thus, it is recommended to pay attention to solid: liquid ratios in batch adsorption studies, which is highly controlling
the simultaneous removal of metals from the multi-metals solution. Also, the following facts should be considered in
future studies and applications for the sustainable use of low-cost adsorbents like AAC and SS. Along with the metal

adsorption process, AAC and SS fines released a relatively high concentration of Ca’*, which should be controlled



before the discharge of the treated water into the natural environment. Thus, it is recommended to studies on Ca”" ions

control experiments while using the AAC and SS-like low-cost adsorbents on the wastewater treatment process.
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