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Introduction
One of the pillars of a sustainable society is clean water. As drinking water or water for daily use, 
it contributes significantly to public health and is an essential resource for the food industry. As 
a result, one of the UN Sustainable Development Goals for 2030 is to ensure that everyone has 
access to safe drinking water. The challenges posed by emerging water contaminants, including 
pharmaceutical pollutants, impede the achievement of this objective.

Drug contaminations are the remaining dynamic drug fixings (APIs) or their change items found 
at different levels in regular lattices. According to Dusi APIs or their metabolites have been 
found in liquid effluents that have been treated municipal, industrial, or hospital wastewaters 
as well as veterinary emissions from. Despite the fact that they are available at moderately low 
fixations, they present serious dangers to people and sea-going biota as a result of their intense 
bioactivity even at exceptionally low portions (BIO Knowledge Administration). Additionally, 
pharmaceutical pollutants accumulate in the environment and form a “complex pharmaceutical 
pool,” which may have a higher ecotoxicity than the individual APIs as a result of the on-going 
influx of pharmaceutical pollutants, primarily from municipal wastewaters [1-3]. A crucial step 
is to regulate this influx from municipal wastewater treatment plants in order to reduce the 
effects of pharmaceutical pollution. Improvement of wastewater treatment advances to effectively 
eliminate drug deposits from wastewaters is required. Due to its straightforward operation, low 
energy consumption, and absence of toxic by-products, adsorption is one of the most widely used 
wastewater treatment methods. Adsorption units are either situated before natural treatment to 
eliminate poisonous mixtures or after physico-compound treatment to eliminate micro pollutants. 
Adsorption uses strong adsorbents that can hold the objective foreign substances through physical 
as well as compound intermolecular connections. Most water treatment facilities use activated 
carbon (AC) in powder or granular form as an adsorbent [4]. However, despite its relatively high 
efficiency, AC is continually searched for alternatives due to its costly regeneration method and 
significant regeneration loss.

Products derived from wood, such as cellulose and lignin, have been thoroughly investigated 
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Abstract
Adsorption is a somewhat basic wastewater treatment strategy that can possibly 
relieve the effects of drug contamination. This requires the advancement of reusable 
adsorbents that can at the same time eliminate drugs of shifting compound construction 
and properties. In this study, we examined the multi-component system’s adsorption 
potential of various pharmaceuticals by nanostructured wood-based adsorbents. Using 
electrostatic attraction, lignin nanoparticles (LNPs) were attached to the nanocellulose 
network to create macroporous cryogel adsorbents. The normally anionic LNPs were 
moored to cationic cellulose nanofibrils (cCNF) and the cationic LNPs (cLNPs) were joined 
with anionic Rhythm oxidized CNF (TCNF), delivering two arrangements of nanocellulose-
based cryogels that additionally contrasted in their general surface charge thickness. On 
the surface of the freeze-dried cryogels, layered cellulosic sheets were randomly decorated 
with spherical lignin. They displayed shifting selectivity and effectiveness in eliminating 
drugs with contrasting aromaticity, extremity and ionic characters. The amount, 
morphology, and type of lignin nanomaterials, as well as the pH of the pharmaceutical 
solution, had an impact on their adsorption potential.
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and demonstrated to have enormous 
potential for a variety of applications. They 
have unique properties when they are in 
their nanoscale forms as lignin nanoparticles 
(LNPs) or nanocelluloses, which have been 
used for advanced and diverse applications. 
For instance, nanocelluloses were excellent 
materials for developing nanocomposites for 
tissue engineering, drug delivery, energy storage, 
filtration membranes, and other applications 
due to their high mechanical properties and 
abundance of modifiable hydroxyls. They can 
also be used as substrates to make transparent, 
light, and flexible sensors and devices. In the 
meantime, LNPs have been found to be excellent 
dispersants, antioxidants, UV-protecting agents, 
and antimicrobials in the formulation of 
coatings, adhesives, and composites due to their 
polyaromatic structure and spherical shape. As 
carriers for the controlled delivery or release of 
bioactive ingredients, LNPs were also extensively 
studied.

Both nanocelluloses and LNPs are promising 
materials for creating adsorbents for wastewater 
treatment. As an adsorbent for oil, heavy metals, 
dyes, and a few pharmaceuticals, nanocelluloses, 
particularly their chemically modified derivatives 
in the form of hydrogels or aerogels, have been 
extensively studied [5-7]. Circular LNPs are not 
too investigated as the nanocelluloses as far as 
adsorption studies, however lignin subordinates 
and lignin-based carbon materials have shown 
productivity in eliminating different sorts of 
poisons from wastewater, including drugs. Up 
until this point, just our past review has made an 
orderly examination of the adsorption capability 
of different sorts of LNPs towards various drugs. 
We found that a wide range of pharmaceuticals, 
from charged to neutral, aromatic to non-
aromatic, acidic to basic, were adsorbed by 
LNPs in their natural anionic or cationized 
form (cLNPs). LNPs and cLNPs are promising 
adsorbents, but due to their tendency to form 
a colloidal suspension in water, they cannot be 
used alone in large-scale applications. This makes 
it difficult to remove them after adsorption. 
Hence, in this on-going work, we secured LNPs 
or cLNPs on a nanocellulose substrate to foster 
cellulose-based macroporous materials, which we 
have called cryogels. This should be in line with 
the term that is currently used to describe porous 
cellulosic materials made by freeze-drying.

The plan depended on inverse surface charges 
to empower the LNPs or cLNPs to secure on 
the nanocellulose network through electrostatic 

fascination [8]. The polyaromatic structure of 
the LNPs or cLNPs, which contain a variety of 
functional groups such as carboxyl’s, phenolic and 
aliphatic hydroxyls, and methoxyls, is thought to 
serve as a functionalizing agent, increasing the 
nanocelluloses adsorption capacity. The LNPs 
or cLNPs are also thought to strengthen the 
cryogels by acting as crosslinking agents between 
the nananofibrils due to their distinct charge 
with the specific nanocellulose they are attached 
to.

To decide the productivity and selectivity of 
the nanocellulose-based cryogels as adsorbents, 
multi-part group balance adsorption tests were 
performed, wherein something like six drugs 
with varying compound construction, extremity, 
corrosiveness or basicity, and ionic person were at 
the same time present in the test arrangements. 
In contrast to the single-component system that 
is typically utilized in adsorption studies, this 
configuration is a better representation of the 
pharmaceutical cocktail found in wastewaters. 
The surface charge density of the cryogels, the 
pH of the surrounding medium, and the type, 
quantity, and morphology of the LNPs were 
investigated as factors affecting the adsorption 
potential of the cryogels. The reusability of 
the cryogels was then examined through a 
series of adsorption-desorption tests. The 
discoveries of this study is supposed to give 
new experiences on the exhibition of LNPs or 
cLNPs as functionalizing specialists and would 
be valuable in planning future adsorbents as 
well as in creating different kinds of bio-based 
utilitarian materials for different applications, 
like medication exemplification and conveyance.

Conclusion
The development of reusable adsorbents with 
a high affinity for a variety of pharmaceuticals 
is essential to the viability of adsorption 
as a means of mitigating the effects of 
pharmaceutical pollution. Various kinds of LNPs 
and nanocelluloses were combined to make 
nanocellulose-based cryogels for pharmaceutical 
adsorbents in a multi-component adsorption 
system with the intention of developing such 
adsorbents. In order to evaluate the selectivity 
and effectiveness of the cryogels during 
simultaneous adsorption, the pharmaceuticals 
were carefully chosen to cover a wide range 
of chemical variability [9-10]. The LNPs 
likewise go about as crosslinking specialists. 
The cryogels’ firmness was enhanced and their 
water absorption was reduced by electrostatic 
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attraction-aided crosslinking between the 
nanofibrils. More importantly, the reusability 
of the cryogels was made possible because the 
crosslinking increased the cryogels’ resistance to 
disintegration when exposed to water repeatedly. 
Be that as it may, the degree of progress brought 
by crosslinking relies additionally upon the 
nanofibril length; subsequently it is critical 
to consider the viewpoint proportion of the 
beginning nanocellulose to accomplish adequate 
dependability with rehashed openness in 
water. Despite the study’s limitations, the most 
significant result is that unmodified LNPs have 
a greater potential to increase the adsorption 
potential of nanocellulose cryogels than cLNPs 
do. This indicates that the pairing of LNPs with 
naturally occurring cationic polymeric matrices 
like chitin makes it possible to create bio-based 
adsorbents without requiring any additional 
chemical modifications. 
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