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Introduction

Rapeutic drugs are a class of anthro-
pogenic substances that are an emerging 
issue about pollution of the environment. 
Antibiotics are therapeutic organic com-
pounds that can be produced by particu-
lar microorganisms as secondary me-
tabolites, or can be generated artificially 
or semi-artificially (Phillips, 2003). An-
tibiotics exert antibacterial activity by 
altering the basic metabolic pathways of 
bacteria (Girardi et al., 2011).

These compounds are commonly 
used in human medicine for the preven-
tion of bacterial infections, in agriculture 
for the fight against plant pathogens, in 
the veterinary industry and in aquacul-
ture for the control of pathogenic agents. 
Antibiotics, however, are also used as 
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growth promoters (Nunes, Veiga, Frank-
enbach, Serôdio & Pinto, 2019).

This number contains both human 
and veterinary antibiotics, most of which 
are antibiotics for veterinary purposes 
(Thiele-Bruhn, 2003). For all the reasons 
previously studied, the increasing con-
centration of antibiotics in the environ-
ment resulted from the increased use of 
such products.

Although not present in high con-
centrations, widespread dissemination 
of such materials has recently been ob-
served, particularly in the aquatic envi-
ronment. Generally, urine and feces are 
the primary sources of unchanged types 
of prescription drugs in nature after the 
excretion of pharmaceutical materials. 
This helps, with or without treatment, 
these chemicals to enter waste water 
(Nunes et al., 2019).

In certain countries, excrete-con-
taining waste water and drug residues 
are processed at wastewater treatment 



486 N. Saad, S. Al-Dulaimi

plants where they can be contaminated 
or absorbed by sludge treatment (Fais-
al, Nassir, Naji, Naushad & Ahamad, 
2020; Naji, Faisal, Rashid, Naushad & 
Ahamad, 2020; Rahi et al., 2020; Saad, 
Abd Ali, Naji, Faisal & Al-Ansari, 
2020). The danger of such pharmaceu-
ticals is subjected to the surface when 
the contaminated wastewater is not 
treated successfully or not treated at all 
(Karthikeyan & Meyer, 2006; Alsham-
mari et al., 2020).

Many engineering developments, 
including coagulation, floatation, chemi-
cal reduction, oxidation, photochemical 
degradation, and microbial remediation, 
have been proposed to address these is-
sues by eliminating antibiotics from hab-
itats (Abd Ali et al., 2020; Ahmed, Naji, 
Faisal, Al-Ansari & Noushad, 2020; 
Naji, Jassam, Yaseen, Faisal & Al-An-
sari, 2020).

The utility of plants has grown over 
the years in the biological remediation of 
pollutants. In the literature, many plant 
species with the ability to eliminate a 
wide range of environmental pollutants 
have been recorded (Sekulic et al., 2019; 
Ahmed, Faisal, Jassam, Naji & Naushad, 
2020; Naji, Jassam et al., 2020).

The one given by Zhao et al. (2010) 
in which Lemna minor was tested is an-
other example of using plants to mitigate 
the impact of pharmaceuticals in prac-
tical circumstances. The plant showed 
a strong response to large amounts of 
both absorbing and metabolizing phar-
maceuticals. The conditions in which 
the plants have been tested are made as 
similar as possible to the environmental 
conditions under which they will be sub-
jected. Therefore, the objective of this 
research is to study the photototoxicity 

of  Meropenem on Lemna minor for dif-
ferent Meropenem concentrations from 
1 June 2020 to 15 July 2020.

Material and methods

Lemna minor

In Steinberg medium, Lemna minor 
cultures were produced in controlled 
laboratory conditions at 25 ±2°C. The 
plant was subjected to continuous light 
to tolerate to the new environment for 
five days prior to the beginning of the 
test in order to allow plant acclimati-
zation to the conditions needed by the 
adopted test guidelines. The Lemna mi-
nor was subsequently exposed to a se-
ries of three concentrations of Meropen-
em for five days. Meropenem standard 
stock solutions have been prepared in 
water at a concentration of 1,000 mg·L–1

and held in amber screw-capped glass 
vials in darkness at a temperature of –
20°C for a period of seven days (Faisal, 
Al-Wakel, Assi, Naji & Naushad, 2020).

The concentrations selected were 
0.01, 0.05, and 0.1 mg·L–1. The opera-
tion process was based on the operation 
of the built wetland as batch reactors 
for different influencer concentrations 
for the period from 1 June 2020 to 
15 July 2020 as previously mentioned. 
The batch experiments were carried out 
with a period of detention equal to five 
days. At the Ministry of Science and 
Technology, the sample concentration 
of water was measured. Liquid samples 
were obtained and the Meropenem was 
centrifuged and musurified using high-
performance liquid chromatography 
(HPLC).
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Results and discussion

The removal efficiencies for differ-
ent initial concentrations (0.01, 0.05, and 
0.1 mg·L–1, respectively) of Lemna spp. 
CW are shown in Figure 1. Each concen-
tration was tracked for two months in this 
figure (from June 1st to July 31st). To 
take the readings, a check point was set 
every two weeks. At each check point, 
the readings were taken as five-day ship-
ments (the check points assigned were 
June 1st, June 15th, July 1st, and July 
15th). For better clarification, each ini-
tial concentration was placed into a sepa-
rate figure.

Removal efficiencies have shown 
that the detention period has risen from 
one day to five days. The removal ef-
ficiency values for Lemna spp. samples 
for the first period (1 June 2020) were 
83.1, 85.1, 86.3, 87.4 and 88.4 for the 
first period (1 June 2020) and 57.4, 58.4, 
61.5, 62.5 and 63.5 (15 July 2020) for the 
last period, corresponding to 0.1 mg·L–1 
for each period and initial concentration, 
respectively.

The efficiency of the Lemna spp. 
system was very good, with overall re-
moval efficiencies ranging from 58.4% 
for Meropenem to 88.4% for both under 
low concentration. The removal efficien-
cy values for Lemna spp. samples were 
88.4 for the first period and 63.5 for the 
last period corresponding to the 5th and 
the initial concentration was 0.1 mg·L–1, 
compared with the removal efficiency of 
Meropenem for the first and last periods 
for the last day (5th). In this analysis, as 
the concentration used, the decrease in 
removal efficiency reported in Lemna 
spp. systems could also be attributed to 
that toxic effect.

The removal efficiency values for 
Lemna spp. samples decreased from 
95.3 to 88.4 relative to the removal ef-
ficiency of Meropenem when the ini-
tial concentration rose from 0.01 to 
0.1 mg·L–1 for the first cycle and the 
last day (5th), respectively. These find-
ings indicate that the content of Mero-
penem medium in the plant continues 
to increase. In duckweed, high doses of 
Meropenem induce the synthesis of few 
metabolites (starch, protein, polypeptic, 
etc.) that could lead to excess biomass 
in such configurations. Few previous 
workers have also documented the phys-
iological alternation and inhibition of en-
zymatic pathways in plants subjected to 
elevated Meropenem load, indicating the 
adverse effect of elevated Meropenem 
content on the functioning of the plan 
(Białk-Bielińska et al., 2018). 

To run the system at the optimal scale, 
the load in the duckweed-based phytore-
mediation system should be optimized 
(Verma & Suthar, 2015). The results con-
firmed that the presence of Lemna spp. 
in the units for adopted concentrations 
would increase the reduction of Mero-
penem because Lemna spp. will provide 
the required environment for phytoreme-
diation growth within the root zone and 
other parts of Lemna spp. (Kouki, M’hiri, 
Saidi, Belaďd & Hassen, 2009). Plants 
have a photosystem responsible for light 
harvesting and energy transfer to the act 
(Baker 2008; Faisal, Alquzweeni, Naji 
& Naushad, 2020). Bacteria was also re-
duced in contamination level. This could 
be as a result of biochemical activities of 
the indigenous microbes within the waste-
water which tend to use up the pollutants 
in the wastewater (Rakhshaee, Giahi & 
Pourahmad, 2009).
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Jun/1/2020 Jun/15/2020 July/1/2020 July/15/2021
1 Day 90 84 70.4 64.3
2 Day 92 86 73.4 65.3
3 Day 93.2 87 75.2 68.4
4 Day 94.3 89 77.4 69.4
5 Day 95.3 93 79.2 70.4
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] a) Concentration = 0.01 mg·L–1

Jun/1/2020 Jun/15/2020 July/1/2020 July/15/2021
1 Day 87.7 81.7 68.1 62
2 Day 89.7 83.7 71.1 63
3 Day 90.9 84.7 72.9 66.1
4 Day 92 86.7 75.1 67.1
5 Day 93 90.7 76.9 68.1
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] b) Concentration = 0.05 mg·L–1

Jun/1/2020 Jun/15/2020 July/1/2020 July/15/2021
1 Day 83.1 77.1 63.5 57.4
2 Day 85.1 79.1 66.5 58.4
3 Day 86.3 80.1 68.3 61.5
4 Day 87.4 82.1 70.5 62.5
5 Day 88.4 86.1 72.3 63.5
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] c) Concentration = 0.1 mg·L–1

FIGURE 1. Constant initial concentration (0.01, 0.05 and 0.1 mg·L–1) removal efficiencies of Mero-
penem in CW of Lemna spp.
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These photosystems have very ef-
fective light harvesting processes, si-
multaneously preventing photosynthetic 
photo-oxidative damage. This may oc-
cur during periods of intense light, and 
photosynthetic organisms have evolved 
different defensive mechanisms to cope 
with it (Jahns & Holzwarth, 2012; Fais-
al, Ibreesam et al., 2020). There are two 
key pathways for chloroplasts: electron 
transfer to molecular oxygen leading to 
the formation of O2, H2O2 and hydroxyl 
radicals (O percent H) (Halliwell, 2007), 
and a second pathway involving the 
transfer of energy from triplet chloro-
phyll to molecular oxygen leading to the 
formation of superoxide radicals (O–

2) 
(Nunes et al., 2019).

In plants, O–
2 is naturally generated 

during photosynthesis in chloroplasts, 
particularly when plants develop under 
conditions of environmental stress that 
inhibit photosynthetic processes, caus-
ing excessive absorption of light energy 
(Nunes et al., 2019; Faisal, Jasim, Naji, 
Naushad & Ahamad, 2021).

Meropenem is believed to interfere 
with the electron transport chain leading 
to the formation of oxidized chlorophyll 
triplets capable of transferring energy di-
rectly to the O2 molecule, which in turn 
has a dual effect on plant cells resulting 
in the oxidation of biomolecules, includ-
ing lipids (which are structural elements 
of the cell membranes), but also proteins 
with a dual effect on plant cells (Ramel 
et al., 2012; Faisal & Naji, 2019).

However, can ultimately endanger 
the normal physiology of plants. That 
is why defensive/adaptive mechanisms 
among plant species are highly elabo-
rate. Catalase is a key enzyme that plays 
an essential role in the degradation of 

hydrogen peroxide. This enzyme serves 
as a protector for the species against the 
deleterious oxidant effects that can be 
caused by this chemical (Nunes, Verde 
& Soares, 2015).

In cells, catalase is still involved to 
prevent damage caused by the normal 
formation of H2O2 during aerobic pro-
cesses that are part of the cell’s physi-
ological activity. An rise in the levels 
of hydrogen peroxide is overserved, 
but due to the metabolism mechanism 
of certain chemicals, it may result from 
the occurrence of oxidative stress. This 
is immediately followed by increased 
catalase activity, which acts as a physi-
ological compensation during condi-
tions of oxidative stress (Nunes et al., 
2019) according to Gomes et al. (2017). 
There was a noticeable increase in per-
oxide concentration and a large increase 
in catalase activity in minor plants after 
0.75 mg·L–1 of ciprofloxacin was ex-
posed for one week. These data agree 
with the pattern that has been collected 
here. This data set indicates that biomol-
ecules are influenced by reactive oxygen 
species that ultimately result from Mero-
penem’s metabolism.

Chemical oxygen demand (COD) 
and root length

By weighing COD, the content of or-
ganic matter was determined. A commer-
cial Hach package (2125915 COD HR) 
was added to this purpose, according to 
the US EPA System 410.4 (EPA, 1993). 
This process relies on the oxidation of 
the organic compounds, which has been 
quantified at 610 nm based on the po-
tential to reduce the dichromate ion to 
chroma ions. A multiparametric Hanna 
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 spectrophotometer (HI 83214 model) 
was used to evaluate the absorbance 
values that precisely fit COD (mg·L–1) 
levels. The parameters evaluated for 
varying concentrations and the removal 
increases were found in the raw mate-
rial with reduced concentration for the 
chemical oxygen (Fig. 2).

Kinetics of biodegradation

Kinetic is a critical factor for under-
standing the biodegradation process, cal-
culating the speed of bioremediation and 
creating effective clean up for a polluted 
area. A set of empirically derived rate 
laws is the kinetics of biodegradation. 
The three lists in Table 1 are enough to 
explain most biological reactions.

Using zero-order, first-order, sec-
ond-order and Grau kinetic models, 
the removal data is represented. In or-
der to achieve non-linear fitting, zero-
-order, first-order and second-order ki-
netic models have a small application for 
bio removal of various Meropenem con-
centrations by applying the “solver” op-
tion in Excel 2016. In order to analyze the 
kinetics for biodegradation processes, the 

FIGURE 2. The removal efficiencies of chemical oxygen demand (COD) and root length with different 
initial concentration (0.01, 0.05 and 0.1 mg·L–1) for Meropenem in CW of Lemna spp.

TABLE 1. Mathematical kinetic models

Model Mathematical formula

Zero order C C kt= ⋅−

First order ktC C e−

= ⋅

Second order
1

CC
C kt

=

+ ⋅

Grau 11C C
ab
t

= ⋅ −

+

final concentration to intial concentration 
of Meropenem in the sand was also plot-
ted against time as shown in the figure. 
The biodegradation kinetics of kerosene 
were analyzed using the kinetic models 
described in Figures 3a, 3b and 3c for 
0.01, 0.05 and 0.1 mg·L–1, respectively.

Although there was not a very strong 
agreement with the experimental data in 
the zero-order, first-order, and second-
order models, the Grau model showed 
a very good contrast to the collected ex-
perimental data.
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FIGURE 3. Kinitic model of plant system for different initial concentration (0.01, 0.05 and 0.1 mg·L–1)
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Compared to other methods, the in-
formation collected separately for each 
of the kinetic models from the slopes of 
plots indicates a strong compliance with 
the second-order model. In Table 2, how-
ever, all constants resulting from fitting 
with R2 and SSE were added. The listed 
figures show that there is a satisfactory 
correspondence between experimental 
results and model predictions, as is evi-
dent from the SSE values in combination 
with R2.

TABLE 2. Parameter of kinetics model for plant system

Model Parameter
Intial concentration [mg·L–1]

0.01 0.05 0.1

First order

k 0.4440 0.4020 0.3278

R2 0.9954 0.9846 0.9779

SSE 0.0000 0.0003 0.0012

Second order

k 68.8890 12.3272 4.9683

R2 0.9982 0.9924 0.9901

SSE 0.0000 0.0000 0.0002

Zero order 

k 0.0019 0.0090 0.0168

R2 0.9034 0.8843 0.8964

SSE 0.0000 0.0007 0.0026

Grau

a 0.1496 0.1823 0.3525

b 1.4128 1.4509 1.5138

R2 0.9835 0.9878 0.9850

SSE 0.0000 0.0000 0.0000

Conclusions

The treatment of contaminated wet-
lands with Meropenem using traditional 
methods attracts concern from some 
parts of society, while ecological ap-
proaches are considered with minimal 

options currently available to the petro-
chemical industry.

This research has shown that Lemna 
minor, an invasive aquatic plant abundant 
in surface waters throughout the world, 
has a great potential to ecologically re-
mediate and extract a large amount of 
Meropenem from polluted waters. The 
plant was able to absorb and degrade 
Meropenem from wetlands. However, it 
was not possible to completely elucidate 
these processes due to the uncertainty 

of the fate and the transformation/min-
eralization processes of Meropenem 
by Lemna minor. For 0.01, 0.05 and 
0.1 mg·L–1 influential concentration, the 
variation of effluent concentration with 
hydraulic retention time for all units un-
der consideration was well defined by 



Removal of Meropenem by using Lemna minor 493

the Grau second-order kinetic model. It 
is therefore suggested that studies should 
be carried out to explain the underlying 
mechanisms of degradation, conversion 
and mineralization by Lemna minor of 
Meropenem.
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Summary

Removal of Meropenem by using 
Lemna minor. In this paper we presented 
a case study about the removal of a phar-
maceutical contamination (in this case 
Meropenem) from the environment using 
organic natural substance (in this case study 
is Lemna minor). The study proved the ef-
ficiency of the used material to remove the 
contamination of three specific contamina-
tion levels of Meropenem. The experimen-
tal testing proved the concept, the effect on 
two vital measures (the chemical oxygen 
demand – COD, and the root length), which 
showed improvement in both measures. The 
degradation mechanism was proven to be 
not arbitrary by testing the degradation be-
havior measured practically to four kinetic 
models. The practical work was found to fit 
perfectly with the Grau second order model 
as the simulation work included in the paper 

shows. Based on this study it can be proven 
that the dangerous chemicals resulted from 
the residue of a pharmaceutical substances 
can be removed efficiently using a totally 
natural environmental friendly material.
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