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ABSTRACT

Any unwanted substances introduced in the environment are referred as contaminants. Organic compounds in environment are a
worldwide problem because most of them compounds are harmful and carcinogenic. They may be clinical wastage, released via
human excretion. There are multiple studies which show that these pharmaceutical drugs may cause a variety of problems leading
to harming of animals and plants who take it via contaminated water. Due to the consumption of pharmaceuticals in our day to day
life, their presence in our environment is obvious. There are various studies which shows that the accumulation of chemical
compound in plants. Phytoremediation that shows the capabilities of plant species in the removal of chemical compounds is the
most promising, relatively effective technology but limited work has been performed towards the toxic effect of these
pharmaceutics on plants. This review article mainly examines and provides a critical view on the knowledge and limitations in field
application strategies, approaches about phytoremediation technique. And the use of plant species and assays for monitoring and

testing the impact of pharmaceutics on contaminated area.
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INTRODUCTION

ntibiotics play important role as a pollutant in

environment. They are designed to control the

growth of bacteria in human or animals thereby
protecting their health. Every year, humongous amount
of pharmacologically active substances are used all over
the globe to create chemicals and compounds curing and
preventing illness. Most antibiotics remain bioactive as a
metabolite , even after being excreted from the treated
individual’s body, there by posing a threat to the nature
and various microbes (including varied forms of
bacteria).Most unaltered drugs find their way to nature
by the means of natural fertilizers, where unaltered
animal manure is added directly to the fields'. Also,
wastewater from various sewage treatment plants even
after treatment host some antibiotics which finally reach
the water bodies. The antibiotics have still not been
graded as dangerous pollutants but the bacterial
resistance has been a big issue in terms of human and
animal health known ecotoxicological activity 12
Phytotoxicity is another issue to be discussed as very few
tests have been developed till date to measure this
phenomenon caused by the accumulation of antibiotics
(e.g. sulphadimethoxine, enrofloxacin and
oxytetracycline) in plants. As per studies the effects of
antibiotics on plants was found to be different between
varying compounds and between plant species. The
antibiotics namely: tetracycline’s (chlortetracycline and
tetracycline, as well as tylosin commonly used in
combination with tetracycline’s) and sulfonamides
(sulfamethoxazole and sulfamethazine, as well as
trimethoprim commonly used in combination with
sulfonamides) Studies shows that phytotoxicity and plant

growth tests in soil were also performed. Measurement
of soil microbial respiration and phosphatase activity is
useful for measuring soil microbial activityz.

What are Antibiotics?

Antibiotics are biologically active molecules with an
increasing use in human, plants and animals. Antibiotics
are used to treat infections or diseases caused by
bacteria, antibiotics have saved millions of lives since they
were first introduced 3. However, as they have been
overused many antibiotics are no longer effective against
the bacteria they once killed.

Antibiotics are designed to control the growth of bacteria
in human or animals thereby protecting their health.
Every year, humongous amount of pharmacologically
active substances are used all over the globe. Chemicals
and cc;mpounds are created for curing and preventing
illness.

The studies was conducted that seed germination test on
filter paper and plant growth test in soil, soil respiration
and phosphatase activity tests were conducted to check
the potential impact of six antibiotics (chlortetracycline,
tetracycline and tylosin; sulfamethoxazole,
sulfamethazine and trimethoprim) on plant growth and
soil quality.The studies conducted have shown that the
phototoxic effects varies from antibiotic to antibiotic and
also varying plant species. Studies have been done that
plants like sweet oat, rice & cucumber collected from
different side. It was seen that rice turned out to be most
sensitive to sulfamethoxazole with the effective
concentration value (EC10 value of 0.1 mg/L). Two
sulfonamides (sulfamethoxazole and sulfamethazine) and
trimethoprim have shown significant effects on soil
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respiration in comparison to the effects of tetracyclines
and tylosinX . Also, soil microbial and enzyme activities
were affected by antibiotic residues in manure and soils.

Phytotoxicity of antibiotics

Root length of germinated seeds is used as the endpoint
in statistical analysis in seed germination tests. Sweet oat
and rice seeds presented more susceptibility to the
antibiotics as per the results with cucumber seeds being
less sensitive to all antibiotics. Chlorotetracycline and
tetracycline inhibited germination of the three plant
seeds and rice was the most sensitive to
sulfamethoxazole. Tylosin with EC50 values more than
300 mg/L is seen to be the least toxic compound towards
rice and cucumber seeds.>® Sulfamethoxazole and
sulfamethazine also inhibited seed germination of most
plants. Antibiotics could negatively affect plant seed
germination, with varying effects between different plant
species and between the antibiotics used in the tests,
sweet oat being the most sensitive with varying toxicity
values. Tetracyclines increased radish vyields, but
decreased pinto bean yields and Tetracyclines (strong
adsorption onto soil components) and sulfonamides
topped the toxicity chart with tylosin and trimethoprim
causingtoxicity in seed germination4 .When grown in
chlortetracycline-treated soil, a significant increase in the
activities of the plant stress proteins glutathione S-
transferases and peroxidases was observed in maize
plants, but not in pinto beans.

Antibiotic effects on soil microbial and enzyme activity

Reduced microbial activity by antibiotic sulfadiazine in
manure was observed by author CO, decreased
significantly in soil with increasing concentrations of
sulfamethoxazole,sulfamethazine  and trime’choprim1
(exhibited strong adsorption onto soil) in the soil. All this
Indicates that the effect of antibiotics (sulfamethoxazole,
sulfamethazine and trimethoprim) on soil microbial
respiration was time dependent. The bioavailable
antibiotic fraction was responsible for increase in soil
respiration. Effects of the antibiotics were reduced by
sorption and degradation.*The heterogeneous nature of
soil caused inhibition of soil phosphatase on addition of
various antibiotics. Enzymatic activities and other
microbial factors could be influenced by various factors
are not specific for antibiotics.

The continuous release of pharmaceuticals into the
environment is making them pseudo-persistent
contaminants, posing a dangerous threat to ecosystems,
despite their low concentration in wastewater or
agricultural land.’> The recent studies have reported the
presence of low levels of various pharmaceuticals,
including antibiotics, analgesic, hormones, steroids, and
parasiticides, in treated wastewater, surface water,
groundwater, and agricultural soil. The low concentration
of pharmaceuticals from the environment can be further
accumulated in plants and thus may result into bio-
magnification. The release of antibiotics in the
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environment may result in the selection and abundance
of antibiotic resistance bacteria in the environment,
which can further affect the microenvironment of the
plant. Antibiotic-resistant bacteria may reach the
environment through the excretions of treated patients,
it may also evolve through horizontal gene transfer via
conjugation, transduction, and transformation.® It is now
evident that the wastewater is a most important source
of pharmaceuticals pollutant. The conventional methods
for its treatment are not efficient to irradiate the
pharmaceuticals.” It is assumed that around 50% of the
pharmaceuticals are removed and rest end up in the
environment. The advanced techniques of wastewater
treatment, such as, advanced oxidation processes in
combination with ozonation and UV-irradiation help in
degradation of pharmaceuticals through hydroxyl radical,
and are capable of removing most of the active
pharmaceuticals from wastewater.® Due to its expensive
nature (due to costly chemicals reagent used in this
method), this method is only used at few places in Europe
and USA. Therefore there is a need to develop a more
cost-effective method/improve the existing methods for
efficient removal of the pharmaceutical contaminant
from the wastewater.

It was observed that there is significant decrease in the
strength of pinto beans and growth of wheat with an
increase in antibiotic concentrations whereas no
significant effect was observed in corn plant.Also a
considerable decrease in morphology of plants (such as,
plant yields, plant heights, shoot and root dry-weights)
and chemical (reduction in Ca, Mg, K, and N contents was
observed’.

In soil, antibiotics get adsorbed along with various micro
and macro nutrients and soil organic matters which
effects of the plants. Sulphadimethoxine reduced the
growth of roots, hypocotyls, and leaves in plants of
Panicum miliaceum, Pisum sativum, and Zea mays.10
bioaccumulation of this antibiotic was seen in plants.u’12
Enrofloxacin was observed to be beneficial for plant
growth with low concentration whereas at higher
concentration it was toxic for the growth of different
plants like cucumber and lettuce.® The effect of
antibiotics also shows the metabolic interaction in plants,
which can degrade the lower concentration of
enrofloxacin in some beneficial compound whereas when
presence in higher concentration the plant is unable to
process the pharmaceuticals and it exhibits the toxic
effect. Different studies on many plants also have shown
the beneficial effect of antibiotics at the lower
concentrations whereas at the higher concentrations it
can be toxic.*** It has been also observed that different
parts of the plants show the different activity to the
pharmaceuticals interaction®®, which can be contributed
to the different groups of pharmaceuticals and different
metabolism of the tissues. Chloroquine, quinacrine, and
metronidazole were observed to be toxic to soybean,
where metronidazole was observed to highly toxic,
whereas chloroquine was least toxic.'’*® Root growth was
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observed to be more sensitive to oxytetracycline than
shoot, this response is supposed to be due to higher
accumulation of pharmaceuticals in root than shoot. But
Oxytetracycline when mixed in solution for plant growth
showed significant inhibitory effect at concentrations
higher than 0.02 mM.*>* The study shows that the
phytotoxicity might be due to the inhibition of the
translational activity of chloroplast and chloroplast
(p)ppGpp synthase activity by tetracycline, which is
almost similar to oxytetracycline.m‘21 A study showed that
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the phytotoxic effects of antibiotics on lettuce, alfalfa,
and carrot. phytotoxic effects of different antibiotics was
found in the order: levofloxacin > chlortetracycline >
tetracycline >  sulfamethoxazole > tylosin >
oxytetracycline > sulfamethazine > lincomycin >
amoxicillin > trimethoprim.”?A significant change in
primary and secondary metabolite properties and
morphological characteristic of plants have been seen
after interact with pharmaceuticals.

Table 1: Phytotoxic effect of different pharmaceuticals in the plants.

Pharmaceuticals

S.No Group Plants Phytotoxic effects References
compound
R i f fresh f
T ey eduction of fresh and dry mass of root 23,24
and leaves.
. Viability was observed to be reduced by
Nonsteroidal - Horseradish 65%. 2425
: iclofenac ,
anti- Flax Viability was observed to be reduced by
inflammatory 48%.
drug
25% inhibition of growth
Ibuprofen Lemna minor L. in plant culture exposed to 27
1 mg L-1 of Ibuprofen.
Carrot o . fd
Amoxicillin P igher concentrapon of drug was 25
observed to be toxic for root growth
Alfalfa
Plant growth was affected when grown in
Pinto beans sandy loam but no effect was observed.
Chlortetracycline v . Y . W s v 22,23
Increasing concentration of antibiotic was
observed to be toxic for root growth
Cucumis sativus High concentration was observed to have
Enrofloxacin Lactuca sativa toxic effect on Postgerminative 26
Phaseolus vulgaris Development of plant.
2. Antibiotic
Lettuce st . b b
Levofloxacin Alfalfa igher c'oncentratlon was observed to be 28
toxic for root and shoot growth.
Carrot
Lettuce .
. . Higher was observed to
Lincomycin Alfalfa . 29
be toxic for root growth
Carrot
With increase in drug
Metronidazole Soybean concentration (0-4g/Kg of 29
soil) plant growth decreases
Griciradin Phragmi.tes Higher concentration caus.e toxiF .effect to 29,30
Autralis root and photosynthetic activities.
Phragmites . .
. Higher concentration
autralis .
. cause toxic effect to
Sulfamethazine Carrot . 31,32
3. root and photosynthetic
Lettuce . .
Activities in all listed plants.
Alfalfa
Carrot i i i
Sulfamethoxazole Highly toxic for root and shoot in both 32
Lettuce plants.
Sulphadimethoxine Amaranthus post germinative 32
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retroflexus

development was seen.

Pisum Sativum

Tetracycline Carrot
. . Carrot
Trimethoprim

Lettuce

Carrot

Tylosin Lettuce

Alfalfa

Anti-malaria .
4. Chloroquine Soybean
Drug
) Quinacrine

5. Anti-protozoal Soybean

Dihydrochloride

The interaction of antibiotics in plants can be a main
cause of production of reactive oxygen species (ROS).
Metabolic activity drugs may generate a reactive
intermediate which can reduce molecular oxygen to form
ROS. These reactive species can then interact with nucleic
acids, proteins and carbohydrates to cause toxicity
response. The rise in ROS grade due to pharmaceutical
contact is not clearly define in studied topic but it has
been frequently shown in animals cases.”’

If pharmaceutical compounds are contaminating the soil,
there is also a need to find out the ways to extract these
contaminants from the environment. Phytoremediation is
a method, which utilizes plants and the associated
rhizosphere microorganisms to remove or transform toxic
chemicals from the environment® Plants for
phytoremediation are selected on various factors such as
the ability to extract or degrade the contaminants of
concern, adaptation to local climates, high biomass, deep
root structure, compatibility with soils, growth rate, easy
for planting and maintenance, and ability to take up a
large amount of water through their roots. Reports have
shown plants can be very useful for remediation of
pharmaceutical compounds.

CONCLUSION

One of the most prominent effect of these
contaminations and overuse and abuse of antibiotics
especially in animal feed can be seen by the resistance
that bacteria are developing and with each time a
stronger dose of antibiotic is required to eliminate these
threats and sometimes the drug itself previously
successful in killing the bacteria must be switched, and
the bacteria affecting human health and animal health
being so closely related developing resistance is as much f
a threat to the human population as it is to the animals
that we cultivate, this is all indicates that “the more the
antibiotics will pollute the environment, as much of a
waste they’ll become”

There is a continuous debate whether the Ilow
concentration of pharmaceuticals detected in drinking
water are enough to cause potential environment and
human health issues. Nevertheless, there is enough

Toxic for root and shoot growth. 33
Toxic for root growth at high 0
Concentration.
It was observed to be toxic for root 34
growth.
With increase in drug concentration plant 2%
growth decrease.
Higher concentration
was observed to be very 30

toxic for seed germination

evidence to show that antibiotics do have deleterious
impact on microbial community structure and function
when exposed to such Ilow concentrations of
pharmaceuticals. Hence many current infrastructures are
being re-examined to improve the efficiencies of removal
of pharmaceuticals and other organic micro contaminants
in the aquatic system. Several European countries have
banned the use of antibiotics in animal feeds. Further
studies are also required in plant physiology and
molecular biology level, pharmaceuticals interaction in
plant as this is very important in metabolic process. The
behavior of production of reactive oxygen species (ROS)
in plants as the result of pharmaceutical exposure is
needed to explore further. Not much work is done on the
direct effect of plants by pharmaceutical removal from
wastewater treated area. The plant studies are mainly on
plant uptake of pharmaceutical drugs and public health
problems. Phytoremediation is cost effective and
environmental friendly way to treat polluted areas.
Therefore, the process of phytoremediation is gaining
popularity to decontaminate the pharmaceutical-
contaminated environment.
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