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ABSTRACT 

The presence of tetracyclines in soil and surface 
water is an emerging concern. The present stu- 
dy was undertaken to investigate remediation of 
tetracylines (tetracycline (TC), oxytetracycline 
(OTC) and chlortetracycline (CTC)) from aque- 
ous solution using vetiver grass, water lettuce, 
and sunflower and root exudates of water let- 
tuce, sunflower and from soil by tomato, Indian 
mustard and carrot plant. The data of this study 
denote that vetiver grass, water lettuce, sun- 
flower remedy tetracyclines from water. The re- 
mediation % after 63 days of treatment was 87 - 
61 for TC; 88 - 68 for OTC and 87 - 68 for CTC. 
The remediation of tetracyclines at lower con- 
centration of antibiotics in presence of root exu- 
dates of water lettuce and sunflower was more 
than 99% and remediation was faster than water 
lettuce or sunflower. The remediation of tetra- 
cyclines from aqueous solution may be due to 
oxidation of -OH group(s) of tetracycline through 
a process that is thought to involve reactive 
oxygen intermediates and/or role of peroxid-  
ase enzyme. The plant crops viz., tomato, Indian 
mustard and carrot can remedy 41% - 72% of 
amended tetracyclines. The maximum bioaccu- 
mulation of TC and CTC was in Indian mustard 
and OTC was maximally bioaccumulated in to- 
mato. 
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1. INTRODUCTION 

Environmental pollution is a global problem that af- 
fects both the developing and developed countries [1]. 
To a large extent both human and natural processes con- 

tribute to environmental pollution and contaminants are 
commonly classified as either organic or inorganic. 
Common organic pollutants are pesticides, oil spills, per- 
sonal care products and antibiotics. 

Antibiotics since their inception are used not only for 
the treatment of infections in humans and animals but 
used as a food supplement to promote growth of animals 
[2] too. In terms of their production and usage worldwide, 
tetracycline antibiotics were in the second place in rank-
ing order. Certain activities such as disposal of expired 
medicine in the sewage system, excretions of unmetabo-
lized pharmaceuticals from humans and animals, dis-
charge of wastewater and surface runoffs to receiving 
water [3,4], land application of biosolids and manure or 
disposal of biosolids at landfill can result in the disper-
sion of these compounds in the environment [5]. A 
number of researchers [6-8] during their studies reported 
detection of TCs at around 0.15 μg·L−1 in ground and 
surface water, 86 - 199 μg·kg−1 in soils, 4 mg·kg−1 in 
liquid manure and 3 μg·L−1 in farm lagoons.  

Tetracyclines are complex organic compounds. Their 
structures contain four connected ring system with mul- 
tiple ionizable functional groups and can exist as cationic, 
zwitterionic or anionic species under acidic, neutral and 
alkaline conditions respectively. The ionization behav- 
ior can be expected to significantly influence the persis-
tence of tetracyclines in soils and surface and ground 
water. The persistence of antibiotics in soils has been 
reported to be influenced by adsorption, water content, 
temperature and soil composition [9,10]. The conven-
tional methods used to biodegrade the antibiotics are 
sorption, hydrolysis, photolysis, oxidation and reduction 
[11]; however, there are some limitations associated with 
these methods. So, there is an urgent need for a useful 
biotic degradation method for remediation of tetracy-
clines from environment. The objective of this study was 
to develop a sustainable technique to remedy tetracy-
clines contaminated water using plants (vetiver grass, 
water lettuce, sunflower), their root exudates and soils 
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using crops.  

2. MATERIALS AND METHODS 

Green house experiments were conducted in several 
glass tanks. The autoclaved double distilled water was 
mixed with 0.0676 g of KH2PO4, 0.253 g of KNO3, 0.59 
g of calcium nitrate and 0.2 g of magnesium chloride and 
the volume was made to 1L. In the first set of experi-
ments 60 g of vetiver grass, water lettuce and sunflower 
were acclimatized in the solution for two weeks sepa-
rately. 0 - 25 mg/L of tetracyclines solution (Tetracycline, 
oxytetracycline and chlortetracycline) were added to 
these tanks via a syringe. All the tanks were covered with 
aluminum foil to avoid photo degradation. In the second 
set of experiments the water tanks (1 L water) were 
amended with 5 g of root exudates of water lettuce and 
sunflower. 0 - 25 mg/L of tetracyclines solution (Tetra-
cycline, oxytetracycline and chlortetracycline) were ad- 
ded to these tanks via a syringe. All the tanks were cov-
ered with aluminum foil to avoid photo degradation In 
the third set of experiments 4 kg of autoclaved soil sam-
ples with Clay % = 13.4, sand % = 38.4, silt % = 48.2, 
organic matter % = 1.75, pH (1:2.5) = 8.8 and CEC 
(mmol·kg−1) = 11.4 were amended with 5, 10, 15, 20 and 
25 mg·kg−1 soil of antibiotics were taken in several gla- 
zed earthenware pots. Four pregerminated seedlings of 
tomato (Lycopersicon esculentum), Indian mustard (Bra- 
ssica juncea) and carrot (Daucus carota) were planted in 
each pots. These pots including blanks were also amend- 
ed with NH4NO3; superphosphate and KCl. The plants 
were harvested on 63 days after transplanting. The water 
and soil samples were sampled after 0 d (4 h), 2 d, 5 d, 7 
d, 14 d, 21 d, 35 d, 49 d and 63 d of treatments. The tet-
racyclines in samples were estimated as discussed else-
where [12]. All the experiments were done in triplicate 
with suitable blanks. 

3. RESULTS AND DISCUSSION  

Remediation from water: The results of this study de-
note that vetiver grass, water lettuce and sunflower re- 
mediate tetracyclines from water. The amount of tetracy-
cline remediated increased with increase in time of con-
tact (Table 1). The % removal after 63 days of treatment 
by vetiver grass was 87 - 72 for TC; 77 - 68 for OTC and 
75 - 68 for CTC. Water lettuce remediates 71% - 61% of 
TC; 86% - 72% of OTC and 87% - 74% CTC while re-
moval by sunflower was 84% - 70% for TC; 88% - 73% 
for OTC and 88% - 74% for CTC after 63 days of treat-
ment. The results denote that vetiver grass has greatest 
remediation property for TC and followed the order 
vetiver grass > sunflower > water lettuce. Water lettuce, 
while sunflower has most remediating affinity for OTC 
and remediation was in the order sunflower > water let-

tuce > vetiver grass and water lettuce removes most effi-
ciently CTC followed by sunflower. With increase in 
amount of antibiotics in water though the amounts of 
tetracyclines remediate from water increased, but the % 
of removal decreased.  

The remediation of tetracyclines was faster in presence 
of root exudates of water lettuce or sunflower than water 
lettuce or sunflower (Table 2). The amount of remedia-
tion increased up to 35 days of treatment after which it 
became almost constant. Almost complete removal of te- 
tracylines occurs at lower concentration (5 mg/L). The 
remediation at highest studied concentration (25 mg/L) 
was approximately 85%. Greatest remediation by root exu- 
dates of sunflower was of CTC, while OTC was most 
remediated by root exudates of water lettuce. The reme-
diation of tetracyclines by may be due to extraction and 
metabolization of tetracyclines through a process that is 
thought to involve reactive oxygen intermediates [13]. The 
probable site of the oxidation is OH groups of tetracy- 
clines. The faster remediation of tetracyclines by root exu- 
dates might be due to the role of peroxidase enzyme [14].  

Remediation from soil: The results of remediation of 
tetracyclines from soil and bioaccumulation in the fruits 
of tomato, carrot and Indian mustard grown on soil 
amended with different amount of tetracyclines are given 
in Table 3. An examination of Table 3 denote that the 
remediation of tetracyclines in soil in presence of tomato, 
Indian mustard and carrot were 64 - 50; 68 - 51; 60% - 
44.8% for TC, 68 - 53; 64 - 49; 56% - 41.8% for OTC 
and 60 - 48; 72 - 54; 64% - 47% for CTC respectively. 
The results also denote that the remediation % decreased 
with increase in antibiotic concentration in soil. The 
concentration of TC in tomato, Indian mustard and carrot 
was (Table 3) 3.2 - 36; 4.2 - 43 and 2.8 - 29 μg·kg−1 
fresh weight respectively. While the concentration for 
OTC was 3.8 - 42; 3.5 - 36; 2.2 - 24 μg·kg−1 fresh weight. 
The bioaccumulation of CTC was most in Indian mus-
tard followed by tomato and carrot. The results imply 
that antibiotics remediation by plants depends on plant 
type [15,16], the remediation of TC and CTC from was 
most by Indian mustrd plant and of OTC by tomato.  

4. CONCLUSION 

Our studies show that antibiotics TC, OTC and CTC 
are taken up by vetiver grass, water lettuce, sunflower 
and root exudates of water lettuce and sunflower from 
aqueous medium. The root exudates remedy tetracy- 
clines more efficiently. Our results also denote that reme- 
diation of antibiotics from soil occurs by plants. Indian 
mustard plant bioaccumulate most TC and CTC while 
OTC is mostly accumulated in tomato plant. The amount 
of tetracyclines uptake by plants increased with the in- 
crease in antibiotic concentration in soil.   
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Table 2. Mean percentage removal of tetracyclines from water by root exudates of water lettuce and sunflower. (a) Tetracycline; (b) 
Oxytetracycline; (c) Chloretracycline. 

(a) 

Root exudates of water lettuce Root exudates of sunflower 

Amount of antibiotics amended (mg/L) Amount of antibiotics amended (mg/L) 
Days of  

treatment 

5 10 15 20 25 5 10 15 20 25 

0 15 ± 1.8 13 ± 1.4 12 ± 1.0 12 ± 1.8 10 ± 1.2 16 ± 1.4 14 ± 1.2 13 ± 1.4 13 ± 1.2 10 ± 1.0 

2 45 ± 2.4 42 ± 2.2 38 ± 1.6 36 ± 2.6 33 ± 3.4 50 ± 2.8 48 ± 2.4 44 ± 3.2 42 ± 3.2 33 ± 3.2 

5 68 ± 3.6 64 ± 3.8 62 ± 3.2 60 ± 3.4 57 ± 2.8 72 ± 2.2 68 ± 2.8 65 ± 2.8 62 ± 2.8 57 ± 2.6 

7 79 ± 4.0 73 ± 3.6 70 ± 2.8 68 ± 3.2 65 ± 3.8 84 ± 3.6 79 ± 3.2 75 ± 4.8 72 ± 3.4 65 ± 2.4 

14 85 ± 5.0 80 ± 4.2 74 ± 3.0 70 ± 3.4 68 ± 4.4 88 ± 3.2 84 ± 2.6 78 ± 4.0 74 ± 4.2 68 ± 4.2 

21 94 ± 2.4 90 ± 4.0 85 ± 3.2 80 ± 2.8 77 ± 5.2 95 ± 2.8 90 ± 2.8 86 ± 4.6 82 ± 5.2 77 ± 3.0 

35 99 ± 1.2 95 ± 3.4 90 ± 4.0 84 ± 3.8 81 ± 3.6 99 ± 1.0 95 ± 2.8 92 ± 5.2 86 ± 3.2 81 ± 2.8 

49 99 ± 0.8 97 ± 1.6 92 ± 3.8 88 ± 4.0 85 ± 4.4 99 ± 1.0 97 ± 2.0 92 ± 3.6 88 ± 4.4 85 ± 3.8 

63 99 ± 0.6 97 ± 2.2 90 ± 4.2 87 ± 4.4 85 ± 5.2 99 ± 1.4 97 ± 1.2 92 ± 3.0 88 ± 4.2 85 ± 2.4 

(b) 

Root exudates of water lettuce Root exudates of sunflower 

Amount of antibiotics amended (mg/L) Amount of antibiotics amended (mg/L) 
Days of 

treatment 

5 10 15 20 25 5 10 15 20 25 

0 12 ± 0.8 13 ± 0.6 12 ± 1.0 12 ± 0.8 10 ± 1.2 16 ± 0.8 14 ± 1.2 13 ± 1.4 13 ± 1.0 12 ± 1.4 

2 43 ± 1.2 40 ± 1.8 38 ± 2.4 35 ± 2.0 30 ± 2.6 52 ± 2.2 50 ± 3.2 46 ± 2.4 44 ± 2.8 36 ± 2.0 

5 66 ± 2.4 62 ± 2.8 60 ± 3.4 62 ± 3.0 55 ± 4.4 74 ± 3.4 70 ± 2.6 67 ± 3.0 64 ± 3.4 58 ± 2.8 

7 75 ± 3.2 71 ± 3.4 72 ± 2.6 70 ± 3.6 65 ± 3.6 85 ± 4.2 81 ± 3.8 78 ± 3.6 74 ± 2.8 68 ± 3.2 

14 89 ± 2.8 85 ± 2.8 80 ± 2.2 76 ± 2.4 72 ± 2.4 90 ± 3.4 87 ± 2.8 82 ± 3.8 78 ± 2.2 72 ± 2.4 

21 97 ± 1.8 92 ± 2.4 87 ± 2.6 83 ± 1.8 79 ± 3.2 96 ± 2.0 92 ± 3.4 88 ± 3.6 84 ± 4.2 78 ± 2.8 

35 99 ± 0.8 96 ± 1.6 92 ± 2.2 88 ± 2.2 85 ± 1.8 99 ± 0.8 97 ± 1.6 93 ± 4.0 87 ± 3.2 84 ± 2.4 

49 99 ± 1.0 97 ± 1.2 92 ± 2.4 88 ± 1.6 85 ± 2.0 99 ± 1.2 97 ± 1.84 93 ± 3.2 88 ± 2.6 85 ± 4.2 

63 100 ± 0.0 98 ± 0.8 92 ± 3.6 88 ± 1.4 85 ± 2.4 99 ± 0.8 97 ± 2.2 92 ± 3.0 88 ± 2.2 85 ± 3.8 

(c) 

Root exudates of water lettuce Root exudates of sunflower 

Amount of antibiotics amended (mg/L) Amount of antibiotics amended (mg/L) 
Days of 

treatment 

5 10 15 20 25 5 10 15 20 25 

0 16 ± 1.2 14 ± 0.8 13 ± 1.0 13 ± 0.8 12 ± 1.0 16 ± 1.0 15 ± 1.2 13 ± 0.8 12 ± 0.8 12 ± 1.0 

2 50 ± 2.8 46 ± 2.0 43 ± 2.8 40 ± 1.4 38 ± 2.2 52 ± 2.0 50 ± 2.2 45 ± 1.4 43 ± 1.8 37 ± 1.4 

5 70 ± 2.6 66 ± 2.6 63 ± 3.6 60 ± 2.4 56 ± 2.0 74 ± 2.2 68 ± 2.6 65 ± 2.2 62 ± 2.4 58 ± 2.8 

7 82 ± 3.4 75 ± 3.8 72 ± 4.2 68 ± 3.2 64 ± 3.2 85 ± 3.4 80 ± 2.4 74 ± 3.2 70 ± 1.8 64 ± 3.6 

14 88 ± 4.2 84 ± 3.4 80 ± 4.4 75 ± 3.8 70 ± 2.6 92 ± 1.8 88 ± 3.6 84 ± 3.6 80 ± 2.4 76 ± 3.4 

21 94 ± 2.2 90 ± 2.8 85 ± 3.2 80 ± 3.4 76 ± 3.2 97 ± 1.2 94 ± 2.2 90 ± 2.8 86 ± 3.4 82 ± 4.2 

35 98 ± 1.0 94 ± 2.4 90 ± 2.4 85 ± 4.2 82 ± 4.0 100 ± 0.0 98 ± 1.1 94 ± 2.4 90 ± 2.8 86 ± 3.2 

49 98 ± 1.2 95 ± 2.0 90 ± 2.2 86 ± 3.2 82 ± 3.2 100 ± 0.0 98 ± 1.0 94 ± 2.0 90 ± 3.2 86 ± 2.4 

63 98 ± 0.6 95 ± 2.2 92 ± 2.4 86 ± 2.4 82 ± 3.6 100 ± 0.0 98 ± 0.8 94 ± 2.4 90 ± 2.6 86 ± 2.6 
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Table 3. Mean concentration of tetracyclines in soils and plants (μg·kg−1). 

(a) 

Soil after removal of plants (mg/kg soil) Tomato (μg/kg) fresh weight basis 
Fortification of antibiotics (mg/kg) soil 

TC OTC CTC TC OTC CTC 

5 1.8 ± 0.1 1.6 ± 0.08 2.0 ± 0.06 3.2 ± 0.16 3.8 ± 0.06 2.7 ± 0.14 

10 3.8 ± 0.16 3.4 ± 0.14 4.2 ± 0.14 7.4 ± 0.28 9.3 ± 0.12 6.6 ± 0.16 

15 6.9 ± 0.24 6.4 ± 0.18 7.4 ± 0.12 13.2 ± 0.34 17.9 ± 0.22 11.4 ± 0.28 

20 9.2 ± 0.26 8.7 ± 0.22 9.6 ± 0.20 24 ± 0.44 29.6 ± 0.64 20.2 ± 0.18 

25 12.4 ± 0.26 11.8 ± 0.34 13 ± 0.28 36 ± 0.32 42 ± 0.56 31.5 ± 0.38 

(b) 

Soil after removal of plants (mg/kg soil) Lettuce (μg/kg) fresh weight basis 
Fortification of antibiotics (mg/kg) soil 

TC OTC CTC TC OTC CTC 

5 1.7 ± 0.14 1.8 ± 0.12 1.4 ± 0.08 4.2 ± 0.14 3.5 ± 0.10 5 ± 0.08 

10 3.4 ± 0.18 3.7 ± 0.24 3.2 ± 0.18 9.8 ± 0.26 7.8 ± 0.16 12.2 ± 0.14 

15 6.8 ± 0.32 7.0 ± 0.26 6.4 ± 0.12 18.6 ± 0.38 14.5 ± 0.22 22.4 ± 0.22 

20 9.0 ± 0.28 9.4 ± 0.34 8.6 ± 0.24 29 ± 0.32 24 ± 0.42 33.8 ± 0.28 

25 12.2 ± 0.40 12.8 ± 0.52 11.5 ± 0.38 43 ± 0.44 36 ± 0.34 52 ± 0.36 

(c) 

Soil after removal of plants (mg/kg soil) Carrot (μg/kg) fresh weight basis 
Fortification of antibiotics (mg/kg) soil 

TC OTC CTC TC OTC CTC 

5 2.0 ± 0.06 2.2 ± 0.08 1.8 ± 0.10 2.8 ± 0.08 2.2 ± 0.16 3.2 ± 0.14 

10 4.2 ± 0.14 4.5 ± 0.12 4.0 ± 0.16 5.4 ± 0.14 4.5 ± 0.22 7.8 ± 0.18 

15 7.4 ± 0.24 7.8 ± 0.22 7.1 ± 0.20 10.2 ± 0.36 8.4 ± 0.26 15 ± 0.32 

20 10.6 ± 0.32 11.2 ± 0.18 10.2 ± 0.28 19.2 ± 0.32 15 ± 0.20 23 ± 0.24 

25 13.8 ± 0.26 14.6 ± 0.34 13.2 ± 0.24 29 ± 0.44 24 ± 0.34 38 ± 0.42 

(±) Standard deviation; TC = Tetracycline; OTC = oxytetracycline; CTC = Chlortetracycline. 
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