PHYTOREMEDIATION INDICES OF WATER HYACINTH (EICHHORNIA CRASSIPES)
GROWING IN PANTEKA STREAM, KADUNA, NIGERIA

ABSTRACT

The aquatic environment is incessantly polluted by the release of high toxic concentrations of heavy metals
which are bio-accumulative and persistent in nature. This investigation was conducted to assess the
phytoremediation potential of water hyacinth (Eichhornia crassipes) growing in Panteka stream, Kaduna
where mechanic and farming activities are carried out. Having three sampling points (A, B and C) and pond
water, where farming is predominant served as the control site (D) using phytoremediation indices. The
root and shoot samples of E. crassipes grown at the sampling points (A, B, C) and the control were
analyzed to determine heavy metal concentrations of cadmium (Cd), chromium (Cr), copper (Cu), nickel
(Ni), lead (Pb), and zinc (Zn) through Atomic Absorption Spectrophotometry (AAS). The
phytoremediation indices were calculated via bioaccumulation coefficient and translocation factor. The
results showed that the root samples had higher accumulation of heavy metals than the shoot samples.
During the analysis the heavy metal Zn was noted to be accumulated the highest in roots and shoots
(335.32 + 23.6 and 256.52 + 30.82) mg/kg at sampling point B respectively. In this present analysis heavy
metals were translocated efficiently and had bioaccumulation coefficient and translocation factor greater
than one. Nickel had the highest bioaccumulation coefficient and translocation factor, and Zn had a
translocation factor that was less than one across all samples. This implies that E. crassipes is a potential
hyperaccumulator plant for phytoremediation.
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l. INTRODUCTION

One of the key priorities of this present age is the preservation of the environment's quality. The

biosphere is being degraded as a result of the emission of natural and man-made substances that can harm
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living organisms. Heavy metals, among all pollutants, are easily transported and accumulated in the
environment [1]. Water body contamination increases at an alarming rate by human activities such as the
release of pesticides from agricultural sectors, radionuclides and hydrocarbons from petrochemical
industry, and hazardous metals from untreated wastewater are all instances of pollutants. Metals, unlike
organic trash, are not biodegradable. Arsenic, Cadmium, Lead, Manganese, Mercury, Selenium and Zinc
are examples of trace and heavy metals that must be eradicated from the environment [2]. Once heavy
metals have contaminated the environment, they will pose a long-term threat to humans and animals [3].
Biological decontamination approaches, such as phytoremediation, are thought to be safe for eliminating
these toxins from the environment, especially from water and soil.

A green technology known as phytoremediation uses plants to clean up contaminated areas or to
dislodge pollutants from the environment. It is an environmentally benign and affordable technology [4].
On contaminated terrain, many plant species may thrive, and some may even accumulate significant
amounts of heavy metals in their tissues. Hyper-accumulator plants with the capacity to develop promptly
and accumulate large metal levels are required to facilitate phytoremediation [5]. Currently known metal
hyper-accumulator plant species number over four hundred [6].

Phytoextraction, phytostabilization, rhizofiltration, and phytovolatilization are some of the
phytoremediation approaches for treating metal-contaminated environments [7][8]. Phytoextraction refers
to the absorption of metals, coupled with subsequent translocation and accumulation in vegetative organs,
whereas phytostabilization refers to the hazardous ions that remain immobilized in the contaminated
medium. As a result, heavy metals become stable in the rhizosphere (horizontal underground stem region in
the plant). The roots of phytoremediating plants absorb, concentrate or discharge contaminants out of
polluted effluents during the rhizofiltration process [9]. Harvesting plant tissues that has accumulated
hazardous metals is required for phytoextraction and rhizofiltration. The plant material is normally burned,
and the ash generated can be utilized to recycle metal [10][7]. The creation of "eco-catalysts” for the

chemical sectors is a recent method of utilizing biomass that has been gathered from plants that
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highly accumulate metal [11][12]. Volatilization is another method that plants use to remove inorganic
contaminants. Metals undergo biological conversion to gaseous states, which are then discharged into the
air during this process [13].

Recent strategy for phytoextraction of heavy metal contaminated soil includes the use microbial-assisted
phytoremediation which is a potential approach, where a broad range of plant species coexist closely with
arbuscular mycorrhizal fungi (AMF), promoting healthy growth and resilience to contaminants. AMF
inhabit plant roots and expand their hyphae within the rhyzosphere, helping the plants take up nutrients and
minerals, control the buildup of heavy metals and stress tolerance [14]. [15], carried out a study using
arbuscular mycorrhizal fungi to aid phytoextraction. Arbuscular mycorrhizal fungi (AMF) were used in this

work to enhance the growth of Zea mays L. in heavy metal-rich tannery slush [16].

Eichhornia crassipes is an aquatic macrophyte belonging to the class Liliopsida and the family
Pontederiaceae. It originated in tropical South America, but it can now be found in Africa, Australia, India,
and a variety of other places. This plant may be used as animal feed and has a fast growth rate as well as
the ability to withstand various forms of pollution [17]. An excellent plant for phytoremediation has a high
biomass, high tolerance to heavy metals stress, and a high capacity for metal accumulation [18]. The said
plant has these qualities; therefore, it is well-known for their ability to absorb toxic metals from water.
Water hyacinth, as a good and capable hyper-accumulator plant, can accumulate a very high level of heavy
metals [19].

The sole aim of this investigation was to determine the heavy metals content of the native aquatic
macrophyte (E. crassipes) in Panteka stream and its ability to accumulate heavy metals and potency for
phytoremediation. As well as, to ascertain more information on the heavy metal status of water bodies and

E. crassipes which was seen as noxious species.

Il. MATERIALS AND METHODS

A. Study Area



The study area is the stream that has its entry point from Rafin Guza, and is flowing through the Panteka
mechanic village, located between latitudes 10° 32°37” and 10° 33°56” N and longitude 7° 24°29” and 7°
25°7” E, at the Northern part of Kaduna, Nigeria. The Panteka stream flows westward, it usually decreases
in volume during dry season and Eichhornia crassipes grows in the stream. Similarly, Panteka is a
mechanic village where all kinds of cars and motorcycle spare parts are sold, and their maintenance is
carried out. Alongside this, agricultural activities take place in this area and runoff from the farms and
debris washed off from these anthropogenic activities mentioned above enters the stream. The control
samples were collected from an enclosed pond, where farming activities are carried out, behind Mal.
Abdulrakeem Fish Farm, Farin-Gida Mando Kaduna. The stream was divided into three sampling points,
A, B, and C. Sampling point A is 4,218m away from B, and B is 4000m away from C. At sampling point
A, the predominant activity done in this area is farming, dumping of car worn-out parts and repairs, while

at sampling points B and C, there is more of mechanic repair activities.

B. Plant Sample Collection

Plant samples were collected from Panteka's contaminated water and the control samples from the
enclosed pond. Plant samples from the three sampling points and the control were wrapped in labeled
polybags for each of the plants and brought to the Biological Sciences Department Laboratory Nigerian

Defence Academy, Kaduna.

C. Plant Sample Processing and analysis

The plant samples were washed to remove the unwanted debris from the plant with deionized water.
Followed by herbarium techniques (which include pressing and drying the plant sample using the plant
presser, labeling, and storage) and full authentication of the plant. The plant samples were identified and
authenticated in the herbarium, Botany laboratory NDA. The specimen with voucher number

NDABIOH202030 was kept in the herbarium for reference purposes.
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Figure.l: Panteka stream study area map with sampling points, (Source: GIS, KADSU).

D. Water Sample Collection

In both dry (April 2020) and wet (August 2020) seasons, water was sampled twice at early hours of the
morning in sterile plastic containers from the four sampling points. Using the method of collecting water
grab samples as described by [20], and was done by holding the uncapped sterile plastic container upside
down and submersed it. And, the tip of the container upright and then allowed water to fill the container and
was removed from the water, screw-on cap and carefully labeled respectively. These water samples were

subjected to laboratory investigation for heavy metals.

E. Heavy Metal Analysis of Water



To determine the heavy metals in water samples, [21] approach was employed. 50ml of the water samples
from each sampling point for each of the seasons were digested with 10ml of HNO; on a hot plate. The
resulting clear solutions were filtered using Whatman filter papers and reconstituted to 50ml in volumetric
flasks with deionized water. 50ml of the filtrates were analyzed for the heavy metals using Atomic
Absorption Spectrophotometer (Model: PG-990). The reference solutions of metals to be assayed were
prepared and atomic absorption spectrophotometer was allowed to run for 10 minutes before immersing the
sipper into the reference metal solutions to calibrate the AAS and acetylene was used as the carrier gas.
Flame absorption method at the following conditions; Cadmium (wavelength 228.8nm, slit 0.4nm, high
voltage of 315.0V and 2.0mA lamp current), Chromium (wavelength 357.9nm, slit 0.4nm, high voltage of
287.50V and 4.0mA lamp current), Copper (wavelength 324.7nm, slit 0.4nm, high voltage of 283.50V and
3.0mA lamp current), lead (wavelength 283.3nm, slit 0.4nm, high voltage of 370V and 2.0mA lamp current),
Nickel (wavelength 232.0nm, slit 0.2nm, high voltage of 420.0V and 4.0mA lamp current) and Zinc
(wavelength 213.9nm, slit 0.4nm, high voltage of 339.75V and 3.0mA lamp current) were utilized in the
process respectively. The absorbance was read before placing the sipper into the solution of the digested

samples and the concentrations were taken from the AAS.

F. Heavy Metals Analysis of Plant

The method described by [22] was adopted to analyze heavy metals from the plant samples. Exactly 0.25¢g
of each of the grounded plant samples (roots and shoots) were weighed after which it was placed in a 100ml
beaker and digested with 30ml of mixed acid containing the following; 650ml, 80ml, and 20ml of
concentrated, Trioxonitrate (v) acid (HNOg3), Perchloric acid (HCIO4) and Tetraoxosulphate (vi) acid
(H2SO,) respectively on a hot plate. Following completion of the digestion, samples were cooled, made up
to 50ml with distilled water, filtered using Whatman filter paper in volumetric flasks, and transferred into a
sterile labeled plastic container. Using an Atomic Absorption Spectrophotometer (Model: PG-990), 50ml of

the filtrates were utilized to determine heavy metal contents [23].
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G. Characterization of Phytoremediation Potential

Bioaccumulation Coefficient (BAC): Is the plant/water concentration quotient [24]. It is calculated as

follow;

_ Croot _ Cshoot
BAC = / C water BAC = / C water

Where C root = Concentration of heavy metal in E. crassipes root (mg/kg), C shoot = Concentration of

heavy metal in E. crassipes shoot (mg/kg) and C water = Concentration of heavy metals in water (mg/kg).

Translocation Factor (TF): The translocation from shoot to root was determined by translocation factor,
which is given by:

_ Metal Concentration in the shoot (mg/kg)

Metal Concentration in the root (mg/kg)

H.  Statistical Analysis

To confirm the variability and validity of the results, One-way analysis of variance (ANOVA) and the T-
Test were used to analyze the study's data. Using the Statistical Package for Social Sciences (SPSS-version

23.) and Excel version 2016, all data were presented as LSD and given a significance level of p<0.05.

M. RESULTS AND DISCUSSION

A. Heavy metals concentration in the study area

The levels of these heavy metals in samples of water across the wet season from sampling points A, B,
C, and control increased except those of Zinc, Lead and Copper which were also, of increased level during
the dry season. This might be due to the runoff from farm lands and debris washed off from other
anthropogenic activities depositing more of these heavy metals, and the increase in Zinc and Lead at
sampling point A and B, during the dry season might be due to the intense deposits of engine oils, wastes
from car parts and other items coated with zinc not being washed off in the stream during the wet season
and those deposited by wind during the dry season. Among the heavy metals analyzed at Panteka Stream
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during the wet season, Cadmium was observed to have the highest concentration (0.78mg/kg) and this was
more than the maximum concentration standards of FEPA (0.01mg/L) and USEPA (0.01mg/L). The high
content of these heavy metals might be as a result of the release of effluents from car paints, car batteries,
and phosphate fertilizers in the stream [25]. The heavy metals concentration conforms with the findings of
[26] who reported that heavy metals were observed from paper dumping sites. Cadmium concentration in
the water samples was the highest among the heavy metals studied. However, it was discordant with the
reports of [27], who in their study reported highest concentration of heavy metal Lead in water collected

from the Awetu watershed stream. However, the other heavy metals analyzed were within the

recommended limits.
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Fig. 2. Mean Concentration of heavy metals at the sampling points during dry and wet seasons.

B. Heavy metal concentration in the roots and shoots of E. crassipes

Heavy metals concentration was entirely higher in roots than in shoots. Different plant
components metals accumulation indicated heavy metals in varying concentrations, at the sampling points
as shown in Table 1 and 2. There was more accumulation of Zinc in root and shoot at sampling point B
(335.32 + 23.60 and 256.52 * 30.82) mg/kg respectively. Other heavy metals accumulated significantly in

E. crassipes growing at all the sampling points except in the control samples (Pb and Zn high in control).
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The results were in line with the findings of [28], who studied heavy metals in aquatic plant species
Ipomoea aquatica and Neptunia oleracea growing in Tha Chin River, where they found out that all metals
accumulated higher in the root than in the shoot. Also, [29], observed the same higher concentration of the
Cadmium in the root than in the shoot. [26] recorded a higher accumulation of heavy metals in root than in
shoot of E. crassipes growing at paper dumping site and further stated that, in terms of plant components,
the ratio of metal concentrations does not appear to change in a way that is reliant on exposure. Hence,
there was a substantial accumulation of heavy metals in roots and shoots of E. crassipes at Panteka stream
(P<0.05).

Table 1 : Heavy Metal Concentration in Root Samples

Metals (mg/kg)
Sampling Cd Cr Cu Ni Pb Zn
points
A 27.65 +30.06°  47.20 + 21.69* 36.88 + 22.09° 50.90 + 16.48°  55.05+61.88"  224.45 + 30.24°
B 54,76 +13.49° 57.96 + 13.11* 127.12 + 19.45° 3452 +11.88° BDL 335.32 + 23.60°
C 46.88 +11.27*  163.68 + 129.62* 90.72 + 7.54° 31.20 + 8.11® 23.32+49.69°  195.56 + 22.10*
Control BDL 12.95 + 3.34° 0.70 £ 3.70° 15.00 + 5.35° 72.45 +7.99 227.70 + 40.87°

Values are expressed as mean + standard error mean. Means with different superscripts down the column are significantly different (P<0.05)
at 95% confidence level using least significance difference (L.S.D), BDL-below detectible limit. The descending order of the heavy metal’s
accumulation in the root samples from the maximum to the minimum at the sampling points is; Zn>Cr>Cu>Pb>Cd>Ni.

Table 2 : Heavy metal concentration in shoot samples

Metals (mg/kg)
Sa_mpling Cd Cr Cu Ni Pb Zn
points
A 29.70£27.67° 3470+1853%  2855+17.97° 51.25+18.49° 370+ 2521% 194.00 + 30.39%
B 58.08 +9.13° 39.88+14.94° 5024+ 17.57°  24.00 + 4.59% BDL 256.52 + 30.82°
o] 54,96 +10.79° 51.96+17.88°  74.44+16.90°  68.28+18.89°  33.60+38.47" 19556 £22.10°
Control BDL 10.20 + 3.75° BDL 5.45 + 2,26 47.30 £5.17° 113.80 + 1.49°

Values are expressed as mean + standard error mean. Means with different superscripts down the column are significantly different (P<0.05)
at 95% confidence level using least significance difference (L.S.D), BDL-below detectible limit. Zn>Cu>Ni>Cd>Cr>Pb is the descending
order of the heavy metals in the shoot samples from the maximum to the least accumulation at the sampling points.

C. Correlation of heavy metals, roots and shoots, and the seasons of sampling



The roots and shoots of E. crassipes and concentration of heavy metals in the water samples revealed a
positive correlation as shown in table 3. This agrees with the reports of [28], who reported a significant
relationship between the native aquatic plant species Ipomoea aquatica and Neptunia oleracea that were
found to accumulate high concentrations of the same heavy metals. Statistical analysis revealed that copper
in I. aquatica had a positive correlation with copper in the surrounding water in their report. Similarly, the
total concentration of heavy metals in the root and shoot samples of E. crassipes increased in conjunction
with the total concentration of these metals in the water, indicating a positive correlation. In addition, heavy

metals at sampling points increased as these metals increased during the dry and wet seasons.

Table 3 : Pearson Correlation Coefficient between Heavy metals in the roots
and shoots of E. crassipes and between the heavy metals in the water samples

during seasons at the sampling points.

Heavy Metals Roots and Shoots  Dry and Wet
Cadmium (mg/kg) 0.998* 0.784*
Chromium (mg/kg) 0.862* 0.833*
Copper (mg/kg) 0.836* 0.883*
Nickel (mg/kg) 0.605* 0.895*
Lead (mg/kg) 0.826* 0.457*
Zinc (mg/kg) 0.646* 0.855*

=Correlation is significant at P<0.05
D. Bioaccumulation coefficient and translocation factor of E. crassipes
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To assess E. crassipes' capability for phytoremediation of heavy metals, two phytoremediation indices
were applied. These include Bioaccumulation Coefficient (BAC) and Translocation Factor (TF).
Bioaccumulation Coefficient (BAC) was used to indicate the degree of enrichment of heavy metal in the
plants relative to that in its habitat. Nickel showed the highest and Copper the least bioaccumulation
coefficient in the root and shoot samples of E. crassipes. This stood in accordance with the study of [33].
Who in their study reported the highest bioaccumulation coefficient in Nickel in Salvinia molesta followed
by Mn, Fe, Zn, Pb, Co, Cu, Cr and Cd.

[30] reported that Fungi like Aspergillus niger grow on roots of water hyacinth and can grow on an
alkaline media (pH greater than 7) that can adsorb metals. The adsorption of metals onto the roots of water

hyacinth may have been possible due to A. niger as was reported by [31]. In this study, the bioaccumulation
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coefficient was greater than one for all the heavy metals. This might be due to the high accumulation in
root and shoot of E. crassipes.

If the translocation factor is less than one (TF<1) the plant has the potential for phytostabilization (also
known as excluder plant), whereas if the TF is greater than one (TF>1) the plant is classified as a
phytoextractor or accumulator [32]. This study was in agreement with the findings of [33] in evaluation of
phtytoremediation indices and abilities of aquatic macrophyte (Salvinia molesta) and other Species exposed
to metal contaminated wastewater. Where the translocation factor in nickel was the highest and was greater
than one. But was in contrast with the finding of [29] who in their study, had the highest TF recorded in
Zinc in the stems and leaves of Rhazya stricta.

The phytoremediation potential of a plant is characterized not just by its capacity to acquire and accumulate
significant concentration of metal, as well, by the plant possessing the enabling capacity to translocate the
metals to aerial components while also producing huge biomass [34]. This was observed in E. crassipes in
this study. The Translocation factor in this investigation demonstrated that there was no significant
difference (P<0.05) in the different heavy metals at the sampling points. The translocation factor of heavy
metals from shoot to root was greater than one. Zinc was not significantly translocated. Hence, its

translocation factor was less than one in all the sampling points.

V. CONCLUSION

From this finding, the E. crassipes could be said to be phytostabilizer for Zinc and is a phytoextractor of

Nickel, Lead, Cadmium, Chromium, and Copper. This is suggesting that E. crassipes is a good

hyperaccumulator plant and serve as better candidate for phytoremediation.

12



REFERENCES

[1] Ekta, C., & Praveen, S. Duckweed Plant: A Better Future Option for Phytoremediation, International

Journal of Emerging Science and Engineering (IJESE). 2014;2:2319-6378.

[2] Alluri, H.K., Ronda, S.R., Settalluri, V.S., Bondili, J.S., Suryanarayana, V., Venkateshwar, P., et al.
Biosorption: An eco-friendly alternative for heavy metal removal, African Journal of Biotechnology.

2007:6(25):2924-2931.

[3] Meagher, R.B. Phytoremediation of toxic elemental and organic pollutants, Current Opinion Plant Biology.

2000;3:153-162.

[4] Nwoko, C.O. Trends in phytoremediation of toxic elemental and organic pollutants, African Journal

Biotechnology. 2010;9:6010-6016.

[5] Khan, A.G., Kuek, C., Chaudhry, T.M., Khoo, C.S., Hayes, W.J., et al. Role of plants mycorrhizae and

phytochelators in heavy metal contaminated land remediation, Chemosphere. 2000,41:197-207.
[6] Freeman, J.L., Persans, M.W., Nieman, K., Albrecht, C., Peer, W., Pickering, 1.J, et al. Salt, Increased
glutathione biosynthesis plays a role in nickel tolerance in Thlaspi nickel hyperaccumulators, Plant Cell.

2004;16:2176-2191.

[7] Ali, H., Khan, E., Sajad, M.A. Phytoremediation of heavy metals concepts and applications, Chemosphere.

2013;91:869-881.

13



[8] Lee, J.H. An overview of phytoremediation as a potentially promising technology for environmental

pollution control, Biotechnology Bioprocess Engineering. 2013;18(3):431-439.

[9] Raskin, 1., Smith, R.D., Salt, D.E. Phytoremediation of metals: using plants to remove pollutants from the

environment, Current Opinion Biotechnology. 1997; 8(2):221-226.

[10] Jabeen, R., Ahmad, A., Igbal, M. Phytoremediation of heavy metals: physiological and molecular

mechanisms, Botany Review. 2009;75:339-364.

[11] Escande, V., Olszewski, T.K., Grison, C. Preparation of ecological catalysts derived from Zn

hyperaccumulation plants and their catalytic activity in Diels—Alder reaction, CR Chim. 2014;17:731-737.

[12] Escande, V., Olszewski, T., Grison, C. From biodiversity to catalytic diversity: how to control the
reaction mechanism by the nature of metallophytes, Environmental Science Pollution Resources.

2015;22:5653-5666.

[13] Kang, J.W. Removing environmental organic pollutants with bioremediation and phytoremediation,

Biotechnology Letter. 2014; 36(6):1129-1139.

[14] Khalid, M., Saeed, U.R., Hassani, D., Hayat, K., Pei, Z.H.O.U., Nan, H.U.l. Advances in fungal-

assisted phytoremediation of heavy metals: A review. Pedosphere. 2021;31:475-495. [CrossRef]

[15] Singh, G., Pankaj, U., Chand, S., Verma, R.K. Arbuscular mycorrhizal fungi-assisted phytoextraction
of toxic metals by Zea mays L. from tannery sludge. Soil Sediment Contamination International Journal.

2019:28:729-746. [CrossRef]

14



[16] Venegas-Rioseco, J., Ginocchio, R., Ortiz-Calderén, C. Increase in Phytoextraction Potential by
Genome  Editing and  Transformation: A  Review. Plants. 2022;11:86. https://doi.org/

10.3390/plants11010086.

[17] Yan, S., Wang, Y., Wang, Z., Guo, J.Y. Remediation effects of experimental projects using water
hyacinth for pollution control in the lake Caohai Dianchi Jiangsu, Journal of Agricultural Sciences.

2012;28(5):1025-1030.

[18] Aubert S., & Schwitzguébel, J.P. Screening of plant species for the phytotreatment of wastewater

containing sulphonated anthraquinones, Water Resources. 2004,38:3569-3575.

[19] Upadhyay, A.R., & Tripathi, B.D. Principle and Process of Biofiltration of Cd, Cr, Co, Ni, and Pb from

Tropical Opencast Coalmine Effluent, Water, Air, and Soil Pollution. 2007;180(1-4):213- 223.

[20] Thomas, J.D. Protocols for Collecting Water Grab Samples in Rivers, Streams and Freshwater

wetlands, Division of Environmental Assessment Biological Monitoring Program, DEPLWO. 2014;06374.

[21] Wahab, O.0., & Liasu, A.O. Phytoremediation potential of some heavy metals by water hyacinth,

International Journal Biological Chemical Science. 2010;4(2):347-353.

[22] Shaayau, S., & Garba, N.A. Phytoextraction and Bioaccumulation Potentials of Ipomoea asarifolia
(Desr.) Roem. and Schult on Chromium-polluted Soils, Nigerian Journal of Pure and Applied Science.

2019;32:3469-3479:0794-0378.

15



[23] Blaylock, M.J., & Huang, J.W. Phytoextraction of Metals in Phytoremediation of Toxic Metals: Using

Plants to clean up the Environment. John Wiley and Sons Inc, New York. 1999; Pp. 53-70.

[24] Environmental Protection Agency (EPA). Introduction to Phytoremediation. 600/R-99/10. February.

U.S. Cincinnati. Ohio. 2000.

[25] Mukesh Parmar and Lokendra Singh Thakur. Heavy metal Cu, Ni and Zn: Toxicity, Health Hazards
and their Removal Techniques by low-Cost Adsorbents: A Short Overview, International Journal of Plant,

Animal and Environmental Sciences. 2013; 3(3):2231-4490.

[26] Ganesh, T. (2012). Cloning and functional characterization of putative heavy metal stress-responsive
(Echmr) gene from Eichhornia crassipes (Mart. Solm L.). (781-039) [Doctoral Thesis Department of

Biotechnology, Indian Institute of Technology Guwahati].

[27] Higemengist Astatkie, Argaw Ambelu and Embialle Mengistie Beyene. Sources and level of heavy
metal contamination in the water of Awetu watershed streams, southwestern Ethiopia. 2021; 2405-8440.

Published by Elsevier Ltd. https://doi.org/10.1016/j.heliyon.2021.e06385.

[28] Oning Veschasit, Shettapong Meksumpun and Charumas Meksumpun. Heavy Metals Contamination in
Water and Aquatic Plants in the Tha Chin River, Thailand, Kasetsart Journal of Natural Sciences. 2012;
(46): 931 — 943.

[29] Arifin A, Parisa, A., Hazandy, A.H., Mahmud, T.M., Junejo, N., Fatemeh, A., Mohsen, S., Wasli,
M.E., Majid, N.M., et al. Evaluation of cadmium bioaccumulation and translocation by Hopea odorata

grown in contaminated soil, African Journal of Biotechnology. 2012;11(29):7472-7482:1684-5315.

16



[30] Al-Farraj, A. S., Al-Wabel, M.1., Al-Shahrani, T.S., EI-Maghraby, S.E., Al-Sewailem, M.A.S., et al.
Accumulation coefficient and translocation factor of heavy metals through Rhazya stricta grown in the
mining area of Mahad AD’Dahab, Saudi Arabia, Waste Management and the Environment.

2010;325:1743-3541.

[31]] Mahmood, T., Syed, T.H., Salman, A.M. Phytoremediation technologies for Ni++ by water hyacinth,

African Journal of Biotechnology. 2010;9(50):pp. 8648-8660. DOI: 10.5897/AJB10.070, 1684-5315.

[32] Tabassum, A. Studies on the role of microbes in bioremediation of metals, [Dissertation of master of
philosophy in Biology (Microbiology), submitted to Department of Biological Sciences, Quaid-i-Azam

University, Islamabad, Pakistan]. 2003:pp. 61-63.

[33] Shingadgaon S. S. and Chavan B.L. Evaluation of Bioaccumulation Factor (BAF), Bioconcentration
Factor (BCF), Translocation Factor (TF) and Metal Enrichment Factor (MEF) Abilities of Aquatic
Macrophyte Species Exposed to Metal Contaminated Wastewater, International Journal of Innovative
Research in Science, Engineering and Technology. 2019; 8(1): ISSN(Online): 2319-8753 ISSN (Print):

2347-6710; DOI:10.15680/1JIRSET.

[34] Labanowski, J., Monna, F., Bermond, A. Kinetic extractions to assess mobilization of Zn, Pb, Cu,
and Cd in a metal-contaminated soil: EDTA vs. Citrate. Environmental Pollution. 2008;152(3):693—
701.

[35] Ximenez-Embun, P., Rodriguez-Sanz, B., Madrid-Albarran, Y., Camara, C. et al. Uptake of heavy
metals by lupin plants in artificially contaminated sand. Preliminary results, International Journal of

Environmental and Analytical Chemistry. 2001;82:80-81.

17



[36] Federal Environmental Protection Agency (FEPA) Act 1991. Guidelines and standards for Industrial
effluent, gaseous emissions, and hazardous waste management in Nigeria. National Environmental

Protection Regulations, Federal Republic of Nigeria. Supplement to Official Gazette Extraordinary - Part B.

78 (42), B15 — 31.

[37] U.S. Environmental Protection Agency (EPA). Arsenic in drinking water. Washington DC. 2006.

[updated, September 14; accessed 2009 Marchl]. Available from:

http://www.epa.gov/safewater/arsenic/index.html.

[38] U.S. EPA. Environmental Criteria and Assessment Office. Cincinnati, OH: the United States

Environmental Protection Agency, Integrated Risk Information System (IRIS). 1992.

18


http://www.epa.gov/safewater/arsenic/index.html

