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ABSTRACT

Water pollution with chromium (Cr) is a major threat to the environment
and human health. Therefore this study was conducted to evaluate the efficiency
of aquatic plant Lemna minor as a natural biological tool in the accumulation of
Cr from polluted water under the effect of pH and Ethylene Diamine Tetra
Acetic Acid (EDTA) and assess the impact of this treatment on the growth of
Nile tilapia. L. minor fronds were exposed to different concentrations of Cr (0, 2,
4,6, 8 and 10 mg L™) with pH (5, 6, 7, 8 and 9) for periods of 5, 10, 15 and 20
days. The highest accumulation of Cr was (9563.81+222.47 pg g™ dry wt) at 10
mg L™ with pH 5 after 10 days of treatment. While in the groups that enriched
with EDTA (25, 50, 75 and 100 uM) for periods of 5, 10, 15 and 20 days,
maximum accumulation of Cr was (9926+235.84 ug g™ dry wt) at 10 mg L™
with pH 5 and 25 pM of EDTA after 10 days of treatment. The highest removal
efficiency of Cr by L. minor was 99.26 % at 10 mg L™ with pH 5 and 25 uM of
EDTA after 10 days of treatment. This study indicated that pH and EDTA
influenced chromium accumulation in L. minor. The impact of the treated water
by L. minor on the growth of Nile tilapia indicated that fish muscles had no
chromium accumulation and the treated water became acceptable and safe.
Meanwhile; a specific growth rate (SGR) was (1.2+0.01 %/day) at the end of
exposure period which lasted 30 days the same as control group. So, we can
conclude that Nile tilapia played an important role in monitoring chromium in
the treated water by L. minor under the effect of pH and EDTA.

In contaminated aquatic environments several toxic metals occur, often creating
undesirable living conditions for many plants and animals (Divya et al., 2012). Among
animal species, fishes are the inhabitants that cannot escape from the detrimental effects
of heavy metals (Olaifa et al., 2004). One category of toxic contaminations accumulated
by fishes is heavy metals such as lead (Pb), mercury (Hg), cadmium (Cd), chromium (Cr)
and arsenic (As). Any of these heavy metals can destroy life when they concentrate in the
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body above acceptable levels (Nwabunike, 2016). Chromium contamination in water is a
major concern, as various anthropogenic activities. Chromium toxicity in plants depends
on its valence state (Oliveira, 2012). Chromium (Cr) has two stable forms Cr (V1) and Cr
(111) amongst which Cr (V1) is more mobile and toxic than Cr (l11) (Shanker et al., 2005).
Chromium enter the aquatic ecosystem through effluents discharged from leather
tanneries, textiles, electroplating, metal finishing, mining, dyeing and printing industries,
ceramic, photographic and pharmaceutical industries etc. (Abbas and Ali, 2007). Fish
assimilate Cr by ingestion or by the gill uptake tract and accumulation in fish tissues,
mainly liver, occurs at higher concentrations than those found in the environment
(Ahmed et al., 2013). Contaminated fish enter the human body through consumption and
it causes health hazards (Nwabunike, 2016). Chronic chromium toxicity causes cancer in
the respiratory tract and lungs (Thayaparan et al., 2015).

There are several methods for removing heavy metals from bodies of water. They
can be ineffective and expensive. Therefore, there is an urgent need to adopt technology
with optimum efficacy and low capital investment and can be acceptable for wide range
of metal contamination (Kurniawan et al., 2006). Aquatic plants are considered to be
simple, ecofriendly technology applicable for the removal of heavy metals from the
aquatic medium (Perumal et al., 2010). Some aquatic plants have been investigated for
their potential to improve wastewater quality because of their ability to grow in water
polluted by heavy metals (Jafari and Akhavan, 2011). Aquatic plants play an important
role in maintaining the purification capability of water and the entire aquatic ecosystem
(Wang et al., 2008). Due to the high growth rate and large uptake metal potential,
members of genus Lemna have been appeared as potential candidates for designing a
duckweed-based heavy metal phytoremediation set-up (Rashmi and Surindra, 2015). In
the field of ecotoxicology, Lemna spp. has been used for the removal of heavy metals
from wastewater and constructed wetlands (Uysal and Taner, 2009). Duckweeds are able
to remove and accumulate large amounts of heavy metals, principally through the fronds
(Chaudhary and Sharma, 2014).

Metal bioaccumulation depends upon plant species, its organ and numerous abiotic
factors like temperature, pH, transportation of metal contaminated particles and dissolved
ions in water (Divya et al., 2012). Metal toxicity is often dependent on pH in freshwater
and soil. In metal uptake and chemical kinetic process, the role of initial metal load and
pH of medium are very critical factors. Meanwhile, pH is deemed to offer a very decisive
role in bioremediation process (Rashmi and Surindra, 2015). The chelator ethylene
diamine tetra acetic acid (EDTA) is often included in nutrient media that are used to grow
aquatic macrophytes. EDTA was often found to be the most effective (Gréman et al.,
2001). When culturing duckweeds, the presence of a chelator is necessary for optimal
growth (Landolt and Kandeler, 1987) and consistency between replicates (Hughes, 1991).
EDTA may mobilize metal ions from river sediments and the resulting complexes may
increase the uptake of metals such as cadmium, mercury, copper and chromium (Venier
et al., 1987). Fish are widely used to evaluate the health of aquatic ecosystems because
pollutants build up in the food chain and are responsible for adverse effects and death in
the aquatic systems (Vinodhini and Narayanan, 2008). Various fish species are widely
used as bioindicators of metal contamination (Svobodova et al., 2004).

The objective of this study was to evaluate the efficiency of the aquatic macrophyte
L. minor in accumulation of different concentrations of chromium from polluted water
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under greenhouse conditions. So, we conducted a study with Lemna, 1) to determine the
growth responses and accumulation of Cr in L. minor under effect of various levels of pH
and different treatment periods; 2) to determine the growth responses and accumulation
of Cr in L. minor under effect of various concentrations of EDTA and different treatment
periods and 3) to assess the treatment impact of polluted water with chromium by L.
minor under the effect of pH and EDTA on the growth of economically important
organism (Nile tilapia).

MATERIALS AND METHODS

2.1. Plant material and growth conditions

The freshwater L. minor was collected from Soils & Water and Environment
Research Institute, Agricultural Research Center. The plant material was washed
carefully to remove dirt, sludge and other adhesive debris from it. To avoid any
contamination, the second generation of L. minor was obtained by culturing original
individual in 1/10 diluted Hoagland's nutrient solution for 10 days as per standard
methodology described by Eliasson (1978). Hoagland's nutrient solution was prepared
according to Hoagland and Arnon (1950).

2.2. Effect of pH on chromium accumulation in L. minor (Exp. 1)

In this study, analytical grade of potassium dichromate salt (K,Cr,O7) was used for
the accumulation studies of Cr in L. minor fronds. The stock solution was prepared by
dissolving 2.829 g of K,Cr,0; in 1000 ml of distilled water. Before the start of the
experiment, the prominent and healthy plants were collected and rinsed with distilled
water. One gram of plant material was placed in plastic pots contained 1000 ml of 1/10
Hoagland's nutrient solution for each treatment. Chromium concentrations were tested at
(0, 2, 4, 6, 8 and 10 mg L™). To investigate the effect of pH on Cr accumulation in L.
minor, test solutions were adjusted with pH (5, 6, 7, 8 and 9) either with 1 N NaOH or
with 1 N HCI at the corresponding Cr concentrations. The initial pH of tested solutions
was 5.8. Pots without Cr grown alongside the experimental groups served as control
which were necessary to compare the results. All treatments were carried out in triplicate
and exposed to natural sunlight in a greenhouse at a temperature of 37°C + 2 for four
different periods (5, 10, 15 and 20 days). The evaporation loss was compensated weekly.
2.3. Effect of EDTA on chromium accumulation in L. minor at pH 5 (Exp. 2)

Different concentrations of Cr were prepared at (0, 2, 4, 6, 8 and 10 mg L™) and
different concentrations of Na,- EDTA were separately added at (25, 50, 75 and 100 uM).
All solutions were adjusted with pH 5. One gram of plant material was placed in plastic
pots contained 1000 ml of 1/10 Hoagland's nutrient solution for each treatment.
Experimental set-ups with zero Cr concentration served as control. All treatments were
carried out in triplicate at a temperature of 35°C+2 under greenhouse conditions for four
different periods (5, 10, 15 and 20 days). The evaporation loss was compensated weekly.
2.4. Plant growth parameters

After completion of each treatment period, the plant samples were harvested,
washed thoroughly three times with distilled water to remove any chromium on the plant
surface and then kept on filter paper for few seconds to remove excess liquid. Fresh
weight (f.wt) was recorded immediately. The plant samples were dried at 100°C for 10
min, then at 70°C for 24 hr until completely dry and the dry weight (d.wt) was recorded.
Fresh and dry weights of L. minor were given as g m™ (El- Berashi, 2008).
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2.5. Analysis of chromium accumulation in L. minor tissues

Two hundred milligrams of the plant samples were first digested with HNO3
followed by HCIO,4 (3:1) on hot plate and during that temperature was raised to about
95°C. The temperature was maintained until nitrous gas evolution stopped and the digest
was clear (Kara, 2004). The digest was then made up to a final volume of 10 ml in
polythene tubes with dilution. Determination of Cr concentrations in plant tissue was
carried out by inductively coupled plasma optical emission spectroscopy (ICP-OES)
according to Duman et al. (2009). Chromium accumulation in L. minor tissues was
calculated on dry weights basis and expressed as pg g™ dry wi.
2.6. Estimation of bioconcentration factor

Bioconcentration factor (BCF) which is a useful parameter (Lu et al., 2004) to
evaluate the potential of plants for accumulating metals. BCF for Cr was calculated by
dividing metal concentration in plant's tissue (ng g™ dry wt) with the initial concentration
of the metal in nutrient solution.
2.7. Removal efficiency of chromium by L. minor

In order to investigate the removal efficiency of Cr at 2, 4, 6, 8 and 10 mg L™ by L.
minor, the residual concentration of Cr was determined in nutrient solutions after 5, 10,
15 and 20 days with pH 5 and 25 uM of EDTA. Water samples were collected under
plant mat in polyethylene bottles from each pot to measure Cr concentrations. The water
samples were digested according to (Kara, 2004). The residual concentration of Cr in the
solution was quantified using (ICP). The percentage metal efficiency was calculated
according to Tanhan et al., (2007).

% efficiency = (Cy-C1)/Co x 100

Co and C; are initial and residual concentrations of metal in medium (mg L™).
2.8. Effect of the treated water on Nile tilapia growth (Exp. 3)
2.8.1. Fish collection and growth conditions

Fishes were purchased from a commercial fish farm. Fishes were immediately
transferred to glass aquaria and randomly distributed at a stocking density of 10 fish per
aquarium under laboratory conditions for two weeks. The experiment was carried out in
experimental aquaria of the dimensions; 75 cm (length), 40 cm (width) and 50 cm
(height) with a total volume of 40 L of dechlorinated tap water. Experimental aquaria
were supplied with well-aerated in a recirculating system at a temperature of 27°C.
Agquaria were continously cleaned and the water exchange including fish feces and
remaining food. The fishes were fed with standard powdered feed twice daily and were
starved for 24 hr prior to the experiment.
2.8.2. Experimental design

This experiment was conducted to assess the treatment impact by L. minor on Nile
tilapia growth. The treatment was carried out in aquaria which described as previous, then
filled with 40 L of 1/10 Hoagland's nutrient solution and one gram of plant material was
exposed to 10 mg L™ of Cr per litre with pH 5 and 25 uM of EDTA. Aquaria supplied
with plant and without Cr served as control. The treatments were carried out in triplicate
under greenhouse conditions at a temperature of 35°C + 2 for 10 days.
2.8.3. Exposure of Nile tilapia to the treated water

The treated water was collected from each aquarium and transferred to other clean
aquaria. Healthy fishes were collected and weighed for the next experiment. Average
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initial weight and length of fish were (30.5+1.61 gm and 21.6+1.0 cm) respectively. Five
individuals of fish were exposed to the treated water per each aquarium under laboratory
conditions for 30 days with a continuous aeration at a temperature of 27°C. For
comparison, similar set of aquaria was also kept wherein fish was grown in dechlorinated
tap water served as control. The fishes were fed with powdered feed twice daily.
2.8.4. Estimation of growth parameters

At the end of exposure period which lasted 30 days, fishes were caught from each
aquarium and then washed thoroughly with distilled water. The average final weight and
length of exposed fish and control group were measured. Specific growth rate of fish was
calculated according to Khattab (1996).

Specific growth rate (SGR, % /day) = (In W, - In Wp)/ T X 100 (In = natural
logarithm; W, = initial weight; W, = final weight; and T = time in day).
2.8.5. Analysis of chromium accumulation in fish muscles

Fishes were dissected to extract a 10 gm sample of the fish muscles and were dried
in oven at 100°C %1 for 3 hr. Two grams of the dried samples were put in a 250 ml
conical flask and then subjected to acid digestion with nitric acid and perchloric acid
(4:1). The flasks were then cooled at room temperature and the residues were dissolved in
10 ml of dilute nitric acid and filtered. The filtrate was diluted to 50 ml with distilled
water (Frank, 1984). Chromium analysis was estimated using ICP and the results were
expressed as pg g'1 dry wt.
2.9. Statistical analysis

The mean and standard deviation (S.D) of three replicates for each treatment and
control group were calculated. The results of the effect of pH and EDTA on fresh, dry
weights of L. minor and accumulation of Cr by L. minor for each concentration at all
treatment periods in all experimental set-ups were statistically analyzed by one-way
ANOVA at P<0.05 using Tukey test.

RESULTS

3.1. Effect of different concentrations of Cr and pH on growth of L. minor

Results of fresh and dry weights of L. minor were taken after 5, 10, 15 and 20 days
of treatment to assess the effect of different concentrations of Cr (0, 2, 4, 6, 8 and 10 mg
L™ and pH (5, 6, 7, 8 and 9) (Fig. 1). Fresh and dry weights of L. minor gradually
increased with increasing Cr concentrations as compared to control after 5 and 10 days of
treatment. Also, fresh and dry weights were positively affected by pH 5> pH 6> pH 7>
pH 8> pH 9 during all treatment periods. However, the highest fresh and dry weight of L.
minor was (1053.29+25.21 g m™ f.wt and 73.73+3.53 g m?d.wt) at 10 mg L™ of Cr with
pH 5 after 10 days of treatment. Fresh and dry weights were dependent on the
concentrations of Cr and pH. Furthermore, the results of fresh and dry weights with pH 5
were significantly different compared to pH (6, 7, 8 and 9) at P<0.05.
3.2. Effect of pH on accumulation of Cr in L. minor

Similarly, chromium accumulation in L. minor was also gradually increased with
increasing Cr concentrations with pH (5, 6, 7, 8 and 9) after 5 and 10 days of treatment
(Table 1). All experimental set-ups with different pH range can be arranged as in terms of
accumulation efficacy: pH 5> pH 6> pH 7> pH 8> pH 9 during all treatment periods.
Overall, the highest accumulation of Cr was (9563.81+222.47 pg g™ dry wt) at 10 mg L™
with pH 5 after 10 days of treatment. The accumulation of Cr in L. minor with pH 5 was
significantly different compared to pH (6, 7, 8 and 9) at P<0.05.
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Fig. (1): Effect of different concentrations of Cr and pH on fresh and dry
weights of L. minor after different treatment periods.
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Table (1): Effect of pH on accumulation of Cr in L. minor after different treatment periods.

Treatment Cr Cracomustion (p =™ dry wt) E | p

periods | concentrtion vale | voime
(day) meLY) pH3 pHA pH? pHE pHA

2 1621 70%6637 | 152700%64 10 | 11433455300 | 102123°5661 | B6661°5083 | 162.00 | 0.000

4 305037 | 2EIN0EET 3 | 130030%554 | 123030°54 04 | 0312344011 | 14418 | 0000

i § 331455%100 21 | 275085%75 88 | 1742406288 | 1T2161°5503 | 160065°44320 | 176.08 | 0.000

8 371 44%103 B4 | 445030%04 4 | 227247947173 | 207702°%7311 | 1803 30°46007 | 178.94 | 0.000

10 01§012%=003 00 | SI4042%13176 | 350325°:8065 | 3140017807 | 2383094 56 | 160.77 | 0000

2 171620720307 | 167433%7723 | 13309556343 | 126275953 64 | 1104725167 | 1084 | 0.000

4 3624011805 | 3112530864 | 240030°:7094 | 219933005 | 21543345890 | 7322 | 0.000

10 6 5477613163 50 | 511632812186 | 41540440047 | 3103007035 [ 257310400 72 | 0725 | 0.000

i 730761%013 70 | 640205% 15480 | 50800811153 | 320805%8 36 | 31131043808 | 21852 | 0.000

10 0363 B1%I00 47 | T28334%17135 | 13872146 B2 | 3005364000 58 | 359626%R0 63 | D0BS5 | 0.000

2 157820%0034 | 134500%75 63 | 11002755577 | 10400045493 | 1024454080 | 70475 | 0.000

4 310708%113 51 | 2B4778% 7206 | 108100%:6520 | 130003438 14 | 130851434 70 | 10120 | 0.000

15 i S44401%157 34 | IROTRI%ER4 7] | 284044%46357 | 228240°:4320 | 186003%5621 | 87087 | 0.000

i T11264%100 71 | 574173%15527 | 38078110788 | 230308% T 60 | 2113807015 | 27022 | 0.000

10 S05287*121 18 | 351360%00 60 | 311805°B204 | 100278%54 19 | 162448%4382 | 77203 | 0.000

2 133700%B170 | 120200%47 33 | 114068°5013 | 100013%53 74 | B38.00%&5 26 | 74255 | 0.000

4 12024%755) | 12003%3400 | 1124345344 | 1003449000 | 778.86%46.76 | 78220 | 0.000

I i 1188 00%6713 | 111023%3736 | 1011254020 | B2161%4535 | 747 70%3036 | 83247| 0.000

1 11077586720 | 100354000 | Q3B31%4705 | 70038%3600 | 613.80%3502 | 04000 | 0.000

10 000516014 | 03503%4785 | BILITRM 00 | 4373140480 | 3TLAE[DD | 1123 | 0000

* Data are presented as mean of three samples = S.D, F-value: the difference among pH at each concentration of Cr (one-way
ANOVA). The same letters refer to insignificant results and the different letters refer to significant results at P<0.05.

3.3. Effect of pH on bioconcentration factor (BCF) for Cr

The results of bioconcentration factor (BCF) for Cr with different levels of pH after
different treatment periods are shown in Fig. 2. It is clear that L. minor showed
comparatively high BCF values for Cr in experimental set-up with pH 5. In terms of pH
of media, the set-ups for BCF of Cr can be arranged in the order: pH 5 >pH 6 >pH 7 >pH
8> pH 9. The highest value of BCF for Cr was (956.38+23.69) at 10 mg L™ with pH 5
after 10 days of treatment. However, the higher value of BCF indicates the ability of L.
minor to accumulate higher concentrations of chromium in its tissues.
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Fig. (2): Effect of pH on bioconcentration factor (BCF) for Cr after different
treatment periods.

3.4. Effect of different concentrations of Cr and EDTA on growth of L. minor at pH 5
The previous results indicated that L. minor showed better growth and Cr
accumulation at 10 mg L™ of Cr with pH 5. In test sets supplemented with EDTA
concentrations (25, 50, 75 and 100 uM), growth of L. minor was affected by different
concentrations of Cr in medium with pH 5 after 5, 10, 15 and 20 days of treatment (Fig.
3). The highest fresh and dry weight of L. minor was (1267.54+29.63 g m™ f.wt and
88.73+4.15 g m?d.wt) at 10 mg L™ of Cr with pH 5 and 25 uM of EDTA after 10 days of
treatment. The effect was more pronounced in treatments EDTA 25> 50> 75> 100 uM
during all treatment periods. Meanwhile, the results of fresh and dry weights with 25 uM

of EDTA were significant compared to EDTA (50, 75 and 100 uM) at P<0.05 after 10
days of treatment.

3.5. Effect of EDTA on accumulation of Cr in L. minor at pH 5

The results of this experiment indicated that L. minor had the capacity to
accumulate large quantities of Cr in solutions containing different concentrations of
EDTA. Chromium is chelated by different concentrations of EDTA with pH 5 (Table 2).
Maximum accumulation of Cr was (9926+235.84 ug g™ dry wt) at 10 mg L™ with 25 uM
of EDTA after 10 days of treatment. The results revealed that Cr accumulation increased

significantly (P<0.05) at 10 mg L™ with 25 uM of EDTA compared to EDTA (50, 75 and
100 uM) after 10 days of treatment.
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Fig. (3): Effect of different concentrations of Cr and EDTA on fresh and dry
weights of L. minor at pH 5 after different treatment periods.
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Table (2): Effect of EDTA on accumulation of Cr in L. minor at pH 5 after different treatment periods.

Treamat|  Cr Cr scamuston (i 2 dy )
periods | concentmion| gy EDTA EDTA EDTA =] =
@ | @) s | omomp | gsep | oo

2 108 38%117.63 | 1623 36511986 | 147208 10020 | 12230740005 | 10914 | 0.000

4 AR5 14%132 71| 3333 4BE12883 | I1ATOSNE120 20 | 302431510000 | 7303 | 00

5 ] SEI200%:150 17 | 329640512111 | 270403521 10 B4 | 1B14.20%100 55 | 20898 | 0.000
] TEN0 AT B | 3117915211947 | 26879055120 45 | 16337590555 | 69398 | 0.000

1 QIR H0P£230 30 | 006 MPE12277 | 24417750200 | 140614%0305 | 13050 | 0.000

2 1770 19%]26 54 | 160247511767 | 15280051 16,30 | 132605%=03.20 | 10238 | 0.000

3 FTAI01%153 40 | 3202 mBe]20 4] | 2ORG645E103 T2 | 2333 7510515 | 15591 | 0.0

10 b SOT416%174 15 | 156101511064 | 148020°:] 1265 | 12BB57%B7 .25 | 45533 | 00000
] TEII4RE210 90 | 1403 B5°=12123 | 13343150118 | 118132%=BR28 | 21787 | 0000

11 QUS| 120381510782 | 115117548252 | 10802547071 | 16960 | 0.000

2 16RO B4%£113 86 | 159001511268 | 135420%] 14 45 | 123003310085 | 8344 | 0000

3 150640%]14 B0 | 147660511040 | 1311240015 | 120561%04 48 | 7108 | 0000

15 1] 1883 773100 72 | 13502650020 | 1201520623 | 11143390334 | 10891 | 0000
: 1326555100 42 | 120074501 B | 1M340°=B6R1 | 103B12%:R504 | 12010 | 0000

10 128300°%20732 | 110033507 60 | 11234357305 | 0744095031 | 1R214 | 000

2 138035%8273 | 10012857003 | 106417°5433 1012%78.11 12301 | 0000

1 I26330°£7604 | 10650157717 | 1O5Q05°6570 | 002 7696397 | 108.68 | 0.000

] 1 121357*=E1 13 101 758 93 QR4 0T 13 086 MA5734 | 21723 | 0004
B 1140455373 | 001 45571235 931 18%38 .8 8374394523 | 13050 | 0000

1 TG2E2230 73 | 958 125061 43 BT 43% M B37 14430808 | 8238 [ 0000

* Data are presented as mean of three samples + S.D, F-value: the difference among concentrations of EDTA with each
concentration of Cr (one-way ANOVA). The same letters refer to insignificant results and the different letters refer to
significant results at P < 0.05.

3.6. Effect of EDTA on bioconcentration factor (BCF) for Cr at pH 5

The results of bioconcentration factor (BCF) for Cr with different concentrations of
EDTA at pH 5 are shown in Fig. 4. The highest value of BCF for Cr was (992.6+24.56)
at 10 mg L™ with 25 uM of EDTA after 10 days of treatment.
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Fig. (4): Effect of EDTA on bioconcentration factor ((BCF) for Cr after
different treatment periods.

3.7. Removal efficiency of chromium by L. minor
Effect of pH 5 and 25 uM of EDTA on removal efficiency of different

concentrations of Cr by L. minor after different treatment periods is shown in Fig. 5. The

highest removal efficiency of Cr by L. minor was 99.26 % at 10 mg L™ after 10 days of
treatment.

O2mg/L 04 mg/L @6 mg/L B8 mg/L B 10 mg/L

Removal efficiency (%)

5 10 15 20
Treatment periods (day)

Fig. (5): Effect of pH 5 and 25 uM of EDTA on removal efficiency of Cr by L.
minor after different treatment periods
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3.8. Effect of the treatment on Nile tilapia growth
3.8.1. Estimation of growth parameters

The results of growth parameters of fish that exposed to the treated water for 30
days are shown in Table (3). At the end of exposure period, the average final weight and
length were (43.8+2.42 gm and 32.9+1.74 cm) respectively. Meanwhile; a specific
growth rate (SGR) of fish was 1.2+0.01 %/day after 30 days of exposure the same as
control group. Overall, the exposed fish and control group had no mortality rate during
the exposure period.
3.8.2. Analysis of chromium accumulation in fish muscles

Accumulation of Cr in fish muscles was measured at the end of the exposure period
and compared with control group (Table 3). Fish that exposed to the treated water had no
chromium in their muscles.

Table (3): Effect of the treated water by L. minor on Nile tilapia growth.

Average | Average | Average | Average Specific .

Exp osure Fish initial final initial final growth rate Ac.cumulatlon of
period weight weight length length (SGR) Crin ﬁs;h muscles
(day) (gm) | (gm) | (em) | (em) | (%/day) | (HeE VWY

Control | 30.4+1.60 | 43.6£2.30 | 21.4£1.0 | 32.7£1.71 1.2+0.01 ND
30
Exposed | 30.6£1.63 | 43.8£2.42 | 21.8£1.0 | 32.9+1.74 1.2+0.01 ND

" Data are presented as mean of three samples + S.D, ND refers to non determined.

DISCUSSION

In recent years much attention has been given on wastewater treatment with the
help of aquaculture (growth of aquatic plants having economic values) and recycling of
treated water. The green plants degrade, assimilate, metabolize, or detoxify inorganic and
organic pollutants from the environment or render them harmless. L. minor has been
commonly used as a test organism in ecotoxicological and environmental studies (Khellaf
and Zerdaoui, 2010) due to its high sensitivity to various chemicals, small size, rapid
vegetative reproduction and easy handling in laboratory conditions. Chandra and
Kulshreshtha (2004) reported duckweeds to have greater tolerance to Cr relative to other
aquatic plants. Compared to most other aquatic plants, L. minor is less sensitive to low
temperatures, very high nutrient levels, pH fluctuations, pests and diseases (Irfana et al.,
2017). Goswami and Majumdar (2015) reported a significant reduction in specific growth
rate of L. minor with increase in Cr(V1) concentration in ambient solution. According to
Thayaparan et al. (2015), at the end of the experiment period (after 7 days) Cr(V1) caused
a distinct limitation of Lemna’s growth compared to the control. In this study, we
investigated the accumulation of Cr in L. mionr under the effect of pH and EDTA
variation and assessed the treatment impact on Nile tilapia growth. The parameters that
monitored during this study were fresh and dry weights of L. minor, accumulation of Cr
and BCF; as well as accumulation of Cr in Nile tilapia muscles. Both chromium
concentration and pH directly affect the growth of L. minor and the data in this study
emphasized that the toxic effects of Cr on L. minor is dependent on pH. The selection of
pH range was done on the basis of the survival potential of duckweed.
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Our results indicated that fresh and dry weights were positively affected by pH 5>
pH 6> pH 7> pH 8> pH 9 during all the treatment periods. A similar observation has been
reported in different studies that found duckweed growth declines with increase in
alkaline pH (Kumar et al., 2015). According to Sekomo et al. (2012), the pH range of
4.5-7.5 was reported to be best suited range for the growth of duckweed species. Some
characteristics e.g. L. minor can grow well in pH from 6 to 9 while the lowest value of pH
it can tolerate in between pH 5-6 make it a suitable plant for phytoremediation
(Chaudhary and Sharma, 2014). The chemical nature of the metals ion; strength and pH
tends to be a master variable in accumulation process (Nwabunike, 2016). In acidic
conditions, hydrogen ions occupy many of the negatively charged surfaces and little
space is left to bind heavy metals, hence more heavy metals remain in the soluble phase.
The present study appeared that the highest value of Cr accumulation was recorded with
pH 5; as well as accumulation of Cr in L. minor increased with increasing Cr
concentration in nutrient solution followed by other pH (6, 7, 8 and 9) during all the
treatment periods. These results agreed with that reported by Rashmi and Surindra
(2015), the uptake yield of Pb was the maximum in 5 mg/L set-up with 5 pH followed by
other set-ups. The uptake yield in set-ups was directly related to the metal loads and pH
in culture medium. The effects of EDTA and other chelators on the uptake and toxicity of
metals in aquatic biota have been investigated by numerous researchers (Borgrnann et al.,
1991). Several studies suggest that the toxicity of different metals can also be mitigated
by EDTA binding (Postma et al., 2000).

Overall, the results of the second experiment found that fresh and dry weights with
pH 5 and 25 uM of EDTA have significantly increased after 10 days of treatment.
Chelators are an essential component of a complete nutrient medium and should be
included when measuring metal toxicity in aquatic plants, since L. trisulca grown without
EDTA had low multiplication rates and appeared stunted and chlorotic (David and
Jennifer, 1992). L. minor had the capacity to accumulate large quantities of Cr in
solutions containing different concentrations of EDTA (25, 50, 75 and 100 uM). On the
other hand, Kwan and Smith (1991), found that increasing the EDTA concentration from
6.8 to 50 pM completely inhibited the Cd uptake in L. minor. Bioconcentration factor
(BCF) is an indicator of the metal accumulation ability of plants in respect of metal
concentration in the medium and allows for a comparison of the results (Mountouris et
al., 2002). In the current study, BCF value for Cr by L. minor was high at 10 mg L™ with
pH 5 and 25 uM of EDTA after 10 days of treatment as the best combinations for the
optimum removal. On the basis of obtained results, L. minor can be considered as a
hyperaccumulator for Cr under given conditions. In general, when the metal
concentration in the feed solution increases, the amount of metal accumulating in plant
increases, whereas, the BCF value decreases (Lu et al., 2004).

The highest removal efficiency of Cr by L. minor was 99.26 % at 10 mg L™ with
pH 5 and 25 uM of EDTA after 10 days of treatment. Chromium amount decreased by
99.26 % in nutrient solution and subsequently this element exhibited an increasing
concentration in the plant fronds. The results of Cr removal are in accordance with a
study which conducted by Abdallah (2012) found that L. gibba is a potential candidate in
removing Cr and Pb about 95% and 84%, respectively after 12 days of incubation. Also,
Leela et al. (2012) stated that the maximum removal by L. mionr was found to be 99.99%
for Pb at pH 5-6 and 99.3% for Ni at pH 6 after 28 days of exposure. Their study found
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that Pb removal was lowest (95.94%) at pH 10 after 7 days of exposure. In the same way
the lowest Ni removal was achieved at pH 10 after 7 days (73.78%). The results of the
present study indicated that the toxic effects of chromium on L. minor is dependent on pH
and EDTA. Thus, pH and EDTA operated together on the removal of Cr. According to
Campbell and Stokes (1985), the presence of chelators and pH influence the metal
toxicities to aquatic organisms. The assessment of the treatment by L. minor under the
effect of pH and EDTA using Nile tilapia as a test organism is very important. According
to Gado and Midany (2003), fishes have been recognized as a good accumulator of
organic and inorganic pollutants. Therefore, many international monitoring programs
have been established in order to assess the quality of fish for human consumption and to
monitor the health of the aquatic ecosystem (Meche et al., 2010).

Fish, in comparison with invertebrates, are more sensitive to many toxicants and are
a convenient test subject for indication of ecosystem health (Zaki et al., 2014). Also,
Fishes are considered to be most significant biomonitors in aquatic systems for the
estimation of metal pollution level (Authman, 2008). However, fish are relatively situated
at the top of the aquatic food chain; therefore, they normally can accumulate heavy
metals from food, water and sediments (Zhao et al., 2012). Toxic effects of Cr in fish
include: hematological, histological and morphological alterations, inhibition/reduction of
growth, production of reactive oxygen species (ROS) and impaired immune function
(Veraetal., 2011). According to Sfakianakis et al. (2015), poor treatment of the effluents
can lead to the presence of Cr (V1) in the surrounding water bodies, where it is commonly
found at potentially harmful levels to fish. Dupuy et al. (2014) reported that the fish
health status in some polluted systems (estimated by the condition factor) indicated that
the fish have a lower condition. Very low-levels of pollution may have no apparent
impact on the fish itself, which would show no obvious signs of illness, but it may
decrease the fecundity of fish populations, leading to a longterm decline and eventual
extinction of this important natural resource (Ebrahimi and Taherianfard, 2011). In the
third experiment, the fish that exposed to the treated water were healthy; as well as fish
muscles had no Cr accumulation and this result due to the efficiency of L. minor in
removal of Cr from polluted water under the effect of pH and EDTA. However, in
polluted aquatic habitats the concentration of metals in fish muscles may exceed the
permissible limits for human consumption and imply severe health threats (Elnabris et
al., 2013).

CONCLUSION

Our results concluded that L. minor is a better candidate for treating high
concentrations of chromium in polluted water under the effect of pH and EDTA. Fish that
exposed to the treated water by L. minor were healthy and safe. Therefore, this method
can be applied on the large scale for wastewater treatment. Finally, we recommend that
the treatment of all kinds of wastewater, sewage and agricultural wastes must be
conducted before discharge into the aquatic systems. Also, enforcement of all articles of
laws and legislations regarding the protection of aquatic environment must be taken into
considerations.
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