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STUDIES ON PHYTOREMEDIATION OF COPPER USING
PTERIDIUM AQUILINUM (BRACKEN FERN) IN THE
PRESENCE OF BIOSTIMULANTS AND BIOASSAY USING
CLARIAS GARIEPINUS JUVENILES

Flora Eyibio Olaifa and Anamese Jennifer Omekam
Department of Aquaculture and Fisheries Management, University of Ibadan,
Ibadan, Nigeria

A study was carried out to evaluate the uptake of copper from water containing 10 mg/L
copper by Pteridium aquilinum (bracken fern) and Clarias gariepinus in the presence
of five plant growth stimulants: Nitrogen: phosphorus: potassium (15-15-15: an inorganic
fertilizer), pig, cattle, poultry, and a mixture of pig/cattle manures. A plant growth stimulant
differentiated each treatment. A 96-hour bioassay using C. gariepinus was carried out
at the end of the experiment to test the efficacy of the clean up by P. aquilinum. The
control experiment contained no copper or plant growth stimulant. Fish survival, uptake of
copper by P. aquilinum, C. gariepinus, concentration of copper in water, hematology and
histopathology of the fish were assessed. Higher concentrations of copper were reported in P.
aquilinum than in water or C. gariepinus. Low fish mortality was reported with the highest
being 20% in the cattle manure–containing treatment.

KEY WORDS: P. aquilinum, copper, bioassay, biostimulants, Clarias gariepinus, hematology, histology

INTRODUCTION

Copper is an essential element to living organisms, a component of enzymes and
oxygen carrier in the blood of crustaceans like shrimps and lobsters (COPPERINFO 2001;
The Analyst 2002). It participates in several processes in plants like photosynthesis, res-
piration, carbohydrate distribution, nitrogen and cell wall metabolism, seed production
and disease resistance (Rana 2008, Kanoun-Boule′ et al. 2009). At high concentrations,
it may be poisonous though the effects of metals on ecosystems are related to bioavail-
ability and not to the total metal concentration (ICME 1998; Kabata-Pendias and Pendias
2001).

Copper enters the drinking water from copper pipes and additives for controlling
algal growth in water such as copper sulphate and other copper-based algaecides. Copper
compounds are also used to prevent fish diseases and parasites in fish culture (Palacios and
Risbourg 2006). Copper is present in the natural state in water as a trace element less than
5 μ/l (Alabaster and Llyod 1982). Its toxicity is attributed to the cupric (Cu2+) form, the

Address correspondence to Flora Eyibio Olaifa, Department of Aquaculture and Fisheries Management,
University of Ibadan, Ibadan, Nigeria. E-mail: floraolaifa@yahoo.com; fe.olaifa@mail.ui.edu.ng
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220 F. E. OLAIFA AND A. J. OMEKAM

species commonly found in environment. It readily complexes with inorganic and organic
substances and adsorbs onto particulate matter. Acute toxic effects of copper include death
of animal, death or slow growth in plants while chronic toxic effects may be shortened
lifespan, reproductive problems including lowered fertility and changes in appearance or
behaviour. Its toxicity to aquatic life varies with physical and chemical conditions of the
water such as hardness, alkalinity, pH, dissolved oxygen and temperature.

Various methods exist for cleaning up heavy metals but many of them are expensive
(Jadia and Fulekar 2009). Phytoremediation is the use of plants to remediate soils, sludge,
sediments and water contaminated with organic and inorganic chemicals (Khellaf and
Zerdaoui 2010). Plants are grown in a contaminated matrix, for a required growth period, to
remove contaminants from the matrix, or facilitate immobilization (binding/containment)
or degradation (detoxification) of the pollutants (Jadia and Fulekar 2009; Huang et al. 2004;
Kakitani et al. 2006). It is a technique that deals with pollution cheaply and sustainably (Rai
2009; Rajkumar et al. 2009; Khellaf and Zerdaoui 2010). Plants that have been used for
phytoremediation include Glycine max, Eichornia crassipes, Lemna spp and Pteris vittata
(Ma et al. 2001; Khellaf and Zerdaoui 2010). Other aquatic plants like Hydrilla vercillata
Casp., Elodea (Elodea canadensis Rich) and Salvinia sp. have been tested for removal of
heavy metals like iron, copper and nickel from metal solution (Begum and Hare Krishna
2010).

Many plants accumulate metals in their tissues without showing symptoms of tox-
icity (Sabreen and Sugiyama 2008). Metal resistance depends on tolerance or avoidance
mechanisms (Papazoglou et al. 2005). There is a dearth of information on remediation
studies in which bioassays using fish are included to test the effectiveness of the clean
up process. Sequel to an earlier study assessing the toxicity of copper on C. gariepinus
juveniles (Olaifa et al. 2004) which reported high mortalities, this work was undertaken
to assess the uptake of copper by C. gariepinus, and P. aquilinum in the presence of plant
growth stimulants with emphasis on fish survival, haematology and histopathology of the
fish and bioconcentration of copper by P. aquilinum and C. gariepinus juveniles.

MATERIALS AND METHODS

Ferns are classified as Ophioglossaceae, Marattiaceae and Leptosporangiate. The
last group includes aquatic ferns Marsileaceae and Salviniaceae, land ferns including
Pteridaceae (Hasebe et al. 1994) one of which is Pteridium aquilinum.

P. aquilinum is a large perennial fern occurring in several habitats- dry to wet forests,
meadows, clearings, sandy soils, road sides, lake-shores, bogs, burned areas, coast, table-
lands, wetlands and to a lesser extent, the slopes. It has deep underground stems, stiff fronds,
can survive intensive fire and has hardy persistent and extensive root system called rhizome.
P. aquilinum produces no seeds or flowers but spores in bodies called sori which occur in
continuous lines under the fronds. The spores are minute and can travel long distances by
wind.

Determination of Physico-Chemical Characteristics of the Water

Water quality characteristics monitored included dissolved oxygen, temperature, pH,
alkalinity and nitrate. A mercury-in-glass thermometer (Paragon Scientific Ltd, Birkenhead,
Wirral, UK) was dipped into each tank for two minutes with the mercury bulb fully immersed
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STUDIES ON PHYTOREMEDIATION OF COPPER BY PTERIDIUM AQUILINUM 221

Table 1 Activities and time taken for each activity during this Study

Activities Number of Days

Acclimatization of P. aquilinum 21
Exposure of P. aquilinum to copper in water 14
Acclimatization of C. gariepinus 14
Bioassay using C. gariepinus 96 hours (4 days)
Total number of days 53

and temperature readings taken. Other parameters were nitrate and phosphate (Murphy and
Riley 1962), alkalinity (Eaton et al. 2005); hydrogen ion concentration (pH) was measured
using Jenway 3015 pH metre, 0.0 accuracy (Genway, Staffordshire, UK) and dissolved
oxygen using Winkler’s method was calculated as D.O (in mg/l) = (ml of titrant) (N) (8)
(1000) / Sample volume in ml where N = 1 and represents the normality of the solution
used to titrate the sample.

Collection, Acclimatization and Introduction of P. Aquilinum

into Experimental Tanks

P. aquilinum was obtained from the fish farm of the Department of Aquaculture and
Fisheries Management, University of Ibadan and acclimatized for three weeks. The ferns
were placed together with attached soils in plastic bowls, lightly wetting for three days to
detach soil, drain out and grown in well water throughout study. The activities carried out
and experimental design used are shown on Tables 1 and 2.

Preparation of toxicant. Hydrated copper chloride was used as toxicant at the
rate of 10 mg/L for all treatment groups and required amounts were obtained by calculation
(Reish and Oshida 1987; Odiete 1999).

Table 2 The Design of the Experiment

Treatments Contents

Control 1 Copper (0 mg/l), manure (0 mg/l), P. aquilinum (4
fronds on rhizome), C. gariepinus juveniles (10)

2 NPK(15:15:15) (10 mg/l), copper (10 mg/l), P.
aquilinum (4 fronds on rhizome), C. gariepinus (10)

3 Pig manure (10 mg/l), copper (10 mg/l), P. aquilinum (4
fronds on rhizome), C. gariepinus juveniles (10)

4 Cattle manure (10 mg/l) copper (10 mg/l), P. aquilinum
(4 fronds on rhizome), C. gariepinus juveniles (10)

5 Poultry manure (10 mg/l), copper (10 mg/l), P.
aquilinum (4 fronds on rhizome), C. gariepinus
juveniles (10).

6 10 mg/l pig + cattle manure, 10 mg/l copper, P.
aquilinum (4 fronds on rhizome), C. gariepinus
juveniles (10)
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222 F. E. OLAIFA AND A. J. OMEKAM

Collection and Acclimatization of Fish

Clarias gariepinus juveniles (numbering 200 with mean weight 40 g and length 22
cm)
were purchased from a fish farm in Ibadan, Nigeria. The fish were kept in bowls
with 20 L of water and acclimatized for two weeks before introduction into the experi-
mental tanks. During acclimatization of the fish, water was replaced every other day and
fish fed twice daily with multi-purpose compounded feed at 3% of their body weight. The
fish were randomly allocated to six groups (five treatments and one control). Each group
had two replicates and 10 fish per replicate. Feeding of fish was stopped 24 h before the
experiment and no aeration was used.

Introduction of plants into experimental tanks. P. aquilinum stands were
transferred into each experimental tank and held in place using stakes and masking tapes
(Plate1). Water in each tank was made up to 20 litres. Nitrogen- phosphorus- potassium
(N:P:K 15:15:15) fertilizer, pig, cattle, poultry and a combination of pig and cattle manures
were added to tanks as growth stimulators for P. aquilinum at the rate of 10 mg/l of
water (Ndimele 2009). A 96-h bioassay (Reish and Oshida 1987) using Clarias gariepinus
juveniles was carried out from day 49–53 (Tables 1 and 2). Table 5 shows the metal content
in the manures used.

Plate 1 Experimental Set up showing ferns in glass aquaria (color figure available online).
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STUDIES ON PHYTOREMEDIATION OF COPPER BY PTERIDIUM AQUILINUM 223

Table 3 Water Quality during the acclimatization of P. aquilinum

Temp (◦C) Dissolved oxygen pH Alkalinity Nitrate Phosphate Potassium

27 6.5 7.5 20 1.424 0.2315 1.07

Digestion of Samples and Determination of Metal Contents of Water,

C. Gariepinus and P. Aquilinum

Whole P. aquilinum samples (fronds and rhizomes) from each treatment and manure
were digested using perchloric and hydrochloric acid (Pratt 1965; Isaac and Korbor 1971).
0.5 g of the dried, milled whole P. aquilinum and manure samples were weighed out into
a 25-ml volumetric flask. 5 ml of the mixture of perchloric and hydrochloric acid solution
was added and heated on a hot plate for an hour at 200◦C until a clear solution was obtained.
The flasks were removed from heat and allowed to cool. Deionised water was added and
made up to the 25 ml mark. Copper was analyzed using a Buck Scientific VGP 210 atomic
absorption spectrophotometer. Metal concentration was calculated from AAS readings as
described by Odiete (1999).

Wet fish sample was weighed out (2 g) into an open beaker and 10 ml of freshly
prepared 1:1 nitric acid– hydrogen peroxide added. The beaker was covered with a watch
glass till initial reaction subsided in about 1 h, placed in a water bath on a hot plate. The
temperature was gradually raised to 160◦C, boiled gently for 2 h to reduce the volume to

Table 4 Water Quality Parameters of Water at the beginning and end of the Experiment

Parameters Control NPK Pig Cattle Poultry Pig & Cattle

Temp. (◦C)
Onset 27 26.5 27 27 26.5 27
After 27 27 26.5 26 26.5 26.5

D.O (mg/l)
Onset 6 5.4 5.7 5.2 5.1 4.9
After 5.2 4.8 4.6 4.7 4.4 3.8

pH
Onset 6.4 8.9 7.2 7.6 8.6 8
After 8.2 7.6 6.9 7.1 7.4 7.1

Alkanility (mg/l)
Onset 24 26 28 26 30 28
After 54 84 222 252 128 130

NO3 (mg/l)
Onset 2.21 1.92 1.56 1.60 1.22 2.13
After 1.60 2.42 0.71 1.03 2.49 4.62

Phosphate
Onset 0.08 18.1 0.38 0.15 0.92 1.54
After 18.52 139.0 48.30 82.40 8.79 70.3

K (mg/l)
Onset 0.68 2.11 0.72 0.87 0.35 0.59
After 1.05 2.51 2.00 2.87 1.09 2.03

Cu (mg/l)
Onset 0 0.01 0.02 0.03 0.05 0.10
After 0.39 0.46 0.69 0.56 0.11 0.70

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
ga

ry
] 

at
 0

6:
54

 0
3 

Se
pt

em
be

r 
20

14
 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY
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Table 5 Concentrations of metals in the manure in mg/kg)

Manure Calcium Magnesium Potassium Sodium Manganese Iron Copper Zinc

Pig 3.53 0.49 1.28 0.06 0.004 0.54 0.01 0.02
Cattle 2.32 0.64 3.55 0.09 0.005 0.33 0.003 0.01
poultry 10.39 1.46 0.45 0.45 0.32 0.58 0.04 0.22
Pig + cattle 1.04 0.53 2.08 0.25 0.05 0.53 0.07 0.02

2–5 ml. The digests were cooled, transferred to 25 ml volumetric flasks and made up to
mark with de-ionized water (FAO/SIDA 1983). The digests were kept in plastic bottles
and copper concentrations determined using an atomic absorption spectrophotometer. The
actual concentration of each metal was calculated as PPMR multiplied by dilution factor
where PPMR is the AAS reading. The dilution factor is volume of digest divided by volume
of sample digested. Bioconcentration factor was calculated as the concentration of copper
in fish or plant tissue (mg/g) divided by the initial concentration of copper in the water
(mg/l) (Khellaf and Zerdaoui 2009).

Water samples (from the well, acclimatization and experimental tanks) were filtered
before analysis for copper using atomic absorption spectrophotometer. All data obtained
were subjected to a one-way analysis of variance while the means were compared for
significant differences using Duncan’s multiple range test (Duncan 1955).

Collection of Blood and Histopathology Samples

Blood sampling and analyses were carried out (Blaxhall and Daisley 1973; Dacie
and Lewis 1975; Jain 1986; Schmitt et al. 1999). For histopathology, the internal organs
were exposed by dissection, and the gills, kidneys, livers, and intestines observed for gross
lesions and stored in formalin. Small portions of each organ were fixed and put through
series of dehydration in graded concentrations of xylene. They were embedded in wax,
sectioned at 5 μ and transferred onto glass slides. The thin sections were stained with
heamotoxylin and eosin (H and E) dyes for examination under the light microscope for
histological changes (MAFF 1984).

Table 6 Number and Time of Mortality of Fish During the 96- hour Bioassay of fish exposed to 10 mg/l copper
in water at the end of the Experiment

Number of Mortality Time of death Mortality Time of death
Biostimulant test fish (Replicate 1) (hours-Replicate 1) (Replicate 2) (hours-Replicate 2)

Control 10 — — — —
NPK 10 1 74 1 96
Pig manure 10 — — — —
Cattle manure 10 1 74 1 74
Poultry manure 10 — — — —
Pig & Cattle manure 10 1 74 2 76
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Table 7 Percentage Mortality of C. gariepinus during the 96- hour Bioassay

Biostimulant Number of test fish Mortality (Replicate 1) Mortality (Replicate 2)

Control 10 — —
NPK 10 10 10
Pig manure 10 — —
Cattle manure 10 10 10
Poultry manure 10 — —
Pig & Cattle manure 10 10 20

RESULTS AND DISCUSSION

A study was undertaken to assess the uptake of copper by P. aquilinum and C.
gariepinus from water in the presence of different plant growth stimulants. A bioassay was
also carried out to test the efficacy of the clean up process using C. gariepinus juveniles
as test organisms. Before the experiment, chromium, cadmium, lead and nickel were
undetected but cobalt was 0.95–3.80 mg/l and copper 0–0.1 mg/l in the well water used.
The concentration of copper in the well water was within the range obtained by other workers
(Ajani and Akpoilih 2010). All other results obtained during this study are presented in
Tables 3–10 and Figures 2–10.

The water quality characteristics during this study are presented (Tables 3 and 4).
There was little variation in water temperature during the study. Lower D.O. concentrations
were observed at the end of the study though they were still within the recommended
concentrations for warm water fish (Boyd 1982). The decrease in D.O. could have been due
to biological activities occurring in the water such as decomposing organic matter present
in manure and uptake for respiration by fish and P. aquilinum. The low D.O. in the water
was also indicated by the appearance of foam on water surface in all treatments except the
control. It has also been reported that the presence of metals reduce the concentrations of
oxygen in water (Tawari-Fufeyin et al. 2008). All other water quality characteristics were
adequate for fish survival. Significant increases (p < 0.05) in alkalinity and phosphate were
also observed at the end of the study above the observations made during acclimatization
and at the onset of the study with the highest reported for cattle manure. Potassium (K)
increased marginally in all treatments at the end of the study.

Table 8 Concentrations of copper in C. gariepinus, Water and P. aquilinium Exposed to water containing 10 mg/L
copper and different plant growth stimulants

Actual concentration of copper in fish and plant tissues
Initial concentration

of copper in Cu concentration Cu conc. in plant Cu conc. in plant Final conc. of Cu
Biostimulant water (10 mg/l) in fish (mg/g) (rep 1) (mg/g) (rep 2) (mg/g) in water (mg/L)

Control 0 0.06 31.20 13.85 0.09
NPK 10 0.08 286.00 167.50 0.46
Pig manure 10 0.03 225.50 317.50 0.69
Cattle manure 10 0.06 1058.00 2442.00 0.56
Poultry manure 10 0.12 942.50 1774.00 0.11
Pig & Cattle
manure

10 0.05 1007.00 425.50 0.70
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Table 9 Biocncentration of copper in C. gariepinus and P. aquilinum exposed to 10 mg/l copper and different
plant growth stimulants

Initial copper Bioconcentration Bioconcetration factor in Bioconcentration factor in
concentration factor P. aquilinum P. aquilinum

Biostimulant in water in fish (Replicate 1) (Replicate 2)

Control 10 — — —
NPK 10 0.008 28.6 16.75
Pig manure 10 0.003 22.5 31.75
Cattle manure 10 0.006 105.8 244.2
Poultry manure 10 0.012 94.25 177.4
Pig & cattle manure 10 0.005 100.70 42.55

After introduction of 10 mg/l of copper in all treatments yellowing of leaves and
suppressed shoot development were observed over the study period except in the treatment 5
with poultry manure which produced the highest number of growing shoots of P. aquilinum
(13 extra shoots) during the period. High concentration of copper may account for the
suppressed root growth and leaf yellowing of leaves observed among plants (Baker and
Walker 1990; Omwoma et al. 2010). This study showed that P. aquilinum has the potential
to accumulate copper with the highest uptake being 2442 mg/kg copper in treatment 4
containing cattle manure.

On introduction of fish into the system, they swam excitedly in between the roots
of the plants. Weakness, slow response to touch and suspension at the water surface were
observed 25 hours after introduction of fish and mortality was first recorded at 74 hours
(Tables 6 and 7) and ranged between 10 and 20% during the study and differed from previous
findings (Olaifa et al. 2004). The lower mortality could be due to the uptake of the copper
by P. aquilinum during the two weeks between introduction of copper and introduction of
C. gariepinus into the system. During this period, the water in the tanks turned green due
to algal growth (Plate 1). Copper compounds are used for algal control in water bodies but
the presence of algae signified a decrease in copper concentrations during the two-week
period before introduction of the fish. Also the plant growth stimulants might have helped
to stimulate algal growth in water. It has been observed that the toxicity of copper reduces
in the presence of organic or inorganic substances because copper forms complexes with

Table 10(a) Mean haematological indices of C. gariepinus juveniles exposed to water with P.aquilinium, 10 mg/l
copper and different plant biostimulants

Packed Cell White Blood Plasma Haemoglobin Platelet Red blood
Biostimulants Volume (%) Cells (1012/L) Protein (g/dl) (g/L) (m/μl) cells (1012/L)

Initial 36.00a 24550.00a 6.000a 12.050a 254000.00a 3.2950
Control 21.00 13700.00b 2.550b 6.750 100500.00b 1.3250
NPK 19.00 11300.00b 3.700b 5.900 173000.00ab 1.3700
Pig 24.50 15625.00ab 3.650b 7.950 142000.00ab 1.9150
Cattle 25.50 12800.00b 3.600b 7.800 124000.00ab 2.1200
Poultry 20.50 10475.00b 3.850b 6.750 101000.00b 1.2500
Pig & Cattle 21.50 19200.00ab 5.400ab 6.750 155000.00ab 1.1300
ns ns ns

Note: Numbers on the same row with same letters are not significantly different.
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Table 10(b) Mean hematological indices of C. graiepinus juveniles exposed to water with P. aquilinum, 10 mg/l
copper and different plant biostimulants

Lymphocyte Neutrophil Eosinophil Monocyte Albumin
Biostimulants (×109/l) (%) (×109/l) (×109/l) (g/dl)

Initial 48.00c 46.50a 2.50ab 3.00 1.250b
Control 58.00bc 39.50ab 1.00b 1.50 1.250b
NPK 59.50bc 38.00ab 1.00b 1.50 2.200ab
Pig 76.00a 19.50c 2.00ab 2.50 1.800ab
Cattle 66.00ab 29.00bc 3.00a 2.00 1.950ab
Poultry 72.50ab 24.00c 1.50ab 2.00 2.000ab
Pig & Cattle 68.00ab 28.50bc 1.50ab 2.00 2.300a

ns

Note: ns = not significant.
Numbers on the same rows with different letters are significantly different (p < 0.05).

them and toxic effects of copper are reduced (Oronsaye and Ogunbor 1998). Significantly
higher (p < 0.05) concentrations of copper were recorded in P. aquilinum than either in
water or fish at the end of the experiment (Tables 8 and 9 and Figure 1) with the highest
uptake and bioconcentration factor of copper (2442 mg/g; 244) respectively by P. aquilinum
observed in the treatment with cattle manure.

Figure 1 Chart showing copper concentrations in fish, plant and water samples after digestion in all treatments
(color figure available online).
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Histopathology of C. gariepinus Exposed to 10 mg/L Copper in water

containing various plant growth stimulants and P. aquilinium:

Figure 2 Organs of control fish with no visible lesions, (a) kidney (×250), (b) gill (×250), and (c) liver (×250).
(color figure available online).

Figure 3 Intestines of C. gariepinus exposed to 10 mg/l cattle manure and copper showing mucosal erosion
(a) intestine (replicate 1, ×250), and (b) intestine (replicate 2, ×250). (color figure available online).

Figure 4 Intestines of C. gariepinus exposed to 10 mg/l of NPK showing mild epithelial sloughing (a) intestine
(replicate 1, ×250), and (b) intestine (replicate 2, ×250). (color figure available online).
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Figure 5 Intestines of C. gariepinus exposed to copper and poultry manure with intestinal villi absent and
showing mucosal erosion (×250), (a) Intestine (replicate 1, ×250), and (b) intestine replicate 2 (×250). (color
figure available online).

Figure 6 Intestines of fish exposed to copper and pig manure with severe epithelial sloughing, (a) intestine
(replicate 1 × 250), and (b) intestine (replicate 2, ×250). (color figure available online).

Figure 7 Livers of C. gariepinus exposed to copper and cattle manure (10 mg/l) showing mild diffuse vacuolation
of the hepatocytes, (a) liver (replicate 1, ×250), and (b) liver (replicate 2 ×250). (color figure available online).
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Figure 8 Livers of C. gariepinus of exposed to 10 mg/l copper and NPK with moderate central venous congestion,
and mild diffuse vacuolation, (a) liver (replicate 1, ×250), and (b) liver (replicate 2, ×250). (color figure available
online).

The hematology of fish (Table 10 a, b) showed no significant differences (p > 0.05)
in packed cell volume, red blood cells, hemoglobin and monocytes between the control
and treatments. However, all the initial blood parameters were greater (p < 0.05) than
those observed during the study except for lymphocytes and albumin. These observations
were similar to those of other workers (Singh et al. 2008) after exposure of Oreochromis
mossambicus to copper and zinc.

Haemoglobin concentration indicates the supply of an organism with oxygen. Expo-
sure of fish to copper during the experiment could have caused stress- a response to any
factor which disturbs homeostasis. Stress reactions involve various physiological changes
including alteration in blood composition and immune mechanisms (Svoboda 2001). The
red blood cell count is a good index to determine fish health (Adeyemo et al. 2008). Studies
have shown that when the water quality is affected by toxicants, any physiological changes
will be reflected in the values of one or more of the haematological parameters (Van Vuren

Figure 9 Livers of fish exposed to 10 mg/l poultry manure and copper showing mild central venous congestion
and diffuse vacuolation (×250), (a) liver (replicate 1, ×250), and (b) liver (replicate 2, ×250). (color figure
available online).
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Figure 10 Livers of fish exposed to 10 mg/l copper and pig-cattle manure mixture showing moderate central
venous congestion, with mild diffuse vacuolation, (a) liver (replicate 1, ×250), and (b) liver (replicate 2 × 250).
(color figure available online).

1986; Adeyemo 2008). A decrease in both haemoglobin and haematocrit are possibly the
consequences of anaemia and haemodilutuion (Vosyliene 1999). Lymphocytes increased in
all treatments during the study which could have been due to compromised immune system
caused by stress of exposure to copper and the different manures. Non specific stresses also
cause white blood cells to increase. Monocytes are precursors of macrophages and play an
important role in non specific immunity and inflammatory response (Vosyliene 1999).

HISTOPATHOLOGY

The histopathology of the fish is presented in Figures 2–10. Lesions were not observed
in the gills and kidneys of all treatments and the control. The liver and intestines of all
treatments except the control showed morphological changes such as vacuolation, venous
congestion of the liver and epithelial erosion of the intestines. The liver is the main organ of
biotransformation and excretion of xenobiotics and their presence rapidly causes structural,
biochemical and molecular changes (Bernet et al. 1999; Fernandes et al. 2008; Kaoud and
El-Dashan 2010; Rodrigues et al. 2010). The kidney regulates electrolytes, water balance
and maintains a stable internal environment. Both the kidney and liver can serve as indicators
of pollution (Pathan et al. 2010).The changes observed during this work were less severe
than other reports (Saxena and Saxena 2008; Kaoud and El-Dashan 2010; Pathan et al
2010).

CONCLUSION AND RECOMMENDATION

The locally available bracken fern showed good quality as an accumulator of copper
in the presence of biostimulants. Further studies need to be conducted to establish these
qualities with and without plant growth stimulants. Field studies will also need to be carried
out to establish this finding outside laboratory conditions.
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