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Abstract

Phytoremediation is a cheap and environmentally friendly technique in
which green plants in situ are used to clean the soil, sediments and water of
heavy metals. This study investigated the phytoremediation potential of six
naturally occurring macrophytes from Nange (a stream in Buea municipality
where cars have been driven into and washed for over 20 years). Plant sam-
ples were collected before and after car wash, then analysed for copper, zinc,
lead and cadmium accumulation. There was an increase in concentration of
all the four heavy metals in water after carwash point, with Zn having the
highest concentration (0.27 mg/L). Mean concentration of the heavy metals
in the water showed that Zn and Pb had the highest concentrations (0.24
mg/L each) while the least concentration was obtained in Cu (0.12 mg/kg).
Heavy metal concentrations in the sediments were higher after car wash point
than before. Cadmium had the highest concentration (5.58 mg/kg) while Cu
had the least (0.75 mg/kg). Ludwigia peruviana had the highest BAFs for all
the heavy metals (22.95 for Cu, 33.41 for Zn, 21.79 for Pb and 7.85 for Cd).
Species with the leasts were: Anubias barteri for Cu (7.16), Polygonum persi-
caria for Zn (14.28), Rorippa nasturtium-aquaticum for Pb (11.60) and Val/-
lisneria spiralis for Cd (1.98). L. peruviana had the highest BAC values (Cu =
10.11, Zn = 14.73, Pb = 11.39, Cd = 3.85) and BCF values (Cu = 12.84, Zn =
18.67, Pb = 10.40, Cd = 4.00). A. barteri had the highest TF (Cu = 1.49, Zn =
1.27, Cd = 1.99) except for Pb where both A. barteri and L. peruviana each
had a TF of 1.10. While all the six plants were found to be good accumulators
of the heavy metals, L. peruviana showed remarkable efficiency indicating
that the species is a good candidate for cleaning such environments.

*This article is dedicated to the loving memory of Afui M. Mih who passed away before this article
was published.
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1. Introduction

Macrophytes are larger plants which actively grow continuously or periodically
depending on the availability of required amount of water. They occur as sub-
merged, floating or emergent. The plants are very important in the structure and
function of the aquatic system. However, their occurrence is threatened by fac-
tors including pollution [1]. Car wash is one major activity in streams that re-
sults to point pollution with pollutants such as oil, phosphorous, ammonia, sur-
factants, heavy metals and solid wastes reported from it [2]. Sources of heavy
metals to aquatic environments include runoff from agricultural fields and ur-
banization, fertilizer application on nearby farms and gardens, waste disposal
and car wash effluents [3].

Heavy metal pollution has harmful effects on biological systems due to the
fact that the heavy metals do not undergo biodegradation and have long resi-
dence times. Toxic heavy metals such as Pb, Co, Cd, and Hg can be differen-
tiated from other pollutants in that they can be accumulated in living organisms,
thus causing various diseases and disorders even in relatively lower concentra-
tions [4] [5]. Heavy metals, with soil residence times of thousands of years, pose
numerous health dangers to higher organisms. They are also known to have ef-
fect on plant growth, ground cover and negative impact on soil micro flora [6].

In most developing societies, water is a scarce resource and waste manage-
ment remains a major constraint. Consequently, vehicle washing is a subject of
water availability. This is the case of Buea where most vehicle washing is done
directly in streams or their sides with effluents discharged directly into the
streams.

Phytoremediation is a cheap and environmentally friendly technique in which
green plants in situ are used to clean the soil, sediments and water of heavy met-
als. Plants with metal-accumulating capacity are known as accumulators with
those accumulating > 1000 mgs/kg referred to as hyperaccumulators [7]. The US
EPA [8] considers macrophytes to be “excellent indicators of watershed health”
due to their remarkable response to environmental factors, ease of sampling and
their ability to tolerate high concentrations of heavy metals [9]. Phytoremedia-
tion takes the advantage of the unique and selective uptake capabilities of plant
root systems, together with the translocation, bioaccumulation, and contaminant
degradation abilities of the entire plant body [10]. It has gained increasing atten-
tion as an emerging cheaper technology.

Studies on aquatic macrophytes, especially their ecology and bio-indication
potential, have been on focus since the last two decades, with different plants

demonstrating different accumulation potentials in different systems [7] [11]-[19].
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Myriophyllum spicatum [20], Elodea canadensis, Lemna minor and Leptodic-
tyum riparium [21] with Commelina benghalensis and Cynodon dactylon [22]
are among the various species whose bioaccumulation potentials for heavy met-
als have been investigated in sediments and other polluted environments.
However, few of the studies on aquatic systems have included car wash [23] [24]
[25]. In Cameroon, studies by [26] [27] and [28] focused on physico-chemical
properties and phytoplankton diversity and abundance in streams under anth-
ropogenic influences. This study investigated the heavy metal uptake potential of
six macrophytes from Nange, a stream exposed to heavy metal pollution from
agriculture and car wash in Buea municipality, southwest Cameroon in a bit to

investigate their phytoremediation capabilities.

2. Materials and Methods
2.1. Description of Study Site

Buea is situated between latitudes 3°57" and 4°27'N, longitudes 8°58' and 9°25'E,
and at an elevation of about 500 - 1500 m above sea level on the eastern flank of
Mount Cameroon. It has a surface area of 870 km” and is made up of 67 villages
[29].

The Buea area is composed of undulating lands with rocks of different sizes
and ages from volcanic eruptions. The natural vegetation is composed of low-
land forest through montane forest and shrubs to savannah towards the peak of
the mountain. The municipality is surrounded by an evergreen tropical ecosys-
tem with very high biodiversity. The young soils are derived from pre-historic
and historic lava flows and lapilli falls that covered the surface of the massive
basaltic edifice, Mount Cameroon [30]. The fertile soils have encouraged agri-
cultural activities with the establishment of both subsistence and plantation crop
production farms. According to the 2005 national population census, the popu-
lation of Buea was 11,325 inhabitants with an annual growth rate of 5.60% [31],
resulting in a derived population of 226,458 inhabitants at the end of 2015.

The absence of conscious efforts to protect water catchments, haphazard
waste disposal especially in water ways, deforestation (motivated by agriculture,
timber for local consumption fuel wood, bark harvesting— Prunus) and bush
fires have all contributed to degrade water sources in quantity and quality within
the municipality.

Buea is a watershed area, characterized by many springs some of which de-
velop into streams at lower elevation. Nange is a stream in Moli, a village within
the municipality. It originates from the foot of the “Mami Water” hills and
drains through gentle slope to the neighbouring Musaka village. The adjoining
land to the stream is used for vegetable production especially in the dry season
as well as sugarcane, banana and palm plantations. Upstream, cocoa production
and subsistence farming dominate. The stream receives storm drains from these
agricultural systems that make use of large quantities of agrochemicals including

fertilizers and pesticides, some of which are applied through aerial sprays. In ad-
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dition, the stream has two carwash points at close proximity where cars are dri-
ven into the stream bed and washed alongside their engines (Figure 1). The
stream has played this role for over 20 years with an increasing number of cars
over the years. The average number of vehicles washed daily stood at 50 and 5
engines as of 2015. Other activities in the stream include bathing, laundry and
subsistent fishing. Studies on the diversity and abundance of macrophytes in the
stream revealed a total of 48 species, in 40 genera and 24 families, made up of

submerged and emergent categories [32].

2.2. Plant Sampling

Macrophyte assessment was done using a 500 m long transect whose width was
the entire span of the wetland including the stream itself [32]. The transect was
laid out to cover points before and after the carwash points so as to capture the
impact of point source pollution from the activity and also non-point source
pollution on the stream and its biota. Following the inventory, five emergent
plants species (Anubias barteri Schott., Commelina benghalensis L., Ludwigia
peruviana (L.) H. Hara, Polygonum persicaria L., Rorippa nasturtium-aquaticum
R. Br) and one submerged plant species ( Vallisneria spiralis L.) were selected
and sampled for heavy metal analysis. These species were observed to be
amongst the most abundant macrophytes in the stream. Fresh whole samples of
the species were collected in replicates of two, cleaned of debris, washed under
slow running tap, then rinsed with distilled water. A. barteri and L. peruviana
were each separated into root and shoot and packaged in envelopes, while R.
nasturtium-aquaticum, V. spiralis, P. persicaria and C. benghalensis were pack-
aged whole because of the fine nature of their roots. All the packaged samples
were oven-dried at 65°C to constant weight, milled to fine powder using a

blender, packaged in zip luck bags and sent for heavy metal analysis.

Figure 1. Car and engine washing in Nange, a stream within the
Buea Municipality-Cameroon (Source: [27]).
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2.3. Water and Sediment Sampling

Two water samples were collected in 50 mL sterilized plastic bottles in duplicates
at points before and after the carwash. Each sample constituted three random
samples that were collected across the stream breadth then bulked and subsam-
pled. All the samples were collected 5 cm below the surface. Upon collection,
each sample was treated with two drops pure grade nitric acid and transported
in ice buckets to the Life Sciences Laboratory of the University of Buea, packaged
in black polythene bags and then stored below 4°C in a freezer (Asea Skandia
AKEF.370, Denmark) until analysis.

Sediment samples were similarly collected from the different water points us-
ing a plastic scooper. At each point, five random samples were collected. Sam-
ples were taken to the University of Buea Life Sciences Laboratory, air dried,
sorted and sieved using 2 mm sieve, then bulked, homogenized and subsampled

into zip luck bags for analysis.

2.4. Sample Digestion and Analysis

Sample digestion and analysis were carried out at the Soil and Environmental
Chemistry Laboratory of the Faculty of Agronomy and Agricultural Sciences,
University of Dschang, Cameroon.

Two millilitre of each water sample and two grams of each plant sample were
digested with conc. nitric acid and HCL in the ratio 3:1 until transparent solu-
tions were obtained. Twenty grams of each air-dried sediment sample was agi-
tated for 30 minutes on stirring table in 100 mL of 0.5 M nitric acid (HNO,). The
absorbances of Cu, Pb, Zn and Cd were determined in the filtrates using an
atomic absorption spectrophotometer brand Rayleigh 130B series and the con-
centrations referred from standard curves.

Particle size for sediment samples was determined by the Bouyoucos hydro-

meter method, and pH using pH meter.

2.5. Data Analysis

All quantitative data were entered into Microsoft Office Excel 2010 and MINITAB
17 for generation of means and tables.
Bioaccumulation factors (BAF) of each plant for the various heavy metals

were calculated using the equation:

[ metal ]plant

BAF=
[metal]

sediment

For the two plant species that were separated into roots and shoots the fol-
lowing were further calculated: Bioaccumulation coefficient (BAC), Bio-concen-
tration factor (BCF) and Translocation factor (TF)

[metal
[metal]

shoot

BAC=

sediment
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[metal]
BCF — root
[metal]

sediment

— [metal ]shoot

B [metal]root

3. Results and Discussion

3.1. Heavy Metal Concentration in Water and Sediments

The concentrations of the four heavy metals investigated in water and sediments
are presented in Table 1. There was an increase in concentration of all the four
heavy metals in water after car wash point, compared to before. Of all these, Zn
had the highest concentration (0.27 mg/L) while Cu had the least (0.13 mg/L).
The presence of these heavy metals in water is indicative of the fact that car wash
effluents contribute to their discharge into the system [23]. [28] recorded high
concentrations of Cu, Zn and Pb on some surface waterbodies exposed to car
wash facility influence within this same environment. The presence of heavy
metals in water before car wash as was observed, could be attributed to inputs
from other anthropogenic activities that are common along the stream banks
[26] [27]. Mean concentration of the heavy metals in the water showed that Zn
and Pb had the highest concentrations (0.24 mg/L each) while the least concen-
tration was obtained in Cu (0.12 mg/kg).

It has been reported that copper may be present in wastewaters from a variety
of chemical manufacturing processes employing copper salts or a copper catalyst
in different range from 0.12 mg/l to 183 mg/l such as mining acid, mine drai-
nage, paint and pigment manufacturing and motor vehicles [33]. Zn in car wash
may come from metal working, surface treatments paint and varnish manufac-
turing, transport (brakes, wheels and asphalt) and galvanized surfaces. Pb can
come from lead paints and car batteries while Cd could be attributed to the
washing of Ni-Cd batteries, Zn containing materials as well as petroleum fuel
used in cars. Also, Cd substances from the road dust attached to car surfaces and
transferred to car wash points could be another source of input [25].

Heavy metal concentrations in the sediments were higher after car wash point
than before. Cadmium had the highest concentration (5.58 mg/kg) while Cu had

the least (0.75 mg/kg). Mean concentrations showed similar trend. Cadmium is

Table 1. Heavy metal concentrations in water and sediments from Nange-Buea.

Water (mg/L) Sediment (mg/kg)
Heavy Metal

Before After Mean Before After Mean
Cu 0.10 0.13 0.12 0.48 0.75 0.61
Zn 0.22 0.27 0.24 0.84 1.18 1.01
Pb 0.22 0.25 0.24 0.75 1.18 0.97
Cd 0.13 0.17 0.16 5.34 5.58 5.46
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relatively immobile in soil and sediments and as a surface derived contaminant,
it accumulates in the surface layer. Here it poses a great risk to the ecosystem, as
plant cadmium concentrations have been found to increase with increase in soil
cadmium concentrations, this accumulation of cadmium may overtime increase
the flow of cadmium through the food chain [34].

Generally, the concentrations of the heavy metals in the sediments were high-
er than in water suggesting their adsorption and accumulation unto these sur-
faces [12]. Exchanges between the sediments and the water column increase the
rate of heavy metal migration, which is connected with the forms of occurrence
in solid substrates and pore solutions in the sediments, as well as with physi-

co-chemical conditions arising at the sediment/water boundary [35].

3.2. Heavy Metal Concentrations in Plants

There were variations in the uptake of the different heavy metals by different
plants when assessed whole and in parts (Table 2). L. peruviana had the highest
concentration of Cu (14.00 mg/kg) while the least was obtained in A. barteri
(4.37 mg/kg). Zn had the highest concentration in L. peruviana (33.74 mg/kg)
while the least was in P. persicaria (14.43 mg/kg). L. peruviana equally had the
highest concentration of Pb (21.14 mg/kg) and Cd (42.86 mg/kg) while the least
concentrations of these heavy metals were obtained in R. nasturtium-aquaticum
(11.25 mg/kg) and C. benghalensis (9.45 mg/kg) respectively.

For the two species that were separated into parts, results indicated that A.
barteri accumulated higher concentration of all the heavy metals at varied con-
centrations in the shoots than in the roots. In L. peruviana the trend was re-
versed, except for Pb where the shoot accumulated slightly more than the roots,
an indication that the two species have different mechanisms of dealing with

high concentrations of the heavy metals.

Table 2. Mean heavy metal concentration of six plants from Nange.

Species Part Cu (mg/kg) Zn (mg/kg) Pb(mg/kg) Cd (mg/kg)

C. benghalensis Whole 12.32 16.78 12.64 9.45
P. persicaria Whole 7.515 14.43 12.18 14.10
R. nasturtium-aquaticum Whole 12.54 17.88 11.25 16.94
V. spiralis Whole 9.265 18.1 11.90 10.8
Whole 4.37 25.23 15.75 26.49
A. barteri Shoot 2.62 14.09 8.25 17.62
Root 1.75 11.14 7.5 8.87
Whole 14 33.74 21.14 42.87
L. peruviana Shoot 6.17 14.88 11.05 21.03
Root 7.83 18.86 10.09 21.83
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The BAFs of the species varied with the different heavy metals (Table 3). L.
peruviana had the highest BAFs for all the heavy metals (22.95 for Cu, 33.41 for
Zn, 21.79 for Pb and 7.85 for Cd) while different species had the leasts: A. barteri
for Cu (7.16), P. persicaria for Zn (14.28), R. nasturtium-aquaticum for Pb
(11.60) and V. spiralis for Cd (1.98).

Bioaccumulation factors (BAF) are used to determine the quantity of heavy
metals absorbed by plants from the environment and to test for plants ability to
serve as accumulators/phytoremediators. The higher the BAF values, the higher
the risks pose to organisms along the food chain. BAF value > 2 are regarded as
high [36]. Results of this study recorded many very high BAF values, some 16
folds above 2, indicating the ability of the different species to phytoremediate the
different heavy metals. L. peruviana had the highest concentration and BAFs for
the different heavy metals, suggesting it as the best candidate for cleaning these
metals from that environment.

The differences in species bioaccumulation factors confirm the fact that metal
uptake by plants is species specific. Oxidation state, heavy metals form and phase
[37], plant species inherent control and soil/sediment quality [38] strongly in-
fluence their bioavailability. A large number of other factors control metal ac-
cumulation and bioavailability in association with soil and climatic conditions.
These include plant genotype, the mechanism of uptake (active or passive),
transfer processes, sequestration and speciation, type of plant root system and

the response of plants to elements in relation to seasonal cycles [39].

Table 3. Bioaccumulation Factor (BAF), Biological Accumulation Coefficient (BAC),
Biological Concentration Factor (BCF) and Transfer Factor (TF) of heavy metals from
Nange-Buea.

Index Species Cu Zn Pb Cd
A. barteri 7.16 24.98 16.24 4.85
L. peruviana 22.95 3341 21.79 7.85
C. benghalensis 20.19 16.61 13.03 1.73

BAF
P. persicaria 12.32 14.28 12.56 2.58
R. nasturtium-aquaticum 20.56 17.70 11.60 3.10
V. spiralis 15.19 17.92 12.26 1.98
A. barteri 4.29 13.95 8.51 3.23

BAC
L. peruviana 10.11 14.73 11.39 3.85
A. barteri 2.87 11.02 7.73 1.62

BCF
L. peruviana 12.84 18.67 10.40 4.00
A. barteri 1.49 1.27 1.10 1.99

TF
L. peruviana 0.79 0.79 1.10 0.96
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pH and clay particles are important parameters which affect the absorption of
heavy metals on sediments. Depending on the nature of heavy metal, a decrease
in pH would increase metal availability, lending it to greater uptake by plants.
This could be the possible reason for uptake of the heavy metals by the different
species since all the sediment pH values were in the acidic wing. Increase in soil
pH makes cationic metals less likely to be available to plants unlike anionic met-
als. This explains the ready availability of the metals in the sediments for uptake
because their retention potentials were reduced by acidic conditions.

L. peruviana had the highest BAC (Cu = 10.11, Zn = 14.73, Pb = 11.39, Cd =
3.85) and BCF (Cu = 12.84, Zn = 18.67, Pb = 10.40, Cd = 4.00). A barteri had the
highest TF (Cu = 1.49, Zn = 1.27, Cd = 1.99) except for Pb where both A. barteri
and L. peruviana each had a TF of 1.10 (Table 3). Although all the BAC values
were greater >1, L. peruviana was the most efficient in accumulating the four
heavy metals.

Phytostabilisation depends on the ability of roots to limit pollutants’ mobility
and bio-availability in the soils/sediments and this occurs through sorption, pre-
cipitation, complexation or metal valence reduction [40]. Species with phytosta-
bilisation potential have BCF > 1 and TF < 1. Results of the study showed that L.
peruviana had phytostabilisation potential for Cu, Zn and Cd meanwhile none
of the species phytostabilised Pb.

Environmental remediation can be achieved through different options such as
physical, chemical and biological. These options employ different methods in-
cluding thermal treatment, adsorption, chlorination, chemical extraction, io-ex-
change, membrane separation, electro kinetics and bioleaching. These processes
though successful also have disadvantages such as efficiency, cost and failure
during large scale implementation. Phytoremediation is cheap, environmentally
friendly and easy to manage as it uses native vegetation, leaving no unwanted re-

sidues in the environment.

4. Conclusion

Car wash contributed to heavy metal load of the stream. While all the six plants
were found to be good accumulators of the heavy metals, Ludwigia peruviana
showed remarkable efficiency indicating that the species is a good candidate for
cleaning such environments. However, legislation restricting the position of car
wash from water bodies and also the discharge of effluent from such facilities

will reduce the build up of such heavy metals.
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