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Abstract

This study is aimed at the preliminary investigation of microplastics as carrier of heavy metals pollution in surface sediment. Heavy metals
concentration was determined by FAAS while microplastics characterization was analysed by ATR-FTIR spectrophotometer. The results obtained
showed high level of lead (Pb) concentrations which ranged from 21.37−32.80 mg/kg across the sampling sites while Cd has the least concentration
between 0.04 − 0.80 mg/kg. The concentration of Pb and Cd were above the USEPA permissible limit in sediment. The following absorption
bands; 2978.19, 1728.28 and 1458.23 cm−1 with the functional groups; C-H stretch, C=O stretch and CH2 bend indicates the presence of Ethylene
vinyl acetate (EVA) in site S2 and S4 respectively. Other microplastics found in the sampling sites are Nylon, Nitrile, Polycarbonate and Poly
propylene. This indicates that there is identical distribution of the microplastics in the sampling sites. The quantities of microplastics isolated
ranged from 8.11− 8.16 g across the sites. Aquatic organisms fed on these polymeric materials because of their unique appearance. Hence, heavy
metals adsorption will lead to higher concentrations on microplastics which could be ingested and lead serious complication in their intestine.
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1. Introduction

Water has faced series of challenges ranges from point and
non point sources of pollution and these challenges have re-
mained the same from time immemorial, the nature of pollu-
tion has evolved and lengthened over time. Freshwater bio-
tas all over the planet earth are being endangered by both old
and new form of pollutants. Plastic debris are found in seas,
oceans and large body of festered water worldwide [1, 2] mostly
constituted by organic pollutants such as microplastics. [3, 4]
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defines microplastics as plastic constituent part smaller than 5
mm in size. The word “micro plastic” differs from upper limit
of 0.5 mm to 5 mm (universally used), and a lesser limit of 1
m often used for practical purposes. However, groups of mi-
croplastics such as biofilms may penetrate and contribute to
the sequestration of microplastics and metals in sediments [5,
6]. Microplastics are ingested by fish and other aquatic organ-
isms when feeding in sediments. Once ingested, it results to
problems like pseudo satiation, obstruction of the intestine, en-
docrine disorder through percolated plasticizers and contami-
nation by adhered pollutants can arise [7, 8]. One of the factors
that sway the ingestion of the microplastics is “colour”. Some
sea debris has the colour that resemble that of their prey which
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entice raiders when ingested causes severe damage to the respi-
ratory system of the aquatic organisms [9]. However, recent re-
search by [10] showed that metal sorption kinetics fouling with
organic and inorganic matter over time, increases the surface
area and generating anionic active sites of the microplastics for
the adsorption of metals from sediment [11].

The hydrophobic nature of the microplastics attract persis-
tent organic pollutants and accumulate heavy metals like cad-
mium (cd), copper (Cu), iron (Fe), silver (Ag), manganese (Mn),
aluminum (Al) zinc (Zn) and lead (Pb), which could lead to a
greater bio-accessibility of metals when aquatic animals con-
sume micro plastics [12].

This research is aimed at isolation and characterization of
microplastics in sediment as carrier of heavy metals in an aquatic
system.

2. Materials and Methods

2.1. Study Area

The study area covers Bye-ma, former salt mine pond under
Chonku ward but presently Hospital ward Wukari Local Gov-
ernment of Taraba State, Nigeria. Presently, the pond is used
for fishing. It is located between longitudes 7◦51′0′′ North and
9◦47′0′′ East of the Greenwich meridian. Wukari Local Gov-
ernment area is situated in the southern part of Taraba State and
it is about two hundred kilometers away from Jalingo the state
capital. The Local Government is bounded by Plateau State in
the North, Benue State in the Southwest. It has an area of about
4308 km2 (1663 sq mi).

Figure 1. showing the study area (bye-ma pond)

2.2. Sample Collection

About four sampling sites were randomly mapped out for
sediment samples collection, and were designated as S1, S2, S3
and S4 representing sites 1, 2, 3 and 4 respectively. The sam-
pling sites were 50 m apart. Each site was further subdivided
into four giving a total of sixteen sites. A 100 g each of the
sediment samples were collected from the sampling sites in the

month of March, 2020. The samples were collected with the
aid of a stainless steel hand trowel at the depth of 0−15 cm into
clean glass container that was previously washed in 1% HCl
and transported to the laboratory. The sediment samples from
each sub sites were bulked together and mixed thoroughly to
achieve homogeneity of the representative sample.

2.3. Sample Preparation

The samples were air-dried in the laboratory for two days,
manually sorted out debris of large size above 5 mm mesh size.
A set of four sieves with mesh sizes 8, 5, 1 and 0.3 mm was
obtained from Soil Science laboratory for the separation of par-
ticles size. Sediment samples were then sieved mechanically to
obtain a fraction of 0.3 mm. The sediment samples were di-
vided into two portions (for heavy metal determination and iso-
lation of microplastics) and are stored in glass bottles at room
temperature until ready for further analysis.

2.4. Extraction, Isolation and characterization of Microplas-
tics from Sample Matrix

Sediments samples collected on the 0.3 mm sieve are sub-
jected to Wet Peroxide Oxidation (WPO) in the presence of a
Fe(II) catalyst to digest labile organic matter. A 6 g of salt
(NaCl) to the mixture to increase its density of the aqueous so-
lution according to [13]. Microplastics were floated on the sur-
face of the solution, were filtered, dried and manually sorted out
and characterized with ATR-FTIR spectrophotometer: model
630 Agilent Tech USA.

Figure 2. Micro plastics displayed on filtration apparatus

2.5. Determination of Total Mass of Micro Plastics

An empty vial was weighed and labelled A, the identifiable
micro plastics was transferred to the vial and then reweighed B.
The mass of the isolated micro plastics C was determined by
subtracting the mass of A from B (Formula: B − A = C). This
procedure was repeated for all sediment samples [13].
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Figure 3. Micro plastics on sieve 0.3 mm.

Figure 4. Retained debris/macroplastics on sieve 8 mm

2.6. Determination Heavy Metal Concentrations in Microplas-
tics

Method of heavy metals determination was adopted from
[10] with little modifications. A 1.0 g of dried 0.3 mm size frac-
tion of the microplastics sample were weighed into a beaker and
digested with 25 mL mixture of analytical grade acids HNO3:HCl
in the ratio 3:1. The digestion was performed at a temperature
of about 90◦C for 30 minutes in a fume cupboard until clear so-
lutions was obtained. Digested samples were allowed to cooled,
filtered into a 100 mL volumetric flask, and made up to the mark
with deionized water. Digests were analyzed by Flame Atomic
Absorption Spectrometry (FAAS, Spectra AA 50, VARIAN).
Triplicate determinations were made.

The actual concentrations of heavy metals were calculated
from the formula below:

conc.(mg/kg) =
conc.(mg/l)

weight of sample digested
×dilution volume(1)

3. Result and Discussion

3.1. Accumulation of Heavy Metals on Microplastics

The result obtained from the determination of heavy metals;
Lead (Pb), Cadmium (Cd), Zinc (Zn) and Copper (Cu) in micro

plastics from four different samples were shown in Table 1. Pb
and Cu have the highest concentration level in all the samples
while Cadmium has the least concentration and ranged from
0.040.80 mg/kg compared to other metals. The high concen-
tration of Pb which ranged from 21.37 − 32.80 mg/kg could be
attributed to the following activities along the sampling sites;
panel beating, automobile repairs, and discharge of lead from
paints factories, lead acid accumulator cells and other dried
cells. These wastes are released into water bodies by run off

and atmospheric deposition.
This agreed with the work of [14] who reported that, high

level of heavy metals in sediment is associated with anthro-
pogenic activities. The results presented in this study noticeably
indicate a high affinity of metals in solution to microplastics in
the sediment. The concentrations of Zn and Cu in all the sites
are within the permissive level by the United State Environmen-
tal Protection Agency (USEPA). This concentration level is by
far less than the permissible limit for zinc concentration in sed-
iment which range from 50 − 300 and 20 mg/kg. Zn present in
the area could be as a result of its natural abundance, its associ-
ation with Cadmium and as a result of mechanical abrasion of
crushing/grinding [15]. Cadmium concentrations in all the sites
were above the [16] permissible limit of 0.03 − 0.3 mg/kg in
sediment. Cadmium is emitted to air by mines, metal smelters
and industries using cadmium compounds for alloys, batteries,
pigments and in plastics. All the concentrations of lead were
above the permissible limit of 2 − 20 mg/kg as stated by [16].
[12, 10] and environmental monitoring [17] have indicated that
microplastics accumulate metals in aquatic environment. Metal
ions or complexes interact directly with the charged or neutral
sites of the surface of the microplastic, and co-precipitate with
or sorption onto hydrous oxides [12].

3.2. Mass of micro plastics

Figure 5 shows the quantities of microplastics recovered
from each of the sampling sites after peroxide oxidation. S1
has the highest level of microplastics (8.16 g), followed by S4
which has 8.14 g and S3 with 8.13 g while S2 has 8.11 g respec-
tively. The quantity and colors of microplastics normally draws
the attention of aquatic organisms. [9] reported that aquatics an-
imals sees plastic materials as prey and when ingested it could
results to complications in their digestive system.

3.3. Characterization of Microplastics

Table 2 below showed the types and the various absorption
bands of polymer materials identified in S1. Micro polymeric
constituents discovered are polycarbonate and nylon (polyamide).
Nylon is one of the common polymer material found in storage
sack, thread for shoe sawing etc. Plastics aptitude to adsorb
other pollutants makes them a potential trajectory for transfer-
ring other pollutants to the aquatic ecosystems, such as heavy
metals. Both plastics and these pollutants are very difficult to
degrade in the environment [18, 19].

The absorption spectrum of S1 displayed in Table 2 above,
showed that Polycarbonate was detected within the following
absorption bands: 678.97 cm−1, 1519.96 cm−1, 1712.85 cm−1
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Table 1. Mean Concentration of Heavy Metals (mg/kg)

Heavy Metals /

Sample Locations
Pb Cd Zn Cu

S1 30.79 ± 0.006 0.05 ± 0.006 0.32 ± 0.006 1.33 ± 0.003
S2 24.68 ± 0.003 0.04 ± 0.002 1.03 ± 0.006 1.45 ± 0.002
S3 21.37 ± 0.002 0.80 ± 0.003 0.55 ± 0.006 1.32 ± 0.003
S4 32.80 ± 0.007 0.50 ± 0.007 0.55 ± 0.006 1.73 ± 0.003
USEPA 2002 2 − 20 0.003 − 0.3 50 − 300 20

Table 2. FTIR Result for S1
ABSORPTION BANDS (cm−1) RANGE FUNCTIONAL GROUPS POLYMER TYPE

678.97 630 − 750 C=O bending
Polycarbonate1519.96 1500 − 1550 Aromatic ring stretch

1712.85 1706 − 1730 C=O stretching

1519.96 1500 − 1550 N-H bend

Nylon (polyamide)

3248.23 3200 − 3550 N-H bend
2985.91 2800 − 3000 C-H stretch
2862.46 2800 − 3000 C-H stretch
3340.82 3584 − 3700 C=O stretch

Figure 5. Quantity of microplastic in each sampling sites

and 1519.96 cm−1 with the functional groups: C=O bending,
Aromatic ring stretch, C=O stretching and N-H bend respec-
tively while Nylon (polyamide) was detected within the bands:
2985.91 cm−1, 2862.46 cm−1 and 3340.82 cm−1 with the follow-
ing functional groups: C-H stretch, C=O stretch and N-H bend.
Nylons are made from organic (carbon based) found in natural
materials such as coal or petroleum, it can also be got from re-
newable materials called Zytel. Polycarbonates are made from
the condensation of carbonic acid and Bisphenol A. These ma-
terials after usage are disposed into water ways. Because of
their non degradable nature they remain in the environment and
are finally deposited in soil, water and eventually accumulate in
the sediment.

The results obtained for FTIR analysis in Table 3 showed
that only Ethylene vinyl acetate (EVA) polymers are predom-

inant in sample S2. Ethylene vinyl acetate (EVA) has the fol-
lowing absorption bands and functional groups: 2978.19 cm−1,
1728.28 cm−1 and 1458.23 cm−1 respectively (C-H stretch, C=O
stretch and CH2 bend).

The result of microplastics characterization for sample S3
as showed in Table 4 indicates that absorption occurred at the
following frequencies: 2916.47 cm−1, 2244.91 cm−1, 1458.23
cm−1 and 941 cm−1 with functional groups: C-H stretch, C≡N
stretch, C=C stretch and =C-H str. This absorption band and
functional groups represent Nitrile polymeric constituent. Con-
sequently, absorption bands at 2916.47, 1458.23 and 941.29
cm−1 which give the following functional groups (C-H stretch,
CH2 bend, C-H bend and CH3 bend) indicates the presence of
Poly propylene in the sample.

The absorption bands obtained for sample S4 as displayed
in Table 5 above showed that ethylene vinyl acetate (EVA) is
present in the sample. Hence, it indicates that the absorption
band of Ethylene vinyl acetate (EVA) in S2 (Table 3) corre-
spond with that of S4 in Table 5. This indicates that there is
equal distribution of the microplastics debris in the sampling
sites.

4. Conclusion

In the present study, a preliminary assessment of microplas-
tics pollution in the surface sediments from Bye-ma salt mine
pond was obtained. The results of flame atomic absorption
spectrometer and FTIR showed that microplastics are carriers
of heavy metals since considerable concentrations of these met-
als, Pb and Cu were determined from the plastics materials.
However, the polymer materials discovered are Nylon, Nitrile,
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Table 3. FTIR Result for S2
ABSORPTION BANDS (cm−1) RANGE FUNCTIONAL GROUPS POLYMER TYPE

2978.19 2800 − 3000 C-H stretch
Ethylene vinyl acetate (EVA)1728.28 1706 − 1730 C=O stretch

1458.23 1430 − 1470 CH2 bend

Table 4. FTIR Result for S2
ABSORPTION BANDS (cm−1) RANGE FUNCTIONAL GROUPS POLYMER TYPE

2916.47 2800 − 3000 C-H stretch
Nitrile2264.91 2260 − 2320 C≡N stretch

941.29 900 − 950 =C-H str

2916.47 2800 − 3000 C-H stretch
Poly propylene1458.23 1430 − 1470 CH2 bend

941.29 900 − 950 CH3 bend

Table 5. FTIR Result for S2
ABSORPTION BANDS (cm−1) RANGE FUNCTIONAL GROUPS POLYMER TYPE

2924.18 2800 − 3000 C-H stretch
Ethylene vinyl acetate (EVA)2862.46 2800 − 3000 C-H stretch

1735.99 1706 − 1730 C=O stretch

1458.23 1430 − 1470 CH2 bend Polyethylene terephthalate

EVA and Poly propylene. Sediments are reservoir for both mi-
croplastics and heavy metals. Aquatic organisms depend on
sediment materials for survival as such there will be high con-
centration of these metals in aquatic animals and this will di-
rectly affect the food chain.
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