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POLLUTION STATUS OF INLAND WATERWAYS SERVING AS RECEPTACLES
TO PLASTIC WASTE IN RIVERS STATE, NIGERIA

Abstract

This study aimed at ascertaining the physicochemical characteristics of selected water bodies
receiving solid plastic waste in Rivers State, Nigeria. Surface water and sediment samples
were analysed for physicochemical parameters. Water, sediment and fish samples were
monitored for presence of polychlorinated bisphenols (PCBs) and polycyclic aromatic
hydrocarbons (PAHSs). All physicochemical parameters monitored in Bonny River water and
sediment samples were within WHO acceptable. However, the concentrations of nitrate and
phosphate (62.675 and 1.28 ppm) in New Calabar River water samples were above WHO
limits of 10 and 1 ppm respectively.. The Cd values (0.045-8.27 mg/l) at both locations
exceeded WHO 0.003 mg/I limit. Likewise Mn concentrations (6.02-15.5 mg/l) exceeded
WHO 5.5 mg/l (WHO, 2006). Mercury (0.075-1.39 mg/l) was the lowest occurring heavy
metal in the water samples but the concentration was still high enough for concern, as the
possibility for bioaccumulation in fish species in the river was high. Chloride levels
(318.375-423.045 mg/l) in the water samples exceeded WHO limit of 250 mg/I for drinking
water. The samples also had high iron content (0.635-16.19 mg/l). PAHs concentrations
(252.0155-3533.14 ppm) in the water samples far exceeded the safe level of 10 mg/l for
drinking water standard. PCBs levels in all fish samples (21.56-83.08 ppm) exceeded WHO
maximum limit of 0.2 mg/kg Surface water, sediment and fish sampled contained
objectionable concentrations of heavy metals, PCBs and PAHSs.

Keywords: Polyaromatic hydrocarbons, polychlorinated bisphenol, heavy metals, Bonny
River, New Calabar River

1. INTRODUCTION

Urbanization has stimulated pillage of resources and consumption pertain that creates tonnes
of waste by people and industries. Man is clearly overwhelmed by the increasing amounts of
municipal solid waste generation, given the inadequacy to manage this problem globally.
Although deficiency in waste management system is a global issue that emanates from
unsustainable method of waste disposal, the problem is worst in developing countries lacking
capacity and resources for adequate planning and implementation waste disposal system. The
overwhelming rate of waste generation in developing countries has resulted in open dumping
in waterways and any available space within vicinities of human occupation [1].

Nigeria, with a population surpassing 200 million, generates close to 50 million tonnes
annually, translating to about 1kg solid waste per person per day [1]. As at today, one of
Nigeria’s biggest problem is waste management, as documented by researchers in different
parts of the country [2,3]. It is without dispute that the most widespread practice of waste
handling is open dumping, which has made many urban cities brim with waste [4,5]. The
problem assumes a different dimension in Rivers State (so named because of the numerous
water courses criss-crossing many part) as waterways have now become the endpoint for also
sorts of waste, because they conceal what is dumped into them or ferry them faraway, either
ways, keeping the problem out of sight.



Many solid waste material are non-degradable, and depending on how they handled after
intended use, they end up posing momentous burden to the environment. Global estimates
show that about three-quarter of used plastics get dumped in the environment were they
persist for very long time, leaching out toxic additives that can adversely affect biota [6.7].
Electronic waste, waste building materials, industrial effluents, used automobile parts, and
several other non-reusable waste also accumulate in the environment and leach toxic
pollutant into the environment [8,9].

The danger of inland waterways pollution for the sub-Saharan region looks worrisome going
by forecast of plastic consumption and waste generation when matched with future pollution
and the challenges of lack of environmental compliance in this region. Also worrisome is the
fact that the risk perception for insidious pollution is generally low, as there are other
environment concerns such as hydrocarbon pollution and even the concern for food
availability, which is placed above the safety of food, like the fishes for instance, which are
the most likely to be affected by water pollution. This study aimed to unravel the extant
ecological impacts of anthropogenic pollution of inland waterways in River State, Nigeria.

2. MATERIALS AND METHODS
2.1 Study Area
Two river courses (New Calabar River by Choba axis and Bonny River by Bonny jetty) were
sampled in this study, these locations are situated between latitude 4°44°N - 4°55°20°N and
longitude 6°53°32°E-7°3’E (Figure 1 and 2) in Rivers State, South-South geographical zone
of Nigeria.
The New Calabar River is a freshwater habitat with salinity of 2.85 ppt while the Bonny
River is a marine habitat with salinity of 19.64 ppt. The topography of the deltaic plain
through which the rivers transverse is flat; with average height of about 11m above sea level.
The flat terrain encourages water stagnation after rains and no good drainage system to
channel runoff to the river.
The climate is humid tropical /equatorial zone with a mean annual temperature of about
29°C. The temperature ranges from about 22°C - 35°C within the rainy and dry seasons
respectively. The highest rainfall occurs between the month of July and September and
decrease as dry season approaches between December and January with mean annual rainfall
of 2500mm.
The anthropogenic activities around areas bordering the New Calabar River include
manufacturing, oil servicing work yard, dredging, markets, schools and residential area. The
Bonny River is a major transport channel that receives wastewater from its metropolis,
market, dockyard of the Ibeto cement factory and from transportation of artisanal refined
crude oil, timber and other goods.
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Figure 1: Sampled stations in New Calabar River, Emohua/ Obio-Akpor LGA, Rivers State
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Figure 2: Sampled stations in Bonny River by Bonny Jetty, Rivers State, Nigeria

2.2 Determination of Physicochemical characteristics of the selected water bodies

pH, Temperature, Conductivity, Turbidity, Dissolved Oxygen, Salinity, Total Dissolved
Solids were determined using Hanna Multi-parameter Water Checker. Total Suspended
Solid (TSS), Chemical Oxygen Demand (COD),Biochemical Oxygen Demand (BODs),
Chloride, Sulphate, Phosphate Nitrate determination was by standard APHA and ASTM
methods.

2.3 Determination of metals
Atomic Absorption Spectrometer (AAS) with flame technique was used for the determination
of Ca, Mn, Mg, Fe, Cd and Hg.in the samples.

2.4 Determination of PCBs and PAHSs in Water and Sediment samples
Analysis of PAHs and PCB was done using Gas chromatography - Mass Spectroscopy
(GCMS) (Agilent 5975).

3. RESULTS
3.1 Physicochemical parameters of water and sediment samples

Table 1 shows variations in physicochemical parameters monitored in water and sediment
samples. Values of pH ranged from 6.73-6.9; turbidity ranged from 5.24-2529.33 NTU;
salinity 716.67 — 10458.33 ppm; conductivity ranged from 17.47-538.25 uS/cm; TDS was
lower in Bonny Water, 3.23 mg/l and highest in New Calabar Water 6.54 ppm; TSS ranged
from 22.47-32.67 ppm; density ranged from 1-3 g/cm®; BOD ranged from 15.7-33.33 ppm
and COD ranged from 23.67-76.33 ppm.

Table 1 shows the result of multiple comparisons using Duncan statistic. Analysis of
Variance (ANOVA) results revealed that samples are significantly different (p<0.05) for all
physico-chemical parameter except pH.

Figure 3 shows the heavy metals concentrations in the New Calabar and Bonny Rivers water
and sediment samples. The mean values in ppm of Mn, Ca, Mg, Fe, Cd and Hg in Bonny
River sediment are 11.535, 21.58, 10.03, 8.27, 1.39 and 0.11 ppm respectively; while in the
New Calabar River sediment samples the values are 6.02, 14.54, 5.965, 4.72, 0.635 0.045 and
0.10881 ppm respectively.

The mean values in ppm of Mn, Ca, Mg, Fe, Cd and Hg in in Bonny River water samples are
11.555, 30.555, 19.92, 16.19, 1.05 and 0.095 respectively; while in the New Calabar River
15.5, 20.04, 18.575, 14.675, 0.81 and 0.075 ppm respectively.

3.2 PAHs in water, sediment and fish samples

Table 2 shows concentrations in ppm of PAH in all samples. Concentration of naphthalene
ranged 0.68+0.03 (BF) - 382.03+0.29 (CS); acenaphthylene 0.01+£0.01 (CF) - 209.97+£0.17
(CS), acenaphtene 0.0£0 (NW) - 358.11+0.1 (BS); Fluorene 0+0 (CS) - 9.5+£0.01 (CW);
phenanthrene 1.49+0.09 (BW) - 221.94+0.06 (CS); anthracene 0+0 (CF) - 308.47+0.11 (BS);
fluoranthene 0£0 (BS) — 353.82+0.2 (CS); pyrene 0.7+0.17 (CF) - 339.52+0.05 (BS);
Benz(a)anthracene 0+0 (CF, CS, BF and BS) -0.78+0.28 (BW); Chrysene 1.37+0.14 (BF) -
268.36x£0.23 (CS); Benzo(b)flouranthene 0+0 (CF, CW and BF) - 309.57+0.15 (CS);
Benzo(k)flouranthene 0+0 (CF, CW and BF) — 273.44+0.2 (BS); Benzo(ba pyrene 00 (CF,



CW and BF) - 334.99+0.35 (CS); Indeno(1,2,3-cd) pyrene 00 (CF, CW, BW and BF) -
198.43+0.48 (CS) and Benzo (g,h,i) perylene 0£0 (CF, CW, BW and BF) - 240.4+0.38 (BS).

Analysis of variance (ANOVA) result revealed that samples are significantly different for all
PAH. Also, multiple comparisons using Duncan statistic revealed significant difference
between sample pairs.



Table 1: Physiochemical Parameters of Samples

Samples  pH Turbidity (NTU)  Salinity (ppm) Conductivity TDS (ppm) TSS (ppm) Density BOD (ppm) COD (ppm)
us/cm glem®

BS 6.81+0.1ab  897.05+£964.85b 1941.67+111.43b 1+0a - - 3+1.07b - -

CS 6.73+0.1a  2529.33+266.53c  716.67+£103.67a 1+0a - - 1.76+1.74a - -

BW 6.89+0.1b 10458.33+320.03c  17.47+0.45a 3.23+1.39% 32.67+1.21b 1.1+0.11a  33.33%1.29b  76.33+2.16b

Cw 6.9+0.17b 818.33+119.9a 538.25+410.7b  6.54+0.21a 22.47+0.98a 1+0a 15.740.5a 23.67+1.21a

ANOVA 248 10.067 389.49 258.23 4.887 978.46 2713.47

(F-

Statistic)

p-value 0.091 <0.0000 <0.0000 <0.0000 0.01 <0.0000 <0.0000

Decision  Not Significant Significant Significant Significant  Significant Significant
Significant

Row mean + standard-error with different alphabet is significant

Keys: BS-Bonny Sediment; CS-New Calabar River Sediment; BW-Bonny Water; CW-New Calabar River Water
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Figure 3: Mean concentration of heavy metals in water and sediment samples

3.3 PCBs in water, sediment and fish

Table 3 shows PCB concentrations in water sediment and fish samples in ppm. 2-Chlorobiphenyl
1.4740.11 (CW) - 10.64+0.08 (CS); 3-Chlorobiphenyl 0.47+0.08 (CW) - 7.74+0.08 (CS); 4-
Chlorobiphenyl 1.27+0.06 (CW) - 4.58+0.06 (CS); 2, 2’-Dichlorobiphenyl 0.2+£0.02 (CW)
- 4.75£0.06 (CS); 2, 3-Dichlorobiphenyl 0.23+0.07 - 7.53+0.08 (BS); 2, 4-Dichlorobiphenyl
0.98+0.08 (CF) - 4.98+0.03 (CS); 2, 5-Dichlorobiphenyl 0.15+0.02 (BF) - 8.31+0.01 (CS); 3, 3-
Dichlorobiphenyl 0.95+0 (BF) - 4.59+0.06 (BW); 3, 4-Dichlorobiphenyl 0.46+0.08 (CF) -
6.95+0.03 (BW); 3, 5-Dichlorobiphenyl 0.16+0.03 (BF) - 5.58+0.01 (CS); 4, 4-Dichlorobiphenyl
1.43£0.04 (CW) - 3.840.11 (NS); 2,2,3-Trichlorophenyl 0.29+0.11 (BF) - 3.56%0.18 (CS);
2,2,5-Trichlorophenyl 1.01+0.02 (BF) - 6.17+0.07 (CS); 2,2,6-Trichlorophenyl 0.41+0.06 (CF) -

4.72+0.02 (CS); 2,34 Trichlorophenyl 0.66+0.01 (CW) - 5.34+0.08 (CS); 2,3,6-
Trichlorophenyl 0.4+0.06 (CF) - 4.72+0.02 (CS); 2,4,4-Trichlorophenyl 0.33+0.04a (CF) -
3.81+0.01 (CS); 2,3,4-Trichlorophenyl 0.69£0.08 (CF) - 2.7+0.07d (CS);  2,3,5-

Trichlorophenyl  0.04+0.01 (CF) - 3.63x0 (CS); 3,3,5-Trichlorophenyl 0.13+0.0 (CF) -
2.38+0.04 (NW); 3,4,5-Trichlorophenyl 0.51+0.06 (CW) - 3.59+0.2 (BW); 2,2,3,3-
Tetracrichlorophenyl 0.52+0.04 (BF) - 5.65+0.03 (CS); 2,2,3,5-Tetracrichlorophenyl 0.43+£0.02
(BW) 4+0.01 (CS); 2,3,3,4-Tetracrichlorophenyl 0.17+0.06 (BF) - 5.37+0.02 (BS) ; 2,3,4,5-
Tetracrichlorophenyl 0.15+0.05 (BF) - 3.11+0.16 (BW) and 2,2,3,5,6-Pentachlorophenyl
0.01+0.01 (BF) - 2.75+0.01 (CS).

Analysis of variance (ANOVA) result revealed that samples are significantly different for all
PCBs. Also, multiple comparisons using Duncan statistic revealed significant difference between
sample pairs.



Table 2: PAH concentrations in different in samples (ppm)

Samples CF CwW CS BF BW BS ANOVA
(p-value)
Naphthalene 3.840.11c  6.69+0.16d  382.03+0.29f 0.68+0.03a 1.77+0.28b  307.37+£0.07e  <0.000
Acenaphthylene 0.01+0.01a 0.58+0.02a  209.97+0.17c 2.42+0.4a 2.63+0.09a 127.69+27.48b <0.000
Acenaphtene 1.07£0.02b 2.68+0.18c  247.31+0.2d  2.36%0.29c 0.0%0.0a 358.11+0.1e <0.000
Fluorene 1.85£0.11c 9.5+0.01e 0+0a 0.72+0.15b 2.21+0.06d  0+0a <0.000
Phenanthrene 7.940.03c  8.09+0.03d  221.94+0.06f 1.88+0.09b 1.49+0.09a  153.36+0.06e  <0.000
Anthracene 0+0a 0.54+0.03b  260.79+0.28c 0.9+0.07b  0.6910.18b  308.47+0.11d  <0.000
Fluoranthene 1.25+0.23c  11.21+0.23d 353.82+0.2e  0.56+0.04b 0.87+0.15bc 0+0a <0.000
Pyrene 0.740.17a  8.44+0.18d 279.41+0.3e  3.1+0.39c  2.23+0.21b  339.52+0.05f  <0.000
Benz(a)anthracene 0+0a 0.14+0.11a  0%0a 0+0a 0.78+0.28b  0+0a <0.000
Chrysene 3.46+0.05b 10.08+0.11c 268.36+0.23e  1.37£0.14a 3.06+0.5b 113.95+0.42d  <0.000
Benzo(b)fluoranthene 0+0a 0+0a 309.57+0.15d  0+0a 0.69+0.25b  153.42+0.08c  <0.000
Benzo(k)flouranthene 0+0a 0+0a 170.44+0.31c 0+0a 1.13£0.05b  273.44+0.2d <0.000
Benzo(a)pyrene 0+0a 0+0a 334.99+0.35d 0.6+£0.02b  0+0a 250.83+0.32c  <0.000
Indeno(1,2,3-cd) 0+0a 0+0a 198.43+0.48c 0+0a 0+0a 151.45+0.45b  <0.000
pyrene
Dibenz (a,h) 00 0+0 0+0 0+0 0+0 0+0 <0.000
anthracene
Benzo (g,h,i) perylene 0+0a 0+0a 295.92+0.19c 0+0a 0+0a 240.4+0.38b <0.000




Table 3: PCB concentrations in different samples in ppm

Samples CF Ccw Cs BF BW BS ANOVA (p-
value)
2-Chlorobiphenyl 2.43+0.06b 1.47+0.11a 10.6440.08e 3.3+0.04c 6.93+0.11d 6.8+0.03d <0.000
3-Chlorobiphenyl 0.85+0.03b  0.47+0.08a 7.74+0.08e  0.75+0.15b 2.46+0.02c 4.76+0.01d <0.000
4-Chlorobiphenyl 1.45+0.04b 1.27+0.06a 4.58+0.06e 1.47+0.08b 4.09+0.03d 3.32+0.02c  <0.000

2,2’-Dichlorobiphenyl ~ 0.2£0.02a  0.82+0.05c 4.75+0.06f  0.69+£0.06b 3.77+£0.02e 2.89+0.04d <0.000
2, 3-Dichlorobiphenyl ~ 1.79+0.07b  0.23+0.07a 2.48+0.06c = 2.98+0.03d 1.59+0.21b 7.53+0.08e  <0.000
2, 4-Dichlorobiphenyl ~ 0.98+0.08a 3.22+0.08d 4.98+0.03f  1.61+0.02b 4.08+0.06e 2.32+0.06c  <0.000

2, 5-Dichlorobiphenyl ~ 0.97+#0.06b 1.75+0.09c 8.31+0.01f  0.15+0.02a 2.35+0.01d 5.31+0.13e  <0.000
3, 3-Dichlorobiphenyl ~ 1.57+0.04b 1.96+0.18c 3.25+0.02d  0.95+0a 4.59+0.06f 3.99+0.04e <0.000

3, 4-Dichlorobiphenyl ~ 0.46+0.08a 1.17+0.01c 3.43+0.04d  0.98+0.08b 6.95+0.03e 1.29+0.08c <0.000
3, 5-Dichlorobiphenyl ~ 1.07+0.11b 1.88+0.08c 5.58+0.01f  0.16+0.03a  3.12+0.04e 2.47+0.05d <0.000
4, 4-Dichlorobiphenyl ~ 1.85£0.03b 1.43+0.04a 2.37£0.01c  2.57+0.01d 3.62+0.04e 3.8x0.11f  <0.000

2,2,3-Trichlorophenyl ~ 1.68+0.03c  0.73+0.18b 3.56+0.18d  0.29+0.11a 0.89+0.05b 1.56+0.08c <0.000
2,2,5-Trichlorophenyl ~ 1.24+0.09b 2.2+0.11c  6.17+#0.07e  1.01+0.02a 2.98+0.08d 3.14+0.05d <0.000

2,2,6-Trichlorophenyl ~ 0.48+0.09a 0.43x0.04a 3.43+0.18b  0.41+0.06a 4.58+0.04c 5.65+0.08d <0.000
2,3,4-Trichlorophenyl ~ 0.79+0.04b 0.66+0.01a 5.34+0.08f  1.24+0.02c 2.3x0.01d  2.84%0.04e  <0.000
2,3,6-Trichlorophenyl  0.4+0.06a  1.1+0.1b 4.72+0.02f  2.2+#0.12e  1.62+0.03c 1.95+0.01d <0.000

2,44-Trichlorophenyl ~ 0.33#0.04a 0.92+0.03b  3.81+0.01f = 2.39#0.21d 3.38+0.04e 1.55+0.01c <0.000
2,3,4-Trichlorophenyl  0.69+£0.08a 1.7+0.1c 2.7£0.07d 0.93+0.03b  0.8+0.03ab  0.86+0b <0.000

2,3,5-Trichlorophenyl ~ 0.04+0.0l1a  0.12+0.02b  3.63+0f 0.61+0.05c 2.58+0.04e 2.39+0.01d <0.000

4. Discussion

Water remains a vital resource for human and other life forms that depend on it. Therefore it
is incumbent to periodically assess the status of water bodies prone to anthropogenic
pollution as is the case with waterways in urban settlements in developing countries. This
study assessed the physicochemical parameters of the New Calabar River and Bonny River,
Rivers State, Nigeria, with particular emphasis on heavy metals, PAHs and PCBs.

4.1 Physicochemical Parameters of Water and Sediment

The pH, turbidity, salinity, conductivity, TDS, TSS, BOD and COD monitored were within
WHO acceptable limits. The mean concentrations of chloride, sulphate, nitrate, phosphate,
Mn, Ca, Mg, Fe, Cd and Hg in Bonny River water samples were 330.05, 257.755, 46.865,
0.75, 11.555, 30.555, 19.92, 16.19, 1.05 and 0.095 ppm respectively; while in New Calabar
River water samples, the concentrations were 423.045, 337.925, 62.675, 1.28, 15.5, 20.04,
18.575, 14.675, 0.81 and 0.075 ppm respectively. The mean concentrations of chloride,
sulphate, nitrate, phosphate, Mn, Ca, Mg, Fe, Cd and Hg in Bonny Rivers sediment in the
present study were 318.375, 165.525, 31.22, 0.86, 11.535, 21.58, 10.03, 8.27, 1.39 and 0.11



ppm respectively; while in New Calabar River sediment samples the concentrations were
401.11, 245,53, 58.255, 1.285, 6.02, 14.54, 5.965, 4.72, 0.635 0.045 and 0.10881 ppm
respectively. The concentrations of the physicochemical parameters were significantly
different (p<0.05) across locations. The difference in physicochemical parameter between
both locations may be as a result of contaminants such as discharge of untreated or partially
treated effluent by various industries at the New Calabar River [10], domestic sewage from
several households, runoff water from agricultural lands near the banks and solid waste
disposed into the river, as the river transverses the city of Port Harcourt, as against the remote
Bonny River.

The mean concentrations of sulphate, nitrate and phosphate (165.525, 46.865 and 0.75 ppm)
in the Bonny Rivers water samples were within WHO 200, 50 and 5 ppm limits respectively.
However, the concentrations of sulphate, nitrate and phosphate (62.675 and 1.28 ppm) in
New Calabar River water samples were above WHO limits of 10 and 1 mg/l respectively
[11]. The Cd values (0.045-8.27 mg/l) at both locations exceeded WHO 0.003 mg/I limit
[11]. Likewise Mn concentration (6.02-15.5 mg/l) exceeded WHO 5.5 mg/l [11]. Mercury
(0.075-1.39 mg/l) was the lowest occurring heavy metal in the water samples but the
concentration was still high enough for concern, as the possibility for bioaccumulation in fish
species in the river was high. Chloride levels (318.375-423.045 mg/l) in the water samples
exceeded the WHO limit of 250 mg/Il for drinking water. The samples also had high iron
content (0.635-16.19 mg/l) which could be attributed to high organic matter and low
dissolved oxygen content traceable to industrial and household waste in the area. The water is
generally considered unsafe for drinking purpose.

PAHSs in water, sediment and fish

The mean PAHSs concentration in Bonny River water samples was 252.0155 ppm whereas in
New Calabar River water samples, the concentration was 3533.138 ppm (significant,
p<0.05). Ten of the sixteen PAH except Acenaphtene, Benzo(a)pyrene, Indeno(1,2,3-cd)
pyrene, Dibenz (a,h) anthracene and Benzo (g,h,i) perylene, were detected in water samples
from both locations. Levels of PAHSs in the water samples far exceeded the safe level of 10
mg/l for drinking water standard [12]. Ogbonna and Origbe [13] reported lower PAH (2.06-
2.729 mg/l) in Bonny River, within the same study location. The difference might be due to
sampling time and pollution activity in the water as at time of sampling. However, the
alarming increase in PAH concentrations in the study area should be a source of concern to
environmental and public health scientists.

The mean PAHSs concentration in sediment from New Calabar River which was 3533.14
ppm, was higher than the concentration in Bonny River which was 2798.47 ppm (significant,
p<0.05). However, sediment samples from Bonny River had all PAHs monitored except
Benz(a)anthracene whereas  sediment from New Calabar River had fewer PAHS
present,which were identified as Naphthalene, Acenaphthylene, Acenaphtene, Phenanthrene,
Anthracene, Fluoranthene, Pyrene, Chrysene, Benzo(b)flouranthene, Benzo(k)flouranthene,
Benzo(a)pyrene, Indeno(1,2,3-cd) pyrene and Benzo (g,h,i) perylene. This could be as the
results of the different anthropogenic activities taking place in both locations. The
concentrations of PAH in the sediments from both Bonny River and New Calabar River were
higher than in the fish and water samples (significant, p<0.05). Levels of PAH detected in
this study were higher than 3.7-5.84 mg/kg reported by Allison and Paul [14] for sediment
samples from New Calabar River. Sediments act as sinks and are especially characterized by
their ability to accumulate pollutants and give them longer residence times before
biodegradation and/or bioaccumulation compared to water [15]. Sediment harbours benthic



organisms comprising filter feeders that can take up microplastic and possibly transmit to
organisms at higher trophic levels [1].

Fish from Bonny River had mean PAH concentration of 14.88603 ppm. Nine PAH including
Chrysene, were detected in the fish samples. Fish samples from New Calabar River had mean
PAH concentration of 20.30418 ppp. Five PAHSs including Chrysene were detected in the fish
samples. Levels of PAHSs in fish samples were higher than WHO limit of 0.001 mg/kg for
fish [12]. Therefore the fish are not safe for consumption. The mean PAHSs levels in fish
obtained in this study was higher than 2.626 pg/kg and 2.061 pg/kg detected in catfish and
tilapia fish samples from Rivers Niger and Benue Confluence at Lokoja, in a study by Ekere
et al. [16], as well as in catfish samples from New Calabar River River, having mean
concentration of 0.01£0.01 ppm, in an earlier study by Bekibele et al. [17]. Ogbonna and
Origbe [13] reported much lower PAH (0.002-0.004 mg/kg) in Bonny River, within the same
study location. Again, the concentrations were also far higher than the range (0.0459-0.1719
mg/kg) reported in seafood from Niger Delta coastal waters [13]. The high concentration of
PAH in the fish samples might be related to the presence of microplastics in the gut of the
fish. This perhaps suggest that micoplastic pollution increases the concentration of PAHSs in
the fish samples.

Pseudotolithus elongatus is a common croaker fish species consumed widely in coastal states
of Nigeria. The implication for high level of PAHs contamination of this fish species is the
likelihood of transfer to humans that feed on them. PAHs may cause DNA modification in
fish that could be associated with carcinogenesis [18]. The concentrations of sixteen priority
PAH in water and sediment samples at Bonny River and New Calabar River are reflective of
high pollution of the area with hydrocarbons. This by implication, means that aquatic species
like fish in this area will take up this pollutant via bioaccumulation. The results of PAH in the
fish samples clearly support this. Again, the high concentration of PAH in Pseudotolithus
elongatus might be explained by the fact that they are bottom feeders that obtain their food by
foraging on contaminated sediment.

PCBs in microplastics from water, sediment and fish

Twenty-six (26) PCBs were detected at various concentrations in water, sediment and fish
samples. All twenty-six (26) PCBs were detected in water, sediment and fish samples from
both Bonny River and New Calabar River. The mean concentrations of PCBs in the water,
sediment and fish samples from Bonny River were 83.08 ppm, 78.90 ppm and 21.56 ppm
respectively. The mean concentrations of PCBs in the water, sediment and fish samples from
New Calabar River were 32.2595 ppm, 112.15 ppm and 23.53 ppm respectively. The mean
concentrations of PCBs in the sediment and water samples were higher than in the fish
samples. The PCBs levels in all fish samples exceeded the WHO maximum limit of 0.2
mg/kg [19].

The concentration of PCBs in fish ranging from 21.55+3.21 and 23.53+4.22 ppm for Bonny
River and New Calabar River respectively, exceeded the average reported in other studies.
Concentrations of PCBs in fish ranging from 10.14 mg/kg - 108.752 mg/kg have been
reported in Europe [20,21]. That is, the concentrations recorded in this study is within this
range. The mean concentrations of PCBs in this study were higher than values reported by
Osuala et al. [22], who screened for the presence of PCBs in fish species collected from the
Lagos Lagoon and reported a mean PCBs level of 8.97 + 5.62 mg/kg wet weight of
Pseudotolithus elongatus, with the highest PCBs of 16.28 + 5.05 mg/kg detected in
Chrysichthys nigrodigitatus. However, Unyimadu et al. [23] in their study reported very high
presence of PCBs in brackish water fish in Delta area of River Niger including
Pseudotolithus elongatus. The PCBs concentrations in Pseudotolithus elongatus ranged from



16.2+1.8-144+12.3 pg/kg, with the highest concentration of 1830.0+484.0 pg/kg detected in
Vomer septapinis, and the lowest in Pseudotolithus senegalensis, with a mean concentration
of 795+169.3 pg/kg for all samples.

Pseudotolithus elongatus feed on shrimps which have been reported to accumulate PCBs
[24]. Jaward et al. [24] reported a correlation between the amount of PCBs in fish and the
concentrations in the water and sediment samples. Consuming food high in PCBs can lead to
developmental and reproductive anomalies [25]; cardiovascular disorder [26]; increases the
risk high blood cholesterol, blood pressure [27] and diabetes mellitus [28].

5. CONCLUSION

The present study determined the physicochemical characteristics of selected water bodies
receiving solid waste in Rivers State, Nigeria. Surface water, sediment and fish sampled
contained objectionable concentrations of heavy metals, polychlorinated bisphenols (PCBs)
and polycyclic aromatic hydrocarbons (PAHS).

References

1. lke CC, Ezeibe CC, Anijiofor SC, Nik-Daud NN. Solid waste management in Nigeria:
problems, prospects, and policies. Journal of Solid Waste Technology and
Management. 2018; 44(2): 162-172.

2. Ukpong ECU, Udo EA, Umoh IC. Characterization of materials from Aba waste
dumpsites. Int. J. Eng. Appl. Sci. 2015; 6:1-10.

3. Oyebode O. Evaluation of Municipal Solid Waste Management for Improved Public
Health and Environment in Nigeria. European Journal of Advances in Engineering
and Technology. 2018; 5(8), 525-534.

4. Igwe OC. Environmental Pollution In Abia State Via Indiscriminate Dumping Of
Refuse: A Challenge To The Church. International Journal of Theology & Reformed
Tradition. 2012; 4, 142-152.

5. Igoni AH, Ayotamuno MJ, & Ogaji SOT, Probert SD. Municipal Solid-Waste In Port
Harcourt, Nigeria. Appl. Energy. 2007, 84, 664-670.
Do0i:10.1016/J.Apenergy.2006.12.002

6. Paluselli A. Phthalate release from plastic fragments and degradation in seawater.
Environmental science and technology. 2018; 53(1): 166-175.

7. da Costa JP, Rocha-Santos T, Duarte ACD. The environmental impacts of plastics
and micro-plastics use, waste and pollution: EU and national measures. European
Parliament's Committee on Petitions. Retrieved 13" December, 2022, from
http://www.europarl.europa.eu/supporting-analyses.

8. Vrijheid M. Health effects of residence near hazardous waste landfill sites: a review
of epidemiologic literature,” Environmental Health Perspectives. 2000; 108(2):101-
112.

9. Ozbay G, Jones M, Gadde M, Isah I, Attarwala T. Design and operation of effective
landfills with minimal effects on the environment and human health. Journal of
Environmental and Public Health. 2021, 6921607,
https://doi.org/10.1155/2021/6921607


https://doi.org/10.1155/2021/6921607

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Stanley HO, Immanuel OM, Nwagboso A. Water Quality Assessment of the New
Calabar River. Journal of Applied Life Sciences International. 2017; 15(2): 1-5

WHO (World Health Organization). Guidelines for drinking-water quality (electronic
resource). Incorporating first addendum. 3rd edn, volume 1. Recommendations.
World Health Organization, Geneva. 2006.

WHO (World Health Organization. Polynuclear aromatic hydrocarbons in drinking-
water. Background document for development of WHO guidelines for drinking-water
quality. Geneva: World Health Organization. 2003.

Ogbonna DN, Origbe ME. Distrinution of polycyclic aromatic hydrocarbons in
surface water and fishes in Bodo/Bonny River Nigeria. International journal of
environment and climate change. 2021; 11(6):90-99.

Allison TA, Paul CW.. Integrated risk assessment using Chrysichthys nigrodigitatus:
A case study of New Calabar River Basin. International Journal of Environment and
Pollution Research. 2014; 2(3): 42-69.

Sun J, Chen X, Yu J, Chen Z, Liu L, Yue Y, Fu Z, Yang M, Wang F. Deciphering
Historical WaterQuality Changes Recorded in Sediments Using eDNA. Front.
Environ. Sci. 2021; 9: 669582. doi: 10.3389/fenvs.2021.669582

Ekere NR, Yakubu NM, Oparanozie T, Ihedioha JN. Levels and risk assessment of
polycyclic aromatic hydrocarbons in water and fish of Rivers Niger and Benue
confluence Lokoja, Nigeria. Journal of Environmental Health Science and
Engineering. 2019; 17: 383-392.

Bekibele GE, Anacletus FC, Onuoha SC. Comparative Assessment of Polycyclic
Aromatic Hydrocarbons (PAHS) and Heavy Metals in Catfish from Rivers, Swamp
and Commercial Fish Ponds in Oil and Non-Oil Polluted Areas in Rivers and
Anambra States. Journal of Environmental Science, Toxicology and Food
Technology. 2019; 13(3). 13-18.

Bramatti 1, Matos B, Figueiredo N, Pedro-Ferreira P, Branco V, Martins M.
Interaction of polycyclic aromatic hydro carbon compounds in fish primary
hepatocytes: from molecular mechanism to genetic effects. Science of The Total
Environment. 2023; 855-158783.

WHO (World Health Organization) and FAO (Food and Agriculture Organization).
(2011). Codex Alimentarius Commission: Strategic Plan 2008-2013. Retrieved 12"
July, 2022, from https://www.fao.org/docrep/010/a1384e/a1384e00.htm

De Boer J, Stronck CJN, Traag WA, van der Meer J. Non-ortho and mono-ortho
substituted chlorobiphenyls and chlorinated dibenzo-p-dioxins and dibenzofurans in
marine and freshwater fish and shellfish from the Netherlands. Chemosphere. 1993;
26(10), 1823- 42.

Salgoviova D Zmetakova Z. Polychlorinated biphenyls in muscle tissue of
freshwater fish in East Slovakia. J. Food and Nutr. Res. 2006; 45: 171-178.

Osuala FI, Abiodun OA, Okorofore CU. Assessment and risk of polychlorinated
biphenyls in Chrysichthys nigrodigitatus, Cynoglossus senegaliensis and Pseudolithus


https://www.fao.org/docrep/010/a1384e/a1384e00.htm

23.

24,

25.

26.

27.

28.

elongatus to consumers: A study of Lagos Lagoon. FUW Trends in Science and
Technology Journal. 2019; 4(1): 126 — 130.

Unyimadu JP, Osibanjo O, Babayemi JO. Polychlorinated Biphenyls in Brackish
Water Fish in the River Niger, Nigeria. Journal of Health and Pollution. 2018; 8(17):
31-42.

Jaward FM, Alegria HA, Galindo JG, Hoare A. Levels of PAHs in the waters,
sediments, and shrimps of Estero de Urias, an estuary in Mexico, and their
toxicological effects. The Scientific World Journal. 2012; 12: 1-9.

Gupta C. Reproductive malformation of the male offspring following maternal
exposure to estrogenic chemicals. Proceedings of the Society for Experimental
Biology and Medicine. 2000; 244(2): 61-68.

Jokinen MP, Walker NJ, Brix AE. Increase in cardiovascular pathology in female
Sprague-Dawley rats following chronic treatment with 2,3,7,8-tetrachlorodibenzo-p-
dioxin and 3,30,4,40,5-pentachlorobiphenyl. Cardiovascular Toxicology. 2003; 3(4):
299-310.

Lind PM, Orberg J, Edlund UB. The dioxinlike pollutant PCB 126 (3,30,4,40,5-
pentachorobiphenyl) affects risk factors for cardiovascular disease in female rats.
Toxicology Letters. 2004; 150: 293-299.

Rylander L, Rignell-Hydborn A, Hagmar L. A cross-sectional study of the association
between persistent organochlorine pollutants and diabetes. Environmental Health.
2005; 4: 28-33.



