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Abstract: The impact of dredging on water quality of Igbedi Creek, upper Nun River, Niger Delta was
investigated from June 2009 to May 2011. Two locations — Ogobiri (Dredged) and Agoro-Gbene (Un-dredged)
were studied. Two locations — Ogobiri (Dredged Location) and Agoro-Gbene (Un-dredged Location) were
studied. For the purpose of this study, the selected dredged and non-dredged sites were divided into stations:
Ogobiri — OGO;DA=Dredged Area, OGO,g,DS=Downstream, OGO,s,US=Upstream; Agoro-gbene -
AGO;DS=Downstream, AGO;MD=Midstream, AGO,US=Upstream. The data revealed significant spatial
differences (P<0.05) between the locations in all the water quality parameters measured except for DO, Temp.
and pH. There were significant temporal variations as well between the locations in the following parameters:
Temperature, Turbidity, Conductivity, NO3,, NO,, S0,%, and BODs The results further showed high increase in
values for Turbidity and NO, in the station immediately downstream of the dredged area but steadily declined
downstream. These results are clear indications that dredging significantly affected the water quality of the
creek.

I.  Introduction

Dredging activities have the potential to impact the water quality of aquatic systems. Depending upon
the nature of the dredged material, its disturbance from the sea bed may lead to changes in the chemical
composition of the water. For example many toxicants such as heavy metals and organic contaminants tend to
stick to particulate matter and sink to the sediment. Some of these contaminants are very persistent in the
sediment and some may change their oxidation state during burial, which alters their solubility. If these
sediments are disturbed, the contaminants can be released to the water column and affect marine life (DSE,
2011).

River channels have been destroyed by straightening, dredging, damming, and water withdrawal for
irrigation and industrial and domestic uses. Degradation of living systems inevitably follows. Biological
diversity in aquatic habitats is threatened; aquatic biota have become homogenized through local extinction, the
introduction of alien species, and declining genetic diversity (Moyle and Leidy, R.A. 1992; Whittier et al.,
1997).

This research is intended to access the level of impact of dredging operations on the water quality of Igbedi
Creek, upper Nun River. The objectives of the research are:
e To assess the physico-chemical characteristics of the surface waters samples of the various stations in
the Dredged and Un-dredged sites.
e Compare the data obtained in the Dredged and Un-dredged site and determine the possible impact of
dredging on water quality of Igbedi Creek, upper Nun River.

Il.  Methodology

[1]Study Area

The study was carried out in Igbedi Creek, a tributary of the Upper Nun River in the Niger
Delta located between latitude 5°NO1* and 6°17°E. The stretch of the river is a long and wide meander whose
outer concave bank is relatively shallow with sandy point bars (Abowei, 2000). The depth and width of the
river vary slightly at different points (Sikoki et. al., 1998). The minimum and maximum widths are 200 and 250
meters respectively. The river is subjected to tidal influence in the dry season. Water flows rapidly in one
direction during the flood (May — October). At the peak of the dry season, the direction of flow is slightly
reversed by the rising tide. At full tide the flow is almost stagnant.

[2]Field Study & Collection of Samples
Two communities were chosen as sample communities for this study. These are: Ogobiri (Dredged
Location), in the Sagbhama Local Government Area (SALGA) i.e. the community where the dredging is taking
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place, and Agoro-Gbene (Un-dredged Location), also in Sagbama Local Government Area (SALGA) which is a
community that is relatively undisturbed. Both communities are located along the Nun River and are both
predominantly fishing communities.

For the purpose of this study, the selected dredged and non-dredged sites were divided into stations: Ogobiri —
OGO;DA=Dredged Area, 0GO,g,DS=Downstream, 0GO,¢,US=Upstream; Agoro-gbene -
AGO,;DS=Downstream, AGO;MD=Midstream, AGO,US=Upstream.

Collection of Water Samples

Water samples were collected from three (3) points on each of the stations in each study location.
Water samples were collected as subsurface water samples at a depth of about 15-20cm below surface. The
water samples were collected using DO bottles, BOD bottles and 1 litre containers for the measurement of other
water quality parameters respectively. The sampling bottles/containers were rinsed three times with the water at
the specific sampling spots before the collection of samples. Generally, the samples were collected by lowering
the containers by hand below the surface level. The containers were completely immersed in water, and were
corked (stoppered) under water. The water samples were fixed and preserved on the site. Winkler 1 & 11
solutions were added into the water samples for DO; the samples for BOD were stored in ice-cold containers
and taken to the laboratory. The water samples were subsequently taken to the laboratory for analysis. The water
samples were treated and analysed using methods described by APHA (2011), Onyeike and Osuji (2003).

[3]Analysis of Experimental Data

The contaminant concentrations found in each of the aquatic media were compared to World Health
Organization (WHO) acceptance limits for drinking water (WHO, 2011). The following statistical tools were
used to analyzed the data obtained — Analysis of Variance (ANOVA) for water data analysis; Microsoft Excel
(2010) for computation of means and standard deviation.

I11.  Results And Discussion

The physico-chemical parameters of water samples for both Ogobiri (Dredged) and Agoro-Gbene (Un-
Dredged) Locations are shown in Tables 1&2.

The monthly depth values ranged between 0.50m and 29.50m across the locations and stations. The
mean depths were significantly different (P<0.05) across the stations. There were significant differences
(P<0.05) in mean depth in Ogobiri (8.50m +0.64) and Agoro-Gbene (7.19m+0.51) locations There was no
significant (P>0.05) variation in depth between the locations for dry (7.36mz+0.72, 6.34m+0.90) and wet
(9.62+0.72, 8.11+0.91) seasons. These values compare favorably with results obtained in other studies in the
Nun River. Water depth correlated significantly with Current Velocity, but was inversely related to temperature,
turbidity, conductivity and fish species abundance (Otobo, 1993). The mean depth in Ogobiri location was
significantly higher than values obtained in Agoro-Gbene location; this can be attributed to the dredging
operation in Ogobiri resulting in much higher depths than usual as a result of excessive extraction of sand from
the river bottom.

The monthly current velocity values ranged between 0.02ms™ and 0.54ms™ across the locations and
stations. The mean current velocity were significantly different (P<0.05) across the stations. There were
significant difference (P<0.05) in mean current velocity in Ogobiri (0.17ms*+0.01) and Agoro-Gbene (0.20ms’
1+0.01) locations There was no significant (P>0.05) variation in current velocity between the locations for dry
(0.14ms™+0.01, 0.18ms™+0.01) and wet (0.19ms™+0.01, 0.22ms*+0.01) seasons. The faster current velocity
during the flood season and low flow in the dry season are in agreement with Otobo (1995b) and Abowei
(2000).

The monthly pH values ranged between 5.50 and 8.72 across the locations and stations. The mean pH
were significantly different (P<0.05) across the stations. There was no significant difference (P>0.05) in mean
pH in Ogobiri (7.17+0.01) and Agoro-Gbene (7.26+0.01) locations There was no significant (P>0.05) variation
in pH between the locations for dry (6.89+0.06, 6.88+0.08) and wet (7.44+0.06, 7.65+0.08) seasons. The pH
range of 5.50 — 8.72 obtained in this study shows an acidic to alkaline condition for the study locations. The
mean values of 7.17+0.01 and 7.26+0.01 obtained in Ogobiri and Agoro-Gbene locations exhibited slightly
alkaline conditions. This agrees with earlier findings from tropical aquatic ecosystems (Welcome, 1986) and
Otobo (1995b) who also recorded a pH of 7.3. The mean pH values recorded in the locations were within the
preferred pH of 6.5 — 9.0 recommended for optimal fish production (Boyd and Lichktopller, 1979). However,
the pH in the dredged location was generally acidic ranging from 6.69 — 6.93, acidic sediment can have an
adverse effect on fisheries distribution.

The monthly water temperature values ranged between 26.1°C and 29.8°C across the locations and
stations. The mean temperatures were significantly different (P<0.05) across the stations. There was no
significant difference (P>0.05) in mean temperature in Ogobiri (27.9+0.02) and Agoro-Gbene (28.2°C 2+0.02
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locations. There was also no significant (P>0.05) variation in temperature between the locations for dry (27.4°C
+0.08, 28.3°C+0.10) and wet (28.3°C+0.08, 28.2°C+0.10) seasons. The range of surface water temperature in
this study (26.1°C — 29.8°C) is in agreement with Otobo (1995b) who reported a range of 26 °C - 30 °C for the
Nun River. The temperature range is also typical of 25 °C - 30 °C in African Rivers (Macan, 1963). It is also
within the reported range of 21 °C - 30 °C in the Niger Delta (Ewa, 1988; Hutchinson, 1957). These findings
agree with earlier works in the Niger Delta waters by Chindah et. al ., (1998) who reported temperature range of
between 26 °C - 30.5°C; Zabbey (2002) between 26.3 °C — 30.4; Braide et al., (2004) 26.64 °C — 30.8 °C; Ansa
(2005) 25.9°C — 32.4 °C; Hart and Zabbey (2005) 25.8 °C — 27.8 °C; Sikoki and Zabbey (2006) 26 °C — 27.8 °C;
Dibia (2006) 25 °C - 27 °C; Seiyaboh et al., (2007) 26 °C and Jamabo (2008) who reported a temperature range
of 27°C - 30°C in the Upper Bonny River of Niger Delta.

The monthly water turbidity values ranged between 22.15NTU and 125.80NTU across the locations
and stations. The mean turbidity were significantly different (P<0.05) across the stations. There was significant
difference (P<0.05) in mean turbidity in Ogobiri (62.54NTUx0.64) and Agoro-Gbene (44.25NTUx0.81)
locations. There was significant (P<0.05) variation in temperature between the locations for dry
(50.76NTU=£1.50, 36.59NTU+1.94) and wet (73.91NTU=£1.55, 51.99NTU+1.96) seasons. The turbidity range of
22.15NTU — 125.80NTU observed in this study showed a gradual increase in turbidity values from the upstream
stations to downstream stations along the creek. These values were higher than the values obtained by Seiyaboh
et. al., (2007) ranging from SNTU — 64NTU in the Nun River. The mean turbidity value of 62.54NTU recorded
in Ogobiri (Dredged) location was significantly higher than 44.25NTU recorded in Agoro-Gbene (Undredged)
location. This can be attributed to the dredging operation in the area. The results also showed much higher
values for Turbidity in the station immediately downstream of the dredged area and steadily declined further
downstream.

The monthly conductivity values ranged between 50.00phmoscm™ and 167.00phmoscm™ across the
locations and stations. The mean conductivity were significantly different (P<0.05) across the stations. There
was significant difference (P<0.05) in mean conductivity in Ogobiri (76.23uhmoscm™ +2.60) and Agoro-Gbene
(65.44phmoscm™+3.29) locations. There was significant (P<0.05) variation in conductivity between the
locations for dry (85.00phmoscm™+4.30, 76.91uhmoscm™+5.56) and wet (64.47uhmoscm™+4.44,
54.02puhmoscm™+5.61) seasons. The conductivity range (50puhmosecm™ - 167uhmoscm™) obtained in this study
compares favorably with the range of 89 phmoscm™ - 110phmoscm™ recorded for the Nun River around
Tombia by Seiyaboh et. al., (2007). However, these values are higher than the range of 30phmoscm™ -
71puhmoscm™ recorded for the Niger Delta and Otobo (1995b) range of 42phmoscm™ - 68phmoscm™ in the Nun
River around Polaku. The mean conductivity value of 76.23puhmoscm™ in Ogobiri (Dredged) location was
significantly higher than 65.44puhmoscm™ recorded in Agoro-Gbene (Undredged) location. This may be
indicative of the impact of dredging.

The monthly DO values ranged between 2.1mg/l and 6.5mg/l across the locations and stations. The
mean DO were significantly different (P<0.05) across the stations. There was no significant difference (P>0.05)
in mean DO in Ogobiri (3.7mg/I+0.03) and Agoro-Gbene (3.4mg/I+0.04) locations. There was also no
significant (P>0.05) variation in DO between the locations for dry (4.2mg/l1£0.07, 3.6mg/I+0.09) and wet
(3.2mg/1£0.07, 3.1mg/1+0.09) seasons. The DO values ranged between 2.1mg/l — 6.5mg/l and is close to that
obtained by Seiyaboh et. al., (2007) in the Nun River (3.8mg/l — 7.2mg/l). The higher DO values recorded in the
dry season did not agree with the findings of Egborge (1971) who reported that DO is generally higher in the
wet season in the tropics. The lowest Do value was recorded at the peak of the wet season and in the dredged
location.

The monthly TDS values ranged between 25.00mg/l and 85.60mg/l across the locations and stations.
The mean TDS were significantly different (P<0.05) across the stations. There was significant difference
(P<0.05) in mean TDS in Ogobiri (36.18mg/1£0.39) and Agoro-Ghene (32.62mg/I1+0.04) locations. There was
also significant (P<0.05) variation in TDS between the locations for dry (43.23mg/1+£0.83, 38.20mg/I£1.07) and
wet (29.13mg/1+0.86, 27.06mg/l£1.08) seasons. The mean TDS value of 36.18mg/l in Ogobiri (Dredged)
location was significantly higher than 32.67mg/I recorded in Agoro-Gbene (Un-dredged) location. This may be
attributed to the release of nutrients as a result of re-suspension of sediments during dredging operations.

The monthly NOj3™ values ranged between 0.023mg/l and 0.550mg/I across the locations and stations.
The mean NO3™ values were significantly different (P<0.05) across the stations. There was significant difference
(P<0.05) in mean NOj in Ogobiri (0.132mg/1£0.22) and Agoro-Gbene (0.205mg/I+0.22) locations. There was
also significant (P<0.05) variation in NO3 between the locations for dry (0.107mg/I+0.01, 0.271mg/I+0.01) and
wet (0.159mg/1+0.01, 0.142mg/I+0.01) seasons. Nitrate values ranged from 0.023mg/l — 0.550mg/l and were
lower than that obtained by Seiyaboh et. al., (2007) in the Nun River (0.32mg/l — 4.15mg/l). The mean NO3’
value of 0.132mg/l in Ogobiri (Dredged) location was significantly lower than 0.205mg/l obtained in Agoro-
Gbene (Un-dredged) location.
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The monthly NO,™ value s ranged between 0.021mg/l and 0.168mg/l across the locations and stations. The mean
NO, values were significantly different (P<0.05) across the stations. There was significant difference (P<0.05)
in mean NO, in Ogobiri (0.090mg/1+0.001) and Agoro-Gbene (0.074mg/1+0.001) locations. There was also
significant (P<0.05) variation in NO, between the locations for dry (0.084mg/l+0.003, 0.089mg/1+0.003) and
wet (0.096mg/1+0.003, 0.059mg/I1+0.003) seasons. The mean NO, value of 0.090mg/l in Ogobiri (Dredged)
location) was significantly higher than 0.074mg/I obtained in Agoro-Gbene (Un-dredged) location. The results
showed higher values for NO, in the station immediately downstream of the dredged area which steadily
declined further downstream. This is indicative of impact of dredging on NO,™ level.

The monthly CI" values ranged between 0.10mg/l and 1.09mg/l across the locations and stations. The
mean CI" values were significantly different (P<0.05) across the stations. There was significant difference
(P<0.05) in mean CI" in Ogobiri (0.48mg/I+1.09) and Agoro-Gbene (0.41mg/l+1.37) locations. There was no
significant (P>0.05) variation in CI" between the locations for dry (0.36mg/lI+2.46, 0.32mg/l£3.17) and wet
(58.81mg/1+2.53, 49.33mg/1+3.20) seasons. The mean CI” value of 0.48mg/l in Ogobiri (Dredged) location was
significantly higher than 0.40mg/l obtained in Agoro-Gbene (Un-dredged) location.

The monthly SO, values ranged between 3.30mg/l and 12.50mg/l across the locations and stations.
The mean SO,* values were significantly different (P<0.05) across the stations. There was significant difference
(P<0.05) in mean SO,* in Ogobiri (6.83mg/I+0.06) and Agoro-Gbene (8.29mg/I+0.08) locations. There was
also significant (P<0.05) variation in SO,* between the locations for dry (7.50mg/l+0.14, 7.45mg/1+0.18) and
wet (6.16mg/1+0.15, 9.12mg/1+0.19) seasons. The mean S0,*value of 6.83mg/I in Ogobiri (Dredged) location)
was significantly lower than 8.29 mg/I obtained in Agoro-Gbene (Un-dredged) location.

The monthly ALK. values ranged between 7.00mg/l and 128.00mg/l across the locations and stations.
The mean ALK. values were significantly different (P<0.05) across the stations. There was significant
difference (P<0.05) in mean ALK. in Ogobiri (54.87mg/I+1.06) and Agoro-Gbene (64.12mg/I+1.34) locations.
There was also significant (P<0.05)I variation in ALK. between the locations for dry (30.38mg/l+2.71,
40.34mg/1+3.50) and wet (79.95mg/1+2.79, 87.95mg/l+3.53) seasons.

The monthly BODs values ranged between 0.7mg/l and 12.7mg/I across the locations and stations. The
mean BODs values were significantly different (P<0.05) across the stations. There was significant difference
(P<0.05) in mean BODs in Ogobiri (3.6mg/1+0.27) and Agoro-Gbene (4.4mg/I1+0.34) locations. There was also
significant (P<0.05) variation in BODs between the locations for dry (4.8mg/I+0.24, 7.4mg/1+0.30) and wet
(2.3mg/1£0.24, 1.4mg/1£0.31) seasons. The BODs values ranged from 0.7mg/l — 12.7mg/l and these values
varied considerably from 1.97mg/l — 2.69mg/g recorded by Abowei & George (2009) in Okpoka Creek, Niger
Delta, Nigeria.

IV.  Conclusion
The results indicate that the watert quality in the Un-dredged location were generally better than in the
Dredged location. From the above information, it is concluded that there has been an impact of dredging on the
water quality of Igbedi Creek, Upper Nun River.
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Table 1: Mean Physico-Chemical Characteristics of water Samples in Ogobiri Location
Parameters 0GO;DA 0GO,DS 0GO,DS 0GO,US 0GO0,CO
DEPTH (m) 9.43+1.19° 8.88+1.10° 9.3241.10° 8.27+1.15° 6.58+1.12°

CUR. VEL. ms* 0.16£0.01° 0.16£0.01%° 0.57£0.01%° 0.19£0.01° 0.1120.01°°
PH 7.20£0.03* 7.1140.02° 7.22+0.02% 7.18+0.02° 7.12+0.03%
TEMP °C 27.93£0.05° 28.28+0.04° 27.87.0.04° 27.9240.04“ 27.51%0.04°
TURB. NTU 82.32+1.40° 71.21+1.38° 53.76+1.38° 54.76+1.44° 50.63+1.41°
COND. phmoscm’™ 76.5146.11% 69.35£5.65° 68.96%5.65° 68.94+5.88° 97.415.77°
DO my/l 3.9£0.08" 4.1#0.07° 3.5+0.07° 3.340.07° 3.840.07°
TDS mg/l 39.48+0.92° 35.10+0.88" 35.10+0.85%° 35.07+0.88% 36.26+0.87°
NOs mg/l 0.143+0.004° 0.196+0.003 0.105+0.003° 0.170+0.004° 0.092+0.004°
NO, mg/l 0.080+0.002° 0.108+0.001° 0.106+0.001° 0.095+0.001° 0.060+0.001°
CI"mg/l 0.44+2.55° 0.64+2.36° 0.41+2.36° 0.46%2.45° 0.46+2.41°
SO,% mgll 7.5340.15b° 7.24%0.14° 7.06£0.14° 6.09+0.14° 6.22+0.14°
ALK mg/l 52.83%2.49° 50.64+2.31% 51.81+2.31% 57.28+2.40° 61.88+2.35
BOD® mg/I 3.8+0.06° 4.2+0.06" 3.8+0.06° 2.4+0.06° 3.6+0.06°
Key: OGO;DA=Dredged Area, OGO;g,DS=Downstream, OGO, ¢,US=Upstream
Table 2: Mean Physico-Chemical Characteristics of water Samples in Agoro-Gbene Location
Parameters 0GO,DS 0GO,MD 0GO,US

DEPTH (m) 6.92+1.12° 6.92+1.12° 6.92+1.12°

CUR. VEL. ms-! 0.192+0.01%° 0.194+0.01%° 0.21+0.01°

PH 7.1540.03% 7.3240.02° 7.2940.02°

TEMP °C 28.19+0.04° 28.23+0.04° 28.24+0.04%

TURB. NTU 35.95+1.41° 48.49+1.38° 48.31+1.38"

COND. ghmoscm™ 66.47+5.77° 64.9145.15° 64.93+5.65°

DO mg/l 2.9£0.07° 2.74¢0.07° 3.5£0.07°

TDS mg/l 33.310.87% 31.9310.85° 32.610.85%

NO; mg/I 0.226+0.004° 0.196+0.003" 0.192+0.003*

NO, mg/l 0.074+0.001° 0.070+0.001° 0.079+0.001°

Cl'mg/I 0.43+2.41° 0.44+2 36" 0.36%2.36°

S0,% mgll 7.42+0.14° 8.83+0.14° 8.14+0.14°

ALK mg/I 64.6542.35" 60.08+2.31% 67.61+2.31°

BOD® mgl/l 4.140.06° 4.740.06° 4.4+0.06"

Key: AGO;DS=Downstream, AGO;MD=Midstream, AGO;US=Upstream

www.iosrjournals.org 55 | Page



Impact of Dredging on the Water Quality of Igbedi Creek, Upper Nun River, Niger Delta, Nigeria

Table 3: Seasonal Mean for Ogobiri & Agoro-Gbene Locations (Water)

PARAMETERS AGO DRY AGO WET OGO DRY OGO WET
DEPTH (M 6.34+0.90 8.11+0.91 7.36%0.70 9.62+0.72
CUR. VEL. ms-1 0.18+0.01 0.22+0.01 0.14+0.01 0.19+0.01
PH 6.88+0.08 7.65+0.08 6.89+0.06 7.44+0.06
TEMP °C 28.27+0.10 28.17+0.10 27.41+0.08 28.33+0.08
TURB. NTU 36.59+1.94 51.99+1.96 50.76+1.50 73.91£1.55
COND. uhmoscm'1 76.91+5.56 54.0215.61 85.00+4.30 64.47+4.44
DO mg/l 3.6+0.09 3.1+0.09 4.2+0.07 3.2+0.07
TDS mg/l 38.20+1.07 27.06+1.08 43.23+0.83 29.13+0.86
NO3; mg/I 0.271+0.01 0.142+0.01 0.107+0.01 0.159+0.01
NO; mg/Il 0.089+0.003 0.05940.003 0.084+0.003 0.096+0.003
CI'mg/I 0.3243.17 0.4943.20 0.36%2.46 0.59+2.53
S0,% mgl/l 7.45+0.18 9.12+0.19 7.50+0.14 6.16+0.15
ALK mg/I 40.34+3.50 87.95+3.53 30.38+2.71 79.95+2.79
BOD® mgl/l 7.4+0.30 1.4+0.31 4.8+0.24 2.3+0.24
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