Physicochemical Parameters of Anthropogenic and Non-anthropogenic Locations of Eniong River, Niger Delta, Nigeria
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Abstract 
This research was conducted to compare selected physicochemical water quality parameters of identified locations subjected to predominant anthropogenic activities as against  locations of comparatively less or non-anthropogenic activities of Eniong River.  Water samples for selected physicochemical parameters were collected with plastic containers, while samples for Dissolved Oxygen (DO) were collected using amber bottles.  Temperature, pH, Electrical Conductivity, Salinity, Total Dissolved Solids (TDS), Turbidity and Dissolved Oxygen (DO) were measured in situ.. The heavy metals content of the water in sampled locations were analyzed using Atomic Absorption Spectrophotometer (AAS). The results obtained showed that pH ranged from 5.05 – 5.66 with the mean of 5.338±0.18; 5.08 – 6.1 averaging 5.494±0.3 for Anthropogenic Zone and Non-anthropogenic Zones respectively. Statistically, the result shows that the mean value for Anthropogenic Zone is 9.9495 with a standard deviation of 15.23884 and that of the Non-anthropogenic Zone value was 8.6809 with a standard deviation of 13.05525. The calculated t-value was 0.276 with 36 degrees of freedom (df) and the P-Value of 0.784. However, since P>0.05 (level of significance), it therefore implies that there was no significant difference in the statistical values of the physicochemical characteristics of Eniong River Samples between Anthropogenic and non-Anthropogenic zones? The study concluded that despite the clearly contrasting scenarios of anthropogenic activities between the locations sampled, the resultant insignificant differences of the physicochemical parameters measured is attributable to the sustained dilution effects of the water in areas prone to anthropogenic activities, due to continual flow of the river from upstream to the down-stream areas.  
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Introduction
Simpi et al. (2011) reported that “water is one of the most vital compounds of the ecosystem, but due to increased human population, industrialization, use of fertilizers in the agriculture and man-made activity, there is heavy and varied pollution in aquatic environment; leading to degraded water quality and depletion of aquatic biota”. It is therefore mainly as a result of anthropogenic activities that water resources; surface, underground and even atmospheric moisture within our planets gets adversely impacted; losing it’s fit for natural use purpose either entirely or in components. 
Obio Usiere Community and it’s environs, the very upper reaches where Eniong river flows from and before traversing various other communities, prior to mixing (formation of a confluence) with water from Cross River, in a location; Obom-Itiat-Itu Community, is always saturated with atmospheric moisture and the peak of the rainy season coincides with periods of low evaporation, high rainfall intensity and frequency as well as high ground water recharge rates. Udosen et al (2016) reported that the above conditions are known to alter both the water quality status and the hydrologic regimes of river in the humid tropics. The report further highlighted very wide variations in the physicochemical parameters during the wet season in sharp contrast to narrow range of coefficient of variation in dry seasons. In a research conducted by Dan et al (2014), it was found that the seasonal variations, distribution pattern, enrichments and contamination of heavy metals in Qua Iboe river estuary showed elevated concentrations during the wet season months and they attributed this trend to adsorption/dissolution and distribution of the physicochemical parameters viz; temperature, salinity, pH, TDS, DO, TSS and electrical conductivity. These parameters were also found to be highly variable during wet season in Eniong River.
Eniong River is blackwater in colour. Blackwater rivers are found throughout the world (Fork, 2012). Blackwater rivers tend to have low hydraulic gradients that generate lower average flow velocity and more variable flow than spring runs, irrespective of their geography (Fork, 2012). The dark amber-colored water results from high concentrations of fulvic acids and tannins, organic carbon compounds derived from the breakdown of terrestrial vegetation in the swamps and wetlands where these rivers originate. While slow flow makes these rivers hydrologically suitable for phytoplankton communities, low light transmission through dark-colored water causes light limitation of water-column production.

The Blackwater River has been influenced by anthropogenic activities including historic logging   practices   where   logs   were   floated   down   the   river   causing   bank   erosion   and sedimentation (GSA, 2009).    Also cassava mills sited along the bank of the river, has most of the organic wastes of cassava peels and effluents arising from cassava fermentation and processing discharged into the river.  The  degree  to  which  the  river  has  changed  as  well  as  the  stability  and sustainability  the  current  state  of  the  river  is  largely  unknown.    The role that woody debris and riparian buffers have on stream stability is also poorly understood.  It is important to understand the stability of the river channel and the main factors that influence its form and function in order to consider appropriate restoration techniques.  

‘Blackwater’ occurs naturally in rivers and wetlands when decaying organic matter increases the level of dissolved tannin in the water, resulting in tea-coloured water. Hiriart-Baer et al (2013) described blackwater as when flood water moves across the floodplain, organic materials such as leaf litter and woody debris are broken down, which results in a higher concentration of dissolved organic carbon in the water. This is one of the main fuels for the aquatic food web, providing food for microbes and aquatic insects that, in turn, feed fish, frogs, birds and other wetland animals (Bertilsson and Jones, 2003). Blackwater in inland rivers and creeks is common, especially after flooding, and normally plays an important part in maintaining a healthy ecosystem (Fellman et al., 2009). Dissolved oxygen levels in inland rivers are typically around six to nine milligrams per litre, which maintains healthy habitat and a diverse mix of animals. Low dissolved oxygen levels in inland rivers and creeks can lead to stress and death in native fish and other aquatic animals. Prolonged periods at or below four milligrams per liter typically result in physiological stress to fish and crustaceans. Fish may be seen ‘gasping’ for air near the surface or floating on their sides and crayfish may leave the water. At three milligrams per liter and below, the risk of fish mortality, or fish kill, increases. Fish kills can be quite localized around areas where oxygen levels have been reduced.

In addition to the indigenous micro-flora, the river waters also contain allochthonic microorganisms that can be potentially harmful to the health and life of humans (Augustyn et al, 2016). For hygienic-sanitary safety reasons, the amount of this type of microorganisms found in river waters is constantly monitored, especially in cases when the river water is used for human consumption. However, natural factors also may be relevant, e.g., precipitation, or birds can be a source of microbiological contamination. The surface water is a reservoir of a spectrum of pathogenic microorganisms, including coliforms, thermotolerant coliform bacteria, Enterococcus faecalis, and Salmonella sp. All these bacteria are referred to as sewage bacteria that deserve special attention. As intestinal bacteria, a special pathogenic feature is exhibited by Salmonella, including those that cause typhoid. An elevated concentration of sewage bacteria is a potential threat to human health in the case of sewage penetration into the environment. Therefore, the occurrence of all above-mentioned bacteria in the water may be indicative of “fresh” water pollution with sewage. These microorganisms can cause many problems, among which are: fever, diarrhea, nausea, vomiting, and in extreme cases they can lead to death (Augustyn et al, 2016).

The Blackwater River has a unique water chemistry that is generally referred to as 'blackwater'. The inherently low nutrient and dissolved oxygen levels of black water make it particularly susceptible to undergoing changes when contaminated with nutrients or chemicals. The sandy materials comprising much of the geology and soils in the area do not retain organic materials well and nutrient pollutants move through them easily. The result is a rapid movement of nutrients from their source to nearby ground or river waters. Nutrients entering the river can drive a proliferation of algal growth increasing the biological oxygen demand, resulting in a decrease of the already low dissolved oxygen levels (Blackwater River, 2009).
In  the  river  itself  the  sediment  types  vary slightly  allowing  for  a  number  of  different  habitats  within  the  river. Much  of  the  river  sediment  is  shifting  white  quartz  sand,  where  the water depth can range from 1 to 15 feet (Eash et al., 2007).  This sediment type provides habitat for a low diversity of flora or fauna due to its constant movement.  On the banks of the river and in water depths of a  few  inches  to  less  than  a  foot,  the  packed  sand  is  covered  with  a  thin  layer  of  silt.    There  is generally  a  large amount  of  debris,  including  downed  trees  and  leaf  litter,  creating  little  or  no current.    This  area  has  a  larger  diversity  of  fauna,  including  some  burrowing  insect  and  marine species  as  well  as  some  submerged vegetation (F’arm, 2002).    Along  the  river  there  are  also  backwaters  or swamps which provide yet another very important habitat for both flora and fauna.  The bottoms of  these  wetland  features  have  a  much  higher  silt  and  organic  sediment  content  than  along  the river  flow  path.  The  water  is  generally  a  foot  deep  with  little  or  no  movement.    All  of  these different  portions  of the  river  provide  important  refugia  and  habitat  for  flora  and  fauna, especially for young fishes.     

Hiriart-Baer et al (2013) found that dissolved organic matter (DOM) from aquatic environment forms the largest pool of organic matter composing of organic forms of carbon (C), nitrogen, sulphur, and phosphorus. Typically, the DOM pool is composed of humic substances (fulvic and humic acids), macromolecular hydrophilic acids, and low-molecular-weight (LMW) compounds (e.g., carbohydrates, amino acids, etc), although these proportions are variable. The humic substances are dominated by fulvic acids, which are yellow, moderate molecular weight organic acids originating from the microbial degradation of plant and animal remains. 
In freshwater ecosystems, sources of DOM are often dominated by allochthonous inputs from the surrounding catchments, especially in boreal lakes, which are supplemented by autochthonous DOM generated by internal processes, and atmospheric inputs. For any given ecosystem, the quantity and quality of DOM will be a balance between external inputs and internal processes (production and losses), which are influenced by internal and external factors such as water residence time, trophic status, watershed hydrology and soil composition, land use, and local precipitation. 
Sources of allochthonous DOM are in part the product of atmospheric dust and gases, and leaf and root litter, as well as primary and secondary metabolites of microorganisms. Sources of autochthonous DOM typically originate from the extracellular or viral release of DOM from algae and macrophytes, the senescence of these organisms, and the production of DOM through grazing.
Nonpoint sources of pollution are much harder to determine in a watershed, as they can be the product of a number of land-uses as well as anthropogenic activities. Nonpoint sources can include, but are not limited to, agricultural run-off, septic tank contamination, and development activities such as road building or shoreline stabilization (Cogger, 2009).
Materials and Methods
The Study Area

It was found that Eniong River is naturally black in colour which tends to have low hydraulic gradients that generate lower average flow velocity and more variable flow than spring runs, irrespective of their geography. The dark amber-colored water results from high concentrations of fulvic acids and tannins, organic carbon compounds derived from the breakdown of terrestrial vegetation in the swamps and wetlands where these rivers originate. The Black Water River has been influenced by anthropogenic activities including historic logging practices where logs were floated down the river causing bank erosion and sedimentation as well as cassava mills sited along certain areas along the river banks and other related anthropogenic activities along the bank of the river.
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Eniong creek is 24.2mm long and lies between latitudes 5o04’ and 5o13’ N, and between longitudes 7o47’ and 7o58E. The creek is stratified into three sections: Lower, middle and upper. The lower section comprises two villages, Obio Usiere and Asang. The middle section consists of three villages: Obu, Obot-Apabio and Akani-Obio. The upper section is made up of three villages: Ikpanya, Opoto and Nkana. The choice of the sampling stations were based on the contrasting geomorphometry of the sub-catchments and possible anthropogenic inputs from activities of transportation, farming practice, domestic and cottage industrial discharges into rivers and streams which finally emptied into main Cross River channel.
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Plate1a:Cassava Processing Plant  Plate1b: Organic waste dump site  Plate1c: Cassava Fermentation    Plate 1d: Market site
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Plate1e: Insitu measurement           Plate1f: Fish landing site             Plate1g: Produce transportation      Plate 1h: Produce Jetty site
Plates 1a to 1h: Shwowing different sampling points/anthrpogenic activities along Eniong River as observed during the study
Methodology

Collection of Samples

The samples were collected from eight (8) locations spanning from Okopedi River to Eniong River. Prior to collecting the water samples, each container was first rinsed with the water from the River. Samples for physicochemical parameters were collected into one-liter plastic containers. Temperature, pH, Electrical Conductivity, Salinity, Total Dissolved Solids (TDS), were measured in situ using Jenway Hand Held Meter Model 430. Turbidity was measured using Horiba Water Quality Meter Model W-2000S/W-23XD while Dissolved Oxygen (DO) was measured in-situ using Jenway Model 970 MK II. The heavy metals were analyzed by using Atomic Absorption Spectrophotometer (AAS) UNICAM 393. Following the guidelines of Standard Methods for the Examination of Water and Wastewater All in situ meters were calibrated prior to measurement.
The samples for heavy metals were fixed with 70 % concentrated nitric acid to sustain the integrity of the samples before taking them to the laboratory for analysis. Glass bottles were used to collect water sample for Total Hydrocarbon (THC) because glass does not contain any derivative of petroleum and was fixed with sulphuric acid. Discrete water samples were kept in an ice-packed container in the dark while in the field and refrigerated at 4 oC until analysis in the laboratory. A field laboratory samples handling chain of custody was maintained for all samples.
Statistical Analysis
Data obtained from laboratory analysis were subjected to Independent T-test by Wuensch (2016). 

Research question:

Are there any statistically significant differences between the anthropogenic and non-anthropogenic areas sampled?

Research hypothesis:

Ho: There are no significant differences in the analyzed physicochemical parameters samples of Eniong River between the Anthropogenic and Non-Anthropogenic areas.

Results and Discussion
Table 1: Physicochemical Characteristics of Eniong River Samples

	Parameter
	                           Anthropogenic Zone
	                    Non-anthropogenic Zone

	
	Range
	Mean/Standard Dev.
	Range
	Mean/Standard Dev.

	pH
	5.05 – 5.66
	5.338±0.18
	5.08 – 6.1
	5.494±0.32

	EC (µS/cm)
	25.1 – 54.1
	36.242±10.27
	22.6 - 45.2
	31.273±7.67

	Turbidity (NTU)
	39.4 – 76.8
	54.5±14.06
	40.1 – 65.6
	46.4±8.86

	Salinity (ppt)
	0.018 – 0.038
	0.026±0.01
	0.016 – 0.032
	0.022±0.01

	TDS (mg/l)
	17.6 – 37.9
	25.375±7.18
	15.8 – 31.6
	21.9±5.35

	TSS (mg/l)
	16.4 – 32.0
	22.708±5.86
	16.7 – 27.3
	19.336±3.69

	DO (mg/l)
	5.2 – 7.2
	6.125±0.63
	5.8 – 6.6
	6.2±0.29

	BOD (mg/l)
	0.1 – 0.8
	0.433±0.23
	0.1 – 0.5
	0.273±0.14

	COD (mg/l)
	1.13 – 2.57
	2.045±0.51
	0.78 – 2.26
	1.717±0.53

	Nitrate (mg/l)
	1.06 – 1.92
	1.452±0.29
	0.87 – 1.67
	1.209±0.24

	Phosphate (mg/l)
	0.08 – 0.29
	0.181±0.07
	0.07 – 0.52
	0.235±0.12

	Sulphate (mg/l)
	0.36 – 3.79
	2.755±1.42
	0.26 – 3.28
	1.968±1.29

	Total Org. Matter (%)
	1.86 – 3.23
	2.586±0.45
	1.07 – 4.48
	2.48±1.24

	Iron (mg/l)
	3.05 – 3.67
	3.265±0.21
	2.67 – 3.37
	3.067±0.26

	Manganese (mg/l)
	0.18 – 0.74
	0.538±0.19
	0.07 – 0.48
	0.345±0.14

	Calcium (mg/l)
	0.14 – 26.8
	22.675±4.83
	10.5 – 26.6
	20.436±6.20

	Magnesium (mg/l)
	2.2 – 2.49
	2.359±0.1
	2.05 – 2.37
	2.203±0.12

	Copper (mg/l)
	0.05 – 0.18
	0.132±0.04
	0.02 – 0.18
	0.116±0.05

	Sodium (mg/l)
	0.1 – 0.37
	0.308±0.05
	0.19 – 0.38
	0.264±0.07
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Fig. 2
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Fig. 10

pH: 
pH at the anthropogenic zone ranged from 5.05 – 5.66 with the mean of 5.338±0.18, while the non-anthropogenic zone ranged from 5.08 – 6.1 with the average of 5.494±0.32. The pH of the study area was generally low as indicated in Table 1 above. pH at anthropogenic point source was slightly lower than the pH at non-anthropogenic points. Therefore, there was no significant difference in pH between anthropogenic and non-anthropogenic zone.
Electrical Conductivity (EC)

Electrical conductivity at the anthropogenic zone ranged from 25.1 – 54.1 µS/cm with the mean of 36.242±10.27 µS/cm, while the non-anthropogenic zone ranged from 22.6 – 45.2 µS/cm with the average of 31.273±7.67 µS/cm.
Turbidity

Turbidity at the anthropogenic zone ranged from 39.4 – 76.8 NTU with the mean of 54.5±14.06 NTU, while the non-anthropogenic zone ranged from 40.1 – 65.6 NTU with the average of 46.4±8.86 NTU.

Salinity

Salinity at the anthropogenic zone ranged from 0.018 – 0.038 ppt with the mean of 0.026±0.01 ppt, while the non-anthropogenic zone ranged from 0.016 – 0.032 ppt with the average of 0.022±0.01 ppt.

Total Dissolved Solids (TDS)

The TDS at the anthropogenic zone ranged from 17.6 – 37.9 mg/l with the mean of 25.375±7.18 mg/l, while the non-anthropogenic zone ranged from 15.8 – 31.6 mg/l with the average of 21.9±5.35 mg/l.

Total Suspended Solids (TSS)
The TSS at the anthropogenic zone ranged from 16.4 – 32.0 mg/l with the mean of 22.708±5.86 mg/l, while the non-anthropogenic zone ranged from 16.7 – 27.3 mg/l with the average of 19.336±3.69 mg/l.

Dissolved Oxygen (DO)

Dissolved oxygen at the anthropogenic zone ranged from 5.2 – 7.2 mg/l with the mean of 6.125±0.63 mg/l, while the non-anthropogenic zone ranged from 5.8 – 6.6 mg/l with the average of 6.2±0.29 mg/l.

Biological Oxygen Demand (BOD)
The BOD at the anthropogenic zone ranged from 0.1 – 0.8 mg/l with the mean of 0.433±0.23 mg/l, while the non-anthropogenic zone ranged from 0.1 – 0.5 mg/l with the average of 0.273±0.14 mg/l.

Chemical Oxygen Demand (COD)

The COD at the anthropogenic zone ranged from 1.13 – 2.57 mg/l with the mean of 2.045±0.51 mg/l, while the non-anthropogenic zone ranged from 0.78 – 2.26 mg/l with the average of 1.717±0.53 mg/l.
Nitrate

Nitrate at the anthropogenic zone ranged from 1.06 – 1.92 mg/l with the mean of 1.452±0.29 mg/l, while the non-anthropogenic zone ranged from 0.87 – 1.67 mg/l with the average of 1.209±0.24 mg/l.

Phosphate

Phosphate at the anthropogenic zone ranged from 0.08 – 0.29 mg/l with the mean of 0.181±0.07 mg/l, while the non-anthropogenic zone ranged from 0.07 – 0.52 mg/l with the average of 0.235±0.12 mg/l.

Sulphate

Sulphate at the anthropogenic zone ranged from 0.36 – 3.79 mg/l with the mean of 2.755±1.42 mg/l, while the non-anthropogenic zone ranged from 0.26 – 3.28 mg/l with the average of 1.968±1.29 mg/l.

Total Organic Matter (TOM)

The TOM at the anthropogenic zone ranged from 1.86 – 3.23 % with the mean of 2.586±0.45 %, while the non-anthropogenic zone ranged from 1.07 – 4.28 % with the average of 2.48±1.24 %.

Iron (Fe)

Iron at the anthropogenic zone ranged from 3.05 – 3.67 mg/l with the mean of 3.265±0.21 mg/l, while the non-anthropogenic zone ranged from 2.67 – 3.37 mg/l with the average of 3.067±0.26 mg/l.

Manganese (Mn)

Manganese at the anthropogenic zone ranged from 0.18 – 0.74 mg/l with the mean of 0.538±0.19 mg/l, while the non-anthropogenic zone ranged from 0.07 – 0.48 mg/l with the average of 0.345±0.14 mg/l.

Calcium (Ca)

Calcium at the anthropogenic zone ranged from 0.14 – 26.8 mg/l with the mean of 22.675±4.83 mg/l, while the non-anthropogenic zone ranged from 10.5 – 26.6 mg/l with the average of 20.436±6.20 mg/l.
Magnesium (Mg)
Magnesium at the anthropogenic zone ranged from 2.2 – 2.49 mg/l with the mean of 2.359±0.1 mg/l, while the non-anthropogenic zone ranged from 2.05 – 2.37 mg/l with the average of 2.203±0.12 mg/l.
Copper (Cu)
Copper at the anthropogenic zone ranged from 0.05 – 0.18 mg/l with the mean of 0.132±0.04 mg/l, while the non-anthropogenic zone ranged from 0.02 – 0.18 mg/l with the average of 0.116±0.05 mg/l.
Sodium (Na)

Sodium at the anthropogenic zone ranged from 0.1 – 0.37 mg/l with the mean of 0.308±0.05 mg/l, while the non-anthropogenic zone ranged from 0.19 – 0.38 mg/l with the average of 0.264±0.07 mg/l.

Statistically, the result shows that the mean value for Anthropogenic Zone is 9.9495 with a standard deviation of 15.23884 and that of the Non-anthropogenic Zone value was 8.6809 with a standard deviation of 13.05525. The calculated t-value was 0.276 with 36 degree of freedom (df) and the P-Value of 0.784. However, since P>0.05 (level of significance), it therefore implies that there was no significant different in the statistical values of the physicochemical characteristics of Eniong River Samples between Anthropogenic and non-Anthropogenic zones.

Furthermore, it should be noted that although the mean value of 9.9495 for Anthropogenic Zone shows that the statistical values for Anthropogenic Zone was a little higher than the Non-anthropogenic Zone of 8.6809 (with a mean difference of 1.2686), the final result shows that the mean differences between the two zones was not statistically significant. Hence, the Ho is therefore accepted and can be concluded that there is no significant difference in the physicochemical characteristics of Eniong River Samples between Anthropogenic Zone and Non-Anthropogenic Zone.
References
Augustyn, L., Babula, A., Joniec, J., Stanek-Tarkowska, J. Hajduk, E. and Kaniuczak, J. (2016). Microbiological Indicators of the

Quality of River Water, Used for Drinking Water Supply. Pollution Journal of Environmental Studies, Vol. 25, (2), pp. 511-519.
Bertilsson, S. and Jones, J. B. Jr. (2003). Supply of dissolved organic matter to aquatic ecosystems: Autochthonous sources. In:
Findlay SEG, Sinsabaugh RL, editors. Aquatic ecosystems: Interactivity of dissolved organic matter. San Diego (CA): Academic Press. pp. 3–24.

Blackwater River State Forest (2009). Blackwater River State Forest home page. Available online: http://www.fl-

dof.com/state_Forests/blackwater_river.html.
Cogger, C. G. (2009). Septic System Waste Treatment in Soil. Available online:

 http://cru.cahe.wsu.edu/CEPublications/eb1475/eb1475.html

Dan, S. F., Umoh, U. U and Osabor, V. N (2014). Seasonal variation of enrichment and contamination of heavy metals in the surface

water of Qua Iboe River Estuary and adjoining creeks, South-South Nigeria. Journal of Oceanography and Marine Science Vol. 5(6), pp. 45-54.

Eash, W., Worrel, J. and Snyder, R. A. (2007). Survey of Emergent and Submerged Vegetation along the Bagdad, Florida waterfront.

 
 Center for Environmental Disagnostics and Bioremediation University of West Florida.

F ̈arm, C. (2002). Evaluation of the accumulation of sediment and heavy metals in a storm-water detention pond. Water Science

 Technology, Vol. 45, Issue 7, pp. 105–112.

Fellman, J. B., Hood, E., D’Amore, D. V., Edwards, R. T. and White, D. (2009). Seasonal changes in the chemical quality and

biodegradability of dissolved organic matter exported from soils to streams in coastal temperate rainforest watersheds. Biogeochemistry. Vol. 95, pp. 277–293.

Fork, M. (2012). Direct and Indirect Effects of Organic Matter Sources on Denitrificaton in Florida Rivers. FIU Electronic Theses

and Dissertations. http://digitalcommons.fiu.edu/etd/701
GSA (2009).  Conecuh-Sepulga-Blackwater Rivers Watershed Protection Plan. GSA (Geological Survey of Alabama)

 http://www.adem.state.al.us

Hiriart-Baer, V. P., Binding, C. and Howell, T. E. (2013). Dissolved organic matter quantity and quality in Lake Simcoe compared to

 two other large lakes in southern Ontario. Inland Waters, Vol. 3, pp. 139-152.

Simpi, B., Hiremath, S. M., Murthy, K. N. S., Chandrashekarappa, K.N., Patel, A. N. and Puttiah, E. T. (2011). Analysis of Water

Quality Using Physico-Chemical Parameters Hosahalli Tank in Shimoga District, Karnataka, India. Global Journal of Science Frontier Research, Vol 11, Issue 3, pp. 1 – 5.

Udosen, C., Esshiett, A. A. and Etok, A. S. (2016). The Physicochemical Hydrology of a Humid Tropical River System in South
 Eastern, Nigeria. International Journal of Research in Geography (IJRG), Vol. 2, Issue 2, pp. 22 – 35.
Wuensch, K. L. (2016). East Carolina University, Greenville, NC.

1

