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Abstract: This research aimed at determination of the levels and speciation of arsenic (As) 

and iron (Fe) in water and sediments from Hunki Ox-bow Lake in Awe L.G.A of Nasarawa 

State, using Atomic Absorption Spectrophotometer (AAS), during the dry and wet seasons. 

The mean concentration of As in water and whole (raw) sediment samples of both dry and 

wet seasons was lower than that of Fe. For both seasons, the baseline levels of As and Fe in 

water samples were 1.674 mg/L and 4.551 mg/L, respectively, which revealed that As 

content in water was higher than the WHO Guidelines for Drinking Water Quality. The 

baseline levels of As and Fe in sediment samples (mg/kg) were as follows: As (93.935) and  

Fe (264.429) which showed that As was higher than both Interim Sediment Quality 

Guidelines – Low of 20 mg/kg and Interim Sediment Quality Guidelines – High of 70 mg/kg. 

This study revealed that: concentration of As and Fe from sediments and water were 

generally higher in wet season than dry season, levels of As and Fe from sediments were 

higher than that of water, concentrations of As and Fe were more of natural than 

anthropogenic sources and the ecological risk indices evaluated evidenced As to be of greater 

ecological risk than Fe. 
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1. Introduction 

The growth in human population density and anthropogenic activities has led to increase in 

contamination of air, water and land/soil through misuse of environmental resources and improper 

disposal of wastes. The circulation and migration of metals and other pollutants in the natural 

environment are mainly linked to processes such as rock decay, volcanic eruptions, evaporation of 

oceans, forest fires and soil formation processes. The sources of anthropogenic contamination or 

pollution of the environment by heavy metals and other pollutants include different branches of industry, 

transport, municipal and domestic wastes, waste dumping sites, agrochemical residues and wastes used 

to fertilize soil. The pollutants from these sources are dispersed in the environment and they contaminate 

soil, water and air. They also (directly or indirectly through plants) get into human and animal bodies [1, 

2]. 

The heavy metals pollution of aquatic ecosystems is often most obviously reflected in high metal 

levels in sediments than in water. Heavy metals are always present in aquatic ecosystems and redistribute 

among different components. Arsenic is an extremely toxic metalloid element. It is a key additive in rat 

poison, and with constant exposure, it is thought that arsenic may affect the chromosomes of humans 

and their health. For most people, the greatest source of exposure is from food with an average intake of 

about 50 μg per day. Exposure from air, water and soil are usually much smaller, but exposure from 

these media may become significant in areas of arsenic contamination [3]. Impairment of cellular 

respiration by the inhibition of several mitochondrial enzymes, and the uncoupling of oxidative 

phosphorylation is one of mechanisms by which arsenic exerts its toxic effect [3].  Toxicity of arsenic 

mostly results from its ability to interact with sulfhydryl groups of proteins and enzymes, and to 

substitute phosphorous in a variety of biochemical reactions [3]. Iron is an essential nutrient that is vital 

to the processes by which cells generate energy. Most of the body’s iron is found in two proteins: 

hemoglobin in the red blood cells and myoglobin in the muscle cells. In both, iron helps accept, carry 

and then release oxygen.  Enzymes involved in the making of amino acids, hormones and 

neurotransmitters require iron [3]. Iron also can be damaging when it accumulates in the body.   In fact, 

iron is a problem nutrient for millions of people. Some people simply do not eat enough iron-containing 

foods to support their health optimally while others have so much iron that it threatens their well-being. 

Consuming dietary iron supplements may acutely poison young children [4].  Ingestion accounts for 

most of the toxic effects of iron because iron is absorbed rapidly in the gastrointestinal tract. The 

corrosive nature of iron seems to further increase the absorption [4].  Other sources of iron are drinking 

water, iron pipes, and cook wares. Target organs are the liver, cardiovascular system, and kidneys [4, 5]. 

There are four stages of acute iron toxicity, which is usually the result of an iron overdose. The first 

stage happens when iron is still present in the stomach and circulating in the blood. Symptoms include 
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abdominal pain, nausea, vomiting and diarrhea. The lining of the intestine can become damaged, leading 

to blood in the vomit or stool. Irritability and lethargy may also occur. If the toxicity is severe, rapid 

heartbeat, low blood pressure and rapid breathing may develop. As the body loses fluid and blood, a 

person may go into shock, in which the heart is unable to pump a sufficient amount of blood throughout 

the body. People who survive the first stage of acute iron toxicity may appear to improve for a while. 

This latent period is the second stage and can happen within 6 to 48 hours of an iron overdose. However, 

if the iron overdose was moderate or severe, symptoms will reappear as iron causes direct damage to the 

body's cells. Symptoms of the third stage of iron toxicity include low blood pressure and fever. Liver 

failure may occur, causing low blood sugar, excessive or prolonged bleeding and jaundice - yellowish 

eyes and skin. It is rare for people with such severe iron toxicity to survive, but those who do enter the 

fourth stage do not survive. During this stage, the intestines may become blocked due to scarring, which 

prevents fluids and food from moving through the digestive tract. Chronic iron toxicity, also known as 

iron overload, has a variety of causes. Hereditary hemochromatosis is an inherited condition that leads 

to abnormally increased absorption of iron from food. Iron overload may also be caused by repeated 

blood transfusions to treat anemia, excessive iron therapy or liver disease due to chronic hepatitis C or 

alcoholism. As excessive iron accumulates in the body, it may result in liver or heart failure, as well as 

severe diabetes. Heart failure can cause swelling of the legs, shortness of breath, trouble exercising, 

fatigue, fast or irregular heartbeat and nausea. Diabetes symptoms include frequent urination, increased 

thirst and hunger, fatigue, blurry vision, numbness or tingling in the arms or legs and slow wound healing 

[4, 5]. 

Speciation analysis is the process leading to the identification and determination of the different 

chemical and physical forms of an element existing in a sample [6]. It has been well reported that 

sediments serve as the largest pool of metals in aquatic environments [7, 8, 9]. Most analytical 

measurements deal with the total content of specific element in an analyzed sample. The accumulation 

of heavy metals in sediments from both natural and anthropogenic sources occurs in the same way, thus 

making it hard to identify and determine the origin of heavy metals present in the sediments [10]. 

Furthermore, the total concentration of metals often does not accurately represent their characteristics 

and toxicity. In order to overcome the above mentioned obstacles it is helpful to evaluate the individual 

fractions of the metals to fully understand their origin and potential environmental effects [11]. Therefore 

to get information on the origin and toxicity of As and Fe, it is necessary to determine not only the total 

content of the elements but also their individual fractions in Hunki Ox-bow Lake sediments. This will 

serve as a guide to help in various remediation processes and also to create awareness about their 

exposure to humans. As to the best of my Knowledge, there is no available data from the literature on 

speciation of heavy metals in Hunki Ox-bow Lake. 
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1.1. A Brief Description of the Study Area 

The Hunki Ox-bow Lake (Longitude 8o 20’ E and Latitude 9o 38’ N) is located 30 km from Awe 

town, Headquarter of Awe Local Government Area and 130 km from Lafia, the Capital of Nasarawa 

State. The lake is like an Ox-bow, shaped in two arms with each of them measuring 6-7 km long and 70 

km wide as shown in Figure 1 [12]. 

 

 

Figure 1: Map of Hunki Ox-bow Lake Showing the Sample Sites 

 

2. Materials and Methods 

2.1. Chemicals and Apparatus 

The reagents used were of analytical grades obtained from Sigma-Aldrich, Germany and M & B 

LTD, England. The apparatus used for this research include: Oyster pH/Electrical Conductivity meter 

(Model: 34135A), a Handheld Pometer pH meter (Model: PH-009 (III), Noki lab centrifuge (TG-16) 

Bioevopeak hot plate and stirrer (Model: MGS-M8), Decent mechanical sieve shaker (Model: DSS200), 
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MRC digital orbital laboratory shaker (Model: TOS-4030RD), an atomic absorption spectrometer 

(ELICO PVT LTD, Model:SL168), Volumetric flasks (100 mL, 1000 mL), Decent laboratory oven 

(Model: DVM150), beakers (100 mL, 500 mL), 200 mL measuring cylinders, filter funnels, an agate 

mortar and pestle, sample bottles, petri-dishes, Whatman No. 42 Filter paper and electronic analytical 

balance (Gallenkamp 80). 

2.2. Sampling Design, Sample Collection and Pretreatment 

Five sampling sites at approximately 1 km intervals were mapped out along the Hunki Ox-bow 

Lake (Figure 1). Sediment sampling was carried out in dry season (3rd March, 2018) and wet season (15th 

September, 2018) from the five (5) sites using a stainless Eckman grab and placed in a pre-cleaned 

polythene bag. At each site, five samples of surface sediment (5 – 10 cm depth) were taken along transect 

across the lake. Composite samples were prepared on the spot by mixing equal amounts of five replicates 

from the same site. Samples from each of the five sites were placed in each polythene bag. The wet 

sediments (60.0 g each) was continuously stirred for 12 hours in order to homogenize the samples, and 

transferred into a mechanical shaker with set of standard sieves arranged from the largest to the lowest 

mesh size [13].  Based on the particle size, sediment samples were generally classified into five groups 

as follows: clay (<2 μm); silt (4–74 μm); fine sand (74–500 μm); medium sand (500–2,000 μm) and 

coarse sand (>2,000 μm) [14]. These were air-dried, ground with clean laboratory mortar and pestle, and 

stored in separate polythene bags until analysis. Some of the sediments samples from each sample site 

were not sieved but air-dried, ground and unwanted materials were removed. This represented the whole 

or raw sediments.  

Water samples were also collected from the five sampling sites of approximately 1 km intervals 

at the depth of 30 cm below the surface using 2 litre High Density Polyethylene (HDPE) bottles with 

screw caps which were acid washed and rinsed with deionized water prior to the sampling. Water 

sampling was also carried out in dry season (3rd March, 2018) and wet season (15th September, 2018) at 

the same sampling points of the sediments. The samples were preserved at pH < 2 in situ with 

concentrated nitric acid [15].  

 

2.3. Physicochemical Characterization of the Sediments  

2.3.1. pH and electrical conductivity 

The pH and electrical conductivity were measured by a glass electrode pH meter and electrical 

conductivity meter, respectively [16, 17]. 

2.3.2. Moisture content 
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A 10 g of wet sediment sample was weighed using a weighing balance and dried separately in 

an oven at 105 °C for 24 hours. The sample was removed, cooled in a desiccator and reweighed and 

percentage moisture content calculated according to the standard method [18, 19] as follows:  

Moisture (%) = 
𝑤𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (𝑔)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 × 100      (1) 

 

2.3.3. Organic matter and organic carbon contents 

The organic matter content of the sediments was determined by Walkley and Black method [20] 

as modified by Nelson and Sommers [21]. 

2.3.4. Carbonate 

The carbonate content of the sediments was determined by Rowell method [22] as used by Elfaki 

et al. [19].  

2.3.5. Sediments grain size analysis 

The sediment grain sizes were analyzed by a method used by Adiyiah and Kelderman [23].  

2.4. Determination of Total As and Fe Levels in Sediments and Water 

A 1.0 g sample of each ground whole (raw) sediment and the five particle sizes of sediment 

samples: clay (<2 μm); silt (4–74 μm); fine sand (74–500 μm); medium sand (500–2,000 μm) and coarse 

sand (>2,000 μm) were digested and the concentration of As and Fe, determined by a method used by 

Fabunmi et al. [24]. 

A 100 mL sample of water was placed was digested and the concentration of As and Fe 

determined by APHA method [15].  

2.5. Sequential Extraction Procedure 

A five-step Sequential Extraction Procedure (SEP) proposed by Tessier et al. [11] was used to 

extract As and Fe contained in the sediment particle fractions as shown in Figure 2. 

After each extraction, the residue was washed by adding 20 mL of deionized water, shaken for 

15 min and then centrifuged for 5 min. The supernatant liquid was discarded without any loss of the 

residue. 
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Figure 2: Sequential Extraction Procedure 

2.6. Quality Assurance/Quality Control and Statistical Treatment of Data 

The reliability of experimental results was obtained by replicate analysis of water and sediment 

samples. For metal analysis, standard solutions (1000 mg mL-1) were used for calibration and 

standardization of instrument. Intermediate solutions were prepared by carefully dilution of stock 

standard solution (1000 mg mL-1) with freshly prepared doubly distilled deionized water using 

micropipette.  

Each analytical process/batch consisting of method blank and standard solutions were analyzed 

after every 10 samples to check instrument performance. An internal check on the sequential extraction 

method was performed by comparing the total amount of metal extracted by different reagents using 

sequential extraction procedure with the results of the pseudo total metal (total levels) concentration of 

different particle sizes of sediments [25]. The recovery of the sequential extraction procedure was 

evaluated as follows: 

 

% 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 =  
𝐶𝐸𝐹+ 𝐶𝑀𝐶+ 𝐶𝐼𝑀+ 𝐶𝑂𝑀+ 𝐶𝑅𝐹

𝐶𝑃𝑠𝑒𝑢𝑑𝑜𝑡𝑜𝑡𝑎𝑙
   × 100                                         (2)                                                                  

where: 

𝐶𝐸𝐹 = Concentration of heavy metals bound to exchangeable fraction of sediments, 
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𝐶𝑀𝐶 = Concentration of heavy metals bound to carbonate fraction of sediments 

𝐶𝐼𝑀 = Concentration of heavy metals bound to Fe – Mn oxides fraction of sediments 

𝐶𝑂𝑀  = Concentration of heavy metals bound to organic matter fraction of sediments 

𝐶𝑅𝐹 = Concentration of heavy metals bound to residual fraction of sediments 

𝐶𝑃𝑠𝑒𝑢𝑑𝑜𝑡𝑜𝑡𝑎𝑙 = Concentration of total levels of heavy metals in different particle sizes of the sediments 

(clay, silt, fine sand, medium sand and coarse sand). 

All statistical analyses were conducted using Statistical Package for Social Science, SPSS 26.0 

for Windows as used by Tao et al. [17]. A two-way Analysis of Variance (ANOVA) was employed to 

test differences among various data sets. The Pearson correlation matrix was conducted according to the 

data distribution. Descriptive statistics which include range, mean and standard deviation were also 

performed.  

 

3. Results and Discussion 

3.1. Distribution of Grain Sizes of the Sediment Samples for Dry and Wet Seasons  

The percentage mean of the distribution of grain sizes of the sediment samples for dry and wet 

seasons are given in Figure 3. The sediment samples of sample sites one (1) to five (5) had higher 

contents of the finer sizes than the larger ones. This evidenced the higher concentration of As and Fe in 

finer sediment grains with larger surface area than the larger ones with smaller surface area. The results 

were in line with works done by Lin et al. [14] and Xuming et al. [31]. 

 

 

Figure 3: Distribution of particle Sizes of the Sediment Samples for Dry and Wet Seasons (%) 

3.2. Physicochemical Properties of the Whole Sediment Samples for Dry and Wet Seasons  

The physicochemical properties of the whole (raw) sediment samples for dry and wet seasons 

are as presented in Table 1. The pH of the whole sediment samples for both dry and wet seasons did not 

vary greatly from site to site and season to season (P< 0.05). The pH of the two seasons ranged from 

acidic to slightly acidic (4.69 – 5.63). In general, the pH values of the wet season whole sediment samples 
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were lower than that of dry season. There was no also much variation on the electrical conductivity of 

whole sediment samples for both dry and wet seasons but the wet season generally had higher values 

than the dry seasons (P< 0.05). Again, moisture content, organic carbon and organic matter of whole 

sediment samples for both dry and wet seasons did not vary much from site to site, and season to season 

(P< 0.05). Organic matter and pH are considered as two essential factors that influence metal species 

and distribution in sediments [17]. The wet season had higher percentages of electrical conductivity, 

moisture content, organic carbon and organic matter than the dry season sediments. The lower values of 

pH, and the higher electrical conductivity, moisture content, organic carbon and organic matter in wet 

season might be an indication that the wet season whole sediment samples should have higher mobility 

of the heavy metals than that of the dry season. The carbonate contents did not have much variation from 

site to site, but there was a greater variation between dry and wet seasons (11.60 – 15.00 % and 7.80 – 

11.10 % for dry and wet seasons, respectively) (P< 0.05). Lower values of carbonate contents from 

sediments of wet season was also an indication that the wet season whole sediment samples might have 

higher mobility of the heavy metals than that of the dry season. 

3.3. Physicochemical Properties of Different Grain Sizes of Sediment Samples for Dry and Wet Seasons 

The mean values of the physicochemical properties of different grain sizes of sediment samples 

for dry and wet seasons are as presented in Table 2. The pH of different particle sizes of sediment samples 

followed the order of increase from finest to the largest sediment particle sizes for both dry and wet 

seasons, and this showed that the finer sediment particles sizes with larger surface area had lower pH 

values than the bigger particle sizes with smaller surface area. The electrical conductivity values of wet 

season sediment particle sizes had higher values than the dry season. An indication of more ions on wet 

season sediment particle sizes. The organic carbon and organic matter both followed the decrease order 

from finest to the largest sediment grain sizes for both dry and wet seasons. The carbonate content of the 

sediment samples followed an increase order from finest to the largest sediment particle sizes for both 

dry and wet seasons. This was an indication that the finer sediment particles sizes with larger surface 

area generally had higher values of organic carbon and organic matter than the bigger particle sizes with 

smaller surface area, but of the opposite for the carbonate contents for both dry and wet seasons.  In 

general, electrical conductivity, organic carbon, organic matter of dry season sediments were lower than 

those of wet seasons, but the carbonate and the pH values were lower in wet season. These might have 

attributed to higher concentration of the heavy metals from sediments in wet seasons than the dry season. 
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Table 1: Physicochemical Properties of the Whole Sediment Samples for Dry and Wet Seasons 

(mean±𝑆𝐷 values, n = 3) 

 

Table 2: Physicochemical Properties of Different Grain Sizes of Sediment Samples for Dry and Wet 

Seasons 

 

3.4. Total As and Fe Levels in Water and Whole Sediments for Dry and Wet Seasons   

The results of the mean of total As and Fe levels in the whole sediments and water for dry season 

are as presented in Table 3. It can be depicted from Table 3 that levels of all the As and Fe in sediments 

were higher than those of the water samples from Hunki Ox-bow Lake irrespective of season. This was 

in agreement with the fact that sediments may act as large sinks or reservoirs of contamination [32, 8, 9, 

33]. In general, Fe had the higher concentration of 2.799 mg/L and 296.584 mg/kg in both water and 

sediment samples, respectively. In water samples, As was detected in all sample sites. Arsenic levels in 

water samples were all above the World Health Organization Guidelines for Drinking Water Quality 

(WHO GDWQ) of 0.01 mg/L [34]. The levels of arsenic above 0.01 mg/L may be carcinogenic and 

teratogenic to humans. It may also have other effects in man which include peripheral arteriosclerosis 

(black foot disease), peripheral neuritis resulting in motor and sensory paralysis of the nerves extremities 

and so on [35, 36]. Iron has no specified WHO GDWQ but at levels above 0.3 mg/L, it stains laundry 

and plumbing fixtures, develop turbidity and colour [34]. The levels of Fe in water samples of this study 

were all above 0.3 mg/L which can lead to such effects.  



Int. J. Modern Chem. 2023, 15(1): 1-29  

        

Copyright © 2023 by Modern Scientific Press Company, Florida, USA 

11 

The results of total As and Fe in whole sediments and water samples for wet season are as 

presented in Table 3. Arsenic and iron were detected in all the water samples of WB1 to WB5. Arsenic 

levels in water samples were all above the World Health Organization, WHO, Guidelines for Drinking 

Water Quality, GDWQ value of 0.01 mg/L [34], and this may result to earlier mentioned effects.  As 

mentioned earlier, Fe has no specified WHO GDWQ but at concentrations above 0.3 mg/L, it stains 

laundry and plumbing fixtures, develop turbidity and colour [34]. The levels of Fe in all the water 

samples were all above 0.3 mg/L which can cause the above effects.  

Agency for Toxic Substance and Disease Registry (ATSDR) had set regulatory guidelines for 

heavy metals in sediments. Interim sediment quality guidelines – low (trigger value) have the following 

concentrations: 20 and not applicable to Fe, respectively. Interim sediment quality guidelines – high 

have the following concentrations: 70 mg/kg for As and not applicable to iron, respectively [37, 4]. In 

this present research, the mean levels of arsenic from whole sediments for dry and wet seasons were 

higher than the interim sediment quality guidelines – low (trigger value) of 20 mg/kg. Sites one to four 

mean levels of arsenic for dry season were lower than interim sediment quality guidelines – high, but 

site five of dry season and all sites of wet season were all higher than interim sediment quality guidelines 

– high of 70 mg/kg. Interim sediment quality guidelines – low refers to probable effects concentrations 

below which biological effects would rarely occur. Interim sediment quality guidelines – high means 

probable effects concentrations below which biological effects would possibly occur. Concentrations 

above these values for the affected sediments in this study represent a probable-effects range within 

which biological effects would be expected to occur frequently [37]. 

Based on the mean concentrations of As and Fe in water and whole (raw) sediments of all sample 

sites for dry and wet seasons, their baseline levels were calculated. The baseline levels of As and Fe in 

water samples (mg/L) were as follows: As (1.674) and Fe (4.551). This revealed that baseline levels of 

As in water samples was higher than the WHO GDWQ [34] of 0.010 mg/L. Iron was not specified in 

WHO GDWQ [34]. The baseline levels of As and Fe in sediment samples (mg/kg) were as follows: As 

(93.935) and Fe (264.429).  The baseline levels of heavy metals in sediment samples (mg/kg) showed 

that As was higher than both Interim Sediment Quality Guidelines – Low (trigger value, 20 mg/kg), 

ISQG-L and Interim Sediment Quality Guidelines – High, ISQG-H (70 mg/kg), and this can lead to 

biological effects on organisms [37]. The ISQG-L and ISQG-H was not specified for Fe. The mean 

concentration of As and Fe from both water and whole (raw) sediment samples for all sample sites of 

both dry and wet seasons was of the decrease order: Fe > As.  

3.5. Total As and Fe Levels in the Five Sediment Grain Sizes of Dry and Wet Seasons  

The mean total As and Fe levels from the five sediment grain sizes of the five sites for dry and 

wet seasons (mg/kg) are as presented in Table 3. The mean total As and Fe levels from the five sediment 
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grain sizes had the following decrease order for both dry and wet seasons: clay > silt > fine sand > 

medium sand >coarse sand. The higher concentration of heavy metals on finer sediment grain sizes than 

the bigger particle sizes was probably due to the fact that finer sediment particles have larger surface 

areas than the bigger particle sizes with smaller surface areas. This was in agreement with works done 

by Lin et al. [14] who researched on assessment of sediment toxicity by metal speciation in different 

grain fractions of river sediment and Xuming et al. [31] who investigated the speciation of heavy metals 

in different grain sizes of Jiaozhou Bay sediments, and contrary to the work done by Tao et al. [17] who 

researched on the distribution and bioavailability of heavy metals in different particle-size fractions of 

sediments in Taihu Lake, China, which did not follow a particular pattern of distribution of heavy metals 

on the particle sizes of sediments. 

3.6. As and Fe Concentration in Different Sediment Grain Sizes of the Sum of Extraction Steps  

The mean of sum of extraction steps (exchangeable fraction, bound to carbonates, Fe-Mn oxides 

bound, organic matter fraction and residual fraction) of  two- way ANOVA and its post-hoc Tukey’s 

test (P < 0.05)  for both dry and wet seasons of all sample sites are given in Table 4. The Tukey HSD 

(Honestly Significant Difference" or Honest Significant Difference") test is a statistical tool used to 

determine if the relationship between two sets of data is statistically significant – that is, whether there 

is a strong possibility that an observed numerical change in one value is causally related to an observed 

change in another value. The mean concentrations of As and Fe based on sum of speciation extraction 

steps were all significantly higher in the wet season than the dry season (P < 0.05). There was also a 

significant difference (P < 0.05) on the mean concentration of As and Fe among the five sediment grain 

sizes, and was of the following decrease order: clay > silt > fine sand > medium sand > coarse sand. 

Post-hoc Tukey’s test revealed that for both dry and wet seasons, there was a significant difference 

between the mean concentration of As on clay and coarse sand grain sizes. There was also a bit 

significant difference between coarse sand and silt, fine sand and medium sand on the mean 

concentration of As. The mean concentration of Fe from post-hoc Tukey’s test revealed that there was a 

significant difference between clay and coarse sand grain sizes of the sediments, but there was no 

significant difference amongst silt, fine sand, and medium sand for both dry and wet seasons.  

3.7. Sum of Extraction Steps, Pseudo-total and Percentage Recovery of Heavy Metal Concentration in 

Different Sediment Grain Sizes  

The sum of extraction steps (mg/kg), pseudo-total (mg/kg) and percentage recovery of heavy 

metal concentration in different sediment grain sizes (mean of all sites) are as presented in Table 5. The 

results of the sum of five-step sequential extraction procedure used in this research as shown in Table 5 

were generally in good agreement with the pseudo total digestion results of all sites, with acceptable 
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recoveries ranging from 92.86 – 99.85, 92.31– 99.87, 91.67 – 100.00, 90.00 – 100.00 and 90.48 - 100.00 

% for clay, silt, fine sand, medium sand and coarse sand sediment grain sizes, respectively for As and 

Fe of both seasons. This therefore indicated that the five-step Sequential Extraction Procedure (SEP) 

proposed by Tessier et al. [11] used in this research was found reliable and can be reproduced. 

Table 3: Total As and Fe Levels in Water (mg/L), Whole Sediments and Different Grain Sizes of 

Sediments (mg/kg) for Dry and Wet Seasons (mean values) 

 

Table 4: Heavy Metal Concentration in Different Sediment Particle Sizes of the Sum of Extraction Steps 

(mg/kg) 

 

Table 5: Sum of Extraction Steps (mg/kg), Pseudo-total (mg/kg) and Percentage Recovery of Heavy 

Metal Concentration in Different Sediment Particle Sizes (Mean of all sites) 
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3.8. Correlation between Physicochemical Properties and Phase Distribution of As and Fe Metals in the 

Sediments for Dry and Wet Seasons 

The Pearson correlation matrix between sediments physicochemical properties (pH, electrical 

conductivity, EC, Organic Carbon, OC, Organic Matter, OM and carbonates, 𝐶𝑂3
2− ) and different 

speciation phases (exchangeable fraction, metals bound to carbonates, Fe-Mn oxides bound, organic 

matter fraction and residual fraction) of As and Fe for dry and wet seasons are given in Tables 6 to 10. 

In exchangeable fraction, there was no correlation between As and the physicochemical properties for 

both seasons as shown in Table 6. This indicated that the source of As in exchangeable fraction had 

nothing to do with physicochemical properties from sediments of both seasons. For dry season, there 

was a positive significant correlation between Fe and OC (P < 0.01, 1.00)/OM (P < 0.01, r = 1.00).  

The correlation matrix between sediments physicochemical properties and metals bound to 

carbonate fraction of As and Fe for dry and wet seasons are given in Table 7. In carbonate fraction for 

dry season, there was no statistical correlation between As and physicochemical properties of sediments. 

There was a positive correlation between Fe and EC and OC /OM (P < 0.01, r = 1.00) respectively. 

Therefore, EC and OC /OM influence the increase Fe on the sediments. Furthermore, in wet season, the 

carbonate fraction of As (P < 0.01, r = -0.97) had a negative correlation with pH (P < 0.05, r = -0.01) 

respectively. There was a positive significant correlation between As and OC(As: P < 0.01, r = 0.96) 

/OM (As: P < 0.01, r = 0.97). There was no correlation between Fe and carbonate fraction and 

physicochemical properties of the sediments in wet season. Iron might have been sourced differently. 

The correlation matrix between sediments physicochemical properties and iron-manganese oxide 

fraction of As and Fe for dry and wet seasons are as presented Table 8. The iron-manganese oxide 

fraction of As from sediments had a positive significant correlation with OC /OM; As-OC (P < 0.01, r 

= 0.96) /OM (P < 0.01, r = 0.97); but a negative significant correlation with the  𝐶𝑂3
2− (As: P < 0.01, r 

= 0.999). There was also a positive significant correlation between Fe and pH (P < 0.05, r = -0.89), OC(P 

< 0.01, r = 0.92) and OM(P < 0.01, r = 0.97)  respectively (P < 0.01, r = 1.00), but a negative significant 

correlation with  𝐶𝑂3
2−(P < 0.05, r = -0.92). For wet season, there was a positive significant correlation 

between As iron-manganese oxide fraction and OC/OM; As-OC(P < 0.05, r = 0.93)/OM(P < 0.05, r = 

0.94). but had a negative significant correlation with pH  (As: P < 0.01, r = -0.97) There was no 

correlation of iron-manganese oxide fraction of Fe and sediments physicochemical properties in wet 

season, and therefore were sourced differently.  

Correlation matrix between sediments physicochemical properties and organic matter fraction of 

As and Fe for dry and wet seasons were as shown in Table 9. In dry season, there was a positive 

correlation between As and Fe organic matter fraction and OC/OM with the following values: As: P < 

0.05, r = 0.89 and Fe: P < 0.05, r = 0.92 respectively. Iron had a positive significant correlation with pH 
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(Fe: P < 0.05, r = 0.89). There was a positive significant correlation between As organic matter fraction 

and (pH, OC, OM) with the following values pH (P < 0.05, r = 0.94), OC/OM(P < 0.05, r = 0.95), but 

with a negative correlation with  𝐶𝑂3
2− (P < 0.05, r = -0.92) in wet season. There was a positive 

significant correlation between Fe organic matter fraction and OC/OM (P < 0.05, r = 0.92), but 

significantly correlated negatively with both pH (P < 0.01, r = -0.98) and  𝐶𝑂3
2−(P < 0.01, r = -0.97) in 

wet season.  

Correlation matrix between sediments physicochemical properties and residual fraction of As 

and Fe for dry and wet seasons are given in Table 10. The residual fraction of Fe had positive significant 

correlation with OC/OM (P < 0.05, r = 0.89), but significantly correlated negatively with  𝐶𝑂3
2− (P < 

0.05, r = -0.95). There was no correlation between As residual fractions and physicochemical properties 

of the sediments. This showed that As might have been sourced differently. In wet season, there was a 

negative significant correlation between As residual fraction and pH (P < 0.05, r = -0.93), but did not 

correlate with other physicochemical properties of the sediments. There was a positive significant 

correlation between Fe residual fraction and OC/OM (Fe: P < 0.05, r = 0.93) in wet season but correlated 

negatively with both pH (P < 0.01, r = -0.91) and  𝐶𝑂3
2−  (P < 0.05, r = -0.96). 

 

Table 6: Correlation between Sediments Physicochemical Properties and Exchangeable Fraction of the 

As and Fe for Dry and Wet Seasons 
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Table 7: Correlation between Sediments Physicochemical Properties and Metals Bound to Carbonate 

Fraction of the As and Fe for Dry and Wet Seasons 

 
 

Table 8: Correlation between Sediments Physicochemical Properties and Iron-Manganese Oxide 

Fraction of the As and Fe for Dry and Wet Seasons 

 
 

Table 9: Correlation between Sediments Physicochemical Properties and Organic Matter Fraction of the 

As and Fe for Dry and Wet Seasons 
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Table 10: Correlation between Sediments Physicochemical Properties and Residual Fraction of the As 

and Fe for Dry and Wet Seasons 

 
 

3.9. Proportion of As and Fe Bound to Different Sediment Speciation Phases of the Five Sample Sites 

for both Dry and Wet Seasons  

The mean percentage proportions of As and Fe bound to different sediment speciation phases for 

sample sites one to five of both dry and wet seasons are given in Figure 4. Arsenic and iron were found 

in the five extracts of the sequential procedure. A large concentration of metals introduced by human 

activities is usually present in the exchangeable fraction and the carbonates fraction - the first two steps. 

These steps can be assumed the fractions of metals that are most liable to be released from sediment into 

water column [38]. Metals bound to the easily reducible phase (Fe-Mn oxides) and to organic matter 

may be better held by a scavenging effect (i.e., this fraction acts as a sink of metals) [38]. Generally, the 

first four steps (exchangeable, carbonates, Fe-Mn oxides and organic matter fractions) are regarded as 

non-residual fractions, while the fifth step is known as residual fraction. Metals in the residual fraction 

are strongly bound to solid matter, and originate mainly from natural sources [38]. The mean percentage 

proportions of As and Fe bound to different extraction phases (Sequential Extraction Steps, SEP) of 

studied sediments for sample sites one to five of both dry and wet seasons were as follows: 

4.9.1. Arsenic 

The partitioning of various fractions of As from sediments in dry season was similar to that of wet 

season for all sample sites (Figures 4a and b). The As dominated the residual fraction more than other fractions 

with the following range: 50.37 – 70.5 % of the total percentage for dry season, and 57.54 – 61.03 % of As 

total percentage for wet season. This revealed that the As contents from the sediments of this study was more 

of geochemical (lithogenic) background rather than the anthropogenic sources. Exchangeable fraction 

accounted for 2.15 – 9.75 % of As total percentage for dry season, and 9.91 – 12.23 % of As total percentage 

for wet season. Carbonates fraction accounted for 3.08 – 11.89 of As total percentage for dry season, and 4.74 
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– 10.16 % of As total percentage for wet season. The Fe – Mn oxides fraction of As had 6.69 – 11.11 % for 

dry season, and 4.91 – 9.32 % for wet season. The organic matter fraction of As from sediments was relatively 

high in both seasons. The organic matter fraction of As ranged from 8.25 – 21.98 % for dry season, and 13.03 

– 16.36 % of As total percentage for wet season. This was similar to work done by Xuming et al. [31] on 

Jiaozhou Bay and that of Bungala et al. [39] on coastal marine area of Tanzania which had more dominance 

of As on the residual fraction than other fractions. However, a research work by Wang et al. [40] on a Lake 

had more As contents on the non-residual fractions than the residual fraction (19.2 % of the total fraction) due 

to intensive industrial and urban activities around the Lake. Despite the fact that residual fraction was the 

dominant for As, the sum of extraction steps one and two, usually easily mobilized to the water column 

accounted for a bit more than 20 % in sample site one of dry season (21.64 %)  and sample site three of wet 

season (22.39 %). The non-residual fraction which consists of the first four sequential extraction steps 

(exchangeable, carbonates, Fe – Mn oxides and organic matter fractions) amounted to a bit more than 30 % 

of the percentage total of As except sample site five which was a bit lower. This was probably due the fact 

that herbicides, pesticides and phosphate fertilizers applied to crops contained arsenic that enhanced a 

relatively significant amount of it on sediments [31]. 

3.9.2. Iron 

Iron dominated mostly the residual fraction, followed by the organic matter fraction in both dry 

and wet seasons (Figures 4c and d). Iron had the following ranges for each of the sequential extraction 

steps: exchangeable fraction (0.57 – 6.95%), carbonates fraction (0.55 – 6.71 %), Fe - Mn oxides fraction 

(8.08 – 17.29 %), organic matter fraction (20.52 – 31.36 %), residual fraction (48.96 – 63.31 %) for dry 

season, and exchangeable fraction (1.26 – 3.22 %), carbonates fraction (2.46 – 7.26 %), Fe - Mn oxides 

fraction (3.13 – 13.49 %), organic matter fraction (21.87 – 29.99 %), residual fraction (46.02 – 69.22 %) 

for wet season. This was similar to work done by Malsiu et al. [41] on Badovci Lake where Fe dominated 

more of the residual fraction (> 63 %) than other fractions. Even though the residual fraction of Fe was 

more than the non-residual fraction for both seasons, the later had more than 30 % fraction for both 

season. This revealed that the fraction of Fe from sediments was dominantly lithogenic and to some 

extent anthropogenic origin.  
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Figure 4A: Proportion of Arsenic Bound to Different 

Sediment Phases for Dry Season (%) 

 

Figure 4B: Proportion of Arsenic Bound to Different 

Sediment Phases for Wet Season (%) 

 

Figure 4C: Proportion of Iron Bound to Different Sediment 

Phases for Dry Season (%) 

 

 

Figure 4D: Proportion of Iron Bound to Different Sediment 

Phases for Wet Season (%) 

 

Figure 4: Proportion of As and Fe Bound to Different Sediment Speciation Phases for Dry and Wet Seasons 

 

3.10. Seasonal Variation of Heavy Metals Concentration Based on Sediment Phases and Sites of the 

Sediment Samples  

The statistical mean of seasonal variation of heavy metals concentration based on sediment 

phases and sites of the sediment samples (mg/kg) are given in Figure 5. Generally, sediments of the wet 
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season had significantly higher concentration of heavy metals than the dry season (P < 0.05). This was 

similar to a research work done by Ntakirutimana et al. [42] in a Lake where for winter season, a period 

of heavy rainfall, with high fluvial inputs flows into the lake carrying heavy metals was responsible for 

the increased concentration of heavy metals in the same season. It was also in line with a study done by 

Solomon et al. [43] on River Ilaje-Nigeria where there was generally higher concentration of studied 

heavy metals in wet season than the dry season. This seasonal variation might be due to run-off of 

agrochemicals used on the farm lands around the Hunki Ox-bow Lake as there is a massive commercial 

farming at Hunki village during the wet season of which agrochemicals such as fertilizer, insecticides 

and herbicides/weedicides are usually applied. These agrochemicals might have contained the studied 

heavy metals that contributed to higher concentration of the heavy metals at wet season. Again, Lakes 

are known to have inlet or outlet (for draining) from river or stream, and hence most of the toxic 

substances such as the agrochemicals that entered the Hunki Ox-bow Lake remained more on the 

sediments [44]. All Lakes are temporary over geologic time scales, as they will slowly fill in with 

sediments or the water spill out of the basin containing them [44]. There were variations in sites and 

seasons on different extraction phases for all the sample sites. This was probably due to the fact that in 

wet season water flows along with the sediments and its contents (containing heavy metals) than in dry 

season, thereby having different concentration of heavy metals on different sample sites and seasons. 

This might also be due to transport, redistribution and remobilization on the heavy metals from sediment 

samples of the lake. However, there was no significant variation based on different extraction phases of 

the sediments (P < 0.05).  

The As concentration dominated the residual fraction for both seasons (Figure 5a). The highest 

concentration of As in dry season was at sample site two of residual fraction (58.74±4.74 mg/kg) 

(P<0.05) followed by sample site one (39.05±2.74 mg/kg) (P < 0.05) with the least concentration at 

sample site two of exchangeable fraction (9.61±1.54 mg/kg) (P<0.05). The highest concentration of 

As in wet season was at sample site five of residual fraction (136.09±24.34 mg/kg) (P < 0.05) followed 

by sample site four (110.31±26.28 mg/kg) (P < 0.05) with the least concentration at sample site two of 

carbonate fraction (10.32±2.46 mg/kg) (P < 0.05).  

Iron concentration from the sediment samples was more on the residual fraction for both seasons 

(Figure 5b). Iron had the highest concentration at sample site four (164.48±95.19 mg/kg) (P < 0.05) followed 

by sample site five (105.64±83.79 mg/kg) (P <0.05) of residual fraction with the least concentration at 

sample site three (BDL) (P < 0.05) of carbonate fraction in dry season. Iron had the highest concentration at 

sample site five (784.29±190.03 mg/kg) (P < 0.05) followed by sample site four (232.64±81.25 mg/kg) (P 

< 0.05) of residual fraction with the least concentration at sample site five (5.81±0.99 mg/kg) (P < 0.05) of 

exchangeable fraction in wet season. 



Int. J. Modern Chem. 2023, 15(1): 1-29  

        

Copyright © 2023 by Modern Scientific Press Company, Florida, USA 

21 

 

 

 Figure 5A: Mean Concentration of Arsenic from Sediments Speciation 

Phases for Wet and Dry seasons (mg/kg) 

 

   Figure 5B: Mean Concentration of Iron from Sediments Speciation     

Phases for Wet and Dry seasons (mg/kg) 

Figure 5: Seasonal Variation of Arsenic and Iron from Sediments Speciation Phases for Wet and Dry 

seasons  

 

 

 

 

3.11. Risk Assessments by Bioavailability Index (BI), Mobility Factor (MF), Geo-accumulation Index (I-

geo) and Contamination potential (Cp) for Dry and Wet Seasons 

The risk assessments by Bioavailability Index (BI), Mobility Factor (MF) and Geo-accumulation 

Index (I-geo) for dry and wet seasons are as presented in Tables 11. The calculation of BI was based on 

the fractions of heavy metals in Tessier et al. [11] and the equation is as follows: 

𝐵𝐼 =
[Exchangeable (F1)  +  Bound to Carbonates (F2)  +  Bound to Fe– Mn Oxides (F3)]

[Bound to Organic Matter (F4)  +  Residual (F5)]
             (3)       

 

The average BI values for both dry and wet seasons were in the decrease order:  As > Fe. The 

decrease order of MF average for both dry and wet seasons were of the following: As > Fe. The results 

of risk assessment by Bioavailability Index (BI) for dry and wet seasons are given in Table 11. 

Bioavailability index (BI) has been widely used to calculate the accumulation extent in living organism 

and evaluate the potential harm of heavy metals [45]. The Bioavailability Index (BI) of this study for 

dry and wet seasons was calculated based on the concentration of five sequential extraction steps of the 

sediments from Hunki Ox-bow Lake. The mean of BI for all sites of As in sediment samples as shown 

in Table 11 were generally high for both dry and wet seasons, but the values of BI for Fe was low, which 
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were below 1.00 for both seasons. These values of BI less than 1.00 may not be of any threat to the 

ecosystem. The average BI for wet season was relatively higher than that of dry season. The high BI 

values of As in this study suggested that it may pose potential risk to the aquatic ecosystem and could 

easily enter the food chain and pose serious threat to man due to its higher toxicity and availability.  

 

Table 11: Risk Assessment by Bioavailability Index (BI), Mobility Factor, MF and Geo-accumulation 

Index (I-geo) of Heavy Metals in the Sediments for Dry and Wet Season 

 Bioavailability Index 

(BI) 

 Mobility Factor, 

MF (%) 

 Geo-accumulation Index  

(I-geo) 

Sample 

Code/HM 

As Fe  As Fe  As Fe 

SA1 

 

0.84 0.71  33.20 5.60  1.78 -7.36 

SA2 

 

0.65 0.43  31.60 7.40  2.34 -7.38 

SA3 

 

1.55 0.10  51.10 6.20  0.89 -7.37 

SA4 

 

2.35 0.35  50.70 4.00  1.72 -7.08 

SA5 

 

1.76 0.41  41.30 2.30  3.34 -7.36 

 

𝒙 ̅ SA 

 

1.43 0.40  41.58 5.10  2.01 -7.31 

SB1 

 

0.67 0.56  26.96 1.80  2.87 -6.46 

 

SB2 

 

0.95 0.67  38.67 9.23  1.08 -6.80 

SB3 

 

0.79 2.30  33.10 7.13  3.01 -8.76 

SB4 

 

6.60 1.02  28.02 9.96  3.63 -9.26 

SB5 

 

0.71 0.63  25.50 7.25  3.60 -6.62 

𝒙 ̅ SB 1.94 0.86  30.45 7.04  2.84 -7.58 

Key: HM = Heavy metals, S = Sediment Samples, A = Dry season, B = Wet season, 1-5 = Sample Sites 1 to 5, 𝑥 ̅  = mean 

of all sites per heavy metal  

 

In a five-stage sequential extraction scheme, Salbu and co-workers [26], employed fraction 1 

(F1) and fraction 2 (F2) of Tessier et al. [11] to represent the easily remobilizable fractions. Based on 

their proposal, the mobility factor of metals may be obtained using the following equation: 
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MF = 
𝐹1+𝐹2

𝐹1+ 𝐹2 + 𝐹3+ 𝐹4 + 𝐹5 
× 100      (4) 

Where, F1 = adsorptive and exchangeable fraction; F2 =carbonate fraction; F3 = Fe-Mn oxide fraction; 

F4 = organic fraction and F5 = residual fraction. 

 

The results of risk assessment by Mobility Factor, MF (%) of As and Fe from sediments for dry 

and wet seasons are as presented in Table 11. The fate of metal ions in sediment of the overlying water 

column is dependent on its MF. Salbu and co-workers [26] revealed that MF of metals provides an 

indication of the bioavailability or non-bioavailability of the metal. This was also adopted and used by 

Ma et al. [46]. The average values of MF (%) as presented on Table 11 revealed that As had higher 

values than Fe irrespective of season. This indicated based on MF risk assessment values that As will be 

more mobilizable and bioavailable compared to Fe to the aquatic ecosystem irrespective of seasons.  

The I-geo values of all studied heavy metals for dry season ranged from -9.08 - 3.34 for all sample 

sites, and those of wet season ranged from -9.26 – 7.68. Geo-accumulation index (I-geo) is a quantitative 

indicator proposed by Muller [27] that estimates the heavy metal pollution status of sediment in water. 

This method directly reflects the degree of enrichment of heavy metals in sediment and the equation is 

given below. 

𝐼𝑔𝑒𝑜 = 𝑙𝑜𝑔2 [
𝐶𝑛

1.5 𝐵𝑛
]                    (5) 

Where Cn is the measured concentration of the sediment from a water body, Bn is the geochemical 

background value of a particular heavy metal, and 1.5 is the coefficient of variation that may be caused 

by earth movement and rock formation or other lithogenic effects. 

The results of the calculation of risk assessment by Geo-accumulation Index (I-geo) of heavy 

metals from sediments for dry and wet seasons are given in Table 11. Taylor and McLennan [47] 

distinguished seven classes of geo-accumulation index as used by Tytla and Kostecki [48]. The classes 

include: I-geo < 0 (Class 0 for practically unpolluted, PU, samples); 0 < I-geo < 1(Class 1 for practically 

unpolluted to moderately polluted, MP, samples); 1 < I-geo < 2 (Class 2 for moderately polluted, MP, 

samples); 2 < I-geo < 3 (Class 3 for moderately polluted, MP, to heavily Polluted, HP, samples); 3 < I-

geo < 4 (Class 4 for heavily polluted, HP, samples); 4 < I-geo < 5 (Class 5 for heavily polluted to very 

heavily (extremely) polluted, VHP, samples); I-geo > 5 (Class 6 for very heavily (extremely)polluted, 

VHP, samples). In this present study, I-geo values of As in dry season ranged from 0.89 to 3.34, 

indicating practically unpolluted to heavily polluted. The I-geo values of Fe for both dry and wet seasons 

ranged from -9.26 to -7.08 for all sample sites, indicating practically unpolluted. In wet season, the I-

geo values of As ranged from 1.08 to 3.63 which showed moderately polluted to heavily polluted.  
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Potential contamination index (Cp) was calculated by a method adopted by Hakanson [28] and 

used by Davanesan et al. [29] as follows: 

𝐶𝑃 =  
(𝑀𝑒𝑡𝑎𝑙)𝑆𝑎𝑚𝑝𝑙𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚

(𝑀𝑒𝑡𝑎𝑙)𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
                       (6) 

where (Metal)Sample maxmium is the maximum concentration of a metal in sediment, and (Metal)Background is 

the average value of the same metal in a background level. Potential contamination index (Cp) values 

were interpreted as suggested by Davaulter and Rognerud [30], where Cp < 1 indicates low 

contamination; 1 < Cp < 3 is moderate contamination; and Cp > 3 is severe or very severe contamination.  

The Potential Contamination Index (Cp) of As and Fe for dry season were 15.220 and 0.010, 

respectively, while that of wet seasons were 18.560 and 0.020, respectively. In this research (both 

seasons), the Cp values of As were all greater than 3 which revealed a severe or very severe 

contamination of the sediments by As. The Cp values of Fe irrespective of seasons were all less than 

one, indicating low contamination of the sediments. 

4. Conclusion  

This research work aimed at assessment of the levels and speciation of As and Fe in water and 

sediments from Hunki Ox-bow Lake. Physicochemical properties of the sediments which include: pH, 

electrical conductivity, moisture content, organic carbon, organic matter, carbonates and grain sizes of 

the sediments were also characterized.  

The results generally revealed that the pH and carbonate content values of the wet season whole 

(raw) and different grain sizes of the sediment samples were lower than that of dry season. The wet 

season had higher percentages of electrical conductivity, moisture content, organic carbon and organic 

matter than the dry season.  

The mean concentration of As and Fe from water and whole (raw) sediment samples for all 

sample sites of both dry and wet seasons was of the decrease order: Fe > As. The baseline levels of As 

and Fe in water samples  were as follows, irrespective of seasons: As (1.674) and Fe (4.551) mg/L, 

which revealed that As in water samples was higher than the WHO Guidelines for Drinking Water 

Quality, GDWQ [34], but that of  Fe was not specified. The baseline levels of As and Fe on the 

sediments were: As (93.935) and Fe (264.429) mg/kg.  This baseline levels showed that As was higher 

than both Interim Sediment Quality Guidelines – Low (ISQG-L) of 20 mg/kg and Interim Sediment 

Quality Guidelines – High, ISQG-H (70 mg/kg), while that of Fe was not specified [37,4].  
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The mean concentrations of As and Fe based on sum of speciation extraction steps were all 

significantly higher in the wet season than the dry season (P < 0.05).  

The results of the sum of five-step sequential extraction procedure were generally in good 

agreement with the pseudo total digestion results of all sites, with acceptable recoveries, an indication 

that the five-step Sequential Extraction Procedure (SEP) proposed by Tessier et al. [11] used in this 

study was found reliable and can be reproduced.  

Arsenic and Iron dominated the residual fraction of the sediments more than other sequential 

extraction fractions, irrespective of seasons, and hence were more of natural sources.  

The ecological risk indices evaluated evidenced As to be of greater ecological risk than iron. 

References 

[1] Szyczewski, P., Siepak, J., Niedzielski, P., Sobczynski, T. Research on Heavy Metals in Poland. Pol. 

J. of Env. St., 2009, 18(5): 755–768. 

[2] Zhang, Z., Miah, M., Culbreth, M., Aschner, M. Autophagy in Neurodegenerative Diseases and 

Metal Neurotoxicity. Neurochemical Resource, 2016, 41: 409–422. 

[3] Tchounwou, P.B., Yedjou, C.G., Patlolla, A.K., Sutton, D.J. Heavy Metals Toxicity and the 

Environment. Nat. Inst. of Heal. Pub. Acc., 2012, 101: 133–164. doi:10.1007/978-3-7643-8340-4-

6. 

[4] ATSDR.. Health Consultation, Evaluation of Contaminant Exposures from Human Consumption of 

Crabs and Oysters Near the Atlantic Wood Industries Site, Portsmouth, Virginia. U.S. Dept. Health 

and Human Services, Public Health Service, Agency for Toxic Substances and Disease Registry, 

Atlanta, GA., 2008, 57pp. 

[5] Helsel, D.. Much Ado about Next to Nothing: Incorporating Nondetects in Science. Ann. of 

Occup.Hyg., 2009.www.annhyg. oxfordjournals.org/content/54/3/257. Retrieved on 17/7/17.  

[6] Kot, A., Namiesnik, J. The role of speciation in analytical chemistry. Tr. in anal. Chem.., 2000, 19 

(2): 69 – 79. 

[7] Zhang, N., Wang, Q., Liang, Z., Zheng, D.. Characterization of heavy metal concentrations in the 

sediments of three freshwater rivers in Huludao City, Northeast China. Env. Poll., 2008, 154:135–

142. 

[8] Amin, B., Ismail, A., Arshad, A., Yap, C.K., Kamarudin, M.S. Anthropogenic impacts on heavy 

metal concentrations in the coastal sediments of Dumai, Indonesia. Env. Monit. Ass., 2009,148:291–

305. 



Int. J. Modern Chem. 2023, 15(1): 1-29  

        

Copyright © 2023 by Modern Scientific Press Company, Florida, USA 

26 

[9] Zahra, A., Hashmi M.Z., Malik, R.N., Ahrned, Z. Enrichment and geo-accumulation of heavy metals 

and risk assessment of sediments of the Kurang Nallah-Feeding tributary.of the Rawal Lake 

Reservoir, Rakistan. Sc. of the Tot.Env., 2014, 470–471:925–933. 

[10] Idris, A.M., Eltayeb, M.A.H., Potgieter-Vermaak, S.S., Grieken, R., Potgieter J.H. Assessment of 

heavy metal pollution in Sudanese harbours along the Red Seacoast. Microchem J., 2007, 87: 104–

112. 

[11] Tessier, A., Campbel, P.G.C.,Bisson, M. Sequential extraction procedure for the speciation of 

Particulate trace metals. Anal. Chem., 1979, 51: 844–851. 

[12] Nigeria Galleria. Nigeria information and guide – Hunki Ox-bow Lake. Galleria media limited, 

2005. www.NigeriaGalleria.com. Retrieved, 27/8/17. 

[13] Guevara-Riba, A., Sahuquillo, A., Rubio, R., Rauret, G. Assessment of metal mobility in dredged 

harbour sediments from Barcelona, Spain. Sc. of Tot. Env., 2004, 321: 241–255. 

[14] Lin, J.G., Chen, S.Y., Su, C.R.. Assessment of sediment toxicity by metal speciation in different 

particle-size fractions of river sediment. Wat. Sci. and Tech., 2003, 47 (7–8): 233–241. 

[15] APHA.. Standard Method for Examination of Water and Wastewater, 18th edn. American Public 

Health Association, Washington D. C., 1999, 1268pp. 

[16] Jackson, M. L. Soil chemical analysis. New Delhi: Prentice Hall.2nd edn., 1973, p134. 

[17] Tao, Y., Yan Z., Yuan, Z. Distribution and bioavailability of heavy metals in different particle-size 

fractions of sediments in Taihu Lake, China. Chem. Spec. and Bioav., 2012, 24(4): 205–215. 

[18] Horsfall, Jr. M., Horsfall, M.N., Spiff, A.I. Speciation of heavy metals in inter-tidal sediments of 

the Okrika River System, Rivers State, Nigeria. Bul. of Chem Soci of Ethiop., 1999, 13(1): 1–9. 

[19] Elfaki, J.T., Mohamed, O.G., Magboul, M.S, Mushtaha, E.A.. Assessment of Calcimetric and 

Titrimetric Methods for Calcium Carbonate Estimation of Five Soil Types in Central Sudan. 

Journal of Geoscience and Environment Protection, 2016, 4: 120–127. 

[20] Walkley, A., Black, I.A.. An examination of the Degtjareff method for determining organic carbon 

in soils: Effect of variations in digestion conditions and of inorganic soil constituents. Soil Sc., 1934, 

63: 251–263. 

[21] Nelson, D.W., Sommers, L.E.. Total carbon, organic carbon, and organic matter. In: Sparks, D.L., 

Fendorf S.E.,Toner, I.V. and Carski, C.V. Methods of Soil Analysis: 2nd Edn. Part 3, Chemical 

Methods, SSSA Book Series No. 5. Soil Science Society of America, Madison, WI, 1996, pp. 1275–

1307. 

[22] Rowell, D.L. Soil Science: methods and applications. Harlow, Longman Scientific and Technical, 

1st Edn. 1994. ISBN: 0582087848. 368pp. DOI: https://doi.org/10.4324/9781315844855.  

http://www.nigeriagalleria.com/


Int. J. Modern Chem. 2023, 15(1): 1-29  

        

Copyright © 2023 by Modern Scientific Press Company, Florida, USA 

27 

[23] Adiyiah, J., Kelderman, P. Assessment of the Levels of Heavy Metals in Vertical Sediment Cores 

of Lake Markermeer in the Netherlands. Int. J. of Eng. Res and Tech, 2014, 3 (1): 584 –590. 

[24] Fabunmi, I., Olumodeji, O., Uyimadu, J. P., Adeleye, A. Evaluation of the Effectiveness of Different 

Acid Digestion on Sediments.  Int. Org. of Sc. Res. J. of Ap. Chem. (IOSR-JAC), 2014, 7(12): 39–

47.  

[25] Nemati, K., Abu Bakar, N.K., Abas, M.R., Sobhanzadeh, E. Speciation of heavymetals by modified 

BCR sequential extraction procedure in different depths of sediments from Sungai Buloh, Selango. 

Mal. J.of Haz. Mat.2011, 192: 402–410. 

[26] Salbu, B., Kreling, I, Oughlon, D. H.. Characterization of Radioactive particles in the environment. 

Analyst, 1998, 123: 843- 849. 

[27] Muller, G. Index of Geo-accumulation in sediments of the Rhine River. Geol J., 1969, 2(3): 108–

118. 

[28] Hakanson, L. An ecological risk index for aquatic pollution control: A sedimentological approach. 

Wat. Res., 1980, 14: 975–1001. 

[29] Devanesan, E.,  Gandhi, M. S., Selvapandiyan, M., Senthilkumar, G., Ravisankar, R. Heavy metal 

and potential ecological risk assessment in Sediments collected from Poombuhar to Karaikal Coast 

of Tamilnaduusing using Energy Dispersive X-Ray Fluorescence (EDXRF) technique. Beni-Suef 

Univ. J. of Bas and Ap. Sc., 2017, 6 (3):  285–292. 

[30] Davaulter, V., Rognerud, S. Heavy metal pollution in sediments of the Pasvik River drainage. 

Chemosphere, 2001, 42: 9–18. 

[31] Xuming, K., Jinming, S., Huamao, Y., Liqin, D., Xuegang, L., Ning, L., Xianmeng, L., Baoxiao, 

Q. Speciation of heavy metals in different grain sizes of Jiaozhou Bay sediments: Bioavailability, 

ecological risk assessment and source analysis on a centennial timescale. Ecot. and Env. Saf., 2017, 

143: 296–306. 

[32] US EPA. Bioaccumulation Testing and Interpretation for the Purpose of Sediment Quality 

Assessment: Status and Needs, EPA-823-R-00-001 and EPA-823-R -00-002 US Environmental 

Protection Agency, Washington, DC., 2000, 232pp. 

[33] Joachim, E. A., Surendra, P. Determination and comparison of selected heavy metal concentrations 

in seawater and sediment samples in the coastal area of Suva, Fiji. Mar. Poll. Bull., 157 (2020) 

111157: 1–8. 

[34] WHO. Guidelines for drinking-water quality: fourth edition incorporating the first addendum, 

Geneva: World Health Organization (WHO); 2017. License: CC BY-NC-SA 3.0 IGO. 

http://apps.who.int/iris., 2017, 631pp. 

http://apps.who.int/iris


Int. J. Modern Chem. 2023, 15(1): 1-29  

        

Copyright © 2023 by Modern Scientific Press Company, Florida, USA 

28 

[35] Mazumder, G. Chronic arsenic toxicity and human health. Ind. J. of Med. Res., 2008, 128(4): 436–

447.  

[36] Rajaganapathy, V., Xavier, F., Sreekumar, D., Mandal, P. K. Heavy Metal Contamination in Soil, 

Water and Fodder and their presence in Livestock and Products: A Review. Journal of 

Environmental Science and Technology, 2011, 4: 234-249. 

[37] ANZECC AND ARMCANZ. Australian and New Zealand guidelines for fresh and marine water 

quality, October, 2000. National Water Quality Management Strategy, paper No. 4., Australian and 

New Zealand Environmental and Conservation Council, and Agriculture and Resource 

Management Council of Australia and New Zealand  (ANZECC AND ARMCANZ), Canberra, 

Australia, 2000, 678pp. 

[38] Kulbat, E., Sokołowska, A.. Speciation of heavy metals in bottom sediments of a drinking water 

reservoir for Gdańsk, Poland – changes over the 14 years. Desal. and Wat. Treat., 2020, 179: 252-

262. 

[39] Bungala, S.O., Machiwa, J., Shilla, D. Distribution and Speciation of Heavy Metals in Water and 

Sediments of the Coastal Marine Areas of Tanzania. J. of Env. Prot., 2021, 12: 734 – 754. 

[40] Wang, S. L., Lin, C. Y., Cao, X. Z., Zhong, X. Arsenic content, fractionation, and ecological risk 

in the surface sediments of lake. Int. J. of En.. Sc. and Tech., 2013, 9: 31–40. 

[41] Malsiu, A., Shehu, I., Stafilov, T., Faiku, F. Assessment of Heavy Metal Concentrations with 

Fractionation Method in Sediments and Waters of the Badovci Lake (Kosovo). Hindawi J. of Env. 

and Pub H. Volume, 2020. https://doi.org/10.1155/2020/3098594. 

[42] Ntakirutimana, T., Du, G., Guo, J., Gao1, X., Huang, L. Pollution and Potential Ecological Risk 

Assessment of Heavy Metals in a Lake. Pol. J. of Env. St., 2013, 22(4): 1129-1134. 

[43] Solomon, A., Rasheed, K., Olanipekun, E. Spatial Distribution and Speciation of Heavy Metals in 

Sediment of River Ilaje, Nigeria. Int. Res. J. of P.and App. Chem., 2016, 10(2): 1-10. 

[44] Seekell, D., Cael, B., Lindmark, E, Bystrom, P. The Fractal Scaling Relashionship for River inlets 

to Lake. Geographical Res. Lett., 2021, 48 (9): e2021GL093366. Doi:10.1029/2021GL093366. 

[45] Yoo, J.C., Lee, C.D., Yang, J.S. Fraction characteristics of heavy metals from marine sediments. 

Chem Eng J., 2013, 228: 688–699. 

[46] Ma, L., Xia, P., Lin, T., Huang, X., Tang, X. Speciation and Ecological Risks of Cobalt and 

Antimony in Black-Necked Crane (Grus nigricollis) Habitat Sediments in China’s Caohai Lake. 

Polish Journal of Environmental Studies, 2020, 29(2): 1725-1736. 

[47] Taylor, S.R., McLennan, S.M. The geochemical evolution of the continental crust. Rev. of Geoph., 

1995, 33(2): 241-265. 

https://doi.org/10.1155/2020/3098594


Int. J. Modern Chem. 2023, 15(1): 1-29  

        

Copyright © 2023 by Modern Scientific Press Company, Florida, USA 

29 

[48] Tytla, M., Kostecki, M. Ecological risk assessment of metals and metalloid in bottom sediments of 

water reservoir located in the key anthropogenic “hot spot” area (Poland). Envi. Earth Sc., 2019, 

78(179): 1-17..https://doi.org/10.1007/s12665-019-8146-y. 

 


