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Abstract 
The present study investigated the concentration and species of heavy metals 
As, Hg, Cr, Pb and Zn in water and As, Hg, Cr, Pb and Zn in sediments col-
lected along the coastal marine areas of Tanzania so as to determine their be-
haviour and remobilization potential in the environment and the degree of 
their availability to edible aquatic biota for monitoring purposes. Sequential 
extraction revealed the presence of a significant proportion of heavy metals 
Cr, Pb and Zn bound to available fractions of sediments. Arsenic had the 
highest concentration in non available residual fractions. PCA analysis found 
that As-Hg, Cr-Pb were strongly correlated and that the two may be derived 
from the same source most likely from storm water drainage of waste water 
discharges, while Zn may have come from the different source like watershed 
erosion. Further, PCA clearly confirms the same. Generally, Zn among all 
heavy metals analysed was the most available to aquatic biota due to its higher 
average concentrations in the acid soluble fraction, followed by chromium. 
However, high percentages of metal species studied in Tanzania coastal ma-
rine areas were found in non available fractions which indicated that the edi-
ble aquatic biota was safe for human consumptions. 
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1. Introduction 

Different physico-chemical forms (species) of an element can co-exist and may 
or may not be in thermodynamic equilibrium with one another [1]. Knowledge 
of the chemical forms of elements is essential for estimating their biological availa-
bility, physico-chemical reactivity and elemental transport in the environment 
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and into the food chain. Variation in the speciation of heavy metals will also af-
fect their degree of adsorption on suspended matter, their rate of transfer to the 
sediments and their overall transport in a water system [1]. For example, inor-
ganic arsenic in seawater is biotransformed into organoarsenic compounds by 
marine biota and more than 20 organoarsenic compounds have been identified 
[2]. The oxidation state of an element also plays an important role on bioavaila-
bility and toxicity. For example, among the two chromium oxidation states, Cr 
(III) is considered one of the essential elements for living organisms, whereas Cr 
(VI) is toxic to biota and has been reported as carcinogenic. On the other hand, 
As (III) is much more toxic than As (V) [3]. 

Speciation is not only very useful for determining the degree of association of 
the metals in the sediments and to what extent they may be remobilized into the 
environment [3], but also for distinguishing those metals with a lithogenic origin 
which are usually not-available to aquatic biota, from those with an anthropo-
genic origin which usually are available to aquatic biota. The level of bioavaila-
bility of a specific metal depends on the fraction of sediment to which it is ad-
sorbed, e.g. metals bound to water-soluble or carbonate molecules (exchangeable 
fraction), Fe and Mn oxides and hydroxides (reducible fraction), organic matter 
and sulphides (oxidisable fraction). Metals bound to exchangeable fractions are 
resuspended readily, whereas reducible and oxidisable fractions require biologi-
cal or chemical processes to occur before they are made bioavailable [4]. Specia-
tion studies also help to understand the extent of enrichment of metals in the 
environment by calculation of an enrichment factor (EF). According to [5], EF is 
defined as the ratio between the total metal concentration and the metal concen-
tration in the residual phase. The enrichment factor indicates how much the se-
diment is enriched relative to metal concentration in the residual fraction which 
is mainly of lithogenic origin. EF values that are equal to one suggest no enrich-
ment, and those which are substantially greater than one (more than two) sug-
gest anthropogenic input of metals. 

[ ]( ) [ ] [ ] [ ]
[ ]
MeF4

EF MeF1 MeF2 MeF3
MeF4

= + + +              (1) 

where, Me is the concentration of a metal in the sequential extraction fractions 
(F1, F2, F3, F4). 

Several methods for determining the different forms of metals in sediments 
have been described in the scientific literature [6]. The most widely used me-
thods are based on sequential extraction procedures whereby several reagents 
are used consecutively to extract operationally defined phases from a sediment 
sample in a sequence [7]. Generally, for sediment samples a combination of 
operationally defined physical and chemical separation techniques are utilised in 
the measurement of the kinetically labile or bioavailable metals including the 
free hydrated metal and inorganic complexes, organically bound complexes and 
total metal complexes. The aim of this study was to investigate speciation of the 
metals As, Hg, Cr, Pb and Zn in water and sediments so as to determine their 
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behaviour and remobilization potential in the environment and the degree of 
their availability to aquatic biota for monitoring purposes, so as to make sure 
edible aquatic biota remained to be safe for human consumptions. 

2. Materials and Methods 
2.1. Study Area 

This study was executed in the coastal waters of Tanzania in the western Indian 
Ocean. The coastal area of Tanzania (Figure 1) encompasses a number of habi-
tats that include coral reefs, mangroves, seagrass beds, sand banks, wetlands and 
beaches which support various resources both living and nonliving, and provides 
life support to coastal communities where such activities as fisheries and related 
activities play an important role in the social and economic development of local 
communities. The coastal areas (Dar es Salaam, Tanga, Zanzibar and Mtwara) 
are faced with expanding populations and emerging land-based activities such as 
agriculture, mineral exploitation and industrial activities which exert pressures 
on coastal waters, thus negatively affecting water quality. It receives water from 
both rivers as well as large amounts of domestic and industrial effluents. The 
studied area are also characterised by local harbour activities while at Dar es Sa-
laam port area, Mtwara port area and Tanga port area, there are harbour and 
ship fumigation activities and also loading and offloading of different types of 
cargo. 

2.2. Establishment of the Sampling Stations 

Eight sampling stations were located in the estuarine of rivers and three in ma-
rine areas near ports. Water, sediments and biota were collected from estuaries 
of these rivers: Pangani, Wami, Ruvu, Mzinga, Msimbazi, Rufiji, Matandu and 
Ruvuma (Figure 1). The port areas from which samples were collected were Dar 
es Salaam, Tanga and Mtwara (Figure 1). The positions of sampling stations 
were determined using a Geographical Positioning System (Garmin GPS 72), as 
shown in Table 1. Three sites were established which are NCMAs (Northern 
Coastal Marine Areas) (stations 1, 2, 3 and 4), CCMAs (Central Coastal Marine 
Areas) (stations 5, 6 and 7) and SCMAs (Southern Coastal Marine Areas) (sta-
tions 8, 9, 10 and 11). 

2.3. Sample Collection and Measurements of Physico-Chemical  
Parameters 

All the plastic and glassware used for metals analysis were washed with deter-
gent, soaked in 5% nitric acid overnight, rinsed at least three times with de-io- 
nized water and dried at air temperature in the hood before use. All reagents for 
treatment of samples for heavy metals analyses were Suprapur or Ultrapure 
grade, supplied by Merck (Darmstadt, Germany) or Sigma-Aldrich (Steinhein, 
Germany). All solutions were prepared using deionised water. Sampling was con-
ducted after the rainy season between June and July 2011. Prior to the water  
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Figure 1. Map of the marine coast of Tanzania showing the eleven sampling stations. 

 
Table 1. Sampling locations in estuaries and port areas along the coastal marine areas of 
tanzania. 

Site Location Station Coordinates 

NCMA (Northern Coastal 
Marine Areas) 

Tanga Port Area (TPA) 1 5˚1.43'S; 39˚5.16'E 

Pangani River Estuary (PRE) 2 5˚25.46'S; 38˚58.01'E 

Wami River Estuary (WRE) 3 6˚7.17'S; 38˚48.53'E 

Ruvu River Estuary (RRE) 4 6˚24.03'S; 38˚52.02'E 

CCMA (Central Coastal 
Marine Areas) 

Msimbazi River Estuary (MRE) 5 6˚47.50'S; 39˚16.54'E 

Dar es Salaam Port Area (DPA) 6 6˚51.32'S; 39˚17.49'E 

Mzinga Creek (MZC) 7 6˚52.19'S; 39˚17.21'E 

SCMA (Southern Coastal 
Marine Areas) 

Rufiji River Estuary (RRE) 8 7˚44.32'S; 39˚19.11'E 

Matandu River Estuary (MAE) 9 8˚43.26'S; 39˚21.41'E 

Mtwara Port Area (MPA), 10 10˚16.18'S; 40˚11.13'E 

Ruvuma River Estuary (RVE) 11 10˚29.35'S; 40˚24.58'E 
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and sediment sampling, the surface water temperature, pH, salinity, conductivity 
and dissolved oxygen were measured in situ using a temperature-compensated 
Multi Parameter Analyser (Horiba U-10 water quality checker). Water and se-
diment samples were collected from eleven sampling stations along the coastal 
marine area of Tanzania (Figure 1). 

Seawater samples were collected few centimeters below the surface into 1-litre 
acid washed polyethene bottles for heavy metals analysis. Triplicate samples 
were collected at each station and extra 5 litres were collected for suspended par-
ticulate matter analysis. The water samples were immediately stored on ice in a 
cooler and later stored frozen in the laboratory before analysis. Surface sediment 
samples were collected by a sediment corer and placed in pre-cleaned polyethy-
lene bags and stored in a cooler box. Only sediment from the biologically-active 
surface layer (top 5 cm) was collected and debris was removed. Each sample was 
sealed in a plastic bag, stored on ice in a cooler and then immediately transferred 
into a freezer in the laboratory for storage at −18˚C. Thirty three samples were 
collected from the sampling stations for heavy metals analysis. Before analysis 
sediment samples were freeze dried, grounded sieved with a 63 µm mesh sieve 
and stored in pre-cleaned plastic containers prior to digestion. 

2.4. Laboratory Sample Preparation and Analysis 
2.4.1. Determination of Metals Speciation in Water 
Water (3 litres) samples were filtered through Whatman filter papers no. 4 im-
mediately after reaching the laboratory and then stored at approximately 4˚C in 
order to avoid changes in physical-chemical and biological properties. Before 
analysis filtered water samples were sub-sampled into two portions in order to 
measure the different metal species according to the fractionation scheme in 
Figure 2. One portion was digested with nitric acid and incubated (in a culture 
test tube in a water bath) at 80˚C to give a solution with a pH of approximately 2 
before analysis for total heavy metals. The other portion was filtered through 
0.45 µm membrane filter. The filtrate was analysed without digestion to obtain 
dissolved metals fraction. The first fraction contained thermodynamically reac-
tive and non-reactive chemical species [8]. 

 

 
Figure 2. Metal speciation scheme for water samples (Schwarz, 1977). 

 

 

 

 

 

Raw water sample 

Digested + incubated at 80oC 
+ ICP-OES 

Filtered by Whatman filter paper (pre washed with acid) 

Total metals Dissolved metals 

Filtered by 0.45 µm membrane 
filter + ICP-OES 
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In all cases, blanks using ultrapure water (Milli-Q) were treated similar to the 
samples. Sample handling and preparation of solutions were carried out wearing 
polyethylene gloves. Arsenic, mercury, lead, chromium and zinc concentrations 
were analysed by Inductively Coupled Plasma-Optical Emission Spectrometry 
(ICP-OES), ULTIMA 2 Horiba at SEAMIC laboratories Dar es Salaam. Mercury 
was analyzed by hydride generation technique (HG-ICPOES) and other ele-
ments by direct aspiration after dilution. 

In inductively coupled optical emission spectroscopy (ICP-OES), a sample 
solution (for measurement of As, Cr, Pd and Zn) is introduced into the core of 
inductively coupled argon plasma (using a high-accuracy nebulizer by free aspi-
ration and a gravity drain), which generates temperatures of approximately 
8000˚C. At this temperature, all elements become thermally excited and emit 
light at their characteristic wavelengths. This light is collected by the spectrome-
ter and passes through a diffraction grating that serves to resolve the light into a 
spectrum of its constituent wavelengths. Within the spectrometer, this diffracted 
light is then collected by wavelength and amplified to yield an intensity mea-
surement that can be converted to an elemental concentration by comparison 
with calibration standards. Operating conditions of the ICP-OES are described 
in Table 2. 

All measurements were performed using a 20/15µm slit combination with in-
tegration time ranging from 3 to 10 seconds according to the element. 

Mercury (Hg) determination in samples was performed with a Flow Injection 
Hydride Generation System FIAS 400 with Inductively Coupled Plasma Optical 
Emission Spectrometer ICP-OES type ULTIMA 2 Horiba. For the hydride va-
pour generation two types of solutions were used: 3% (v/v) HCl as carrier solu-
tion, and 0.3% NaBH4 (w/v) in 0.5% NaOH (w/v) solution (freshly prepared) as 
reducing agent (as according to the procedure described in Romanian Standard 
SR EN ISO 11885/2009) [9]. This method has a detection limit of Hg 0.1 µg L-1, 
situated under the limit values imposed by legislation. Plasma generation of the 
ICP-OES spectrometer requires argon gas as fuel and therefore nitrogen gas was 
used only for the cooling system of the equipment. The purity of all reagents 
used is critical when determining low levels of hydride elements. The operation-
al parameters for FIAS-ICP-OES method and data processing are presented in 
Table 3. 

 
Table 2. Operating conditions of the ICP-OES: 

Parameters Specification 

RF Generator Power 1200 W 

Plasma gas 14 L/min 

Auxiliary gas 0.8 L/min 

Sheath gas 0.3 L/min 

Nebulizer flow 0.8 L/min 

https://doi.org/10.4236/jep.2021.1210044


S. O. Bungala et al. 
 

 

DOI: 10.4236/jep.2021.1210044 740 Journal of Environmental Protection 
 

Table 3. Optimization parameters for Hg detection by FIAS-ICP-OES. 

Spectrometer Parameters 

Hg Wavelength: 194.168 nm Replicates 3 times 

Integration time: 0.05 s Transient Read Delay 0.0 s 

Plasma parameters 

Plasma flow rate 15 L/min Power RF 1300 W 

Auxiliary flow rate 0.2 L/min Plasma view Axial 

Nebulizer flow rate 0.6 L/min View distance 15.0 mm 

Flow Injection Programme 

Step Time (s) Pump 1 (U/min) Pump 2 (U/min) Valve Read 

Prefil 15 80 100 Fill - 

1 10 80 100 Fill - 

2 15 80 100 Inject On 

Spectral Peak Processing Time Processing 

Peak Algorithm: Peak Height Peak Algorithm: Peak Height 

Points per peak: 3 points Smooting points: 19 points 

Spectral corrections: None  

 
Hg was detected at specific wavelength (194.168 nm) and the method applied 

with the used equipment was perfectly able to measure it accurately even in 
presence of interferents. 

2.4.2. Determination of Sediment Characteristics and Metal Contents 
Total Organic Matter (TOM) was measured by the loss-on-ignition (LOI) me-
thod for the determination of organic matter. Approximately 2 g of sediment 
sample was placed in a ceramic crucible which was then ignited at 500˚C over-
night in order to destroy organic matter [10]. The sample was then cooled in a 
desiccator and weighed. Organic matter content was calculated as follows: 

( )TOM % 100i f

i

W W
W
−

= ×                       (2) 

where Wi is the initial weight of a sample before burning and Wf is the final 
weight of sample after burning. All weights were corrected for moisture/water 
content prior to organic matter content calculations. 

Sediment grain size distribution was determined on freeze-dried sediments by 
using a shaker and stainless steel sieves. The percentage amount of each grain 
size was calculated using the initial weight of the sample and the separate 
weights of each grain size. The particle size distribution in the sediment was 
analysed in the Department of Aquatic Sciences and Fisheries, University of Dar 
es Salaam. 

The total metal concentration was determined after digestion of sediment 
samples at 180˚C on a sand bath heater using a mixture of 2 ml HNO3, 2 ml 
H2O2 and 0.5 ml HF [11] in PTFE beakers. The supernatant solution was filtered 
using (Whatman cellulose acetate 0.45 μm), diluted to 25 ml and stored at 4˚C 
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prior to analysis. A blank was prepared without the addition of sediment. Certi-
fied reference material, Stream sediment (STSD-1) from the Canadian Certified 
Reference Materials Project (CCRMP), produced by CANMET Mining and 
Minerals Sciences Laboratories, was digested along with the samples to provide 
an indication of the extraction efficiency of the method. 

In order to quantify the proportion of metal species that might be available to 
living organisms, the speciation of metals in sediments was established accord-
ing to the procedure by [11] as modified from Community Bureau of Reference 
– BCR [7]. The BCR’s three-step sequential extraction procedure was used to 
obtain metal fractions in the non-residual sediment phases (available fractions). 
The residual phase of the sediment matrix was extracted by introducing a fourth 
step [11], as explained below and shown schematically in Figure 3. 

After every step of extraction, the residue was washed with 20 ml of Milli-Q 
water by shaking for 15 min and centrifuging for 20 min. The liquid was dis-
carded and the sediment residue retained for the second stage of extraction. The 
collected supernatant was filtered (Whatman cellulose acetate 0.45 µm) and 
stored at 4˚C prior to analysis. A blank was prepared without the addition of se-
diment. The analysis of the digest solutions of sediment for As, Hg, Cr, Pb and Zn 
was performed by ICP-OES. Mercury was analyzed by hydride generation tech-
nique (HG-ICP OES) and other elements by direct aspiration after dilution. Ana-
lytical blanks were run in the similar way as that of the samples. Metal concentra-
tions were determined using standard solutions prepared in the same acid matrix. 

 

 
Figure 3. Sequential Extraction of Metals in Sediment Samples (adapted from Yuan et al., 
2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total metal content 

1g sediment sample 

Residue 

Residue 

40 ml of 0.11 M HOAc, 16 hr 
shaking room temp. 

Fraction 1 
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Fraction 3 

Fraction 4 

Residue 

Mix acid HNO3 (2 ml) + 
H2O2 (2 ml) +HF (0.5ml) 

10 ml of 30% H2O2 (8.8 M 
pH 2), 2 hr at 85 ºC + 
CH3COONH4 (1 M), pH 2, 
16 hr 

40 ml of 0.5M NH2OH.HCl 
(0.1M), pH2, 16 hrs shaking 
room temp. 
 

Mix acid HNO3 (2 ml) + 
H2O2 (2 ml) +HF (0.5ml) 
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2.5. Quality Control: Extraction Efficiency of the Analytical  
Protocol 

The certified reference material was included with the samples to provide an in-
dication of the extraction efficiency of the method. STSD-1 (Stream sediment 
reference materials) produced specifically by the Canadian Certified Reference 
Materials Project (CCRMP), CANMET Mining and Minerals Sciences Laborato-
ries, for use in the BCR sequential extraction procedure. Table 4 shows the ex-
traction efficiency of the analytical protocol used for the digestion of sediment 
samples for total metal analysis. The comparison of the experimental results with 
the certified values indicates that the recovery of metal species from the sedi-
ment was between 87% and 106% which is an acceptable range. 

2.6. Statistical Analysis 

Statistical analyses were performed using SPSS 16.0 for Windows, Microsoft ex-
cel and PRIMER 6. Results of the metal analyses were subjected to a one-way 
Analysis of variance (ANOVA) by SPSS to test for significant differences (p = 
0.05) in the concentrations of metals in water and sediments at the different 
sampling sites. Correlation analysis was applied for total organic matter and grain 
size with total metals in sediments between sites. Principal Component Analysis 
(PCA) was applied to identify the distribution patterns and sources of metals in 
the study area. The significance level was set at 0.05. 

3. Results 
3.1. Water and Sediment Characteristics 

The physico-chemical characteristics of water samples from the estuarine and 
port sampling stations were generally similar with the exception of pH and sa-
linity. The sea water from the SCMA had comparatively highest pH (9.8) fol-
lowed by CCMA (9.2) and the NCMA had an average pH of (7.9). On the other 
hand, CCMA had highest salinity (33.8‰), followed by NCMA (27.7‰) and the 
SCMA (21.6‰). Generally, the Ruvuma River Estuary station had the lowest pH 
(7.1 ± 2.2), while the highest pH (10.9 ± 3.1) was recorded near Mtwara Port 
Area in the SCMA (Table 5). Similarly, salinity was lowest (14.3‰ ± 1.2‰) at 
Rufiji River Estuary within SCMA and was highest at the Dar es Salaam Port 
Area in CCMA (38‰ ± 6.5‰). 

The grain size distribution in the sediments from the coastal marine areas of 
Tanzania (Table 6) indicates that sediments from NCMA had higher clay/silt 
content (43%) compared to the CCMA (36%) and SCMA (32%) sites. The high-
est Clay/Silt content (52% ± 10.1%) was recorded in sediment samples from 
Ruvu River Estuary and the lowest amount (25% ± 4.1%) was present in sedi-
ment sample from Rufiji River Estuary (Table 6). The total organic matter con-
tent in sediments samples was highest (6.6% ± 1.5%) in Ruvuma River estuary 
and lowest (3.7% ± 0.1%) in the sediments from Matandu River Estuary (Table 
6). 
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Table 4. Comparison between the experimental results for sediment extraction of total 
metals concentration (µg/g dry weight) with the certified values for the reference material 
(STSD -1*). 

 As Hg Cr Pb Zn 

Experimental 1.5 0.54 26.5 26 167.2 

Certified 1.7 0.51 28 30 165 

% Recovery 88% 106% 95% 87% 101% 

* STSD -1 = Standard Deviation – 1. 
 

Table 5. Wavelength (nm), view & detection limits for elements As, Cr, Pb and Zn in 
ICP-OES. 

Element Wavelength (nm) View 
Instrument Detection  

Limit µg·Kg−1 
Method Detection  

Limit µg·Kg−1 

As 189.042 Axial 1.7 85 

Cr 267.716 Axial 0.7 35 

Pb 220.353 Axial 2.0 1000 

Zn 206.200 Axial 0.2 0 

 
Table 6. Physico-chemical characteristics of water and sediment organic matter and Clay/ 
Silt content at the sampling stations. 

Location Station Temp. (˚C) pH Salinity (‰) DO mg/l TOM (%) Clay/silt % 

NCMA 

1 27.0 ± 3.2 7.8 ± 0.3 33.3 ± 5.1 6.1 ± 0.3 5.0 ± 0.3 47.0 ± 8.5 

2 27.0 ± 4.2 8.0 ± 0.3 24.6 ± 3.2 4.5 ± 0.1 5.1 ± 0.2 38.0 ± 5.2 

3 27.0 ± 2.1 7.4 ± 0.1 21.0 ± 2.1 6.2 ± 0.4 4.3 ± 0.2 35.0 ± 6.3 

4 28.0 ± 4.1 8.5 ± 0.4 32.0 ± 4.1 6.4 ± 0.2 6.4 ± 1.1 52.0 ± 10.1 

CCMA 

5 28.0 ± 3.2 8.5 ± 0.2 32.0 ± 4.5 5.6 ± 0.2 4.9 ± 0.3 40.0 ± 1.1 

6 27.0 ± 3.1 8.8 ± 0.2 38.0 ± 6.5 6.0 ± 0.2 5.6 ± 0.1 36.0 ± 7.3 

7 26.0 ± 2.1 10.3 ± 0.3 31.5 ± 3.5 6.3 ± 0.3 4.6 ± 0.2 33.0 ± 1.5 

SCMA 

8 27.0 ± 3.3 10.5 ± 0.3 14.3 ± 1.2 6.5 ± 0.5 5.6 ± 0.2 25.0 ± 4.1 

9 26.0 ± 2.4 10.8 ± 0.2 27.4 ± 2.3 5.3 ± 0.2 3.7 ± 0.1 41.0 ± 9.1 

10 30.0 ± 5.1 10.9 ± 0.4 27.5 ± 2.5 5.1 ± 0.3 5.0 ± 0.3 29.0 ± 1.5 

11 29.0 ± 4.2 7.1 ± 0.2 17.0 ± 1.5 6.1 ± 0.4 6.6 ± 1.5 35.0 ± 5.1 

3.2. Metal Concentration in Water 
3.2.1. Mercury  
Concentration of total Hg in the coastal marine areas of Tanzania was below the 
recommended value of 0.30 µg/l when compared to the maximum concentration 
water quality guideline value by UNEP [12] (Table 7). 

Dissolved mercury concentration ranged from 0.10 to 0.30 ng/l while particu-
late mercury ranged from 0.10 to 0.40 ng/l. When comparing individual stations, 
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Pangani River Estuary (station 2), Wami River Estuary (station 3), Msimbazi 
River Estuary (station 5) and Dar es Salaam Port Area (station 6) were the only 
stations which had dissolved Hg concentration greater than 0.10 ± 0.04 ng/l 
(Table 7). Comparing sampling stations, concentration of particulate Hg was 
highest (0.32 ± 0.01 ng/l) in Msimbazi River Estuary (station 5) and the lowest 
concentration (below detection limits) was in the water samples from Tanga 
Port Area, Ruvu River Estuary, Rufiji River Estuary, Mtwara Port Area and Ru-
vuma River Estuary (Table 7). 

3.2.2. Chromium 
Total Cr concentration in water samples was below the recommended value of 
10.0 µg/l., in comparison with the maximum concentration water quality guide-
line value by UNEP [12]. 

The dissolved chromium in water samples was detected only at Wami River 
Estuary (0.01 ± 0.00 µg/l), while particulate chromium was detected in water 
samples from all stations, ranging from 0.02 to 0.06 µg/l (Table 7). The concen-
tration of particulate Cr was higher (0.06 ± 0.02 µg/l) at Mzinga Creek and 
Mtwara Port Area while the lowest concentration (0.02 ± 0.01 µg/l) was found in 
the water samples from Wami River Estuary and Ruvu River Estuary (Table 7). 

3.2.3. Zinc 
Concentration of total Zn in water samples was below the recommended value 
of 17.0 µg/l, in comparison with the maximum concentration water quality guide-
line value by UNEP [12].  
 

Table 7. Total, dissolved and particulate metals concentrations (±SD) and UNEP EQT (µg/l) in coastal marine waters of tanzania. 

Stations 
Total Hg 

(ng/l) 
Dissol. Hg 

(ng/l) 
Partic. Hg 

(ng/l) 
Total Cr 

(µg/l) 
Dissol. Cr 

(µg/l) 
Partic. Cr 

(µg/l) 
Total Zn 

(µg/l) 
Dissol. Zn 

(µg/l) 
Partic. Zn 

(µg/l) 

1 0.11 ± 0.03 0.11 ± 0.03 n.d. 0.06 ± 0.03 n.d. 0.06 ± 0.03 0.10 ± 0.04 0.03 ± 0.02 0.07 ± 0.02 

2 0.30 ± 0.06 0.10 ± 0.02 0.20 ± 0.04 0.05 ± 0.02 n.d. 0.05 ± 0.02 0.19 ± 0.06 0.02 ± 0.02 0.17 ± 0.04 

3 0.21 ± 0.04 0.09 ± 0.01 0.12 ± 0.03 0.05 ± 0.01 0.05 ± 0.01 n.d. 0.09 ± 0.03 n.d. 0.09 ± 0.03 

4 0.14 ± 0.02 0.14 ± 0.02 n.d. 0.05 ± 0.03 n.d. 0.05 ± 0.03 0.13 ± 0.09 n.d. 0.13 ± 0.09 

5 0.31 ± 0.05 n.d. 0.31 ± 0.05 0.05 ± 0.02 n.d. 0.05 ± 0.02 0.14 ± 0.04 n.d. 0.14 ± 0.04 

6 0.20 ± 0.03 n.d. 0.20 ± 0.03 0.05 ± 0.01 n.d. 0.05 ± 0.01 0.19 ± 0.05 0.04 ± 0.01 0.15 ± 0.04 

7 0.11 ± 0.02 n.d. 0.11 ± 0.02 0.06 ± 0.01 n.d. 0.06 ± 0.03 0.18 ± 0.03 n.d. 0.18 ± 0.03 

8 0.23 ± 0.05 0.23 ± 0.08 n.d. 0.04 ± 0.01 n.d. 0.04 ± 0.01 0.16 ± 0.01 n.d. 0.16 ± 0.01 

9 0.11 ± 0.03 n.d. 0.11 ± 0.03 0.05 ± 0.01 n.d. 0.05 ± 0.01 0.14 ± 0.03 n.d. 0.14 ± 0.03 

10 0.10 ± 0.04 0.10 ± 0.04 n.d. 0.06 ± 0.02 n.d. 0.06 ± 0.02 0.21 ± 0.10 0.03 ± 0.01 0.18 ± 0.09 

11 0.10 ± 0.02 0.10 ± 0.02 n.d. 0.05 ± 0.01 n.d. 0.05 ± 0.01 0.11 ± 0.05 0.04 ± 0.01 0.07 ± 0.04 

UNEP (µg/l) 0.3   10   17   

Note: EQT = UNEP Recommended Ecological Quality Targets for WIO Region (2009). Detection limits for elements in ICP-OES (mg·kg−1) Hg = 0.007, Cr = 
0.002 and Zn = 0.0006. 

https://doi.org/10.4236/jep.2021.1210044


S. O. Bungala et al. 
 

 

DOI: 10.4236/jep.2021.1210044 745 Journal of Environmental Protection 
 

Dissolved zinc in water samples was detected at only five stations out of ele-
ven. The concentration ranged from 0.01 to 0.03 µg/l (Table 3). Among the sta-
tions, it was found that Mtwara Port Area (station 6) and Ruvuma River Estuary 
(station 11) had the highest dissolved Zn (0.03 ± 0.00 µg/l) in the water samples. 
Quite unexpectedly, the Msimbazi River Estuary had no detectable dissolved 
zinc. 

Particulate zinc was detected in the water samples from all stations ranging 
from 0.02 µg/l to 0.18 ng/l. The concentration of particulate Zn was higher (0.18 
± 0.03 µg/l) in the water from Mzinga Creek and also in the water sample from 
Mtwara Port Area (0.18 ± 0.04 µg/l), while the lowest concentration (0.02 ± 0.01 
µg/l) was in the water samples from Tanga Port Area (Table 3). 

3.3. Metals Concentration in Sediments 
3.3.1. Speciation of Arsenic in the Sediment 
The concentration of As in the sediment phases showed that about 43% of the 
metal was present in the geochemically available fractions of the sediments 
(Figure 4). The highest concentration of geochemically available fractions of As 
(0.34 ± 0.09 µg/g) from samples collected from Msimbazi River Estuary was as-
sociated with the easily reducible fraction (F2). The lowest amount of geochemi-
cally available As (0.022 ± 0.01 µg/g) was found in samples from Mtwara Port 
Area only in the oxidizable fraction. The amount of As in the residual fraction 
(F4) was more than 80% in the samples from estuaries of Wami, Matandu and 
Ruvuma Rivers. 

The concentration of the total arsenic (Table 8) correlated well with Clay/Silt 
content of the sediment and the sediment organic matter content. Arsenic con-
centration in sediment samples, was within the recommended value of 7.24 µg/g 
in comparison with the maximum concentration sediment quality guideline 
value by UNEP [12]. 

 

 
Figure 4. The concentration of as in sediment fractions and the percentage amount of the geo-
chemically available arsenic. 
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Table 8. Correlation coefficients (Pearson’s) of the total concentrations of metals in se-
diments with TOM and % clay of the sediment. 

 TOM (%) % Clay Total As Total Hg Total Cr Total Pb Total Zn 

TOM (%) 1       

% Clay −0.419 1      

Total As 0.423 0.454 1     

Total Hg 0.215 0.266 0.906** 1    

Total Cr 0.097 0.183 0.403 0.578 1   

Total Pb 0.313 0.299 0.353 0.492 0.335 1  

Total Zn 0.097 0.142 0.637* 0.699* 0.540 0.518 1 

* Correlation is significant at the p = 0.05 l (2-tailed). ** Correlation is significant at the p = 0.01 (2-tailed). 

3.3.2. Speciation of Mercury in the Sediments 
Higher concentrations of Hg (56%) were present in the geochemically available 
fractions (Figure 5). The highest amount of the geochemically available Hg (0.05 
± 0.02 µg/g) was found in the sediments from the Dar es Salaam Port Area of 
CCMA, most of it (78%) in the oxidizable phase (F3). The lowest amount of the 
geochemically available mercury (below 0.01 µg/g) was found in samples from 
Wami River Estuary and Mzinga Creek in the acid soluble fraction (F1) and eas-
ily reducible fraction (F2) respectively. Mercury at most stations was found in the 
acid soluble fraction (F1) averaging 6.6%. Generally, oxidizable fraction (F3) had 
predominantly higher Hg concentrations (>40%) than the rest of the sediment 
fractions (Figure 5). 

Total mercury concentration in the sediment correlated well with Clay/Silt 
content and the organic matter content of the sediments (Table 8). Comparing 
with the maximum concentration sediment quality guideline value by UNEP 
[12], the concentration of Hg in the coastal marine areas of Tanzania was below 
the recommended value of 0.13 µg/g. 

3.3.3. Speciation of Chromium in the Sediment 
The concentration of Cr in sediment fractions showed that higher amount of Cr 
(>70%) was present in the geochemically available fractions of the sediments ex-
cept at station 2 where it was 63% (Figure 6). A large proportion of Cr (66%), in 
the geochemically available fractions was associated with the organic and sul-
phur compounds in the oxidizable fraction (F3) of the sediment. Mzinga Creek 
(station 7) sediments had the highest amount (90%) of geochemically available 
Cr most of it (66%) was present in the oxidizable fraction. The Pangani River 
Estuary which had the lowest amount of available Cr also had most of it (>80%) 
in the oxidizable fraction (Figure 6). 

There was correlation between total concentration of Cr in sediment with 
Clay/Silt content and the organic matter content of the sediments (Table 8). In 
comparison with the maximum concentration sediment quality guideline value 
by UNEP [12], the concentration of Cr in the coastal marine areas of Tanzania is 
lower than the recommended value of 53.3 µg/g (Table 6). 
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Figure 5. The concentration of Hg in sediment fractions and the percentage amount of the geochemically 
available mercury. 

 

 
Figure 6. The concentration of Cr in sediment fractions and the percen-
tage amount of the geochemically available chromium. 

3.3.4. Speciation of Lead in the Sediment 
Lead concentration in the sediment phases showed that higher amount (72%) 
was associated with the geochemically available fractions of the sediment. For 
instance, the highest concentration of Pb (8.5 ± 2.09 µg/g) in the geochemically 
available fraction in the samples from Mzinga Creek was associated with the Fe 
and Mn hydrous oxides in the easily reducible fraction. The lowest amount of 
the geochemically available Pb (4.0 ± 1.07 µg/g) was found in the sediment sam-
ples from Ruvuma River Estuary, 63% of which was associated with the Fe and 
Mn hydrous oxides in the easily reduced fraction (Figure 7). 

Total concentration of Pb in sediment showed correlation with Clay/Silt con-
tent and the organic matter content of the sediments (Table 8). Total concentra-
tion of Pb in sediment samples from the coastal marine areas of Tanzania was 
low compared to the maximum sediment quality guideline value of 30.2 µg/g by 
UNEP [12]. 
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3.3.5. Speciation of Zinc in the Sediment 
The distribution pattern of Zn in the sediment as illustrated in Figure 8 shows 
that higher percentages (62%) was present in the geochemically available frac-
tions of the sediments. For instance, the highest concentration of Zn (69.7 ± 
26.14 µg/g) in the geochemically available fraction was associated with the oxi-
dizable fraction (F3) of the samples collected from Rufiji River Estuary. The low-
est amount of the available Zn (65.1 ± 00 µg/g) was found in the sediment sam-
ples from Tanga Port Area, where about 46% was associated with the oxidizable 
fraction. 

The total concentration of Zn in sediment correlated well with Clay/Silt and 
the organic matter contents of the sediment (Table 8). Despite the high values, 
the concentration of Zn in the sediments of the coastal marine areas of Tanzania 
was lower than the maximum value of 124.0 µg/g by UNEP [12]. 

 

 
Figure 7. The concentration of Pb in sediment fractions and the percentage amount of the geochemically 
available lead. 

 

 
Figure 8. The concentration of Zn in sediment fractions and the percentage amount of the 
geochemically available zinc. 
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3.4. The Relationships and Enrichment Factors of the Metals in  
the Sediment 

The relationships between heavy metals concentrations within and between sam-
pling locations were further investigated. Linear correlations between some met-
al pairs (for example As-Hg and Cr-Pb) revealed excellent significant positive 
correlation (Table 9).  

Table 10 provides the Principal Component loading where the first compo-
nent comprises As and Hg (PC1) with high loadings (13.3 and 11.7). This asso-
ciation strongly suggests that these variables have a strong interrelationship. The 
second component (PC2) contributes Cr and Pb which also infers the strong 
correlation between this metal pair (−1.29 and −1.65). Table 10 shows the Prin-
cipal Component where the variables in the table correlated with two principal 
components and As-Hg and Cr-Pb pair can be observed to be interrelated but 
Zn showed no correlation with any analysed metals. 

Enrichment factors for As, Hg, Cr, Pb, and Zn in sediment samples are pre-
sented in Figure 9. The results showed that enrichment of Cr and Pb is manifest 
at varying magnitude in the sediments from some sampling stations (EF greater 
than 2). 

 

 
Figure 9. Average Enrichment Factors (EF) for metals in sediments. 

 
Table 9. Correlation coefficients (Spearman’s) of the total concentrations of metals in se-
diments. 

 As Hg Cr Pb Zn 

As 1.000     

Hg 0.838** 1.000    

Cr 0.519 0.355 1.000   

Pb 0.598 0.233 0.855** 1.000  

Zn −0.221 −0.632* −0.576 −0.472 1.000 

* Correlation is significant at the p = 0.05 l (2-tailed). ** Correlation is significant at the p = 0.01 (2-tailed). 
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Table 10. Principal component scores of metals. 

Elements As Hg Cr Pb Zn 

PC1 13.3 11.7 2.62 2.01 −29.7 

PC2 1.43 0.779 −1.29 −1.65 0.726 

4. Discussion 
4.1. Occurrence and Speciation of Metals in Water 

The results show that about 83% of Hg, 98% of Cr and 93% of Zn were asso-
ciated with the suspended particulate matter in the sea water. This observation 
suggests that these metals were present in colloidal materials such as Iron and 
Manganese oxides or adsorbed onto organic particles including planktons. The 
concentration of Hg and Cr in the water were highest in the samples from 
CCMA followed by NCMA and lastly SCMA. Sediment samples from SCMA 
had higher concentration of Zn followed by CCMA and lastly NCMA. This is 
because the three sampling stations within CCMA are in Dar es Salaam City. 
The City has highest population density and it is the most industrial populated 
in Tanzania followed by NCMA and lastly SCMA. The main pollution sources 
which can be found around many estuaries and port areas in Tanzania includes; 
industrial discharges. e.g. local leather tanning which introduce Cr, textile in-
dustries puts heavy metals and organics and also chemical industries which also 
adds heavy metals and organics. Other sources include urban sewage treatment 
plant effluents (e.g. at Dar es Salaam Port Area) which are responsible for similar 
pollutants loading. These results are in agreement with the previous results (which 
measure only total heavy metal fraction of the water), which showed that water 
of Dar es Salaam port area, Mzinga creek and Msimbazi river estuary in the City 
of Dar es Salaam contains heavy metals [13] [14] [15]. 

The occurrence of high particulate Hg at Msimbazi River Estuary suggests 
that the metal is mobilised by the runoff from the Dar es Salaam City. The high-
est concentration of particulate Cr was found in the water samples from Mzinga 
Creek (station 7) and Mtwara Port Area (station 10). Chromium in Mzinga 
Creek water may be resulting from discharge of dyes and colours containing 
chromium from the textile factory (Karibu Textile Mill) in the catchment. Also 
there is an abattoir; the cattle hides are initially treated in adjacent areas. The 
highest concentration of dissolved Zn observed in the water samples from Dar es 
Salaam Port Area suggests the source to be the nearby metal works at the port 
area as well as waste water and sewage discharges from unidentified sources. 
Higher concentration particulate Zn in the water from Mzinga Creek (station 7), 
suggests industrial-related effluent source from the textile factory. There is also 
an abandoned solid waste dump site at the Kizinga River catchment very close to 
the ocean from which seepage of the metal to the coastal area is possible. How-
ever, this observation needs further verification. The occurrence of Zn at Panga-
ni River Estuary (station 2), may suggest ferry, waste from Pangani Town and 
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other metal works in the area as sources. There is indication of significant mobi-
lization of Zn from the catchment due to land clearance for agriculture in Pan-
gani Estuary, which adds to its uptake and accumulation in the tissues of organ-
isms. 

4.2. Speciation of Metals in the Sediment 
4.2.1. Arsenic 
A high proportion (51% - 94%) of As was associated with the residual fraction of 
the sediment possibly in association with the alumino-silicate minerals. The 
heavy metal fraction which is bound in the crystalline lattice of minerals is un-
likely to be released in pore water through geochemical processes. Less than 25% 
of Arsenic was found in oxidizable fractions (F3) in sediments from all three 
main sites. Small amount of arsenic was also found in the acid soluble fraction at 
Pangani River Estuary (11%) and at Msimbazi River Estuary (7%), indicating 
less mobility of As at those stations. Comparatively high concentration of As was 
also found in reduced phase at Pangani River Estuary (0.031 ± 0.13 µg/g), which 
may be attributed to the anthropogenic inputs such as corroded ferry boats at 
Pangani ferry, and dumping of electronics from the local dumps along the river 
basin. The concentration at Msimbazi River Estuary (0.034 ± 0.11 µg/g), may be 
attributed to the anthropogenic inputs such as run-off from the corroded Selan-
der bridge and the municipal wastes. While the concentration at Dar es Salaam 
Port Area (0.028 ± 0.54 µg/g), suggests anthropogenic sources such as corroded 
boats at DSM Port and from the municipal wastes. The difference in As concen-
trations between Msimbazi River Estuary and Dar es Salaam Port Area, may be 
due to the role played by the Msimbazi river waters which carries pollutants load 
from industrial run-off. The study revealed that 25% of As was present in oxi-
dizable fraction (F3) bound to the organic matter and sulfides. Arsenic was found 
to be positively correlated with total organic matter content of the sediments 
which attributed to the presence of smaller contents in the available phase. In 
oxidizable fraction As can be taken up by sediment consuming biota or filter 
feeders animals and incorporate in their food chains. The metals in this fraction 
may be released into environment if conditions become more oxidising [16]. 
The concentrations of As observed in this study are much lower than the As 
concentrations observed in other areas of the world [16]. 

4.2.2. Mercury 
The distribution pattern of Hg illustrated in Figure 5 shows that highest Hg 
concentrations was present in the oxidizable fraction (F3) which accounted for 
more than 40% of the total concentration of metal at most of the sampling sta-
tions. On the other hand, less than 40% of the total Hg concentration was in the 
residual fraction. The low percentages of Hg in the acid soluble fractions were 
associates with carbonated and oxides at Pangani River Estuary (9%), Msimbazi 
River Estuary (10%) and Rufiji River Estuary (7%) suggesting minimum remobi-
lization of the metal through diagenetic process in the sediment. According to 
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Forstner et al. [17] a high proportion of metals in the acid soluble fraction could 
be regarded as a pollution indicator. Due to the low concentration of Hg in the 
acid soluble fraction, it may be considered that at the moment there is no signif-
icant threat of Hg poisoning in the coastal marine areas of Tanzania. Further, 
the occurrence of 13% of Hg in the easily reducible fraction in association with 
Fe and Mn hydrated oxides and the presence of 35% of total Hg in the oxidizable 
phase associated with organic matter and sulfides signals the importance of tak-
ing precautionary measures to establish a long term pollution monitoring pro-
gram in the entire coastal water of Tanzania.  

4.2.3. Chromium 
The partitioning of Cr in sediments as illustrated in Figure 6 shows that more 
than 45% of Cr was found in the oxidizable fraction associated with organic and 
sulphur compounds. The high proportion of Cr in the sediments which is asso-
ciated with organic matter makes the metal less available to the aquatic biota 
[18]. The occurrence of 32% of Cr in the acid soluble fraction of sediment from 
Pangani and Msimbazi River Estuaries and Dar es Salaam Port Area can be re-
garded as a high potential source of contamination to marine biota.  

4.2.4. Lead 
The distribution pattern of Pb in sediment as illustrated in Figure 7 shows that 
38% of the total Pb in the three sites NCMA, CCMA and SCMA was present in 
the easily reducible phase associated with Fe and Mn oxides probably as a result 
of co-precipitation [19] [20]. The amount of lead which is extracted from the 
most mobile acid soluble phase (F1) in sediments from the three main sites ac-
counted for an average of 12%. Higher percentages of Pb in F1 were recorded in 
Msimbazi River Estuary and Dar es Salaam Port Area (22% and 29% respective-
ly). The higher proportion (>75%) of the potentially mobile Pb in these areas 
suggests precautionary measures to be taken to reduce Pb inputs in the coastal 
marine areas of Tanzania. 

4.2.5. Zinc 
In this study, 14% of Zn was recovered in the acid soluble fraction making the 
most mobile element compared to others. Relatively higher proportions of availa-
ble Zn in the exchangeable fractions in the sediment were recorded at Rufiji Riv-
er Estuary (34%), Pangani River Estuary (29%), Matandu River Estuary (24%) and 
Msimbazi River Estuary (21%), suggesting high potential of uptake by estuarine 
organisms. About 29% of the total Zn was in oxidizable phase (F3) and 36% was 
found in the residual phase (F4). Zinc in oxidizable phase was found in higher 
concentrations in the sediments from Wami River Estuary (67 ± 0.21 µg/g), Dar 
es Salaam Port Area (66.5 ± 0.10 µg/g), Rufiji River Estuary (69 ± 0.14 µg/g) and 
Mtwara Port Area (67 ± 0.02 µg/g), due to the high percentages of fine sediment 
(Clay/silt%) and high organic matter content of the sediment. Similar results 
from other studies [3] [21] which shows high percentages of total Zn associated 
with more labile fractions in the sediments have suggested sources from anth-
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ropogenic inputs. On the other hand our results revealed that more than 50% of 
Zn in sediments from all sampling stations was present in the labile fraction 
which may suggest a source from anthropogenic inputs. 

5. Conclusion 

Significant concentrations of Hg, Cr and Zn were found in the water and As, Hg, 
Cr, Pb and Zn in sediments collected along marine coastal areas of Tanzania, al-
though the concentrations were generally lower than recommended sediment 
quality guideline by WIOMSA. This suggests that metals studied can cause no 
harm to the Tanzanian aquatic biota so far. Nevertheless, regular monitoring of 
heavy metal levels in biota from those areas is necessary, because the results re-
vealed the presence of a small proportion of metals associated with the geo-
chemically available fractions of sediments which could be accumulated by aq-
uatic biota.  
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