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Abstract Seasonal variations in mercury (Hg), cadmium (Cd), zinc (Zn), lead (Pb), arsenic (As), copper (Cu),
and chromium (Cr) metal concentrations in 36 water and
36 sediment samples from River Tano were studied
using Perkin Elmer atomic absorption spectrophotometer (AAS) between November 2016 and October 2017.
Significantly higher metal concentrations were recorded
in rainy season than dry season for both water and
sediment except for Pb and Cd where sediment concentrations were higher in the dry season. Cu was detected
only in the sediment samples. Spatially the source of the
river is unpolluted for all the metals in both seasons but
the midstream and downstream ends of the river were
heavily polluted by Hg, Pb, and Cd. All the heavy
metals studied except Zn exceeded the WHO standards
for drinking water. In the sediment, Cd, Hg, and Cr
concentrations exceeded the USEPA guidelines. Igeo
and Concentration Factor analysis revealed unpolluted
sediments in terms of Cu, Pb, As, and Cr. They were
near the background concentrations but Hg and Cd were
in the range of moderate to heavy pollution. All the
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metals correlated significantly among themselves to
signify common source to the water. It thus remains
risky to use untreated water from the midstream and
downstream of River Tano for domestic purposes. Enforcement of the buffer zone policy is recommended to
avert further deterioration of the river water and sediment qualities.
Keywords : Freshwater . Heavy metals . Seasonality .
Sediment . Water . River Tano

Introduction
Freshwater is an essential natural resource which is a
basic requirement for all forms of life (Adiyiah et al.
2013; Chukwuemeka et al. 2014; Abdel-Satar and
Gohler 2017). Freshwater performs many socioeconomic services, yet it is being threatened by heavymetal pollution (USEPA 2003; Ali et al. 2013; Jiang and
Sun 2014; Benson et al. 2017). The presence of heavy
metals in freshwater has been attributed to natural processes and anthropogenic activities such as industrial
discharges, urbanization, mining, and agricultural and
atmospheric deposition (Sekabira et al. 2010; Sarasiab
et al. 2014; Stanley et al. 2015; Banunle et al. 2018;
Karthikeyan et al. 2018; Patel et al. 2018).
In freshwater ecosystem, the presence of heavy
metals in water, sediment, and aquatic organisms is
usually enhanced by solubility, mobility, and the persistence nature of the metals as well as the adsorption
properties of the medium (Kumar et al. 2013; Yao
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et al. 2014). In such media, they either persist or
bioaccumulate in food chains to cause health-related
problems such as kidney disease, liver disease, brain
tumor, and skin problems to humans who may consume
metal-contaminated water or fish (ATSDR 2007;
Chopra and Kumar 2010; Obasohan et al. 2010). Consequently, increasing heavy metals pollution in freshwater ecosystem is becoming a global concern (Malik et al.
2010; Oronsaye et al. 2010; Ideriah et al., 2013; Tan
et al. 2016).
Heavy metals in aquatic systems could be deposited
rapidly into the sediment. However, in the event of
changes in environmental conditions such as changes
in pH or redox potential (Eh), they are readily released
from the sediments and this will result in secondary
pollution source affecting the ecosystem (Kumar et al.
2013; Yao et al. 2014; Signh et al., 2017). Sediments are
therefore referred to as both carriers of heavy metals as
well as potential pollution sources in the aquatic system
hence the need to investigate the sediment quality
(Nwadinigwe et al. 2014; Salam et al. 2019).
River Tano has been impounded at four separate
points by the Ghana Water Company Limited
(GWCL) for treatment and distribution of potable water
to communities within its catchment but its quality
continues to be threatened by heavy-metal pollution
from terrigenous and anthropogenic sources (Lugushie
2012; Asare-Donkor and Adimado 2016; Awuah 2016;
Banunle et al. 2018). Researchers have called for pragmatic efforts to manage the situation in view of the
health implications and high treatment cost. Management of heavy metals in freshwater requires in-depth
knowledge and the seasonal variations of the metal
concentrations since their desorption properties may
differ from season to season (Rauf et al. 2009; Huang
et al. 2012; Lenoble et al. 2013). However, this information on the River Tano is limited. This research
sought to assess the seasonal variations of heavy metals
in water and sediment samples from Tano River in the
Bono, Bono East, and Ahafo Regions of Ghana.

Materials and method
Study area
The area of study is the part of the River Tano Basin that
runs through the Bono, Bono East, and Ahafo Regions
of the Republic of Ghana. The area lies between
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latitudes 7° 40′ 39.04″ N–6° 57′ 51.98″ N and longitude
1° 52′ 20.41″ W–2° 19′ 37.42″ W (Table 1). The study
starts from the source of the river at Tuobodom in the
Techiman North District of the Bono East Region and
runs through the Bono and the Ahafo Regions where it
ends in the Ashanti Region. There are many communities with various human activities including agriculture,
commercial, wood processing, auto mechanics, food
processing, and mining within the catchment (Fig. 1
and Table 1). The area is characterized by both flat and
peak surfaces with wet evergreen and moist-semi deciduous ecological zones (WRC 2012; Asare-Donkor and
Adimado 2016). The buffer zone of the river bank
within the study area has been compromised through
human activities leaving few shrubs, tree canopy cover,
and bare area in some cases. The rainfall pattern is
characterized by dry and rainy seasons. The rainy season
occurs between April and October, while the dry season
occurs between November and March (Ghana
Meteorological Services 2017). The average annual
rainfall is between 1140 and 1300 mm per annum with
temperatures averaging about 25.8 °C. The area is warm
and moist with relative humidity ranging between 75
and 85% throughout the year. The annual evapotranspiration is about 1500 mm with the annual runoffs being
about 2774 million m3 (WRC 2012; Asare-Donkor and
Adimado 2016). Geologically, the study area is underlain by alternate formations including Birimian,
greywacke, and granitoids (WRC 2010)

Study design and selection of sampling site
The study involved periodic sampling of water and
sediment from nine (9) sampling locations along the
River Tano course within the study area from November
2016 to October 2017. November 2016 to March 2017
was used to represent the dry season, whereas the
months of April to October 2017 were used to represent
the rainy season. The concentrations of seven (7) heavy
metals namely mercury (Hg), cadmium (Cd), zinc (Zn),
lead (Pb), arsenic (As), copper (Cu), and chromium (Cr)
in water and sediment samples were measured. The
sampling locations starting from the source to downstream were named S1, S2, S3, S4, S5, S6, S7, S8, and S9.
The selected sampling sites were mapped and georeferenced with the help of a handheld Garmin 62SC
Geographical Positioning System (GPS) gadget (Table 1
and Fig. 1).
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Table 1 GPS locations of the
sampling sites

Sampling site
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GPS coordinates

Sites intervals

Sampling sites
distance
intervals (km)

North (°)

West (°)

S1

7.67751

− 1.87233

S1

0

S2

7.61532

− 1.91023

S1–S2

7.283

S3

7.55001

− 1.95143

S2–S3

7.727

S4

7.45963

− 1.94125

S3–S4

9.096

S5

7.27958

− 2.26844

S4–S5

37.35

S6

7.05365

− 2.31737

S5–S6

23.12

S7

6.96822

− 2.32827

S6–S7

8.612

S8

6.80694

− 2.42809

S7–S8

18.97

S9

6.61289

− 2.39906

S8–S9

19.62

Sampling and sample treatment
Water and sediment samples were collected between
November 2016 and October 2017. Before sampling,
sample bottles were soaked overnight in 1.4 M HNO3
solution, washed with detergents, and rinsed severally
with deionized water (Akoto and Adiyiah 2008). At the
sampling site, the cleaned bottles were again rinsed with
the river water for the container to equilibrate with water
before sampling.
Sampling of water
Collection of water samples were done by immersing
the sampling bottles to a depth of about 20 cm from the
surface of the River with the mouth pointing against
direction of flow of the River (Chapman 1996). About 1
L of water was collected in each of the bottles. Collected
samples were preserved with 3 drops of 10% HNO3 acid
corked, labeled, and were kept in an ice chest loaded
with ice (Olsen et al. 2012). This procedure was repeated at all the nine (9) sampling sites. Duplicate samples
were taken and preserved.
Sediment sampling
Grab sediment samples were taken using Van Veen Grab
sampler. Sampling was done by lowering the stainless
grab sampler unto the river sediment surface and grabbing the required quantity as previously described by
Bhuyan and Bakar (2017). About 100 g of the grabbed
sample was put in a previously washed polyethene bag,
tied, labelled, and stored in an ice chest loaded with ice.

The procedure was repeated at all sampling sites with
duplicate samples taken.
Analysis of water samples
Analysis of water samples followed acid digestion
of water for total recoverable metals which is similar
to APHA/AWWA/WEF (2005). Samples were
digested in order to reduce interferences by organic
matter and to convert metals associated with particles to free metal form. During digestion, 50 mL of
well mixed acidified water sample was transferred
into a centrifuge tube and placed into Mod Block.
Then about 2 mL of concentrated HNO3 and 1 mL
of concentrated HCl were added. The sample was
covered with a ribbed watch glass and heated until
the volume was reduced to about 30 mL after which
the Mod Block was turned off and allowed to cool.
The walls of the tube and the watch glass were
washed with reagent. The digest was then filtered
using a 0.45-μm filter paper into another 50-mL
volumetric flask. The volume of the filtrate was then
adjusted to 50 mL using distilled water. The prepared samples were then analyzed for Cd, Cu, Pb,
Zn, As, and Cr using Perkin Elmer (PinAACle
900T) Atomic Absorption Spectrophotometer
(AAS). The analysis of Hg followed the hybrid
generation method of AAS where cold vapor was
used.
Analysis of sediment samples
The method was based on USEPA 3050 (2008).
The sediments were air-dried, ground, and sieved
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Fig. 1 Map of Ghana showing the River Tano catchment, sampling sites, and land use

through 2-mm mesh. Two (2) grams of the sieved
samples was weighed into a digestion tube and 2.5
mL each conc. HNO3aq and conc. HCl were added.
The mixture was placed on pre-heated hot block for
40 min at 110 °C. The vessel was removed from
the block and 10 mL of deionized water was added
and heated again for 1 h and 20 min. The mixture
was allowed to cool and filtered into a 50-mL
volumetric flask and topped to the mark with deionized water. Metal concentrations in the sample
were measured against appropriate blanks and standard solution as previously described by Benson
et al. (2017). The method blank, replicate, and
certified reference standards (LB33724) were run
to assure quality of results. The results from the
AAS were read in mg/L. Heavy metal concentration
in mg/kg per sediment sample was then calculated
using Eq. (1):

Concentration
¼

of

metal

in mg=kg of

sediment

AAS reading  volume of extract
mass of sediment digested
ð1Þ

Quality control and quality assurance
In order to ensure that the results produced were scientifically acceptable, the normal laboratory regulations
and procedures such as proper cleaning of apparatus,
calibration of equipment, analyses in duplicate, and
reagent blanks were strictly observed. For the analyses
of water and sediment samples for heavy metals, blank
results were compared with the limit of reporting. Laboratory control samples (LCS) and matrix spike recoveries were measured as percentage of the analyte
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recovered from the samples compared with the amount
of analyte spiked into the sample. Duplicate and matrix
spikes relative percentage differences were measured
against their original counterpart samples according to
the formula:
Laboratory Control Samples
¼

Absolute difference of the two results
Average of the two results
 100%

previously described by Salam et al. (2019) were used to
show the spatial distribution of the total heavy metals in
sediment and water for all the sampling locations and to
calculate the cell values for the unmeasured site by
averaging the sampled data in the target site using
ArcGIS version 10.2.1.
Geo-accumulation index (Igeo) based on Muller
(1979) was performed to assess the anthropogenic impact.

ð2Þ

The results revealed that Laboratory Control Samples
(LCS) expressed as a percentage ranged between 94 and
108% (Table 2).
Data analysis
All analytical results were entered in EXCEL
Spreadsheet and imported into R software for analysis.
The mean, standard error, standard deviation, and
skewness were calculated for each of the heavy metal
in water and sediment. A t test was used to compare
means of the data for the rainy season and the dry season
metal concentrations in water and sediment samples to
establish the relationship in group means. Also, the
means of heavy metals in water and sediment were
respectively compared with WHO standards for
drinking water WHO (2008) and USEPA Guidance
Manual (2002) criteria for sediment. Pearson’s
product-moment correlations were also used to compare
separately the level of correlation among the metals in
water and sediments samples studied. A p value of less
than 0.05 was considered significant.
Applied interpolation method based on Inverse Distance Weighted (IDW) and GIS mapping technique as
Table 2 Results from the lab control samples expressed as percentages for quality control and assurance
Parameter

QC reference

Units

LCS %
recovery

Cd

LB33724

mg/L

99

Hg

LB33724

mg/L

98

As

LB33724

mg/L

97

Zn

LB33724

mg/L

99

Pb

LB33724

mg/L

108

As

LB33724

mg/L

99

Cu

LB33724

mg/L

94

Igeo ¼ Log2

Cn
1:5Bn

ð3Þ

where Cn is the measured heavy metal concentration in
the sediment; Bn is the background concentration of the
metal (average shale concentration) as given by
Turekian and Wedepohl (1961); 1.5 is the compensation
factor for the background data (correction factor) due to
lithogenic effect as proposed by Taylor (1964). The
interpretation was given as follows: Class 0 (uncontaminated sediment) when Igeo ≤ 0; Class 1 (uncontaminated to moderately contaminated sediment) when 0 < Igeo
< 1; Class 2 (moderately contaminated sediment) when
1 < Igeo < 2; Class 3 (moderately to strongly contaminated) when 2 < Igeo < 3; Class 4 (strongly contaminated) when 3 < Igeo < 4; Class 5 (strongly to extremely
contaminated) when 4 < Igeo < 5; Class 6 (extremely
contaminated) when 5 < Igeo; Class 6 is the open class
which includes index values greater than Class 5 (Signh
et al., 2017).
Metal contamination factor (CF) was computed according to Eq. (4) shown below:
Contamination Factor
¼

measured mean metal concentration in sediment
metal average shale concentration
ð4Þ

The measured mean heavy metal concentration in the
sediment was compared with the average shale concentration of the corresponding metal as prescribed by
Turekian and Wedepohl (1961). The average shale concentration is used as global standard reference for unpolluted sediment. By this, Håkanson (1980) classification was used to classify the CF into four which includes
Class 1 (CF < 1); Class 2 (1 ≤ CF < 3); Class 3 (3 ≤ CF <
6); and Class 4 (CF ≥ 6).
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Table 3 Descriptive statistical analysis of heavy metals (mg/L) in water
Metal

Range (min–max)

Mean ± SD

Median

Skew ± SE

WHO standards

Pb

BDL–0.929

0.381 ± 0.305

0.312

0.517 ± 0.05

0.001

Cd

BDL–0.110

0.050 ± 0.031

0.053

− 0.023 ± 0.01

0.003

As

BDL–0.201

0.012 ± 0.033

0.005

5.12 ± 0.01

0.010

Hg

BDL–0.186

0.045 ± 0.053

0.014

1.04 ± 0.01

0.006

Cr

BDL–0.687

0.266 ± 0.262

0.117

0.308 ± 0.044

0.050

Zn

BDL–1.27

0.149 ± 0.266

3.25

3.25 ± 0.044

3.000

Cu

BDL

BDL

–

–

–

WHO (2008) standards are in mg/L; SD means standard deviation; SE means standard error; n = 36; BDL means below detection limit

Results and discussion
The results for the seasonal variations in heavy metals in
water and sediment samples from River Tano as well as
their respective descriptive statistics are shown in Tables 3, 4, 5, 6, 7, 8, 9, and 10 and Figs. 1, 2, and 3.
Descriptive statistics of heavy metals in water
and sediment samples
The descriptive statistics for heavy metals in water samples from the River Tano are shown in Table 3. All the
metals showed positive skews except Cd which recorded
a negative skew. The decreasing order of mean metal
concentration in water in mg/L is as follows: Pb (0.381
± 0.305) > Cr (0.266 ± 0.262) > Zn (0.149 ± 0.266) > Cd
(0.050 ± 0.031) > Hg (0.045 ± 0.053) > As (0.012 ±
0.033). Cu was not in the water samples. This may imply
that Cu is not soluble in water, but in the studies conducted by Wang et al. (2017) in Liaohe River in China,
Maurya et al. (2018) in India, and Signh et al. (2017) in
River Ghaghara in India, Cu was detected in their water

samples and was attributed to anthropogenic activities.
This may imply that the current human activities along
the Tano basin do not discharge either Cu-laden waste
into the river or the Cu in the effluent precipitate readily
into the sediment due to changes in pH or redox potential
(Signh et al., 2017; Salam et al. 2019).
The mean concentrations of As, Hg, and Pb detected
in the water column of River Tano are comparable with
observations made by Awuah (2016), in the Ellembelle
and Jomoro districts in the Western Region of Ghana
(downstream of the study area). The similarity in metal
concentrations between these two zones of the basin
could be explained by the spread of metals from the study
area downstream, since the river is a fast flowing one.
However, lower metal concentrations of As (003 mg/L),
Pb (017 mg/L), and Hg (002 mg/L) were observed by
Banunle et al. (2018) in the midstream of the River Tano
where he studied heavy metals in water. Lower heavy
metal concentrations observed by Banunle et al. (2018)
may be due to the ban on illegal and small-scale mining
activities in the study area. Comparisons with WHO
(2008) drinking water standards for the respective metals

Table 4 Descriptive statistics of heavy metals (mg/kg) in sediment from River Tano
Metal

Range (min–max)

Mean ± SD

Median

Skew ± SE

USEPA (2002)

Cu

BDL–14.5

3.42 ± 4.20

1.75

1.48 ± 0.70

31.6

Pb

BDL–9.99

4.67 ± 3.20

3.73

0.10 ± 0.53

35.8

Cd

BDL–5.67

1.30 ± 1.55

0.48

1.13 ± 0.26

0.99

As

BDL–5.00

1.78 ± 1.26

1.51

0.76 ± 0.21

9.79

Hg

BDL–4.80

1.24 ± 1.11

1.00

1.45 ± 0.19

0.18

Cr

BDL–90.8

25.4 ± 26.0

15.7

0.72 ± 4.33

43.4

Zn

BDL–89.0

21.1 ± 22.1

18.3

1.17 ± 3.69

121

Metal concentrations are in mg/kg; SD means standard deviation; SE means standard error; number of observations (n) = 36; BDL means
below detection limit; USEPA guidelines (2002)
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Table 5 Relationship between
rainy and dry seasons’ heavy
metals (mg/L) in water

*Statistically significant at p <
0.05; mean metal concentrations
are in mg/L; Cu could not be detected in the water column; WHO
(2008) standards are measured in
mg/L

Heavy metals
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Group means

USEPA guidelines (2002)

p value

WHO stds

Dry season

Rainy season

Pb

0.219

0.543

− 3.72

0.001*

0.001

Cd

0.035

0.065

− 3.26

0.003*

0.003

As

0.004

0.021

− 1.55

0.140

0.010

Hg

0.008

0.082

− 5.85

1.5e-05*

0.006

Cr

0.055

0.477

− 8.23

3.7e−08*

0.050

Zn

0.055

0.243

− 2.24

0.038*

2.000

revealed that all the metals studied except Zn and Cu
recorded concentrations above WHO standards for drinking water. This could put communities within the River
Tano catchment who depend on the river water for domestic purposes at the risks of heavy metal–related health
issues such as kidney-, liver-, brain-, and nervous-related
diseases (Signh et al., 2017).
For heavy metals in sediment samples, the metal content is shown in Table 4. The median ranged from 0.48 to
15.7 indicating the spread of the central tendency. All the
metals in the sediment skewed positively. The order of
decreasing concentration in sediment samples in (mg/kg)
is as follows: Cr (25.4 ± 26.0) > Zn (21.1 ± 22.1) > Pb
(4.67 ± 3.20) > Cu (3.42 ± 4.20) > As (1.78 ± 1.26) > Cd
(1.31 ± 1.55) > Hg (1.24 ± 1.11). Comparisons with
USEPA guidelines (2002) revealed that Cd and Hg
exceeded the maximum permissible levels of metals in
sediment and corroborate the observations made by
Awuah (2016) in the Western Region part of the Tano
Basin (downstream the study area) and Asare-Donkor and
Adimado (2016) on Hg in sediment samples from the
River Tano in the Western Region. Such observations
could be attributed to discharge of industrial and agricultural effluents into the river (Khan et al. 2017;
Karthikeyan et al. 2018). Generally, higher heavy metals
Table 6 Seasonal variations of
heavy metals in sediment (mg/kg)
from River Tano

t value

Heavy metals

in sediment could be released into the water in the event of
changes in environmental conditions including changes in
pH or redox potential (Eh) to serve as secondary source
metal pollution (Yao et al. 2014; Signh et al., 2017).
Seasonal variations in heavy metals in water samples
The results showed significantly higher metal concentrations in the rainy season than the dry season concentrations for all the heavy metals in water except As where the
difference was insignificant (Table 5). Generally, human
activities including improper farming methods, illegal
mining, discharge of untreated industrial waste, and urban
runoffs contribute immensely to water quality (Kumar
et al. 2013; Lyubimova et al. 2016). The situation is
worsened when environmental regulations are not
enforced and technologies for treatment of wastewater
are limited (Nkrumah et al., 2013). Consequently, urban
runoffs which are mostly experienced during raining seasons tend to wash heavy metal laden debris into surface
water bodies. According to WRC (2012), the annual
runoffs for the study area are about 2774 million m3.
Therefore, with the degraded vegetation along the banks
the River Tano, the river water quality may be compromised heavily in the rainy season. Higher rainy season

Group means (mg/kg)

t value

p value

USEPA
sediment
standards

Dry season

Rainy season

Cu

1.67

5.18

− 2.73

0.013

31.6

Pb

6.34

3.00

3.63

0.001

35.8

Cd

2.44

0.182

6.27

7.7e−06

0.99

As

1.38

2.19

− 2.02

0.054

9.78

Hg

0.889

1.60

− 1.99

0.058

0.18

Cr

6.73

43.98

− 6.18

3.8e−06

43.4

Zn

18.1

24.00

− 0.80

0.4314

121
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Table 7 Correlations matrix
among heavy metals in sediment

* means significant relationship

Cu

Pb

1
1

Cd

− 0.3295*

0.5475*

1

As

0.5287*

0.2363

− 0.1250

1

Hg

0.6210*

0.1981

− 0.1503

0.3989*

1

Cr

0.6731*

− 0.1723

− 0.4686*

0.6509*

0.4575*

1

Zn

0.4715*

0.1941

− 0.1014

0.2561

0.3795*

0.3860*

Table 8 Correlation matrix of heavy metals in water

Pb

1

Cd

0.6010*

1

As

0.4943*

0.4088*

1

Hg

Cr

Zn

Zn

1

Tano are shown in Table 6. The results showed that the
concentrations of Pb and Cd were significantly higher in
the dry season than the rainy season. The observed
higher dry season concentrations are consistent with
Duncan et al. (2018) in sediment samples from River
Pra and its tributaries in Ghana and Ideriah et al. (2013)
in the Niger Delta in Nigeria. On the other hand Cu, As,
Hg, and Cr showed significantly higher rainy season
concentrations than the dry season concentrations
consistent with the observation by Sarasiab et al.
(2014) in sediment samples from Arvand River in Persian Gulf and attributed them to influx of runoffs into the
rivers. Higher Pb dry season concentration in the sediment is comparable with the observation made by
Mwangi et al. (2013) in sediment samples from
Mbagathi and Ruiru Athi River Tributaries in Kenya.
This was attributed to higher evaporation from the river
during the dry season. The same reason could be
assigned to the higher dry season concentrations for Pb
and Cd in this study since the area is warm with annual
evapotranspiration of about 1500 mm (WRC 2012;
Asare-Donkor and Adimado 2016). Higher metals in
the sediment may contribute to the River Tano water
heavy metal pollution when there are changes in pH and
redox potential (Nguyen et al. 2005; Kumar et al. 2013;
Yao et al. 2014). Comparisons of the mean sediment
metal concentrations with the USEPA Guidance Manual
(2002) revealed that Hg and Cd exceeded the permissible limits for both rainy and dry seasons. This may lead
to the sediment serving as a secondary source of Cd and
Hg pollution to the river.
Spatial distribution of heavy metals in water
and sediment samples from the River Tano

Hg

0.6867*

0.7241*

0.3573*

Cr

0.7716*

0.6970*

0.4971*

0.8283*

1

Zn

0.6712*

0.4811

0.7230*

0.5715*

0.6509*

*Correlation is statistically significant

Cr

− 0.1277

The results for the seasonal variations in heavy metal
concentrations in the sediment samples from the River

As

Hg

Pb

Seasonal variations of heavy metal concentrations
in sediment

Cd

As

Cu

concentration may be due to increased desorption properties and solubility of the metals in the rainy season (Rauf
et al. 2009; Huang et al. 2012; Yao et al. 2014). Comparisons of seasonal heavy metal concentrations with WHO
(2008) for drinking water standards for the respective
metals in water showed that all the metals except Zn
exceeded the permissible limits (Table 5). Consuming
water with elevated levels of heavy metals (higher than
WHO standards) puts the consumers at serious risks of
heavy metal–related health problems such as brain damage, kidney failures, nervous system destruction, liverrelated issues, skin diseases, and pregnancy-related problems (USEPA 2003; ATSDR 2007; Malik et al. 2010;
Oransaye et al. 2010). This means dependants of raw
water from the River Tano for domestic purposes stand a
higher risk in the rainy season than the dry season. According to WRC (2012), the River Tano enters the sea at
Aby Lagoon in Ivory Coast which means dependants in
Ivory Coast may also suffer from heavy metal–related
health problems.

Pb

Cd

(2019) 191:570

1
1

The results of the spatial distribution of heavy metals in
the River Tano water samples and comparisons with their
respective WHO (2008) drinking water standards are
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Table 9 Geo-accumulation index
Heavy metal

Mean concentration in sediment (mg/kg)

Average shale value (ASV)

Igeo value

Class

Interpretation

Cu

3.42 ± 4.20

45

− 4.305

0

Uncontaminated

Pb

4.67 ± 3.20

20

− 2.683

0

Uncontaminated

Cd

1.30 ± 1.55

0.30

1.531

1

Moderately contaminated

As

1.78 ± 1.26

13

− 3.453

0

Uncontaminated

Hg

1.24 ± 1.11

0.18

2.199

1

Moderately contaminated

Cr

25.4 ± 26.0

90

− 2.410

0

Uncontaminated

Zn

21.1 ± 22.1

95

− 2.755

0

Uncontaminated

shown in Fig. 2. The results showed heavy Cr pollution at
all sampling points except at point S1 in the rainy season.
In the dry season however, three sampling points S1, S6,
and S8 were unpolluted. In terms of Cd concentration, all
sampling points except for S1 were heavily polluted in
both rainy and dry seasons. For As, the water was clean at
all sampling sites in the dry season but rainy season saw
S8 heavily polluted. The water was clean at all sampling
sites in terms of Zn concentrations for both seasons. In
terms of Pb, the water was heavily polluted at all sampling
sites for both seasons except at S1. The water was heavily
polluted at all sampling sites in terms of Hg concentrations
in the rainy season. The dry season, however, unpolluted
sampling points at S1 and S6. The presence of elevated
levels of heavy metals in water in the rainy season may be
due to increase farming activities with intense use of
pesticides in the study area during the rainy season as well
as other anthropogenic activities such as artisanal gold
mining which uses Hg for the extraction of gold and
discharge of other industrial effluent in the water may
account for the elevated levels of heavy metals in the river.

The spatial distribution of heavy metals in the River
Tano sediment samples and comparisons with their respective USEPA Guidance Manual (2002) for sediment
are shown in Fig. 3. The results showed that Cd concentrations in sediment from all sampling sites were in
the category of heavily polluted in both rainy and dry
seasons. The concentrations of Cr recorded in the sediment in the dry season were low (unpolluted) in all the
sampling sites. However, in the rainy season, sediment
samples from sites S3, S5, S8, and S9 were heavily
polluted, whereas sediments from the remaining sampling sites were unpolluted. The levels of Cu, Pb, Zn,
and As in the sediment samples were low (unpolluted)
in both the rainy and the dry seasons for sampling sites.
However, except for S1, the levels of Hg in all the
sediment samples for both seasons were heavily polluted sediments. Sediments tend to be adsorptive sink for
heavy metals so the high concentrations in the sediment
may lead to bioaccumulation in living organisms and
consequently in food chain (Zhang et al. 2017; Salam
et al. 2019).

Table 10 Sediment concentration factor and classification
Heavy metal

Mean metal
concentration in
sediment (mg/kg)

Average shale
value (ASV)

Concentration
factor (CF)

Class

Interpretation

Cu

3.42 ± 4.20

45

0.076

1

Low contamination

Pb

4.67 ± 3.20

20

0.233

1

Low contamination

Cd

1.30 ± 1.55

0.30

4.33

3

Moderately
contaminated

As

1.78 ± 1.26

13

0.137

1

Low contamination

Hg

1.24 ± 1.11

0.18

6.89

4

Highly contaminated

Cr

25.4 ± 26.0

90

0.282

1

Low contamination

Zn

21.1 ± 22.1

95

0.222

1

Low contamination

Classification was based on Håkanson (1980); CF calculation was based on Turekian and Wedepohl (1961)
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Fig. 2 Spatial distribution of metals in water

Correlations among heavy metals in sediment and water
samples from River Tano
The results for the correlation relationship among the
heavy metals in the sediment are shown in Table 7. The

results showed significantly positive correlations between
As and Cu, Hg and Cu, Cr and Cu, Zn and Cu, Cd and
Pb, Hg and As, Cr and As, Cr and Hg, Zn and Hg, and Zn
and Cr. The strong positive relationship between Cd and
Pb and Zn and Cu is corroborated by studies conducted
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Fig. 3 Spatial distribution of heavy metals in sediment samples from River Tano
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by Saha and Hossain (2011) in the Buriganga River in
Bangladesh and Signh et al. (2017) in River Ghaghara in
India. These may suggest that the metals are from a
common source such as industrial effluent, urban runoffs,
illegal mining waste, and agricultural waste (Moore and
Attar 2011; Liu et al. 2015; Karthikeyan et al. 2018). Cd
and Cu as well as Cr and Cd however showed
significantly negative correlations and were consistent
with those recorded by Liu et al. (2015) in sediment
samples from China. In the water samples, significantly
positive relationships were observed among all the metal
results (Table 8). This may suggest a common source to
the water (Karthikeyan et al. 2018). The possible source
may be agricultural and industrial effluent discharges.
Index of geo-accumulation (Igeo) and concentration
factor (CF)
From the results of the Igeo and CF, four (4) of the metals
namely Cu, Pb, As, and Cr recorded Igeo values in the
Class 0 category (uncontaminated sediment) as well as
CF values in the Class 1 (low metal contamination)
category. This means their respective concentrations in
the sediment are near the background concentrations.
However, Hg and Cd recorded Igeo values in the Class 1
category which signifies moderate contamination. Their
CF values in the categories of Class 4 and Class 3
indicate moderate and high contaminations respectively.
According to WRC (2010), the geological formations of
the study area are Birimian (mineral composition As,
Pb, Cd, Hg, Cr, and Zn) and granitoids (basic mineral
composition of Cu, Pb, and Zn). This means the levels
of As, Pb, Cr, Zn, and Cu in the sediment samples could
be attributed to the natural geology and minor contributions from anthropogenic activities. However, the levels
of Cd and Hg could be attributed largely to anthropogenic activities such as artisanal gold mining and agricultural activities (Signh et al., 2017; Karthikeyan et al.
2018; Patel et al. 2018).

Conclusion
The mean concentrations of the heavy metals studied
varied from one season to the other. Metal concentrations
in the rainy season were significantly higher than the dry
season for both water and sediment except for Pb and Cd
in sediment. This means rainfall contributes immensely to
the quality of the River Tano. The seasonal metal
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variations could be attributed to the enhanced metal
solubility and mobility in the rainy season. Spatially the
source of the river is unpolluted for all the metals in both
seasons but the mid and downstream ends of the river are
heavily polluted by Hg, Pb, and Cd. The sediment
however recorded unpolluted Pb sediment in the rainy
season in all the sampling points. All the heavy metals
studied except Zn exceeded the WHO (2008) standards
for drinking water. Similarly, Cd, Hg, and Cr concentrations in the sediment exceeded the USEPA guidelines.
Drinking untreated water from the River Tano was riskier
in the rainy season than the dry season. Ghana Water
Company Limited would have to use more chemicals and
incur higher cost in treating the water in the rainy season
than the dry season.
The Igeo and Concentration Factor analysis concluded that the sediments are unpolluted in terms of Cu, Pb,
As, and Cr and they are near the background concentrations. However, Hg and Cd are in the range of moderate
to heavy contamination. Pearson correlation matrix revealed significant correlation relationships among the
metals in water and sediment from the Tano River
indicating that they are from a common source.
It is recommended that the buffer zone policy in Ghana
be enforced to avert further deterioration of the River Tano
water and sediment quality. Further study is required to
determine the fate of the heavy metals in the River Tano.
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