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ABSTRACT

The rational for the study was to assess the levels of endocrine disrupting trace metals in River Samre. The levels of
Mercury ranged from 0.01 to 0.02 mg/l (mean of 0.006 mg/l), whiles cadmium levels ranged from 0.002 to 0.011 mg/1
(mean of 0.01 mg/l). The high levels of Hg and Cd may have adverse effects on the endocrine system of inhabitants
who drink directly from the river without treatment. High levels of mercury and cadmium might be caused by the ac-
tivities of a Timber and Plywood Company located close to the river and the underlying bedrocks of the area exposed as
a result of human activities such as farming. The concentration of lead was below detection limit (<0.005 mg/1) but that
of Arsenic ranged from 0.001 to 0.007 mg/l (mean of 0.005). Health risk assessment conducted shows that the risk as-
sociated with exposure to these metals for now are low. Continuous water quality monitoring is recommended to help
protect the resource and also to safeguard human health.
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1. Introduction

Rivers are the main inland water resources for domestic,
industrial and irrigational purposes and often carry large
municipal sewage, industrial wastewater discharges and
seasonal run-offs from agricultural lands [1]. The prob-
lem of water is more a case of distribution and quality
than one of quantity. To be wholesome, water must be
free from poisonous substances. The possibility of the
presence of poisonous substances in water supplies is
sometimes unsuspected. Potable water is water of suffi-
ciently high quality that can be consumed or used with
low risk of immediate or long term harm.

Pipe borne water is the major source of drinking water
for the inhabitants of Samreboi. However, River Samre
also serves as the major source of drinking water for
places like Tigarikrom, Nyamebekyere, Zongo, and to
most farmers at their various farms. An example of chil-
dren fetching water from the river is shown in Plate 1.
River Samre is highly susceptible to pollution from a
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Timber and Plywood Company located close to the river
that uses chemicals to preserve timber logs in a log pond
in the company. The waste water from the company as a
result of chemicals used in boiling fliched logs are re-
leased into log ponds which drain into River Samre.

Also, the major occupation of the indigenes is farming
and the farmers apply fertilizers, pesticides, herbicides
just to mention a few in their farming activities especially
the cocoa farmers. Most of these chemicals eventually
find their way into the river from runoff. These activities
necessitated this study to ascertain the level of endocrine
disrupting trace metals in River Samre, since access to
safe drinking water is essential to achieve good health in
the population [2].

An endocrine-disrupting chemical is a compound, ei-
ther natural or synthetic, which through environmental or
inappropriate developmental exposures alters the hormo-
nal and homeostatic systems that enable the organism to
communicate with and respond to its environment [3].
Endocrine-Disrupting Chemicals (EDCs) released by hu-
man from sources such as wastewater effluent, industrial
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Plate 1. Children fetching water at the upstream.

discharges, landfills, agricultural runoff and livestock
yard runoff have become a major concern among the
scientific community due to their potential threats to the
health of human and wildlife in recent years. Since the
normal functions of all organ systems are regulated by
endocrine factors, small disturbances in endocrine func-
tion, especially during early stages of the life cycle such
as development, pregnancy and lactation, could lead to
profound and lasting effects [4].

There is growing concern on possible harmful conse-
quences of exposure to xenobiotic compounds that are
capable of modulating or disrupting the endocrine sys-
tem. This concern for endocrine disrupting chemicals is
directed at both wildlife and humans [5]. Several expert
working groups [6-8] have concluded that there is in-
creasing evidence of adverse effects in human and wild-
life reproductive health, and have discussed the hypothe-
sis that chemicals in the environment have caused these
endocrine mediated adverse effects. Endocrine disruption
needs to be considered in the context of both individual
and populations [9]. The importance of population is
made clear from epidemiologic studies demonstrating
clear evidence for environmental endocrine disruption in
humans. Hauser et al. [10], provides a careful discussion
of the epidemiologic evidence for a link between expo-
sure to EDCs and male reproductive dysfunction. In ad-
dition, populations of wildlife are impacted by endocrine
disruption [11]. However, not every individual within a
population may be similarly affected [12]. Heavy metals
are present in our environment as they are formed during
the earth’s birth. Their increased dispersal is a function
of their usefulness during our growing dependence on
industrial modification and manipulation of our envi-
ronment [13,14]. This study is the first part of a compre-
hensive study meant to assess levels of endocrine dis-
rupting chemicals in the Samre River.

Copyright © 2013 SciRes.

2. Materialsand Method
2.1. Study Area

The study was carried out at Samreboi in the Wasa
Amenfi west district located in the middle part of the
western region of Ghana. It is bounded to the west by
Sefwi Wiawso and Aowin Suaman district, to the south
by Jomoro and Ellembele, to the south-east by Prestea
Huni Valley and to the north by Bibiani-Anhwiaso-
Bekwaiand to north-east by Wasa Amenfi East [15].

2.2. Water Sampling and Laboratory Analysis

Sampling was done between October 2011 and March
2012. Three sites namely upstream, midstream and
downstream were selected for sampling. A total of thirty-
six water samples were collected from the river during
the period. Sample bottles were rinsed with deionised
water twice before samples were collected. Collected
samples were preserved in ice chest at temperature of
4°C. Samples were taken in separate containers for phys-
icochemical and trace metal analysis respectively. Sam-
ples for trace metal analysis were each preserved with
0.5 ml of concentrated nitric acid before transporting to
the laboratory for analysis. The samples were analysed
for various parameters including electrical conductivity,
pH, total dissolved solids, turbidity and trace metals such
as mercury (Hg), arsenic (As), cadmium (Cd), manga-
nese (Mn), total iron (Fe), zinc (Zn) copper (Cu) and
Lead (Pb). Physical parameters like conductivity and
total dissolved solids of the samples were measured us-
ing conductivity meter. pH and turbidity were recorded
using pH meter and turbidimeter respectively.

2.3. Analysis of Water for Hg, Cd, Pb, Zn, Cu,
Fe, Mn and As

For the analysis of Hg, 5 ml of concentrated H,SO,4 and
2.5 ml of concentrated HNO; were added to 100 ml of
water sample and thoroughly shaken to get a homogene-
ous mixture. 15 ml of 5% (w/w) of KMnO,4 and 8 mL of
5% (w/w) potassium persulphate were added to the mix-
ture and heated at 95°C for 2 hours. The mixture was
then allowed to cool to room temperature and 6 ml of
12% (w/w) hydroxylamine hydrochloride were added to
the resulting solution to reduce the excess permanganate.
The digested solution was stored for analysis [16]. In the
Hg determination a carrier solution containing 3% (v/v)
HCI and a reducing agent 1.1% (m/v) SnCl, in 3% (v/v)
HCI1 was added to digest sample to generate Hg vapour
which was determined by cold vapour using a Shimadzu
model AA 6300.

For the determination of Cd, Pb, Zn, Cu, Fe and Mn,
100 ml of acidified water sample were mixed with 5 ml
each of conc. HNOj; and conc. H,SO,. The mixture was
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heated until the mixture was reduced to about 20 ml on a
hot plate. The digested samples were cooled to room
temperature, filtered through a 0.45-um Whatman filter
paper and the final volume adjusted to 100 ml with dou-
ble distilled water and stored for analysis [16]. The con-
centration of Cd, Pb, Zn, Cu, Fe and Mn were deter-
mined using flame Atomic Absorption Spectrophotome-
ter (AAS) Shimadzu model AA 6300.

For the determination of As, 5 ml of 0.5 M HCI and 5
ml of 0.5% NaBH, were added to the digested water
samples to reduce all As to arsine gas, in the arsine gas
generator. The arsine gas generator was coupled to the
flame atomic absorption spectrophotometer, Shimadzu
model AA 6300, for the determination of As in the sam-
ples.

Recovery and reproducibility studies were conducted
during analysis of the water samples to check the sensi-
tivity and efficiency of the method used in the chemical
analysis. The percentage of Hg, Cd, Pb, Zn, Cu, Fe, Mn
and As recovered in the recovery studies were 97, 94, 98,
96, 98 95 and 100%, respectively. Similar results were
recorded for the reproducibility studies.

2.4. Health Risk Assessment Process

This is the process of estimating the health effects that
might result from exposure to carcinogenic and non-car-
cinogenic chemicals [17-19]. In this study, non-carcino-
genic health risk refers to harm done to the central nerv-
ous and other adverse health effects (except cancer) due
to exposure to neurotoxic chemicals such as Hg and Pb.
The risk assessment process is made up of four iterative
steps namely, hazard identification, exposure assessment,
dose-response assessment and risk characterization [19,
20].

2.4.1. Hazard | dentification

Hazard identification basically defines the hazard and
nature of the harm. This is the first step of the risk as-
sessment process that was used to establish a link be-
tween the toxic chemicals identified and their health ef-
fects on residents in the study area [21]. In this study, Hg,
Cd, and As, were identified as possible hazards in the
community when they drink directly from the river
without treatment.

2.4.2. Exposur e Assessment

Exposure assessment is the process of measuring or es-
timating the intensity, frequency, and duration of human
exposures to an environmental agent. It also helps in es-
timating the rate of intake of a contaminant by the target
organism. In the exposure assessment, the average daily
dose (ADD) of Hg, Cd, and As ingested from drinking of
River Samre in the study area was calculated using:

Copyright © 2013 SciRes.

-6
ADD:EPCXIRXEDXEFXIO 1)
BW x AT x360

where, EPC is exposure point concentration of toxicant
in the drinking water (mg/L), IR is the ingestion rate per
unit time (L/day), ED is the exposure duration (years),
EF is the exposure frequency (days/year), BW is the
body weight of receptor (kg) and AT is the averaging
time (years) which is equal to the life expectancy of a
resident Ghanaian. 365 is the conversion factor from year
to days. The ADD is the quantity of Hg, Cd, and As, in-
gested per kilogram of body weight per day [21-23].
With the exception of EPC and BW, the rest were default
values in the Risk Integrated Software for Clean-up
(RISC 4.02) developed by the USEPA. Body weights of
13.5 and 58.6 kg were used for resident children and
resident adults, respectively in line with Ghana Statistical
Service [24]. For dermal contact, average daily dose was
calculated using the formula:
—6
ADD=Cmax><SA><AAF><ETXPC><(]15F><ED><10 @)
LT xBWx365—
yr

where, C. is the maximum 7-year average concentra-
tion of chemical in drinking water (mg/L), SA is the total
skin surface area (cm®), AAF is the dermal-water chemi-
cal specific absorption adjustment factor (mg/mg), ET is
the bath or shower duration (h/day), PC is the chemical
specific skin permeability constant (cm/h), EF is the ex-
posure frequency (events/years), ED is the exposure du-
ration (years), LT is the lifetime = 70 years by definition
and BW is the body weight.

2.4.3. Dose-Response Assessment

Dose-response assessment is basically the quantitative
relationship that indicates a contaminants degree of tox-
icity to exposed species. In this study, oral reference dose
values for Hg, As, and Cd, from RISC 4.0 software were
used in characterizing non-cancer health risk from expo-
sure to the aforementioned toxic chemicals in the study
area [25].

2.4.4. Risk Characterization

Risk characterization is the final phase of the risk as-
sessment process. In this phase, exposure and dose-re-
sponse assessments are integrated to yield probabilities
of effects occurring in human beings under specific ex-
posure conditions. In line with USEPA risk assessment
guideline, the risk characterization process incorporated
all the information gathered from hazard identification,
exposure assessment and dose-response assessment to
evaluate the potential non-cancerous health risk of resi-
dent children and adults in the study area from exposure
to the toxicants in drinking water [25]. In this study, the
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extent of the harm incurred was expressed in terms of
hazard quotient:

ADD

Hazard Quotient (HQ) = "D

3
where, ADD is the average daily dose a resident adult or
child is exposed to via drinking water or dermal contact
with water containing Hg and Cd. RfD is the reference
dose which is the daily dosage that enables the exposed
individual to sustain level of exposure over a prolonged
time period without experiencing any harmful effect.

2.5. Statistical Analysis

Statistical analysis was performed using Statistical pack-
age for social sciences (SPSS) version 16.0 software for
windows. The Pearson’s rank correlation was used to
examine correlation between endocrine disrupting trace
metals and some physic-chemical parameters; all tests
were two tailed.

M.NKOOM ET AL.

3. Result and Discussion
3.1. Physico-Chemical Analysis

Generally, most of the water quality parameters analyzed
were within WHO recommended limit for potability
(Table 1). The pH ranged from 6.75 to 7.71 with a mean
of 7.36. The turbidity levels ranged from 14.3 - 43 NTU
with a mean of 23.28 NTU. These levels are higher than
recommended levels for drinking water which is 5 NTU
[2] with the highest level recorded at the midstream in
October and lowest value at the upstream in December.
However, the highest level in October may be due to
runoff that occurred after the rains in September. The
concentration of conductivity ranged from 68.2 to 176.4
uS/cm with a mean of 97.52 puS/cm. Total Dissolved
Solids (TDS) ranged from 41 to 105.6 mg/l with a mean
of 61.27 mg/l. The least level was recorded in October at
the upstream and the highest in January at the down-
stream. The levels are within the background level lay
down for drinking water. The variation in TDS, conduc-

Table 1. Results of trace metal analysis and physico-chemicals.

Parameter Min Max Mean SD WHO Guideline
Cadmium 0.002 0.011 0.01 0.0012 0.003
Mercury 0.01 0.02 0.006 0.005 0.01
Arsenic 0.001 0.007 0.005 0.0013 0.01
Total Alkalinity 22 43 32.22 5.84 1000
Bicarbonate 27 68.3 40.46 9.79 -
Sulphate (SO,) 1 10.6 6.88 3.14 400
Chloride 7 239 13.68 4.23 250
Nitrate-N (NO;-N) 0.001 2.41 1.24 0.54 10
Calcium 5.6 31.3 11.99 6.39 200
Magnesium 1 53 10.33 13.61 150
Sodium 4 12.2 7.89 2.25 200
Potassium 0.8 4.8 1.96 1.06 30
Silica (SiO,) 10.4 22.1 17.33 3.99 -
Tot. Hardness 20 242 71.44 57.36 500
Cal. Hardness 14 78.2 29.97 16 -
Mag. Hardness 2 218 41.98 56.04 -
Turbidity (NTU) 14.3 43 23.28 8.41 5
Total Iron 2.162 5.443 2.68 0.74 0.3
Manganese 0.032 0.13 0.0702 0.0262 0.5(p)
Zinc 0.005 0.118 0.07 0.03 5.0
Copper 0.02 0.105 0.04 0.04 2(p)
All units are in mg/l unless otherwise stated.
Copyright © 2013 SciRes. JWARP
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tivity, and pH and turbidity are shown in Figures 1 and 2
respectively.

The levels of total alkalinity ranged from 22 to 43 mg/1
with a mean of 32.22 mg/l. The highest value was re-
corded in October at the midstream and the least in De-
cember at the midstream. The levels are within the rec-
ommended levels for drinking water (1000 mg/l) by the
[2]. The Sulphate levels ranged from 1 to 10.6 mg/l with
a mean of 6.88 mg/l. The highest value was recorded in
March at the upstream and the lowest value in January at
the midstream and is within the recommended levels for
drinking water (400 mg/l). The levels of Bicarbonate
ranged from 27 to 68.3 mg/l with a mean of 40.46 mg/I.
The highest value of bicarbonate was recorded in Octo-
ber at the upstream and the lowest value was in Decem-
ber at the midstream. The levels of Chloride ranged from
7 to 23.9 mg/l with a mean of 13.68 mg/l. The highest
was value recorded in November at the upstream whiles
the lowest was in October at the downstream. These lev-
els are within the recommended levels for drinking water
(250 mg/1). Figures 3 and 4 show the monthly variation
in total alkalinity and bicarbonate, and Sulphate and
chloride respectively.

987

The levels of Nitrate ranged from 0.001 to 2.41 mg/l
with a mean of 1.24 mg .The highest value recorded in
March at the upstream whiles the lowest in January at the
downstream. These levels are within the recommended
levels for drinking water which is 10 mg/1 [2].

The levels of Calcium ranged from 5.6 to 31.3 mg/l
with a mean of 11.99 mg/l. The highest value was re-
corded in October at the upstream whiles the lowest in
February at the same site and is all within the recom-
mended levels for drinking water which is 200 mg/1 [2].

The levels of Magnesium ranged from 1 to 53 mg/l
with a mean of 10.33 mg/l. The highest value was re-
corded in March at the upstream whiles the lowest in
November at the upstream and downstream. These levels
are within the recommended levels for drinking water
which is 150 mg/1 [2].

The levels of Sodium ranged from 4 to 12.2 mg/l with
a mean of 7.89 mg/l. The highest value was recorded in
October at the midstream whiles the lowest value in No-
vember at the midstream. The levels of Silica ranged
from 10.4 to 22.1 mg/l with a mean of 17.33 mg/l. The
highest value was recorded in December at the upstream
whiles the lowest value in November at the mid-stream.
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Figure 2. pH and turbidity of River Samre.
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The variation in Silica and Sodium, are shown in Figure
5.

The levels of Total hardness ranged from 20 to 242
mg/l with a mean of 71.44 mg/l .The highest values were
recorded in March at the upstream and midstream whiles
the lowest in December at the midstream which are
within the recommended levels of 500 mg/1 [2].

The levels of Total Iron ranged from 2.162 to 5.443
mg/l with a mean of 2.68 mg/l. However, the higher lev-
els of total iron may be due to runoff and erosion of soils.
This may cause staining of laundry, unpleasant appear-
ance and unpleasant taste when used without treatment.
The variation in Magnesium hardness, Calcium hardness
and Total hardness are shown in Figure 6.

3.2. Endocrine Disrupting Trace Metals

Mercury, cadmium, lead and Arsenic are considered as
endocrine disrupting traces metals. The levels of Mer-
cury ranged from 0.01 to 0.02 mg/l with a mean of 0.006
mg/l. The highest level was recorded in January at the
upstream and the least in December at the midstream.
The mean is within the recommended levels for drinking
water which is 0.01 mg/l [2], but other areas recorded

Copyright © 2013 SciRes.
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higher levels than this standard.

The levels of Cadmium ranged from 0.002 to 0.011
mg/l with a mean of 0.01 mg/l. The highest level was
recorded in March at the midstream. The high levels of
mercury and cadmium might be caused by the soil and
the underling rocks that the river flows through. The
concentration of lead was below detection limit of less
than 0.005 mg/1 but that of Arsenic ranged from 0.001 to
0.007 mg/l with a mean of 0.005 mg/l. The highest arse-
nic level was recorded in February at the downstream
and this might be due to a timber company close to the
river using Chromated copper Arsenate to preserve wood
in the log pond. This higher level and the mean are
higher than the WHO recommended standard of 0.003
for drinking water. The variation in mercury concentra-
tions are shown in Figure 7.

3.3. Hazard Quotients from Exposureto Hg, Cd,
and Asvia Surface Water

The hazard quotients (HQ) through Central tendency
exposure (CTE) and Reasonable maximum exposure
(RME) to Hg, Cd and As by resident children and adults
in the study area were less than 1.0 for surface water in
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the river via oral ingestion and dermal contact (Figure 8).
According to USEPA risk assessment guidelines, a haz-
ard quotient greater than 1.0 means that the probability

Copyright © 2013 SciRes.

Figure 7. Levels of mercury of River Samre.
for adverse health effects associated with exposure to

such a chemical is high [19,26,27]. Since the hazard quo-
tients through CTE and RME are less than 1.0, the
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community members who drink directly from the river
without treatment may not be at a high risk with expo-
sure to the endocrine disrupting trace metals.

3.4. Correlation Matrix

Correlation analyses show that there were significant
differences between the parameters measured within the
period of the research which suggests strongly positive
relationships between parameters such as Turbidity,
Cadmium, Arsenic, Zinc and Manganese as indicated in
(Table 2). Turbidity strongly correlated with Cadmium (r
=0.772, p < 0.01), Arsenic also strongly correlated with
Manganese (r = 714, p < 0.01) and Turbidity again ex-
hibited positive correlations with Zinc (r = 0.797, p <
0.01). There were also strongly negative relationships
between parameters such as Turbidity, pH, Arsenic and

0.03 +
0.025
0.02
0.015

0.01

Hazard quotient (HQ)

0.005

0

Ingestion  Dermal

Ingestion

Arsenic

Dermal

Cadmium
Endocrine disrupting trace metals and exposur e pathways

Zinc indicating that they do not emanate from the source.

4. Conclusions and Recommendations

The concentrations of turbidity with a mean of 23.28
NTU and that of total iron with a mean of 2.68 mg/l were
higher than WHO recommended level of 5 NTU and 0.3
mg/l respectively for drinking water making the river
unsafe for drinking purposes unless treated.

The levels of Cadmium with a mean of 0.01 mg/l and
mercury with a mean of 0.006 mg/l were higher than the
WHO recommended levels of 0.003 mg/l and 0.01mg/1
respectively and may disrupt the endocrine system of
consumers who used it without treatment.

Based on the findings of this study, it is recommended
that there should be periodic monitoring of the levels of
the endocrine disrupting trace metals in River Samre.

M Child Resident-
Typical

M Child Resident-
RME
Adult Resident-
Typical

W Adult Resident-
RME

Ingestion  Dermal

Mercury

Figure 8. Hazard quotient (HQ) for exposures to endocrine disrupting trace metals by resident children and adults in the

river.
Table 2. Correlation analysis showing the differ ences between the parameter s measur ed within the six months.
pH Turb Hg As Pb Cd Fe Mn Zn Cu
pH 1
Turb -0.780" 1
Hg 0.270 -0.397 1
As -0.727" 0.485 -0.056 1
Pb —0.422 0.378 -0.176 0.105 1
cd -0.695" 0.772" -0.200 0.229 0.544 1
F 0.297 -0.028 —0.344 -0.282 -0.132 -0.191 1
Mn —-0.631" 0.366 0.054 0.714” 0.397 0.287 -0.371 1
Zn —0.760" 0.797" —0.289 0.542" 0.207 0.486 -0.168 0.207 1
Cu —0.433 0.509" —0.238 0.558" -0.093 0.348 -0.419 0.369 0.363 1

"Correlation is significant at the 0.05 level (2-tailed). Correlation is significant at the 0.01 level (2-tailed).

Copyright © 2013 SciRes.
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Also further research should be carried out in River
Samre on other endocrine disrupting chemicals.
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