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ABSTRACT

A study of the water sources from Bibiani and itewerons was conducted between November,
2009 and April, 2010 to determine whether contamiioa (of water sources) from (these pa-
rameters) physical, chemical and trace metal in Bibi is as a result of mining or geochemical
and biochemical processes within the environmenhidfwas done by collecting water samples
from two streams, two rivers, three boreholes (BHs)d three hand dug wells (HDWSs). These
were analysed in the laboratory. Levels of Arsefks), Iron (Fe), Manganese (Mn), pH, Total
Dissolved Solids (TDS), Electrical Conductivity (EECTemperature, Alkalinity, Hardness, Phos-
phate (P) and Cyanide (CN) in water sources werded®ined. Mining related contaminants
detected in water samples were As, CN, Mn and Eevds observed that surface water pH values
were generally higher than that of groundwater saitas. As concentrations in surface water
samples were higher compared to that of groundwasamples. Also, CN concentration in
ground water samples was higher than that of sutawater. Ground water contained higher
concentration of Mn than surface water; the oppassitan be said of Fe concentration in surface
water which was higher than that of ground waterh& study also observed that pH, TDS, EC,
total alkalinity, total hardness , Arsenic and tdtayanide levels in the HDW and BH samples
showed 100% compliance with the WHO and EPA limitkile Mn and Fe levels indicated traces
of non — compliance. Compared to WHO / EPA guidels) few water sources had one or more
trace metal (Fe, As and Mn) levels outside accefealmits for drinking. However, most of the
levels were safe for human consumption.

Keywords: Surface, gold mining, quality, degradation, Bibiani

INTRODUCTION proper measures put in place, it will be a major
In Ghana surface gold mining operations genercause of environmental degradation (e.g. loss of
ate substantial revenue for the nation. Howevefarm land, air pollution, water resource con-

if these activities are not well monitored andtamination etc.).
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Gold is the main mineral commodity in Ghana,2016).
contributing over 90% of the country’s total
mineral export (Doset al, 2015). Surface gold This paper is focused on the water sources of
mining involves the extraction and exploitationBibiani where gold mining activities occur. It
of gold minerals from the ore in the earth’sseeks to determine the levels of heavy metals as
crust by surface mining operation. Surface goldvell as physical and chemical parameters of the
mining can be a major source of pollution towater sources under study. It will also find out
the surrounding water bodies. Metallurgicalwhether metal concentrations in water in the
plants employ processing methods that may barea are within World Health Organisation
categorized into flotation, gravitational, wash-(WHO) guidelines and thus meet the Environ-
ing, magnetic separation, crushing and sortingnental Protection Agency (EPA) of Ghana
carbon-In- leach (CIL), Carbon-In Pulp (CIP),standards.
heap leach etc each of which uses water
(Annane - Acheampong al, 2013). The proc- MATERIALS AND METHODS
esses used in the gold extraction and th8tudy area
leachate from the waste and / or ore dumpBibiani is located in the Western Region of
turns to affect the hydrology, physical andGhana. It had a population of about 19,076 in
chemical nature of the environment such ag010. The Bibiani gold mine lies within the
water bodies, air and land. Sefwi belt and its the second most significant
gold-bearing belt in Ghana after the Ashanti
Most mining communities in Ghana depend orbelt. The mining concession area of approxi-
groundwater (wells and boreholes) as theimately 49km2 is closely adjoined to the town of
main source of water (Addet al., 2016). Gen- Bibiani, approximately 80km southwest of the
erally, mining in Ghana is faced with a lot of Ashanti capital, Kumasi. Factors considered in
environmental challenges such as water polluehoosing the sampling points include prox-
tion arising from poor handling of ore processimity, purpose and population.
ing, tailings facilities and waste dump sites,
land degradation through loss of vegetatiorBampling
cover and soil erosion (Smedleyal., 1996). Ten (10) sampling points comprising four sur-
Many water resources in developing countrieface water bodies located at surface water 1,
are unhealthy, because they contain harmfidurface water 2, surface water 3 and surface
physical, chemical, and biological agents as water 4 and six groundwater samples taken
result of geological formation which may im- from groundwater 1, groundwater 3 and
pact negatively on the water quality and thugroundwater 5 (Hand dug wells, HDWSs)) and
affect human health (Aghazadeh and Mogadgroundwater 2, groundwater 4 and groundwater
dam, 2010). There are fears among residené (Bore holes (BHs)) were chosen for this in-
that the operations of the mining companyestigation. As indicated in Fig.1, surface water
(Central African Gold) in the area are causin@, ground water 3, and ground water 6 are
serious contamination of the water sources angithin the vicinity of the mines while surface
thus make them unsafe. Arsenic, copper, ironyater 1, surface water 3, surface water 4,
manganese, and cyanide are among the coground water 1, ground water 2, ground water 4
taminants likely to be released from miningand ground water 5 are outside the mining con-
operations. It has been anticipated that metalession.
levels in ground and surface water may not
comply with WHO guidelines for drinking wa- Surface water sampling
ter in many mining areas in Ghana. This haSamples were collected between November,
been confirmed by earlier studies within the2009 and April, 2010. This was done at one
Wassa mining areas in Ghana (Adébal., month interval from the ten (10) sampling
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Fig. 1: Map of the sampling area showing the samplg points
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points. Water samples for physico-chemicabelow 4°C and analysed within 12 hours. Tem-

analysis were collected in 500ml plastic conperature, pH, TDS and electrical conductivity

tainers. This was done by dipping the plastievere measureih situ.

container into wateto collect the sample from

below the water surfacdottles werefilled Sample preparation

directly from the water body after rinsing andTo obtain reliable results, sampling procedures
capped immediately. In the case of SW1, samwhich eliminate or minimise potential contami-

pling was done with the aid of a bailer. nants were adopted. This was achieved by
soaking sample containers in HNO3 solution
Groundwater sampling overnight and thoroughly washing the container

In sampling groundwater more than three caswith distilled water and finally rinsing them
ing volumes of water were removed beforewith de-ionized water and dried in a drying
sampling. All samples were kept in an ice-chestabinet. Samples were transported (in an ice
and transported to the Health Safety and Envichest containing ice) to the laboratory, stored in
ronment laboratory of Central African Gold a refrigerator and analysed within 12 hours.
(CAG), stored in a refrigerator at a temperature
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Physical analysis (Measurement opH, con- Acid digestion method. Samples of water were
ductivity, TDS) weighed into 100 ml polytetraflouroethylene
The physical parameters were determined b{PTFE) Teflon bombs which had been previ-
probe method on the field. The pH of the sameusly acidified. Six (6) ml of nitric acid (HN§
ples was measured using a pH meter that had6s%), 3 ml of hydrochloric acid (HCI, 35%)
limit of O to 14 pH units. Total Dissolved Sol- and 0.25 ml of hydrogen peroxide 4B}, 30%)

ids (TDS), Electrical Conductivity (EC) and were added to each sample in a fume chamber.
temperature were determined with HACH SenThe samples were then loaded on the micro-
sion 16 Portable Conductivity Meter. The in-wave carousel and the vessel caps secured
strument could measure maximum concentraightly using a wrench. The complete assembly
tion of 5000 mg/l, 2000 uS/cm and 40 for was microwave irradiated for 26 minutes using

TDS, EC and temperature respectively. milestone microwave lab station ETHOS 900,
INSTR: MLS-1200 MEGA and employing the
Chemical analysis microwave programme. The teflon bombs were

The HACH chart Comparator (detection limitcooled in a water bath after digestion to reduce
between 0.0 and 0.2 mg/l) was used in measuinternal pressure and allowed for the volatized
ing the arsenic content in the water samplesnaterials to re- stabilize. The digested sample
Phosphate, iron and manganese content in tiweas made up to 20 ml with double distilled
samples were determined using the HACHwater (Tiimubet al., 2015). The liquid extract
Pocket Colorimeter. The instrument had thevas then used for the determination of arsenic,
following limits of detection: iron from 0.02 to manganese, iron, cyanide and copper.
5.0 mg/l and phosphorus from 0.02 to 3.0 mg/I.

Statistical analysis
Phosphorus was determined by first filling a 10The data obtained from the physical and chemi-
-ml sample cell with the samples. The contental analysis were subjected to Analysis of Vari-
of one phos Ver 3 phosphate reagent was addadce (ANOVA) (mean, range and standard de-
to the sample cell, capped and shaken gently toation at 95% confident limit).
mix (Prepared sample). Three minutes waiting
period was allowedA second sample cell was RESULTS
filled with 10 ml of sample (as blank) and A summary of results recorded for physico-
wiped of any liquid or fingerprintsThe blank chemical parameters and trace metals analyses
was placed in the cell holder to “zero” the in-have been presented in figures 2 to 11. Where
strument. The blank was then removed from thavailable, these values have been placed along-
cell holder.Within 3 minutes after the reaction side WHO and/or EPA (Ghana) guidelines for
period ends, the prepared sample was placed surface and ground waters.
the cell holder, covered with the cap and the
result recorded in mg/l phosphate. The sampH
procedure was followed for iron and manga-The pH values ranged from 5.77 to 7.14 units
nese but different reagents were used. Buffdfig. 2. This gives the general indication that the
Reagent Powder pillow, citrate type and Ferravater bodies under study ranged from being
Ver Reagent were the reagents used for mangaeidic to neutral.
nese and iron respectivelfopper was also
measured by means of a HACH comparatolhe highest desirable level for pH stipulated for
box. The sample was prepared for total cyaniddrinking and domestic purposes is within the

determination using alkaline picrate. range of 6.5 to 8.5 (EPA, 1997; WHO, 2004).
The pH value of surface water varied from a
Digestion procedure for heavy metal minimum of 6.57 to a maximum o7.14

Metal digestion was done using the Milestone whereas7.14 whereadetween 5.77and 6.56
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Fig. 2. Minimum and maximum surface waterrangedfrom minimum of 162.45 mg/l to maxi-
pH values were recorded at SW1 (within minemum of 343.33 mg/l whiles a range of 355 mg/I
concession) and SW4 (outside mine concede 524 mg/l were obtained from the BH sam-
sion) and those of groundwater were obtainegles. However, all these values were within the
at GW1 and GW4 both of which are outside th&VHO detection limit of 1000 mg/I.

mine concession and processing facilities.

Mean pH for HDWs (GW1, GW3 and GWS5) Temperature

ranged from 5.87 units at GW5 to 6.56 units aThe mean temperature value of all the water
GW1 whereas those of BHs (GW2, GW4 andsamples analysed ranged from 27.57 to Z2.8
GWS6) ranged from 5.77 units at GW4 to 6.45Surface water temperature ranged from a mini-

units at GW2 (Fig. 2). mum value of 27.57 to a maximum of 28C3
occurring at SW3 and SW4 respectively. SW3
Total dissolved solids(TDS) and SW4 were both located outside the mines.

TDS concentrations for water samples range@roundwater recorded values ranging from

from 162.45 to 552.38 mg/l. Surface water TD27.87 to 29.08 which occurred at GW1 and

concentration ranged from a minimum ofGW2 respectively.

208.12 to a maximum of 552.38 mg/l (Fig. 3).

These surface water TDS values were obtaine8lectrical conductivity (E.C)

at SW2 and SW1. Groundwater concentratiofRecorded E.C. values for water in the study

values ranged from 162.45 to 524 mg/l. Thesarea varied between 360.167 and 957.12 uS/

minimum and maximum values for groundwa-cm. These values were within the WHO guide-

ter samples were recorded at GW5 and GWEne limit of 1000 uS/cm (WHO, 2004) stipu-

which were located outside the mines. lated for drinking and domestic water. The con-
ductivity values for groundwater ranged from

It can also be observed from Fig. 3 that all th&60.167 t0957.12 uS/cm whereas surface wa-

BHs contained higher concentrations of TDSer values were from 451.67 uS/cm to 774.72

than the HDWs. Mean TDS values for HDWsuS/cm. (Fig. 4).
7.03
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Fig. 2: Mean pH values recorded for ground and sudce water bodies
Barsindicate standard deviation of the water samples. The linesindicate the pH range stipulated by the WHO (2004)
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Fig. 3: Mean TDS values (mg/l) recorded for grounénd surface water bodies

Barsindicate standard deviation of the water samples. The linesindicate the EPA (1997) and WHO (2004) guideline values
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Fig. 4 : Mean conductivity values (uS/cm) recordetbr ground and surface water bodies

Barsindicate standard deviation of the water samples. The lines indicate the guideline val ues prescribed by the EPA (1997)
and WHO (2004)

The conductivity variation between ground andPhosphate

surface water bodies were statistically insignifi+=rom Fig. 5, Phosphate concentrations for the
cant (P = 0.25). Conductivity values for HDWwater samples varied between 1.067and 2.13
samples (360.167 pS/cm to 754.5 5 pS/cmng/l. Concentrations in groundwater samples
were lower than those recorded for BH samplesanged from 1.067 to 2.03 mg/l whereas surface
(768 uS/cm to 957 uS/cm). watersamples recorded concentratidretween
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Fig. 5: Mean phosphate values (mg/l) recorded forrgund and surface water bodies

Barsindicate standard deviation of the water samples
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Fig. 6: Mean alkalinity values (mgCaCQJ/l) recorded for ground and surface water bodies
Barsindicate standard deviation of the water samples

the ranges of 1.25 and 2.13 mg/l. These valuekotal alkaline concentrations in HDW samples

are higher than the WHO (1993), permissiblg351.67 mgCaC¢l to 385 mgCaCgll) were

limit of 0.1 mg/l in drinking water. found to be higher than the levels in BH sam-
ples (270 mgCaC#l to 365 mgCaCgll).

Total alkalinity

Alkaline concentration ranged from 270 to 385Total hardness

mgCaCQ/l for groundwater and surface waterTotal hardness concentrations recorded during

sources (Fig. 6). Surface water bodies had athe study ranged from 320 to 458.3 mgCaCO

kaline levels ranging from 295 to 378.33l. (Fig. 7). The hardness value for groundwater

mgCaCQ/l. Groundwater samples had con-ranged between 351.67 and 458.3 mgCdICO
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whereas surface water values were from 320 tBibiani ranged from values below 0.001 to 0.02
405 mgCaC@|I. BH samples contained higher mg/l (Fig. 8). Surface water As concentration
concentrations (376.67 mgCaglOto 458.3 ranged from 0.002 to 0.02 mg/l whereas
mgCaCQ/l) than HDW samples (351.67 groundwater recorded concentrations from val-

mgCaCQ/l to 423.3 mgCaCel). ues below 0.001 to 0.0017 mg/l. Minimum and
maximum surface water As concentrations
Arsenic (AS) were recorded at SW4 (outside the mines) and

The concentration for the water samples irBW2 (within the mines)Concentrations for
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600
& 500 -
o 4233
5 100 376.67 396.67
E 35167
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Z 200 |
=
= 100 -
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Fig. 7: Mean hardness values (mgCaC#l) recorded for ground and surface water bodies
Barsindicate standard deviation of the water samples
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Fig. 8: Mean arsenic values (mg/l) recorded for gnand and surface water bodies
Bars indicate standard deviation of the water samples. The line indicates the arsenic range stipulated by the WHO (2004)
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groundwater samples were belatetection Manganese (MN)
limit except at GW4 (outside the mines) wherevValues recorded for water samples were be-
a value of 0.0017 mg/l was recorded. All thredween 0.1 and 0.72 mg/l. Groundwater Mn con-
sampling points for HDWs contained no Ascentration ranged from 0.1 to 0.72 mg/l at
concentrations. Only one sampling pointGW6 and GW3 (Figure 10). Mn concentrations
(GW4) for BHs contained As concentration.  for surface water were between 0.22 and 0.23
mg/l occurring at the sampling points SW1 and
Total cyanide (CN) SW3 for the minimum and SW2 and SW4 for
Cyanide concentrations for the water samplesiaximum concentration. This study also ob-
understudy varied between 0.002 and 0.036erved that HDW samples contained higher Mn
mg/l (Fig. 9). This falls within the Maximum concentrations (0.23 mg/l to 0.72 mg/l) than
Compliance Limit (MCL) of 0.07 mg/l and 0.1 BH samples (0.1 mg/l to 0.17 mg/l) (figure 10).
mg/l recommended by WHO (2004) and EPAAIl these concentrations are within the WHO
(1997) respectively. The concentration of CNguideline limit of 0.5 mg/l. Samples from study
in groundwater ranged from 0.002 to 0.036 mglocation GW3 (located within the mines) indi-
| whiles surface water recorded values frontated non - compliance to the WHO guideline
0.008 to 0.02 mg/l. These values were recordelimit of 0.5 mg/l stipulated for drinking and
at GW6 and GW3 for groundwater and at SWlgomestic purposes
SW?2 and SW4 for surface water. The sampling
points GW6, GW3, SW1, and SW2 are locatedrota| iron (Fe)

within the mines whereas SW4 is not. Cyanidgron (Fe) values for both ground and surface
levels in surface water bodies showed signifiyater samples ranged from 0.32 to 3.04 mgl/l
cant variations (P = 0.7) from that of ground-Fig. 11). Concentrations obtained for ground-
water. The HDWs contained higher cyanideyater varied between 0.32 and 1.47 mg/l occur-
concentrations (0.006 mg/l to 0.036 mg/l) tharting at GW2 (located outside the mines) and
the BHs (0.002 mg/l to 0.017 mg/l). GW3 (located within the mines). Fe concentra-
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GW1 GW2 GW3 GW4 GW3 GW6 SW1 SW2 SW3 SW4 EPA WHO

Fig. 9: Mean cyanide values (mg/l) recorded for gnand and surface water bodés

Barsindicate standard deviation of the water samples. The linesindicate the cyanide range stipulated by the EPA (Ghana),
(1997) and WHO (2004)
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Fig.10: Mean manganese values (mg/l) recorded forgund and surfacewater bodies

Barsindicate standard deviation of the water samples. The line indicates the manganese range stipulated by the WHO
(2004)
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Fig. 11: Mean iron values (mg/l) recorded for groud and surface water bodies
Bar indicate standard deviation. The line indicates the iron range stipulated by the EPA (Ghana), (1997) and WHO (2004)

tions recorded for surface water sources rangédsgher concentrations than BH samples. The
from 1.246 to 3.035 mg/l at the sampling pointssariations of Fe concentrations between ground
SW2 and SW1 both of which are located withinand surface water bodies were statistically sig-
the Bibiani mines. All the values recorded fromnificant at P = 0.008.

the study locations indicated non — compliance

with the WHO (2004) and EPA (1997) guide-DISCUSSION

line limit of 0.3 mg/l. HDW samples contained pH: With the exception of SW1, all the surface
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water bodies can be described as neutral (pHotal dissolved solids (TDS)Total dissolved
range 7.03-7.14). From the study, surface watesolid (TDS) is a measure of total inorganic and
pH was within the range 6.5 to 8.5 as stipulatedrganic substances dissolved in water (Bakobie
for drinking and domestic purposes by theet al., 2015). It is one of the characteristics
WHO (2004). Based on these guideline limitswhich determine the quality of drinking water
the pH of surface water sources from Bibian{Bakobieet al., 2015). TDS values recorded for
would not adversely affect its suitability for ground and surface water sources were within
drinking, domestic and recreational purposes ake WHO (2004) limit of 1,000 mg/Il. This indi-
well as aquatic ecosystem. cates that the water bodies in the study area are
generally fresh (WHO, 2003). Water is re-
The pH for groundwater samples were belovgarded as fresh if the TDS value is less than
the stipulated range of 6.5 to 8.5 (except at GV{,000 mg/l (WHO, 2003). The taste of water
1 with pH of 6.56) suggesting possible acidity.with TDS level less than 600 mg/l is generally
The low pH in groundwater may be due toconsidered to be good whereas water with TDS
natural geochemical and biochemical processesbove 1,200 mg/l becomes increasingly unpal-
within the aquifers (Edwards, 1981). The presatable (WHO, 2004). The highest groundwater
ence of sulphides and carbonaceous matter DS concentration was recorded at GW?2.
the ore formations may be due to the rocks urince the sampling point GW2 is outside the
dergoing natural geochemical and biochemicaiining and processing facilities, it is possible
degradation (oxidation). When these rocks areeepage of effluent discharges, as well as agri-
in contact with oxygen gas containing waterculture and domestic waste substances might
there is an increase in hydrogen ion activity irhave contributed to the high TDS values re-
the waters with which they are in contactcorded. TDS values for both HDW and BH
(Edwards, 1981). samples were within WHO limit. WHO (2004)
reported that water with a TDS level less than
Bio-oxidation of sulphur-containing materials 600 mg/l is more palatable and generally con-
may also take place in tailing dumps in abansidered to be good. Hence, the HDW and BH
doned mine areas. This can result in hydrogesamples are of good quality and potable since
ions migrating into aqueous environment andthe values are all less than 600 mg/I.
thereby, increase the acidity of groundwater
(Edwards, 1981). Acidity gives sour taste toTemperature Minimum and maximum tem-
water. It is for this reason of taste that the EPAerature values for ground and surface water
(1997) and WHO (2004) limit the pH range forbodies were both recorded at sampling points
water potability from 6.5 to 8.5. Consequently,outside concession of the mines and processing
from Fig. 2, pH values for most of the ground-activities and facilities. The EPA of Ghana
water sources in the study area were lower thaid997) stipulates that water for drinking and
the WHO and EPA limits which suggests adomestic purposes should have a temperature
potential taste problem. The BHs within thenot exceeding 36C. The temperature values
project vicinity recorded slightly lower values recorded for water in the study area were within
than HDWs (Fig. 2). Thus though both waterthe EPA limit of 36C. Thus suggesting the
sources (BHs and HDWSs) are slightly acidic,quality of water in Bibiani with respect to tem-
BHs are more acidic than HDWs. This meangerature could be suitable for drinking as well
BHs from the study area are more likely toas for domestic uses.
cause health problems such as acidosis
(Nkansahet al., 2010) than HDWSs. The BHs Electrical conductivity (EC) There is a rela-
are likely to also corrode reactive metal fix-tionship between conductivity and the total
tures. concentration of dissolved ions in water
(Oyeludeet al., 2013). The EC values fell
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within the WHO (2004) compliance limit of water samples were high. This can be attributed
1,000 uS/cm for drinking water (Fig. 4). The to eroded materials from waste rock dumpsites
sampling points at GW2 and GW4 howeverand old tailings coming in contact with the wa-
recorded much higher conductivity values tharter table via seepage. For sampling points not
the other groundwater sampling points (Fig. 4)close to mining activities and processing facili-
Since GW2 and GW4 are outside the minindies, the high phosphate concentrations might
and processing facilities, it is possible seepagee as a result of detergents from domestic ac-
of effluent discharges, as well as agriculturdivities that infiltrate the topsoil. High phos-
and domestic waste substances might have cophate concentrations in surface water bodies
tributed to the high conductivity values re-indicate the presence of pollution and are
corded. Weathering of sulphide-bearing rocksargely responsible for eutrophic conditions.
greatly facilitated by mining, accounting for the
elevated ion concentrations in GW2 and GW4Total alkalinity: Alkalinity (CaCQ) is the ca-
Electrical conductivity (EC) of water is a direct pacity of a solution to neutralise acids (Adeto
function of its total dissolved salts (Kusi, al., 2016). It is also a measure of the presence
2016). The conductivity levels of BH samplesof bicarbonate, carbonate or hydroxide con-
were generally higher than the values recordestituents. Generally, all the sampling sites ana-
for HDW samples. EC is an index to represenlyzed achieved 100% compliance (Addoal.,
the total concentration of soluble salts in wateP016) with the WHO (2004) and GSA (2009)
(Kusi, 2016). BH samples recorded higher EQyuidelines. The WHO (2004) and GSA (2009)
values than HDW samples. This may be direcommended concentrations of 1000
rectly responsible for the TDS concentrationangCaCQ/l and 500 mgCaCgl respectively
being higher in BH samples than HDW sam<or both surface water and groundwater. It can
ples. thus be inferred that the water sources in Bibi-
ani per this parameter are suitable for drinking
Thus according to Kusi (2016), the dissolutiongpurposes and other domestic uses.
of cations and anions in the host-rock by
groundwater in the course of its movement actotal hardness:All the concentrations re-
counts for the higher concentration of total discorded were within the WHO (2004), guideline
solved solid (TDS). At sampling point SW3, alimit of 500 mgCaC@/|. Hardness is an impor-
high conductivity value was recorded. SW3 igant criterion for ascertaining the suitability of
located outside mine activities. For this reasonyater for domestic, drinking and many indus-
the high value recorded might be due to Surfaceial supplies (Addcet al., 2016). In this study
and agricultural run-offs as well as domestiche hardness criterion was used exclusively for
effluent discharges. Since conductivity valuesletermining the usability of the water supplies
for ground and surface water samples felunder study for domestic and drinking pur-
within the WHO, (2004) guideline limit of poses. Water has been classified on the basis of
1,000 uS/cm for drinking water, it could be hardness as follows by WHO; soft (0 to 50 mg
concluded that no adverse health effects may k@aCGQy/l), moderately soft (50 to 100 mg
associated with the water bodies in Bibiani an€CaCQy/l), slightly hard (100 to 150 mg CaCO3/
its environs [), moderately hard (150 to 200 mg Ca{lp
hard (200 to 300 mg CaG@ and very hard

Phosphate The permissible limit of phosphate (0ver 300mg CaCgll) (WHO, 1984). Based on

in drinking water has been fixed at 0.1 mg/I bythis, the ground water studied is generally very
the WHO (1993). Comparing the recordedhard which implies that it contains enough cal-
phosphate values with the WHO (1993) valu€ium that is essential for good health. It also
of 0.1 mg/l it could be concluded that phos.aﬁects the lathering ability of water when used

phate concentrations for ground and surfactr washing. The higher values recorded might
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have resulted from effluent discharges from theleduced that surface water bodies were more
mines that seeped underground. It could also kaffected by As contamination. As is not only a
attributed to weathering of limestone, sedimenknown carcinogen (an agent producing and
tary rocks and calcium bearing minerals largelexciting cancer), but a toxin (Smedley al.,
facilitated by mining activities. Other sources1996). Skin cancer has been associated with
such as excessive application of lime to the solbng-term, low-level exposure to arsenic
in agricultural areas might have contributed tahrough drinking water (Kortatsi, 2006). Thus,
the hardness of the water in the study aregeople living in communities where significant
From Fig. 7, HDW samples contained rela-As concentrations were detected could poten-
tively lower concentrations than BH samplestially, be at risk of diseases associated with
The relatively lower values recorded in HDWs,long-term low-level As ingestion. However no
in this study for the hardness of water may benorbidity case is expected where concentra-
due to the presence of lower concentrations dfon in drinking water remains less than 0.01
dissolved calcium and magnesium in these wang/l. It is important therefore to constantly
ter sources. monitor drinking water in the area in order to
forestall any physiological problems that may
Surface water from the study recorded varyingirise due to unexpected increases in arsenic
levels of hardness between 320 and 46Boncentration.
mgCaCQ/l (Fig. 7). The WHO (2004) recom-
mends 500 mgCaGf as the guideline value Total cyanide (CN):Cyanide is a poisonous
for surface water. Comparing the recorded valsubstance that can infiltrate and pollute ground-
ues with the WHO (2004) value of 500water (Tiimubet al.,2012). It is mostly intro-
mgCaCQ/l surface water bodies in Bibiani duced into water bodies as a result of mining
could generally be described as safe. Thus suactivities and improper waste disposal. Cyanide
face waters in Bibiani and its environs can bects by blocking the cells of humans from ef-
used for domestic purposes without any humafectively utilizing oxygen (Tiimukbet al.,2012).
health concerns. Cyanide was detected in all the water bodies in
Bibiani (Fig. 9). The levels detected were how-
Arsenic (As):As was discovered in all surfaceever, less than the 0.1 and 0.07 mg/l guideline
water bodies in the study area, the concentrdimits set by the WHO (2004) and EPA (1997)
tions were within the limits of the WHO (2004) respectively. The low levels detected provide a
guideline of 0.01 mg/l. Even though 75% (threeuseful early warning of potential problems.
sampling points) of all the sampled locationsHDW samples contained higher levels of cya-
for surface water were within the Maximumnide than BH samples though both water
Compliance Limit (MCL) of 0.01 mg/l for As, sources recorded levels within WHO (2004)
there were marginally high levels of As re-and EPA (1997) Minimum Detection Limits
corded in SW2 (Fig. 2). This raises some conMDL). Blanc et al., (1985); Chandreet al.,
cerns since arsenic is a known carcinogen.  (1980) and El Ghawalst al., (1975) have all
stated that chronic low exposure to hydrogen
In spite of the high presence of pyrite and areyanide causes neurological, respiratory, car-
senopyrite associated with the gold ore, Asliovascular and thyroid effects. It is therefore
concentrations in groundwater samples weramportant to constantly monitor CN levels in
very low. This suggests that, there might be avater bodies (drinking water in particular) in
level of co-precipitation of As with ferric oxy- Bibiani and its environs.
hydroxide in the creeks before possible infiltra-
tion into the aquifer (Kortatsi, 2006). Arsenic Manganese (Mn):Surface water bodies inves-
levels in groundwater differed significantly tigated in this study had Mn concentrations
from that of surface water (Fig. 8). It could bebelow the WHO guideline value of 0.5 mg/1
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(WHO, 2004) prescribed for drinking and do-area is such that rock mineral types present
mestic purposes (Fig. 10). Ground water samnclude arsenopyrites (FeAsS), magnetite, py-
ples also had concentrations within the WHGQrite (FeS), (PbS) and iron-rich carbonates. The
guideline. presence of FeAsS, Feshd PbSin the study
area is a major natural source of iron in the
HDW samples recorded values higher than Bhvater samples. Iron in recommended amounts
samples. Samples from GW3 (located withins beneficial for blood building. The presence
the mines) indicated non - compliance with theof iron in water is attributed to rock water inter-
WHO guideline limit of 0.5 mg/l stipulated for action and effluents from industries like tanning
drinking and domestic purposes. Manganesand dyeing etc. However, iron in water be-
occurs naturally in many surface water and¢omes a nuisance when it occurs in excess. For
groundwater sources and in soils that majnstance, excess iron produces a metallic taste
erode into these waters. However, human a@nd orange brown stains in water. Surface wa-
tivities are also responsible for much of theter samples recorded higher Fe concentrations
manganese contamination in water in soméan groundwater samples (Fig. 11). The high
areas (WHO, 2011). The high levels of mangaFe concentrations found in surface water sam-
nese recorded at GW3 could be attributed tples compared to that of groundwater might be
probable interaction of groundwater and roclsuggestive of the mineral-water interactions
layers or soil minerals. It could also be as and oxidation-reduction reactions taking place
result of natural geochemical and biochemicain such systems. Effluent discharges as well as
processes such as weathering of manganekachate from waste rock dump and tailing
bearing minerals and rocks within the aquifersdams might also have contributed to the high
Moreover, GW3 is located within concession offe levels in surface water.
the mines and the high Mn concentration de-
tected could also be attributed to anthropogeniCcONCLUSION
sources such as effluent discharges and aciGroundwater had lower pH ranging from 5.77
mine drainage from mining activities. Apartto 6.56 pH units than surface water ranging
from the possible health effects, high levels ofrom 6.57 to 7.14. The differences in pH be-
manganese in drinking water cause brownistween ground and surface waters may be due to
coloration of water which also affects its tastenatural geochemical and biochemical processes
(Tiimub et al.,2012). within the aquifers. Groundwater samples had
higher concentrations of dissolved ions
Iron (Fe): Iron is the fourth most abundant (ranging from 360.167 to 957.12 uS/cm) and so
element, by weight, in the earth’s crust (Ahmectontains more minerals than surface waters
and Eyaife, 2014). The amount of Fe in watefranging from 451.67 to 774.72 uS/cm). Min-
varies depending on the geology of the area aridg related contaminants detected were As, CN,
other chemical constituents of the water. UnMn and Fe. Groundwater in the study area was
derground water normally contains’Felue to  established to be contaminated by Mn and Fe.
lack of enough oxygen in the aquifer (AhmedMn contamination may be due to natural geo-
and Eyaife, 2014). Fe concentration in watechemical and biochemical processes within the
samples from the study locations were non -aquifer. Anthropogenic sources such as effluent
compliant with the 0.3 mg/l guideline set by thedischarge and acid-mine drainage from mining
WHO (2004) and EPA (1997) (Fig. 11). Theactivities might also have contributed to the
major minerals found in igneous rocks; amphitigh Mn concentration in groundwater. High Fe
boles, ferromagnesian micas, ferrous sulphideoncentrations may also be attributed to min-
(FeS), ferric sulphide or iron pyrite (FgSand eral water and oxidation — reduction reactions
magnetite (Fe304) form the natural sources dfking place in the system. Effluent discharges
iron (Todd, 1980). The geology of the Bibianipossibly from mine activity together with leac-
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hate from waste rock dumpsite and tailing dam#nane-Acheampong, O.P., Darkwah, L. and

may also contribute to the excessive Fe levels Owusu-Boateng, G. (2013). Mine water and

in groundwater. It was also observed from the the environment: a case study at Central Afri-

results that pH, TDS, EC, total alkalinity, total can Gold Bibiani Limited, GhanaGlobal

hardness , Arsenic and total cyanide levels in Advanced Research Journal of Physical and

HDW and BH samples showed 100% compli- Applied Sciences, 2(2): 39-46.

ance with the WHO and EPA permissible

guidelines while Mn and Fe levels indicatedBakobie, N., Fuseini, M.A. and Duwiejuah, A.

traces of non — compliance. B. (2015). Water quality assessment of hand-
dug wells in Janga, Ghananternational

Surface water bodies were found to be contami- Research Journal of Public and Environ-

nated by As and Fe. Arsenic contamination mental Health, 2(12): 199-104

may be due to the high presence of arsenopyrite

in association with the gold ore. Fe levels in alBlanc, P., Hogan, M., Mallin, K., Hryhorczuk,

the surface water bodies exceeded WHO/EPA D., Hessl, S. and Bernard, B. (1985). Cya-

guidelines. The high levels of Fe in surface nide intoxication among silver-reclaiming

water samples can be attributed to mineral- workers. Journal of the American Medical

water and oxidation — reduction reactions tak- Association 253:367-371.

ing place in the system. Inflows from waste

rock dumpsites and old tailing dams might als&€Chandra, H., Gupta, B. N., Bhargave, S. H.,

have contributed to the increased Fe level. Clerk, S. H. and Mahendra, P.N. (1980).

Compared to WHO / EPA guideline, few of the Chronic cyanide exposure — A biochemical

ground and surface water supplies had one orand industrial hygiene studyournal of Ana-

more trace metal (Fe, As and Mn) levels out- Iytic Toxicology. 4:161-165.

side acceptable limits set for drinking water.

Most of them however have levels safe for huboso, S. Jnr, Ayensu-Ntim, . A, Twumasi-

man consumption. Ankrah, B., Twum Barimah, P. (2015). Ef-
fects of Loss of Agricultural Land Due to
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