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3_ The risk of clevated Hg concentration in fish has become one of the most important
issues in assessing the environmental impact of hydroelectric reservoirs. The construction
ol such reservoirs has led 10 increased rates of converting Hg in the aquatic system into
methylmercury (MeHg). the form easily accumulated by fish. People and wildlife that eat
fish from hydroclectric reservoirs especially newly constructed have an elevated nisk of

accumulating oo much MeHg.

1/ N | __
Total mercury (Hg) concentrations “Mﬂu S.Iimmu and water from the

Black Volta River Basin at Bator and Dam sute all at Bui prior to the impoundment for
the construction of the Bui Hydrocletwrie Mﬁa@m Vapour Atomic Absorption
Spectrophotometry (CVAAS) mu:hrtﬁiﬂ,ﬁ%%mmic mercury analyser was
emploved after digﬁfﬁ,ﬂ of Mﬂ{m md‘lughlyﬂ&gﬂ 85) fish samples
comprising twenty-one (21) n:bm;i’uﬁmdfe& s hund : ﬁwtg&fudumm samples and
twelve (12) water samples were M!Mthﬂmm

B

Mercuny concentration urgg wel werghty i the muscle 1ssug’ tﬂ-ﬁzh from Bator ranged
from $9.25 10 181.29 (mean smmm for m-ﬁm “us. from $7.49 10 208.19
(mean = 137.76£49.1 1) lor Schilbe mysius, frum 19.97 10 27.04 (mean = 22.9043.68) for
Alestes dentex, from 14.39 10 39.68 (mean=27.88+7.67) for Brycinus nurse, from 68 38
t0 121.39 (mean= 94.82+21 02) for Chrysichthys auratus. from 69.78 to 99.57 (mean -
84.68:21.07) for Mormyrus sp, from 14.28 10 24.93 (mean = 18.58+4.28) for Labeo

—
coubie, from 18.36 1o 208 54 (mean = 88.01£58.53) for Hydrocynus sp, from 3201 to



g

68.43 (mean= 52.34x15.32) for Symodontis oceillifer, from 4241 to 86.55 (mean=
61.23£18.72) for Synodontis sp. from 45.5 10 62.04 (mean = 56.07£7.45) for Mormyrus
macrophthalmus. from 104.86 10 10589 (mean = 105.38+0.73) for frvinea voltoe and
28.55 for Barbus sp. 68.73 for Marcusenius abadii, and 94.36 for Hepsetus odoe. Mean

mercury levels in sediment and water were 69.07£32.20 ng/g and 0.06 =0.03 ng'l

respectively.

There was a significant correlation |i|.‘| N- coge 1op in fish muscle and fresh
weight of fish for Lates miloticus lKl 5 }Uﬂgtt correlation between Hg
concentration in fish muscle and fresh weightyof fish for Symodontis aceillifer (© =

0.836). A good correlation between l[gsmm;m fish muscle and total length of

Hvdrocynus forkali [r: =().545)

fish was also observed for Lares mhuwgfi
and an inverse mﬁu}ulmn belween Hig Mmgmn md l:ulai !-;ngth of fish was
observed for Synodontis ru‘f-'!f;je;f ~.="ﬂ,91'i }ﬂd&m@ﬂi&#:@ﬁ' = 0.682). All the rest
of the fish species showed pmrmhhm beu-,.ml{gcmirmwn in muscle and total

length and fresh weight.
. i ‘_:'.\_-
P T .t'\‘-‘
In general, mercury s.nnu.ntrﬂt[uu . ﬁ\h from M !iﬁa fanged between 35.02 w
WO s are WO

345.89ng/g. Hydrocynus forkali n::.:urdu'd the highest level of 345.89 ng/g whilst the

lowest recorded Hg concentration of 35.02 ng/g was in Brycinus imberi.

.il"".

——— '_'_,_...-—-"'__
Positive correlation between Hg concentration in Synodontis Oceilifer and river sediment

was observed at Bator. Correlation between Hg concentration in fish and in sediment at

LYRARY :
riRE § PEMAN DAIVERTITY BF
gCENgE ARD TECH MM GEY
I ASI-GHANA



the other two sampling sites was not significant. The correlation between Hg
concentration in fish and water from the two sampling site was insignificant with the
exception of Synodontis Oceilifer which showed significant correlation (r’= 0.685) at
Bator. No correlation was observed between the total Hg concentration in the sediment

and the water at any of the sampling sites.

All the fish samples studied showed mercury concentrations below the Word Health
organization (WHO) limit of 500 ngig wel weight, Thezesults obtained from this study
therefore showed that fish from the EIEIE_I-::‘Uﬁﬁa River. Basin are unlikely to constitute a
significant mercury exposure 1o the public theeugh consumption before the construction

of the hydroelectric reservoir.
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CHAPTER ONE

L. INTRODUCTION

Mercury (Hg) is found everywhere in the environment. It is in the air. soil and
vegetation, as well as in lakes and rivers. Mercury can be released into the air naturally.
by volcanoes and forest fires, or as a result of human activities such as coal burning and
waste incineration. Mercury can be transported through the atmosphere over long
distances, and falls into lakes and forests with dust particles and rain. But this mercury,
present mainly in inorganic fomm! 1§ \telatively harmlgss, because it is not readily
assimtlated by living beings (Schetagne and Plante, 2006). However. once it enters lakes
and rivers, inorganic mercury is converiéd by'bacteria that process sulphate (80y) nto
methylemercury that is easily taken up by living organisms (Schetagne and Plante.
2006). This form of mercury (methylmercury)-can become toxic in high concentrations.
The concentrations of methylmercury increase ag il passes through the food chain. from
plankton to aquatic insects and on to fisha Therelore, f18h such as northern pike and
walleye that eat other fish contain-more mercury than fish such as Lake Whitefish and

brook trout that féed o insects (Sehetagne and Plante, 2006),

Human exposurc to methyvlmereury is r_.lmrcfm'e t'hml__agh the consumption of fish  The
levels of methylmercury may reach hazardous levels in humans through repeated
consumption of contaminated fish. Hg toxicity is well established and its dangers 10
people have been well-known and several cases of Hg toxicity in the environment have
been reported (USEPA, 2001). The most serious occurred in Minamata Bay arca ol
— - : .
Japan from 1953 — 1960 as a resull of Hg. released into the bay from manufacturing
plants. Mercury levels of 5 to 20ppm were found in seafood eaten by 111 people
= 1
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diagnosed with “Minamata disease”™. Of these, 45 died as a result of an appareni

poisoning (Yoshino ¢f al., 1966: Irukavama er al., 1977).

Mercury contamination of fish as a result of the construction of hydroelectric dams 10
generate power and to supply community water has motivated recent scientilic
researches (Bodaly er al., 1997 Kelly er al.. 1997; Akagi and Ikingura, 2003 ),

Mercury bioaccumulation process in fishes in man-made reservoirs is a phenomenon
that has been recognized in several countries such as U § A, Canada. Sweden. Finland.
Brazil. In many cases. no _upcuit';% m]lﬁ;}u:ﬁg SQUEEE WS iécmiﬁud and many occurrences
of elevated Hg levels in tissues of fish hawe been detected in regions considered to be
remote from sources of Hg (Bodaly eral, 1984 Verdon er al., 1991: Schetagne e al..

2000).

Several studies worldWwide have indicated eonstderable mergtliry levels in fish samples
collected from hydroelectri¢ power pencration reservoirs (Bodaly er af., 1984 and 1990).
The increase in fish mercury levels was. gencrallysbelicved to be a consequence of
increased bacterial\mgthvlation of eleméntal Hg 1o form mc}ﬁ?ﬁnercur}: stimulated by
henthic conditions as a result’ gfdecomposition FEfigaded Oreanic materials (Bodaly ¢
al., 1984: 1990; Coquery, 2001). In recenitly Tlooded hydroelectric reservoirs. the green
parts of the vegetation, in other words the ground cover, leaves and moss. provide food
for the bacieria that convert inorganic mercury to methylmercury.  Fish in and
downstream of reservoirs consequently contain more mercury shortly after flooding.
Hm;n-er_ the phenomenon is temporary, since the green parts of the vegetatnon are

quickly decomposed by the bacteria. Hence the duration and extent of Hg elevation in

= 2



fish from new reservoirs cannot be reliably predicted, since there are ditferences

between regions and different characteristics of the reservoirs (Rodgers er al.. 1993).

Methylmercury, which can be absorbed directly from water across the wills or be
obtained from food. is the form in which most of the mercury 1s concentrated in fish.
Fish and seafood retain methylmercury, of which up to 90% can be stored in their bodsy
tissues and transferred to humans on consumption {Harris and Snodgrass. 1993; Ullrich
et al., 2001). Methylmercury is dominant ip ediblg flesh of fish and aquatic mammals
making fish a primary source @f“‘wmdrcidy W _ghe hiiman diet (Clarkson. 1992). Since
climination 1s slow compared to the relatig@rate of uptake, and the effects are presumed

to be 1rreversible, there is bioaccumalation,

In the last decades. (tmerous studiesshave.shown that a relationship exists between
clevated levels of mereury m. fish- and Anundation of land due to construction of
hydroelectric power planis, Mercury cencentrations have been reported to incréase
significantly, often by three oy four times, in-newly formed hydroelectric reservoirs
(Bodaly et al., 19847 N erdon ef o, 19919 In'many cases, thefegommended dietary limit
has been exceeded. A rangesof factors influéhee, the bioavailability as well as the
bicaccumulation of mercury in freshwafef biota. Mercury binavailability is determined
by a biotic factor and often increased at low pH, high concentration of organic matier or
low (), saturation (Verta, 1984: Tropp. 2000).
S __._._,..--"_'_-_-_—_
The increase of mercury bioavailability due to impoundments is usually related with

quality and amount of Nooded vegetation, bacterial activity in sediments and high level

= - 3



of humosity of the surface waters, (Ramsey, ef al., 1986; Stokes, ¢r al., 1987:; Jackson.
1988). Dissolved organic acids, abundant in dark water aquatic systems. increase the
reactivity of all forms of mercury both present in flooded sediments and depaosited from
atmosphere (Meech er el 1998. Costa ef ¢f.. 1999, Sjoblom er ol 20000, The recen
discovery of water-soluble species of mercury in the atmosphere, usually produced by
coal-wood combustion, named reactive gascous mercury (RGM), has heightened
concerns that this form of mercury can react quickly in large surface reservoirs
increasing the bicavailability of theg pollytant {Lilldbc;,,rgﬂand Stratton, 1998; Lindberg.

1999,

The risk of elevated mercury (Hg)feoneentrations in [ish has become one of the muost
important issucs in assessing (e eavironmentalyimpact of hydroelectric reservoirs.
Although the primarP™eason 1s<noe’a direct | lge contanmmabion, the problem s
anthropogenically cau$ed and the effect-om human health can be as severe as when Hg
itself is emitted into water systers (Wasserman ef af, 2003). The increase in Hg
concentrations in fish when aréas are flooded at newly €onstructed reservoirs has mainly
been studied in ‘tempoate areaawhise Predatory and gonspredatory fish species
responded to impoundnient-wth-increased levelssaf Ha-within two years (Lodenius ef

al ,1983; Bodaly et al.. 1984 ; Porvari, 1998).

According o Porvari (1998), model predictions of Hg levels in pike in a planned

reservoir in Northern Finland showed that the levels would exceed 1mg Hg'kg lor the

first 12 years after the flooding. The timing of increase and decline in Hg levels

however depends on the species as was shown in Canada (Porvan. 1998). Some species

- 4



in reservoirs had a steep increase but only a short period of increased Hg concentration.
while others had a flatter curve of increased Hg concentration, extending over a longer
period (Jackson, 1991). A comprehensive data that exist for dams constructed 6 — 67
years ago indicate that it could take 20 — 30 years before the Hg concentrations in fish

return to pre-impoundment levels (Verdon ef al.. 1991),

Monitoring of reservoir fish has also shown that mercury levels in insect-eating fish such
as Lake Whitefish return to levels eguiwla;nt to thpse in natural lakes after 10 to 20
years (Schetagne and Plante. 2006 /1 113 thaifeed 8n gther fish, such as northern pike.
the return to normal levels takes longer andfis usually complete only after 20 1o 30 vears,
The increase in mercury levels is lemporary, beeause the main mechanisms involved in
the production of methylmercuy and its teanster to fish are intense shortly alter
reservoir impotmdment-but_are-relatively short-lived. The increased methylmercury
production generally Cids § Ll vears-alter umpoundinent, die to the rapid depletion af
the readily decomposable ¢omponents of-the flooded soil and vegetation, which provide
food for the bacteria that convert the inorganic-mereury to methylmercury. After this,
methylmercury trapsfero fish by periphyton, zooplankton and’insect larvae is greatly

reduced (Schetaone and Blantes2006)

Fish has always been an important source of food for the people living in the Black

Volta River Basin and surplus catches made by local fishermen are sold for cash income.
SN _._,...--"_'_-_-__
The Bui Dam proposed for the Black Volta River would be the third major dam in

— Ghana, It would flood nearly a quarter of the Bui National Park (IRN, 2001).



A recent survey has revealed that the Black Volta River abounds with 46 species ol lish
from 17 families; all of economic importance (WRM, 2006). Elevated He concentrations
in fish from the Black Volta River during the construction phase and vears after the

canstruction may altect the health ol local people.

Methylmercury is highly toxie, and the nervous system is its prineipal target tissue. In
adults, the earliest effects are non-specific symptoms such as paresthesia. malaise, and
blurred vision: with increasing eypasyre. ;h__ll__n.q appgdr such as concentric constriction of
the visual field. deafness, dysamithia) atakia,_and_ultimately coma and death (Harada.
1995). The developing central nervous system is more sensitive to methylmercury than
the adult. In infants exposed to high'levels ofamethylmercury during pregnancy, the
clinical picture may be indistinguiShable from eerebral palsy caused by other factors. the
main pattern  heing “microcephaly, hivperretlexia, gand gross/motor and mental
impairment, sometimes dssociatedwith-blindness’ or-tcafness (Harada, 1995; Takeuch
and Eto, 1999). In milder ¢ases, the effects may only become apparent later during the
development as psychomoter and mental impairment and persistent pathological reflexes
(WHOIPCS, 19905, NRC, 2008 —Siudies  [rom  ohespopulation exposed 1o
methylmercury from [ish alse<Suggest an asSoeiation-with increased incidence of

cardiovascular system diseases (Salonen &7 dl., 1995, Rissanen et al., 2000).

Methylmeréury production oceurs mainly in sediments and the rate depends on levels of
i _.___,..--"_'_--_'__

Hg in sediment in addition Lo other factors. Considerable data cxist on the accumulation

of mercury in sediments of numerous lakes (Koeman et al., 1975). Recent mercury

accumulation rates in sediments agree fairy well with limited measurements of

— 6



atmospheric mercury deposition. Thus river sediments may be useful archives of
historical. natural and anthropogenic inputs of mereury in rivers.  In 1970, analy sis
carried out showed that more than 90% of the surface sediments in Onondaga Lake
contained mercury at concentrations greater than 0.10ppm. In that same vear, mercury
levels in fish were found to exceed 0.50ppm, the maximum permissible levels
established by WHO. Some fish had mercury concentrations as high as 3.6ppm (Hunter

et al., 1987).

An extensive body of literatueNdocumenting a_positive relationship between fish
mercury concentration, size and length within an individual water body exist (Lange ef
e, 1994). Good correlation |J|..fl‘l“1:ﬁ|lj‘ existed  among carnivorous species while
herbivorous species normally shew poor comelation (Lange er al.. 1994). Mercury n
fish measured in Dedp€reck pickerclin 1992 showed that the fish examined that was
48cm long contained 0098 mgHp'kg whereas those withr Iength 20cm long had average

Hg concentration of 0. 3mafkg (Gremillion ceal. 2004)

It is therefore importantlo studyithe effectsiof impoundments, especially the influence
on fish Hg levels due to-Hg possibly becoming Mmere bivavailable after inundation. This
can only be achieved when current [eVEISST mercury contamination in the reservoir are
established. In Ghana, a study conducted on the levels of mercury in fish from the
Akosombe-and Kpong hydroelectric reservoirs indicates low levels of mercury which
R R
are well below the WIIO's standard value of 0.53ppm (Agorku er af,, 2008). However.
— there was no available data on the pre-impoundment levels of mercury in fish from the
reservoirs. Hence it was not possible to indicate whether there was an mitial rise in Hy
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levels after impoundment for sometime before returning to the current levels which can
be considered background. Hence this research will serve as the basis for assessing long
term mercury trends during the construction phase of the Bui Hydroelectric and vears

after the construction.

1.1 Research Objectives:
I'he objectives of this research are:
¢ To determine the total METCULy concentrations in yarious fish species, sediment
and water samples from the'BlackaV oliaR iwer.
o To determine if there is any corrgl@tion between total mercury ¢oncentration n
fish and sediments from the Study area.
o To determine if there is ahy correlation between total mercury concentration in
fish and water.
¢ To determine if there Is‘an}r correlation between t;utﬁ]' mercury concentration in
sediment and wate
¢ To determine if thereis any correlation between total mercury concentration and
size as wellasdength of fish:
s To determine whethepthe fevels of m&:relir}f in fish from the river are at levels of

potential human health concern.



CHAPTER TWO

2. LITERATURE REVIEW

2.1 Chemical and Physical Properties of Mercury

Mercury occurs naturally in the environment and exists in a large number of forms. Like
lead or cadmium, mercury is a constituent element of the earth. In pure form, it is
known as “elemental” or “metallic” mercury (expressed as Hg“j_ Mercury is rarely
found in nature as the pure. liquid metal. but rather within compounds and inorganic
salts. Mercury can be bound tojother ceinpounds ds monovalent or divalent mercury
(expressed as Hg (I) and Hg (11) or Hg” Pespectively). Many inorganic and organic

compounds of mercury can be formed from Hg (1L}

Several forms of mercury occur in the environment: The most common forms found in
the environment “arc metathe mercury, mercuric -sulphide,  mercuric chloride and
methylmercury. Some microserganisnis andshatugal processes can change the mercury in
the environment from on¢ form to another. Elemental mercury in the atmosphere can
undergo transforiation uito Morganie theretry domms. providing a signilicant pathway

for deposition of emitted eleméntal mereury.

The most common organic mercury compound that micro-organisms and natural
processes generate from other forms is methylmercury. Methylmercury is of particular
concern beeduse il can build up (bioaccumulate and biomagnily) in many edible fish and

T 3

marine mammals to levels that are many thousands of times greater than levels in the

— surrounding water (WHO, 1976).



Methylmercury can be formed in the environment by microbial metabolism (biotic
processes) and by chemical processes that do not involve living organisms (abiotic
processes). Although, it 1s generally believed that its formation is predominantly due to
biotic processes, significant direct anthropogenic (human-generated) sources of
methylmercury are currently not known. although historic sources have existed (WHO.
1976). Indirectly, however, anthropogenic releases contribute to the methylmercury
levels found in nature because of the transformation of other forms. Examples of direct
release of organic mercury compounds are the Minamata methylmercury-poisoning
event that occurred in the 1950°s Wher€ owgamic mercry fby-products of industrial-scale
acetaldehyde production were discharged mato the local bay (WHO, 1976). Also. new
research has shown that methylmercury can be teleased directly from municipal waste
landfills (Lindberg ef al., 2001) and sewage ttéatment plants (Sommar et al., 1999), but

the general significance ef.this sowice 1s still uncertain.

2.2 Sources of Environmental-Mercury Pollution

The sources of environmental™Hg pollution include natural occurrence and

anthropogenic sources.

2.2.1 Natural Occurrence
Natural sources include volcanoes, evaporation fromi soil and water surfaces.
degradation of minerals and forest fires. Mercury in small, but varying concentrations

can be foﬁijfd virtually 1n all ogical media. Elemental and some forms of oxidized

mercury are permanently coming to the atmosphere due to their volatility. High

S

temperature in the earth mantle results in high mercury mobility and mercury



continuously diffuses to the surface. In the zones of deep geological fractures these
processes go on more intensively. Here are located so-called mercury geochemical belts
where mercury concentrations in the upper layer appreciably exceed their average
values, In some parts of mercury belts the intensive accumulation of mercury resulted in
the [ormation of extractable deposits (Jonasson and Boyle, 1971 Bailey er wl. 1973,
Regions with high concentrations in surface rocks are charactenzed by high mercury

emissions to the atmosphere.

The natural mercury emissions dig’beyand dontgoliand must be considered part of local
amd global Living covironment. In some arcas ol the world, the mercury conventrationis 1
the earth's crust arc naturally elevateds and*€ontribute to elevated local and regional
mercury concentrations in those areas. Today's emissions of mercury from soil and
water surfaces are composed of beth natural sotirces and re-emission of previous
deposition of mercury from.both-antitopogcnicand natiral sources, This makes 1t ven
difficult to determine the actual natural mereury-emissionS. For example, total estimates
of re-emission from soil and water surfaces in Europe exist. but they include mercury

originating from bOth natural and anthrpogénic sources (Pione er al.. 2001).

Attempts to directly méasure mattral emissionsare, Bageing (Coolbaugh ef af - 2002
Nonetheless, available information indicatés that natural sources account for less than 50
percent of the total releases. A number of attempts have been made to estimate the
regional and global natural emissions of mercury. It is, however. difficult to do so with

any precision and research is still done in this ficld at several institutions (AMAP, 2000).

—'—-'-_H_._._ -



2.2.2 Anthropogenic Sources

Mercury is naturally present in coal and other fossil fuels, as well as in minerals like
lime for cement production and seils (such as agricultural soils subject to acidification
management) and metal ores including for example zine, copper and gold ore. Coal-fired
power production is today deemed the single largest global source of atmospheric
mercury emissions (Pacyna and Pacyna, 2000). This is due to the increasing global
power consumption, and also to the fact that emissions from intentional use of mercury

are gradually diminishing in mandgot :i‘lﬁa_‘ilgdgslri;ﬁlfﬁ.@?j cguntries,

A large portion of the mercury present im the atmosphere today is the result of many
years of releases due to anthropogénic activities: The natural component of the total
atmospheric burden is difficult to estimate. although.a study by Munthe er al . (2001) has
suggested that anthropbzenic actrviticsdhave ncreascd the overall devels of mercury in
the atmosphere by rouphly a factor of 3. While' therc-are some natural emissions of
mercury from the carth’s Crust, anthropogenic sources are the major contributors Lo

releases of mercury to the atmosphere, water and soik

Available plobal estimates ofalmospheric emissions fromavasic incineration, as well as
other releases originating from. ifitchtional wses‘of mercury in processes and products,
are deemed underestimated and to some degree incomplete, Anthropogenic emissions
from a number of major sources have decreased during the last decade in North America

and Eurepe due o redueton ellorts (UNEP. 2002).

_-_-___._.—ll— " - - - 3 " - w -
The intentional use of mercury in products and processes is still deemed a significant

source of mercury to the environment. The recorded global primary production of virgin
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mercury 18 still large compared to current estimates of global atmospheric mercun
emissions. When assessing the releases of mercury to the environment, it is veneralls
difficult to quantily difTuse releases from the life cycle of mercury-containing products.
These sources have not always been included fully in regional or global inventories for
mercury releases to the environment, Some national studies do however give a certain
insight in the contributions from this source category. The contribution from intentional
mercury uses in a number of products in the European region was also assessed bv
Munthe and Kindbom (1997). They found that in the mid-1990's three dominating
groups of intentional mercury usessinipraduéts €oglptbuled about 18 percent of the toul
mercury emissions 1o air i this region. gdgitional contributions from dental amalgam

use were not included in the assessmgnt.

2.3 Methylation of Mercury

The methylation of inorganie “mercury in the sedimcil offakes. rivers and other
waterways, as well as intheOteans. 15 a key step-in the transport of mercury in aquatic
food chains. It was fixst demonstraled by Jensen and Jernelov, (1967) that
microorganisms in lake sediments could metﬁylat«e mercurys hey later showed that the
degree of methylation.comelated well with the overall n_licmiiial activity in the sediment
tJensen and Jernclov. 1969 1 Hicolavwmng Senceat conclusions have been drawn by
Bisogni and [.awrence, (1973) concerning methylation by microorganisms:

a) mono-methylmercury is the predominant product of biological methylation near

medtral pH.  ——

: lation i1s greater under oxidising conditions than under anaerobic
b} the rate of methylation 1s g g ¢ c

conditions,

13



¢) the output of methvimercury doubles for a ten-fold increase n Inoreamc

mercury,

d) temperature affects methylation as a result of its effect on overall microbial

activity,

¢) higher microbial growth rate increases mercury methylation,

1)  methylauon rates are inhubited by the addinon ot sulfide w anaerobic sy stems
The formation of new or enlarged artificial lakes considerably increases the production
of methylmercury, although this increase was found to be short-lived in new lakes in
Finland (Simola and Lodenius, 193¢ Al el 83).

A similar problem of increased mercury idgew lakes. which was taken up by fish and

rather than anthropogenic™ 3 ' ,; i conditions afier the flooding ol large

in microbial activity are

f mercury through methylation.

2.3.1 Mercury species and transformation in aquatic environments

The formation of methylmercury in aquatic systems is influenced by a wide variety of
S _.____,.-'-'_-__-_-_F
environmental factors. The efficiency of microbial mercury methylation generully

—depends on factors such as microbial activity and the concentration of bioavailable

mercury (rather than the total mercury pool). which in tum are influenced by paramiciors
— 14
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such as temperature, pH. redox potential and the presence of inorganic and organic

complexing agents (Ullrich er al.. 2001).

Certain bactenia also demethy late mercury and this wendency increases given increasing
levels of methylmercury, thereby forming some natural constraints on build-up of
methylmercury (Marvin-Dipasquale er al. 2000; Bailey er al. 2001). Since both
methylation and  demethylation processes  occur, environmental  methylmercury
concentrations reflect net methvlation rather than actual rates of methylmercurn
synthesis. Numerous bactenal ﬁupr S';Flh}'laling methylmercury are
known, including both aerobic and anaerobic species, but demethylation appears to be
predominantly accomplished by aerobi€ organisms. Bacterial demethylation has been
demonstrated both in sediments’ and in the svater column of freshwater lakes.
Degradation of methy! and pim:1_~J1‘uﬂ{é‘f‘uLlljyjﬁ'}f"ﬁﬁg;& waler algae has also been described
(Ullrich et al., 2001 ). Plrely t‘_lfhmi_zi:aI‘nw‘thyl'aLiqn of mereury _ij--ﬂib&lj possible if suitable
methyl donors are present Thr:rcfaum: il‘ﬂﬁ!}l‘tﬂﬂﬂﬂ"nf‘_&ﬁhlit versus biotic methylation

mechanisms in the natural aquatie environment has not yet been established, but it is

generally believal U mercumy methylation is predominadtly=d microbially mediated

™

-

process (Ullrich er ab, 2001y - et

> JSANE YW

Methylmercury is the predominani meércury species in fish. The United States
Environmental Protection Agency (US EPA) states in a mercury overview paper that in

most adulefish. 90 to 100 percent of mercury content is methylmercury (LS EPAL 00T
e e ___...-"-_'_-_'_.—

As a consequence, the US EPA recommends that the cheaper total mercury chenucal

~ analysis be used for evaluation of risk from consuming local fish, and that results should



be used as if mercury was present as 100 percent methylmercury in order to be most

protective of human health.

Mason and Fitzgerald (1996: 1997) have reviewed aspects of the eyele of mercury in
oceans and other waters. From open ocean studies, it is apparent that elemental mercury,
dimethylmercury and. to a lesser extent, methylmercury are common constituents of the
dissolved mercury pool in deep ocean waters. Tn open ocean surface waters
dimethylmercury is lacking, may be as a resull of decomposition in the presence of light
and an additional potential loss ‘V«T:] aVaparation fiom the water surface. Recent results
suggest that low oxygen conditions are not necessary for the formation of
dimethylmercury in the open oceans. Studies'in freshwater and estuarine environments
have shown that methylation of mereury is primarily taking place under low oxygen
conditions and mainly by sulphaissreducing bacteria. Here methylmereury is the product

of methylation of fenic mercury:
2.4 Toxicology of mercury

The toxicity of merermy dependson itsthemical form. and (FUESFmptoms and signs are
rather different in Sxposure-td clemental mercury, “inGrganie’ mercury compounds. or
organic mercury compounds-stich as alkylmefeury compounds, methylmercury and
ethylmercury salts, and dimethylmercury. The sources of exposure are also markedly
different for the different forms of mercury. For alkylmercury compounds, among which
melhylmﬂ;::l;'y”"is by far—the most important, the major source of exposure is diet,
especially fish and other seafood. For elemental mercury vapour, the most important

_--'-"'-_'_
source for the general population is dental amalgam, but exposure at work may in some
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situations exceed this by many times. For inorganic mercury compounds, diet is the mosl
important source for the majority of people. However, for some segments of
populations, use of skin-lightening creams and soaps that contain mercury; and use of
mercury for cultural or ritualistic purposes or in traditional medicine. can also result in
substantial exposures to inorganic or elemental mercury. While it is fully recognised that
mercury and its compounds are highly toxic substances for which potential impacts
should be considered carefully, there is ongoing debate on how toxic these substances.
especially methylmercury, are, New ﬁndiugs durigg the last decade indicate that toxic
effects may be taking place arMower\concghtzatibng than previously thought. and

potentially larger parts of the global population may be affected (UNEP, 2002).
2.4.1 Toxicity of Methylmercury

Like other alkylmerclirecompmds, thé toxicity of methylmercuy is much higher than
that of inorganic nicrélry. Methylmercury, 1s- a potent sficuro-toxin, hence human
exposure to methylmercury is elearly unweleome and should be regarded with concern.
It is present worldwide imodish. and marine smammals consumed by humans.
Methylmercury is\formed natural (o anthropogenic andfiatrallv released mercury)
by biological activity in“aqudtiesfivironments, it is bio-magnified in the food chain.
resulting in much higher concentrationi$ i higher predatory fish and mammals than in
water and lower organisms. Most of the total mercury concentrations in fish are in the
form of methylmercury (close to 100 percent for older fish). Most people are primarily

e s d__,_,..--'-"_'_-_—
exposed through the diet, above all through consumption of fish which i1s an extremely

— valuable component of the human diet in many parts of the world. In 1991, a joint

committee from FAQO and WHO revised guideline levels for mercury in fish aimed at
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human consumption: The recommended dietary limit was set at 0.5 pg Hg'g wet weight
tor non predatory fish and 1.0 pg Hg/g wet weight for predatory fish (FAO/WHO.

1991),

Consumption of contaminated {ish and marine mammals is the most important source of
human exposare W omethylmercury (WHO/APCS, 1990; US EPA, 1997). The highest
concentrations are found in large predatory fish like shark, king mackeral, swordfish and
luna, as well as in some [reshwater fish like pike, walleye, bass, perch, and eels, and in
mammals like seals and whalgs |I|N|LP Qi}ﬂ?}. I’jk.-it:ri_:ury' bicaccumulation in fish i1s
influenced by phvsiological factors such as sex. age. size. growth rate or metabolic rate
(Huckabee et «l., 1979) and ccological faetors such as trophic position or food chain
length (Cabana ¢/ /., 1994; Kiddgt @l 1993). Doe to long-range atmospheric emission
transport and ocean currents, methylmercury 15 .alse present in the environment far away
from local or regienal mercliryssources. This implies thiatpopulation groups particulariy
dependent on or accustomeduo marine diggs. sueh-as the Tnuits of the Arctic. as well as
marine and [reshwater fish dependent populations anywhere else on the globe, are

particularly at risk diie to methvlmercury exposure.

Methylmercury is highly toXiewdnd the nervouS sugtem 1< its principal target tissue. In
adults, the earliest effects are non-specific Symptoms such as paresthesia, malaise. and
hlurred vision: with increasing exposure, signs appear such as concentric constriction of
the visual«ﬁi:t_l_d_,_ deafness, dysarthria, ataxia. and ultimately coma and death (Harada.

i __'_._'_,..--—'_-_'_—
1995). The developing central nervous system is more sensitive to methylmercury than

— the adult. In infants exposed to high levels of methylmercury during pregnancy. the

clinical picture may be indistinguishable from cerebral palsy caused by other factors. the

e 18



main ];mattern being microcephaly. hyperreflexia, and gross motor and mental
impairment. sometimes associated with blindness or deafness (Harada. 1995; Takeuchi
and Eto, 1999). In milder cases. the effects may only become apparent later during the
development as psychomotor and mental impairment and persistent pathological reflexes
(WHO/IPCS, 1990; NRC, 2000). Studies from one population exposed to
methylmercury from fish also suggest an association with increased incidence of
cardinvascular system diseases (Salonen ef af. 1993: Rissanen ef al. 20001 From
research on animals there is evidence of genotoxicity and effects on the immune system

and the reproductive svstem.
2.5 Mercury concentrations and transformations in surface waters.

Freshwater ecosystems arc among thelfost sensitive 1o Hg pollution. Under conditions
of high total Hg Idading, MeHg predudtion can wary widely, depending on the
methylation efficiency-ef” 4 partisular-eeosysteny (Kefabbenh6 !l ¢f al., 1999). Mercury
enters remote surface waters through direct-atmospheric deposition and through soil
waler. wetland. or groundwater draingge, Streamse@nd fivers can exhibil marked
temporal variation “in “Hg concentralions. swhich is assogiated with variations in
concentrations of dissolved.drgagic carbon (DOEper $uspended matter. Large increases
in g concentrations can occur during high flow events (Shanley ef al., 2003). Some
inputs of Hg to lakes are removed from the water column by the volatilization of Hy"
and by sediment deposition. In freshwater lakes, photochemical processes are largely
S teteaals
responsible for the reduction of ionic Hg to Hg” (Amyot et al., 1997), Microbial

—eduction has been observed in laboratory studies, but only at higher than ambient

concentrations of Hg (Morel ¢/ al., 1998). Biogeochemical processes in lakes also resull
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in net production of MeHg due to methylation in anoxic sediments and in the water
column. Areas of elevated Hg concentrations in surface waters can be explained by high
concentrations of DOC. as in the Adirondacks: by high inputs of suspended solids. from
rivers along Lake Champlain, related to high flow events; and by elevated atmospheric
Hg deposition, as in lakes in Southeastern New Hampshire and Eastern Massachusetts.
A large portion of the variation in total Hg and MeHg across the region can be explained
by variation in DOC (Dennis ef al., 2005). Areas with the highest mean surface water
Hg concentrations also have the greatest range in Hg concentrations. This variation may
be attributed to heterogeneity B waidghad hglu istics or o high fow events

(Shanley er al., 2005).

2.5.1 Mercury in sediment
It has been estimated that sediment i€ an_important sink for both Hg and MeHg in the

aquatic environment J_fl‘;?'lasﬂu'._‘cr&g{l.', Iﬁgﬁigrﬂand_@ér auﬁu@herx deposition and runoft

from surrounding catchments; Hg canbe -:MveﬂedthfT—Ig from in situ production by

e x ,

natural bacteria in anoxic sediments’ and sni"'ls-;(Gilmotﬁ‘Ez-r al.. 1992). The amount of
Melg in aquatic Fegions varics @mong Coosyslems, as ducs;ﬁ'@l‘iﬁph&ric Hg deposition.
Therefore, MeHg bmm%u;::mhfrnnm fish does nm-:j;rlﬂ;‘fupé’faﬂ on how much Hg enters
the ecosystem, but also on thu'ﬁb;hlymfiﬂlcﬂtasvafcm to convert that Hg to MeHg
(Heyes and Gilmour, 1999), For example, methylation of Hg has been found to be

enhanced in wetlands but can be produced in other anoxic regions as well. Increased

e

-

runoff’ from-highly urhanized areas and as the result of impervious surfaces in and
around the watershed may contribute to higher than normal concentrations of Hg and

_--'-_.—._
MeHg in aquatic systems. Whereas MeHg has high affinity for particles and organic

o 20



matter. the extent to which sediment is a source of MeHg to the fish largely depends on
the size of particles and organic matter content of the sediment (Benoit et al., 1998:

Mason, 2001 ).
2.5.2 Movements of mercury in and between environmental compartments

Mereury 15 a natural element that cannot be created or destroyed and the same amount
has existed on the planet since the earth was formed. A significant amount of research
indicates that natural and anthropogenic activities can redistribute this element in the

atmospheric. soil and water ecosysignts thtotghi complex combination of transport and

transformations.

Mercury is emitted to the atmosphere from @ variety of point and diffuse sources and is
dispersed and transported in the E'tif-__ deposzited ta the carth and stored in or redistributed
hetween water. soll_and-atmospherity compartmenis: FhegCfoge. mercury cycling and
mercury partitioning between  different yehvirenmental™ compartments are complex
phenomena that depend 6n numerous environmental parametcrs. Wet deposition was,
until recently, asgutiied to represent the prumfary-mechanismefor-transfer of mercury and
its compounds from, the, Gtmbsphere to aquatic @hd-tamresirial receptors. However,
studies by US EPA, the Florda Deparlient of Hnvironmental Protection and US
Department of Enerpy have all shown that dry deposition of divalent gaseous mercury
species can be equal or greater than wet deposition, even in moist climatic areas such as
the ll'lﬂfid;-“l:?ﬁérg[adesﬂ-anﬂ“ﬂﬁ_ Great Lakes Region with relatively high annual

prucipiluliull (Rea e ol 2000: 2001 Landis ef af., 2002, Vette ef al. 2002},
m———



The chemical and physical form of mercury in air affects the mechanisms by which it is
transferred to the earth surface and ultimately influences the total depositional flux. An
increase in ambient air concentrations of mercury will result in an increase of direct
human exposure and an increase of mercury flux entering terrestrial and aquatic
ecosystems leading to elevated concentrations of methylmercury in freshwater and
marine biota. Extensive research conducted on mercury deposition in Boreal forests
systems has shown that the main source of mercury and methylmercury to the forest
floor is litter fall (Iverfeldt, 1991 Munthe Jer @l | 1995). This mercury and
methylmercury mainly originate from the atmesphere and adsorbs on plants surfaces via

dry deposition. Figure 2.1 illustrates pathway of mercury into the environment.

- l.
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Figure 2.1 pathway of mercury into the environment
Source hipT/www ,cm.hﬂﬁn‘g&mﬁg;@sumhtm

2.6 Dams

Dams are structural barriers built to obstruct or control the flow of water in rivers and

streams. They are designed to serve two broad functions. The first is the storage of water
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to compensate for fluctuations in river discharge (flow) or in demand for water and
energy. The second is the increase of hydraulic head, or the difference in height between
water levels in the lake created upstream of the dam and the downstream river. By
creating additional storage and head, dams can serve one or more purposes; generating
electricity, supplying water for agricultural, industrial, and household needs, controlling
the impact of floodwaters and enhancing river navigation. They can be operated in a
manner that simultaneously augments downstream water quality, enhances fish and
wildlife habitat, and provides for @variety of recreational activities, such as fishing,

boating, and swimming (www.waterencyclopedia.com/Re-St/Reservoirs-Multipurpose

html). Figure 2.2 illustrates a dam.

Figure 2.2 A cross section of a hydroelectric dam

2.6.1 Types of Dams o

Dams are of numerous types, and type classification is sometimes less clearly defined.

e

However, broad classification into two generic groups can be made in terms of the
principal construction material employed.
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1. Embankment dams which arc constructed of earthfill and/or rockfill. Upstream
and downstream face slopes are similar and of moderate angle, giving a wide
section and a high construction volume relative to height.

2. Concrete dams are constructed of mass concrete. Face slopes are dissimilar,
generally steep downstream and near vertical upstream (Novak. e al, 2007).

Embankment dams are numerically dominant for technical and economic reasons. and
account for an estimated 85 — 90% all dams built (Novak. ez al., 2007). The Bui dam in

Ghana is an example of embankmpent dam

2.6.2 Embankment Dams

An bEmbankment dam can be delinedias @ dam constructed from natural materials
excavated or obtained close by. The materials arc utilised to the best advantage in
relation to their characteristics as an engingéred bulk 11l in defined zones within the dam
section. Embankment Construction 13 an almest continuons and highly mechanized
process. weather and soil condibians perniittmgeend isthus plant intensive rather than

labour intensive (Novak epal:. 2007

2.6.3 Types of Embankment Dams
Embankment dams can Be-clasSified in broad terms, ds xllme?ﬂg earthlill or rockfill dams.
depending upon how the available matenals are utilised.

|. Earthfill Embankments

An embankment may be categorised as an earthfill dam if compacted soils account for
..--"‘"-_-__-_—

——

over 50% of the placed volume of material. An earthfill dam is constructed primarily ol

P

LTERERY
FWAME N'RUMAN UNIVERSITY of

RCIFNAE AMB TEMWE ™



selected engineering soils compacted uniformly and intensively in relatively thin layers
and at a controlled moisture content,

2. Rockhll Embankments
Rockfill embankment includes a discrete impervious element of compacted earthfill or a
slender concrete or bituminous membrane. The designation rockfill embankment is
appropriale where over 30% of the fill material may be classified as rockfill, ie. coarse-

grained frictional material.

2.6.4 Construction of Embankmént ﬁu‘_ﬂ]f;ﬂ

The construction operations of embankment dams which follow initial site development
lall into four principal groups of activigiess namely (1) material source development (2}
foundation preparation and construction (3) fill construction and control and (4]

ancillary works construction.

Material source development activities involyve the eptning out of borrow areas or
quaries, including the installatron of fixed plant, e.g. erushers, conveyors ete. Aceess and
haulage roads are also constructed between the variops sborrow areas and the

embankment site, andvexeavatien and haulage plant is-fiobilised.

Foundation preparation activities, including river diversion. can proceed concurrently
with the dtv_clﬂpmﬂnt of the fill sources. Temporary river diversion is commonly
effected tlj’jdfiv'-ing a flanking tunnel, which in most cases subsequently houses the outlet
~_works. Topsoil and weathered surface drift deposits etc. are removed at this stage.

Foundation instrumentation is also installed at this stage to monitor pore pressures and
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cut-ofl pertormance. Foundation construction 1s completed with the laving ol the

drainage blankets which will underlie the downstream shoulder.

Fill construction is an exercise in efficient plant utilisation within the terms of the
specification requircments as to materials compliance and compaction technigue
Control of placing 15 centered upon supervision of water content, layer thickness and
compaction procedure, The installation of instrumentation in the core and shoulders
proceeds in parallel with the placj,n[_é of fill. Fill construction 1s concluded with the

completion of upstream rock armptging ofothgpTacepralection works.

Ancillary works construction embrages the consicuction of spillway and stilling basins.
culverts or tunnels for outlet works etel, Valve towers and similar control works. It also
includes completion Gfeiest details ¢.gl roadway, drainage works. wavewall etc. and.

where climatic conditiong allow, drassing of the downsteam fice slope,
2.6.5 Bui Dam

The main dam, located'in Bui Garge, will be a gravity ru=l'fatj'c;dmpacted concrete dam
with @ maximum Iwigh't-'ﬂff 116 m uhm.'u the Fﬂuﬁdaﬁiéij%: fevel. or 90 m above ground
level (ERM, 2006). The dam incorporates—an cmergency spillway and water intake to
regulate and control the flow of water upstream and downstream of the dam
respectively.-The Bui Dam would flood nearly a quarter of the Bui National Park. It

would also completely Eiestm},f habitats for the rare Black Hippopotamus. It is also home

—T0 a stunning collection of many globally endangered amphibians, hons, and vartous



primates. The dam would affect a large number of the native wildlife species, forcibly

resettle about 2,600 people and affect thousands more (IRN 2001; UNEP. 1999).
2.6.6 Reservoir

A reservoir is the artificial body of water that forms adjacent to a storage dam. Many of
the modern reservoirs that operate today in unison with dams serve two or more
purposes. The most common purposes of these reservoirs are to generate hydroelectric
power, provide flood control, storg water. enab]n:._irtigfatinn. and provide recreational

opportunities.

2.6.7 Mercury in Reservoirs and Wetlands

Reservoirs and wetlands are ofien ‘mentioned as sources of methylmercury due 1o the
methylation of jdngrganic mercur¥iin thecsediment (UNEP. 2002). According to the
(UNEP, 2002), the creation ‘of resefvoirs «is an-imporiant source of mercury
contamination of fish in Candda, be¢ause the metcury present in newly flooded land
becomes more available, and then more toXic due to the increased rate of conversion o
methylmercury. Mest fish caught in new reservoirs have marcury concentrations that
exceed the consumptien-limitef 0.2 mg/kg wet weight recommended by Health Canada

for people who frequently conswme-fish{UNEPR 20027,

In an investigation of mercury in feathers of birds from a number of tropical locations,
Burzer, {]@‘ﬁ reported that although fish-eating birds penerally had the highest
A ) _rep e g g g Y g
mereury content, a similar content was found in Cattle Egrets from the Aswan dam area.

—-—-'--_._._ -
although this species is an insect-eating bird. The author suggested that this may have



been caused by more methylmercury in the food web duc to a recent flood in the area
initiating the methylation process. An experiment in a wetland and pond at the
Experimental Lakes Area in North western Ontario demonstrated that natural wetlands
are important sites of mercury methylation, and that flooding of wetlands increases
methylation rates by a factor of more than 30 (UNEP, 2002). Increased concentrations of
methylmercury were found in water, the food chain and eventually fish. Monitoring of
boreal reservoirs indicates that concentrations of methylmercury in fish may return to

normal 10 to 30 years after flooding,
2.7 Environmental Impact of Dams

Although #n inexpensive energy frcsouree. theé cenvironmental damage caused by
hvdropower can be senous. he@moSEabvigns ellcet s that lish are blocked Trom
moving up and dewn thewiver. When adam is construeted. a rver labitat is replaced by
a lake habitat. Dams CaA create large reservoirs submergmgwhat used to be dry land.
producing many problems. This land Jis oftéen eomposed of wetlands, which are
important wildlife habitats “anddow-lvang Hlood plamssisually the maost fertile crop land
in the area. Population, density sis. typically higher alengstivers, leading 1o mass

dislocation of urban cenless;

Another problem that can occur when the land area behind the dam is flooded without

proper preparation is that. as the plants and trees that would be submerged begin Lo rol.

they willreduce the oxyeemrconient of the water, killing off the plants and fish in the
water. Morcover. the rotting plants will give off large quantities of methane. a powertul
o

global warming gas. A similar problem occurred in Canada, in hydro projects built by

= - 28



Hydro Quebec (http://www.irn.org/programs/threeg/resettle.html). The stones and soil in

the flooded area contain naturally occurring mercury, When the land was flooded. the
mercury dissolved into the water. and then into the local fish populations. The creature:
that ate the lish from bears and eagles, to the native Cree people suffered mercury

resettle himl).

poisoning. (http://www.irn.org/programs/three

Impoundments used for hydropower can cause many other effects on water quality and

aguatic lite. Rivers and lakes can be filled with sediment from erosion. Water talling

S, T

over spillways can force air bubbh:wi lﬁe wetter, which can be absorbed into fish

k i L
Y N

tissue. ultimately killing the fish. By slowing down rivers, the water can become
stratified. with warm waler on top and gold water on the bottom. Since the cold water 15

not exposed Lo the surface, it loses its oxyeen and becomces uninhabitable for fish.

Another important-habitat. distuption_eomes. fiom the operavon.el the dam w meel
electric demand. Watc s storéd up behind, the damand released through the turbines
when power demand is greatest. This causes water levels to MMuctuate widely on both
sides of the dam. stranding fishan shallaw waters and drving cut the habitat, There are
many compeling pressires on dam-operalors Lo producespower, to provide water lor
recreational use both on theyeseruoir E]]l{.l downsiream, to-provide drinking and irrigation
water, and to preserve habitat for fish and plant species. In many cases, nature loses out

to boaters. farmers. and electric customers.

It is alse—important te—Tompare the environmental effects of hydropower with

alternatives. The damage to aquatic habitat from dams may be significant. but acid rain,
_—-'-_._._-
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nitrogen deposition. and thermal pollution from coal plants also lead to aquatic damage,

as well as to air pollution and global warming.
2.8 Mobilisation of mercury due to changes in land use

Under some conditions anthropogenic changes in land use mayv result in substantial
mobilisation of mercury already present in the environment (originating from natural
and/or anthropogenic sources). For example, in some environments, anthropogenic
modifications including farmlands, recent clear-cuttings and water reservoirs
(hydroelectric. aquaculture, irrigatidn imay canstderablylenhance the release of mercury
into aquatic systems and the bio-accumuldiion of mercury in organisms. There is a
growing body of evidence that the! ,':.nlh of foresled watersheds contain considerable
stores of both methylmercury and margmcﬂgwlm forms. Both in North America and
in Northern Europe,.cVidence 15 eradually accumulating, which points to the effect of
lerrain disturbance as & faClor inthemobilisation and fransport of both the inorganic and
methylmercury stored / ing watersheds, .and- apparentlvy also in the production of
methylmercury (UNEP, 2002). Investigations ine @onnection with hydro-electric
reservoirs revealed the “importaneé-.of midérstam_iing transport phenomena involving
flooded soils. Watershed-sedle h}'dmto.g}' is cmmgmg as an increasingly important

explanatory variable (UNEP, 2002).



CHAPTER THREE
3. MATERIALS AND METHODS

3.1 The Study Area

The study was carried out on the Black Volta River at the Bui dam site in north-western
part of the Brong Ahafo Region of Ghana. The project area drains into the Volta Lake hy
the Black Volta River and other numerous tributaries of different sives and lengths. The
Black Volta had its headwaters in Burkina Faso, where it is called the Mohoun River,
From there, it flows some 400 km Jo lhtﬂﬂpl‘th.s:il&l belore it 15 joined by the Sourou
Rivet, with a combined catchment hred 1OMhis.pbinL3f some 47,000 ki’ Downstream
of this confluence, the Mohoun flows southi@ast, then south for a further 510 km before
reaching the Koulbi-Noumbiel dam, site. The Blagk Volta then flows directly south until
it reaches the Bui dam site 200 knpdosmstream ol Moumbiel. It has a catchment area of
123,000 km®. It then Torms. a_biz-loopnortheasiwards to enter the Volta Lake near
Mpaha (ERM, 20006). The.map of Ghana shewing the gm_g,rap‘]iiual layout of the Black

Volta River and sampling sites is shown io figure 3.1 below.
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Fig. 3.1 Map of Ghana showing the geographical layout of Black Volta and the

mihg sites.
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3.1.1 Geology of the Area

There are wo distinct geological features that underline the reservoir impoundment area.
The northern part comprises eroded granites that correspond to the Gonja Plateau, whilst
downstream is underlain by schist and greywackes of the Birrimian and Tarkwaian
Formations. The southerly part of the impoundment area is underlain by deposits

associated with the Tarkwaian and Upper and Lower Birrimian Formations (ERM,

2006).

Ihe structural north-cast to southswestidireetiog A1 e prbject area geology generates a
succession of parallel ridges which form the*Banda Hills Range that is ¢ross-cut by the
Black Wolta River, [rom north w south. The dami site is located in the southern Bui
Ridge which dates from the Uppér Tarkwaian and. is made up of bedded quartzitic
sandstones. The slopes are superfieially covered by slape wash deposits (eluvium) that
correspond to sandy-Clayey  seilsowith  fragments and blocks of the underlying
sandstones. The banks are’ generally characterized by Talus deposits and alluvium
foodplain, Overlying bedroek are various types of joose deposits and accumulations
resulting from erosion.of the upstream and local bedrock’ formations. There are two
major soil types occwrringwathesprgject area and hese are:

» Upland soils formed through the deposifion of parent materials in situ. and from the
accumulation of materials eroded from upper slopes; and

o Alluvial soils formed under hydromarphic conditions.
— = _._r,_.--_'_'_—

These soils have been developed over weathering products of a number of geological

formations including Tarkwaian, Birimian, Voltaian, Granitic rocks, and sediments ol



the Black Volta and its major tributaries. Small scale mining operations were said o be

carried out along the river.

3.2 Apparatus

All glassware used were soaked in detergent solution overnight: rinsed with distilled
water and soaked in 10% (v/v) HNO; overnight. They were rinsed with distilled water
followed by 0.5% (wiv) KMnO; and finally rinsed with distilled water and dried before

LIsE.

Automatic Mercury Analyzer Model HG-5000 (Sanso Seisakusho Co.., Ltd. Japan).
equipped with mercury lamp operated @l & wayelength of 253.7 nm was wsed lor the
determinations. The signals were obtained onia ¥okogawa strip chart recorder Model
3021.

Digestion apparatus-was thick walled 50 ml volumetric digestion flasks and a Clifton hot

plate.

3.3 Reagents

All reagents used ‘were“of anal¥tical-reagent grade (BDF €hemicals Lid, Poolc.
England) unless otherwisé stated. Doubled distilled water was used for the preparation
of all solutions.

Metecury stock standard solution (1000 mg L") ml was prepared by dissalving 0.0677 g
of HgCl, im 14ml of an acid mixture of HNO3;:HCIO4H80 (2:2:10) in a 30 ml

— _'_'___,..---_'_-_'_F
digestion flask with heating on a hot plate at a temperature of 200" C for thirty (30)

“minutes. The working standard solutions were freshly prepared by diluting an
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appropriate aliquot of the stock solution through intermediate solutions using blank
solution. Blank solutions were prepared by adding 1ml of distilled 1,0, 2ml of HNO,
and HCIO4 (1:1) and 5mi of HySO4in a digestion flask. The mixture was heated at 200"C
for 30 minutes. Distilled water was added later to make up to 50ml after the mixture was

allowed to cool,

Stannous Chloride solution (10% wiv) was prepared by dissolving 10 g of the salt in [00
ml 1M HCI solution. The solutiop wag aerated with.nitcogen gas at 50 ml min” for 30

min to expel any elemental mercupyrom it

Sulfuric acid solution (10M) was prepared by transferring about 100ml of distilled water
into 250ml velumetric flask and135ml ef concentrated (18.4M) HaSO, was added
gradually while sticridEin.an iée-bath, Distilled waterwas later added to make a final

volume of 250m| after it Gains roomtemperatue.

Potassium permanganate selution ((.53% wiv) wasoprepared by dissolving 0.5g of

KMnO, in distilledwate o make afinal welume of 100ml.

Sodium hydroxide solution (10M) was prepared by dissolving 200g of NaOH in distilled

water 1o make a final volume of 300ml.

S _,.-o-""'.-_'_-_—
Hydroxylamine hydrochloride solution (10% wiv) was prepared by dissolving 10g of

NI 12{-]-] LLHCI in distilled water to make a final volume of 100ml.



Ethylenediaminetetraacetate solution (10% w/v) was prepared by dissolving 10g of

disodium salt of EDTA in distilled water 1o make a final volume of 100ml.

Dithizone-toluene solution (0.01% wiv) was prepared by dissolving 0.01g dithizone in

100ml of toluene.

3.4 Sampling and Sample preparation
3.4.1 Fish

The fish species were collected from randem commercial catches made by the local
fishermen between October 2007 and March 2008 in six batches, depending on the
specics available for sale. The samples'obtdified were reflective of species meant for
consumption. A tetal 6fene hufidred andeighty [Tve (185) samples govering twenty-one
(21) species were obtained [rom the two. sites namely-Bator and Dam site. The samples
were placed in clean plastic bags and stored on ice in an ice chest. They were then
transported to the laboratorviuidentified apd Kept insagffeczer prior to preparation for
chemical analysis\The fish samples were later taken from the freezer and allowed to
thaw. They were washettwith distilled water, drigd,on (isstie paper and the length and
body weight of cach were taken. A portrom of the edible muscle tissue was removed
from the dorsal part of each fish. homogenized and stored in transparent polythene bags

and kept in adreezer until chemical analysis.
— ) _._,.-‘-'-_-_._—



3.4.2 Sediment

Ten sediment samples were collected each month from ten (10) different locations al
each site namely Bator and Dam site at 5m intervals along the banks of the Black Vol
River using the grab method. The samples were stored in polythene bags and kept cool
during transportalion to the laboratory. Sediment samples were air-dried and sieved
through a 2mm nylon sieve. A total of one hundred and twenty (120) sediments samples

were collected within six months (October to March).

3.4.3 Water

The sampling containers were soaked inf/1086 HNO: for 24 hours. rinsed under running
tap water, followed by 0.5% (w/v) KMnOgand finally rinsed with distilled water before
use. Water was sampled into the eleaned plastie gontaincrs (Sm intervals) each month
alfter rinsing the contandrwilh the water to be sampled fromt thret locations at each site
namely Bator and Dam site. The eomainersmwere filled with water from ten centimeters
below the water surface. The three samples were combined together to form one
composite sampleiand preserved with 5 ml concentrated HN@3/E and transported to the
laboratory prior to chemicab.dnalysis. A toral of wElve  [12) water samples were

collected at hoth sites.

3.5 Digestion Procedure for Fish and Sediment

The fish and-sediment samples were digested for total mercury determination by an open
..-'-""'-r-.-_'_

flask procedure developed at the National Institute for Minamata Disease (NIMD] in

FjE-IE-E:E E;-,f Akagi and Nishimura (1991) as shown in chart 3.1 below. In the procedure.
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0.5g of homogenized fish, or 0.1g of sediment was weighed into 50 ml digestion flask
and 1 ml H:0, 2 ml HNO;:HCIO: (1:1) and 5 ml H;504 were added in tumns, The
mixture was then heated at a temperature of 200'C for 30 minutes. ©he sample solution
was then cooled and diluted to 50 ml with double distilled water.

Solutions of 25 and 50 ul of 1 ug ml” standard He solution were also subjected to the
same digestion procedure, The concentrations of the standard solution digest obtained
were 25 and 50 ng.

Sample (0.5g [ish or 0.1g sediment in 50m! digestion flask)

H->0, 1ml
FNO5: HCIO, (1:13, 2ml
HzS0;, 5ml

¥ Heat at 200" C for 30min

Digested Sample
Cool towagm temperatlre
H>0.
Make up to 50md
Sample Solution, Sml
108 SnCl,. (F3ml
CVAAS (Analyzer)
Chart 3.1 Analytical procedure for total mercury determination in fish and

sediment samples

3.6 Extraction Procedure for Water

Extraction techmique used for the water sample was developed at the National Institute
e _'______...--"_'_'__
for Minamata disecase (NIMD) in Japan by Akagi and Nishimura (1991). In the

—procedure, one liter (1L) of water sample was transferred into 1.5L capacity separatory

funnel and 10 ml of 10M H>S0, and 5 ml of 0.5% KMnQ, solution were added, mixed

= RE



by shaking and was allowed to stand for 5 min. The solution was neutralized with 20 ml
of 10M NaOH, and 5 ml of 10% NH,OH.HCI solution was added and shaken. The
mixture was allowed 1o stand for 30 minutes and 5 ml of 10% EDTA solution was added
and mixed by shaking. Precise addition of 10 ml of purified 0.01% dithizone-toluene
was made followed by vigorous shaking for 1 min. to extract mercury from the sample.
Ihe solution was allowed to stand for | hr, avoiding direct sunlight. This led to the
formation of an aqueous phase and organic phase. The aqueous phase (lower phase) was
discarded and the organic phase w ansferre ml conical centrifuge tube
fitted with a glass stopper and mg{ Nu S TD min with the glass stopper
in place. When an emulsion was formed. (% of anhvdrous sodium sulfate was added
and the mixture shaken. followed by Jmmmﬂigaﬁm;u separate the phases. Exactly Tml
of the organic phase was mnaluﬂﬁﬁ a ﬂmﬁl volumetric digestion flask. The
solution was then-evaporated 'T.i:l"dr},u:mﬂ- f'a;'n-_»a:;wats:r bull}_at ﬁﬁ'“ C with a rotary
evaporator. The residuc Was, ll’iéﬂwﬁ.ﬁﬁﬁf&ﬂ‘fh_ﬂi dlgnﬁﬁﬂn:w;ﬁfllh:. addition of 1 ml of
H10, 2 ml of concentrated i‘II‘JG:;Hm{L ,j;! 1 mtd 51}!?11 é’i concentrated of H,80; and

i
P
dlution was allowed w cool and

heated on a Hot plate af ?ﬂﬂﬂem.}ﬂ mm. 4h3 i

distilled water was nddad to make irup wa ?‘nlun;,c 01 ’iﬂﬂﬁﬂ@;’aim.tly 5 ml of the test
»

solution was injected into & m‘ewﬂﬂ analy zer and. ﬁm;é@ﬁaﬁu was recorded in the form
- W _'.l 7 a T 1-1‘5’.
E

of a peak.



Water Sample. 1L (151 capacity separatory funnel)

Add 10 ml of 10M H,80; and mix

Add 5 ml of 0.5% KMnO, solution and mix.

Let stand for 5§ min.

Add 20ml of 10M NaOH and mix to neutralize

Add 5ml of 10% NH;OH.HCI solution, mix, and allow standing for 20 min.
Add Sml of 10% EDTA solution and mix

Add 10ml of purified 0.01% dithizone-toluene and vigorously shake for 1 min

¥ Allow To stand for at least 1 hr.

Organic phase Aquebug phase
(When an emulsion i1s formed. add Q.5¢ of anhvdrous
Nas(0; and shake.)

Centrifuge at 1.200 rpm for:3 min.
Organic phase, 7ml (sample digestian flask)

l Evaporate to dryvness
Residue
Distilled water. 1ml
HNO3:HCIO; (1:1).2ml
H350y4, 5ml
Heat at 200°C for 30'min.
Digested sample
Allow to cool
i Make up to 50m| with distilled water
Test solution, a fixed volume (5 ml)
l 10% SnCls solution, 0.5 ml
CV AAS -

e 5 J_'_'_.___..--'-'-_ ; .
Chart 3.2 Analytical procedure for determining total mercury in water
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3.7 Determination of mercury

Determination of mercury in all the digests was carried out by Cold Vapour Atomic
Absorption Spectrophotometry using an Automatic Mercury Analyzer model HG-3000
(Sanso Seisakusho co., Ltd, Japan) developed at National Institute for Minamata Disease
(NIMD). The analyzer is an instrument designed specifically for the measurement of
mercury using the cold vapour technique. It makes use of the batch mercury cold vapour
generating system. The analyzer consists of an air circulation pump, a reaction vessel,
SnCl; dispenser, an acidic gas trap,énd & fdus-way §top-cock with tygon tubes to which
is attached a ball valve. The operations of the hall valve and the air cireulation pump are
controlled by a microprocessor. A schematie diagram of the system is shown in Fig.3.2,
During the determination, a known volume of the sample solution normally 5 ml is
introduced into the reaction vessel using amictopipette (5ml). The reaction vessel is
immediately stoppeted tightly and 0.5 ml of T0% (w/v) SaCE2H;O in 1M HCl is added
from a dispenser for the reductien reaction (Hg™' +.Sn*' ——— Hg" + 8n*"). During this
time. air is circulated throurh the four-way stopcock to allow the mercury vapour to
come to equilibriunt and the aeidie gases produced by the reaction also swepl into the
sodium hydroxide solution. After 30 seconds the four-waysstopcock is rotated through
90" und the mercury vapour 15.sWept Wik the absorption cell. Response is recorded on
the strip chart recorder as very sharp peaks. Peaks heights were used for computations.

Standards used for calibration of the analyzer included solutions containing 25 and 50 ng

=
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Fig. 3.2 Apparatus for mercufy “unalySessby Gold Vapour Atomic Absorption

Spectrophotometry

3.8 Recovery of Mercury

Recovery of mereury from fish was deigzmined by adding increasing amounts of
mercury chlonde solution o knewn weights of tworditferent fish specics namely
Brycinus nurse and Brycinus dmberi. The first Nask contained only 0.5g of cach sample.
the second flask containedy0.5g of each sample and 25ng He. and the third flask
contained 0.5g of gagh sample and S0ng He. They were all fakén through the digestion
procedure. Similarly, recoVvery ol mercury from sedihent was determined also in the
same manner using one sediment sample: Recovery of mercury from water was
determined by adding increasing amounts of mercury chloride solution to distilled water
which was taken through the extraction procedure. The resulting solutions were analysed

for mercur_y_{:ﬁncentrati(rﬁ'ﬂ'fﬂrt-i;e_result5 obtained are reported in Table 4.1 to 4.3,



3.8.1 Analysis of Certified Reference Material (CRM)

The accuracy of the analytical method used was evaluated by performing recovery and
analysis of certified reference material (CRM), dogfish muscle, DORM-2. In the
procedure. 0.01g of the CRM was weighed into a 50ml digestion flask. Four replicates

of these were performed. All the samples were taken through the digestion procedure,

The resultant solutions were analysed for Hg concentrations.

3.9 Statistical Analysis

The data obtained in this study wefe subjected to Stagistical analysis using Microsoft
Excel and Staustical Package for Social Sciences (SPSS). Linear regression and
correlation analysis were used Lo assess correlation between mercury concentration in

fish, fish length and fish weight as wellas sediment and water.



CHAPTER FOUR

4. RESULTS AND DISCUSSION
The accuracy and precision of total mercury determinations was determined by carrying
out analysis of certified reference material and recoveries. The validity of the procedure
has bheen proved by the agreement between the determined (4425 - 4640 ng/g) and the
certified (4150 - 4790 ng/g) concentration of total Hg in dogfish muscle (DORM-2)

reference material. Recoveries were 85% to 104.4%. The recovery resulls are reported in

e KNUST

Table 4.1 Recovery of mercury from fish

Sample s found  Hgr %% Recovered

Brycinus nurse

99.2
102.0
Brycinus imberi -
98 4
100.4
Table 4.2 Recovery of mercur?
Sample Hg added Hg found Hg recovered % Recovered
(ng) (ng) (ng)
October Sampling Point 2 0 166.75 -
ks TS 2.1 1044
— 50 21645 49.7 94




Table 4.3 Recovery of mercury from distilled water

Sample Hgadded  Hgfound Hg recovered % Recovered
Distilled Water E}nﬂ %,‘5’ {n:n_ J

25 36.5 24 9%6

50 55 425 85

4.1 Total Mercury Concentrations in Fish, Sediments and Water

Total mercury (Hg) cum:-:mr:atinnu e d epmi tr fiwh muscle tissues, sediments
and water from the Black Volia ﬁkﬁgnuSl]‘:“u different sites namely,
Bator and Bui Dam site. In all. a w1l offone, hundred and eighty-five fish samples
covering twenty-one species were u-.iiﬁcfnq and .ﬁliﬂ,‘m,d for total mereury. All the fish
species analysed for total Hg are com‘bj’m

Samples covering fifteen specics namely, Lares nilotiens {ﬁj—";m..’:';-';-a’rr!he mystus (n=20),
Alestes dentex (n=3), Brycinis nurse (0=30); Chrysichthys auratus (n=8), Mormyrus sp

VUSSP {m Mﬁm:ruﬁ sp (n=4), Synodontis
- = # -.,"'E:
oceillifer (n=4), Mormp¥us maropthainius (n=4), frvnea thﬁtptf ), Barbus sp (n=1),

(n=2), Labeo coubjc (n=5), H

S

Marcusenius abadii (n=1), Mt{ﬂﬂg&utm; J._"_ﬁ_.ﬂiﬁﬁa'iﬁ“di"h"nl and six (6) water
samples were collected trom Bator and analysed for otal Hg. From Dam site. samples
covering seven (7) fish species namely, Schilbe mystus (n=16), Schilbe mandibularics
(n=20), Hy{ﬁ;&ynm ﬂwzﬁ Alestes imberi (n=4), Bagrus »sp (n=1),
Heterobrunchus bidorsalis (n=1). Clarias sp (n=1), sixty (60) sediments and six (6}

i
water samples were collected and analysed for total Hg.

= 45



Summary of results of Hg concentrations. fresh weight and total length of fish from the
two siles are presented in Table 4.4. Mercury concentrations in sediments and water are
presented in Tables 4.5 and 4.6 respectively. Total Hg concentrations (ng/g wet weight)
in the edible muscle of fish from Bator and Dam site ranged from 14.28 to 208.54 and
from 33.02 to 34589 respectively, All the samples  studied showed mercury
concentrations below the Word Health Organization (WHO/FAQ) limit of 500 ng/g wet
weight. Total mercury concentration in fish depends on the fish species and the
concentrations also varied with factors such ag total lepgth of fish and fresh weight of
fish. There was a significant variation, betWeeumereur¥ concentrations, fish length and
fish weight in this study. Although growth rat€'data of fish from the studied areas are not

available, variations suggest that all the'(ish species.dre not growing at the same rate.



Ly

TLRIFETTY SSUT R TSl S0C-6'8 r i0meg S stopouss

snupoyigdoaoopy

SELFLO9S FO'T9-SCF g1l OFl-<6 t 1018 sHatLiopy

A3f11220)

CESIFPE TS £V 89-10°CE L'EL 9'9L-8'R ¥ I0eg] SUHOPOUAY

ST HFRERI mm.qm-mn.w_ 8Tl mq__msw-n,..m.m ¢ 1o1eg] GgNoI DGy

LS BEFIO RS S 80T m.w.“x_ , 8838 L Er a8l & 101e¢] dg snuddoapsly

- SNy

ZO' 1TFCR A 6E 11 -w.ﬂ_...ﬂ...mﬁ. £y 08¢ 09T q 1oeg sy ymsAay))
LY LF88°LT 896t -m, Pl _u.._uh 6. 20T 091 0 1018¢ asanu snuiadiag
89°EF06 T YO LT-L66] 61¢ Le~0'1T g 1oneg] Xapap SS9y

B0 FOFIEIE v 6LT-PO 6F CEE Q0s-0FC 91 A8 e
6P FILLE] 61'80C-6FLS 66l L'TE-8°01 0T 1o1eg STSAL 2 Yy
\

6F TEFEN LT 6C 181-ST6S L'ES RPEI-1'81 01 1018¢] ,d SRAOJIU ST

P s ¥ (§/u) uonunuaduo) (d/3u) 25uey (F) (F)asuey  (u) 2ZIg NG T
TH ueapy UONENUOU0D B WYTay, umapy W T am ysaig ajdweg duidweg _, o o e

IS WE(] PUE J01EE WOL) SINSSH Psnw ysiy ur (3/3u) suoneyuaduod Ji HME LEFaqeL



8t
UONBIADD PIBPURIS —]'S

sipsioply

PO 161 PO 161 L8 vL8 ] 1S We(] SHYouUnIGo.La1ag]

[9'601 1960t £'998 £908 [V IS WE(] dg snadvg

(899 LH IR2Y 2 0rer 1 SUS wed] ds sormq)

CY BPFFR 0L 65 0 | -L0sE 956 FOLE0 9L ¥ 1S Wec] Liaqua] SNt

B 10[F8E 861 mm.mwm.-mw“m,ﬁ,... <9 7 1870 FF ¥ <31s e 1Yo snuddodpdgy

_ SLBINGIPUDEY

[1'8rFcd6ll LEGTT00SY £l 69THLL r Ll iy IS
9o 9¢° 16 Call ot | ey ) aopo snpasdagy

tL 89 £L°89 L8 L8l | oeyg | HpPGR SRS

£5°8C GERE [ % CEF | 1oey _J_ dy snqaog
LO [CFRI P8 LS 66 8L6Y E9% (F8&-TFl i d01eg] ds snatutopy
£L0FRESOL 68 SO1-98'+01 09 (Y Lb-6'tT C Joneg ANNOA DALAL]

(3/8u) uonENUAIUO ) (3,0u) aauey (3) (i} aBuey  (u) 2z1g

y : satoad
HH ueapy uonERUAOUOd B YT UBdN WEm ysarg ajdwesg A3 SRS MUEN SRI0SES




SR

Table 4.5 Mean (n=10) Hg concentration in sediment from Bator and Dam site

Sampling site Mean
Month Hg
Concentration (ng/g)
Bator 4341
October
Dam site 51.06
Bator 49.80
November
Dam site 58.77
Bator i) ()5
December _ l‘ |5 | ' ' S
Dam it 48 86
|
Bator 50.49
January
56.32
February
March

Table 4.6 Summary of mean Hg

— — = - —
Sampliig’?#mﬁ Mean Hg concentration £ s.d

Sample Tested
Sediment Bator 69.07 + 32.20ng/g
— Dam site 51.65 = 5.03ng/g
s L g
Water Bator 0.06 = 0.03ng/g
=yl Dam site 0.04 £ 0.02ng/g
s.d= standard deviation
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Detailed results obtained including graphs showing relationships between total mercury

concentration, total length, fresh weight in fish as well as mercury concentration in

sediment and water are presented in the Appendix. Ihe level of mercury in fish ranged
between 14.28 to 208.54 ng/g wel weight as shown in Table 4.4. The highest level of
208.54 ng/g wet weight was found in Hydrocynus sp and the lowest level of 14.28 ng/g
wet weight was found in Labeo coubie. Mercury levels obtained showed that within the
same aquatic environment, fish of the same species have different levels of mercury.
This could be due to size (age) singe it is an impogtaptwvadable that determines level of

mercury accumulation in fish acconding fo Muckabtewesdl (1979,

The range of mercury concentration (dg/g wet weight) in the muscle tissue ranged from
59.25 to 181.29 (mean =127.03+42449) for Lates mildticus, [rom 57.49 to 208.19 (mean
= 137.76+49.11) for-Schithe mpstns;rom 1997 to 27.04 (mean.= 22.90+3.68) for
Alestes dentex, from 14.3%t0 3968 (mean=27.88+7.67) for Bry'cinus nurse, from 68.38
to 121.39 (mean= 94.82) for Chrysiehthys auratus, from 69.78 to 99.57 (mean =
84.68=21.07) for Mornuwrus sp. frem 1428 10, 2493 (mean = 18.58+4.28) for Labeo
coubie, from 18.36 te 20884 (mcan =.8801:58.53) for Hydreeynus sp, from 32.01 to
68.43 (mean= 52.34=1332%Aur" Synodontis m.-afﬂ-ifér, from 42.41 to 86.55 (mean=
61.23+18.72) for Syrodontis sp, from 45.5010 62.04 (mean = 56.07=7 .45) for Mormyrus
macrophthalmus. and from 104.86 10 105.89 (mean = 105.38+0.73) for lrvinea voltae.

e i __F_,_,..--"'-_
A study conducted by Kidd er al.. (1993} on fish from Lango Manso. a reservoir in

“Brazil showed that mean mercury concentrations vary widely between species, which

can be explained by trophic positions in the food web. Fish from top trophic levels

0
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(carnivores) in a food chain usually have higher mercury concentrations than fish from
lower trophic levels (herbivores) as a result of biomagnification. A similar trend was
observed in some cases in this study. Hg concentrations increased with trophic levels.
For example from Bator (Table 4.4) Labeo coubie species recorded Hg concentration
range of 14.28 to 24.93 ng/p wet weight (mean = 18.58+4.28) and fresh weight range of
25.2 1o 202.9g (mean =112.2+81 4) whereas Lates niloticus at a higher trophic level
recorded Hg concentration range of 59.25 to 181.29 ng/g wet weight (mean =
127.03+42.49) and fresh weight nu;g;;,qi 181 1o P:}.&;, can=49.1£45.9). There was
also, significant correlation between mefcusy cwnbm fresh weight (F*=0.505) and
total length (r'=0.604) for Lates niloticus (g1 and 4.2) whilst Labeo coubie (fig. 4.13
and 4.14) showed poor correlation *between mercury concentration, fresh weight

(r'=0.095) and total length (r’=0.1 76). ._:

lion can be due to the feeding habits
of the fish species.as-Lates-uiloficuy-is a‘camivorous fish which feeds on other fishes
whereas Labeo coubie. a detritivore feeds on vegetable debrise Work done by Lange e/
al.. (1994) also showed that mercury Cmmﬁnuaﬁﬂn varies with fresh weight of fish and

Ll

total length. Good correlation between mercury congentral

n ani_i total length and fresh
-T

weight of fish are’ nemnally observed among .gar11ix'0;qu§.:$§pbcics whereas poor
correlations are observed amenghérbivorous species: &nﬁn‘g the fish species studied at
Bator, there was a poor correlation bcm'ca:ﬁ TIg concentration and total length of fish for
Schilhe mystus (r* = 0.266, insectivore), Alestes dentex (r = 0402, pelagic omnivore),

Bryecinus nurse(r- = 0.110. pelagic omnivore), Chrysichthys auratus ( " = 0.113, benthic
= e j .--""'-'-—____

omnivore), Hvdrocynus sp (r’=0).344, piscivore), Labeo coubie (" = 0.176. detritivore),
m-;us macrophthalmus (r = 0.084, bottom invertebrates). There was also a poor

correlation between mercury concentration and total weight of fish for Schilbe mystus (r

= 51 =
reERRE
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= 0.049). Alestes dentex (£ = 0.399), Brycinus nurse (v = 0.096), Chrysichthys auratus
(f; = 0.043), Hydrocynus sp (r = 0.113), Labeo coubie (r = 0.095) and Mormyrus
macrophlthlmus (r* = (.208), whereas good correlation between Hg concentration and
fresh weight of fish was observed for Lares nifoticus (© = 0.505) and an inverse
correlation between Hg concentration and fresh weight of fish were observed for
Synodontis oceillifer (+* = 0.836) and slight correlation for Synodontis sp (r' = 0.447).
Similarly, there was also a good correlation between Hg concentration and total length
of fish for Lates niloticus (©* = (L604) apd an wverse correlation between Hg
concentrations and total length af\ish Rr Swtodamtis Loceillifer (* = 0.911) and
Synodontis sp (1* = 0.682). The inverse carrelation between Hg concentrations, fresh
weight and total length of fish abserved.for Synodontis sp could be due to changes in the
metabolic rate ol the fish as some studies have shown that smaller fish have higher
uptake rates of mereury due-o higher metabolic rate than larger individuals of the same

species (Huckabee er al . 1979).

Thompson (1985) observed lack of comelation between total length and mercury
concentration for several fish species distributed along the Tasmamian continental shelf.
Results of this study agree withethis finding. PoOreefrelation exist between mercury
concentration and total length of fish for Schilbe mystus (r'=0.355), Schilhe

mandibularies (r°=0.049) and Bryeinus imberi (r’=0.233) whereas good correlation was

observed between mercury concentration and total length of fish for Hydrocynus forkali

{ =0.545). For instance. fvdrocynus forkali with length of 24.2cm and weight of 78.8¢
mé concentration of 345.89 nglg while Schilbe mandibularies with length and

weight of 14.2cm and 21.3¢g respectively had Hg concentration of 77.28 ng/g all from
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the same sampling site. This finding agrees with that of Lathrop er al.. (1991) which
reports that length and age of fish species have been shown to be important factors
determining mercury concentration in fish. Apart from diet and trophic level, differences
in longevity. growth rate and other physiological and ecological factors can also lead o

differences in mercury concentrations between species (Huckabee er al.. 1979).

Mean mercury levels in sediment and water from Bator are 69.07£32.20 ng/g and
0.06£0.03 ng/L respectively (Tabled.q). The high deviation (+32.2 ng/g) of mercury in
sediment at Bator may be due to difféedcedin ‘organic.matter content in the sediment as
some studies suggest that, mercury has high'affinity for particles and organic matter
(Benoit er al.. 1998. Mason. 2001). Hewever. sueil conclusion cannot be drawn since

information about arganic malter is lacking in this study .

In general, mercury concefitration. (ng/g wet weight) ranged from 35.02 to 345.89 for
fish species sampled from Dam site. Hydrocyaus forkali recorded the highest level of
mercury of 345.89 whilst the loewest recorded Hgoeoncentration of 3502 was by
Brycinus imberi. The "hi'ghe:;! level et meroury 845.89 ng/g metweight recorded is less
than the standard 500 ng/g Rﬁi‘hy.-the World Health mgﬂﬁiﬁaﬁﬂxi (WHO) and hence does
not pose health hazard. Hg concentration in the range of 49.94 to 279.44 (mean =
131.31+64.08) was obtained for Schilhe mysius, 45.0 10 226.37 (mean=119.82+48.11)

for Schilbe mandibularies. 109.61 for Bagrus sp, 191.04 for Heterobrunchus bidorsalis
e g i _.--""-'-_-_'__

and 66.80 for Clarias sp.
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Although it has been reported that mercury concentrations in bed sediments are not

necessarily correlated with concentration in fish tissue (Rose et al., 1999) other studics
carried out on mereury in fish showed that there is positive correlation between Hg in
fish and sediment (Hunter et al. 1987). In this study. correlation between Hg
concentration in different fish species and sediments at Bator and Dam Site was
determined and reported as correlation coefficient (r°) in Table 4.7, Synodontis Oceilifer
and Hydrocynus sp are the only species that showed positive correlation between their
Hg concentration and river sediment a1 Bator. The r* value for Synodontis Oceilifer and
Hydrocynus sp at Bator were 0,828 Nand 002817 Lhe regt of the fish species showed
poor carrelation between Hg concentration iffish and sediment at the two sites (Table
4.7). However, the correlation between Hg eoncentfation in Lares niloticus from Bator,
Hydrocynus forkali and Brycinus imberi from Dam site and sediment was relatively
week (1°=0.3188."0.3258 and (. 2886 rv:spcctive]ﬂ. The poor corfelation between Heg
concentrations and river sediments inmost of the fish speeies eould be attributed to the
fact that 1lg content in the fish musele is not related only to the Hg content in the
sediments, but also to the diet composition of the fisheand to the other chemical and
biological characteristics of the aquatic.ecosystem (Huckabee efalk, 1979) and this may

be similar to that of the Black Volariver basin at B
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Sorensen ef al., (1990) found that Hg levels in northern pike from Minnesota lakes were
correlated with Hg in water. The correlation between Hg concentration in different fish
species and water at Bator and Dam Site was also determined and reported in Table 4.8.
Synedontis Oceilifer with correlation coefficient of (0.6846) at Bator is the only species
that showed consistency with the findings ahove. The rest of the fish species showed
poor correlation between Hg concentration in fish and water at the various sites (Table
4.8). The correlation between Hg concentration in Lates niloticus from Bator.
Hydrocynus forkali and Brycinus imber{ from Dam sile and. water was relatively week

with correlation values of ’=0.36%3 0,383 3nd.0.2 I48%espectively.
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The correlation between Hg concentration in sediment and water was determined at the

two sampling sites and reported in Table 4.9.

Table 4.9. Correlation (r’) between Hg concentration (ng/g) in sediment and water

Sampling Site R* Values
I

Bator 0.003
| Dam Site : 0.365

No correlation was observed between the total Hg in the sediment and the water at the
respective sites. This however depicts thai'the 1etal Hg concentrations in the sediment
and water are independent of each other, This findine agrees with the study of Harris
and Bodaly. (1998) who reported ‘that congenirations of total Hg or methylmercury
(MeHg) in surface waters-efien de not cerrelate well with the Tlg content of freshwater

biota.

The low Hg concentrations in sediments from both sites as well as-the small difference
in Hg levels between the Siles-indicate that there hias noi-been any local contaminating
source in the studied area. Thisagreeswitlowork.done by Gilmour and Henry (1991) on
non-contaminated sediments where low Hg levels were found. USEPA, (1997) reported

that total Hg levels in lakes and streams are typically well under 20 ng/L., however,

o

elevated lewe-is fnay be fownd—m fakes and streams thought to be impacted by

anthropogenic Hg sources. This is consistent with this study, where at all the sampling



sites g concentration range of 0.04+0.02 to 0.06=0.03 e/l ‘obtained were Below 26

ng/L, and even the background level of 0. pg/L.

An attempt was made to compare mercury levels in fish, sediment and water at the two
sampling sites but same fish species were not found at both sampling sites. Schilbe
mystus which is the only species that was found at both sampling sites had an average
Hg level of 137.76ng/g at Bator and an average Hg level of 131.31ng/g from Dam site.
When the results were subjected Lot -Test. thete was siguilicant difference between the
results (p=0.05) at the 95% confidende levell This’suggests that, factors responsible for
the methylavon of mercury are more pronounged at Bator than Dam Site, In addition,
mereury level in water from Bator, was 0.06£0.03ng/L. while that of Dam site was
0.04=0.02ng/L. Similarly, when the results were again subjected to t-Test, there was
significant differenee between the results«(p<0.G5) at the 95% confidence level. Mean
He level in sediment frofiiBater wasfound 1o, bé 69.07£32.20:Mg/e whilst that of Dam
site was 51.6545.03ng/e. There was alse significant differenee between the results when

they were subjected to t -Test (p=005) at the 95% confidence level.

Mercury content in fish i5-considered to be a gdodwindicator of human exposure 1o

organic or methylmercury. Hg enters the aquafic ecosystem as inorganic mercury which

may be converted to methylmercury by microorganisms in the sediment and water and

methylmercury-may enter the aquatic food chain and work its way up Lo the larger fish,
s _,_,_,_--""--_-_ ~F

which eventually may be consumed by humans and other animals. Humans® health

Toncermns arise when fish and wildlife from these ecosystems are consumed by humans

since fish accumulate high concentrations of the most toxic form of mercury i, e.

= 59

I TR s T



methylmercury (Uchida er al., 1961) which can affect the nervous system, cause blurred

vision, coma and ultimately death (Harada, 1995; Takeuchi and Eto, 1999), Hg in fish
appears to be predominantly in the form of methylmercury and this has been confirmed
in many publications (Al-Majeed and Preston, 2000; Bloom, 1992). Therefore. diet
consisting particularly of fish, could be the main source of human exposure to

methylmercury.

The relatively low mercury levels found in the fish spgeics-sudied from the Black Volta
River could be attributed 1o the fact thatforSaniemtaties! pH. seasonal changes. regional
variations and hydrologic conditions which arethought to be the most significant factors
that control accumulation of mercury,in {resh waterfish as reported by Lindquist {1991)
might be unfavourable. Armosphesie deposition af Hg which is another factor that
increases Hg loads w-treshwaters miny-be low., Agricoliural activities that employ the use
of mercurial compounds Could-bemimimal:- The evaporation of €lemental mercury as a
result of microbial activiues in the river could.alse represent a significant pathway for
the small amount of the metal'in the aquatic system of the Black Volta River. However.
these conditions could Be favorable for methylation of Hg _e;j*t'er;fthe construction of the
dam as has been reported™elstwhere (Jackson, [988; Stoeks and Wren. 1987). For
example, a study conducted in Canada revealed that, after the impoundment of the
l],f.%'.?llill.‘:{rn2 [.a Grande hydroelectric complex. level of Hg in fish increased 3 — 6 lolds
(Tremblay er al., 1998; Schetagne er al., 2000). At the same time, concentrations of
L m—
organic carbon in the water increased and oxygen concentrations decreased, indicating
increased decomposition and anoxia as contributing to the increased Hg concentrations

in fish. Again, a similar work conducted (Lars ef al., 2006) at Rio Manso hydroelectric
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power plant in western Brazil indicated that predatory fish had total Hg concentrations
ranging between 70 and 210 ng ¢! fresh weight (fw) seven (7) years before flooding and
between 72 and 755 ng g™ fw during flooding, but increased to between 216 and 938 ng
g' Iw in the piscivorous and carnivorous species Pseudoplatystoma  fasciatum,
(cachara), and Salminus brasiliensis, (dourado) respectively, 3 years after flooding.
Mercury concentration recorded in 230 fish samples from Amazona hydroelectric
reservoir recorded levels higher than 0.5mg Hg/kg fresh weight (Rosenberg er al., 1997).
Rondén and Pérez. (1999) also reported ingreased bm wlation of Hg in fish in
tropical reservoirs as a result uéwﬁm:}}ﬁﬂnu wRBondbn and Peréz (1999) then
concluded that the complexity of trophic relationships in tropical aquatic ecosystems is
higher than in those observed in cold.and tempom{,e regions, whereas other studies

suggest that bioaccumulation pamrusm surprisi naly similar ( Meili er al., 1996a and

1996h). Furlh::mmra. an dttempl.lo open ﬁdﬂﬂnermi 1'15I:acrius in Npﬁi;i Reservoir was

immediately ceased when quiet hlgh Hg mnacmranuns wt:.m ﬁmnd in fish from this

reservoir after impoundments (Bwodai} ef m’ 19&4}

- " J "-q': i
It is therefore importaibae tind g levels-now and alicr the Coastptiction of the dam to
o

. ]

: o ;
corroborate the suggestion that g tevels in fish increase after dam construction,
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CHAPTER FIVE

3. CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS,
From the analysis carried out, the following conclusions may be deduced from the
results obtained.

» This study reports mereury levels in fish species from Bator and Bui Dam site.
all along the Black Volta River af Bui. The cohegntiation of total mercury in the
edible muscle tissue of all the fish analysed from Bator and Dam site ranged
from 14.28 to 208.54 ng/g and 35.02 to 345.89 ng/g wet weight respectively.

e The study also reported Hp level in Sediments from Bator and Bui Dam site. The
range of Hg-cancentrations in'the rives sediments were 43.41 o 114.96 (mean=
69.07) and 4543 to 58:77 ng/g (mean=>3 1 65) respectively” Average Hg level in
water from the (wo sites was0.04 ng/l and 0.06-ng/l.. Hg concentrations in fish
are below the World Tfealth orgamzation (WHO) limit of 500ng/g. Hg
concentrations#n sediment are ‘below the International Atomic Energy Agency
(LAEA) limit of"810ne/fand Hg concentralions urwaier are below the WHO
maximum contamination levelof 1000mg/L.

s The results obtained showed that fish species from the Black Volta River are

unlikely to constitute a significant exposure of the public to Hg through

consumption of fish

e The low concentrations of mercury in sediments, fish species and water obtained
in this study suggest a relatively clean aquatic environment.
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5.2 RECOMMENDATIONS
This recommendation is made as a result of the outcome of this research.
e The same species of fishes tested in this study should be tested over a longer

period after the impoundment to corroborate the suggestion that Hg levels

increase after dam c-;:-nstmctiK N U S T
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RESULTS FROM BATOR

Table 4.10 Results for Lates niloticus

Towal length Total weight | T-Hg co 10n
Sample code | (cm) (g) b 'IIHE{:L i
LNI1 15.7 449 156.02
LN2 15 191 134.29
[LN3 14.4 322 154.04
LN4 13 238 103.64
BNy -] 12 205 139.17
LING 11.9 18.1 102.75
LN7 21.7 1348 181.29
LN8 22.2 1344 173.35 |
LN9 12.6 | ) 66.52
LNI1O 11.6 : I 5925
LN=Lates niloticus

Table 4.11 Results for Schilbe mystu

Sample Total length Tc y concentration
code (em) (g S _ |
SMI 5.9 14
SM2 N - 2
SM3 : A 49
SM4 14. -1 % < 129.62 |
SM5 1 0.: A N\ 72.10 |
SMo * 134.74
SM7 1 A39.35
SM8 L\ 157 _
SM9 Nz 2 9626
SM10 N 131 68 48
SM11 % 19 185.40
SM12 145 SANES P 208.19
SM13 16.6 21.6 188.47
SM14 16.2 242 190 48
SMI13 15.5 21.3 71.74
SMI16 =] 16 2.5 190.63
ST — L e 7~ 4 | 10.8 119.66
SMI18 15 17.9 115.63

16.1 233 200.02
SM20 14.3 16.6 199.60
SM=Schilbe mystus
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Table 4.12 Results for Alestes dentex

Sample Total length Total weight | T-Hg concentration

code (cm) 2 (ng'g)

ADI 17.2 47.1 19.97

AD2 13.8 23.2 27.04

AD3 13.5 21 21.70
AD=Alestes dentex

Table 4.13 Results for Bryveinus nurse

T

Sample Total length TMDH‘CH{M“UHJ
code (cm) ( __
BNI 20.4 7 34.88 |
BN2 23.1 30.48 |
BN3 279 | 33.42 l
BN4 337 32.02
BN3 21.2 35.59
BNG 20.7 3845 |
BN7 4.6 3
BNS T -
BN9 = 34,95
BN10 : 3345 |
BNI1 336.37 |
BN12 30.08 |
BN13 730,19
BN14 5
BN15 /14
BN16 %537 |
BN17 3861
BN18 . 30.57
BN19 21 £ 39.68
BN20 21.1 £0.9 32.71
BN21 20.1 70.9 31.50
BN22 2 105.5 34.48
BN23 20T 79.8 36.86
BN24 22.5 96.4 36.93

5 16.1 449 37.38
'Eﬁiﬁ 132 24.8 34.64
BN27 19.6 67.9 19.22
BN28 228 | 106.1 16.35




Sk 208 7935 | 20.17
BN30 18.2 526 50,40
BN31 18 :IJJE *l"[:l-“-]
B -
BN32 18.5 67.7 16.13
BN33 3 9 : A2
. =2 Igg}.z 15.28 |
2 - 24 18.22
BN33 219 102.7 16.07
BN36 |G 359 16.81
BN37 14.9 30.1 26.73
EN%B 17.5 517 21.68
BN39 15.5 31.5 20.05
BN4U 13.2 26.7 14.39
BN41 . 15.4 319 24.39
BN42 16.2 | 333 20.01
BN43 138 | g s 280 3 o= e 22.68
BN44 — 12 K INHK A . | 3208
BN45 61| PN MANT I T 3160
| BN46 12.9 23.4 18,54
BN47 I 13.6 285 33.96
BN48 |22 L PRl 18.80 ‘
BN49 12.2 16 ~ 20.84
BN50 11.8 16, 25.01
BN=Brycinus nurse NG
Table 4.14 Results for Chrysichthys auratus
[ Sample Total length Totalweight «| T-Hg coneentration
code (em) | (g) _ | {ng/p)
CAl 195 58 115.10
CA2 £\ 165 421 7140
CA3 14.9 —B). | 1652
CA4 r&A ! 476 : 5 ™ 090.02
CAS R 26 68.38
CAB 17.6 | Bstc ™ — 96.55
CAT 19.1 36.4 121.39
CAS | 19.5 46.1 79.37
C A=Chrysichthys auratus
e R i T
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Table 4.15 Results for Hydrocynus sp.

l Sample Total length ' Total welght [ T-Hg coneentration
code (em) (2) (ng/g)
Hl 255 115.6 75.04
H2 3l 210.7 116.31
H3 26.7 145.7 62.25
H4 31.3 242.1 61.34
115 21.6 94.7 136.03
H6 223 68.2 144.11
H7 24.5 107.7 125.17

HB 223 75.1 208.54
H9 243 98.4 83.96
H10 21.1 64.1 111.55
Hil 27.4 1474 . 125.60
HI2 249 | i4l 1N 1 13031
H13 28 156.1 ) 1 B86.18
Hl4 205 584 148.90
H15 241 7AW 202.20

| H16 14.2 30.7 33.77 |
H17 13.8 26.2 25.58
Hi8 13.2 27 8 18.36
H19 13.1 | 263 21.93
H20 12.5 | 22.534
H21 133 23.2 2297
H22 15.9 20.3 3302 _J
H23 127, 189 28.50

H=Hydrocynus sp.

Table 4.16 Results for Labeo coubie

Sample Total length Total weight | LHg coneentiation |
code (cm) (&) — LT )
LCI ' 278 | LD 20.86
| Le2 265 | 150.7 16.32
| LC3 26.8 155.7 1428
LC4 | 14.7 26.7 24.93
LCS . R 25.2 16.51

E‘;Lahen coubi

-—4—-'-'--.-_-.



Table 4.17 Results for Synodontis oceillifer

Sample Total length Total weight | T-Ilg concentration
code (cm) (2) (ng/g)
SCI 20.5 T6.6 32.01
SC2 12.9 17.6 57.84
SC3 12.6 138 51.06 |
SC4 i 10.6 8.8 68.43
SC=Synodontis oceillifer
Table 4.18 Results for Synodontis Sp
Total length Tatalhweicht |JI¢ETe Taftentration
Sample code (cm) L) Ang*e) _
S1 13.9 205 62.16
52 135 160 5378
2 e 1.5 3. 90N, 86.55
S4 | 13,3 16.2 s 4241 |

S=Synodontis Sp

Table 4.19 Results for Mormyrns macraphthalmuys

 Sample [ Total lengttre—|“Egtal weipht* | T-Hp eoneentration |
code {em) / (&) tingig) S
MM 1 13.6 14.6 56.3
MM2 12.5 12.4 | 62.04
MM3 117 9.5 45,50
MM4 118 105 60.43 |

MM=Mormyrus macroghthalmus

Table 4.20 Results for Mormyrus Sp

| Sample Total length Tolal weight | T-Ig concentration
St /
= ) (g) (ng/g) _
rffﬁdﬁ —=" =20 58 99,57 |
| M2 14 14.6 69.78 |
__M=Mormyrus

= {}6



Table 4,21 Results for Irvinea Voltae

Sample Total length Total weight | T-Hg concentration
| code (cm) (2) (ng/g)

V1 22.1 97 104.86

V2 14.4 239 105.89

IV=Irvinca Voliac

Table 4.22 Results for Barbus Sp

Total length {Tﬂtal_weight T-Hg-céncﬂmration

Sample code | (cm) (g) (ng/g)

BAl et 17.4 43.2 | 28.55 |
BA=Barbus Sp

Tahle 4.23 Results for Marcusenus abadii

Sample Total length Total weight | T-Hg concentration |

code (cm) (g) {ngig) _ 4‘

MAI . 138 187 68.73 |
MA=Marcusenus abadii

Table 4.24 Results for Hepsctus odoe

Sample | Total length Total weight - T-Hg _u:,ﬂncenu'aum_!

code (cm) A (g '

HP1 T2y __HO5 94.36 |
HP=1lepsetus odoe

= _,.,--""".-.-_-__
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RESULTS FROM DAM SITE

Table 4.25 Results for Schilbe mystus

Sample Total length | Total weight | T-Hg concentration
code {cm) (e) (ng/e)
SM1 15.7 33.73 49.94
SM2 17.7 35.23 15038 |
| SM3 17.3 31.25 148,09
SM4 17.9 38.05 279.44
SM5 15.4 28.4 76.37
SM6 149 3488 50.50
SM7 15.5 30.99 136.08
SM8 15.7 L 233,79] 203.67
SM9 | - 2644 69.20
SM10 16 30. 3\ 144.56
SMI | 18.2 50,02 168.57
SMI2 16.5 3223 108.68 |
SM13 16.9 28.8 | 21091 |
SM14 14.5 24.03 99,72
SMI15 15.5 3347 138,87
SM16 16.8 36.12 66.05 |

SM=S8chilbe mystas

Tahle 4.26 Results for Schilbe

mandibularies
Sample Totallength | Tofal weight | T=Hg eoncentration
code (cm) (2} {ng'e) =)
SD1 15,0 | —19.38"] 93.88
SD2 Py 2047 710.92 |
SD3 139/ 19.64 169.07
| SD4 T S | e 97.39
SDS 14 21.07 77.28 |
SD6 13.6 17.38 153.39
SD7 15 26.87 136.53
SD8 165 26.71 98.30
SD9 — 142 21.3 77.28
SDI10 14.9 22.78 116.50
L8Pl 15.5 24.96 150.09
SDI2 14.5 2229 142.41
"SDI13 13.5 | 2762 58.50

98



SD14 14.9 19,59 143.63
SDI15 3 18.96 226.37
SD16 15 24.18 83.98
SD17 14 19.39 110.60
SDI8 133 18.29 71.59
SD19 14.5 17.63 45.00
SD20 12.9 | 17.65 | 133.54

SD=Schilbe mandibularies

Table 4.27 Results for Hydroeynus forkali

Sample | Total length Total weight | T-Hg concentration |
| code (cm) (8 (/). ]
HF1 slld 23.2 g4 11 144.37 |
| HEF2 21.2 5.3, 184.57 |
| HF3 20| 44 | 119.48
| HF4 24.2 | 88 | 345.89 |

HF=Hydrocynus forkali

Table 4.28 Resulis for Brycinus imberi

Sample | Total tength + Tatal weight ' ﬁT‘Tg concentration |
code (cm) (&) (T —

AMI1 20.8 76 67.40
AM?2 283 | 1104 35.02
AM3 21 1018 40.33
AM4 230 992" 140.59 |

AM=Alestes imberi |

Table 4.29 Results for Bagrus Sp

| Sample

Total length

Total weight

T-Hg concentration |

code (cm) (g) (ng/g) -l
BS1 452 866.3 109.61 |
BS=Bagrus Sp i
i
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Table 4.30 Results from Heterobrunchus bidorsalis

Sample Total length Total weight | T-Hg concentration
code (cm) (g) (ng/g)
HB1 l 17 87.4 191.04

HB=Ileterobrunchus bidorsalis

Table 4.31 Results for Clarias sp

Sample | ‘l'otal length | Total weight | T-Hg concentration
code (cim) (g) (ng/g)

MF1 388 | 454 66.80 |
MF=Mud fish By

Table 4. 32 Mercury concentration in Water from Bator and Dam site

Sampling Site Month I'Mercury concentration (ngfL)
October 0.0891 ¢
November 00739
Bator Deceinber 0.0576
Januars (1.0027
February 0.0467
March 0.0630
[ Aveiage=10.0650.03
Oetober . TL052D
November 0.0467
[Dam Site December (.0035
January 0.0565
February 0.0304
_*’ Mf,’}il———-——” 0.0326
' Average = 0.04£0.02

— 100



Table 4.33 Results for Hg Concentration i "
in sed .
their respective sampling points iment from Bator and Dam site at

Sampling site

Months
| October | November | December | January | February | March
27.70 60.73 51.10 92.88 | 126.32 102.20
41.69 51.60 60.73 4169 | 123.84 92 8%
41.69 30.66 40.49 2193 | 8097 83.38
4049 | 4965 40.88 4049 | 115.79 84.21
48.73 52.11 604 5 A7 85, 7.47 3
S | ol 5 o 07.4 93 80
47.85 38.63 469 29.84 | 9747 91.09
31.58 40.49 39.72 6253 | 114.64 98.38
50.13 49,65 51.10 62.53 | 114.64 93.80
51.60 63.16 5211 5160 | 91.98 291.82
52.63 61.32 6233 62.53 | 93.80 118.05
Average Hg 414 F0.80— -~ 50.05 50.49 ~|-105.09 114.96
Concentration
(ng/g) p — :
4965 73.68 48.73 4742 | 52.63 39.72
52.63 61.32 50.13 5589 |60.73 39.35
5116 61.32 50.13 5160 ,1.52.63 59.58
L slie 72.93 66.99 w5160 61.32/ 52.11 40,49
63.16 41.69 41.69 61,82 7| 40.88 73.68
39,72 5160 42k 63 |s52.11 41.69
51.10 49.19 52.11 62.53 | 0.00 39.35
41.28 62.44 48.73 55.80 | 47.85 51.10
T 14965 162353 40.88 5263|4128 50.61
19.35 56.90 62.53 6192 |[51.10 61.92
sverage He 51.06 58.77 48.86 56.32 45,13 4975
Concentration
_(ngfg) |
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Table 4.34 Results for t- Test analysis of mercury concentration in Schilbe mystus

from Bator and Dam site

One-Sample Statistics

N Mean Std. Deviation Std. Error Mean
Hg concentration in
ng/g of fish from 20 137.7600 49.11070 10.98149
Bator
Hg concentration in o 5
- : JOR32 16.02081
ng/g of fish from Dam 16 131.3144 64.08325
site
One-Sampleest
Test Value =35
95% Confidence
Mean Interval of the
I df ol Sie (2-taled)  Difference Difference
]
j : | Lower Upper
Hg concentration IME =gt 157 000113226000 109.7755  155.7445
ng/g of fish from Bator : : -
! . i
Hg concentration in 7.884 \ % 002631438 92.1668 1604619
ng/g of fish from Dam | r
site l
_,.o—'-"'"'---__
——




Table 4.35 Results for t- Test analysis of mercury concentration in sediment from

Bator and Dam site

One-Sample Statistics

Std.
N Mean Deviation Std. Error Mean
Hg Concenlration in
ng/g of Sediment from 60 | 69.0665 40.35056 5.20924
Bator
Hg concentration in
ng/g of Sediment [rom 60 | 51.6475 11.27451 1.45553
Dam site
Ove-Sample Test
. Test Value =0 gy "
95% Confidence
Mean [nterval of the
t df | Sig. (2-tailed) Dilference | Difference
| ’ ' | Lower | Upper
Hg Concentration iny | . . : i '
ng/e of Sediment from. | 13.258 59 | 000 1 6906650 58.6428 79.4902
Bator i
Hg concentration in | 3 ggg |~ 59 000 ‘ 5164750 | 48.7350 | 54.5600
ng/g of Sediment from |
Dam site | | | |
= e
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Table 4.36 Results for t- Test analysis of mercury concentration in water from

Bator and Dam site

One-Sample Statistics

Std. Error Mean

Hg concentration
in ng/L of water
trom Bator

Hg concentration
in ng/l. of water
from Dam site

' Std.
N Mean Deviation
6| 0550, 03017
6 ‘ 0367 02160

i 01232

00882

One-Sample Test

Test Value =5

5% Confidence

. | Mean [nterval of the
l | df | Sig. (2-tailed) 4 Dif ﬂ:renue_i_ Difference
Lower | Lpper

Hg concentration

1
B
-]
" o
in
i
L)
Eh

in ng/L. of waler 000 4.945[}(}‘ «1,9?6?‘ 49133
from Bator ! 5 | |
! |
Hg concentrabion. | _5¢, 740 Scs™ 000+ A 96333 4.9860 | -4.9407
in ng/L of water ‘
from Dam sile
> gt
——
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