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Abstract

Attempts have been made to investigate the watalitguaspects at 8 sampling sites in Lake Nyamagdya
applying the hydrochemistry specific ion ratiosidgrboth wet and dry seasons. Standard methodexpetimental
procedures were acquired to analyze the filteretemsamples in the laboratory using the Inductiveupled

Plasma (ICP) machine for chemical determinationtalfeom the study depict significant variationstire water

quality parameters across the two seasons amdmgsatnpling sites. This phenomenon hampers the watdity

in the lake. Various processes are inferred asindyiforces including dissolution, precipitation,cdenposition,

nitrification, denitrification, fixation, evaporatn-crystallization, cation exchange, adsorptionptplynthesis and
dilution effect. The geology of the area also se@m&vor the observed trends. It is recommendatidHong term
water quality assessment be acquired to sustairetiyess the environmental management aspectse dfake

Nyamagoma within the Malagarasi Wetland Ecosystem.

Keywords. Water quality, hydrochemistry, specific ion rawpcesses, man-made activities, Lake Nyamagoma.

1. Introduction

Water is one of the most essential natural ressui@mesustaining life and it is likely to becomeétically scarce in
the coming decades, due to continuous increasésideémand and rapid increase in population alorthy thie
climatic pressures. It is important to understand predict their effects; particularly in lakes amdervoirs, where
all processes in the catchment and climate vaitybire integrated. Water totally dominates the noival
composition of all organisms (Wetzel 2001). It isessential physiological requirement of humansstowvival and
for provision of food and basic living needs wheaimtained in its appropriate quality. According\ietzel (2001)
and Dojlido and Best (1993) water quality is a dbeetopic that includes the physical, chemical biadogical
characteristics of water in relation to all othgdiological properties.

Natural water contains solutes derived from theirenment, both natural and fabricated (Drever 19&2)vial
transport of the solutes into lakes has impactawater quality. According to Cohen (2003), this iredo the fact that
the transport of solutes depends on topographyaté and land use activities within the lake’s nigia catchment
and the hydrological as well as the ecological gsses in the lake. The water quality parametetstirabe affected
include temperature, pH, turbidity, conductivitikalinity, dissolved oxygen, nitrate, phosphatdg;ates, chlorides,
sulfate and iron along with calcium, magnesium,iwodand potassium. Most of these parameters magy posie
health risks if they are above the standards (¥l & Langley 2001). In any evaluation of wateroteses, the
quality of water is of almost equal importance e tguantity available (Bell 1998 other words, the abiotic
characteristics of the water are of major imporgait determining whether it is or not suitable fmmestic or
agricultural use due to pollution consequencesli@j& Best 1993). The pollution may in turn leaddoor water
quality and thus increased waterworks operatioasiscand eventually pose health risks.

The growing influence of anthropogenic activities the catchment area of the Malagarasi-Muyovosi |&ddt
Ecosystem within the Lake Tanganyika basin is qalegming and hence, learning to explicate thenmesitable
(Cohenet al. 2005; Nkotagu 2005). The present study therefareked down water quality assessment using the
hydrochemistry specific ion ratios technique toradd the seasonal abiotic threats at Lake Nyamagdtha the
Malagarasi Wetland Ecosystem.

2. Materialsand M ethods

2.1 Study Area

The study was limited primarily to Lake Nyamagomishim the Malagarasi wetland ecosystem. A total hamof
eight (8) sites were chosen consequent to thegsadaility (Figure 1).
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2.2 Geology and Geomorphology of the Study Area

The topographic variations in Tanzania are strorggigitrolled by geology. The study area falls in epréssion
formed through faulting at the mesoproterozoic stmks of about 1,200 million years old with lithgy covering
shales, quartzites, dolomitic limestones, gneiaselsbasalts along with quarternary sediments (NMko& Athuman
2008; Pineet al. 2004).

2.3 Water sampling, Analysis and | nterpretation

Sampling was conducted during the dry season andeeson as per Crosby and Patel (1995). Waterleampre
collected depth wise using a 2-Litre water samgiiered using 0.45um size filter membrane, kefb ihalf-litre
plastic bottles and then stored &C4for chemical determination. Standard methods exmkrimental procedures
were acquired in the laboratory to analyze the wséenples as follows; unfiltered water samplesewested for
alkalinity using a titrimetric method with 0.1 N H@&nd results expressed as HC(@ng [') as explained by APHA
et al (1998). Nutrients including SIONO;, PO, and F&" were determined from the filtered water samplésguia
HACH Spectrophotometer DR/2010 model according &&CH (2002). The cations (&3 Mg?*, Na and K) were
measured from filtered water samples using thedtidely-Coupled Plasma (ICP) machine following APldAal.
(1998) and WHO (1993). The obtained data were apdlysing Sigma Plot 8.0 and Microsoft Excel paekaand
interpretation followed Bluman (2007), Gupta (20&pthari (2004), Davis (1986) and Drever (1982).

3. Results and Discussion

In the present study, sodium was considered asngeraior in calculating the specific ion ratios axan ideal
standard for comparison consequent to being foardgher concentrations in African waters (Nkot&gAthuman
2008; Bajjali 1996; Appelo & Postma 1994; Kilham909 Kilham 1971). Various water quality parameteese
analyzed by the specific ion ratios technique anohél the results as discussed hereunder.

3.1 Sodium / Potassium Ratio

Potassium ions show the correlation values less 86 in both seasons (Figures 2a & 2b). This iespthat,
aquatic macrophytes and animals might be redirgctime natural geochemical cycle of potassium by the
consumption and releasing from decaying plantsil&ity, Eugster (1970) and Winton and McCabe (1930 that
this could be the exchange on clay minerals togetith the precipitation of potassium feldspar.

3.2 Sodium/ Calcium Ratio

The calcium ions show the significant values = 52% andr? =53% in dry and wet seasons respectively. This
observation may be attributed to precipitation freafcium rich mineral and cation exchange in thiedmo waters.

3.3 Sodium / Magnesium Ratio

Magnesium ions do not show significant values ithbseasons (Figures 3a & 3b). This may probablyie to
magnesium’s solubility characteristics than thealcmm counterparts. As a result, significant amsuof
magnesium rarely precipitate as MgeCénd Mg(OH) (Horne & Goldman 1994). Magnesium carbonates and
magnesium hydroxide precipitate significantly omalyvery high pH values (> 10) under most naturalditoons
(Eugster 1970; Winton & McCabe 1970).

3.4 Sodium / Sulphate Ratio

Sulphate ions at various sampling sites show pomelation off > =13% andr? = 4% in dry and wet seasons
respectively (Figures 4a & 4b). This indicates itifluence of anaerobic condition and microbial ati&s involved
in the sulphur cycle at the lake. Under the anderobnditions, sulphate is reduced tgSHWetzel 2001; Horne &
Goldman 1994). Bacteria catalyze sulphate reductiprorganic matter as per the overall reaction nepgoin
equation (1) by Wetzel (2001):

2CH,0 + S6&¥——» 2HCO+ H,S (1)
Where; CHO represents organic matter. ThgShbroduced later forms major part, which react wighoxides in the
sediment to form iron sulphide minerals.

3.5 Sodium/ Chloride Ratio

The chloride ions at the sampling sites show aifsogmt valuer? = 71% in the dry season. This may be due to
evaporation-crystallization process (Winton & Mc@al970). However, in the wet season, the chlonds showed
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poor correlation value of > =43%. According to Wetzel (2001) and Eugster (1970)s thbservation could
probably be due to dilution effects triggered byface runoff as the result of poor agriculturalgtiges and bush
fires along with overstocking within the entire Mghrasi Wetland Ecosystem. Kilham (1990) pointg, ttheese
dense surface runoffs contain less dissolved kgalthng to dilution process.

3.6 Sodium/ Alkalinity (COs* + HCOy) Ratio
CO:* + HCOy ions from Lake Nyamagoma waters (Figures 5a & Smws significant correlation values of

r’=5% andr? =62% in dry and wet season respectively. The obserfeth@menon is consequent to £O
added in the water by the macrophytes during tepiraion process. High dissolution of calcium megjam rich
rocks may also reflect the relatively higher coricaions of calcium and magnesium in waters aloitg @0,> +
HCO; (Winton & McCabe 1970).

3.7 Sodium / Phosphate Ratio

The phosphate ions show poor correlation valué £ 46%) in the dry season (Figure 6a), indicating the
utilization by macrophytes and adsorption processarganic colloids and particulate matter. In wet season, the

phosphate ions show a significant correlation ve(lué =63%) (Figure 6b). PG is readily adsorbed on silt
particles (Golterman 1973) thus; the latter obs@amay probably be due to sediment trap by ad&orprocess
on to ferric hydroxide, Fe(OH)particles as inorganic phosphate (Lehman & Brewastr1994; Kilham, 1990;
Mortimer 1971). This is a consequence of increasedhg process. Higher values were observed at Cliadpoth
seasons. According to Nkotagu & Athuman (2008),0@@0and (2004) this is attributed to inputs frome th
agricultural and overgrazing activities.

3.8 Sodium/ Silica Ratio

The silica ions from Lake Nyamagoma waters showr pmorelation value I(2 = 22%) during the dry season
(Figure 7a) indicating the adsorption of silicath® dead cells and utilization of silica by diatofidkotagu &
Athuman 2008, 2007, 2004; Wetzel 2001; Wetzel &ng 1990; Werner 1977; Wetzel & Hough 1973). Howexe

significant value (2 =64%) is shown during the wet season (Figure 7b). Timy essentially be consequence of
dissolution of silicate minerals due to the low ahtl low temperature, which seems to control sidteamistry at the
lake. The study by Nkotagu & Athuman (2008) fouhd same trend of water quality parameters with kigjlnes
measured during the wet season. The inferred olenvmay be further supported by the geology efdtudy area
(Bell 1998; Davis 1986).

4. Conclusions and Recommendations

This study addressed the water quality assessnserg the hydrochemistry specific ion ratios teclueido explain
the seasonal abiotic threats at Lake Nyamagoma. de@ in the study reveal that the levels of wapeality
parameters vary significantly along the seasonsnasstothe sampling sites. Various processes ar@msipe as
driving forces including dissolution, precipitatiocslecomposition, nitrification, denitrification xftion, evaporation,
cation exchange, adsorption, photosynthesis andidatil effect. However, most of the elevated leveiswater
quality parameters were recorded during the wet@eaompared to the dry season and vary acrossathpling
sites attributing to inputs via inflows from thetcament disturbances by man-made activities. A ltargy water
quality assessment is recommended to sustainallyessl the environmental management aspects of ake L
Nyamagoma within the Malagarasi Wetland Ecosystem.

5. Acknowledgements

This work was funded by the Belgian Technical Caoapien (BTC), The Royal Geographical Society (UKpahe
US National Geographical Society (NGS). The authames grateful to the Ministry of Natural Resourcewdd
Tourism for the permission to work in the game resareas. We acknowledge the support from the idagoegion
administration and Tanzania Fisheries Researchtutest(TAFIRI). The analysis work was conducted thé
Tanzania Fisheries Research Institute (TAFIRI) igdfha and Southern and Eastern Mineral Centre (SEAN
Dar Es Salaam laboratories.

References

99



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) Ly

Vol.2, No.9, 2012 ||s]'E
APHA, AWWA & WEF (1998), “Standard Methods for Examation of Water and Wastewater”,"26d.,

American Public Health Association Press, Washin@€.

Appelo, C.AJ. & Postma, D. (1994), “Geochemistfyroundwater and pollution”,2" ed., A.A. Balkema,
Rotterdam, The Netherlands.

Bajjali, W. (1996), “Study of Hydrochemistry and i@amination of Groundwater in Jordan”, Dhuheil, &zt and
Sumra Publishers.

Bell, F. G. (1998), “Environmental Geologyrinciples and Practice”Blackwell Science Press, Britain.

Bluman, A.G. (2007), “Elementary Statisties Step by Step Approacts™ ed., McGraw-Hill, New York.

Cohen, A. S., Palacios-Fest, M. R., Msaky, E. 3n,/8. R., McKee, B., O'Reilly, C.M., Dettman, D., Nkotagu,
H. H. & Lezzar, K. E. (2005), “PaleclimnologicaMestigations of anthropogenic environmental change
Lake Tanganyika: IX. Summary of paleorecords ofiemmental change and catchment deforestation at
Lake Tanganyika and impacts on the Lake Tangarsiéksystem”Journal of Paleolimnology34: 125-145.

Cohen, A. S. (2003), “Paleolimnologyhe History and Evolution of Lake Systen@%ford University Press, New
York.

Crosby, N. T. & Patel, I. (1995), “General Pringplof Good Sampling Practice”, Royal Society of i@istry Press,
Cambridge.

Davis, J. C. (1986), “Statistics and Data Analysi&eology”, 2° ed., John Willey and Sons Publishers, New York.
Dojlido, J. & Best, G. A. (1993), “Chemistry of Watand Water Pollution”, Ellis Harwood Publisheg.
Drever, J. I. (1982), “The Geochemistry of Natuhtdters”, Prentice-Hall Inc. Press, Engelwood Chféew Jersey.
Eugster, N. (1970), “Chemistry and Origin of Brirdd_ake Magadi, Kenya'Journal of Socio and

American Speculatiorg(1):95-108.
Gupta, S. P. (2006), “Statistical Methods”"3H., Sultan Chand and Sons, New Delhi.

HACH Company (2002), “Water Analysis Handbook* &d., Loveland Press, Colorado, USA.
Horne, A. J. & Goldman, C. R. (1994), “Limnolog2™ ed., McGraw-Hill Press, USA.

Kilham, P. (1971), “Biogeochemistry of African Lakand Rivers”, A dissertation for the degree of RiilDuke
University.

Kilham, P. (1990), “Mechanism Controlling the Cheali Composition of Lakes and Rivers: Data from édfi
Journal of Limnology and Oceanograpl®p(2):150-162.

Kothari, C. R. (2004), “Research Methodoloethods and TechniquesNew Age International (P) Ltd, India.

Lehman, J. T. & Bronstrator, D. K. (1994), “NutrieDynamics and Turnover Rate of Phosphate and t8uifia
Lake Victoria, East Africa”Journal of Limnology and Oceanograptp(3):76-88.

Mortimer, C. H. (1971), “Chemical Exchanges Betw&adiments and Water in the Great Lakes-specuation
Probable Regulatory Mechanisndburnal of Limnology and Oceanograph(1):134-146.

Nkotagu, H. H. & Athuman, C. B. (2008), “The Limrexgogy of the Lakes Sagara and Nyamagoma”,
Tanzania Journal of Engineering and Technold2f§):12-21.

Nkotagu, H. H. & Athuman, C. B. (2007), “The Limgly of the Lake Tanganyika Sub Catchment”,
Tanzania Journal of Sciencg3:19-26.

Nkotagu, H. H. (2005), “Paleolimnological investiigas of anthropogenic change in Lake Tanganyika:
VIII. Hydrological evaluation of two contrastingatersheds of the Lake Tanganyika catchment”,
Journal of Paleolimnology34:107-123.

Nkotagu, H. H. & Athuman, C. B. (2004), “The Limrexjogy of the Malagarasi Wetlands” chaptar,
Nkotagu, H. H. & Ndaro, S. G. M. (eds), The MalagaMWetland Ecosystemn Integrated
Study Dar es Salaam University Press, pp 1-36.

Pina, P., Muhongo, S., Le Goff, E., Mcharo, B. Beschamps, Y., Milesi, J. P., Vinanger, P. & Raky(2004),
“Geology and Mineral Map of Tanzania (Scale 1: B,000)",BRGM-UDSM-GST.

Werner, D. (ed.) (1977), “Biology of Diatoms”, Umsity of California Press, Berkeley.

100



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) Ly

VOL2, No.9, 2012 IStE

Wetzel, G. R. & Hough, R. A. (1973), “Productiviand Role of Aquatic Macrophytes in Lakes: on Assesg”,
Journal of Archeology and Hydrobiologia)(1):85-97.

Wetzel, R. G. & Likens, G. E. (1990), “Limnologicahalyses”, 2° ed., Springer-Verlag Press, New York.
Wetzel, R. G. (2001), “Limnologytake and River Ecosystem$& ed., Academic Press, USA.

Williams, L. K. & Langley, R. L. (2001), “Environmental Healthe&@ets”, Hanley and Belfus, Inc. Press,
Philadelphia.

Winton, E. F. & McCabe, L. J. (1970), “Studies Riglg to Water Mineralization and Health¥purnal of American
Water Work Associatio2(3):123-136.

WHO (1993),“Guidelines for Drinking Water Quality”,"d ed., recommended levels: World Health
Organization, Geneva.

Author Biographies

Charles Buteta Athuman is an Assistant Lecturer in the Department of Gaplgy at Stella Maris Mtwara
University Collegg(A Constituent College of St. Augustine Universftiffanzaniajn Tanzania. He holds a Masters
Degree in Integrated Environmental Management fitoenUniversity of Dar Es Salaam. His area of spieeition is
tropical aquatic ecosystems. He has researchedisipedh papers and chapters in books and presentedtific
research findings in both national and internati@eaferences, workshops and symposia. His researdheaching
interests include limnology, limnogeology and imsaaf climate change on natural resources.

Hudson Hamisi Nkotagu is a Senior Lecturer in the Department of Geolagthe University of Dar Es Salaam in
Tanzania. He holds a PhD in Hydrogeology from TeécdirUniversity of Berlin in Germany. He has vasperience
in the field of tropical aquatic ecosystems. He fesearched, published numerous papers and bodksrasented
research findings in the national and internatiamadferences, workshops and symposia. His researdheaching
interests include hydrology, hydrogeology, limnoil@nd limnogeology.

T
Sampling Sitei ..o emedrssms
Mouth of Malagarasi River. ......
MEUMU. ... ..o sinmaivs coiilionsinnss
Mhama Mmoja....................
KIQORWE..: cconusnsnsse s suswannd
Mouth of Moyowosi River........
Kabogo.. ................. ...
Chagu........cocovveiieiii. )
Mtega (Mouth of Igombe River)...
Settlement/Village.. ........... ¢
Railway line..... .............

Nguruka Station

31700‘ 31715’E

Figure 1. A location map showing the sampling sites
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