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Lake Naivasha is a fresh water lake, approximately 145 km2 in area situated in the Eastern Rift Valley of Kenya (00 45 S` and 360 20 E). It is considered to experience some sort of anthropogenic-induced stress, the effect of which is manifested in the decline of fish catch and low biodiversity (Malala et al., 2001).  Laboratory studies have shown that survival of fry of brown trout is reduced by Al concentrations of 250µg/l and their growth reduced by one tenth of this concentration (Alan Wild 1993).

To determine whether seasonal changes in physicochemical parameters triggers the release of heavy metals, flux measurements were conducted in situ and in the laboratory. 
In situ flux experiments were set-up during the rainy season.  To perform the experiment plexi glass incubation jars (enclosing an area of 0.066m2) were set up at the sewage input point (station SS) and at the paprus field next to the hortcultural farms (station SH). Laboratory flux experimental set-up comprised of sediment samples from the exposed riparian land sampled during the dry season at both the above sites.

Aluminium in situ fluxes were about one order of magnitude higher at the site next to the municipal sewage input point (6.96 mmoles/m2hour), as compared to the site near the horticultural farms (0.95 mmoles/m2hour). Contrary to the assumption that flooding during the rains would trigger the release of heavy metals due to changes in physicochemical parameters, it seemed not to apply with Al; laboratory fluxes of sediment samples collected during the dry season were quite low and could as well be considered as zero. Aluminium in situ fluxes at station SH were highly influenced by redox potential variation, mainly caused by the translocation of oxygen through the papyrus roots.  Fluxes were twice as high at the site whose Al exchange correlated less inversly with Eh (where r=-0.43 flux= 4.02mmoles/m2/hour and where r=-0.93 flux=2.30mmoles/m2/hour). However the prevailing Al exchange was influenced by humic and fluvic acid solubalization (pH r=0.94 and pH r=0.93).

Similarly Cu In situ fluxes were higher at station SS (1.71moles/m3/hour) and correlated positively with water pH r=0.89, an indication that dissolution of Cu was mainly from humic and fluvic acids.  The mobility of organic-Cu may be significant under high pH conditions (Murray, B. McBride 1994). Copper in situ fluxes at the papyrus field (station SH) were negative (-0.078moles/m3/hour) and related inversely with Eh (r=-0.91).  An indication that Cu was being co-precipitated onto redox sensitive metals.  Papyrus translocate oxygen form the air to the root rhizomes through their internal gas space aerenchyama (Denny et al.,1995), and would therefore mean that the surrounding sediments were aerated and had high Eh values, leading to precipitation of redox sensitive metals.
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		Aluminum water samples by flame AAS

		Blank		0.001

		Satandards (ppm)		Abs

		1		0.004

		2		0.008

		4		0.016

		8		0.033

		10		0.041

														seasonal difference

		Samples		Abs		Dilution		dry season Concentration		Mean		Stdev		Ftest		Samples		Abs		Dilution		wet season Concentration		Mean		Stdev

		SC1		1.02		2.278		2.32356		4.04481		1.7110399216		0.000353584		SC2		1.02		1.073		1.09446		1.19017		0.2191784361

		SC1		1.02		5.17		5.2734								SC2		1.02		0.915		0.9333

		SC1		1.02		3.055		3.1161								SC2		1.02		1.095		1.1169

		SC1		1.02		6.475		6.6045								SC2		1.02		1.231		1.25562

		SC1		1.02		4.413		4.50126								SC2		1.02		1.135		1.1577

		SC1		1.02		2.402		2.45004								SC2		1.02		1.552		1.58304

		SS1		1.02		5.442		5.55084		6.99618		0.8822508264		0.4954888968		SS2		1.02		7.459		7.60818		6.61181		0.6387622176

		SS1		1.02		7.276		7.42152								SS2		1.02		6.454		6.58308

		SS1		1.02		6.613		6.74526								SS2		1.02		6.752		6.88704

		SS1		1.02		7.216		7.36032								SS2		1.02		6.497		6.62694

		SS1		1.02		6.605		6.7371								SS2		1.02		6.159		6.28218

		SS1		1.02		8.002		8.16204								SS2		1.02		5.572		5.68344

		SR1		1.02		3.947		4.02594		4.11077		0.1751330396		0.0040095628		SR2		1.02		3.327		3.39354		3.54773		0.8247085514

		SR1		1.02		4.012		4.09224								SR2		1.02		3.657		3.73014

		SR1		1.02		4.303		4.38906								SR2		1.02		4.184		4.26768

		SR1		1.02		4.074		4.15548								SR2		1.02		1.939		1.97778

		SR1		1.02		3.78		3.8556								SR2		1.02		3.776		3.85152

		SR1		1.02		4.065		4.1463								SR2		1.02		3.986		4.06572

		SM1		1.02		2.982		3.04164		3.22286		0.1206288184		0.0041273943		SM2		1.02		3.162		3.22524		3.86359		0.5645496518

		SM1		1.02		3.063		3.12426								SM2		1.02		3.24		3.3048

		SM1		1.02		3.218		3.28236								SM2		1.02		3.717		3.79134

		SM1		1.02		3.155		3.2181								SM2		1.02		4.048		4.12896

		SM1		1.02		3.245		3.3099								SM2		1.02		4.656		4.74912

		SM1		1.02		3.295		3.3609								SM2		1.02		3.904		3.98208

		SH1		1.02		2.82		2.8764		2.77542		0.5267161881		0.0248136393		SH2		1.02		3.767		3.84234		3.679956		0.1266554992

		SH1		1.02		1.828		1.86456								SH2		1.02		3.641		3.71382

		SH1		1.02		3.005		3.0651								SH2		1.02		3.586		3.65772

		SH1		1.02		3.132		3.19464								SH2		1.02		3.422		3.49044

		SH1		1.02		2.82		2.8764								SH2		1.02		3.623		3.69546

		SH1														SH2		1.02		3.323		3.38946
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Vt(Ct-Co) mmoles Al

Seawage site 'a' in situ Al flux

0

1150.2053372869
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2768.88102298
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2502.2635285397

5723.2494440326



SH b

		2

		4

		6

		8



Vt(Ct-Co)

Time in hours

Vt(Ct-Co)
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174.1489992587

221.9243884359
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517.9581171238

355.5633802817

769.1397331357

848.985544848
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Time in hours
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Station PB site 'a' in situ Al flux

723.1134173462

408.1578947368

1911.0155670867

2061.704966642
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3.11897702
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flux

		Aluminum water samples by flame AAS

		Aluminum water samples by flame AAS

		Blank		0.001

		Satandards (ppm)		Abs

		1		0.004

		2		0.008

		4		0.015

		8		0.03

		10		0.036

		Samples		Abs		Dilution		Conc		Actual conc						Samples		Abs		Dilution		concentration								Samples		Abs		Dilution		concentration				Mean

		SS a1 t=0		0.007		1.02		1.748		1.78296		2.16087				SH a1 t=0		0.006		1.02		1.567		1.59834		1.58967				PB a1 t=0		0.014		1.02		3.426		3.49452		3.8352

		SS a2 t=0		0.01		1.02		2.489		2.53878						SH a2 t=0		0.006		1.02		1.55		1.581						PB a2 t=0		0.016		1.02		4.094		4.17588

		SS a1 t=2		0.01		2.02		2.563		5.17726		5.53177				SH a1 t=2		0.006		2.02		1.459		2.94718		2.83204				PB a1 t=2		0.013		2.02		3.401		6.87002		6.78316

		SS a2 t=2		0.012		2.02		2.914		5.88628						SH a2 t=2		0.006		2.02		1.345		2.7169						PB a2 t=2		0.013		2.02		3.315		6.6963

		SS a1 t=4		0.004		3.02		1.039		3.13778		5.28349				SH a1 t=4		0.003		3.02		0.803		2.42506		2.42959				PB a1 t=4		0.008		3.02		1.964		5.93128		5.46469

		SS a2 t=4		0.01		3.02		2.46		7.4292						SH a2 t=4		0.003		3.02		0.806		2.43412						PB a2 t=4		0.007		3.02		1.655		4.9981						`

		SS a1 t=6		0.01		4.02		2.407		9.67614		7.11942				SH a1 t=6		0.003		4.02		0.81		3.2562		3.42504				PB a1 t=6		0.009		4.02		2.293		9.21786		11.62986

		SS a2 t=6		0.005		4.02		1.135		4.5627						SH a2 t=6		0.004		4.02		0.894		3.59388						PB a2 t=6		0.014		4.02		3.493		14.04186

		SS a1 t=8		0.012		4.02		3.111		12.50622		11.84895				SH a1 t=8		0.004		4.02		0.924		3.71448		3.618				PB a1 t=8		0.011		4.02		2.788		11.20776		12.24894

		SS a2 t=8		0.011		4.02		2.784		11.19168						SH a2 t=8		0.004		4.02		0.876		3.52152						PB a2 t=8		0.013		4.02		3.306		13.29012

		SS b1 t=0		0.015		1.02		3.998		4.07796		2.80143				SH b1 t=0		0.009		1.02		2.157		2.20014		2.05938				PB b1 t=0		0.008		1.02		2.013		2.05326		2.97177

		SS b2 t=0		0.006		1.02		1.495		1.5249						SH b2 t=0		0.008		1.02		1.881		1.91862						PB b2 t=0		0.015		1.02		3.814		3.89028

		SS b1 t=2		0.029		2.02		8		16.16		15.47623				SH b1 t=2		0.006		2.02		1.472		2.97344		2.8381				PB b1 t=2		0.007		2.02		1.659		3.35118		2.95122

		SS b2 t=2		0.028		2.02		7.323		14.79246						SH b2 t=2		0.005		2.02		1.338		2.70276						PB b2 t=2		0.005		2.02		1.263		2.55126

		SS b1 t=4		0.027		3.02		7.081		21.38462		23.31591				SH b1 t=4		0.004		3.02		1.054		3.18308		3.04718				PB b1 t=4		0.008		3.02		2.059		6.21818		5.87692

		SS b2 t=4		0.031		3.02		8.36		25.2472						SH b2 t=4		0.004		3.02		0.964		2.91128						PB b2 t=4		0.007		3.02		1.833		5.53566

		SS b1 t=6		0.012		4.02		2.933		11.79066		14.18256				SH b1 t=6		0.003		4.02		0.81		3.2562		3.2562				PB b1 t=6		0.005		4.02		1.329		5.34258		5.82096

		SS b2 t=6		0.016		4.02		4.123		16.57446						SH b2 t=6		0.003		4.02		0.81		3.2562						PB b2 t=6		0.006		4.02		1.567		6.29934

		SS b1 t=8		0.024		4.02		6.226		25.02852		28.88571				SH b1 t=8		0.003		4.02		0.766		3.07932		2.47431				PB b1 t=8		0.005		4.02		1.162		4.67124		5.63805

		SS b2 t=8		0.031		4.02		8.145		32.7429						SH b2 t=8		0.002		4.02		0.465		1.8693						PB b2 t=8		0.007		4.02		1.643		6.60486

																SH out t=0		0.009		1		2.309		2.309

																SH out t=4		0.003		1		0.788		0.788

																SH out t=6		0.01		1		2.598		2.598

				SSa										SSb										conc in ppm		conc µmoles/3		number of µmoles								PBa t=0		3.76		139362.490733877

				conc in ppm		conc µmoles/m3		number of µmoles						conc in ppm		conc µmoles/m3		number of µmoles				SHb t=0		2.019		74833.2097850259										PBa t=2		6.716		248925.129725723

		t=0		2.1185		78521.1267605634		725.5352112676				SSb t=0		2.7465		101797.627872498		604.6779095626				SHb t=2		2.81		104151.223128243										PBa t=4		5.4285		201204.595997035

		t=2		5.477		203002.223869533		1875.7405485545				SSb t=2		15.323		567939.214232765		3373.5589325426				SHb t=4		3.027		112194.217939214										PBa t=6		11.572		428910.303928836

		t=4		5.2485		194532.987398073		1797.4848035582				SSb t=4		23.1615		858469.23647146		5099.3072646405				SHb t=6		3.24		120088.95478132										PBa t=8		12.188		451742.031134173

		t=6		7.084		262564.862861379		2426.0993328391				SSb t=6		14.112		523054.114158636		3106.9414381023				SHb t=8		3.064		113565.604151223

		t=8		11.79		436990.363232024		4037.7909562639				SSb t=8		28.742		1065307.6352854		6327.9273535952																				Vt(Ct-Co)

		Vt(Ct-Co)																						Vt(Ct-Co)												2		723.1134173462

				Vt(Ct-Co)										Vt(Ct-Co)								2		174.1489992587												4		408.1578947368

		0		0								2		2768.88102298								4		221.9243884359												6		1911.0155670867

		2		1150.2053372869								4		4494.6293550778								6		268.819125278												8		2061.704966642

		4		1071.9495922906								6		2502.2635285397								8		230.0704225352

		6		1700.5641215715								8		5723.2494440326																								conc in ppm		conc µmoles/3

		8		3312.2557449963																																PBb t=0		2.9135		107987.398072646

																								conc in ppm		conc µmoles/m3		number of µmoles								PBb t=2		2.922		108302.446256486

																						SHa t=0		1.5585		57765.0111193477										PBb t=4		5.838		216382.505559674

																						SHa t=2		2.804		103928.836174944										PBb t=6		5.792		214677.538917717

																						SHa t=4		2.4135		89455.1519644181										PBb t=8		5.61		207931.801334322

																						SHa t=6		3.408		126315.789473684

																						SHa t=8		3.6		133432.171979244												Vt(Ct-Co)

																																				2		3.11897702

																								Vt(Ct-Co)												4		1073.1115641216

																						2		517.9581171238												6		1056.2323943662

																						4		355.5633802817												8		989.4495922906

																						6		769.1397331357

																						8		848.985544848





Seasonal chart

		SC		SC		0.0894971156		0.0894971156		0.6986688124		0.6986688124

		SS		SS		0.260825732		0.260825732		0.3602494187		0.3602494187

		SR		SR		0.3367531855		0.3367531855		0.0715120619		0.0715120619

		SM		SM		0.2305225201		0.2305225201		0.0492563571		0.0492563571

		SH		SH		0.0517172312		0.0517172312		0.2355618015		0.2355618015



dry season

Wet season

Stations

Concentration in ppm

Dissolved Aluminum

4.04481

1.19017

6.99618

6.61181

4.11077

3.54773

3.22286

3.86359

2.77542

3.679956



Mean

		

				dry season		Stdev		Wet season		Stdev		Mean

		SC		4.04481		1.7110399216		1.19017		0.2191784361

		SS		6.99618		0.8822508264		6.61181		0.6387622176

		SR		4.11077		0.1751330396		3.54773		0.8247085514

		SM		3.22286		0.1206288184		3.86359		0.5645496518

		SH		2.77542		0.5267161881		3.679956		0.1266554992

						S.E				S.E

						0.6986688124				0.0894971156

						0.3602494187				0.260825732

						0.0715120619				0.3367531855

						0.0492563571				0.2305225201

						0.2355618015				0.0517172312






