


























































































































As indicated in (Table 6) the physico- chemical parameters of the water were significantly 

different between the sampling sites . The d ifferent concentrati on the heavy metal in fis h muscle 

between the sampling sites might be due to that physico-chemical properly of the lake. 

Add itional factor cou ld be due to degree of pollution and form metal in the water (Ogoyi e/ al. 

20 11 ; OzparJak et al., 2012) . 

4.2.4, Metal accumulation in relation to fi sh species 

Heavy metals accumulati on were signifi cant ly (p<O .05) affected by species (Tab le 8). Chromium 

concentration was the highest concentration in all fi sh species. Metals accumulation were as such 

order Cr> Cd >Pd in all fi sh species. Lead was not detected in a ll fish species fi llets. Chromi uJl1 

concentrations was signifi cantly (p<0.05) different among different fi sh species. Cgariepil7l1s 

was signifi cantly higher chromium accomulation value (42.S6 fLg/kg) relative to both 0. l7ilo/iells 

(7 .43Ilg/kg) and L.intermedius (29 .SfLglkg) chromium mean accum ulations in fish fill ets . 

Cadmium accumulation was significantly (p<O.05) affected by d ifferent fis h specie. Signifi cantly 

(p<O.OS) higher cadmium mean accumulati on value of fill ets ( 1.l 4fLg/kg) was reco rded in 

o'niloticus relatively to cadmium mean accumulation value of (O .27flg/kg) L. interlllcdill.1 

fi llets.O.niloticus and L.intermedius were no significant (p>O.OS) varied in cadmium mean 

accumulation values of fill ets . 

Table 8: Heavy metal concentrations in the three commercially important fis h species from Lake TanH, 

guideline va lues from WHO (198S)/FEPA (2003)/FAO (1983) in fi sh Food illlTlg/L 

N Parameters 

Fish species Chromium Cadm ium Lead 

0. nita/ieus 24 7.43±0.06 ' 1. 14±0.OS ' ND 

C. gariepinus 24 42.56±0.06 ' 1.08±0.OS ' ND 

L. intermedius 24 29.5±0.06 b O.27±0.05 b ND 

Limit in fi sh food' O.I S- I 2 2 

N-sample si=e of jish.Col1sidering the mean concentrations between the three Va/ties with d!l/eren/ 

superscripts within the column were significantly different (p<O. 05). Concenlrations are given in pg kg- / \LIel 'hn·isl 

ND: NOl deleeled 

* Limit set by WHO (1985), FEPA (2003), and FAO (1983) . 
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Accomulation of Cd and Cr were very low in 0. niloticus, C. gariepinus and L. intermedius of 

Lake Tana than fishes fr0111 Lake Awassa and Ziway. Present study revealed that the presence o f" 

Species-specific heavy metal s accumulation wh ich is more or less consides with in ves ti ga ti on 

reported by Dsikowitzky et al.(2012) higher Hg levels in L. intermedius than in C gariepinus 

were detected from lake Awassa. The reverse were revealed by Ataro et al.(2003) from Lake 

Awassa and Lake Ziway which was absence of significant difference in concentrations of the 

analyzed trace metal s between o.niloticus and C.gariepinlls. 

Higher Cr levels in C. gariepinus than in L. intermedius were detected, although both spccics 

inhabi t the deeper parts of the lake and both are carinivorous.The distributions or hab itat 

selection of different fish species, or size classes within a species, in a lake depends on several 

factors including the physiological adaptation of the species to specific environments (Dadebo el 

aI., 2013). Different size classes of each species may also have different habitat preferences (Pet 

& Piet 1993), in most cases associated with the avai lability of suitable food and protection from 

predators for the young. 

Hence, feeding habits and size of the species may affect the Cr accumulation of C gariepinus. As 

it showed in (Table l ) C.gariepinus were longer and heavier relative to L. intermedius. Theref"ore 

the differences may be due to C gariepinus inhabit the deeper parts of the lake as a result spec ies 

dependents on sediment and burrows in mud. Zhang et al. , (2007) reported that muscle Cr [ro111 

bottom fish exceed more than 50% of the Chinese food standards. Some meta ls were not full y 

di ssolved within the water column but precipitated into sediments, causing a higher ri sk of 

contact and further absorption by benthic organisms and the bottom-dwell ing fauna preyed upon 

by this species (Forero et aI., 2009). 

Other than habitat and size the rate of bioaccumulation of heavy metals in organisms depends on 

the abili ty of organisms to digest the metals (Eneji et aI. , 201 1). 0. nitotieus is mainly reed ing on 

algae and zoop lankton (Dsikowitzky et al., 2012) and is therefore on a lower trophic level than 

the other two fi sh species . A lower Cr level in thi s species compared with C. gariepinus is in 

accordance with the concept of Cr biomagnification in aquatic food. The accu111ulations of Cr, 

Cd and Pb in the ed ible muscle of the three fi sh species co llected fro111 Lake Tana were far below 
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the FAO (1 983), FEPA (2003) and WHO (1985) Limit (Table 8). Hence the consumpt ion of thi s 

fi sh seems to pose no threat to human health regard ing to these metal s. 

4.2.5. Interaction effect of location and species in meta l accul11ulation 

The statistical analysis revealed that there was significant (p<0.05) interaction effect among the 

d ifferent location and the three fi sh species (appendix 3). Bioaccumulation factors and metal 

concentration in different species of fi sh appreciably vary with the bioavailability o f meta ls in 

seawater, as well as to inter-specific differences of fi sh species (Nair and Joseph, 20 I 0) . So the 

reason for the interaction effect between location and species might be the interacti on effect o t' 

bioavailability of heavy metal in the water (Yehia and Sebaee, 2012) and feeding habi ts (as 

carnivores, herbivores, omnivores and limni vores) and habitat s of species (Akan el ai. , 20 12; 

Nwani et ai., 2010). 

4.2.6. Risk assessment 

This study was undeliaken to investigate heavy metal concentrati ons in edible parts (muscles) of 

tlU'ee commerciall y important fi sh species in lake Tana, and to examine whether their leve ls are 

potentia lly harmful for human health if included in the diet. Provisional Tolerable Weekly 

Intakes (PTWI) is set for substances, such as heavy metals, that are contaminants in food and are 

Imown to acculll ul ate in an imals and humans . Its value represents permiss ible hu man weekly 

exposure to those contaminants unavoidably associated with the consumpt ion o r otherlVise 

wholesome and nutritious foods. 

Like in other organisms, heavy metal s are not destroyed by humans. Instead, they tend to 

accumulate in the body and can be stored in soft and hard ti ssues sllch as li ver, muscles and bone 

• and tlU'eaten the health of humans (Elnabris, 2012). Table 9 shows PTWr o f heavy metals given 

by WHO ( 1993). 
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Table 9: Comparison of concentrations of heavy metals in musc le t issue of three fi sh spec ies frolll 

LakeTana in fll kg-I wet weight with WH O (1993) recom menclation 

Heavy meta ls Fish species 

Cd o.niloticus 

Pb 

C. gariepinus 

L. intermedius 

0. nitoticus 

C. gariepinus 

L. intermedius 

Mean conc. fis h 

muscle 

1.143±0.05 

l.O83±0.05 

O.272±0.05 

NO 

NO 

NO 

Estimated human Tolerable humall 

intake intake 

0.21 420 

0.09 420 

0.02 420 

1500 

1500 

1500 

Estimated weekly intake a/metals was calculaled as described in "Human e::..poslfre estimales ", Provisional 

lolerable weekly intake (PTW/) in microgrammes pel' kilogral1ll11e human bO(0' weight was given by W/-fO in /993 

(Cd, Ph) and calculatedfor an adult of60 kg 

The estimated weekly intake of heavy metals considering the amount of consumed fi sh anci the 

measured metal levels in the fish muscle were calculated ("Human exposure estimates"). Tab le 9 

shows that these weekly intake estimates were considerably far below than the tolemble human 

intake values provided by WHO (1993). This result implies that Cd and Pb pose no public heal! h 

hazard through consumption of the fi sh species considered in the present study. No tol emble 

human intake values for Cr from food were provided by WHO, may be because Cr is not very 

toxic when introduced by the oral route (Adegbola el aI. , 2012). 
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5. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

From the present study it can be concluded that, there is variation among sex, location and 

species with regard to proximate composition and gross energy content. Female fi sh conta ined 

significantly higher protein, fat, ash and gross energy as compared to male. Whi le male moi sture 

content was significantly higher than fema le fi shes. Different sampling locations and fi sh species 

significantly affected proximate composition. From a nutritional point of view, the three fi sh 

species demonstrated acceptable qual ity; in particu lar, o.niloticus had the highest levels of' 

protein and ash content compared to the other species. However, consumers who need to reduce 

the ri sk of card iovascular di sease and diabetes should be cautious about the L. intermedius due to 

its high fat content. Statistical analysis al so revealed that there was significant interact ion effect 

among location, sex and species. Consumers may receive some health benefits consuming those 

three fish species due to its nutritional value. 

This study as well reported that the heavy metal concentration and physicochemical variables 

such as temperature, pH, TDS and EC of sampling location of Lake Tana was below or withill 

the range of the recommended limit of WHO (2008). Cr and Cd accumulations in muscle of th t! 

three fi sh species showed that there was variation throughout the lake and their accumulations 

are lower than safety threshold va lues provided by the FAO(l983), FEPA (2003) and WH O 

(1985). Hence the anthropogenic pollution of thi s lake seems to pose no tlu'eat of heavy melli l 

accumulation regarding to these fish species. Also, the present work has elucidated the eat ing 

quality oflake Tana fi shes and safety for the consumers'consumption. 

5.2 Rccommcndations 

Studied parameters varied based on main effects. Therefore is important that factors considered 

in the present study should be taken into account when selection of the fi sh species in Lake Tana 

is desired. Although all results of heavy metal concentrations studied showed that regular 

consumption of the t1u'ee fi sh species may not cause any obviolls harm effect on human health, 

the fo llowing recommendations should be taken into consideration: 
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./ The responsible body should stop the di sposal of waste matter ancl resolve lack of' 

sewerage system. If not the elevation of metal concentrations in the affected lake would 

only be a matter of time . 

./ Further research concerning the whole lake area and other metals (J-Ig, As, Cu, Zn, Fe ... ) 

could be important. 

./ Further research on the interactiob between the water co lumn ancl the sedmen t in the 

bottom of the lake and fish and other biot ic components of the ecosystem 
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APPENDICES 

Appendix 1 Calibration cu,"ve of Cd, Cr and Pb 
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Appendix 2 The ANOV A table of proximate analysis 
Tests of Between-S ubj ects Effec ts 

o d V' bl epcn ent ana e: protem 

Source Type III Sum of df Mean SC]lJarC 
Squares 

Corrected Model 444.342' 35 12.695 
Intercept 29372.648 I 29372.6'18 
LOCATION 14.396 5 2.879 
SEX 26.324 I 26. 324 
SPECIES 295.088 2 147.544 
LOCATION' SEX 3.537 5 .707 
LOCATION' SPECIES 95.378 10 9.538 
SEX' SPEC IES 1.31 'I 2 .657 
LOCATION' SEX' SPECIES 8.303 10 .830 

Error .959 72 .013 

Total 29817.949 108 

Corrected Total 445.30 I 107 

a. R Squared - .998 (Adjusted R Squared - .997) 
Tests of I3 ctwcc ll-Subj ccts Effects 

D d tV . bl epcn en ana e: . t !nOI S ure 

Source Type III Sum of df Mean SClllarc 
Squares 

Corrected Model 171.229' 35 4.892 
Intercept 690 147.425 I 690 147.425 
LOCATION 9.340 5 1.868 
SEX 45.270 I 45.270 
SPEC IES 48.395 2 2'1. 198 
LOCATION ' SEX 3.3 16 5 .663 
LOCATION ' SPECIES 56.500 10 5.650 
SEX' SPECIES 4,4 02 2 2.20 1 
LOCATION' SEX ' SPECIES 4.005 10 AD I 
Error 2.282 72 .032 

Total 690320.935 108 

Corrected Total 173 .510 107 

n. R Squared - .987 (AdJusted R Sq uared - .980) 

Tests of Between-Subjects Effects 
Dependent Variable' fat , , 
Source Type II I Sum of df Mean SqU <lr\: 

Squares 
Corrected Model 12 1.7 16' 35 3.478 
Intercept 267. 058 I 267.058 
LOCATION 18.636 5 3.727 
SEX 8.1 07 I 8.107 
SPEC IES 59.632 2 29.816 
LOCATION' SEX .61 1 5 .122 
LOCATION' SPECIES 27.968 10 2.797 
SEX ' SPECIES 2.937 2 1.468 
LOCATION' SEX' SPECIES 3.824 10 .382 

Error .078 72 .00 1 

Total 388.852 108 

Corrected TOlal 12 1.794 107 

a. R Squared - .999 (AdJusted R Sq uared - .999) 

F Sig. 

953.353 .000 
2205705.720 .000 

216.2 17 .000 
1976.792 .000 

11079.660 .000 
53 .1 22 .000 

7 16.23 1 .000 
49.354 .000 
62.353 .000 

F Sig. 

154.382 .000 
2 1778609.087 .000 

58.946 .000 
1428.560 .000 
763.594 .000 

20.928 .000 
178.295 .000 
69.457 .000 
12.639 .ouo 

F Sig. 

3210.088 .000 
2465 14.777 .000 

3440.527 .000 
7483,488 .000 

27522.387 .000 
112.889 .000 

258 1.703 .000 
1355.314 .000 
353 .007 .000 
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Tests of llet wecn-Subjects Effects 
D d tV . bl cpcn en aria e: as 1 

Source Type 111 Sum of df Mean Square F Sig. 
Squares 

Corrected Model 3.1 11' 35 .089 23.728 .000 
Intercept 210.844 I 210.844 56284.681 .000 
LOCATION .720 5 . 144 38.463 .000 
SEX .599 I .599 160.025 .000 
SPECIES .496 2 .248 66.203 .000 
LOCATION' SEX .1 53 5 .031 8.187 .000 
LOCATION' SPECIES .985 !O .099 26.295 .000 
SEX' SPECIES .009 2 .004 I. 146 .324 
LOCATION' SEX' SPECIES .148 10 .0 15 3.956 .000 

Error .270 72 .004 

Total 214.224 108 

Corrected Total 3.381 107 

a. R Squared - .920 (Adj usted R Squared - .881 ) 

Tests of ll etween-Subjects Effects 
D d V' hi epcll ent ana e: tota energy 
Source Type III Sum or dr Mean Square F Sig. 

Squares 
Corrected Model 8533.83 7' 35 243.824 11 36.463 .000 
Intercept 688894.725 I 688894.725 3210937.393 .000 
LOCATION 2565.244 '5 513.049 2391.320 .000 
SEX 2373.51 6 I 23 73.5 16 11 062.953 .000 
SPECIES 73 3.777 2 366.889 17 10.067 .000 
LOCATION ' SEX 50.832 5 10.166 47.386 .000 
LOCATION' SPECIES 2317.258 10 231.726 1080.07'1 .00l! 
SEX' SPECIES 57.679 2 28.840 13tlA22 .000 
LOCATION' SEX' SPECIES 435.530 10 43.553 203.00 I .000 

Error 15.447 72 .2 15 

Total 697444.0 I 0 108 

Corrected Total 8549.284 107 

a. R Squared - .998 (AdJusted R Squared - .997) 

Appendix 3 The ANOVA tab le of Physicochemica l Parameters and Heavy Metals 
Tesls or lJelween-S lI bjeels Erreels 

Dependent Variable ' Chromium 
Source Type III Sum of df Mean Square F Sig. Partial Ela 

Squares SqurH'l.!d 
Corrected Model 28249.868' 17 166 1.757 36 173.207 .000 1.000 
Intercept 25281.000 I 25281.000 5503 18.05 5 .000 1.000 
location 7792.147 5 1558.429 33923.966 .000 1.000 
species 7567.584 2 3783.792 82365.772 .000 1.000 
locat ion· species 12890.137 10 1289.014 28059.314 .000 1.000 

Error .827 18 .046 

Total 5353 1.695 36 

Corrected Total 28250.695 35 

a. R Squared - 1.000 (Adjusted R Squared - 1.000) 
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Tests of Between-S ubjects [ffects 
d V bl d' Depen cnt ana e: ca mlum 

Source Type II I Sum of df Mean Square F Sig. Partial Eln 
Squares Squnred 

Corrected Model 31.550' 17 1.856 44.705 .000 .977 
Intercept 24.950 I 24.950 60 1.004 .000 .97 1 
location 10.80 1 5 2. 160 52 .036 .000 .935 
species 5.683 2 2.84 1 68.442 .000 .884 
location * species 15.066 10 1.507 36.292 .000 .953 

Error .747 18 .042 

Total 57.247 36 

Corrected Total 32.297 35 
-a. R Squared - .977 (Adjusted R Squared - .905) 

ANOVA 

SUIll of Squares df Mean Square F Sig. 

Between Groups .000 5 .000 I. 700 .268 

Chromiulll Wi th in Groups .000 6 .000 

Total .000 I I 

Between Groups .002 5 .000 28.573 .000 

Lead Within Groups .000 6 .000 

Total .002 II 

Between Groups 36.227 5 7.245 189009 .000 

Temprature Within Groups .230 6 .038 

Total 36.457 II 

Between Groups .001 5 .000 10.400 .006 

Total disolved solid Within Groups .000 6 .000 

Total .00 1 II 

Between Groups .001 5 .000 3.720 .070 

Electrical condactivity Within Groups .000 6 .000 

Total .001 II 

Between Groups .45 1 5 .090 9.777 .OOX 

PH Within Groups .055 6 .009 

Total .507 II 
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