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Abstract: Water quality is essential for successful aquaculture development. Anthropogenic activities mostly as a result 

of industrial and agricultural activities are the major sources of water pollution in an aquatic environment. Interaction of 

various physical and chemical parameters of water attributed to the distribution, composition and abundance of aquatic 

organisms and their relationship with abiotic component of the water environment. Fish general well-being is positively 

correlated with water quality and longtime exposure of fish to water pollutants may interfere with normal growth and 

reproduction and sometimes lead to the dead of fish. Routine measurement of the major water physicochemical 

properties is highly needed for the general welfare of fish and for the growth of aquaculture industry. 
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INTRODUCTION 

Water is regarded as a universal and the most 

important solvent needed to the existence of all living 

organisms including man [1, 2]. It is an important 

natural resource required for human settlement patterns, 

agricultural as well as industrial activities [3]. 

Unfortunately in wealth-generating activities, water 

becomes a sink for dumping of waste materials which 

deteriorates its desired purposes [4]. Small and medium 

scale industries and agricultural activities contributed a 

lot to wastes generation and disposal in aquatic 

environment [5]. Interactions of physical and chemical 

properties of water contributed to the composition, 

distribution and abundance of aquatic organisms, it is 

also gives an insight in to the relationship between 

organisms and their environment and can be used to 

determine water quality and productivity of the water 

body [6]. Physicochemical attributes of water would 

assist in discovering the design and function of water 

environment to its living organisms. Availability of 

certain chemical elements in water may result to an 

effect to biotic component of the water [7]. Appropriate 

equilibrium of physical, chemical well as biological 

components of a water body is a vital requirement for a 

successful fish production and therefore occurrence or 

absence of a given element in an aquatic habitat can be 

a determining factor in the general productivity of that 

water body, it could also determine the category of 

living organisms that might be presence in the water 

body [8]. [9] reported that high amount of silica in a 

water favours high diatoms population, whereas high 

species diversity of snails might be related to 

availability of calcium in a said water body.  

 

Water with high quality is needed to the entire 

life of fish as it provides the necessary requirement for 

the welfare of fish such as reproduction, breathing, 

feeding and growth [10]. Stable water quality is 

necessary in maintaining the biodiversity of aquatic 

animals including fish, impairment of the water quality 

can causes decline in fish production or even make it 

impossible [11].  Fish general wellbeing is strongly 

related to the water quality of an aquatic environment 

[12]. Long period exposure of aquatic organisms to 

environmental pollutants with possible effects on 

growth and reproduction are important considerations 

of fish farmers [13]. 

 

Temperature 

  Temperature is an important physical parameter in an 

aquatic environment because many biological and 

chemical processes are temperature dependent. It is one 

of the environmental conditions affecting fish growth 

and survival [14, 15]. When water temperature 

increases, the evaporation and volitization of chemical 

substances also increases, but conversely the solubility 

of gases such as oxygen decrease [6]. Temperature is 

the most easily and frequently measured field parameter 

but cannot provide detailed information on the general 

health status of aquatic system; it can only give the 

early signal on other water parameters. When the water 

temperature is high, the respiration rate of aquatic 
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animals increases, also the decomposition of organic 

matter that required oxygen [11, 16].  Temperature of 

the water affects the general well-being of fish in 

aquatic environment; changes in water temperature 

affect food abundance in water and changes in the entire 

growth pattern of fish and later cause the migration of 

fish within the water column. Sudden increase in water 

temperature can results to increase in respiratory 

metabolism and also increased maintenance strategy 

and rapid weight loss, but sometimes increase in 

temperature can increase fish feeding rate, digestion and 

feed conversion efficiency [17]. Temperature affects the 

oxygen availability of water, rate of hydrophytes 

photosynthesis, body metabolism of aquatic animals; 

and the sensitivity of organisms to toxic waste, parasites 

and diseases [29].  

 

Fish are exposed to many stresses, this is 

because fish body temperature differs with    ambient 

temperature as a results of ectothermic behavior which 

affect their general body physiology and therefore 

cannot dissipate extra body heat through perspiration 

but do so by movement between locations with different 

water temperatures to obtain optimal temperature for 

their survival [18]. Different fish species required 

different optimal temperature ranges for normal 

activities and body metabolism such as feeding, 

swimming, growth and reproduction [19, 20].  

 

Dissolved Oxygen 

Dissolved oxygen (DO) is one of the most  

important indicator of water quality in any aquatic 

environment, large proportion of aquatic organisms 

obtain oxygen directly from the water instead of 

gasping from atmosphere[11]. Dissolved oxygen 

concentration in water can give detailed information on 

the health status of the water body; this is because most 

aquatic organisms can live and grow only when the 

dissolved oxygen concentration is favorable [21]. Any 

reduction in dissolved oxygen level outside the 

optimum condition of a particular fish species would 

result to fish stress [6]. Dissolved oxygen level and 

sometimes fish stocking density are among major pre-

requisite for a successful aquaculture development [22]. 

Fish required oxygen just like terrestrial organisms in 

order to maintain normal body metabolism, movement, 

feeding and biosynthesis, oxygen availability in water is 

highly limited as compared to atmosphere where there 

is abundant oxygen and fish can get oxygen from water 

through gill surface area only and it is so narrowed in 

most fish species [23]. Dissolved oxygen content in 

water can affect fish growth pattern as well as feed 

utilization efficiency, lower fish growth rate correlated 

positively with lower dissolved oxygen concentration 

and fish feed conversion efficiency is higher under high 

dissolved oxygen concentration [24, 22]. Growth 

pattern of Nile tilapia was greatly decreased due to low 

dissolved oxygen availability [25].The need for oxygen 

for any aquatic organism is obvious. Aquatic organisms 

react to the quantity of dissolved oxygen available, low 

dissolved oxygen may be a limiting factor, but the fish 

may survive if previously acclimatized to low oxygen. 

Dissolved oxygen always act interactively with other 

factors such as temperature and pH [26, 27]. 

 

Dissolved oxygen in water environment is one 

of the most important components of aquatic systems, it 

is required for the metabolism of aerobic organisms, 

and it influences inorganic chemical reactions. Oxygen 

is often used as an indicator of water quality, high 

oxygen concentration usually indicate good water 

quality [28]. Oxygen enters water through diffusion 

across the water surface, by rapid movement such as 

waterfalls or riffles in streams (aeration) or as a by-

product of photosynthesis by aquatic plants [29]. In 

general, the concentration of dissolved oxygen will be 

the result of biological activity within the water column.  

Photosynthesis by aquatic plants will increase the DO 

during day light and the DO levels will fall during the 

night time. In natural waters, man-made contamination, 

or natural organic material will be consumed by 

microorganisms [30]. A condition of low oxygen level 

in a water environment is regarded as hypoxia, it occurs 

in all water bodies in the world receiving high nutrients 

load due to anthropogenic activities [31], which causes 

reduced respiration rate, reduced growth rate and 

sometimes even death of aquatic animals depending on 

the species sensitivity as fish is more sensitive 

compared to crustaceans, annelids and bivalves [32]. 

               

Transparency 

         Transparency is the opposite of turbidity which 

is a measure of water clarity, the less materials 

suspended in water the higher light can penetrate 

through it and the higher the transparency [6].  Heavy 

rainfall in the tropic, mostly after a long period of 

drought, results in washing of soils, debris, and 

nutrients in to the aquatic environment such as rivers, 

streams, lakes, ponds and seas, thereby reducing the 

transparency of the water, but the traces of nutrients 

sometimes increases the water productivity, but when 

exceed the required level may resulted to eutrophication 

which is an excessive growth of algae in aquatic 

environment [33]. The inverse relationship between 

water clarity and rainfall might be attributed to 

increased allochtonous organic matter brought by 

flooding during the rainy season [34, 8].   

 

           Suspended materials include soil particles, algae, 

plankton, microbes, and other substances are the major 

causes of higher turbidity in most aquatic environment,  

increase in water turbidity can raises water temperature; 

because the suspended particles absorb more heat and 

this in turn reduces the concentration of dissolved 

oxygen (DO), warmer water holds less dissolve oxygen 
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than cold water[35]. Water transparency reduces 

production of natural food in water [36]. 

 

Hydrogen ion Concentration (pH) 

The pH of water is a measure of hydrogen ion 

that causes acidity and alkalinity on a scale of 0-14 with 

7 being the neutral state [37]. It is been used universally 

to express the intensity of the acid or alkaline condition 

of a solution [38]. Very low and high pH levels may 

reduce reproduction in fish, sometimes associated with 

death [6]. Acidity and alkalinity death points are 

approximately at pH 4 and 11 respectively, pH values 

ranging from 6.5-9.0 are observed to be most suitable 

for fish production [39]. The pH of an aquatic 

ecosystem is important because it is closely linked to 

biological productivity, although the tolerance of 

individual species varies, pH values between 6.5 and 

8.5 usually indicate good water quality [40]. Most 

vertebrates including fish have mean blood pH of 7.4, 

and therefore a similar water pH of around 7.0 to 8.0 is 

required for normal fish metabolism, fish might be 

under stress if the water pH is too acidic (below 5) or 

when it is too alkaline (above 10) [40]. Respiration by 

aquatic plants affect daily water pH fluctuation, during 

the day time there is enough dissolved oxygen due to 

photosynthesis and the dissolved oxygen concentration 

decline after sunset [41]. 

  

Alkalinity 

Alkalinity refers to ability of aqueous media to 

interact with the hydrogen ions available [38], in respect 

to water, alkalinity is occurring due to the presence of 

carbonate, bicarbonate or hydroxide compounds in 

water such as magnesium, calcium, sodium and 

potassium [42]. Alkalinity is a related concept that is 

commonly used to indicate a system’s capacity to buffer 

against acid impacts and buffering capacity is the ability 

of water to resist or dampen changes in pH [28]. It is 

also an index of productive ability of the water [37]. 

Measuring alkalinity is important in determining a 

water body’s ability to neutralize acid pollution from 

rainfall or waste water. Alkalinity is influenced by rocks 

and salty industrial waste water discharge [29]. An 

average freshwater alkalinity value is 150 mg/L and 

observed ranges are between 5-250 mg/L [43]. 

Alkalinity is a bye product of bicarbonate and carbonate 

after dissolution of limestone, calcium silicate or 

feldspars, when water pH is below 4.5; the bicarbonate 

is absent [44]. Low concentrations of alkalinity due to 

water acidity or hardness are not suitable for fish 

survival as it’s impair with the hatching of the fish eggs, 

this is because most fish species hatch their eggs at an 

optimal pH condition mostly around the neutral pH 

[45]. Alkalinity of water is very crucial because 

photosynthetic activity of aquatic organisms during the 

day time can raise the pH to be too alkaline in a low-

alkalinity and poorly buffered waters [45].  

 

Phosphorous 

Phosphorus is regarded as one of the most 

essential nutrients limiting the growth of autotrophic 

organism which are the primary producers and source 

of nutrients in an aquatic system [46]. It occurs solely as 

phosphate in both natural as well as wastewater [47]. In 

tropical water bodies, phosphorous is limited in supply 

and any slight increase in phosphorous supply can alter 

the nutrient supply in water, these include excessive 

plants growth, algal bloom, decrease in dissolved 

oxygen content and dead of aquatic animals including 

fish [47, 48, 49]. Phosphorous also contributed to the 

existence of all living organisms, this is because cellular 

phosphate compounds gets energy generated from food 

consumed and transform it to normal body activities 

including locomotion, reproduction and growth [50]. 

Phosphorous occurs solely as phosphate in a natural 

aquatic environment most of which dissolve and the 

remaining suspended one can increases water turbidity 

and alter the water quality [50]. Phosphorous is among 

the limiting nutrients in natural water body this is due to 

the fact that it’s occurs in very low concentration and it 

is been quickly taken up by aquatic plants [11]. 

 

Nitrogen 

Nitrogen is vital source of nutrients for both 

aquatic plants and animals, this is due to its contribution 

in the formation of major constituents of protein [51]. 

Nitrogen occurs in aquatic environment in both organic 

and inorganic forms and the availability of each form is 

primarily determined by biological activity [26]. 

Nitrogen-fixation due to activities of blue-green algae 

(cyanobacteria) and some species of bacteria that 

converts dissolved molecular N2 to ammonium (NH4
+). 

Aerobic bacteria convert NH4
+ to nitrate (NO3-) and 

nitrite (NO2-) through nitrification, and anaerobic or 

facultative bacteria convert NO3- and NO2- to N2 gas 

through the process of denitrification [38, 35]. Primary 

producers assimilate inorganic N as NH4+ and NO3-, 

and organic N is returned to the inorganic nutrient pool 

through bacterial decomposition and excretion of NH4+ 

and amino acids by living organisms [52].  Nitrogen is 

the most limiting nutrient of algae growth, consisting 

one to ten percent (1-10%) of dry weight of algae [4]. 

Surface run-off mostly from agricultural farmlands as a 

result of agricultural fertilizers waste, house hold waste, 

conversion of nitrite to nitrate due to oxidation of 

nitrogenous ammonia and domestic waste are the major 

sources of nitrogen to aquatic environment [37].  

Excretion by aquatic animals in a cage culture in rivers, 

streams and lakes is also contributing in generating 

excess nitrogen in to natural aquatic habitat [53]. 

 

Electrical conductivity 

  Conductivity is the measure of water ability to 

convey electric current, and therefore electrical 

conductivity of water is directly proportional to its 

dissolved mineral matter content [38]. Conductance 
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increases due to increase in total salt concentration in 

the water; conductivity is measured in Siemen per 

centimeter [11].  Most freshwater environments have 

conductivity values ranging between 10 and 100 µs/cm 

which approximately equivalent to 5 to 700 TDS/L. 

High conductivity  in water is indicating the presence of 

huge quantity of dissolved salts which may harm the 

fish species in the water environment [54]. Suspended 

particles influences ion availability in water mostly 

through absorption and desorption effects of the ions 

found on the surface of suspended matter [55]. Water 

conductivity depends on the availability of cations and 

anions in the water, mobility and valence of the ions 

and sometimes also on the temperature of the water [2]. 

 

Ammonia 

          Ammonia is a form of nitrogen been readily 

used by aquatic plants, it is an important source of 

nutrient for phytoplankton; it is also the major end-

product of protein catabolism excreted by aquatic 

animals [11]. Temperature and pH of water are 

important parameters in determining the content of total 

ammonia occurring in un- ionized form, a pH increase 

of 1 unit brings about ten-fold increase in the content of 

un-ionized ammonia [51]. Increase in ammonia content 

of water is related to poor fish growth, increase in fish 

vulnerability to diseases and finally the death of the fish 

[26]. Ammonia is released in to water after 

decomposition of organic matter and excretion from 

aquatic animals [46]. 

             

CONCLUSION 

Physicochemical properties of water are 

regarded as a good indicator of water quality. Different 

fish species have different required optimum range for 

all the physicochemical parameters in which fish body 

metabolism can be affected when the value of a 

particular parameter is not suitable for their normal 

growth and development. Effluent from agriculture, 

industry and domestic waste need to be treated before 

discharging in to the aquatic environment so as to 

minimize the occurrence of pollution and to have a 

sound aquaculture production.  

 

REFERENCES 

1. Ajibade WA, Ayodele IA, Agbede SA. Water 

quality parameters in the major rivers of Kainji 

Lake National Park, Nigeria. African Journal of 

Environmental Science and Technology. 

2008;2(7):185-96. 

2. Samuel PO, Adakole JA, Suleiman B. Temporal 

and Spatial Physico-Chemical Parameters of River 

Galma, Zaria, Kaduna State, Nigeria. Resources 

and Environment. 2015;5(4):110-23. 

3. Nwaugo VO, Obiekezie SO, Onyeagba RA, 

Okereke JN, Udebuani A. The physicochemical 

investigation of Amicol Lake in Ivo area of Ebonyi 

State, Nigeria. World Journal of Biotechnology. 

2006;7:1055-61. 

4. Trouba D. Why balance water use? Journal of 

Stockholm Water Front, 2002; 2(2):22–25. 

5. Ajiwe VI, Nnabuike R, Onochie CC, Ajiobola V. 

Surface water pollution by effluents from some 

industries in Nnewi Area. Journal of Applied 

Science. 2000;4(2):810-20. 

6. Haruna AB, Abubakar KA, Ladu BM. An 

assessment of physico-chemical parameters and 

productivity status of Lake Gariyo, Yola, Adamawa 

State, Nigeria. Best Journal. 2006;3(1):142-7. 

7. Mustapha MK. A pre-impoundment study of the 

limno-chemical conditions of Oyun lake in Ilorin, 

Kwara State, Nigeria. Afr. J. Appl. Zool. Environ. 

Boil. 2003;5:44-8. 

8. Mustapha MK, Omotoso JS. An assessment of the 

physico–chemical properties of Moro lake. African 

journal of applied Zoology and environmental 

biology. 2005;7(1):73-7. 

9. Williams NV. Studies on aquatic polmunates snail 

in Central Africa. Field distribution in relation to 

water chemistry. Malacogia, 1990; 10: 153–162. 

10. Mustapha A, Aris AZ, Juahir H, Ramli MF. 

Surface water quality contamination source 

apportionment and physicochemical 

characterization at the upper section of the Jakara 

Basin, Nigeria. Arabian Journal of Geosciences. 

2013 Dec 1;6(12):4903-15. 

11. Faithful J, Finlayson W. Water quality assessment 

for sustainable agriculture in the Wet Tropics—A 

community-assisted approach. Marine Pollution 

Bulletin. 2005 Dec 31;51(1):99-112. 

12. Moody FO,  Fulorunsho JK. Assessment of water 

quality in Kigera fish farm New Bussa, Federal 

college of fresh water fisheries Technology New 

Bussa. In Proceedings of the 21st Annual 

conference of the FISON Apapa Lagos, Nigeria. 

(pp. 40–45). 2006. 

13. Lamai SL, Warner GF, Walker CH. Ef fects of 

Dieldrin on Life Stages of the African Catfish, 

Clarias gariepinus (Burchell). Ecotoxicology and 

environmental safety. 1999 Jan 31;42(1):22-9. 

14. Graynoth E, Taylor MJ. Influence of different 

rations and water temperatures on the growth rates 

of shortfinned eels and longfinned eels. Journal of 

Fish Biology. 2000 Sep 1;57(3):681-99. 

15. León CJ, Hernández JM, León-Santana M. The 

effects of water temperature in aquaculture 

management. Applied Economics. 

2006;38(18):2159-68. 

16. Buckman AH, Fisk AT, Parrott JL, Solomon KR, 

Brown SB. PCBs can diminish the influence of 

temperature on thyroid indices in rainbow trout 

(Oncorhynchus mykiss). Aquatic toxicology. 

2007;84(3):366-78. 

17. Vu SL, Ueng PS. Impact of water temperature 

on growth in cobia, Rachycentron canadum, 

cultured in cages. The Israeli journal of 

https://saspublishers.com/journal/sajb/home


 

 

 

 

Abubakar M. Umar et al., Sch. Acad. J. Biosci., Jun 2017; 5(6):440-445 
 

Available online at https://saspublishers.com/journal/sajb/home   444 

 

 

Aquaculture- Bamidgeh, 59(1), 47-51. 

18. Walberg E. Effect of Increased Water Temperature 

on Warm Water Fish Feeding Behavior and Habitat 

Use. Journal of Undergraduate Research at 

Minnesota State University, Mankato. 

2014;11(1):13. 

19. Dodson S. Aquatic ecosystems and physiology: 

energy flow." Introduction to limnology. New. New 

York NY: Mcgraw-Hill. 2005. 

20. Handeland SO, Imsland AK, Stefansson SO. The 

effect of temperature and fish size on growth, feed 

intake, food conversion efficiency and stomach 

evacuation rate of Atlantic salmon post-smolts. 

Aquaculture. 2008 Oct 1;283(1):36-42. 

21. Bramley RG, Roth CH. Land-use effects on water 

quality in an intensively managed catchment in the 

Australian humid tropics. Marine and Freshwater 

Research. 2002;53(5):931-40. 

22. Duan Y, Dong X, Zhang X, Miao Z. Effects of 

dissolved oxygen concentration and stocking 

density on the growth, energy budget and body 

composition of juvenile Japanese flounder, 

Paralichthys olivaceus (Temminck et Schlegel). 

Aquaculture research. 2011 Feb 1;42(3):407-16. 

23. Tran-Duy A, Schrama JW, van Dam AA, Verreth 

JA. Effects of oxygen concentration and body 

weight on maximum feed intake, growth and 

hematological parameters of Nile tilapia, 

Oreochromis niloticus. Aquaculture. 2008 Mar 

31;275(1):152-62. 

24. Bergheim A, Gausen M, Næss A, Hølland PM, 

Krogedal P, Crampton V. A newly developed 

oxygen injection system for cage farms. 

Aquacultural engineering. 2006 Jan 31;34(1):40-6. 

25. Abdel-Tawwab M, Hagras AE, Elbaghdady HA, 

Monier MN. Effects of dissolved oxygen and fish 

size on Nile tilapia, Oreochromis niloticus (L.): 

growth performance, whole-body composition, and 

innate immunity. Aquaculture international. 2015 

Oct 1;23(5):1261-74. 

26. Haruna AB, Adikwu IA. Surface water ammonia 

condition and their use in predicting fish welfare in 

Jakara Lake, Kano, Nigeria. African Journal of 

Material and Natural Science, 1995; 1(1):76–79. 

27. Brandt SB, Gerken M, Hartman KJ, Demers E. 

Effects of hypoxia on food consumption and 

growth of juvenile striped bass (Morone saxatilis). 

Journal of Experimental Marine Biology and 

Ecology. 2009 Dec 1;381:S143-9. 

28. Abubakar UM, Umar DM, Zainab MZ. Effects of 

Some Physicochemical Parameters on Oreochromis 

niloticus in Dadin Kowa Reservoir Gombe State 

Nigeria. International Journal of Advances in 

Chemical Engineering and Biological Sciences, 

2015; 2(2):110–112. 

29. USEPA. Volunteer Lake monitoring, a method 

manual. Washington, DC. 1997. 

30. Hargreaves JA, Tucker CS. Measuring dissolved 

oxygen concentration in aquaculture. Southern 

Regional Aquaculture Center; 2002 Jan. 

31. Breitburg D. Effects of hypoxia, and the balance 

between hypoxia and enrichment, on coastal fishes 

and fisheries. Estuaries and Coasts. 2002 Aug 

1;25(4):767-81. 

32. Chan HY, Xu WZ, Shin PK, Cheung SG. 

Prolonged exposure to low dissolved oxygen 

affects early development and swimming behaviour 

in the gastropod Nassarius festivus (Nassariidae). 

Marine Biology. 2008 Feb 1;153(4):735-43. 

33. Querijero BL, Mercurio AL. Water quality in 

aquaculture and non-aquaculture sites in Taal lake, 

Batangas, Philippines. J. Exp. Biol. Agric. Sci. 

2016 Feb 1;4(1):109-15. 

34. Nwankwo DI. Phytoplankton diversity and 

succession in Lagos Lagoon, Nigeria. Archiv für 

Hydrobiologie. 1996;135(4):529-42. 

35. Nnaji JC, Uzairu A, Harrison GF, Balarabe ML. 

Effect of pollution on the physico-chemical 

parameters of water and sediments of river Galma, 

Zaria, Nigeria. Research Journal of Environmental 

and Earth Sciences. 2011 Jun 5;3(4):314-20. 

36. Ufodike EB, Garba AJ. Seasonal variation in 

limnology and productivity of a Tropical Highland 

fish pond in Jos Plateau, Nigeria. Journal of 

Aquatic Sciences. 1992;7:29-34. 

37. Kumar PM. Physico Chemical Parameters of River 

Water A Review. International Journal of 

Pharmaceutical & Biological Archive. 2012;3(6). 

38. Naik S. Studies on pollution status of Bondamunda 

area of Rourkela industrial complex (Doctoral 

dissertation). 

39. Adebisi AA. The physico-chemical hydrology of a 

tropical seasonal river-upper Ogun river. 

Hydrobiologia. 1981 Mar 1;79(2):157-65. 

40. Wurts WA, Durborow RM. Interactions of pH, 

carbon dioxide, alkalinity and hardness in fish 

ponds. 

41. Tucker CS, D’Abramo LR. Managing high pH in 

freshwater ponds. Southern Regional Aquaculture 

Center; 2008 Jul. 

42. Godfrey PJ, Mattson MD, Walk MF, Kerr PA, 

Zajicek OT, Ruby III A. The Massachusetts Acid 

Rain Monitoring Project: Ten Years of Monitoring 

Massachusetts Lakes and Streams with Volunteers. 

43. Mays SLW. Water Resources Handbook. New 

York: Mc Graw Hill. 1990. 

44. Boyd CE. Water Quality: An Introduction Kluwer 

Academic Publishers. Norwell, Massachusetts. 

2000;2061. 

45. Somridhivej B, Boyd CE. Effects of liming on 

quality of water discharged from the supply 

reservoir at a fisheries research station. North 

American Journal of Aquaculture. 2016 Oct 

1;78(4):356-61. 

46. Saxena MM. Environmental analysis: water, soil 

and air. Agro botanical publishers; 1987. 

https://saspublishers.com/journal/sajb/home


 

 

 

 

Abubakar M. Umar et al., Sch. Acad. J. Biosci., Jun 2017; 5(6):440-445 
 

Available online at https://saspublishers.com/journal/sajb/home   445 

 

 

47. Eatson DL, Clesceri S, Rice EW, Greenberg AE. 

Standard methods for the examination of water and 

wastewater, 21st edn edn. Centennial Edition, 

USA. 2005:4-138. 

48. Margalef R. Limnology now: A paradigm of 

planetary problems (Vol. 40). New York: Elsevier 

Science. 1995. 

49. Chapman DV, World Health Organization. Water 

quality assessments: a guide to the use of biota, 

sediments and water in environmental monitoring. 

50. Nduka JK, Orisakwe OE, Ezenweke LO. Some 

physicochemical parameters of potable water 

supply in Warri, Niger Delta area of Nigeria. 

Scientific Research and Essays. 2008 Nov 

30;3(11):547-51. 

51. Haruna AB. Aquaculture in the tropics, Theory and 

practice. Al-Hassana Book Publishers, Kano, 

Nigeria. 2003. 

52. United nation Environment Programme. Water 

quality for ecosystem and Human Health. 2006 

53. Guo L, Li Z. Effects of nitrogen and phosphorus 

from fish cage-culture on the communities of a 

shallow lake in middle Yangtze River basin of 

China. Aquaculture. 2003 Oct 31;226(1):201-12. 

54. Stone NM, Thomforde HK. Understanding your 

fish pond water analysis report. Cooperative 

Extension Program, University of Arkansas at Pine 

Bluff, US Department of Agriculture and county 

governments cooperating; 2004. 

55. Kolo RJ, Tukura MD. Aspects of limnological 

studies of Tagwai dam, Minna, Niger state, 

Nigeria. Journal of Aquatic Sciences. 

2007;22(1):11-26.  

https://saspublishers.com/journal/sajb/home

