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CHAPTER ONE
1.0 INTRODUCTION

1.1 BACKGROUND

The consumption of fish worldwide has exponentially increased in recent years due to awareness
of its nutritional and therapeutic benefits (Bawuro_ et al., 2018). Moreover, a lot of populations

| globally depend on fish as part of their daily diet since it provides many-essential nutrients such as

high-value proteins, various vitamins and minerals and polyunsaturated omega-3 fatty acids

(Bosch ¢t al., 2016). However, fish usually accumulate heavy metals from water, sedimen_t__-, and

food, which is a good indicator of heavy metal contamination in water (Bawuro et al., 2018).

Heavy metals are non-biodegradable natural components in the earth's crust (Karunanidhi et al.,
2017). They enter the environment through sources that are natural, anthropogenic, and the
constant increase in industrialization and vrbanization (Piglowski, 2018). Consequently, aquatic
environments are polluted heavily with these heavy metals (Ullah et al., 2017) which enter fish
through gills and other organs thus having a chance to accumulate in different parts of the body
tissues and the excessive amount can build iip to a toxic level (Karunanidhi et al., 2017), Heavy
metals such as lead (Pb), mercury (Hg), cadmium (Cd) and arsenic (As) are said to be toxic to life
forms (Gbogbo et al., 2018). The FAQ/WHO limits of cadmium, zinc and lead are 0.05 ppm, 0.04
‘ppm,.0.3 ppm respectively in fish (FAO/WHO, 2015) and 0.003 ppm and 0.01 ppm of cadmium
and lead in water respectively (4 Global Overview of National Regulations and Standavds for
Drinking-Water Quality, n.d.).

Positive studies on heavy metals in fish have been carried out in some fishing commuhities of Lake
Albert (T. Andrew et al., 2016); Sudan (A. K. Andrew et al., 20.-1'7)_, among others. Since aquatic
heavy metal pollution commonly presents high levels of Hg, Cr, Pb, Cd, Cu, Zn, Ni,and so forth
{(Zhou et al., 2008), the objective of this study was to determine the concentration of lead (Pb),

zine (Z‘n)_ and cadmium (Cd) in fresh. water and fishes of southwestern Uganda.

1.2 STATEMENT OF THE PROBLEM
The earth contains only 2.5%of its-water as fresh aid yet, not only is its abundance and distribution:
critical for human welfare but also its integrity (Kaushal et al., 2018). Human activities are

1




REFERENCES

A global overview of national regulations-and standards for drinking-water quality. (n.d.).

Akan, J. C., Molifhoud, S., Yikala, B. S., & Ogugbuaja, V. O. (2012). Bicaccurmulation of Some
Heavy Metals in Fish Samples from River Benue in Vinikilang, Adamawa State, Nigeria.
Anerican Journal of Analytical Chemistry, 03(11),727-736.
https://doi.org/10.4236/ajac,2012.311097

Andrew, A. K., Michael, M., & Mandha, J. _(2017_). Nutritive Profile of Sun Dried Fermented
Mud Fish (Clarias Anguiliaris) and Tiger Fish (Hydrocynus Vittatus) Locally Known as
‘Abil Alier Sold in Markets in South Sudan. Food Science and Nutrition Studies, 1(1), 1.
https://dot.org/10.22158/fsis.vInlpl

Andrew, T., Francis, E., Charles, M., Naigaga, 1., Jesea, N., Micheal, O., Anne, K., & Deborah,
A. (2016). Perceptions about mercury and lead in fish consumed in Lake Albert fishing
communities. Cogent Food & Agriculture, 51(1), 1-13.
https://doi.org/10.1080/23311932.2016.1220344

Andrew, T., Francis, E., Charles, M., Naigaga, 1., Jessica, N., Micheal; O., Drago, K. C., &
Celsus, S. (2016). Mercury concentration in muscle, bellyfat and liver from Oreochromis
niloticus and Lates niloticus consumed in Lake Albert fishing communities in Uganda.
Cogent Food & Agriculture, 2(1), 1-10. https:/doi.org/10.1080/23311932.2016.1214996

Anyanwu, B, 0., Ezejiofor, A. N, Igweze, Z. N., & Orisakwe, O. E. (2018). Heavy metal
mixture exposure and effects in developing nations: An update. Toxics, 6(4), 1-32.
hitps://doi.org/10.3390/t0xic56040065

Arantes, F. P., Savassi, L. A., Santos, H. B., Gomes, M. V. T, & Bazzoli; N. (2016).
Bicaccumulation of mercury, cadmium, zine, chromium, and lead in muscle, liver, and
spleen tissues of a large commercially valuable catfish species from Brazil. Anais Da
Academia Brasileira de Ciencias, 8$8(1), 137147, htips://doi.org/10.1590/0001-
3765201620140434

Aruho, C., Basiita, R., Kahwa, D., Bwanika, G., & Rutaisire, J. (2013). Reproductive biology of
‘Bagrus doemak in the Victoria Nile, Uganda. African Journal of Aquatic Science, 38(3),
263-271. https://dot.org/10.2989/16085914.2013.807972

Assefa, W. W., & Getahun, A. (2015). The food and feeding ecology-of Nile tilapia,

‘Oreochromis niloticus , in Lake Hayq , Ethiopia. Intérnational Journal of Fisheries and

71




Aquatic Studies, 2(3), 176-185. www.fisheriesjournal.com

Azaman, F,, Juahir, H., Yunus, K., Azid, A., Kamarudin, M. K. A., Toriman, M. E., Mustafa, A.
D., Amran, M. A., Hasnama, C. N. C., & Saudi, A. S: M. (2015). Heavy metal in fish:
Analysis and human health-a review. Jurnal Teknologi, 77(1), 61-69.
hitps://doi.org/10.11113/4t.v77 4182

Bakyayita, G. K., Norrstrc‘jm,_ ACL,& Kulabako, R.N. (2019). Assessment of Levels,
Speciation, and Toxicity of Trace Metal Contaminants in Selected Shallow Groundwater
Sources, Surface Runoff, Wastewater, and Sutface Water from Designated Streams in Lake
Victoria Basin, Uganda. Journal of Environmental and Public Health, 2019.
https://doi.org/10.1155/2019/6734017

Bank-Nielsen, P. 1., Long, M., & Bonefeld-Jargensen, E. C. (2019). Pregnant inuit wornen’s
exposure to metals and association with fetal growth outcomes: ACCEPT 2010-2015..
International Journal of Environmental Research and Public Health, 16(7), 1171.
https://dot.org/10.3390/ijerph 16071171

Basiita, R. K., Zenger, K. R., & Jerry, D. R. (2017). Populations genetically rifting within a
cornplex geological system: The case of strong structure and low genetic diversity in the
migratory freshwater catfish, Bagrus docmak, in East Africa. Ecology and Evolution, 7(16),
6172-6187. hitps://doi.org/10.1002/ece3.3153

Bawuro, A. A., Voegborlo, R. B., & Adimado, A. A. (2018). Bioaccumulation of Heavy Metals
in Some Tissues of Fish in Lake Geriyo , Adamawa State , Nigeria. 2018.
https:/dei.org/10.1155/2018/1854892.

Bielen, A., Remans, T., Vangronsveld, J., & Cuypers, A. (2013). The influence of metal siress on
the availability and redox state of ascorbate, and possible interference with its cellular
functions. In International Journal of Molecular Sciences (Vol. 14, Issue 3, pp. 6382-64 13).
https://doi.org/10.3390/ijms 14036382

Biocaccumulation of heavy metals in fish species from the Meiliang Bay, Taihu Lake, China.
(n.d.).

Bosch, A. C., O'Neill, B., Sigge, G. 0., Kerwath, S. E., & Hoffman, L. C. (2016). Heavy metals
in marine fish meat and consumer health: A review, InJournal of the Science of Food and
Agriculture (Vol. 96, Issue 1, pp. 32-48). https://doi.org/10.1002/jsfa.7360

Cheng, J., Zhang, X., Ren, S., Wang, T., & Tang, Z. (2019). Metals in wild fish from Gaotang

22




Lake.in the area of coal mining, China: assessment of the risk to human health,
Environmental Science-and Pollution Research, 26(23), 23754-23762.
litps://doi.org/10.1007/511356-019-05732:8

Council, T. H. E., The, O. F., & Union, E. (2010). Council Directive 98/83/EC-of 3 Novetber
1998 on the quality of water intended for human consumption (OJ L 330.05.12.1998 p. 32)
In B, Sands & P. Galizzi (Eds,), Documents in European Community Environmental Law
(pp. 865-878). Cambridge University Press.
https://doi.org/10.1017/CB09780511610851.055

Cusick, 8. E., Jaramillo, E. G., Moody, E. C., Ssemata, A. S., Bitwayi; D., Lund, T. C., &
Mupere, E. (2018). Assessment of blood levels of heavy metals including lead and
manganese- in healthy children living in the Katanga settlement of Kampala, Uganda. BMC
Public Health, 18(1), 717. hitps://doi.org/10.1 186/512889-018-5589-0

El-Moselhy, K. M., Othman, A. 1., Abd El-Azem, H., & El-Metwally, M. E. A. (2014).
Bioaccumulation of heavy. metals in-some tissues of fish in the Red Sea, Egypt. Egyptian
Journal of Basic and Applied Sciences. https:/doi.org/10.1016/j.ejbas.2014.06.001

ELGazzar, A., Ashry, K., & ElSayed, Y. (2014). Physiological and Oxidative Stress Biomarkers
in the Freshwater Nile Tilapia, Oreochromis nil'oti_'t:us_ L., exposed to sublethal doses of
cadmiur. Alexandria Journal of Veterinary Sciences, 40(1), 29.
https://doi.org/10.5455/ajvs.48333

Elnabris, K. I, Muzyed, S. K., & El-Ashgar, N. M. (2013). Heavy metal concentrations in some
commercially important fishes and their contribution to heavy metals exposure in
palestinian people of Gaza Strip (Palestine). Journal of the Association of Arab Universities
for Basic and Applied Sciences, 13(1), 44-51. https://doi.org/10.1016/j.jaubas.2012.06.001

European Union E.U. (2001). Commission Regulation as regards heavy metals, Directive.
60(2001/22/EC, No: 466.).

F-AO/'WHO,- 1995, (2015). General Standard for Contaminants and Toxins in. Food and Feed
(Codex Stan 193-1995). Jurnal Ekonomi Malaysia, 51(2), 39-54.

Fao, F. A. O. (2019). Freshwater small pelagic fish and their fisheries in the major African lakes
‘and resérvoirs in relation to food security and nutrition. FAQ Fisheries and Aquaculture:
Technical Paper.

Forum, D. (2013). Baseline Survey on Lakes Edward and Albert Integrated Fisheries and.

23




January, 1-39.

Fri, R. (1972). THE ENVIRONMENTAL PROTECTION AGENCY1. Journal of Milk and Food
Technology, 35(12), 715-718. htips://doi.org/10.4315/0022-2747-35.12,715

Gbogbo, F., Arthur-yartel, A., Bondzie; . A, Dorleku, W., Dadzie, S., Kwansa-bentum, B.,
Ewool, I, Billah, M. K., & Lamptey, M. (2018). Risk of heavy metal ingestion from the
consumption of two commercially valuablé species of fish from the fresh and coastal waters
of Ghana. [-17.

Getber, R., Smit, N. L., van Vuren, J. H. J., Ikenaka, Y., & Wepener, V. (2018). Biomarkers in
tigerfish ( Hydrocynus vittatus ) as indicators of metal and organic pollution in ecclogically
sensitive subtropical rivers. Ecotoxicology and Environmental Safety, 157, 307-317.
https://doi.org/10.1016/j.ecoenv.2018,03.091

Herschy, R. W. (2012). Water Quality for Drinking: WHO Guidelines. In Encyclopedia of Earth
Sciences Series (pp. 876-883). h_ttps_:/fd,di-.or_g/ 10.1007/978-1-4020-4410-6_184

Jezierska, B., & Witeska, M. (2006). The Metal Uptake and Accumulation. NATO Science
Series, 69(Soil and Watet Pollution Monitoring; Protection and Remediation), 107114,

Jovanovié, D. A., Markovi¢, R. V., Teodorovig, V. B., Sefer, D. S., Krstié, M. P., Radulovi¢; S.
B., Ivanovié Cirié,_ 1. 8., Janjié,; J. M., & Baliié, M. (2017). Determination of heavy metals
in muscle tissue.of six fish species with different feeding habits from the Dariube River,

Bet grade—public health and environmental risk assessment. Envirenmental Science and
Pollution Research, 24(12), 11383~1 1391, https://doi.org/10.1007/s11356-017-8783-1

Karunanidhi, K., Rajendran, R., Pandurangan, D., & Arumugam, G. (2017). First report on
distribution of heavy metals and proximate analysis.in marine edible puffer ﬁsﬁes collected
from Gulf of Mannar Marine Biosphere Reserve, South India. Toxicology Repotts, 4(June),
319-327. https://doi.org/10.1016/j.toxrep.2017.06.004

Kasozi, N., Asizuta, D., Iwe, G., & Namulawa, V. T. (2018). Nutrient composition of fish protein
powdér developed: from Brycinus nurse (Riippell, 1832). Food Science & Nutritton, 6(8),
2440-2445, https://doi.org/10.1002/fsn3.844

Kaushal, 8. 8., Likens; G. E., Pace, M. L.; Utz, R. M., Hagq, S., Gorman, I., & Grese; M. (2018).
Freshwater salinization syndrome on a continental scale. Proceedings of the National
Academy of Sciences of the United.States of America, 115(4), E574-E583.
https://doi.org/10.1073/pnas. 171123415

24




Kawser Ahmed, M., Baki, M. A., Kundu, G. K., Saiful Islam, M., Monirul Islam, M., &
Muzammel Hossain, M. (2016). Human health risks from heavy rmetals in fish of Buriganga
river, Bangladesh. SpringerPlus, 5(1), 1697. https://doi.org/10.1186/s40064-016-3357-0

Kwaansa-Ansah, E. E., Nti, S. O., & .Op_oku_, F. (2019). Heavy metals concentration and human
health risk assessment in seven commercial fish species from Asafo Market, Ghana. Food
Science and Biotechnology, 28(2), 569~579. https://doi.org/10.1007/s10068-018-0485-z

Mahboob, S:, Al«Ghanim, K. A., Al-Misned, F., Shahid, T., Sultana, S., Sultan, T., Hussain, B.,
& Ahmed, Z. (2019). Impact of water pollution on trophic transfer of fatty acids in fish,
microalgae, and zoobenthos in the food web of a freshwater ecosystem. Biomolecules, A6),
1-17. https://doi.org/10.3390/bioem9060231

Matovié, V., Buha, A., Bulat, Z., & Duki¢-COsi¢, D, (2011). Cadmium toxicity revisited; Focus
on oxidative stress induction and interactions with zinc and maghesium, In Arhiv za
Higijenu Rada i Toksikologiju (Vol. 62, Issue 1, pp. 65-76). https://doi.org/10.2478/10004-
1254-62-2011-2075

Maurya, P. K., Malik, D. S., Yadav, K. K:, Kumar, A., Kumar, S., & Kamyab, H. (2019).
Bioaccumulation and potential sources of heavy metal contamination in fish-specigs in
River Ganga basin: Possible human health risks evaluation. Toxicology Reports, 6(May),
472-481. https:/doi.org/10.1016/j.toxrep:2019.05.012

Merciai, R., Guasch, H., Kumar, A., Sabater, S., & Garcia-Berthou, E. (2014), Trace metal
concentration and fish size: Variation among ﬁsh”fspe(_;i_es in a Mediterranean river:
Ecotoxicology and Environmental Safety, 107, 154-161,
https://doi.org/10.1016/).ecoenv.2014.05.006

Mwesigye, A. R, Young, S: D, Bailey, E. H., & Tumwebaze, S. B. (2016). Population exposure
to trace elements in the Kilembe copper miite area, Western: Ugan‘da: A pilot study. Science
of The Total Environment, 573, 366-375. https://dot.org/10.1016/j.scitotenv.2016.08.125

Ngesa, E. A., Otachi, E.-O., & Kitaka_, N. K. {2019). Levels of heavy metals in the straightfin
barb Enteromius paludinosus {Peters.1852) from River Malewa, Naivasha, Kenya.
Environmental Monitoring and Assessment, 191(5), 292. :https:ﬁdo_i.or-_g_/l.(}.1‘0073‘-510661-‘
019-7457-5

Ogbe, F. G., Ataguba, G. A., & Okosuwé, E. H. (2008). Feeding habits and growth parameters of

Hydrocynus forskalii and Alestes nurse in River Benue , Nigeria. Journal of Applied

25




Biosciences, 11{January), 576-583.

Oguguahi, N. M., & Ikegwu, M. O. 1. (2017). Concentration and human health implications of
trace metals in fish of economic importance in Lagos Lagoon, Nigeria. Journal of Health
and Pollution, 7(13), 66-72. https://doi.org/10.5696/2156-9614-7-13.66

Olopade, O. A., Dienye, H. E., & Nworgu, U. C. (2019), ESTIMATION OF GROWTH ,
MORTALITY ; AND EXPLOITATION STATUS OF NURSE TETRA ( Brycinus nurse )
AND TRUE BIG SCALE TETRA ( Brycinus macrolepidotus ) { FAMILY : ALESTIDAE )
FROM THE NEW CALABAR RIVER , NIGERIA. 25(December), 113-122.

Onakpa, M. M., Njan, A. A., & Kalu, O, C. {2018). A review of heavy metal contamination of
food crops in Nigeria. In Annals of Global Health {Vol. 84, Issue 3, pp. 488-494).
https://doi.org/10.29024/a0gh.2314

Piglowski, M. (2018). Heavy metals in notfications of rapid alert system for food and feed.
International Journal of Envitonmental Research and Public Health, 15(2), 365.
https://doi.org/10.3390/ijerph15020365

Ramos-Mitas, J. J., Sanchez-Muros, M. 1., Morote, E., Torrijos, M., Gil, C., Zamani-
Ahmadmahimioodi, R., & Rodriguez Martin, J. A. (2019). Potentially toxic elements in
commonly consumed fish species from the western Mediterranean Sea (Almeria Bay):
Biocaccumulation in liver and muscle tissues. in-relation to biometric parameters. Science of
The Total Environment, 671, 280--287. https:/doi.org/1 0.10'1:6;_’j’.scit’0ter1‘v.’20.19.03..359

Shabbaj, I. 1., Alghamdi, M. A,, Shamy, M., H_assan,-S. K., Alsharif, M. M., & Khoder, M. L.
(2018). Risk Assessment and Implication of Human Exposure to Road Dust Heavy Metals
in Jeddah , Saudi Arabia; https:K/do_i.orgz"]0.3-3'90Kij€1_'ph1.5010036

Ssenku, J. E. (2014). Physico-Chemical Characteristics of Copper Tailings and Pyrite Soils in
Western Uganda: Implication for Phytoremediation. International Journal of Environmentat
Monitoring and Analysis, 2(4), 191. hitps//doi.org/10.11648/].ijema.20140204.12

Ullah, A. K. M. A., Maksu_d,- M. A, Khan, S. R, Lutfa, L. N., & Quraishi, 8. B. (201 7). Dietary
intake of heavy metals from eight highly consumed species of cultured fi.sh and possible
human health risk implications in Bangladesh. Toxicology Reports, 4(July), 574-579.
https://doi.org/ 10.1016/j.toxrep.2017.10.002

Varol, M., Kaya, G. K., & Stnbiil, M. R.-(20]9). Evaluation of health risks from exposure to

arsenic and heavy metals through consumption of ten fish species. Environmental Science.

20




and Pollution Research. fittps://doi.org/10.1007/511356-019-06450-x

Yabe, I, [shizuka, M., & Umemura, T. {(2010). Currerit Levels of Heavy Metal Pollution in
Africa. Cd,

Zhou, Q., Zhang; J., Fu, ] , Shi, I, & Jiang, G: (2008). Biomonitoring: An appealing tool for.
assessment of metal pollution in the aquatic ecosystem. Analytica Chimica Acta, 606(2),
135-150. https://doi,org/10.1016/;.aca.2007.11.018

27




	Untitled1.pdf
	Untitled2.pdf

