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Arsenic is one of the metalloid found in Nigeriavieanment including soil and water especially ie tdorthern region were
it contaminates water. This paper reviews the coimagon of arsenic in potable water sources (r@ugd, surface and rain
water) and their potential human health effectse $tudy found that the level of arsenic in potakéger is usually above the
permissible limit of 0.01 mg/l recommended by StmddOrganization of Nigeria (SON) and World Hedlttganization (WHO)
in the Northern and Southwestern Nigeria. Thistheen attributed to the geological and industriéivdies in the region such as
mining. High exposure of arsenic could cause desgasuch as cardiovascular, hematological, neudbgrespiratory,
gastrointestinal and birth disorders, dermatitid aancer. The paper suggests the use of iron ditieieand iron based sorbents
as the suitable physico-chemical technologies feerdc removal from potable water sources. Alsseaech on the use of
biological materials such as leavesMifisa species and sea shells should be conducted femdeing their removal efficiency
and economic feasibility of arsenic removal. Indastwastes monitoring and water surveillance stidug improved by the

Government monitoring agencies.
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1 Introduction

Nigeria is one of the richest nations in the woslith
several renewable (biomass, wind, solar, geotheetdl
and non-renewable (crude oil) resources. The cpuiso
have abundance of mineral resources including abgas,
tin, iron ore, coal, lead, zinc limestone, niobiamd fertile
arable land for agricultural purposes. In additibligeria
has several water bodies including estuarine, frast
brackish water scattered all over the country. Viater
bodies are relatively abundant in the coastal regibthe
country and more especially the central Niger Dedtgion.
Generally, aquatic ecosystems harbor several niemisier
biodiversity  including  planktons  (phytoplankton,
zooplanktons and algae), fishes, aquatic mammas, s
birds etc. Nigeria is a country that rivers dividéo three
and over 10 states out of the 36 states excludidgrél
capital territory are named after water bodies., Yetable
water supply remains one of the greatest hardsifighe
country. Despite, the abundance of water resourtes,
government has not been able to successfully hauthesn
into sustainable, equitable, adequate, improved and
affordable water supply [1]. With an increasing piapion,
the demand and use of water is also leading tspreon
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water resources and tension among users. Presently,
Nigeria's population is about 170 million making the
most populous nation in Africa and one of the most
populous black nations in the world. On a global
perceptive, the increase in population above 6ohilhas
resulted in an increasing demand of clean water [2]

Water is a vital resource for life and it's also@al for
the socio-economic development and maintenancéef t
ecosystems [1]. The supply of fresh water in Niyeor
domestic and drinking purposes are from three ssurc
including surface water (river, stream, pond, laie),
groundwater (borehole, hand dug well) and rainwf8er
5]. Typically, Groundwater is a major source of evatsed
for domestic purposes in Nigeria because it is segrio
be clean [6], while surface water vulnerable tolyia@n
than groundwater [7]. The distribution of the vasowvater
sources depend on the location, topography andggalf
the area. In the coastal region, water supply istipdrom
the ground, rivers, lakes, swamps, and sea. Winl¢he
non-coastal regions ground water is the main sowfce
water supply. Though, the distribution of rivers rion-
coastal areas is relatively lesser when comparenbastal
regions especially the Niger Delta region, due to
industrialization, water supply is mostly from blooges.
The borehole water often goes untreated especkafly
independent water distributors. The government lsegp
water in some states and where these schemesaalabéa;
it is often epileptic.
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Water pollution often occurs in Nigeria due to
discharge of wastes including municipal waste nter
into the environment which are washed into the aqua
ecosystem via soil erosion. According to Galadimale
[8], the wastes are mainly from homes, local market
abattoirs, oil and agricultural activities. In thecessing of
agricultural products into finished products, sevevaste
streams are generated which are discharged into the
environment without proper treatment. In northeigeda,
mining of metals from the ores often leads to gl
Muhammad et al. [9] ascribed arsenic as one of the
potential heavy metal pollutants released duringimgi
activities. Some of these agricultural processiragtes are
generated during oil palm and cassava processitgn, A
water pollution occurs during crude oil and gaslesgdion,
drilling and production, shipping, refining, stoeag
distribution and marketing. Other major toxic wastbat
are discharged into the environment are hospitatigged
wastes. Through the action of oxidative processes,
microorganisms decompose these wastes [8], relgasin
toxic substances into the environment. Heavy metath
as arsenic could be leached into the environmewougn
natural processes and anthropogenic activitiesn{bgrof
industrial generated solid wastes) [10, 11].

Heavy metal pollution such as Mercury and Arsenic i
one of the essential water contaminants associatdd
health impacts. These heavy metals often occun axiae
of other less poisonous metals. Specifically, dcséa
chemically similar to phosphorus, to the extentpaftly
substituting its biochemical reactions includings it
poisonous nature [12]. According to Garba et aD],[1
arsenic could occur in a variety of minerals inahgd
Arseno pyrite (FeAsS), Realgar (&%), Orpiment (AsSs),
Arsenolite (AgOg), nickel glance (NiAsS) or mispickel.
Arsenic can also occur as ores in heavy metals ssch
copper, lead, cobalt, nickel, zinc, silver, tin ¢©, 13].
Some other forms arsenic could occur include acseni
trioxide (As$0s), arsenic pentoxide (A®s), arsenic
sulfide (AsS), dimethylarsinic acid (DMA)
[(CH3),AsO(OH)], monomethylarsonic acid (MMA)
[(CH3)AsO(OH),], lead arsenate [PbHASD potassium
arsenate [KHASQ,], potassium arsenite [KAsSBAsSO,]
[14]. According to WHO [14], arsenic exists in oattbn
states of -3, 0, 3 and 5 and they are found throuigthe
earth’s crust as arsenic sulfide or as metal atsenand
arsenides. Arsenic can also exist in elemental $oamd
they can also undergo sublimation upon heating.[12]
Basically, elemental arsenic is not principally &abous,
but its oxide such as arsenic (lll) oxide (@s) is the
mostly used and is very poisonous [3, 4].

Arsenic is a trace element found at variable
concentrations in the atmosphere, soils and racasyral
waters. Several inorganic and organic compounds$agon
arsenic and they are relatively harmful to the mmment
and biological species. Common oxides of metalaiairtg
arsenic is used in the manufacture of pesticided an
insecticides include sodium arsenite (NaAs@sed for
locusts, arsenic (Ill) oxide (A®;) used for rodents,
calcium arsenate [Ca (Ag)p used for cotton boll weevil
and the potato beetle [3]. Organic arsenic compsguth
as arsenocholine and arsenobetaine are relativelioxric
and rapidly excreted unchanged in urine and thepat
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for about 64% of total arsenic consumed indireitlyood
related products [15]. But according to Lesikaakt[16],
organic arsenic is usually less harmful than inoiga
arsenic, although exposure to high levels of songaroc
arsenic compounds may cause similar effect to tifrose
inorganic arsenic. Through the use of these arsenic
containing chemicals, arsenic find its way to the
environment including air, water, food and soil Jjldence
they are ubiquitous. A long period of soil exposoaeild
cause the infiltration into the ground water leadito
contamination. Arsenic in water is colorless, odss| and
tasteless [17].

Arsenic is useful in the hide and tanning procesl &

a limited extent, as pesticides, feed additives and
pharmaceuticals [14]. The exposure to humans during
processing of these products could be a poterdiaice of
pollution which could be hazardous to the humanithea
Also some of the foods produced with arsenic have a
concentration above the standard limit and thidccéead

to health related effects. Maduabuchi et al. [1&jarted
the arsenic level of some canned foods consumed in
Nigeria including Picnic Soymilk (Maeil) (0.161mp/l
produced in Seoul, South Korea, Remmy Rankky Orange
(0.160mg/l) manufactured in Wuging, Republic Of i&hi
Sprite Soft Drink (0.051mg/l) manufactured in Waitley
South Africa, Star Pino Pineapple (0.030mg/l) artdrS
Mango (0.020mg/l) produced in Shariah, United Arab
Emirates, Godys Malta Drink (0.023mg/l) manufactlie
Germany, Chinchin malt milk drink (0.011mg/l) prasal

in Tianjin, China. Some un-canned foods contairtiigh
arsenic concentration include La Casera Orange kDrin
(0.261mg/l), Chelsea Teezer Gin and Pinneapple
(0.012mg/l), Fine Merit Yoghurt (0.011mg/l), DeliBdack
Currant Drink (0.011mg/l), Chivita Orange Juice
(0.020mg/l), Popcy Flavored Drink (0.017mg/l), Lulu
Apple Juice (0.014mg/l) produced in Lagos, Nige8ans
Cream Soda (0.016mg/l), Ribena Black Currant
(0.014mg/l), Lucozade Boost (0.038mg/l) produced in
Ogun State, Nigeria, V. Roovers Orange Drink (OrBd2)
Ogidi, Nigeria, Campina Yazzo Milk Drink (0.060myg/I
manufactured in Aalter, Belgium, Mighty Nice Chtate
Drink (0.038mg/l) produced in Cape Town, South édri
Sheeza Mango (0.034mg/l) produced in Karachi, Ratkis
Vitamilk Soyamilk (0.030mg/l) produced in Thailarehd
Grape Joy Of Health (0.027mg/l) manufactured in
Cansavay Bay, Hong Kong. Yet this food and drink
products are widely consumed throughout Nigeria.

Water is an essential resource utilized by all husres
well as biodiversity. Water pollution is one of the
challenges of developing countries like Nigeriankt this
paper focuses on the challenges of potable wagplgu
level of arsenic in water quality in Nigeria andtgttial
health effects. The study concludes by suggestptmpms
for removing arsenic in drinking water sources ige\ia.

2 Challenges of Water Supply in Nigeria

Water is a limited resource which is very cruce the
survival of humans and also, an important tool to
industries, agriculture and producers at large.r Reater
supply with regard to quantity and quality will adsely
affect sustainable development [19]. Drinking watepply
in Nigeria is challenging, with more intense sitoas in



Journal of Environmental Treatment Techniques

2015, Volume 3, Issue 1, Pages: 15-24

the Northern region of the country. Generally, ffotable
water problems include concentration of heavy mnsetath

as arsenic, microbial isolates and counts and water
monitoring and surveillance policy.

2.1 Water Monitoring and Surveillance Policy

According to Galadima et al. [8], adequate supdly o
safe and sanitized fresh water is an inevitableéofafor
human and economic development of the country. The
authors attributed water crisis in Nigeria to lack
education, low budgetary funding, inefficient gaveent
policies, corruption, drought and other anthropagen
factors as the leading factors that lead to poaalityu
supply. The major challenge of water supply include
inadequate policy, legal, regulatory and institodéib
framework, high population growth, low investmeateél
in operation and maintenance leading to recurreaalb
down of water facilities, non — participation ofténded
water users during initiation/conception of the estles or
funding, execution and monitoring, insufficient fiab
awareness toward water conservation and managédtjent
In Nigeria, potable water supply policy favors gndu
water, and a significant number of the populatisrsiill
getting their drinking water from stream, riversdalake.
Hence, the surveillance of water sources of sigmifi
importance is lacking and grossly inadequate.

2.2 Microbial challenge

Generally, the quality of drinking water is detenexl
based on the appearance, taste, color and odbe ofater,
but this does not indicate that the water is freemf
hazardous compounds [4]. In addition, microbial
contamination also occur in water used in Nigeria.
According to SON [20], water microbial quality shdunot
exceed maximum permissible limit of 10cfu/ml fortaio
coliform count which indicates faecal contamination
0cfu/100ml for thermo tolerant coliform dg.coli which
indicates urinary tract infections, bacteraemianimgitis,
diarrhea (one of the main cause of morbidity andtatioy
among children), acute renal failure and haemolytic
anaemia and 0 cfu/100ml for Faecal streptococdushnis
an indication of recent faecal contamination and
0cfu/100ml forClostridium perfringens spore which is the
intermittent faecal contamination index for drinfgimater.
Yet the water quality distributed and consumed igeNa
often exceeds this limit. lge and Olaifa [21] haparted
E.coli in ground drinking water around waste dump sites in
parts of Lagos state, Nigeria in the range of ©x800ml
count which is an indication of contamination. Glaand
Onilude [22] has reported microbial contaminatians
drinking water from western Nigeria as 2.86 -3.4f |
colony forming unit (cfu/ml) and 1.62 log cfu/ml &stal
bacteria count and highest coliform count respebtivlhe
authors also identifiedE.coli, Staphyloccocus aureus,
Pseudomonas aeroginosa, Enterobacter  aerogenes,
Klebsilla species,Proteus vulgaris, Alcaligenes faecalis,
Bacillus cereus, Streptococcus lactis, Aeromonas species
and Micrococcus luteum as the bacteria diversity found in
drinking water. These microorganisms are pathoganit
are known to cause variety of diseases.
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2.3 Heavy metal — Arsenic challenge

Leaching of heavy metals such as arsenic causes wat
pollution. Most heavy metals are toxic on exposure
especially on a prolong state. Some of these harmfu
elements include arsenic, beryllium, cadmium, mercu
lead, radon, and uranium [23]. In recent time, rtayirig of
heavy metals in drinking water sources as been j@rma
concern to environmental scientists [24]. Arsenione of
the major pollutant that is deleterious to the smwinent
and humans that consumes the contaminated wategni&r
has the potential to undergo a sequence of chaugdsas
oxidation-reduction reactions (an arsenic atom nigki
electrons from another atom or losing them to aeroth
atom), ligand exchanges (electron exchanges invglvi
other atoms which are combined with a central acsen
atom), and biotransformations (chemical changesdgenic
atoms within the body of living things) [16]. Dugn
oxidation and oxidation-reduction reactions thensgort
process in ground water is affected due to the maitg
total iron level, temperature, salinity, and suphiat water
[16].

3 Concentration of arsenic in potable water

sourcesin Nigeria

Arsenic concentrations in water depends much on the
source of arsenic contamination which may be &saltr of
natural processes, industrial or agricultural di¢is and
increase in human activities in the area wherentbiés are
located [3]. Table 1 present the level of arsenic
concentration in drinking water sources in Nigamainly
from wells, boreholes/ground water and surface mwate
However, arsenic have been detected above the sbheai
limit of 0.01mg/l in Northern Nigeria with a condegtion
of 0.02 to 0.80mg/l. Northern regions with high
concentrations include Biu Volcanic, North-Eastern
Province of Nigeria [23], Kano state [10, 12], Zaand
environs [11], Kaduna [3, 4], Borno states [25]k&o0
[26] and in south western Nigeria it has been deten
Osun state [227], Ogun state [28, 29]. Informatioh
arsenic contamination of water pollution is notesevin the
Southern region when compared to the Northern Niger
the Niger Delta, the concentration in Bayelsa state
specifically is below the permissible limit [30, ]3&part
from the recent studies in 2013 that the concentrabf
arsenic was reported as 0.03 mg/l in Yenagoa, Bayshte
[5]. Similarly, in Abia state the concentrationkislow the
permissible limit for potable water source [32,.33]

High arsenic concentrations can occur locally irffesze
waters (as well as ground waters) in areas of lo&dro
sulphide mineralization or mining activity, induatr
contaminations, or areas affected by geothermavigct
and in surface waters that are fed by high-arsenic
groundwater [34]. This could be the reason why racse
concentration is often high in the Northern Nigetize to
the abundance of rock deposits. Similarly, the ditjpm of
arsenic in potable water sources in southwestegerii
could be attributed to anthropogenic activities hsuas
industrialization and mineral richness of the ragio
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Table 1: The arsenic concentration level of drigkivater sources in Nigeria

Water source Concentrations

L ocation

References

Surface wate, mg/I 0.03-0.477
Groundwater, mg/l 0.006 - 0.424
Hand dug wells, mg/I 0.40 - 0.60
Tap pumped water, mg/I 0.09-0.16

Hand pump operated borehole, mg/I|

Well Water mg/I

0.12-0.16

0.765 highest
level

0.809 highest

Biu Volcanic, North-Eastern Province of Nigeria  [23

Karaye Logal Gaweent area, Kano state. [12]

Getso in Gwarzo Local Government area, Kano[10]
State
Kutama in Gwarzo Local Government area,

level Kano State.
Borehole, mg/I 0.002 - 0.008 Zaria and environs 11 [
well water, mg/l 0.02-0.51
Well water, mg/I 0.34 Jeba, Jemaa, Kachia, Kagatkoru, Kaura, [3]
Borehole water, mg/! 0.14 Sanga and Zangon Kataf local government area
' in Kaduna state
Well water, mg/I 0.20-0.40 Ikara, Kubau, Kudaaré, Makarfi, Sabongari, [4]
Borehole water, mgll 0.03-0.14 Soba and Zaria local governments area of
' Kaduna
Borehole, mg/l 0.02-0.04 Maiduguri, Borno state 25][
Sachet water 0.17-0.25 Sokoto metropolis [26]
Well water 0.21-0.38
Tap water 0.22-0.28
Ground water 0.00 - 0.38 (dry Ibadan, Oyo state [6]
season)
1.03-3.06
(Rainy seasol
Borehole, mg/I 0.00 - 0.05 Odeda region, Ogurestat [29]
well water, mg/l 0.00 -0.07
Borehole, mg/I 0.03-0.47 liebu land, Ogun state 28] [
Ground/surface water, mg/l 0.01-0.70 Igun-ijebsyn state [27]
Groundwater 0.00 Yenagoa, Bayelsa state [30]
Groundwater 0.01-0.03 Yenagoa, Bayelsa state [5]
Groundwater 0.00-0.01 Yenagoa, Bayelsa state ] [31
Groundwater 0.00 Osisioma, Abia state [32]
River 0.001 - 0.014 Aba, Abia state [33]
Limit, mg/l 0.01 WHO, SON [3, 4,11, 12,
17,20 25]

4 I mpacts of Arsenic on Water Quality in
Nigeria

Arsenic compounds have a relatively higher density
than water. Some of the densities of arsenic coimgi
compounds include: As (5.727g/tnat 14 °C), AgO,
(3.738 glcm), As,Os (4.32 glcn), As,S; (3.43glcn),
PbHAsQ, (5.79g/cni), KH,AsO, (2.867g/cr) [14]. Some
metals act as catalysts in the oxidative reactiofis
biological macromolecules causing toxicity that Idou
damage tissues [35].The gastrointestinal trackjmsed to
environmental  pollutants such as arsenic from
contaminated foods and water which may have tdfeces
on the body [18]. Arsenic enters the body throug gkin
(dermal) and also through parental routes (platenta
transfer of the arsenic to the unborn fetus). Betdentral
port of arsenic entry is by oral ingestion of conitaated
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foods and water and also through inhalation [18ufe 1
shows the route of contraction of arsenic througgtesns;
tissues and organs etc. which absorbs them theaising
disease conditions. Dermal contamination can occur
through prolong exposure to water bodies with fagdenic
levels including rivers, ponds and lakes. Generatly
Nigeria, most rural dwellers often bath and waslopen
rivers. However, the absorption of arsenic throtighskin

is minimal; therefore, hand-washing, bathing and
laundering etc. with arsenic containing water doaspose
significant human health risks [36]. Similarly, ove
exposure to arsenic contaminated air can caus@atsy
diseases induced by arsenic. These usually occur as
occupational arsenic toxicity, especially in indivals who
work with arsenic compounds, though the type otaff
and severity is relatively depended on the levelxgfosure.
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The degree of non-occupational exposure to arseies
greatly, and this is dependent on the local geodtemas
well as the level of anthropogenic activity [36]ts&nic is

one of the major water pollutants that need adegpablic
health attention due to the variety of diseases$ thay
cause.

Arsenic/ Arsenic compoun

Route of contraction

Parenteral route Ingestion

(Water and food)

Dermal (contact with
arsenic compounds)

Inhalation (over
exposure to arsenic

compounds)

Accumulation and absor ption

\4

Systems, tissue and organs

Lung Heart || Liver

Kidne Bloo

Hair, skin Bone GIT
& nail

Brain &nervous
system

marrow

Biotransformation and metabolic activities

l

symptoms etc.

Manifestation and localization of various diseasmsdition that affect different organ, tissue, dissvith their respective

Figure 1: Possible route of contracting the arseglated disease conditions (GIT = gastrointestirzet)

Quality water supply is vital for the existence of
humans and other biological species. Basically,liyua
analysis of drinking water quality offers essential
information about the sources of water pollutiond an
guidelines for health protection [37]. Water padlbuat and
/or shortage could cause adverse reduction in gty
and even deaths of living species [10, 12]. Theaichpf
arsenic on human health is often severe causingraev
types of diseases. Table 2 presents various dseassed
or induced by over exposure to arsenic. These sksea
affect the younger generation which could be aitgt to
the fact that they are prone to exposure as agaldst
people. Usman and Lar [23] reported that in sonralru
communities of Biu Volcanic Province in North-Easte
Nigeria, arsenic related diseases are common asmults,
youths and children. Arsenic pollution has also nbee
reported in the northern Nigeria [3, 4, 10, 12]céaing to
the British Geological Survey [34], the latent pelriof
arsenic related diseases usually takes severas yediore
clinical symptoms of arsenic-related skin disordars
cancer become apparent. Garba et al. [4] repotiatl t
chronic arsenic poisoning can take 5-15 years teale
themselves depending upon the amount of arsenésiead.
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This could be the reason why it only surfaced irrtNern
Nigeria some decades ago despite the use of the water
several centuries ago. Arsenic toxicity is reald drealth
implications have been recorded across the globg if8
Countries like Bangladesh, India, China, Taiwargilemnd,
Chili, Romania [13, 34].Ground water pollution from
arsenic has a correlation in the development ot@aand
other chronic diseases as a result of ingestiorigh-
arsenic drinking water [34].

The severe toxicity of arsenic compounds in humsans
mostly a function of their rate of removal from thedy
[14]. Arsine is in its toxic form as arsenites e (I11)],
the arsenates [arsenic (V)] and organic arsenicpoomd
[14]. The symptoms of arsenicosis or arsenic induce
diseases visibly show is different form dependimgtoe
localization center and level of exposure. Arsesigds a
disease caused as a result of arsenic induced thatergh
long term consumption. The symptoms that appear aft
few weeks of exposure often included fever, ins@nand
anorexia [18], abdominal pain, vomiting, diarrhoea,
muscular pain and weakness, with flushing of the gk4,
45]. Other symptoms include brittle nails, nausgapnic




Journal of Environmental Treatment Techniques 2015, Volume 3, Issue 1, Pages: 15-24

anemia, burning in mouth/esophagus/stomach/bowel, arsenic causes gastrointestinal diseases, dialmtesia,

confusion, drowsiness, enzyme inhibition, and ghyli cardiovascular, neurological effects and liver d&e
odor to breath/stool, hair loss, headaches and dmade include noncirrhotic portal hypertension, bleeding
fever [45]. At advanced stages of arsenicosis litsical esophageal varices, splenomegaly, hyperspenisnallimet
symptoms are incurable, however mild and early spmp taste in mouth, Mee’s lines in nail beds, bone ovarr
can be alleviated by supply of low-arsenic drinkingter depression and peripheral neuropathy.

[34]. According to Lesikar et al. [16], the manif&son of

Table 2: Diseases and localization associated avithnic pollution in drinking water

Diseases L ocalization References
Cancer skin, lung, bladder, colon liver and kidney [13, 14, 17, 23, 36, 38 — 44]
Skin problems  Skin problems like: rashes, abnormal growth, s&sidn and roughness [23, 36, 43]

Changes in skin color and hard patches on the pattisoles of the feet [38]

Nails deformity- nail thickening and brittleneddyper-pigmentation of [17, 23, 45]
the skin and hand pali
Hyperkeratosis and pigmentation changes [14, 17]

Dermatitis [45]
Melanosis (hyperpigmentation), spotted melanogiet{ed pigmentation), [13]
non-melanoma (depigmentation) and leucomelanosigioh white and

black spots side by side is found in the skin

Hypertension, heart disease, ‘blackfoot diseasé'ratated gangrene, [14, 34]
Raynaud’s syndrome

Cardiovascular |ncreased mortality or prevalence of coronary héisgase, peripheral  [14]

/ . arterial disease, myocardial infarction and strditeod pressure
Haematologica
I/ pulmonary Cardiovascular diseases [12, 13, 16, 17, 39, 41 — 43]
disorders Diseases of the blood vessels [16, 34, 38]
Hematologic disorders (anemia, leukopenia and ep#iia) [41, 42]
Hepatic diseases [34]
Decreased production of red and white blood [16]
Cells, Abnormal heart rhythms, Damage to bloodsek
Risk factor for atherosclerosis [43]
Vascular disease including arteriosclerosis - Perigl vascular [13]
andischemic heart disease (ISHD), renal, chromig knd cerebrovascular
diseas
Gastrointestina Gastrointestinal tract [15, 34]
| diseases Gastrointestinal effects such as nausea, vomisindpminal pain and [16]
severe diarrhea
Nervous and  Neurological diseases, decrease motor co-ordinatenvous [3, 13, 16, 34, 42]
Immune Peripheral neuropathy [17, 39]
system
disorders Nervousness [45]
Convulsions and immune system disorder [12, 45]
Diabetes Diabetes [13, 17, 23, 39, 41, 42]
Respiratory Respiratory tract infection, [3,45]
disease:
Hearing hearing loss [23, 41, 42]
difunctioning
Organ Liver, kidney, spleen. [12, 15]
g}ﬂammatlon Liver disease. [16]
accumulation
of arsenic
compounds
Birth defects Birth defects/ developmental abnoities], neurologic and [12, 41, 42]

neurobehavioredisorder

20
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Arsenic compounds are usually carcinogenic espgcial
in their trivalent inorganic forms. According to V@H[14],
the mechanism of carcinogenicity and the shapehef t
dose-response curve at low intakes have remained
unknown, highly controversial and uncertain. Mdsthese
diseases have been occurring in Nigeria since 8fe 1
century. These diseases may have claimed seveed li
especially in the rural areas in the northern Nagevere
arsenic have been reported as the main cause @f wat
pollution. Some of the diseases conditions inclstten
lesion, cardiovascular disorder, cancer, respiyad@order,
neurological and birth defects. Besides human nazssis
could also affect biodiversity (biological speciejposed
to arsenic for prolong periods. Basically arsegifound in
living organisms in a minute form, but when the
concentration is high it poses health effects foimal's
species (arboreal, terrestrial and aquatic orgas)isiike in
humans, high arsenic concentration could triggéfemrint
forms of diseases occurring frequently in biologica
species. The mode of contraction could be fromqorgihg
consumption of water polluted with arsenic.

5 Conclusion and the way forward

Potable water source is one of the most essential
requirements for the existence of man and biodityerget
its supply in Nigeria is challenged by high micrlbi
counts, heavy metals such as arsenic and unfaeonadibr
policies especially with regard to surveillance and
monitoring. The concentration of arsenic in waterigh
especially in the northern Nigeria due to the aspbgenic
activities such as mining and natural conditionshsas the
geology of the area. In the south west especiall@gun
state, concentrations have been detected above the
permissible limits recommended by SON and WHO.
However, in south-south region the limit is belohet
guideline values of 0.01 mg/l except for recentdits
(2013) were arsenic concentrations are up to 0.68 im
ground water in Yenagoa, the Bayelsa state Capitad.
presence of arsenic in southern Nigeria is probdhly to
industrial activities in the region. Besides drimdi water is
also used for bathing, washing; cooking etc. Thete®
through which arsenic enters the human body include
ingestion from contaminated food and water, inlafafnd
dermal contact. To a large extent, ingestion remaire
means through which arsenic toxicity occurs. Balsicthe
exposure to arsenic could causes several diseaskition
such as cardiovascular, hematological, neurologarad
immune system, respiratory, gastrointestinal bdigorder,
dermatitis and cancer. To avoid the attendant ealt
impacts of arsenic in potable water sources in fidgee
suggests that drinking water should be adequatebted
before consumption especially in region were arseni
pollution in high.

Several treatment options of potable water ardavei
including ion exchange, activated alumina, reverse
osmosis, coagulation filtration and microfiltration
oxidative filtration, lime softening, iron basedrisent [46],
iron oxide filter [47], pond-sandfiltration [3, 4]iron
hydroxide precipitation [13]. The most widely used
coagulants are alum and ferric chloride [34]. Oésty,
technologies, coagulation filtration and microfilion have
arsenic removal efficiency of 95% and work best mitee
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pH of the water is 5.5 — 8.5 requiring high skBasically,
most potable water sources with less contaminané lza
pH of about 6 — 8. SON and WHO have reported that
drinking water with a pH of 6.5 and 8.5 may not dav
health related effects. Of all the physico-chemiaadenic
treatment technologies, the use of iron based sbibdest
due to its high removal efficiency (98%), requiriagvater
pH of 6 — 8.5 with minimal skills [46]. Low costltfiation
and iron hydroxide precipitation system that aferdfible,
efficient and with low maintenance capacity carals® be
used for treating potable water sources high ieracg13].
Also, iron oxide filters are a relatively new andpleful
technique for lowering arsenic levels in privaténking
water systems [47].

Iron oxide media can be housed in small inline=filt
cartridges or in larger tanks like the ones used ido
exchange systems [47]. These filters can be used to
enhance the performance of reverse osmosis systerhs
are not effectively removing As (lll). Generallyph oxide
filters are effective for both As (lll) and As (\fgmoval,
inorganic removal matters, simple to use and miairfta].
However removal efficiency can be reduced when the
water contains other materials such as iron, masgan
sulfate, silica or organic carbon [47].

Tech Brief [48] has reported that low cost arsenic
removal can be done through a sequence of aersdiush/
filtration, cation exchange softening and finally
chlorination. Basically, adsorption column is maetif from
activated alumina and iron-based sorbents. Thefitend
adsorption column technologies include simplicity o
operation and maintenance, and cost effectivenatis w
high removal efficiency [16]. Reverse osmosis treait
technologies is mostly used when the water corttégh
amount of sulphates and phosphates. However,
treatment of As (Ill) in drinking water could under pre-
oxidization and this enhances the complexity anst ob
the treatment. Reverse osmosis treated water de aad
tastes due to inorganic substances removed from the
treatment system.

lon exchange process removes arsenic by passing the
water under pressure through one or more columalsepa
with an exchange resin [16]. In distillation, theter is
heated to its boiling point (100°C) in a condengies
enclosed container) and the residues containingnerss
allowed to evaporate. The water is subsequentballl to
cool and condenses back into a liquid [16].

Generally, 21hysic-chemical treatment technologies
limited by costs. In the recent years, biologigapmaches
for remediating heavy metals including arsenic from
potable water have been a cause for concern togall
environmentalists. Rowel [49] has reported that &us
species peel can be used up to 11 times duringrwate
treatment without replacement. Richard [50] repbrteat
sea shells can also be used for remediating heatglsn
from water due to the presence of aragonite (a fofm
calcium carbonate). In view of the cost requiredtfeating
arsenic in water through 21hysic-chemical methoas,
hereby suggest that research should be carriedisiog
biological materials such as sea shells and Musaisp
leaves to determine their potential arsenic removal
efficiency from potable water sources and theirnecoic
feasibility. With regard to the water supply chadies, the

the
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government should carry out thorough monitoring and
surveillance of health impactable anthropogenidviiets
such as mining and discharge of industrial wastensure
that toxic materials containing arsenic are not pedninto
the potable water sources. Also, industrial yatusukl be
sited far from residential areas were potable wsberces
such as borehole are in abundance. The inhabibérigh
arsenic communities should balance their diets with
nutritious supplements and avoid diets low in pgrotéats,
vitamins and minerals, since they enhance the afk
arsenic-induced skin lesions and other malignastatie
[13].
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