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Background

A Globally, about 1.1 and 2igh people do not have access
to safe water and sanitation{lO/UNICEF, 2000).

A Water quality, quantity and scarcity is a major concern
most subSaharan African countrieSg¢eiAsare 2009).

A Groundwater provides safe and reliable source of drink
water for many countries in st#aharan AfricaKeynolds

Vargas et al., 2006

A Provision of groundwater have been link to
I Improve public health

I food security

I High school enrolment in and many other secio
economic benefits.



Background 2 y Qi

A Nonetheless, in recent years, this vital resource is facing the
problem of

I high salinity
I fluoride
T nitrate contamination world wide.

A Nitrate and fluoride contamination of groundwater has now
become a global issue.

A Nitrate contamination have been linked to various environmenta
and health issues.

A Sustainable management of nitrate contaminated groundwater i
now a major challenge

A Most countries and regional blocks (EU) have legislations aimec
limiting nitrate concentrations



Background 2 y Q

A A major step in controlling nitrate contamination is to
identify its source/s

A This is necessary for the following reasons

U Improved management of water bodies for preservin
water quality

U Actions for the remediation of contaminated sites cal
be targeted to the actual sourc&dndall, 199R

dS | LILIK A
LINJA v O Yy UKS O2
et al., 2004; Xue et al., 20n9



Background 2 y Q

A In Ghana, various authors have studied groundwater quali
and geochemistry in almost all the river basia(illa et al.,
2011; Ahialeyet al., 2010Lohet al., 2012.

A Focusedstudy on nitrate in groundwater in the Upper East
Region dates back to late the 1950s.

A Mallari (1959) compiled a list of nitrate contents of
groundwater prior to 1959 in the Upper Region of Ghana.

A Thenitrate values were generally low with an average valu
of 1.5 (mg/L). He also observed an isolated high nitrate
value of about 9 mg/L in one borehole.



Background 2 y Q

A Two decades later, studies by Akiti (1982) showed similar nitrate
values ranging from 0.4 to 10.6 with mean value of 1.76 mqg/I.

A However, three years later, nitrate levels in the same boreholes
ranged from 0 to 65 with average value of 12.2 mgKi(i, 1987.

A This was attributed to contaminants entering the aquifer.

A Other studies on nitrate pollution in Ghana inclugladu et al.,
2013; WRC, 2003; Karikari and Bos#lanilton, 2004; Fianko et
al., 2010

A One major limitation of these studies is that, the source of nitrate
IS not clearly identified.



Statement of the Problem

A Previous studies in Ghana were focused on repeated
sampling and analysis of physicleemical parameters.

A Information available are
I Temporal trends in solute concentration
I extent of groundwater contamination within an aquifer.

A These constitute the basis for groundwater manageme
strategies

A Undoubtedly, such management decisions were good
and served some purpose.



Statement of the Problem

Sustainable management of groundwater resources requires different
perspectives, including available data, economic consequences and
applicability of the management approach.

|dentification of the sources and variability of nitrate is, therefore, an
Important step in the improvement and management practices associated
with maintaining the groundwater quality.

Currently, there is a lack of data, information and understanding of the oric
of nitrate and the relationship between groundwater age and nitrate
concentration in the Upper East region.

CKA& LI LISN AYyiSyRa (2 ONARIS &S
NG, |y RBO-NGQ; and tritium €H)



Objectives

A Assess the present status and spatial distribution of
the nitrate contamination

A ldentify and distinguish the most likely sources of
nitrate

A Identify the relationship betweePH and NQ and F

A Ascertain the potential human risk from exposure to
nitrate contamination using USEPA risk assessment
model.



#TheUERoordersUWR NR,Togoand BurkinaFaso
#Geologyis granitesand PrecambrianRocksof the

Birimianand Tarkwaiarseries

#Therocksare generallycoveredby a thin (<30 m)

weatheredlayer

#The study area is characterizedby a semitarid

climate
T = 28C:;
P =986 mm:;
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Methodology

A 93 samples from different communities were collected

A 62boreholes, 20 hand dug wells and 11 surface waters
(dams and rivers) from 2012016.

A In situ measurement of pH, EC, TDS and Alkalinity

A Cations and anions analysed using lon chromatography
system

A Tritium using electrolytic enrichment

A 15N and!80-NQ, using bacterial denitrifier method
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Data analysis

The statistical and descriptive analyses were carried out on the measured
parameters.

Spatialdistribution analysis was done using Arc GIS software.

Theexposure dose through oral ingestion is calculated using equation 1
(USEPA 2001

Ce[R«EF+ED ADD
- H . —_—
DD - EWJ;AT Qﬁ. iErats EfD

Where
ADD is the intake dose from drinking water (mg/kg/day),
C is the nitrate concentration (mg/l),

IR is the water ingestion rate, 3.3 L/day for adults and 1.6 L/day for
children Craig et al., 2015

EF is the exposure frequency and is taken as 365 days/year

ED is the exposure duration, 30 years for adults and 12 years for children.

BW is the body weight, 64.44 kg for adults (>18 years) and 30.36 kg for
children <18 Craig et al., 2015



Results and discussions



(C) Contamination, origin and health risk assessemnt
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(C1) Distribution, source, and effect of F-and NO; in groundwater

Distribution of F-and NOjcontaminant?
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A further assessment of the data revealed that, 37 and 5 sampk$4{% and 20.830%

and 17 and 540.73% and 20.83phave N@ and Fconcentrations above 20 mg/l and 1.0
mg/l respectively.




Origin of NO3 using hydrochemistry

Bivariate relationship between NGand

Cland NQ and K can be used to
identify potential sources of nitrate.

This is because: halides such as@l

conservative and widely distributed in

natural waters.

In this study, NQ shows a close affinity
with Ctwith correlation coefficients of -
0.92, 0.74 and 0.72 for the BH, HDW and voe

SW respectively
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Origin of NO5 using dual isotope approach
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A fast growing and popular
approach in resolving these issue:
IS the use of nitrogen and oxygen
Isotopes {°PN-NGO;- and 80-NGy).

It can discriminate the various
sources of nitrate (fertilizer,
animal manure, atmosphere and
septic leachate from animal
waste).

The results showed that, manure
and septic waste are main source
of nitrate GW, HDW and SW
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Health risk assessment?

Adults >18 years Children <18 years
GW HDW SW GW HDW SW
HQ HQ HQ HQ HQ
nitrate nitrate nitrate nitrate nitrate HQ nitrate
Min 0.02 0.04 0.00 0.06 0.11 0.00
Max 22.08 4.81 1.48 56.81 12.38 3.81
Mean 1.81 0.99 0.26 4.66 2.57 0.66
Stdde 3.26 1.27 0.43 8.38 3.27 1.12
Adults >18 years Children <18 years
BH HDW SW BH HDW SW
HQ fuoride  HQ fuoride  HQ fuoride  HQ fuoride  HQ fuoride  HQ fuoric
Min 0.00 0.04 0.00 0.00 0.08 0.C
Max 3.24 1.27 0.36 6.78 2.66 0.7
Median 0.38 0.41 0.08 0.79 0.87 0.1
Mean 0.68 0.47 0.10 141 0.99 0.2
% exceeding the limit 30.48 4.17 0.00 47.56 45.83 0.C

For adults 44%, 20% and @%& at risk of

consuming nitrate contaminated GW, HDW and

SW respectively.

For children <18, the results

show thatf, %,

70% and18%re at risk of consuming nitrate

contaminated GW, HDW and SW respectively.”
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Conclusion

BH, HDW and SW in the White Volta basin has been assessed using hydre
chemical and dual isotopes approach to trace the sources of nitrate
contamination.

The comparison of historical data and the data obtained during the study
revealed an increasing trend in nitrate contamination in the area.

Currently, about 95% of groundwater and hand dug wells and 45% of the
surface water have nitrate above the baseline nitrate concentration in the are

The NQ/Cl ratio also showed that, 98.4%, 95% and 64% of thg NQhe
groundwater, hand dug wells and the surface water respectively are from
anthropogenic activities.

¢ K $N-NO, |y R8&O-NO,0f the BH, HDW and SW are generally enriched
suggesting animal and human waste as the primary sources of the nitrate
contamination

Denitrificationoccurring in some area3g¢noand Veairrigation dams and
borehole atWies).



Conclusion

A The relationship betwee?H and NQ concentrations showed
that, higher NQ values are associated with younger waters.

A The nonrcarcinogenic health risk for adults consuming the
water from BH, HDW and SW in the area are 44%, 20% and
respectively.

A In the case of children under 18, the results show that, 71%,
70% and 18% are at risk.

A The data also showed that, the risk caused by drinking nitrate
contaminated water is approximately 72% higher for children

A NO;y originating from animal and human waste constitutes the
greatest health risk in the area.
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