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Constant drinking water monitoring schemes are necessary
because hazardous substances tend to enter water bodies through
geodetic and anthropogenic sources. The main goal of this study
was to evaluate the human health risk assessment posed by high
fluoride and iron concentration in tap water used for domestic
activities and consumption. In this study, the concentration of
fluoride in tap water varied at different locations, ranging from
0.48mg/L to 1.84mg/L with an average value of 1.23mg/L while
that of iron ranged from 0.02 to 2.96mg/L. The cluster analysis
displayed three popular groups in which the samples can be
classified. The non-carcinogenic risk was determined with defined
methods outlined by US EPA considering dermal and ingestion
pathways. Total Hazard Index greater than 0.8 for fluoride con-
sumption in the analyzed locations was obtained from location
R16, R17, R15, R4, and R6.
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Specifications table
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ubject area
 Water Resources and Environmental Engineering

ore specific subject area
 Water Quality and health-risk assessment

ype of data
 Tables and figures

ow data was acquired
 Location visits, Field sampling collection, ionic concentration analysis

using standard analytical procedure [1], flame absorption spectro-
photometer (FAAS), potentiometric ion-selection electrode.
ata format
 Filtered, analyzed

xperimental factors
 Measuring the values of ionic and fluoride content of tap water

samples. Calculating the human health risk assessment followed after
the concentration of fluoride was obtained.
xperimental features
 Determining the ionic concentration of major water quality para-
meters and some trace metals in tap water at the point located in the
study map. All samples were stored according to standard procedures
before analysis was carried out.
ata source location
 Abeokuta South, Nigeria. 3.341 E – 3.386 E and 7.121 N – 7.192 N

ata accessibility
 The data are available with this article
D

Value of the data

● High fluoride concentration in water can lead to severe health implications in humans. Therefore,
monitoring toxicity levels in water is essential.

● Human health risk assessment is vital since fluoride can be adsorbed through several pathways.
● Children and deprived population should be the target of public health policymakers to ensure they

receive proper sensitization and preventive programs that will improve their health status.
● The data will help provide proper monitoring initiative to curtail fluoride contamination in

groundwater which would serve as an efficient mechanism to reduce fluoride intake.
1. Data

In the data, tap water quality analysis was carried out in Abeokuta South in Ogun State, Nigeria at the
locations in the map shown in Fig. 1. The region lies between latitude 7.17°N and 7.25°N and longitudes
3.28°E and 3.43°E with an estimated population of 451, 607 persons, growing at a rate of 3.5% yearly [2].
The data presented in this article provides information on classification of water samples and human
health risk analysis associated with the intake of excess fluoride and iron concentration in water.
2. Experimental design, materials, and methods

In this study, 21 locations were chosen for water analysis (Fig. 1). 63 tap water samples were
collected, analyzed and compared with water quality standards outlined by the World Health
Organization [3].

Standard sampling procedures were adopted throughout the study. The samples collected were
stored accordingly, in line with stipulated methods used for water and wastewater before analysis
was conducted. On site, sensitive water quality parameters such as pH, Total dissolved solids (TDS),
alkalinity, electrical conductivity (EC) and temperature were measured using HANNA – HI2030
Salinity/TDS/EC meter multiparameter and HANNA – HI98130 probe. Iron and manganese con-
centration was measured with The flame absorption spectrophotometer (FAAS) [5,6], while
the fluoride concentration in the samples was measured with a calibrated potentiometric ion-
selection electrode (HANNA–HI5315) and a professional water-resistant portable ORP/pH/ISE meter



Fig. 1. Map of study area indicating the sample locations.

(source:[4]).
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(HANNA–HI98191). As for the other parameters, their ionic contents were measured using standard
analytical method [1]. The descriptive plots of the collected tap water samples are presented in Fig. 2(a–r).

To consider possible connections and the extent of similarity and distinction existing between the
different locations, Hierarchical Cluster Analysis (HCA) technique was adopted. Fig. 3 presents the
Ward linkage dendrogram that classified the observed samples.

The important parameters used for calculating the exposure risk associated with fluoride and iron
contamination in children and adult, given by the United States Environmental Protection Agency
(USEPA) [7] was used to compute the Average daily dose (ADD) of each contaminant. The parameters
were inserted in Eqs. (1) and (2) to evaluate the exposure risk associated with fluoride and iron
concentration considering ingestion (ADDIN) [8–11] and dermal (ADDDE) pathways respectively.

ADDIN ¼ Cwp � IRw � EFr � ED
BW � ATr

ð1Þ

ADDDE ¼
Cwp � SA� Kp � EFr � ED� ET � CF

BW � ATr
ð2Þ

The data in Tables 1 and 2 presents the ADDIN and HQIN of Iron and fluoride concentration in the
water samples respectively. It also considers the ADD for adult and child obtained from different
locations (R1−R21). In addition, the data in Tables 3 and 4 presents the ADDDE and HQDE of Iron and
fluoride respectively. The values obtained from Tables 1–4, were used to calculate the total Hazard
Index (HI) values (Table 5) for iron and fluoride. The total Hazard index (HItotal) was determined for
non-carcinogenic risk according to Eq. (3);

HItotal ¼ ADDIN
RfD þ ADDDE

RfD

HItotal ¼HQINþHQDE
ð3Þ



Fig. 2. Frequency distribution of (a) pH (b) TDS (c) EC (d) Alkalinity (e) F– (f) Fe2þ: frequency distribution of (g) Mn (h) Ca2þ

(i) Kþ (j) Mg2þ (k) Naþ (l) SO2−
4 : frequency distribution of (m) Cl– (n) (l) SiO2 (o) HCO3– (p) NO3– (q) CO2−

3 (r) Temperature.
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Fig. 2. (continued)
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Fig. 2. (continued)
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Fig. 3. Dendrogram representation of all water samples from different locations.

Table 1
ADDIN and HQIN values via ingestion pathway for iron.

Sample
points

ADDIN (Adults) ADDIN (Children) HQIN

(Adults)
HQIN

(Children)

R1 12.77871.735 14.06771.91 4.259E−02 4.689E−02
R2 6.75970.699 7.44170.77 2.253E−02 2.480E−02
R3 19.90770.16 21.91670.177 6.636E−02 7.305E−02
R4 24.35272.362 26.80972.601 8.117E−02 8.936E−02
R5 82.22271.944 90.52072.141 2.741E−01 3.017E−01
R6 0.93570.439 1.03070.484 3.117E−03 3.432E−03
R7 0.45470.158 0.49970.174 1.512E−03 1.665E−03
R8 20.92671.807 23.03871.99 6.975E−02 7.679E−02
R9 23.61171.822 25.99472.005 7.870E−02 8.665E−02
R10 0.59370.294 0.65270.324 1.975E−03 2.175E−03
R11 2.16770.530 2.38570.583 7.222E−03 7.951E−03
R12 23.27870.583 25.62771.278 7.759E−02 8.542E−02
R13 16.24171.115 17.88071.228 5.414E−02 5.960E−02
R14 1.17670.116 1.29570.127 3.920E−03 4.315E−03
R15 5.64870.331 6.21870.365 1.883E−02 2.073E−02
R16 1.29670.163 1.42770.179 4.321E−03 4.757E−03
R17 41.94471.273 46.17771.401 1.398E−01 1.539E−01
R18 0.78770.212 0.86670.234 2.623E−03 2.888E−03
R19 0.82470.016 0.90770.018 2.747E−03 3.024E−03
R20 2.99170.070 3.29370.077 9.969E−03 1.098E−02
R21 14.90770.160 16.41270.177 4.969E−02 5.471E−02
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Table 2
ADDIN and HQIN values via ingestion pathway for fluoride.

Sample
points

ADDIN (Adults) ADDIN (Children) HQIN

(Adults)
HQIN

(Children)

R1 28.47270.139 31.34670.153 4.745E−01 5.224E−01
R2 36.48170.424 40.16370.467 6.080E−01 6.694E−01
R3 42.96370.424 47.29970.467 7.160E−01 7.883E−01
R4 45.74172.837 50.35773.124 7.623E−01 8.393E−01
R5 30.64873.047 33.74173.355 5.108E−01 5.624E−01
R6 44.07478.486 48.52279.343 7.346E−01 8.087E−01
R7 35.92675.776 39.55176.359 5.988E−01 6.592E−01
R8 18.42672.427 20.28572.672 3.071E−01 3.381E−01
R9 13.84371.995 15.24072.196 2.307E−01 2.540E−01
R10 40.185711.008 44.241712.118 6.698E−01 7.373E−01
R11 22.50073.889 24.77174.281 3.750E−01 4.128E−01
R12 13.79672.625 15.18972.890 2.299E−01 2.531E−01
R13 37.50073.758 41.28474.137 6.250E−01 6.881E−01
R14 34.259716.966 37.717718.678 5.710E−01 6.286E−01
R15 46.01971.580 50.66371.739 7.670E−01 8.444E−01
R16 51.019720.385 56.167722.442 8.503E−01 9.361E−01
R17 48.79670.893 53.72170.983 8.133E−01 8.953E−01
R18 36.852710.047 40.571711.061 6.142E−01 6.762E−01
R19 34.81570.160 38.32870.177 5.802E−01 6.388E−01
R20 42.68570.160 46.99370.177 7.114E−01 7.832E−01
R21 13.61170.278 14.98570.306 2.269E−01 2.497E−01

Table 3
ADDDE and HQDE values for iron.

Sample points ADDDE (Adults) ADDDE (Children) HQDE (Adults) HQDE (Children)

R1 0.08571.160E−02 0.05076.761E−03 1.900E−03 1.107E−03
R2 0.04574.677E−03 0.02672.724E−03 1.005E−03 5.854E−04
R3 0.13371.073E−03 0.07876.250E−04 2.959E−03 1.724E−03
R4 0.16371.580E−02 0.09579.207E−03 3.620E−03 2.109E−03
R5 0.55071.301E−02 0.32077.578E−03 1.222E−02 7.121E−03
R6 0.00672.940E−03 0.00471.713E−03 1.390E−04 8.099E−05
R7 0.00371.057E−03 0.00276.156E−04 6.745E−05 3.929E−05
R8 0.14071.209E−02 0.08277.044E−03 3.111E−03 1.812E−03
R9 0.15871.219E−02 0.09277.099E−03 3.510E−03 2.045E−03
R10 0.00471.970E−03 0.00271.147E−03 8.810E−05 5.132E−05
R11 0.01473.545E−03 0.00872.065E−03 3.221E−04 1.876E−04
R12 0.15677.767E−03 0.09174.525E−03 3.461E−03 2.016E−03
R13 0.10977.462E−03 0.06374.347E−03 2.414E−03 1.407E−03
R14 0.00877.737E−04 0.00574.507E−04 1.748E−04 1.018E−04
R15 0.03872.217E−03 0.02271.292E−03 8.397E−04 4.892E−04
R16 0.00971.089E−03 0.00576.343E−04 1.927E−04 1.123E−04
R17 0.28178.516E−03 0.16374.961E−03 6.236E−03 3.633E−03
R18 0.00571.419E−03 0.00378.268E−04 1.170E−04 6.816E−05
R19 0.00671.073E−04 0.00376.250E−05 1.225E−04 7.137E−05
R20 0.02074.677E−04 0.01272.724E−04 4.446E−04 2.590E−04
R21 0.10071.073E−03 0.05876.250E−04 2.216E−03 1.291E−03
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Table 4
ADDDE and HQDE values for fluoride.

Sample
points

ADDDE (Adults) ADDDE (Children) HQDE

(Adults)
HQDE

(Children)

R1 0.19079.29E−04 0.11175.41E−04 3.88E−03 2.26E−03
R2 0.24472.84E−03 0.14271.65E−03 4.97E−03 2.90E−03
R3 0.28772.84E−03 0.16771.65E−03 5.85E−03 3.41E−03
R4 0.30671.90E−02 0.17871.11E−02 6.21E−03 3.62E−03
R5 0.20572.04E−02 0.11971.19E−02 4.22E−03 2.46E−03
R6 0.29575.68E−02 0.17273.31E−02 6.10E−03 3.55E−03
R7 0.24073.86E−02 0.14072.25E−02 4.95E−03 2.88E−03
R8 0.12371.62E−02 0.07279.46E−03 2.52E−03 1.47E−03
R9 0.09371.34E−02 0.05477.78E−03 1.86E−03 1.08E−03
R10 0.26977.36E−02 0.15774.29E−02 5.61E−03 3.27E−03
R11 0.15172.60E−02 0.08871.52E−02 3.01E−03 1.75E−03
R12 0.09271.76E−02 0.05471.02E−02 1.86E−03 1.08E−03
R13 0.25172.51E−02 0.14671.46E−02 5.16E−03 3.01E−03
R14 0.22971.14E−01 0.13476.61E−02 4.43E−03 2.58E−03
R15 0.30871.06E−02 0.17976.16E−03 6.28E−03 3.66E−03
R16 0.34171.36E−01 0.19977.94E−02 7.19E−03 4.19E−03
R17 0.32675.97E−03 0.19073.48E−03 6.66E−03 3.88E−03
R18 0.24776.72E−02 0.14473.92E−02 5.17E−03 3.01E−03
R19 0.23371.07E−03 0.13676.25E−04 4.74E−03 2.76E−03
R20 0.28671.07E−03 0.16676.25E−04 5.82E−03 3.39E−03
R21 0.09171.86E−03 0.05371.08E−03 1.86E−03 1.08E−03

Table 5
Total Hazard Index (HI) for iron and fluoride.

Sample points HItotal

Iron Fluoride

Adult Child Adult Child

R1 4.449E−02 4.800E−02 4.784E−01 5.247E−01
R2 2.354E−02 2.539E−02 6.130E−01 6.723E−01
R3 6.932E−02 7.478E−02 7.219E−01 7.917E−01
R4 8.479E−02 9.147E−02 7.686E−01 8.429E−01
R5 2.863E−01 3.089E−01 5.150E−01 5.648E−01
R6 3.256E−03 3.513E−03 7.407E−01 8.123E−01
R7 1.580E−03 1.704E−03 6.037E−01 6.621E−01
R8 7.286E−02 7.860E−02 3.096E−01 3.396E−01
R9 8.221E−02 8.869E−02 2.326E−01 2.551E−01
R10 2.063E−03 2.226E−03 6.754E−01 7.406E−01
R11 7.544E−03 8.139E−03 3.780E−01 4.146E−01
R12 8.105E−02 8.744E−02 2.318E−01 2.542E−01
R13 5.655E−02 6.101E−02 6.302E−01 6.911E−01
R14 4.095E−03 4.417E−03 5.754E−01 6.312E−01
R15 1.967E−02 2.122E−02 7.733E−01 8.480E−01
R16 4.514E−03 4.869E−03 8.575E−01 9.403E−01
R17 1.461E−01 1.576E−01 8.199E−01 8.992E−01
R18 2.740E−03 2.956E−03 6.194E−01 6.792E−01
R19 2.869E−03 3.095E−03 5.850E−01 6.416E−01
R20 1.041E−02 1.123E−02 7.172E−01 7.866E−01
R21 5.191E−02 5.600E−02 2.287E−01 2.508E−01
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where Cwp is concentration of trace element; IRw is water ingestion rate (taken as 1 L/ay and 2 L/day
for child and adult respectively) US EPA 2011; ED is the exposure duration (taken as 6 years and 30
years for child and adult respectively); EFr is the exposure frequency (taken as 365 days); BW means
body weight (taken to be 32.5 kg and 72 kg for child and adult respectively) [12–15]; ATr means
average time (taken as 2190 days and 10,950 days for child and adult respectively) [7]; SA represents
skin surface area (taken to be 6365 cm2 and 19,652 cm2 for child and adult respectively); ET means
exposure time (taken as 350 days); Kp is the skin adherence factor (taken as 0.001); CF represents
conversion factor (taken to be 0.001). RfD is the oral reference dose (taken as 60 μg=kg−day for
fluoride, according to the Integrated Risk Information System (IRIS) database of the US EPA and [4].
RfD of iron through ingestion and dermal pathways are 300 μg=kg−day and 45 μg=kg−day respec-
tively [15,16]. A significant risk may occur for non-cancer effect if the Hazard index is greater than
one. The Hazard index value less than one means that there is no chance of non-cancer effect hap-
pening [17–21].
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