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[image: ]Figure S1. Unbalanced sample data before resampling.
Figure S2. Person Correlation Matrix 


Figure S3. Boxplot for the predictor's distribution used for the random forest model.
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Figure S4. Comparison of the original, standardized, and normalized distributions of groundwater quality data

[bookmark: _Toc153798665][image: ]Figure S5. Pie chart illustrating the occurrence of F- ion in Nigeria's groundwaterLULC


Figure S6. Spatial depiction of the land-use types.

[image: ]
Figure S7. Spatial depiction of the NDVI types.
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Figure S8. Percentage of Fluoride samples based on aquifer depths
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Figure S9. Groundwater depth map of Nigeria
Table S10. Definition of the Parameters 
	Parameter
	Symbol
	Unit
	Description

	Chemical Con. (F-)
	C
	mg/L
	Concentration of chemicals in groundwater

	Ingestion Rate
	IR
	L/day
	Amount of water consumed daily

	Exposure Duration
	ED
	years
	Length of time over which exposure occurs

	Exposure Frequency
	EF
	days/year
	How frequently does exposure occur throughout the year

	Body Weight
	BW
	kg
	The average body weight of the exposed individual

	Averaging Time
	AT
	days
	Period over which exposure is averaged

	Reference Dose
	RfD
	mg/kg-day
	Safe daily exposure level without significant risk

	Water Adjustment Factor
	WAF
	dimensionless
	Accounts for bioavailability and other adjustments



Table S11. Interpretation of Risks
	HQ Value
	Risk Level
	Interpretation

	<1
	Acceptable Risk
	No significant health effects expected

	1
	Threshold Level
	At the safety limit

	>1
	Unacceptable Risk
	Potential for adverse health effects



Table S12. Avoidance Values
	Parameter
	Typical Value
	Common Range
	Notes

	IR
	2 L/day
	1-3 L/day
	Adult water consumption rate

	EF
	350 days/year
	250-365 days/year
	Accounts for occasional absences

	ED
	30 years
	1-70 years
	Residential exposure scenario

	BW
	70 kg
	15-80 kg
	Adult body weight

	AT
	ED × 365 days
	-
	For non-carcinogenic effects

	RfD
	Chemical-specific
	Varies
	Depends on the specific contaminant

	WAF
	1
	0.1-1.0
	Default = 1.0 if no specific data











Table S13. Number of Samples of the study areas
	State
	Town(s) / Area(s)
	No. of Samples

	Lagos
	Shodi/Isolo, Southwestern Nigeria
	25

	Oyo / Ogun
	Ibadan, Abeokuta, Coastal Aquifers
	96

	Plateau
	Langtang, Jos, Shendam, Angware
	157

	Gombe
	Kaltungo, Lapan, Billiri, Shelleng
	77

	Borno
	Maiduguri, Hawul, Gubio, New Marte
	186

	Adamawa
	Hong, Numan, Gashaka
	20

	Bauchi
	Bogoro, Tafawa Balewa
	10

	Taraba
	Bali, etc.
	33

	Yobe 
	Damaturu
	10















n=614
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Figure S14.Spatial distribution of groundwater F⁻ based on measured concentrations from compiled literature (Table 3).
Table S15. Statistical Description
	Parameter
	mean
	std
	min
	max

	pH
	7.12728
	2.809111
	3.97
	70

	EC
	534.0646
	743.9529
	0.06
	12000

	HCO3-
	174.442
	473.5183
	0.9
	8028.45

	TDS
	212.8149
	509.5733
	0.02
	8500

	Ca2+
	24.22358
	30.43436
	0.006
	374

	Mg2+
	42.13385
	330.7659
	0.01
	4879

	Na+
	45.93155
	488.1133
	0.07
	8857

	K+
	8.768986
	28.02014
	0.05
	447.1

	SO4-
	22.74524
	122.0071
	0
	2210.66

	Cl-
	96.60686
	990.1208
	0.1
	18970.2

	F-
	0.324104
	0.468421
	0
	1

	NO3-
	42.48336
	50.49864
	0.01
	258.56

	NDVI
	0.324523
	0.242164
	0
	1

	Depth (m)
	108.1809
	160.2362
	0
	618


Table S16. The state of Nigeria is affected by high F- concentrations in groundwater exceeding the WHO drinking water guidelines.
	S/N
	State
	Town
	F- in mg/L
	Mean (mg/L)
	References

	1.
	Katsina
	Zango

	0.01-3.16

	0.94
	[1-4]


	
	
	North Katsina
	0.18-3.70
	
	

	2.
	Adamawa
	Hong
	0.06-2.58
	1.33
	[3, 5]

	
	
	
	1.65-2.13
1.51-1.71
	1.03
1.03
	[6]

	
	
	Hong (Gashaka)
	0.00-2.30
	1.2
	[7]

	
	
	Numan
	0.3-1.90
	1.33
	[8]

	3.
	Plateau
	Langtang
	1.10-6.00
0.12-10.30
0.06-4.60
	3.6
2.47
2.47
	
[9-12]

	
	
	Langtang (North)
	0.65-6.60
	3.6
	[13]

	
	
	Jos
	0.50-1.92
	-
	[14].

	
	
	Angware
	1.00-4.00
	2.4
	[15]

	
	
	Shendam
	1.81-3.12
	
	[16]

	4.
	Gombe
	Kaltungo
	0.10-3.95
1.58-2.30
1.29-1.94
0.00-1.90
0.06-2.10
0.03-1.81
	1.65

1.65


	[17].

[18].

[19-22]

	
	
	Lapan
	0.35-3.46
	1.94
	[23]

	
	
	Billiri
	0.01-1.84
	
	[24]

	
	
	Shelleng
	0.09-2.19
	1.14
	[25]

	5.
	Enugu
	Igbo Ethnic
	0.00-0.63
	0.6
	[26]

	6.
	Taraba
	Bali
	0.5-4.1
	1.74
	[27].

	
	
	Gossol
	0.20-2.50
	1.35
	[28]

	7.
	Kwara
	Ilorin
	0.0-2.50
	1.25
	[29]

	8.
	Benue
	Makurdi
	0.34-2.06
	1.26
	[30].

	
	
	Bi
Oju
	0.08-1.82
0.01-1.54
	
0.77
	
[31]

	9.
	Oyo
	Ibadan
	0.01-3.60
0.01-3.70
	0.671
	[32, 33]

	
	
	Ogbomosho
	1.35-2.75
	1.35
	[1, 34]

	
	
	Iresa-Apa (sundere)
	0.00-1.78
	
	[35]

	10.
	Bauchi
	Bogoro
	0.52-1.60
	0.52
	[36]

	
	
	
	0.80-4.58
	
	[37]

	
	
	Tafawa Balewa/Dass
	0.10-4.62
	
	[37]

	11.
	FCT Abuja
	Kuje
	0.11-5.72
	-
	[38]

	
	
	FCT (North-Central)
	0.47-1.84
	1.28
	[39]

	12.
	Yobe
	Yobe
	0.06-2.28
	0.66
	[40]

	
	
	Damaturu
	0.00-2.00
	
	[41]

	
	
	Northeastern
	0.00-2.2
	
	[42]

	13.
	Borno
	Maiduguri
	0.02-2.42
	
	[40]

	
	
	Hawul
	0.76-1.72
	0.63
	[43]

	
	
	Gubio Cross
New Marte
	0.00-4.6
0.00-9.0
	
-
	
[44]

	14.
	Niger
	Gussoro
	0.05-4.90
	2.29
	[45]

	15.
	Abia
	Nnono (Ikwuano)
	0.40-2.00
	0.76
	[46]

	16.
	Ogun
	South Abeokuta
	0.48-1.84
	1.23
	[47, 48]

	17.
	Jigawa
	Dutse
	0.00-2.30
	0.52
	[49]

	18.
	Sokoto
	
	0.02-1.90
	-
	[50]

	19.
	Lagos
	Shodi/Isolo
	0.07-2.20
	
	[51]
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Fig. 7: Pearson Correlation Heatmap - Hydrochemical Parameters
Groundwater Quality Data
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