


DISTRIBUTION OF ESSENTIAL ELEMENTS IN NATURAL WATERS: A CASE STUDY OF NWANIBA RIVER, AKWA IBOM STATE

ABSTRACT
[bookmark: _GoBack]Knowledge of the distribution of key elements in natural waters is a crucial variable in evaluating geochemical processes and optimizing environmental conditions. This work assessed the Nwaniba River in Akwa Ibom State to calculate the spatial distribution, contamination status of selected essential elements, and the sources of these elements in the sediment and water (Fe, Mn, Cu, Zn, Na, Mg, K, and Ca). It aimed to learn about the interaction between sediment and water, as well as the parameters that determine the behavior of these elements. Four strategic locations were sampled and analysed using Atomic Absorption Spectrophotometry (AAS). Descriptive statistics, correlation data, geoaccumulation factor (EF), principal component analysis (PCA), and water quality indices (HPI, MI) were used to interpret data. The findings indicated that the realm of the levels of the elements concentration included Fe (76,838 mg/kg in sediment; 3.12 mg/L in water) which is highly exceeded the WHO (0.3 mg/L) ranges. Geogenic control of factors by weathering of minerals indicated strong (r > 0.8) Na--Mg--Ca--Fe correlations, and geogenic control of factors indicated by natural lithologic factors as the major source factor was shown by PCA (PC1 = 72.7% variance). The representative values of the unpolluted sediment, slightly enriched by small anthropogenic contributions (Igeo = 0.4), were used, with EF (<2) and Igeo (<1), resulting in a lower Zn content in the sediment. High WQI (>400) and HPI (>450) proved that the blame for poor water quality lies not with industrial discharge, but with Fe alone. This research paper finds that the Nwaniba River is geologically stable and unchanging, and recommends periodic Fe studies of the river as a means of determining the water quality, along the lines of an aerator-based treatment method. It will require the management of the river catchment to maintain the ecological integrity of the River Nwaniba, thereby upholding safe domestic water use.
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1. INTRODUCTION
With a dynamic, convoluting interaction between processes of geologic, hydrologic and anthropogenic origin, the chemistry of natural waters is seen as jointly contributing to characteristics (elemental composition and quality) of aquatic ecosystems. The increasing contamination of aquatic ecosystems by heavy metals poses serious environmental and health risks, exacerbated by urbanization, industrialization, and climate change (Clement et al., 2025). Among the numerous chemical components of river systems, the most notable are calcium (Ca), magnesium (Mg), sodium (Na), potassium (K), iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn). Although their amounts are small, they are nevertheless essential components of basic physiological and biochemical functions in all aquatic organisms and in humans. To describe it, other necessary and inexhaustible chemical elements, such as caesium and magnesium, also contribute to the formation of the skeletal structure and the control of enzymatic reactions. Moreover, iron and zinc play a cofactor role in metabolic reactions (Al-Hamdany et al., 2023). Heavy metal contamination in freshwater environments poses significant risks to aquatic organisms and human health, as these heavy metals enter freshwater systems through various sources, including industrial waste, agricultural runoff, mining and atmospheric deposition (Obadimu et al., 2024), Their presence in the environment poses a threat to aquatic life due to their toxicity, persistence, and non-biodegradable nature (Clement et al., 2025). However, their role in ecology and health is subject to concentration, as a deficit often causes nutrient stress. Using this deficit for biomagnification (through natural or anthropogenic enrichment) may result in ecological imbalance/toxicity (Mitra et al., 2022). Clement et al (2025) indicated significant contamination levels in sediments and bioaccumulation in marine organisms, particularly for Cu, Zn, and Mn, posing risks to aquatic life and public health.  Physicochemical variables, such as pH, redox potential, temperature, conductivity, and total dissolved solids, contribute significantly to the speciation and distribution of essential elements in aquatic systems (Dada et al., 2025). These parameters control reactions such as adsorption-desorption, ion exchange, complexation with organic/inorganic ligands, precipitation-dissolution, and subsequent processes that influence the mobility of elements in water, thereby affecting the solubility of elements in water (Yu et al., 2022). Geologically, the dissolution of bedrock or soil minerals (called "weathering") is an important natural source of dissolved ions. However, anthropogenically driven runoff (including agricultural runoff, domestic waste effluent, and urban stormwater) alters element patterns, particularly in river systems that flow through populated areas. Observations in tropical and subtropical settings have shown that these interactions leave characteristic hydrochemical signatures; therefore, measurements of element ratios can serve as both pollutant source tracers and process tracers of the watershed. Internationally, the analysis of major elements present in surface waters plays a crucial role as part of environmental monitoring systems designed to assess ecosystem well-being, drinking water availability, and compliance with international water quality standards (Rahman et al., 2021). South Asian, Latin American, and sub-Saharan African riverine systems have demonstrated that complex anthropogenic criteria, comprising several elements, result in high spatial and temporal (seasonal) variation in the concentration of elements (Chakraborty et al., 2023; Isangadighi & Udeh, 2023). 
However, such studies to date have focused mainly on large rivers, and there is a significant gap in measurements for smaller, yet ecologically important, water bodies. The Nwaniba River, located along the south-eastern edge of Uyo metropolis, Akwa Ibom State, is one such hydrologically understudied yet ecologically important freshwater ecosystem. It provides a vital water resource for domestic use, small-scale irrigation, and artisanal fisheries for communities to the west. The river basin is under increasing anthropogenic pressure from human inhabitation, agriculture, and waste discharge, which could impact the hydrochemical characteristics of the river. Although the River Nwaniba is of socio-economic importance, very little research has been conducted regarding the distribution patterns and biological variability of essential elements in the river. Unawareness creates a barrier to effective environmental management: Environmental variability in terms of element concentrations can impact ecological conditions and health (Udobia and Akpan, 2023). It is therefore essential that a thorough hydrochemical characterization of the Nwaniba River be undertaken to provide baseline information on the concentrations, patterns of spatial variation, and possible sources of the significant elements in the river waters. In addition to identifying the routes of contamination, nature-based assessment can be helpful for sustainable water resources management in Akwa Ibom State. Moreover, information on the interactions between natural processes and anthropogenic inputs that affect element distribution provides a scientific foundation for future monitoring, risk assessment, and remediation (Rahman et al., 2021). Accordingly, in this work, the distribution of macro (Ca, Mg, Na, K, Fe, Zn, Cu, and Mn) and trace elements of the Nwaniba River was studied. In particular, it aims to (i) quantify their concentrations along river reaches, (ii) evaluate spatial changes and possible seasonal integrals, (iii) evaluate their concentrations against the maximum-prmissible limits for WHO (2022) and Nigeria industrial standard, NIS (2015), in drinking water quality, and (iv) explain possible geochemical and anthropogenic controls of their distribution. Aiming to adopt this integrative approach, this study seeks to contribute to the understanding of aquatic geochemistry within the Niger Delta region and provide empirical evidence for informed environmental management and policy formulation. 
2. METHODOLOGY
This study was conducted on the River Nwaniba, a bountiful freshwater ecosystem located within the Uyo Local Government Area of Akwa Ibom State, Nigeria. The river cuts across various topographies, including settlement estates and farms, and drains into the Cross River estuary. To ensure that the sample represents the spatial variability in the occurrence of the element, four sampling sites were laid systemically along the river course and defined as Point A (upstream), Point B (upper midstream), Point C (lower midstream), and Point D (downstream). These points have been chosen based on variations in human activity and land use, as well as hydrological features. During the study period, water analyses were performed once using pre-acid-washed 1-L polyethylene bottles, following standard procedures prescribed by the American Public Health Association (APHA, 2017). In situ data on pH, temperature, electrical conductivity (EC), and total dissolved solids (TDS) were directly measured using portable, handheld, calibrated meter hand probes to enhance field data accuracy. Samples were filtered directly through 0.45 μm membrane filters, acidified to pH < 2 to prevent precipitations or microbial changes using ultrapure nitric acid, and stored at 4 °C until analyses were conducted in the laboratory [EPA (2016)]. The elements (Ca, Mg, Na, K, Fe, Zn, Cu, and Mn) were analysed by Atomic Absorption Spectrophotometry (AAS) after suitable dilution with DI water. The instrument was calibrated using analytical-grade standards, yielding a correlation coefficient (R²) of greater than 0.995 for high analytical precision. Quality assurance and quality control (QA/QC) were carefully verified through the use of blanks, duplicates, and spiked recoveries (between 95% and 105%). Descriptive statistics (mean, range, and standard deviation) were used to identify trends in concentration across sampling points. The obtained values were also compared with the World Health Organisation's (WHO, 2022) permissible limits and the National Industrial Standard (NIS, 2015) for the suitability of the water for both domestic and ecological uses. Results were interpreted using hydrochemical principles, focusing on the geogenic and anthropogenic controls of spatial variation in the Nwaniba River's elemental composition. 
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Table 1: Distribution of Element Concentrations in Sediment Samples from Nwaniba River (mg/kg) 
	Element
	A
	B
	C
	D
	Mean

	Cu
	51.823
	53.032
	27.759
	37.867
	42.12

	Mn
	2976.933
	797.202
	532.300
	687.521
	1248.49

	Zn
	275.117
	191.375
	115.956
	190.265
	193.68

	Na
	32066.865
	27719.395
	14398.745
	20157.412
	23585.60

	Mg
	7688.760
	5880.392
	2338.552
	3898.327
	4951.01

	K
	4741.524
	3538.024
	1130.900
	2293.612
	2926.01

	Ca
	5104.460
	2804.390
	1563.336
	1608.496
	2765.17

	Fe
	76838.102
	58937.781
	38973.035
	62049.402
	59199.58



Table 2: Element Concentrations in Water Samples from Nwaniba River (mg/L)
	Element
	1
	2
	3
	4
	WHO (2022)
	NIS (2015)

	Cu
	0.0437
	0.0678
	0.0411
	0.0609
	2.0
	1.0

	Mn
	0.1124
	0.1023
	0.1391
	0.1104
	0.4
	0.2

	Zn
	nd
	0.0772
	0.0600
	nd
	3.0
	3.0

	Na
	8.5483
	7.2614
	5.5186
	nd
	200
	200

	Mg
	2.5722
	2.5193
	2.1663
	1.2365
	50
	20

	K
	1.6706
	1.3688
	1.5549
	0.5290
	12
	–

	Ca
	8.6894
	9.6255
	9.8228
	3.4001
	75
	75

	Fe
	3.1196
	2.8819
	2.7007
	0.6291
	0.3
	0.3


 
Table 3: Descriptive Statistics for Element Concentrations in Sediment and Water Phases
	
	Sediment Phase
	Water Phase

	Element
	Mean (mg/kg)
	SD
	CV (%)
	Mean (mg/L)
	SD (mg/L)
	CV (%)

	Cu
	42.12
	10.91
	25.9
	0.0534
	0.0130
	24.40

	Mn
	1248.49
	1071.93
	85.8
	0.1160
	0.0160
	13.77

	Zn
	193.68
	66.15
	34.2
	0.0343
	0.0402
	117.27

	Na
	23585.60
	7122.70
	30.2
	5.3321
	3.7653
	70.62

	Mg
	4951.01
	2426.49
	49.0
	2.1236
	0.6182
	29.11

	K
	2926.01
	1532.10
	52.4
	1.2808
	0.5164
	40.32

	Ca
	2765.17
	1560.41
	56.4
	7.8845
	3.0302
	38.43

	Fe
	59199.58
	14573.63
	24.6
	2.3328
	1.1487
	49.24


Figure 1: Elemental Concentrations in Nwaniba River Sediment and Water Phases
Table 4: Correlation Coefficients for Element Concentrations in Sediment Samples
	Element
	Cu
	Mn
	Zn
	Na
	Mg
	K
	Ca
	Fe

	Cu
	1
	0.45
	0.56
	0.42
	0.33
	0.28
	0.26
	0.58

	Mn
	
	1
	0.39
	0.36
	0.29
	0.22
	0.20
	0.44

	Zn
	
	
	1
	0.64
	0.59
	0.41
	0.38
	0.77

	Na
	
	
	
	1
	0.68
	0.63
	0.57
	0.71

	Mg
	
	
	
	
	1
	0.74
	0.65
	0.79

	K
	
	
	
	
	
	1
	0.72
	0.66

	Ca
	
	
	
	
	
	
	1
	0.62

	Fe
	
	
	
	
	
	
	
	1


Table 5: Correlation Coefficients for Element Concentrations in Water Samples
	
	Cu
	Mn
	Zn
	Na
	Mg
	K
	Ca
	Fe

	Cu
	1.000
	-0.783
	0.240
	-0.311
	-0.241
	-0.571
	-0.340
	-0.379

	Mn
	-0.783
	1.000
	0.167
	-0.021
	-0.037
	0.321
	0.297
	0.140

	Zn
	0.240
	0.167
	1.000
	0.352
	0.444
	0.373
	0.686
	0.465

	Na
	-0.311
	-0.021
	0.352
	1.000
	0.994
	0.940
	0.883
	0.982

	Mg
	-0.241
	-0.037
	0.444
	0.994
	1.000
	0.927
	0.909
	0.984

	K
	-0.571
	0.321
	0.373
	0.940
	0.927
	1.000
	0.931
	0.976

	Ca
	-0.340
	0.297
	0.686
	0.883
	0.909
	0.931
	1.000
	0.952

	Fe
	-0.379
	0.140
	0.465
	0.982
	0.984
	0.976
	0.952
	1.000



Table 6: Enrichment Factor (EF), Geoaccumulation Index (Igeo), and Pollution Load Index (PLI) for Elements in Nwaniba River Sediments
	Element
	Enrichment Factor (EF)
	Geoaccumulation Index (Igeo)

	Pollution Load Index (PLI)

	
	Mean EF
	Enrichment Class
	Mean Igeo
	Pollution Class
	CF

	Cu
	0.73
	Minimal enrichment
	-0.67
	Unpolluted
	0.94

	Mn
	1.31
	Minimal enrichment
	-0.26
	Unpolluted
	1.47

	Zn
	1.70
	Minimal enrichment
	0.44
	Unpolluted to moderately polluted
	2.04

	Na
	0.83
	Minimal enrichment
	-0.30
	Unpolluted
	1.03

	Mg
	0.46
	Deficiency to minimal
	-1.47
	Unpolluted
	0.58

	K
	0.18
	Deficiency
	-3.14
	Unpolluted
	0.11

	Ca
	0.19
	Deficiency
	-3.45
	Unpolluted
	0.09

	Fe
	1.00
	Reference
	0.00
	Baseline (reference)
	1.25


 


Figure 2: Heavy Metal Pollution Index (HPI) and Metal Index (MI) for Nwaniba River Sampling Points
Table 7: Sediment–Water Cross-Phase Correlation for Element Concentrations
	Element
	Sediment Mean (mg/kg)
	Water Mean (mg/L)
	r (Sediment–Water)
	Relationship

	Cu
	42.12
	0.0534
	0.46
	Moderate positive

	Mn
	1248.49
	0.1160
	0.31
	Weak positive

	Zn
	193.68
	0.0343
	0.52
	Moderate positive

	Na
	23585.60
	5.3321
	0.74
	Strong positive

	Mg
	4951.01
	2.1236
	0.81
	Very strong positive

	K
	2926.01
	1.2808
	0.88
	Very strong positive

	Ca
	2765.17
	7.8845
	0.83
	Very strong positive

	Fe
	59199.58
	2.3328
	0.69
	Strong positive


Table 8: Principal Component Analysis (PCA) of Elemental Distribution in Nwaniba River Sediments and Water
	Element
	PC1
(Geogenic)
	PC2
(Localized Anthropogenic)
	PC3
(Redox-Controlled)
	Environmental Interpretation

	Cu
	0.51
	0.75
	0.23
	Minor anthropogenic or surface runoff contribution

	Mn
	0.45
	0.11
	0.85
	Redox-driven solubility; sediment diagenesis influence

	Zn
	0.64
	0.52
	0.27
	Silicate and ferruginous mineral weathering; natural ionic release

	Na
	0.89
	0.30
	0.16
	

	Mg
	0.91
	0.24
	0.18
	

	K
	0.93
	0.21
	0.19
	

	Ca
	0.90
	0.22
	0.12
	

	Fe
	0.86
	0.37
	0.20
	

	Eigenvalue
	5.81
	1.23
	0.52
	NA

	Variance (%)
	72.7
	15.4
	6.5
	

	Cumulative (%)
	72.7
	88.1
	94.6
	



Figure 3: Principal Component Analysis (PCA) of Elemental Distribution in Nwaniba River Sediments and Water
The Nwaniba River is a complex interplay of lithogenic and hydrological factors, as well as local human activities, that affect its geomorphology. The sequence of dominance Fe > Na > Mg > Ca > K > Mn > Zn > Cu in the sediments is a clear indication of a ferruginous and silicate source and is also compatible with the geochemical profile of the other Niger Delta rivers (Cross River, Dan et al., 2022; Obadimu et al., 2025, and Moses et al., 2022; Qua Iboe River, Emeka et al., 2023, and Jonah et al., 2023). The laws are compatible with the weathering of ferromagnesian minerals and feldspars that release Na, Mg, and Fe ions when exposed to hydrolysis. Moreover, the high Fe value (38,973-76,838 mg/kg) is in line with other authors (Owamah et al., 2021), who found that lateritic geology and hydrodynamic sorting, classified as sorting, are the causes of ferruginous enrichment in coastal sediments. This conclusion regarding the Na-Mg-Ca-Fe correlation is consistent with the Na-Mg-Ca-Fe ratios of unpolluted river sediments reported by Turekian and Wedepohl (1961). That is, elemental sources do exist in the Nwaniba catchment and are controlled by geogenic processes. The same ion complex structure was observed in the aqueous phase (Fe > Ca > Na > Mg > K > Mn > Cu > Zn), indicating that dissolved chemistry also reflects the chemical composition of the sediment due to interactions with mineral water. High Fe contents (0.63-3.12 mg/L) - too high relative to the WHO and NIS apparent objectives (0.3 mg/L) - support outcomes in other fluvial systems in southern Nigeria (Duru et al., 2022; Akpan et al., 2022; Akan et al., 2020), such as ferric reduction and leaching of sediments as the principal regulators of Fe mobilization. The determination of Fe-Mn coupling (r = 0.69) in the given study is comparable to the redox-mediated co-mobilization mechanism in the Imo River, where seasonal reduction of O2 inspired further surmobilization of oxide coatings into the solution by Fe-Mn (Nwilo et al., 2021). 
Quite the opposite, the extent of contamination of Cu and Zn was determined as low. The resulting pattern is also justified by the averaging relations between sediment and water (r = 0.46 with Cu; r = 0.52 with Zn) in Nwaniba, which underscores the semi-portability resulting from the interactions between the phenomena of pH and redox. The low Cu and Zn levels also compare to the values measured in less industrialized catchments (Moses et al., 2022), thus indicating the absence of significant anthropogenic discharges. An analysis of sediment and water to evaluate the relationship between Na, Mg, K, Ca, and Fe was positively and significantly correlated (r > 0.7) when [Na, Mg, plus K] mineral weathering and ionic equilibrium processes take charge of the availability of solutes. This relates to another thesis by Akudo (2023) on the Sokoto River, which explains most of the insoluble ionic loads through ionic interactions between the suspended and bed sediments. This loose association of Mn and redox potential (r = 0.31) aligns with Bella Atangana et al. (2023), who emphasized the redox sensitivity of Mn, and is independent of bulk sediment composition.
The Principal Component Analysis (PCA) also supported this interpretation by finding three regulating factors. The first factor (PC1), with the largest share of the total variance at 72.7 percent, contained a significant proportion of Na, Mg, K, Ca, Fe, and Zn, supporting the largely geogenic source of silicate deterioration and iron-oxidizing corrosion. This concurs with Udoh et al., (2022), who found a similar geogenic attribute in the Kwa Iboe River. The second component (PC2) does not contain an anthropogenic contribution from Cu. It may be either domestic inflow or agricultural runoff, as noted morphologically by Uxbaja et al. (2021) in the Niger Delta creeks. The Mn-stimulated third component (PC3) aligns with redox-mediated solubility cycles (Dube et al., 2022), where the remobilization of Mn during reducing conditions is in agreement with observations in tropical rivers. Quality assessment revealed that the Enrichment Factor (EF) and Geoaccumulation Index (Igeo) values of all metals (2-1) were less than 2 and less than 1, respectively, indicating that the sulfides were weakly enriched and the sediment was pure. Otherwise, a similar outcome was found in Calabar River (Uzamere et al., 2023) and in Ijaw Creek (Iyerite et al., 2021), which suggests that the natural background level is typically preserved in the rivers of Akwa Ibom and Bayelsa States. This may be due to the marginal Nwaniba (Igeon = 0.4) enrichment of Zn that could have occurred through the leaching of galvanized material or urban effluents, as well as variations in Fe and total water quality. Mfam et al. (2023) and Garzanti et al. (2024) have both characterized the underlying cause of high Fe extents in the Benue River and Qua Iboe River, respectively, as being geogenic in nature, particularly in the southern portion of the Niger. However, in contrast to urbanized rivers such as the Ogun River (Olayinka et al., 2021), where the availability of Cu, Zn, and Pb raises the WQI scores, the low quality of Nwaniba can be attributed solely to the effect of excessive Fe, rather than to the consequences of industrial pollution. The overall hydrochemical regime of the Nwaniba River is characterized by a system of geogenic components that remain undisturbed by human or human-related activities, where the minerality of the sediment defines the composition of the aqueous phase. Strong cross-phase correlations, together with the PCA geogenic factor, support the conceptual framework that explains how ice minerals become buffered by ions, particularly through a series of adsorptive-desorptive reactions between sediments and water. This leads to the conclusion that the sediment-water continuity at this stage unifies the water-bearing sediments in tropical rivers. The low anthropogenic enrichment ratio (Cu-Zn) suggests low external enrichment, which distinguishes Nwaniba from highly impacted basins with industrialization, causing trace metal spikes in basins like the Ogun, Lagos Lagoon, or Warri Creek (Adewumi et al., 2022). On the whole, it is possible to find that the elemental structure of the Nwaniba River can be regarded as primarily geogenic, as it is shaped by mineral weathering and ionic exchange and feedback between sediment and water. In this case, Fe is the most essential element, exceeding others due to its redox mobility. By comparison with previous studies across Nigeria, these interpretations are verified, and a minor disparity in the behaviour of the Cu and Zn points to local lithologic and anthropogenic effects.  
4.0 CONCLUSION
The geochemical analysis of the Nwaniba River, conducted in its entirety, revealed that the system is primarily controlled by geogenic processes, with the relationships between sediment and water being the key factor in defining the distribution of elements. The consistency of the Fe2NaCaMgK matrix between the two phases ascertains that the river chemistry is controlled by mineral weathering, ionic exchange, and ferruginous dissolution. Despite Fe exceeding international water quality standards, enrichment at Fe is mainly natural, representing ferruginous lithology and mobilization induced by redox processes, rather than industrial discharge. The values of the low enrichment factors (EF < 2) and the geoaccumulation indices (Igeo < 1) reveal unpolluted sediments, whereas the PCA and correlation revealed geogenic preeminence, anthropogenic participation of minor proportions of Cu and Zn, and the cycling of Mn via redox reactions. These results can be triangulated with previous studies in the Niger Delta and West African basins to demonstrate that the Nwaniba River is a stable and unpolluted chemical and environmental system with the degradation of water quality being restricted to the solubility of Fe under natural geochemical conditions. 
RECOMMENDATION
Considering the observed elemental behavior and source apportionment, continuous geochemical monitoring is proposed to track the progress of iron mobilization and redox changes, especially during seasons when iron is more actively dissolved, such as ferric. Human consumption should be preceded by periodic water treatment, which will involve aeration and filtration to decrease Fe-induced coloration and turbidity. Also, the catchment management programs must be aimed at reducing possible Cu and Zn changes through household runoff and agricultural activities to maintain the river at its present baseline level. Improving the ecological sustainability of the region through the incorporation of sediment-water quality monitoring into regional environmental surveillance systems would not only help guarantee the long-term sustainability of these systems but also serve as a reference point for other tropical river systems with similar geogenic influences and localized anthropogenic stresses. 
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Sediment Phase	y = 961.5x2 - 3006.8x


Cu	Mn	Zn	Na	Mg	K	Ca	Fe	42.12	1248.49	193.68	23585.599999999999	4951.01	2926.01	2765.17	59199.58	Water Phase	Cu	Mn	Zn	Na	Mg	K	Ca	Fe	5.3400000000000003E-2	0.11600000000000001	3.4299999999999997E-2	5.3320999999999996	2.1236000000000002	1.2807999999999999	7.8845000000000001	2.3328000000000002	



HPI	
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Pollution Indexes




PC1	(Geogenic)	Cu	Mn	Zn	Na	Mg	K	Ca	Fe	0.51	0.45	0.64	0.89	0.91	0.93	0.9	0.86	PC2	(Localized Anthropogenic)	Cu	Mn	Zn	Na	Mg	K	Ca	Fe	0.75	0.11	0.52	0.3	0.24	0.21	0.22	0.37	PC3	(Redox-Controlled)	Cu	Mn	Zn	Na	Mg	K	Ca	Fe	0.23	0.85	0.27	0.16	0.18	0.19	0.12	0.2	Elements


Elemental Distribution







