ILLINOIS

®

Spatial Variation

= Two-way ANOVA results also identifies three
distinct populations amongst the groups namely
UGSW; DB/DGSW/DW; and ST. This confirms the
results gotten from the cumulative probability plots
identifying three distinct chloride populations.

Research Objectives

Long-term increases in chloride has been observed in numerous streams and groundwater across North America,
with salinization in both urban and rural watersheds alike'-?
Implications of increased chloride concentration include
o Intrusion of saltwater into freshwater ecosystems
o Alteration of microbial communities
o Acidification of streams
o Contamination of groundwater including the release of heavy metals
The USEPA set a chronic and ambient water threshold for chloride at 230 mg/L and 860 mg/L respectively
because of the effects of elevated chloride concentration®
Chloride sources in the environment are both anthropogenic and natural including atmospheric deposition,
rainfall, deicing salts, agriculture, septic effluents and wastewater treatment plants**¢
In non-urban areas with little or no road salt application, agricultural sources have been posited as contributing
to the increase in chloride concentration although very few studies have explored its potential?7-%-910
In McLean County, Central Illinois (one of the largest agricultural belts in the Midwest), agricultural fertilizers
including potash (KCl) contribute a significant amount of nutrients to both surface water and groundwater
systems posing a significant threat to places such as the City of Bloomington that depend on surface water
reservoirs (Lake Evergreen) for their water supply

A saturated buffer zone (SBZ) located in Central Illinois was used to:
1. Identify the number(s) of contributing populations of chloride to substantiate
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agricultural influence in the buffer zone
2. Assess spatial and temporal variations in chloride concentration in the different
groups within the buffer zone
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The Stream and upgradient wells were also
spatially different from the rest of the groups
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Temporal Variation

Metho dolo gy = There were seasonal variations in both Stream
(ST) and Diversion Box (DB) while Deep

Groundwater (DW)/Downgradient Shallow

Groundwater (DGSW)/Upgradient Shallow

Figure 3: Boxplots showing results from the two-way ANOVA indicating seasonal Groundwater (UGSW) were consistent on average
variations in the different subgroups. Alphabets (gotten from Bonferroni test) indicates across the different seasons (Fig. 3)
statistically similar groups across the different seasons

Field Sampling

= Over 4000 water samples collected from June 2015 - August 2022.

= [n-situ measurement of temperature, dissolved oxygen, and specific
conductance

Laboratory Analysis Contribution of 7 parameters to Components 1 & 2 2D PCA-plot from 7 feature dataset
S d A = Major anion concentrations (F-, Cl, NO,-N, SO,%) were measured using a
tu y rea Dionex ICS-1100 Ion Chromatograph at the Illinois State University LEA
89°1'28" W [ , . 89°1'24" W 1 laboratory
3 Statistical Analysis
Ny = Chemical data were analyzed using both RStudio and SigmaPlot. A two-way if@”ﬁ
| Sy I ANOVA (a = 0.05) was used to determine the spatial variability (Groups) and o
- temporal variability (Seasons). Principal Component Analysis (PCA) was done 75
using the in-situ parameters and the major anion concentrations.
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Results and Discussion , , , , , .
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‘ 19 | Figure 4: Principal Component Analysis (PCA) of in-situ measurements and anion Figure 5: Principal Component Analysis (PCA) showing how the samples for the
‘ concentration different subgroups are plotted
® ., o
1 .21 - [ ~15.8 mgiL ci® s, The Principal Component Analysis (PCA) results indicates that water-rock interaction explained 28% of the variance
- = ‘e, . (PC1), while surface processes explained 23% of the variation (PC2) (Fig. 4)
£ 3.9 mglL Cf ‘e, o Specific conductance, fluoride, and sulphate suggesting water-rock interactions mostly due to the deep groundwater
.12‘10 [ o8 : (éa "o.. subgroup and presence of sulphate-rich clay minerals in the subsurface
o ‘° , ®e *, C.hloride, nitrate, and. dissolved OXygen f1:om the graph all indicate surficiaol processes, inferring a strong anthropogenic
1 () 5 i e o, signature (mostly agricultural fertilizers) in the wells located on the diversion tiles in the SBZ
O s oy Temperature aligns with surface influence but provides the lowest contribution towards the PCA score
o os I Classifications from the PCA show that although the DW and DGSW are similar, their sources are different (Fig. 5). It could
QLN Y e S £ PP R also be seen that of the other groups, DB and ST are the most influenced by surface processes
. . Cumulative Probability Group
Figure 2: Cumulative probability plot and corresponding boxplots showing the different groups and the number of population of
chloride in the SBZ. Note: * represents statistically similar groups The results indicate that surface processes impact the SBZ as seen in the diversion box and downgradient shallow
groundwater groups.
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el sl © y [RASRRSS The cumulative probability plot shows two inflection points thus indicating The f.arm upgradient prov.ides .the water in the DB;. thus, we infer. the DB water chgmi.stry i.s as a re§ult of agricu!tural
o three populations of chloride (Fig. 2). practices. The seasons with highest average chloride concentration for the DB coincide with planting and growing seasons.
‘15 The 15t population representing background concentration corresponds with the Both the chloride con.centrations of the ST and pGSW groups were spatially different from the other groups, while
. UGSW group. These are away from the diversion tiles and upgradient due to the temporal (seasonal) differences were only seen in ST
groundwater flow direction. Hence little chance of chloride contamination (Fig The ST samples are consistent with those of previous studies for tile-drain waters impacted by KCl fertilizer. Lax et al.,
1). (2017) reported above background chloride concentrations between 36 and 95 mg/L while Oberhelman and Peterson
) . ) (2019) saw median chloride concentration of 49 mg/L in sampled tiles
89°1'28" W | ‘ | 89°1'24" W | The 2"¢ population comprises three groups. The DB group represents the first
N o - @ Tiefom form (@) posw anthropogenic signature and indicates the influence of the runoff from the farm References
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Figure 1: Saturated buffer zone (SBZ) located in central Illinois and a cross section of the nested wells. Map shows thirty-five wells, including six sets of nested

wells divided into three groups namely: downgradient shallow groundwater (DGSW), upgradient shallow groundwater (UGSW), and deep groundwater (DW) in water, which iy account for the hlgher concentrations recorded from stream Acknowledgement
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