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Abstract: Manmade detention ponds have historically been impacted by anthropogenic
activities such as rainwater runoff, car emissions, and drainage from infrastructures, which
can lead to complications for pond ecosystems. Sediment samples collected from the
northern, southern, western, and eastern regions of a small pond on a suburban high
school campus on Long Island, NY, were analyzed for potential chemical changes resulting
from an inundation of water by a broken water main. Incorporating synchrotron X-ray
techniques, sediment was analyzed using Submicron Resolution Spectroscopy, Tender
Energy X-ray Spectroscopy, and X-ray Powder Diffraction to examine heavy metals, light
elements, and minerals. Results include a Zn:Cu ratio increase from 4:1 to 10:1 in the eastern
zone and a higher heavy metal presence in the western zone for all elements examined,
with greater distribution throughout the pond post-inundation. Lighter elements appear
to remain relatively unchanged. The appearance of diopside in the eastern zone post-
inundation samples suggests contamination from the water main break, while the presence
of carbonate minerals in the western zone is consistent with erosion of asphalt material
from the adjacent parking lot.

Keywords: anthropogenic pollution; sediment; heavy metals; minerals; X-ray spectroscopy;
X-ray powder diffraction

1. Introduction
A retention pond is a human-made structure designed to mitigate flooding and erosion.

These ponds, commonly found in urban settings, collect stormwater runoff, which often
contains pollutants that can affect the ecosystem. Various studies have explored the
chemical composition of retention pond sediments, such as those in Shoreham-Wading
River, New York [1–3], and other locations like Greenfield Park in Wisconsin, which
experiences runoff from roadways containing heavy metals like lead and zinc [4], and the
Oakville retention pond in Ontario, which accumulates phosphorus due to runoff from
agricultural areas [5]. Similarly, retention ponds, including the Shoreham-Wading River
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Pond, are home to organisms like macroinvertebrates, fish, and waterfowl. However, these
habitats are often contaminated by pollutants, such as heavy metals, which can disrupt
the local ecosystem [3,6]. Runoff pollution, a significant contributor to contamination, has
been identified as a primary threat to aquatic life, with studies showing that pollutants
harm over 50% of aquatic organisms [1]. The accumulation of such pollutants not only
jeopardizes aquatic ecosystems but also raises concerns about the long-term health of the
environment, underscoring the importance of monitoring runoff in retention ponds.

This study investigates the impact of heavy metals, lighter elements, and mineral com-
position on the sediment of the Shoreham-Wading River retention pond. It is hypothesized
that pollutants introduced by surrounding infrastructure, such as parking lots, roads, and
utility pipes, have contributed to the sediment composition. Moreover, examination of how
a water main break event affected the pond’s sediment anticipates increased heavy metal
concentrations due to runoff from the ruptured pipes. This research aims to characterize
the effects of pollution from both the water main break and general runoff on the chemical
and mineral composition of pond sediment.

To test these hypotheses, samples were analyzed for their concentrations of key ele-
ments, including Ca, Ti, Fe, Cu, Zn, As, and Mg. These elements were selected due to their
relevance to the pond’s ecosystem. Their presence is influenced by human activities such
as car emissions and runoff from nearby infrastructure. Specifically, Fe and Ti, commonly
found in car emissions, can accumulate in water-soluble forms, potentially harming the
pond’s ecosystem [7]. While Fe is a necessary nutrient for aquatic life, it becomes toxic
at elevated concentrations [2,8]. Similarly, As, which can be harmful in its As(V) form, is
often associated with pesticides and rock erosion [9]. The levels of Ca and Mg, indicative of
water hardness, play an important role in maintaining pond health and supporting aquatic
organisms [10]. Zn, commonly found in aquatic environments in a 5:1 ratio with Cu, serves
as an indicator of ecosystem health. This study compares the elemental ratios found in the
Shoreham-Wading River Pond to the safety guidelines set by the Interim Sediment Quality
Guidelines (ISQG) [11].

Given that galvanized steel pipes were likely used in constructing the water supply
system in the Shoreham-Wading River area [3], it is expected that the rupture of these pipes
would have introduced high concentrations of Zn and Fe into the pond. These metals,
characteristic of galvanized steel, are often present in significant quantities in water runoff
from such pipes [12]. The runoff from these pipes, located near the eastern part of the
pond, likely contributed to the contamination. Additionally, the pond’s proximity to a
parking lot, made of asphalt containing bismuth and hydrocarbons, is expected to have
increased the presence of Fe and Ca in the sediment [13]. Previous research indicates that
high concentrations of heavy metals in ponds correlate with reduced biodiversity [14]. This
study suggests that the accumulation of heavy metals, particularly in the eastern zone of
the pond, could negatively impact the biodiversity of the pond’s ecosystem by harming
macroinvertebrates through direct contact or ingestion [8].

In this study, pollution from the water main break, categorized by samples from the
east and south zones, with the general pollution from road runoff, as reflected in samples
from the west and north zones, is compared. By examining these samples, the aim is to
better understand how the water main break event influenced the pond’s chemical and
mineral composition and assess the long-term implications for the ecosystem.

Several recent studies have investigated the influence of anthropogenic disturbances
on aquatic systems using advanced spectroscopic methods, providing a strong foundation
for understanding elemental and mineral changes in these systems. For instance, one study
applied infrared spectroscopy, X-ray techniques, and scanning electron microscopy to
analyze sediment from freshwater lakes [15]. Building on this multi-technique approach,
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this study contributes by examining heavy metal ratios and their mineral associations,
providing additional insight into how elements co-occur and transform under acute an-
thropogenic influence. Another study employed X-ray powder diffraction and XANES
spectroscopy to characterize zinc speciation in sediments from an urban pond [16]. While
focusing on zinc speciation in urban pond sediments, this research expands on this by incor-
porating a broader suite of both light and heavy elements, enabling a more comprehensive
understanding of the geochemical shifts that occur after localized infrastructure-related
events. In addition, a third study analyzed water samples from industrial zones using
various X-ray techniques [17]. This study’s focus on sediment complements this work
by offering a more stable record of elemental and mineralogical changes over time. By
applying synchrotron-based spectroscopy before and after a defined disturbance, this study
extends these findings to short-term pollution events in smaller-scale, community-based
urban systems. Together, these prior works create a valuable context in which the data
presented in this study deepen the understanding of both the temporal dynamics and
elemental relationships in disturbed aquatic environments, especially under acute stress
rather than chronic stressors.

2. Materials and Methods
2.1. Sample Collection

Sediment samples were collected at Shoreham-Wading River High School in New
York. Two groups of four samples each were taken from designated locations around
the pond: north (exposed to parking lot pollution), south (exposed to runoff point), west
(closest to the parking lot), and east (closest to the runoff point) (Figure 1). Initial samples
were collected five months before a water main break occurred. Additional samples were
then collected four months after that water main break event, totaling nine months’ time
between sample collections. The samples were collected using a round-point shovel, taking
samples about six feet away from the pond’s shoreline and about three feet below the
waterline. The pond itself is a conical shape with a liner placed below the sediment.

 

Figure 1. Four pond sediment samples were collected before a water main break in the northern,
southern, eastern, and western portions of the pond, and four additional samples were collected in
the same locations after a water main break at Shoreham Wading-River High School, Long Island,
New York [18].
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2.2. Pond Sediment Sample Preparation

Sediment samples were air dried at room temperature to remove any moisture, then
sifted using a 5.51-inch mesh nylon sieve. The resulting sediment was secured on a slide
using Kapton tape in preparation for the SRX beamline. The sediment samples, as part of
the TES beamline experimentation, were mounted and secured on a polypropylene slide
using Kapton tape. In preparation for the XPD beamline, the same sifted sediment was
poured into polyimide tubing that was plugged with clay.

2.3. Data Collection

Data were collected via the Submicron Resolution X-ray spectroscopy (SRX) beamline
at the National Synchrotron Light Source II (NSLS-II) at Brookhaven National Laboratory
(BNL) [19]. The SRX beamline has an incident energy of 4.5–20 keV. This allows detection
up to the fourth period of elements in the k-shell, which encompasses a large number of
heavy metals. For this study, the incident energy of the SRX beamline was set to 12 keV, at
a spot size of 2 µm and a scan area of 20 × 20 µm, to analyze the following elements: Ca,
Ti, Cr, Mn, Fe, Ni, Cu, Zn, Ga, and As. Additionally, the samples were taken to the Tender
Energy X-ray Absorption Spectroscopy (TES) beamline at the NSLS-II at BNL [20]. The TES
beamline has a range of 2–5.5 keV, capable of observing elements such as Mg, Al, Si, P, S,
K, Ca, and Ti. During this experiment, a 2.7 keV incident energy was used to accurately
measure Mg and Al, both of which are much lower on the keV range of the beamline. Data
were also collected from the X-ray Powder Diffraction (XPD) beamline at the NSLS-II at
BNL, operating at an incident energy of 67 keV. These diffraction data were used to identify
the mineral content of the sample [21].

2.4. Data Analysis

After processing all pond sediment samples at the SRX, TES, and XPD beamlines,
the resulting data were analyzed using PyXRF for SRX and TES datasets, while the XPD
data were analyzed with Dioptas 0.5.9, a software designed for the analysis and integra-
tion of two-dimensional diffraction images. Dioptas facilitates the rapid processing and
exploration of large datasets collected from area detectors, particularly at synchrotron
beamlines, by enabling real-time calibration, integration, and visualization of diffraction
patterns during experiments. PyXRF is an advanced fluorescence analysis package for
X-ray fluorescence data fitting and visualization that is built in Python v. 3.8.13 [22]. This
package includes a visualization feature where the relative intensities of elements in a
sample can be compared [22]. After importing the data for one of the sample groups, a raw
distribution of the elements found in the sample is created. To confirm these elements, they
need to be fitted with their respective emission lines. Once they are fit, the approximate
concentration of each element relative to other elements in the sample is displayed in the
form of fluorescence spectra (count). It is then possible to examine the data in the form of a
spectrum graph, elemental map, and Red–Green–Blue (RGB) map. These figures were com-
piled based on location and analyzed for trends, relations to one another, and the presence
of colocalization [19]. The sediment samples are labeled “New” and “Old”, referring to the
water main break at Shoreham-Wading River High School. The “Old” samples refer to the
samples that were collected prior to the water main break, while the “New” samples refer to
those collected after the water main break. Data are presented from the eastern and western
zones. The data from the southern zone resemble those of the eastern zone, while the data
from the northern zone are similar to those of the western zone. Additionally, mineral data
were collected from the same samples at the XPD beamline, producing diffraction patterns
that were analyzed using Dioptas software and the American Mineralogical Database to
identify the minerals present in the sediment [23,24].
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3. Results
3.1. Heavy Elements Present in Pond Sediment

The heavy metal presence was identified and visualized as seen in Figures 2 and 3.
Heavy metal intensities in the eastern zone closest to the building decrease for all elements
except Zn (Figure 3). Before the water main break, there was roughly a 4:1 Zn:Cu ratio, and,
after the water main break, there was an observed ratio of almost 10:1 Zn:Cu. Heavy metal
intensities in the western zone closest to the parking lot showed higher amounts for every
element examined (Figure 4). Before and after the water main break, the Zn:Cu ratio stayed
roughly the same at close to 9:1. These ratios are fairly normal, as the common ratio is near
5:1 [25]. Elemental maps (Figure 4) show that before the water main break, Ti, Fe, and Zn
are found in concentrated pockets, while after the water main break, these elements are
more evenly distributed throughout the sediment.

 

Figure 2. The spectra display data from pond sediment collected at the eastern zone of the Shoreham-
Wading River High School pond. This zone is closest to the point where the water main break
occurred. There is less presence of all elements after the water main break, other than Zn. This may
be attributed to the water main break washing away concentrated areas of the elements, making
them more uniform throughout the sample. The increase in Zn may be attributed to the Zn coating
on the galvanized pipes involved in the water main break.

 

Figure 3. The spectra display beamline data from the western zone at the Shoreham-Wading River
High School pond. This zone is closest to the parking lot. Every element is more present after
exposure to general runoff pollution, mainly in the form of car emission waste and rainfall.
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Figure 4. The warmer colors represent a higher presence of the element, while the cooler colors
represent a lower presence. The figure above depicts the elemental mapping of Fe and Zn from the
eastern and western portions of the pond. Post-water main break SRX analysis revealed a marked
increase in Zn abundance, reflected in a ratio shift from 4:1 to 10:1. Other heavy metals showed
minimal changes.

3.2. Light Elements Present in Pond Sediment

Data from the eastern and western zones were examined using the TES beamline. The
data from the northern and southern zones were identical to those from the Western zone.
The elements analyzed were Mg, Al, Si, P, and S, all of which are present in the makeup of
pond sediments.

3.3. Mineral Composition of Pond Sediment Pre and Post-Water Main Break

The powder diffraction data collected at the XPD beamline allowed for the identifi-
cation of quartz, ferrihydrite, diopside, hydrogen silicates, kaolinite, and chlorite. Both
quartz and ferrihydrite were found to be present in all samples of the sediment. Diopside
and hydrogen silicates were both identified only in the New East sample. Kaolinite and
chlorite were detected to be present in both the Old West and the New West sediment.

4. Discussion
4.1. Elemental Presence (Heavy Metals)

Data in the eastern zone reflect the effects of potential pollutants resulting from the
water main break, and data in the western zone reflect the effects of general runoff pollution.
As shown in Figure 2, zinc (Zn) concentrations increase in the New East sample following
the water main break, while other metals, such as Fe, Cu, and Ti, decrease slightly due to the
influx of municipal water. However, the pond maintains healthy Zn:Cu ratios in the eastern
zone closest to the building, and the elemental mapping in Figure 4 shows that the elements
found in sediment were more evenly distributed, reflecting less clustering or areas of high
concentration, after the water main break. These healthy ratios are in accordance with
the safety guidelines proposed by the Interim Sediment Quality Guidelines (ISQGs). The
ISQGs are used to assess the potential risks of sediment contaminants to aquatic ecosystems
by providing concentration thresholds for various contaminants. The ISQG emphasizes
that sediment elemental concentrations need to be kept below certain ratio thresholds in
order to ensure a healthy environment for aquatic species [11]. The increase in the Zn could
be attributed to the galvanized pipes that broke and the Zn coating contaminating the water
flushed into the pond. In contrast, the decrease in all other elements could be attributed
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to the new water diluting their presence. Since samples were collected with a shovel, it
is probable that the sediment on the surface of the pond is more contaminated than the
sediment deeper. Although their relative abundance was lower, the fact that potentially
harmful elements, such as iron and arsenic, are more evenly distributed throughout the
pond makes the aquatic environment more dangerous for the organisms that inhabit it,
because, if ingested in high amounts, there could be consequences that lead to death. In
the western zone closest to the parking lot, Figure 3 displays the increase in heavy metal
abundance. This clearly reflects the impact of the storm runoff. This may be attributed
to the introduction of heavy metals and suspended soils from the parking lot runoff over
time [26]. This is true for the Zn concentrations as well in the eastern zone. It is important
to note that the events that caused this are highly variable. Still, there is no discrediting
the relationship between heavy metals in the pond and the surrounding environment. The
uniform distribution of heavy metals in the pond could also have a harmful impact on the
environment. The present elements can be potentially hazardous to environmental health,
especially Fe, Ti, and Zn [4]. These three heavy metals, especially when found throughout
sediment, may be sublethal to macroinvertebrates [27]. Although the metal counts did
not increase, other than Zn, it is important to note that, in reference to the elemental maps
presented in Figure 4, the metal distribution went from being found in hotspots to being
more spatially distributed throughout the sample. Therefore, the water main break was
effective in removing these highly concentrated spots of metals within the sample, thus
redistributing the metal throughout the sediment, which could affect the biodiversity of
aquatic species.

The presence of arsenic in the pond’s sediment may, however, be concerning, due to
its potential toxic effects on aquatic ecosystems and human health. Arsenic, a naturally
occurring element, often enters water bodies through both natural geological sources
and anthropogenic activities, such as pesticide use, industrial runoff, and the erosion of
contaminated soils. In a pond setting, arsenic can be absorbed by sediment particles,
making it available for uptake by bottom-dwelling organisms. This bioaccumulation can
harm aquatic life by interfering with metabolic processes and, at higher concentrations, can
cause mortality in sensitive species. Additionally, arsenic poses a risk to human health, as
it can leach into groundwater sources or accumulate in fish and plants that may enter the
food chain. In this pond, the detection of arsenic could be attributed to runoff from nearby
agricultural lands, road surfaces, or infrastructure materials that leach arsenic as they
degrade. Monitoring and mitigating arsenic levels are critical, as continued accumulation
could degrade the pond’s biodiversity and pose risks to public health if the pond is part of
a larger watershed [9].

4.2. Elemental Presence (Light Elements)

The presence of light elements decreased after the water main break by a negligible
amount (Figures 5 and 6). Si was found in the highest amount out of the light elements
examined. The Si abundance can be considered normal, as it is found in high concentrations
in soil and sediment and makes up a large percentage of sandstone and other sedimentary
rocks [28]. The Mg and Al had an overall decrease in presence throughout all the samples
by a negligible amount. The Mg percentages in comparison to Si did have an increase in the
New East sample as compared to the Old East. This increase is likely caused by the presence
of Mg in the municipal water of the school, which would have been introduced into the
pond during the water main break [29]. The presence of Mg has been shown to have major
negative health impacts in macroinvertebrates, fish, and waterfowl by disrupting their
metabolic processes if the Mg levels affect the ratio of Ca to Mg [30]. However, this ratio was
not affected (Figures 5 and 6). In the eastern zone, the ratio of Ca to Mg decreased, while,
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in the western zone, the ratio of Ca to Mg increased; however, in both zones, the change
in Ca and Mg concentration was negligible to have a severe effect on the hardness of the
water. The lesser presence of Al is also to be expected, as it is common in soil sediment [31].

Figure 5. The spectra display beamline data from pond sediment collected at the eastern zone of the
Shoreham-Wading River High School Pond. This zone is closest to the building with a water main
break. All elements are slightly less abundant, except for S, after the water main break. This may be
attributed to the water main break washing away concentrated areas of the elements, making them
more uniform throughout the sample.

Figure 6. The spectra display beamline data from the western zone at the Shoreham-Wading River
High School Pond. This zone is closest to the parking lot. All elements were found in higher
abundance in the older sample.
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4.3. Mineral Content

Drainage ponds on Long Island, New York, such as the Shoreham Wading-River Pond,
are significantly impacted by anthropogenic pollution and runoff due to their proximity
to urban infrastructure, including schools, parking lots, and roads. These ponds function
as catchments for stormwater runoff, often carrying a mixture of natural sediments and
pollutants from surrounding areas. Runoff from parking lots primarily introduces hydro-
carbons and heavy metals, while the erosion of local sandy soils contributes quartz and
clay minerals, such as kaolinite and chlorite, to the sediment [32]. Following a recent water
main break, additional materials, such as ferrihydrite and clay minerals, were likely mobi-
lized from corroding infrastructure and oxygenated water conditions [8]. Similarly, silicate
minerals, such as serpentine, were likely introduced through disturbed soils or construction
runoff [8]. These materials were deposited as dissolved minerals and sediments entered
the pond, reflecting a complex interplay between natural sedimentation processes and
anthropogenic influences.

Quartz, a primary component of sand and sediment, was present in all samples from
the SWR pond. Its high resistance to weathering and widespread occurrence in sandstone,
a common feature of Long Island geology, ensures its persistence in sediment over time [32].
Quartz-rich sands are frequently carried into drainage ponds via runoff from parking lots
and roads, further contributing to their abundance in this environment.

Ferrihydrite, primarily associated with iron, was also present in all samples and
was identified through the co-localization of Fe detected in SRX analysis. Ferrihydrite
commonly forms through iron oxidation in oxygenated water, often as a result of iron-rich
runoff from urban infrastructure such as galvanized pipes [33]. Notably, ferrihydrite was
more prominent in the New West sample compared to the Old West sample, indicating
an increase in iron content following the water main break, which likely mobilized iron-
bearing sediments and facilitated further oxidation. This trend was consistent with elevated
iron levels detected through SRX analysis.

In the New East sample, diopside and hydrogen silicates were identified, marking a
new presence not observed in the Old East sample (Figures 7 and 8). Diopside, a pyroxene
mineral containing Ca, Mg, and Si, correlated with the increased presence of these elements
detected through TES analysis. This mineral may have been introduced by the water main
break, which disturbed underlying sediment layers or mobilized rock fragments from
nearby urban runoff, such as parking lot sediment. Hydrogen silicates, typically associated
with Mg, Al, and Si, were likely introduced through a combination of erosion and chemical
changes caused by the addition of municipal water, as evidenced by the increased Mg and
Si levels detected by TES. These changes could have altered the pH or ionic composition of
the pond, favoring the mobilization and precipitation of silicate minerals [8]. Additionally,
hydrogen silicates may have been transported into the pond via runoff from concrete or
roads adjacent to the site.

In contrast, the Old West sample contained clay minerals such as kaolinite and chlorite,
which were completely absent in the Old East samples (Figure 9). These clay minerals
are often derived from the erosion of sedimentary rocks and are consistent with the west
portion’s closer proximity to the parking lot and road, which could contribute additional
carbonate minerals via the erosion of asphalt. he presence of Al and Mg, detected in
TES analysis, supports the identification of kaolinite and chlorite, as these elements are
primary components of these minerals. This hypothesis is supported by the presence of
wollastonite and calcite in the West samples. Following the water main break, the New
West sample exhibited an even more pronounced presence of clay minerals, likely resulting
from increased erosion and runoff caused by the disturbance (Figure 10).
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Figure 7. Mineral matches from X-ray powder diffraction data for the east bank of the pond prior to
the water main break. The main minerals identified from the peaks present are quartz and ferrihydrite,
as indicated.

Figure 8. Mineral matches from X-ray powder diffraction data for the east bank of the pond after the
water main break. The main minerals identified from the peaks present are quartz, hydrogen silicate,
diopside, and ferrihydrite, as indicated.
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Figure 9. Mineral matches from X-ray powder diffraction data for the west bank of the pond prior to
the water main break. The main minerals identified from the peaks present are kaolinite, wollastonite,
calcite, ferrihydrite, chlorite, and muscovite, as indicated.

Figure 10. Mineral matches from X-ray powder diffraction data for the west bank of the pond after
the water main break. The main minerals identified from the peaks present are quartz, ferrihydrite,
kaolinite and chlorite, as indicated.

4.4. Comparison of Results

The pre-water main break sediment from the eastern zone had higher counts of
practically all elements other than Zn. In comparison, the post-water main break sediment
in the western zones had higher counts of all elements. The elements in the pre-water main
break sediment were found mostly in hotspots throughout the samples. In contrast, the
elements in the post-water main break sediment were mostly homogenous throughout the
sample. The lighter elements are more typically found within soil and sediment, and the
amounts that they are found in are highly usual in proportion to each other in comparison
to other studies [34].
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This study aimed to evaluate the different effects of pollution from the water main
break and other human contamination on a detention pond. Although the presence of
heavy metals was expected to be significantly greater than before the water main break,
most of the elements analyzed had a decrease in presence, if any change at all. The shift in
the Mg percentage in the New East sample, as compared to that of the Old East sample,
has the potential to be harmful to the macroinvertebrates and the biodiversity of the pond
as a whole; however, not large enough to have a severe effect [29]. Nearly all the other
changes are negligible; thus, they will have no additional impact on the wildlife and
macroinvertebrates of the pond.

The mineral content data provided additional evidence supporting the impacts of
the pollution that had occurred in the pond. The mineral content helped indicate the
presence of some pollutants and their potential origin (Table 1). Additionally, some of
the minerals confirmed that a large portion of the sediment samples were made up of
commonly expected materials. Quartz, for example, is commonly found in sediment of
this origin and was found in all samples taken from the pond, as expected. Minerals
like diopside and hydrogen silicates indicate the presence of impacts from the pollution
resulting from the water main break. On the other hand, kaolinite and chlorite both indicate
pollution resulting from runoff, particularly coming from the asphalt and cement pathways
adjacent to the pond.

Table 1. Minerals detected using X-ray Powder Diffraction and their associated locations. Mineral
presence is indicated with P, present, and the lack of presence is indicated by NP, not present. P+
indicates a higher concentration of a given mineral, relative to the concentration of the same mineral
at other sampling locations.

Mineral Old East New East Old West New West

Quartz (SiO2) P P P P

Ferrihydrite (Fe5HO8·4H2O) P P P P

Diopside (CaMgSi2O6) NP P NP NP

Hydrogen Silicates (H2SiO3/H2SiO4) NP P NP NP

Kaolinite Al2Si2O5(OH)4 NP NP P P

Chlorite (Mg,Fe)3(Si,Al)4O10(OH)2·(Mg,Fe)3(OH)6 NP NP P P

5. Conclusions
This study indicates that the sediment composition of the retention pond at the

Shoreham-Wading River High School had been notably altered and influenced by the
anthropogenic runoff and disturbances caused by a water main break. In the eastern
zone, the bursting of the galvanized pipes introduced elevated levels of zinc and minerals
like ferrihydrite and diopside, demonstrating the chemical influence of the incident. The
western zone displayed consistently elevated levels of heavy metals, likely influenced by the
continuous exposure to runoff containing asphalt and concrete materials, further supported
by the identification of minerals kaolinite and chlorite. Arsenic was detected with increasing
levels in both zones, raising concerns about potential toxicity. Although some elemental
differences were minor, the addition of new minerals and changes in elemental distribution
indicate impacts of occasional and chronic anthropogenic disturbances. This emphasizes
the need for continued monitoring, as slight elemental changes can have extensive effects
on aquatic biodiversity and stability.

Author Contributions: Conceptualization, J.S. and D.S.; methodology, J.S., D.B., D.S., M.K., J.T., S.N.,
E.D., P.N. and A.P.; software, J.S., D.B., D.S., M.K., J.T., S.N., E.D., P.N. and A.P.; validation, J.S., D.B.,
D.S., M.K. and A.P.; formal analysis, J.S. and D.B.; investigation, J.S., D.B. and D.S.; resources, D.S.
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