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Published: 9 December 2025 are the most prescribed drug class in the United States. High concentrations of
statins have been reported in water systems ranging from fresh water to wastewater.
Exposure studies are frequently conducted on aquatic organisms; however,
terrestrial organisms must also be assessed for accumulation of pharmaceuticals as
treated wastewater is frequently used to irrigate farm fields, introducing
contaminants to a greater number of species. Earthworms, specifically Fisenia
hortensis, are frequently used as bioindicators of soil contamination. However, they
have not been assessed as a bioindicator of pharmaceuticals in the environment,
which this work seeks to address. Benchtop matrix-assisted laser
desorption/ionization (MALDI) mass spectrometry imaging (MSI) was optimized
and employed to visualize statin localization in longitudinal sections of Fisenia
hortensis following an exposure period to atorvastatin, lovastatin, or simvastatin.
All three statins were detected successfully by MSI. Lovastatin and simvastatin
were ubiquitously distributed, providing evidence for both dermal absorption and
ingestion of contaminated soil. Atorvastatin localized to the intestinal wall,
differing from the other two analytes likely due to differences in logP values. This
work suggests that Eisenia hortensis is a suitable bioindicator of statins in the
environment.
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1. Introduction

Potable fresh water represents less than 1% of the Earth’s total water supply, making it a critically limited
resource. Growing concerns have emerged regarding water safety due to diverse physical, biological, and chemical
pollutants that enter aquatic systems through wastewater discharge and related pathways. Current primary and
secondary wastewater treatment practices effectively remove physical and biological contaminants such as
sediments, organic matter, and pathogens; however, they do little to eliminate chemical contaminants like heavy
metals, pesticides, and pharmaceuticals [1]. These are mainly targeted at the tertiary level of treatment (e.g., UV
disinfection, activated carbon), where removal is improved but remains incomplete [2]. To further exacerbate the
issue, many wastewater treatment plants terminate the treatment process at the secondary level, particularly in
rural areas due to prohibitive costs, leaving chemical contaminants largely unaddressed. In addition to
pharmaceuticals, other micropollutants such as antibiotics, hormones, and personal care products are also present
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at trace levels in treated effluent, often persisting long enough to enter both aquatic and terrestrial systems. This
cocktail of contaminants highlights the challenge of addressing cumulative exposure risks in environments that
rely heavily on reclaimed water for irrigation or discharge into natural waterways.

Pharmaceuticals are a notable class of environmental contaminants of emerging concern due to their
biological activity at low concentrations [3] and incomplete removal in wastewater treatment plants [2], leading to
measurable concentrations of pharmaceuticals found in wastewater effluent [4]. These pharmaceuticals can have
toxic effects on non-target organisms, especially in aquatic systems [5]. Although aquatic organisms have
traditionally been emphasized in ecotoxicology studies, the terrestrial component is increasingly important. The
reuse of treated wastewater for agricultural irrigation exposes soil invertebrates and plants directly to residual
pharmaceuticals, creating pathways for uptake into terrestrial food webs. Soil organisms are therefore not only at
risk themselves but may also act as vectors, transferring contaminants to higher trophic levels such as birds and
small mammals. It is critical to study the previously unknown effects of pharmaceutical contaminants on various
organisms to assess greater harm to the ecosystem.

Specifically, statins are a class of pharmaceuticals that work to decrease low density lipoprotein (LDL),
commonly referred to as “bad cholesterol” [6]. They have remained the most prescribed class of drugs in the United
States since the 1990s [7]. As such, statins have been detected in the environment at the low ppb range [8—10]. Given
their widespread prescription rate, statins represent an important pharmaceutical class for environmental toxicology.

Earthworms (Eisenia) are established bioindicators in soil toxicology, with E. fetida commonly used for
organic contaminants and E. hortensis for heavy metals [11-18]. However, little is known about the suitability of
E. hortensis for pharmaceutical exposure studies, representing a gap this work seeks to address. It is important to
determine if E. hortensis can be a potential bioindicator for pharmaceutical exposures because treated wastewater
that contains pharmaceuticals is frequently used for crop irrigation [19]. Moreover, E. hortensis have been shown
to dwell in agricultural soils [20], whereas E. fetida are more likely to thrive in compost [12], further highlighting
their potential for studying environmental exposure. As such, agricultural irrigation conditions can be modeled in
a laboratory exposure with garden soil to assess the uptake of pharmaceuticals into earthworm tissue. Earthworms
are a critical link in terrestrial food webs, thus, bioaccumulation of pharmaceuticals in their tissues has ecological
implications that extend beyond soil health, such as the potential transfer of these compounds into higher trophic
levels. Establishing E. hortensis as a pharmaceutical bioindicator therefore serves both practical monitoring
purposes and broader ecological relevance, strengthening its utility in environmental risk assessments.

Mass spectrometry imaging (MSI), particularly matrix-assisted laser desorption/ionization (MALDI) MSI,
integrates the sensitivity of conventional MS with two-dimensional spatial resolution. Separation based MS is
well-established for environmental analysis, offering identification and quantitation of contaminants at low
concentrations using targeted and untargeted methods, however, spatial distribution is lost in the sample
preparation as tissues are homogenized and analytes extracted prior to analysis. In contrast, MSI preserves tissue
architecture, enabling visualization of both endogenous and exogenous compounds including active
pharmaceutical ingredients (APIs) and their metabolites. Applications have expanded from biomedical contexts,
ranging from mapping neuropeptides [21] to emerging environmental studies [22,23]. For context, MALDI MSI
works by coating a thin (approximately 10 um) [24] slice of tissue in a layer of an organic acid or base (i.e., matrix)
for cocrystallization with the sample containing analytes of interest. A laser is then used to ablate the solid mixture,
causing the matrix and analytes to desorb from the surface and ionize allowing MS to proceed. Imaging also
enables analysis of compounds found in high local concentration but low global concentration within the tissue
without risking inherent sample loss and increasing sample preparation complexity induced from homogenization.
MSI has been previously demonstrated to identify the specific tissue or region where contaminants are
accumulating, so it can then be isolated and analyzed [22]. MSI can detect not only the API, but also the biological
metabolites produced by the living species. Furthermore, the specific tissue and locations within the tissues can
provide critical information about the pathways of uptake of an API, the effect(s) on the organism, and possible
degradation mechanisms [23]. In summary, MSI can enable rapid discoveries that are otherwise forfeited due to
homogenization of samples prior to analysis.

Detecting an array of contaminants and metabolites directly from the tissues requires high mass resolution
and sensitivity. Reflectron time-of-flight (reTOF) and hybrid analyzers (e.g., quadrupole TOF) are typically
employed as a result when non-targeted analysis is sought [23]. While these instruments are present in well-funded
research labs and core facilities, funding for environmental science research is typically less abundant. As a result,
the optimization and use of benchtop linear TOF instruments is more accessible in environmental sciences and
works well for targeted analysis but comes at the expense of both mass resolution and spatial resolution. Due to
reduced sensitivity, the spatial resolution of linear instruments is typically lower (>50 pm) to achieve detection.
Imaging experiments require optimization of sample preparation and instrumental parameters to achieve detection
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of low-concentration analytes of different classes within the same tissue and increase spatial resolution. This
optimization is particularly critical in the case of linear TOF instruments with poorer figures of merit.

Eisenia hortensis has been established as a biomonitor for environmental contamination; however, more
research is necessary to expand this role beyond heavy metals. The goal of this work is to develop an optimized
method to complement previous work imaging lipid related species [18] to now image the APIs in Eisenia
hortensis tissue after exposure to environmentally relevant concentrations of statins using MSI. Specifically,
atorvastatin, lovastatin, and simvastatin will be investigated due to their high prescription rate [7] and targeting
lipophilic compounds that were shown previously [18]. Localization will be determined utilizing a benchtop linear
MALDI-TOF instrument to enhance accessibility within the environmental science research sector.

2. Materials and Methods
2.1. Standards and Reagents

Pharmaceutical standards of atorvastatin (ATO; CRM; P/N: PHR1422), lovastatin (LOV; >98%; P/N:
L0214), and simvastatin (SIM; 98%; P/N: 458840250) were purchased from Sigma Aldrich (St. Louis, MO, USA),
Tokyo Chemical Industry (Tokyo, Japan), and Thermo Fisher Scientific (Waltham, MA, USA), respectively. a-
cyano-4-hydroxycinnamic acid (CHCA; 97%; P/N: 145505) was purchased from Sigma Aldrich (St. Louis, MO,
USA). HPLC-grade methanol (P/N: AA22909K2) was purchased from Thermo Fisher Scientific (Waltham, MA,
USA), and biotechnology grade trifluoroacetic acid (TFA; P/N: 89399-844) was purchased from VWR (Radnor,
PA, USA). ACS-grade ammonium sulfate (P/N: 423400250) was purchased from Thermo Fisher Scientific
(Waltham, MA, USA). Water refers to Type 1 water unless otherwise specified. Soil was obtained as garden soil
from a local hardware store.

2.2. Earthworm Care and Exposure

Eisenia hortensis (Speedy Worm, Alexandria, MN, USA) were cared for and exposed to statins dissolved in
water as described previously [18]. The worms were exposed to 100-fold of their environmentally reported
concentrations, as shown in Table 1. This elevated concentration was selected deliberately to address the sensitivity
limitations of benchtop linear TOF instruments. At environmentally realistic levels (low ppb range), statins fall
below the instrument’s detection threshold, particularly when distributed heterogeneously in tissue. By applying a
100x enrichment, exposures remained within a non-lethal range for the worms while generating signals strong
enough to validate method performance and visualize tissue localization. This scaling approach is commonly used
in environmental toxicology to establish proof-of-concept imaging workflows before moving toward more realistic
concentrations with higher sensitivity platforms.

Table 1. Relevant concentrations of atorvastatin (ATO), lovastatin (LOV), and simvastatin (SIM).

Compound Environmental Concentration (ppb) Exposure Concentration (ppb)
ATO [8] 0.2 20
LOV [9] 0.1 10
SIM [10] 1.5 150

Spiked soils were prepared by homogenizing garden soil with aqueous pharmaceutical standards and
allowing the mixture to equilibrate to ensure even contaminant distribution. Moisture content was maintained
between 20—30% with daily monitoring [18]. Each treatment consisted of 20 replicate worms housed in ventilated
containers, alongside controls maintained in untreated soil. This approach was designed to mimic realistic
agricultural irrigation scenarios while ensuring exposures were controlled and reproducible.

2.3. Euthanasia and Cryosectioning

Following a two-week exposure to one of the statins (ATO, LOV, or SIM) at 100-fold of the environmental
concentration, earthworms were euthanized by flash freezing. Specifically, earthworms were individually collected,
rinsed with water, and arranged in a metal bottle cap (to enable mounting on a circular chuck) secured with aluminum
foil and flash frozen in liquid nitrogen. Prepared earthworms were stored at —40 °C until sectioning. Cryosectioning
was performed on a Leica CM 1850 cryostat (Leica, Deer Park, IL, USA) at —20 °C. Water was placed onto a frozen
chuck, where it froze into a dome shape. The dome of water was shaved down to a flat surface with the cryostat
before placing the coiled, frozen worm onto the surface of the ice with no overlap of tissue as shown in Figure 1.
More water was added and allowed to freeze, creating a dome of ice on and around the frozen worm tissue. 100 pm
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sections of ice and worm tissue were shaved off until the gut of the worm was exposed, at which point 20 um sections
of worm tissue were obtained. Two sections from each worm were thaw-mounted onto individual indium tin oxide-
coated glass slides (Shimadzu Scientific Instruments, Columbia, MD, USA). This coiling and embedding method
minimized tissue folding and tearing, ensuring high-quality sections suitable for MSI. The 20 um thickness was
chosen as a compromise between structural integrity and spatial resolution of imaging.

Blade

Chuck Mount

Antiroll glass
cover

Stage

Figure 1. Cryostat Workstation and Worm During Cryosectioning. Shown on the left side of the image is the
interior of the cryostat during use, with several key components labeled. The right side of the image shows an ice-
covered chuck with a mounted earthworm that has been transversely sectioned.

2.4. Matrix Application and Salt Wash

Slides were dried in a vacuum desiccator and washed with salt prior to matrix deposition to enhance statin
ionization. The previous method [18] made use of a 5 s wash in 50 mM ammonium sulfate to enhance the lipid signal;
in this study, the salt concentration was optimized to 5 mM for increased statin ionization. Each slide was individually
submerged into the 5 mM ammonium sulfate solution for 5 s and allowed to dry prior to matrix application.

A handheld artist airbrush sprayer (Paasche VL 0123, Kenosha, WI, USA) powered by an air compressor
(Master 17 Airbrush TC-320, Las Vegas, NV, USA) was used to deposit 50 mL of 10 mg/mL CHCA in methanol
with 0.1% (v/v) TFA onto the slide. To ensure consistency of application, the slide was placed the same distance
away from the sprayer each time and sprayed at a consistent angle and pressure for the same number of passes.
The airbrush method was selected over sublimation and automated sprayers due to its cost-effectiveness and
adaptability in smaller research settings. Although sublimation provides finer crystal formation and uniform
coatings, the airbrush allowed rapid adjustments of deposition thickness and solvent composition during
optimization of statin signal.

Matrix was removed from a corner of the imaging window that was absent of tissue using methanol and a
cotton-tipped applicator. To this location, 0.5 pL. of CHCA and 0.5 uL of TOFMix (LaserBio Labs; Valbonne,
France) were spotted according to the dried droplet method for mass calibration. In addition to the peptides
contained in TOFMix, matrix peaks were utilized to ensure low mass calibration. This calibration ensured accurate
mass assignment for the statin parent compounds, compensating for the reduced resolving power of the benchtop
linear TOF instrument. A slide fully prepared for data acquisition can be seen in Figure 2.
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Figure 2. A Slide Fully Prepared for MALDI MSI Analysis on a Shimadzu MALDI-8020. This sample preparation
workflow described here outlines several steps that are unique to analysis on this instrument, including tracing the
imaging window, marking the corners of the imaging window, and the use of the Adaption-Mini.

2.5. MALDI MSI Analysis

The instrument used for this analysis was the Shimadzu MALDI-8020 (Shimadzu Scientific Instruments,
Columbia, MD, USA), a benchtop instrument with a frequency-tripled 200 Hz Nd:YAG solid state laser (355 nm)
and a positive linear TOF mass analyzer (<1 m). Data acquisition and mass spectral processing were performed
using MALDI Solutions Data Acquisition (Shimadzu Scientific Instruments, Columbia, MD, USA); image
generation and processing were accomplished using lonView (Shimadzu Scientific Instruments, Columbia, MD,
USA). Laser power was set to an arbitrary value of 90, on a scale from 0 to 180. Data was acquired with a mass
range from 300-1100 m/z, and pulsed extract of 1500 Da. Twenty mass spectra were obtained at each pixel with
a spatial resolution of 100 % 100 um and a repetition rate of 100 Hz.

Although hybrid TOF or Orbitrap instruments offer superior mass resolution and sensitivity, the choice of
the MALDI-8020 emphasizes accessibility and affordability in laboratories with limited resources. The tradeoff
was a decrease in spatial resolution and sensitivity, necessitating optimization of both laser power and matrix
deposition to reliably detect low-abundance analytes. The acquisition settings were selected after iterative trials
that balanced throughput and data quality.

3. Results

Matrix optimization had previously been performed to enhance cholesterol signal as a representative lipid
analyte [18]. The present work has focused on detection of the statin parent compounds at the expense of lipid
signal, as endogenous lipids are far more abundant than the statin contaminants. Alternative MALDI matrices (2,5-
dihydroxybenzoic acid and sinapinic acid) were also tested in preliminary trials; however, CHCA provided
superior ionization efficiency and reproducibility for statins, and thus was selected for all subsequent experiments.
However, in this study, a 5 s salt wash in 5 mM ammonium sulfate was found to sufficiently reduce the lipid signal
to enable statin detection, an alteration from the previous 50 mM wash. As observed in Figure 3, the 5 mM wash
was able to remove most of the signal from cholesterol. Longer rinses were characterized by greater removal of
polar compounds, including statins, thus more intense signal from cholesterol and other lipids (see previous
method [18]).

MALDI-MSI images of earthworms exposed to 100-fold of the environmentally relevant concentrations of
atorvastatin, lovastatin, and simvastatin are shown in Figure 4. Control worms are shown in Figure S1 for
comparison. As demonstrated in Table 2, the sodiated adduct ([M+Na]") was observed in situ for all three
pharmaceuticals, with ATO and LOV also forming the protonated ((M+H]") and potassiated adducts ([M+K]"),
respectively. ATO signal was primarily observed in the gut region of the earthworm section, whereas LOV was
more localized to the dermis of the earthworm on the exterior of the section. The SIM signal yielded a more
uniform distribution across the section, with a slight localization in the head region of the earthworm. In addition
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to tissue distribution, adduct formation provided indirect insight into the chemical microenvironments of different
regions. The consistent appearance of [M+Na]* for all three statins suggests that sodium ions present in worm
tissue strongly influence ionization pathways. Atorvastatin’s ability to also form [M+H]" may reflect localized
proton-rich environments in the gut, while lovastatin’s [M+K]* adduct indicates interaction with potassium-dense
dermal regions. These distinctions highlight how MSI can capture subtle biochemical differences across tissues
that may affect pharmaceutical uptake and retention.
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Figure 3. Distribution of Cholesterol in Earthworms Exposed to Statins. Earthworms were exposed to either
atorvastatin (ATO), lovastatin (LOV), or simvastatin (SIM). 50 mL of 10 mg/mL CHCA was applied via artist
airbrush sprayer. The images shown here represent the signal generated by an adduct of the cholesterol normalized
to the TIC. The appropriate adduct is indicated on the lower border of each image.

ATO

1200 pon b—1 000 m b—1

| 9(0)%

1000 pm =] 1000 pm

SIM

I

Figure 4. Distribution of Statins in Exposed Earthworms. Earthworms were exposed to either atorvastatin (ATO),
lovastatin (LOV), or simvastatin (SIM). The images shown here represent the signal generated by an adduct of the statin
parent compound normalized to the TIC. The appropriate adduct is indicated in the lower right corner of each image.

Table 2. Observed and chemical properties of atorvastatin, lovastatin, and simvastatin (logP values obtained from

DrugBank).
Nominal Mass Observed [M+H|*  Observed [M+Na]* Observed [M+K]* logP
ATO 558 559 581 597 6.36
LOV 404 405 427 443 4.08
SIM 418 419 441 457 4.68
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While quantitation from these images is not feasible, the images still inform future experiments where parts
of the worm anatomy could be dissected for quantitation. Comparison with an uptake study in mammals shows a
similar trend: more lipophilic compounds, such as atorvastatin (logP 6.36), localize preferentially to lipid-rich
membranes, while less lipophilic analogues distribute more broadly [25]. This correlation between logP values
and observed distributions reinforces the predictive value of physicochemical properties in environmental
bioaccumulation research.

Importantly, the visualization of distinct statin localization at sub-millimeter resolution demonstrates that
even benchtop MSI platforms can generate biologically meaningful data. Although the worms were exposed to
elevated concentrations to overcome sensitivity limits, the observed tissue-level patterns provide a foundation for
future quantitative studies at environmentally realistic doses.

4. Discussion

In the previous method [18], matrix images were initially assessed to determine whether a particular matrix
offered uniform coverage of the tissue in the imaging region. This step was not performed here given that CHCA
has already been established as the preferred matrix for cocrystallization with analytes in earthworm tissue.

Cholesterol was initially examined because it is common throughout biological tissue and has well established
and notable MS signals at 369 m/z ((M+H-H,0]") and 385 m/z ((M+H-H:]") [26]. In the worm exposed to ATO, the
two ions exhibit different spatial distributions, with the dehydrated ion localizing to the dermal region of the
earthworm, whereas the other ion is more prevalent in the interior of the body (Figure 4). The dehydrated form may
appear localized to the dermis as an artifact of flash freezing. The same pattern is observed for the worms exposed to
LOV and SIM, but it is more difficult to definitively conclude due to the sparse apparent distribution. In all cases,
cholesterol was poorly ionized following a 5 mM salt was compared with the previous 50 mM salt wash.

MSI enabled visualization of statin localization, which served as evidence for the uptake and accumulation
of statins by E. hortensis. Even with low spatial resolution, differences in accumulation between large organs are
clearly visible within the earthworm tissue. Higher spatial resolution instruments would be necessary to resolve
accumulation differences between finer tissue structures. The distribution of the statins herein provides insight into
possible routes of accumulation of the three compounds. LOV and SIM differ only by a single methyl group, likely
leading to their similar distribution throughout the body of the worm. SIM is more ubiquitously distributed than
LOV in the images, likely due to the high exposure concentration of SIM, which is 15-fold higher than LOV. It is
noted that LOV could show a more ubiquitous distribution at higher exposure concentration. Overall, the spatial
patterns of these two molecules suggest both ingestion of contaminated soil as well as absorption of contaminants
through the dermis.

ATO has a unique spatial distribution, with localization observed in the intestinal region of the earthworm.
This drug has a higher logP value, listed in Table 2, than the other two statins, making it more attracted to the
hydrophobic lipid bilayer present in the intestinal wall. This intestinal localization suggests that ingestion of
contaminated soil is the predominant route of accumulation. This observation is consistent with prior studies,
where lipophilic pharmaceuticals preferentially accumulated in lipid-rich tissues such as liver or membranes,
whereas less lipophilic compounds distributed more broadly. These parallels strengthen confidence that logP is a
predictive parameter for uptake pathways. Such information is critical to determine the mechanism of degradation
or metabolism of the APIs, which is important for developing vermiremediation applications. One study found that
atorvastatin was significantly less toxic to E. fetida than simvastatin and lovastatin [11], providing insight into
possible tissue-specific effects of the statins on various earthworm species depending on the localization of the
different drugs. Some studies have shown the activation of metabolic pathways in C. elegans exposed to statins [27],
but no studies have shown earthworm-specific metabolism and toxic effects, especially not with spatial
information. Further metabolic and toxicology studies should be completed using E. hortensis as a model organism
following exposure to statins to elucidate tissue-specific effects and/or degradation products. For example, if
earthworms sequester statins primarily in intestinal tissues, as shown with atorvastatin, enzymatic or microbial
communities within the gut could be targeted for studying biotransformation products in future work. This opens
a path to investigate whether earthworms can not only serve as sentinels but possibly play an active role in
contaminant remediation, or elucidate specific toxic effects.

Ultimately, the present data suggests that a wash with 5 mM ammonium sulfate prior to matrix deposition is
sufficient for statin ionization but insufficient for lipid ionization; on the other hand, the previously described 50 mM
wash prevented statin ionization while providing lipid ionization. It is worth noting that the earthworm images were
obtained after exposure to 100-fold of the concentration found in the environment. This concentrated exposure was
necessary to reach the limits of detection and demonstrate the potential of E. hortensis as a model species.
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While this proof-of-concept approach used elevated doses, future studies could combine benchtop MSI with
high-sensitivity quantitative assays (LC-MS/MS) to confirm uptake at environmentally relevant levels. Additionally,
coupling imaging data with behavioral or physiological endpoints in E. hortensis could provide a holistic
understanding of pharmaceutical impact. Beyond statins, extending this framework to other commonly prescribed
drug classes (e.g., antidepressants, antibiotics) will broaden the ecological relevance of earthworm models.

From a methodological standpoint, this study demonstrates the practicality of benchtop MALDI MSI in
environmental sciences. While resolution and sensitivity are lower compared to other platforms, the accessibility
of benchtop instruments enables wider adoption. This expansion of MSI tools is critical in a field where funding
constraints often limit the use of cutting-edge instrumentation. Thus, the ability to visualize contaminant
localization with affordable platforms has significant implications for scaling environmental monitoring across
academic and regulatory labs.

5. Conclusions

This study demonstrates that benchtop MALDI MSI can be successfully applied to visualize statins in E.
hortensis tissues, revealing distinct uptake pathways linked to compound lipophilicity. Statins were localized to
distinct tissue regions in E. hortensis, suggesting uptake via both dermal absorption and ingestion. The
visualization of statins in E. hortensis demonstrates their utility as a biomarker for pharmaceutical contamination,
with the opportunity for future analyses to delve into degradation and toxicity mechanisms. Beyond
methodological proof-of-concept, this work illustrates the value of accessible instrumentation in environmental
toxicology. By adapting workflows for benchtop MSI, laboratories with limited resources can still generate
biologically meaningful spatial data, enabling wider participation in contaminant monitoring. These findings
highlight the potential of benchtop MSI platforms for environmental applications and underscore the need for
further method refinement to enable simultaneous lipid—pharmaceutical imaging. If statins and lipids are to be
imaged in the same sample, salt wash concentration and composition must be further studied. Looking ahead,
coupling imaging with physiological/behavioral analyses, quantitative analyses, metabolite tracking, and cross-
species comparisons will extend the utility of earthworm models and provide a fuller picture of pharmaceutical
effect and fate in terrestrial ecosystems.

Supplementary Materials

The additional data and information can be downloaded at: https://media.sciltp.com/articles/others/
2512081437168305/EESUS-25090118-Supplementary-Materials.pdf. Figure S1: Distribution of Statins in
Control Earthworms. Earthworms were exposed to equal volumes of water as opposed to statin dosing solution.
The images shown here represent the signal generated by an adduct of the statin parent compound normalized to
the TIC. The appropriate adduct is indicated in the lower right corner of each image.
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