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Gandhak-ki-baoli, an ancient stepwell, long revered for its therapeutic
properties, represents untapped natural reservoir of bioavailable sulfur and bioactive
compounds. In this study a multidisciplinary analytical approach was employed
to investigate the physicochemical and biochemical characteristics of stepwell
water and its surrounding geological matrix. Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) revealed a notable concentration of sulfur (~61 ppm) in the
rock samples, while water profiling confirmed a mineral-rich composition indicative
of redox-influenced hydrochemical environment. Ultra Performance Liquid
Chromatography coupled with Electrospray lonization and Quadrupole-
Time-of-Flight-Mass-Spectrometry (UPLC-ESI-QToF-MS) identified 20 bioactive
compounds exhibiting antimicrobial, antioxidant, and anti-inflammatory properties.
Therapeutic potential is attributed to (1) membrane-permeabilizing saponins, such
as digitonin, which may enhance the permeation of mineral and bioactive compounds
through epidermal layers, and (2) bioactive phenolics and flavonoids, such as
coumarin, capable of deep dermal absorption. These findings offer a detailed
chemical and metabolomic profile of this historic stepwell, underscoring its
significance as a unique reservoir with potential biological relevance and applications
that warrant further investigation.
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Introduction

Freshwater ecosystems represent the physical
manifestations of interactions between society and the
biosphere. These habitats sustain themselves while also
undergoing modifications to meet societal needs. On a
localized scale, inland water bodies play a fundamental
role in regulating the absorption and transportation of
resources, such as nutrients and waste, as well as
microclimate regulation and the provision of the domestic

water supply (Vari et al., 2021). On a broader scale,
they are vital components of the biogeochemical cycle,
global carbon budget, climate variability, and land-use
change. Beyond addressing environmental and social
needs, these freshwater resources also provide cultural
benefits, including their spiritual and aesthetic
significance, which fosters a sense of belonging among
the communities that rely on them (Tallar & Suen, 2017;
Ncube et al., 2021). In addition to their ecological and
cultural importance, freshwater inland water bodies,
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especially, ancient stepwells, serve as reservoirs of
bioactive compounds with potential biotechnological
and pharmaceutical applications (Sachdeva & Sarethy, 2024).

Specifically, mineral-rich freshwater bodies
such as soda lakes, volcanic crater lakes, and sulfur
springs have long been associated with human health
benefits, both through direct therapeutic use in
balneotherapy (Protano et al., 2024) and via microbial
metabolites with antimicrobial, antioxidant, and cytotoxic
properties that hold promise for pharmaceutical industries
(Alrumman et al., 2019; Bawane & Yele, 2025). These
waters typically contain major anions such as chloride,
bicarbonate, sulfate, sulfide, or other sulfurous
compounds, and dissolved carbon dioxide, along with
soluble cations including magnesium, calcium, and
sodium, as well as silicates. Their composition is further
enriched by trace elements such as manganese, selenium,
zinc, and boron. Collectively, these minerals shape the
physicochemical properties of the water and confer
broadly recognized health benefits, including improved
skin hydration, accelerated wound healing, reinforcement
of the skin barrier, and protection against oxidative stress.
Among them, sulfur plays a particularly distinctive role:
it governs redox balance, drives microbial specialization,
and directly mediates therapeutic outcomes such as
anti-inflammatory, antibiofilm, antioxidant, and
wound-healing effects (Mourelle et al., 2024). Given the
recognized dermatological benefits of mineral-rich
freshwater environments, waters with well-defined
mineral compositions have been incorporated into
commercially prominent skincare formulations
(Figueiredo et al., 2023), supported by clinical evidence
demonstrating benefits in skin hydration, inflammation
modulation, and barrier repair (Cacciapuoti et al., 2020).
Examples include skincare products developed using
thermal waters from Avéne, La Roche-Posay, Vichy,
Uriage, and Saint-Gervais.In addtion, sulfur-based
actives remain highly relevant in dermocosmetic
formulations, with contemporary products leveraging
sulfur’s antimicrobial, keratolytic, anti-inflammatory,
and sebum-regulating properties to manage acne-prone
and irritated skin (Chen et al., 2025). However, when
present in excess in natural settings, minerals such as
bicarbonate, selenium, boron, chloride, and iron may
provoke adverse effects ranging from local skin irritation
to systemic toxicity, particularly with prolonged or
unregulated exposure. This underscores the need for
defined safety thresholds that preserve therapeutic
efficacy while minimizing health risks. Yet, internationally

harmonized regulations for medicinal waters remains
poorly established. Japan stands as one of the few
exceptions, with formal balneotherapy standards that
classify springs based on their dominant ions, for example,
sulfur (>2 mg/kg), iron (>10 mg/kg), and alum (>1 mg/kg)
each linked to specific therapeutic applications,
including dermatological care, microbial skin control,
anemia management, and tissue repair (Ministry of the
Environment, 2019).

Against this backdrop, the sulfur-rich waters of
Gandhak-ki-baoli present a unique opportunity to
investigate both their traditional therapeutic and
cosmetic applications, and their untapped potential as a
source of bioactive compounds and minerals. To date,
no systematic scientific evaluation of their mineral
composition or bioactivity has been reported, highlighting
the novelty of the present study. Gandhak-ki-baoli is an
ancient rectangular freshwater stepwell established in
1230 AD by Shams ud-Din Iltutmish, the first Muslim
king to govern over Delhi. Its purpose was to collect
rainfall during a time of extreme water scarcity in Delhi.
The baoli is located at 28.5208° N, 77.1817° E and is
part of the Mehrauli Archaeological Park, near the Qutab
Minar Complex. The name "Gandhak" translates to
"sulfur," derived from the stench emitted by the water in
the baoli. Despite various anthropogenic activities and
climatological changes over the years, the advantageous
sulfur characteristic of this pristine ecosystem has
persisted, making it an appealing research subject for
scientific study.

Traditionally, the study of ancient structures like
this have focused on examining broken stone or rock
surfaces for biodeterioration and conducting biogeological
research. However, the primary objective of the current
research is to explore the bioactive metabolites and
sources of sulfur, which may offer medicinal benefits to
the water. Fig. 1 depicts the state-of-the-art approach of
this present study for comprehensive analysis of the
objectives. Furthermore, the Gandhak-ki-baoli stepwell
represents an ideal natural system for studying extreme
conditions, owing to its consistently high sulfur content
and stable redox environment throughout the year.

Materials and methods

1. Sample collection and processing

Samples of surface water and rock were obtained from
Gandhak-ki-baoli (28.5207° N, 77.1853° E) (Fig. 2), an
ancient stepwell situated near the water extraction
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Fig. 2 Study site, Gandhak-ki-baoli, which is located within the Mehrauli Archeological Park in Delhi
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location utilized by the local communities. Samples
were collected in February 2024 (winter season) when
water levels were stable, minimizing seasonal variation.
The pooled water sample was collected at a depth of
10-15 cm using sterile plastic bottles, employing the
methodology outlined in ISO 5667-1:2020. The collected
samples were appropriately labeled and immediately
stored in a container and kept in an insulated icebox
at 4£1°C to preserve their integrity and prevent any
degradation until subsequent analysis.

The pooled surface water sample was filtered through
0.22 um PES syringe filters that removed the suspended
solids and retained the dissolved analytes, followed
by physicochemical analysis. Subsequently, the water
sample was subjected to a freeze drier using Alpha
1-2 LSCbasic (Martin Christ, Germany) under vacuum
(0.37 mbar) at —55°C for approximately 30 h to
concentrate the water sample for better detection of
compounds using LC-MS. The rock sample was weighed,
followed by oven-drying at a controlled temperature of
36—40°C for 72 h until a constant weight was attained.
The analysis of metals in the rock sample was conducted
using ICP-MS with a multi-standard calibration
approach.

2. Analysis of physicochemical parameters and metals

The water samples collected from the stepwell
underwent analysis to determine the sulfate content
(mg/L), dissolved oxygen (DO), specific conductivity
(uS/em), and pH, following the established protocols
outlined by APHA (APHA, 2012). The pH and specific
conductivity were measured using a multimeter, while
DO and sulfate were estimated using the Winkler and
methylene blue method, respectively. DO was determined
by titration method, in which oxygen was fixed with
manganese sulfate and alkaline iodide-azide, producing
a manganese hydroxide precipitate. Upon acidification
with sulfuric acid, iodine equivalent to the DO content
was liberated and titrated with standardized 0.025 N
sodium thiosulfate using starch as an endpoint indicator.
The concentration of DO was calculated using the Eq. 1.

m V x N x 8 x 1000
DO (_g):—
L Vg

Eq. 1

where, V = volume of Na,S,0, used (mL), N = normality
of' Na,S,0,, and V_= volume of the water sample (mL)
Sulfate concentration was determined by the methylene
blue spectrophotometric method. In this procedure, sulfate
ions were precipitated as BaSO, using BaCl,—gelatin,

followed by reaction with methylene blue to form a

stable blue complex. Absorbance was measured at 665
nm with a UV-Vis spectrophotometer (UV-1800,
Shimadzu Corporation, Japan), and concentrations were
obtained from a calibration curve prepared with sulfate
standards (1-20 mg/L). The sulfate concentration was
expressed using Eq. 2.

SO}{ (@) v

Eq.2
L Ve 4

where, C = concentration obtained from the calibration
curve (mg), V = final extract volume (mL), and V_ =
sample volume (mL)

For the rock sample obtained from the stepwell,
an Inductively Coupled Plasma-mass Spectroscopy
(ICP-MS 7900 with UHMI, Agilent Technologies, Inc.,
Santa Clara, CA, USA) analysis was conducted to
estimate Na, Mg, Al, S, K, Ca, Mn, Fe, Ni, Cu, and Pb
as per protocols described by Silva et al. (2013). Upon
arrival at the laboratory, the oven-dried rock sample was
weighed, finely powdered, and subjected to acid digestion
using concentrated HNO, and HF in Teflon vessels. The
digested extracts were diluted to volume with ultrapure
water before analysis. The calibration process involved
the use of multi-element standard solutions using
TraceCERT Multi-Element Standard Solution (Sigma-
Aldrich Co., Ltd., Germany) with varying concentrations
(10, 20, 50, 100, and 200 pg/L), and accuracy was validated
with procedural blanks. The results obtained from the
analysis were reported in parts per billion (ppb).

3. UPLC-(ESI)-QToF-MS metabolite profiling

A Chromatographic analysis was carried out utilizing
an Acquity Ultra Performance Liquid Chromatograph
(UPLC) system (2D nanoACQUITY, Waters, USA)
coupled with a QTOF mass spectrometer (SYNAPT G2,
Waters, USA)., which was coupled with a Quadrupole-Time
of Flight mass spectrometer (QToF-MS). The QToF-MS
instrument featured electrospray ionization (ESI) and
was operated at a nominal mass resolution of 20,000,
under the control of MassLynx 4.1 software.

The chromatographic separation was accomplished
using an ACQUITY UPLC BEH C 18 column (2.1x100
mm, 1.8 pm, Waters India Pvt. Ltd., Bangalore)
maintained at 35°C. The mobile phase consisted of two
phases: phase A composed of methanol:water (5:95),
and phase B composed of methanol:water (95:5), both
containing 0.1% formic acid. A gradient program was
employed with a flow rate of 0.3 mL/min, starting with
90% A from 0 to 0.5 min, transitioning to 50% A at
4.5 min, followed by a shift from 50% to 2% A between

Untargeted Metabolomic and Elemental Profiling of Ancient Stepwell Waters

Sachdeva & Sarethy



Journal of Food Health and Bioenvironmental Science (May — August 2026), 19(2), e268441

Sof17

https://doi.org/10.65763/jthb.2026.6268441

4.5 and 8 min, maintaining 2% A from 8 to 11 min,
returning to 90% A from 11 to 11.5 min, and concluding
with 90% A from 12 to 14 min. The injection volume
was 5 uL, and the samples were kept at 15°C throughout
the analysis. Furthermore, for mass spectroscopy, the
heated ESI source and the transfer capillary were both
operated at 120°C and 500°C, respectively, with a
capillary voltage of 3 kV, and a cone gas flow of 50 L/h.
While the reference mass of leucine enkephalin (m/z
556.2771 in positive and m/z 554.2670 in negative
polarity) was used for mass correction with a flow rate
of 10 uL/min at a concentration of 2ug/mL at every
10-sec interval. Data acquisition was performed using
the MSE function in continuum mode, acquiring the MS1
and MS2 spectra and covering the mass-to-charge ratio
(m/z) range of 50-1200. For further processing, in the
untargeted evaluation, the m/z of the resulting features
was compared against the NORMAN database along
with Lipid Maps as per Horai et al. (2010) and Fahy
et al. (2007), respectively.

Results and discussion

1. Physicochemical parameters

The higher sulfate concentration of 256.19 mg/L
(Table 1) in the analyzed habitat suggests that SO acts
as a significant electron acceptor in anoxic environments,
potentially influenced by the dissolution of the brick
aggregates used in its construction (Margalef-Marti
et al., 2023). The restricted nature of the environment,
coupled with limited external inputs, emerges as a
significant determinant of the observed ion levels.
Corroborating this observation, the presence of the
biological sulfate cycle, in conjunction with other
nutrient cycles, near the interface of water and sediment,
as substantiated by sulfur data derived from ICP-MS
analysis, further bolsters the evidence.

Table 1 Selected physical and chemical characteristics of the ancient stepwell,
Gandhak-ki-baoli. The water sampled as surface grabs at a depth of

10-15 cm
Parameters Calculated value
Sulfate (SO}") (mg/L) 256.19
Dissolved oxygen (mg/L) 2
Specific conductivity (uS/cm) 783
pH 7.21

The pH of water serves as a significant indicator of
its alkaline or acidic properties and plays a pivotal
role in determining water quality. In the case of Gandhak-
ki-baoli, the water pH is reported to be neutral, with a

value of 7.21. Previous studies by Brahmacharimayum
et al. (2019) have established that sulfur-reducing
bacteria (SRB) generally thrive within a neutral to alkaline
pH range, specifically between pH 7 and 9.5. However,
it is crucial to note that extreme pH values can have
distinct impacts on microbial processes, exhibiting an
inverse relationship with the solubility of metal sulfides,
which can ultimately hinder the reduction process.
Electrical conductivity refers to the measure of dissolved
substances or ions present in water. In the case of the
stepwell, the higher electrical conductivity (EC) can
be ascribed to a multitude of factors. One plausible
explanation is the occurrence of active biological
interactions, such as microbial metabolism and the
decomposition of organic matter, which release ions
into the water (Borch et al., 2010). Furthermore, the
disintegration of salts from the brick aggregates utilized
in the construction of the baoli can also contribute to the
increased EC. Molecular oxygen, despite its significance
in biogeochemical cycles, exhibits limited solubility
in water. Consequently, oxic-anoxic interfaces are
established in diverse environments where distinct
aerobic and anaerobic processes take place within
separate zones. Likewise, the water sample under
consideration demonstrates relatively low levels of
dissolved oxygen (DO), measuring 2 mg/L, and indicating
oxic conditions. In such conditions, heterotrophic SRB
employ sulfate or other anions as their terminal electron
acceptor (Ito et al., 2002). Preliminary microbiological
assessment indicated the presence of SRBs (as illustrated
in Fig. 3), as anaerobic enrichment on Postgate B
medium produced characteristic black iron sulfide (FeS)
precipitates. This finding aligns with the neutral pH and
low dissolved oxygen conditions of the stepwell.

TP T—

Fig. 3 Black FeS precipitates formed during anaerobic enrichment on Postgate
B medium, indicating sulfate-reducing bacterial activity

Sachdeva & Sarethy

Untargeted Metabolomic and Elemental Profiling of Ancient Stepwell Waters



60f17

Journal of Food Health and Bioenvironmental Science (May — August 2026), 19(2), e268441

https://doi.org/10.65763/jfhb.2026.6268441

Inductively coupled plasma mass spectrometry
(ICP-MYS) is a precise and sensitive method used to
analyze and quantify elements in the parts-per-billion
range. It involves ionizing the elements in a sample
and measuring their masses using a mass spectrometer.
Table 2 presents the data obtained from the ICP-MS
analysis. The sediment of Gandhak-ki-baoli, dating back
to the 13" century, contains a total sulfur concentration
0of 60898.12 ppb, far exceeding the Japanese balneotherapy
threshold for sulfur springs (=2 mg/kg) (Ministry of the
Environment, 2019). The elevated levels of sulfur (S),
sodium (Na), potassium (K), magnesium (Mg), and
calcium (Ca) in the sediment are commonly associated
with the chemical weathering of building materials
during interactions between the sediment and water, as
explained by Jingfu et al. (2016). This phenomenon, as
noted by Gaur et al. (2022), also plays a role in increasing
the sediment's salinity and electrical conductivity. The
collective results indicate that the major ionic composition
in the ancient stepwell Gandhak-ki-baoli is primarily
governed by processes such as base ion exchange, salt
dissolution, and silicate weathering. Although iron and
alum concentrations were not the primary focus, any
detectable levels could be contextualized against the
Japanese standards for ferruginous (Fe>10 mg/kg) and
alum rich-water (Al>1 mg/kg), which are linked to
therapeutic indications including dermatological care,
microbial skin control, and tissue repair (Ministry of the
Environment, 2019).

Table 2 Concentration of major and minor ions using ICP-MS

Parameters Calculated value (ppb)

348 60898.12
23 Na 21381.49
24 Mg 21350.05
39K 10119.15
43 Ca 6250.88
56 Fe 138.12
55 Mn 51.36
207 Pb 31.61
27 Al 14.72
208 Pb 13.24
60 Ni 11.23
63 Cu 1.77
206 Pb 0.004

2. UPLC-(ESD)-QToF-MS metabolite profiling
After analyzing the peaks and annotating them using
both MS1 and MS2 scans, the researchers found 75
specific peaks with m/z values matching the target
metabolite within a tolerance range of 0.001-2 ppm.
The compounds identified through MassBank belong to
various natural compound classes, namely, Monosaccharides,
Saponins, Alkaloids, Lignane, Esters, Terpenoids,
Catechins, Flavones, Indolizidines, and Catechins
(Supplementary Table 1), while using LIPID MAPS the
identified compounds were found to belong to Fatty
esters, Fatty Acids and Conjugates, Octadecanoids,
Steroids, Eicosanoids, Oxidized glycerophospholipids,
Glycerophosphoinositols, Glycerophosphoglycerols,
Phosphosphingolipids, and Triradylglycerols (Supplementary
Table 2). Table 3 presents an exhaustive overview of

Table 3 Identification of natural products via UPLC-(ESI)-QToF-MS and their medicinal potential, found in water from ancient stepwell, Gandhak-ki-baoli

Category of natural

metabolite m/z ratio Adduct Predicted compound Potential application Reference
Triterpenoid saponin 127.0266 +ve Asiaticoside ‘Wound healing property Hillman et al. (2022)
779.0623, 779.1534, +ve Bacoside A3 Anti-bacterial property (more known for Parai et al. (2017)
779.2447,779.3361, neuroprotective effect)
779.4273,779.5179,
779.6082, 780.2749
Terpenoids 133.0837 +ve 2,6-Cyclolycopene-1,5-diol ~ Anti-oxidant property Yang and Ling (2025)
(a metabolite of lycopene) *
856.959, 857.0596 +ve Paclitaxel Anti-cancer property Yang and Ling (2025)
Saponins 218.1794, 274.2209, +ve Ginsenoside Anti-inflammatory Property Mao et al. (2022)
714.3149, 714.3985,
714.4822, 714.5657,
714.649, 857.1595,
857.2599, 857.3598
781.2772,783.2927 +ve Digitonin Cell membrane permeabilization property Verleur and Wanders
(1993)
Alkaloids 189.0811 +ve Chelidonin Anti-inflammatory property Yang et al. (2011)
190.0836 +ve Tetrandrine Anti-inflammatory property Chen et al. (2022)
219.0813 +ve 19S-Methoxytubotaiwine Anti-microbial and anti-cancer properties* Yang & Ling (2025)
175.0215 —ve Isomajdine Anti-oxidant and anti-cancer properties Giilgin et al. (2011)
219.9169 —-ve Mitragynine Anti-inflammatory property* Yang & Ling (2025)
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Category of natural

metabolite m/z ratio Adduct Predicted compound Potential application Reference
Glycosides 194.0946 +ve 5(S)-5-carboxystrictosidine  Anti-cancer property Yang & Ling (2025)
(Precursor in indole alkaloid biosynthesis) *
2752234 +ve Madecassoside Anti-inflammatory property Shen et al. (2019)
615.2955 +ve Soyasapogenol B base + Anti-inflammatory property* Yang & Ling (2025)
O-HexA-Hex-Pen
740.2629 +ve Kaempferol-3-O-robinoside- Anti-oxidant and anti-inflammatory properties*  Yang & Ling (2025)
7-O-rhamnoside
757.29, 760.3234 +ve Cyanidin 3- Anti-oxidant property Cizmérové et al. (2023)
(2G-glucosylrutinoside)
Flavanoid 203.0554 +ve Procyanidin Anti-inflammatory property Hughes-Formella et al.
(2006)
301.0765 +ve Eriodictyol-7-O- Anti-oxidant and anti-inflammatory properties*  Yang & Ling (2025)
neohesperidoside
319.1227 +ve Perrottetin Anti-inflammatory property* Yang & Ling (2025)
952.0541, 952.277 +ve Hyperoside Wound healing property Elloumi et al. (2022)
952.1652, 952.3884 +ve Myricitrin
116.9841 —ve Epicatechin Anti-inflammatory and anti-oxidant properties ~ Cizmérové etal. (2023)
131.0248 —ve Chrysanthellin A Anti-inflammatory property Park et al. (2012)
136.9853 —ve 6-Methoxyluteolin Anti-inflammatory property Zhou et al. (2020)
160.9056 —ve Hesperetin Anti-inflammatory property Lietal.(2016);Cizmérova
et al. (2023)
164.9006 —ve Rhamnetin Anti-inflammatory property Antunes-Ricardo et al.
(2015)
170.9487 —ve Baicalein Anti-inflammatory property Wang et al. (2022);
Cizmérové et al. (2023)
195.8796 —ve Cyanidin-3-O-galactoside Anti-inflammatory and anti-oxidant properties  Heetal(2017);Cizmérova
etal. (2023)
Phenolic compound 250.1366 +ve 4-Coumaroyl Choline Anti-oxidant and antimelanogenic properties Boo (2019)
782.2904 +ve Coumarin Anti-oxidant and anti-bacterial properties Sharifi-Radetal.(2021);
Ecevit et al. (2022)
Carotenoid 522.1959 +ve Lycopene Anti-oxidant property Franco et al. (2021)
Cyclohexa-depsipeptide  784.2958 +ve Beauvericin Anti-inflammatory property Wu et al. (2013)

Mycotoxin

Remark: * The reported biological activities are based on the known bioactivities of the broader phytochemical classes (e.g., flavonoids, terpenoids, and alkaloids)
reported in the literature. Exact activities of the predicted compounds may vary.

Parameters | Calculated value (ppb)|

s 60898.12

23Na 21381.49

compounds obtained from the two databases, including
their reported bioactivity concerning the treatment of

skin diseases (as illustrated in Fig. 4).
Among these substances, terpenes, terpenoids, fatty

2uMg 2135005 Leaching of S, Mg, Immunomodulatory effects on the skin via
rmeabilizing call membranes
39K 10119.15 ol Ll e
B 025088 Presenice of Direct penetration of bioactive compounds
SoFe TR clemental sulphur
55 Mn 51.36
Natural compounds

AN ANCIENT STEPWELL

Gandhak-ki-baoli

Rock sample identification: MASSBANK

ICP-MS

1 Physicochemical ) UPLC(ESD-QToF-MS

Analysis Analysis
Lipid molecules identification:
Water Sample el e
water quality parsmeters
Parameters Calculated Value -
Supportsbiological e
Sulphate content (mg/L) 256.19 s ety
Dissolved oxygen (mg/L) 2
‘Specific conductivity (4S/cm) 783 o — :‘"‘:‘:"]"‘:
oactive lipids
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Fig. 4 Graphical representation of the bioactive compounds identified through
LC-MS analysis and their potential therapeutic relevance in the treatment
of skin diseases

acid esters, and glycols have shown considerable potential
as skin permeation enhancers, effectively increasing the
therapeutic efficacy of compounds in treating superficial
dermal infections (Patil & Saraogi, 2014). On the other
hand, saponins, especially digitonin have the capacity to
render cell membranes more permeable and dissolve
membrane constituents (Sudji et al., 2015), which
increases the availability of bioactive compounds
(phenolic and non-phenolic compounds) along with
minerals (as per [CPMS results) such as sulfur, magnesium,
calcium bicarbonate, and manganese that have immune
system-modulating effects on skin conditions like
dermatitis (Cacciapuoti et al., 2020). In conjunction with
the aforementioned findings, the results of metagenomic
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analysis (Accession: PRINA905208) (National Center
for Biotechnology Information, 2022) also highlight the
presence of abundant microbes associated with sulfur
metabolism, notably Sulfuricurvum kujiense, a bacterium
constituting 5.4% of the overall biodiversity. This
bacterium demonstrates the capability to engage in S (0)
organo-mineralization through the utilization of dissolved
organic compounds, thereby enabling it to effectively
stabilize and store bioavailable sulfur (in the form of S
(0)) externally to its cellular structures (Cron etal., 2019).
Additionally, significant bioactive potential was observed
in two rare actinomycetes, Microbacterium proteolyticum
GKB-017 and Kocuria flava GKB-021, through GC-MS
metabolite fingerprinting and bioactivity screening;
notably, both strains were isolated from the same baoli
environment (Sachdeva & Sarethy, 2025). In addition to
healthcare and pharmacological benefits, the water holds
the potential to benefit the food and cosmetic industries
with Lycopene as bioactive pigments; and Hyperoside,
Myricitrin, Procyanidin, Madecassoside and Rhamnetin
as protectants from UV-mediated inflammation. However,
it was determined that 27.3% of the compounds under
scrutiny were not sourced from natural origins (Fig. 5).

Instead, they were classified as synthetic antibiotics,
fragrance compounds, herbicides, fungicides, and
substances associated with industrial and personal care
products, possibly originating from domestic waste that
has been dumped into the stepwell.

For thousands of years, natural products have been
critical in replenishing the pharmaceutical pipeline by
exhibiting anti-inflammatory, antioxidant, analgesic, and
antitumoral activities. In this study, utilizing the detection
method employed, coumarin, characterized by its fused
benzene and a-pyrone rings, was identified at elevated
intensity, indicating the potential to exert substantial
antioxidant activity, leading to reduced edema and
inflammation (Sharifi-Rad et al., 2021) in addition
to antibacterial efficacy against a variety of clinically
relevant ailments (Ecevit et al., 2022). Furthermore,
Yourick and Bronaugh (1997) reported that coumarin
exhibits rapid penetration into human skin, with an
absorption rate exceeding 97% within a 6-h period, a
phenomenon that could be bolstered by the presence of
saponins, polysaccharides, and lipids in the water sample.
Flavanoids, the most abundant class of natural products

CLASSIFICATION OF IDENTIFIED COMPOUNDS

12. Synthetic compounds
27%

11. Monosacchradides

2%
10. Mycotoxin __

2%

9. Phenolic compounds

2%
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detected, include Hyperoside, Procyanidin, Myricitrin,
Perrottetin, Eriodictyol-7-O-neohesperidoside, Cyanidin
3-(2G-glucosylrutinoside), Epicatechin, Chrysanthellin
A, 6-Methoxyluteolin, Hesperetin, Rhamnetin, Baicalein,
and Cyanidin-3-O-galactoside. These all have a wide
range of bioactivity including antioxidant properties that
aid in the protection of the skin against oxidative damage
produced by free radicals, anti-inflammatory effects,
which can help reduce skin inflammation and redness,
and potential UV protection (Cizmarova et al., 2023).
Furthermore, their capacity to permeate into the deeper
layers of the skin highlights their significance in topical
applications as anti-inflammatory agents (Merfort et al.,
1994).

Additionally, nonphenolic compounds including
saponins (digitonin, ginsenoside, asiaticoside, and
bacoside A3), followed by Glycosides, Alkaloids, Terpenes
and Caretenoid exhibit potent anti-inflammatory, anti-
oxidant and, antimicrobial properties that may contribute
to the medicinal properties of water (Hillman et al., 2022).
Beauvericin is a significant mycotoxin, characterized by
acyclic lactone trimer comprising N-methylphenylalanyl
and D-a-hydroxyisovaleryl residues that possesses
beneficial properties, including antifungal, antiviral,
anticancer, and antibiotic effects (Wang & Xu, 2012).
Moreover, it can penetrate through biological membranes,
and shows promise as a potential drug candidate for
inflammatory conditions by inhibiting activated T cells
(Wu et al., 2013; Taevernier et al., 2015).

Naturally, lipids offer inherent benefits for the
skin (Fernandes et al., 2023); some of them may act as pro-
inflammatory mediators (oxidized glycerophospholipids),
while others may have anti-inflammatory properties.
Glycerophosphoinositols and Glycerophosphoglycerols
are part of the cell membrane and can influence signaling
pathways involved in inflammation (Vessichelli et al.,
2017), while Fatty Esters and Fatty Acids, Octadecanoids,
Eicosanoids, and Triradylglycerols can modulate
inflammation and immune responses in the skin along
with potential antimicrobial and antifungal properties,
particularly against bacteria (Zhang et al., 2018).
Specifically, fatty acids have a selective mechanism
against Gram-positive organisms by targeting the
structure and function of bacterial cell walls and
membranes (Karimi et al., 2015). On the other hand,
oxidized Glycerophospholipids (8.7% of the total
number of compounds) are compounds that are involved
in oxidative stress and inflammation processes in the skin
but contribute to the antibacterial effect (Bochkov et al.,
2010).

Conclusion

This study presents the first comprehensive
physicochemical, elemental, and metabolomic profiling
of Gandhak-ki-baoli, an ancient freshwater stepwell in
Delhi. ICP-MS revealed exceptionally high sulfur
concentrations in the rock matrix along with major
cations, while water chemistry indicated stable redox-
active conditions. UPLC-ESI-QToF-MS analysis
further identified a wide array of bioactive metabolites,
including saponins, flavonoids, and phenolics, many of
which are associated with antimicrobial, antioxidant, and
anti-inflammatory activities. Collectively, these results
highlight the elemental and metabolomic richness of the
stepwell, supporting its long-standing recognition as a
medicinal water source. Although direct biological assays
were not undertaken in this preliminary work, the findings
establish a reliable chemical baseline for future studies
exploring therapeutic, cosmetic, and environmental
significance. Importantly, the metabolomic and elemental
insights generated here may inform future product
development in balneotherapy, cosmeceuticals, and
wellness formulations, provided they are pursued in
alignment with international regulatory frameworks (e.g.,
Japanese balneotherapy standards). In doing so, this work
bridges traditional heritage knowledge with modern
scientific innovation, laying the groundwork for safe and
evidence-based applications of stepwell-derived resources.
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Compounds from MassBank database

M/Z ratio Adduct type Tolerance
Compound name Compound formula MassBank class
116.9796 [M+H]+ 0.02 Chloridazon CioHsCINsO Environmental standard
127.0266 0.01 Asiaticoside CiseH76010 Triterpene saponins
128.9961 [M+H]+ 0.01 Oxadiazone CisH1sClN2Os Environmental standard
132.9712 [M+H]+ 0.01 Clothianidin CsHsCINsO2S Environmental standard
133.0837 [M+H]+ 0.01 2,6-Cyclolycopene-1,5-diol CiaoHss02 Natural product: Sesquaterpenoids
136.9199 [M+H]+ 0.1 Methylchloroisothiazolinone CsHsCINOS Environmental standard
149.0154 [M+H]+ 0.001 Thiophanate-methyl Ci2H14N1O4S: Environmental standard
166.947 [M+H]+ 0.04 2-(Methylthio)benzothiazole CsH/NS2 Environmental standard
171.0775 [M+H]+ 0.001 Triamcinolone C21H27FOs Environmental standard
189.0811 [M+H]+ 0.01 Chelidonin C20H1sNOs Hexahydrobenzophenanthridine alkaloids
190.0836 [M+H]+ 0.001 Tetrandrine CissH42N20Os Lignans
194.0946 [M+H]+ 0.001 5(S)-5-carboxystrictosidine C2sH34N2Oni Terpene glycosides
203.0554 [M+H]+ 0.01 Procyanidin CisoH26012 Biflavonoids
218.1794 [M+H]+ 0.01 Ginsenoside Ci2H70012 Triterpene saponins
219.0813 [M+H]+ 0.01 19S-Methoxytubotaiwine Ci21H26N203 Strychnos alkaloids
246.2002 [M+H]+ 0.01 Phantolide Ci7Ha:O Environmental standard
250.1366 [M+H]+ 0.01 4-Coumaroylcholine CiaH20NOs* Natural product; Phenolic choline ester
274.2209 [M+H]+ 0.05 Ginsenoside Cia2H70O12 Triterpene saponins
275.2234 [M+H]+ 0.01 Madecassoside CiasH75020 Triterpene saponins
279.0391 [M+H]+ 0.01 Amidosulfuron CoHi5Ns07S2 Environmental standard
301.0765 [M+H]+ 0.001 Eriodictyol-7-O-neohesperidoside C27H32015 Flavonoid-7-O-glycosides
318.2293 [M+H]+ 0.1 Bupirimate CisH2:N+OsS Environmental standard
319.1227 [M+H]+ 0.01 Perrottetin Ci2sH2604 Natural product; Lignane
398.1277, 399.1305 [M+H]+ 0.01 Flecainide Ci17Hz20FsN2Os Environmental standard
429.2544 [M+H]+ 0.01 Irbesartan Ci2sH28Niso Environmental standard
522.1959 [M+H]+ 1 Lycopene CisoHse Natural product; Carotenoids, carotene
615.2955 [M+H]+ 0.1 Soyasapogenol B base+O-HexA-Hex-Pen Ci5sHs1O21 Triterpene saponins
714.3149-714.649 [M+H]+ 2 Ginsenoside Ca2H70On2 Triterpene saponins
740.2629 [M+H]+ 1 Kaempferol-3-O-robinoside-7-O-rhamnoside ~ CssH10Ono Natural product
756.2875 [M+H]+ 0.1 Rifaximin CiasHs1NsOn Environmental standard
757.29, 760.3234 [M+H]+ 0.1,2 Cyanidin 3-(2G-glucosylrutinoside) CiassHuO20" Anthocyanidin-3-O-glycosides
779.0623-780.2749 [M+H]+ 0.5 Bacoside A3 CarH7601s Natural product; Terpenoids
781.2772 [M+H]+ 0.1 Digitonin Cis6Ho2029 Steroidal saponins
782.2904 [M+H]+ 0.1 Coumarin CoHsO2 Natural product
783.2927 0.1 Digitonin Ci5sHo2020 Steroidal saponins
784.2958 [M+H]+ 0.2 Beauvericin CasHs7NsOo Natural product; Peptide derivatives
856.959, 857.0596 [M+H]+ 1 Paclitaxel CiarH5aNO1a Natural product; Terpenoid
857.1595-857.3598 [M+H]+ 0.5 Ginsenoside Cs3sHuOno Triterpene saponins
952.0541, 952.277 [M+H]+ 1 Hyperoside Ci21H20012 Natural product
952.1652, 952.3884 [M+H]+ 1 Myricitrin Ci21H20012 Natural product
116.9841 [M-H]~ 0.05 Epicatechin CisH14Os Catechins
116.9841 [M-H]~ 0.04 Apigeninidin CisHuClO« Catechins
131.0248 [M—H]— 0.01 Chrysanthellin A CissHo4O2s 7-hydroxyflavonoids
136.9853 [M-H]~ 0.01 6-Methoxyluteolin CisHi207 Triterpene saponins
160.9056 [M-H]~ 0.1 Hesperetin CisH14Os Natural product
162.9028 [M-H]- 0.01 L-(+)-Rhamnose CsHi205 Natural product; Flavanoid
164.9006 [M-H]~ 0.01 Rhamnetin CisHi1207 Monosaccharide
164.9952 [M-H]- 0.01 Methyl Dihydrojasmonate CisH220s Flavanoid
170.9487 [M-H]~ 0.1 Baicalein CisH100s -
175.0215 [M-H]~ 0.01 Isomajdine Ci2sH2sN20s Flavones
180.9788 [M-H]~ 0.01 Bacosine Cis0H4s0s Indolizidines
195.8796 [M-H]- 0.1 Cyanidin-3-O-galactoside C21H2100" Natural product; Terpenoids
197.8768 [M-H]~ 0.05 Lagocholic acid C24H4005 Natural product: Anthocyanidin-3-O-glycosides
199.8741 [M-H]~ 0.1 Folic acid Ci1sH1aN7Os Natural product
201.9041 [M-H]- 0.1 3-Nitrobenzenesulfonic acid CsH:NOsS Amino acids
219.9169 [M-H]~ 0.1 Mitragynine C2sHs0N204 Environmental standard
221.9138 [M—H]- 0.1 2-Amido-3,5,6-trichloro-4- CeHsClsN204S Corynanthean-type alkaloids
cyanobenzenesulfonic acid
232.9477 [M—H]— 0.1 Climbazol CisH17CIN2O: Environmental standard
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Supplementary Table 2 Compound identified from LipidMaps

Input mass  Jon Delta Compounds from LipidMaps database Name Formula
127.0266  [M+H]+  0.0488 3-heptynoic acid 4-Methyl-3Z,5-hexadienoic acid FA7:2 C;H100,
127.0266  [M+H]+ 0.0488 Methyl sorbate - SFE 7:2 C;H100,
127.0266  [M+Na]+  0.0264 Malonic acid - FA 3:1;02 C;H4O4Na
127.0266  [M+Nal+ 0.01 2S-Hydroxybutanoic acid alpha-hydroxy-isobutyric acid FA 4:0;0 C4HsO5Na
127.0266  [M+K]+ 0.0474 Pyruvic acid - FA 3:1,0 C;H40:K
127.0266  [M+K]+ 0.011 Butyric acid - FA 4:0 C4Hs0.K
127.0266  [M+K]+ 0.011 Methyl propionate - SFE 4:0 C4Hs0,K
128.9961  [M+H]+ 0.0221 Glutinic acid - FA 5:3;02 CsH,04
1329712 [M+H]+  0.0419 2-hydroxy-2-butenedioic acid Oxalacetic acid FA 4:2;03 C4H,05
133.0837  [M+H]+ 0.0342 3-hydroxy-3-methyl-2-oxo-butanoic acid 2-Acetolactate FA 5:1;02 CsHOy4
133.0837 [M+H]+  0.0022 2-hydroxy-3-methyl-pentanoic acid 5-hydroxy caproic acid FA 6:0;0 CeH1,0;
149.0154  [M+H]+ 0.0073 dihydroxy-fumaric acid - FA 4:2;,04 C4H,06
149.0154 [M+H]+ 0.029 2-dehydro-3-deoxy-D-arabinonic acid 2-hydroxyglutaric acid FA 5:1;03 CsHsOs
149.0154  [M+Na]+ 0.0419 3-heptynoic acid - FA 7:2 C,;H,,0,Na
149.0154 [M+Na]+  0.0419 R-Lavender lactone - FA7:2 C;H,00,Na
149.0154  [M+Na]+ 0.0419 Methyl sorbate - SFE 7:2 C,;H,,0,Na
166.947 [M+K]+ 0.0271 Glutinic acid - FA 5:3;,02 CsH,0.K
171.0775  [M+H]+ 0.0241 Dendryphiellic acid B 4-0x0-2E-nonenoic acid FA 9:2;0 CoH140;
171.0775 [M+Na]+  0.0147 2,3-Dihydroxy-3-methylpentanoic acid Mevalonic acid FA 6:0;02 CeH1,04Na
171.0775  [M+K]+ 0.0357 3R-hydroxy-hexanoic acid L-Isoleucic acid FA 6:0;0 CeH,,05K
189.0811  [M+H]+ 0.0417 (2E)-2-(methoxycarbonylmethyl)but-2-enedioic acid - FA 7:3;,04 C;H;s06
189.0811  [M+H]+ 0.0417 (2E)-3-(methoxycarbonyl)pent-2-enedioic acid - WE 7:3;04 C,H;O6
189.0811  [M+H]+ 0.0099 5,8,11-dodecatriynoic acid - FA 12:6 C1,H,,0,
189.0811  [M+H]+ 0.031 Azelaic acid 3-Methylsubericacid FA 9:1;,02 CoH1604
189.0811  [M+H]+ 0.031 cis- and trans-Ethyl 2,4-dimethyl-1,3-dioxolane-2-acetate - SFE 9:1;02 CoH,604
189.0811  [M+Na]+ 0.0075 2,4,7-Decatrienoic acid - FA 10:3 Cy0H,40,Na
203.0554 [M+H]+  0.0368 4-carboxy-2-hydroxy-cis,cis-muconic acid - FA 7:4,05 C;HesO,
203.0554 [M+Na]+ 0.0028 Fuconic acid - FA 6:0;04 CeH1,06Na
203.0554 [M+Na]+  0.0125 Propyl 2-furanacrylate - SFE 10:4;,0 CyoH;,03Na
203.0554 [M+Na]+ 0.0488 7E,10-undecadien-4-olide - FA 11:3 Cy:H,60,Na
203.0554 [M+Na]+  0.0488 Methyl 2E,4E,6Z-decatrienoate - SFE 11:3 C11H,60,Na
203.0554  [M+K]+ 0.0449 Methyl 2E,4E,6Z-decatrienoate - FA 9:5;0 CoH0:K
203.0554  [M+K]+ 0.0238 Digitoxic acid - FA 6:0,03 CsH1,05K
203.0554  [M+K]+ 0.0085 2,4-decadiynoic acid - FA 10:4 Cy0H,,0,K
203.0554 [M+K]+  0.0085 Methyl 3-phenylpropanoate - SFE 10:4 C1oH120.K
203.0554  [M+K]+ 0.0279 11-oxo-undeca-5,8-dienoic acid Alutacenoic acid B FA 11:3;,0 Cy,H;60K
2181794  [M+H]+  0.0407 O-propanoyl-carnitine Propionylcarnitine CAR 3:0 C1oH1sNO,
219.0813  [M+H]+ 0.0203 6-hydroxytrideca-7,8-dien-10,12-diynoic acid - FA 14:6;,0 C13H1405
219.0813  [M+H]+  0.0414 2-hydroxy-decanedioic acid 3-hydroxy-sebacic acid FA 10:1,03 C1oH150s5
219.0813  [M+Na]+ 0.0179 cis-Jasmone - FA 11:3;,0 C1H,605Na
219.0813  [M+Na]+  0.0179 11-oxo-undeca-5,8-dienoic acid 58,6S-epoxy-7-undecynoic acid FA 11:3;,0 C11H1605Na
219.0813  [M+Na]+ 0.0179 Isobutyl 2-furanpropionate - WE 11:3;0 C1H,605Na
219.0813  [M+K]+  0.0395 Propyl 2-furanacrylate - SFE 10:4;,0 CioH120:K
219.0813  [M+K]+ 0.0031 7E,10-undecadien-4-olide - FA 11:3 C;:H,60,K
219.0813  [M+K]+ 0.0031 Methyl 2E,4E,6Z-decatrienoate Methyl 2E,4Z,6Z-decatrienoate SFE 11:3 C11H,60,K
2462002  [M+H]+ 0.0302 2-Methylbutyroylcarnitine Valerylcarnitine CAR5:0 C,,H2:NO,
2742209  [M+H]+ 0.0196 Heptanoylcarnitine - CAR7:0 C,4H,,NO,
2752234  [M+H]+ 0.0381 3-hydroxy-tetradecanedioic acid - FA 14:1;03 C14H2605
275.2234  [M+H]+ 0.0229 3,6,9,12,15-octadecapentaenoic acid Dicranin FA 18:5 Ci5H,60,
2752234  [M+H]+ 0.0229 Rhodinyl phenylacetate - SFE 18:5 Ci1sH,60,
275.2234  [M+H]+ 0.0229 nandrolone - ST 18:2;02 Ci5H,60,
2752234  [M+H]+ 0.0229 Citronellyl alpha-toluate - ‘WE 18:5 Ci1sH,60,
2752234 [M+H]+  0.0017 2,15-dihydroxy-pentadecylic acid Turpetholic acid A FA 15:0;,02 Ci5H300,4
275.2234  [M+H]+ 0.0135 alpha-androstenol - ST 19:1;0 Ci1oH300
275.2234 [M+Na]+  0.0253 2E,4E-hexadecadienoic acid Hydnocarpic acid FA 16:2 Ci6H250,Na
275.2234  [M+Na]+ 0.0253 10E,12E—Tetradecadienyl acetate - SFE 16:2 Cy16H250,Na
275.2234  [M+Na]+ 0.0253 (E)-3,7-Dimethyl-2,6-octadienyl hexanoate - WE 16:2 C16H250,Na
279.0391 [M+Na]+  0.0448 3-carboxy-4-methyl-5-(1-hydroxypropyl) - FA 12:4;,04 Ci12H1606Na

-2-furanpropionic acid
279.0391  [M+K]+ 0.0238 2-carboxyethyl-5-furanpentanoic acid - FA 12:4,03 C12H;605K
301.0765  [M+K]+ 0.0283 Phaseolic acid - FA 12:1;04 C12H3,06K
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Input mass  Jon Delta Compounds from LipidMaps database Name Formula
318.2293  [M+Na]+ 0.011 (4E,8E,10E-d18:3)sphingosine - SPB 18:3;02  C;sH33NO,Na
319.1227 [M+Na]+ 0.0289 3,4-dimethyl-5-carboxybutyl-2-furanpentanoic acid - FA 16:4;03 Cy6H2405Na
319.1227 [M+Na]+  0.0441 4,8,11,14-Eicosatetraynoic acid - FA 20:8 Cz0H,40,Na
319.1227  [M+Nal]+ 0.0441 17alpha-Ethinyl estradiol - ST 20:5;02 CyoH240,Na
319.1227  [M+K]+ 0.0496  6-hydroxy-7E,9E-Octadecadiene-11,13,15,17-tetraynoic acid Caryoynencin A FA 18:10;0 Ci5H160:K
319.1227  [M+K]+ 0.0079 5-Acetoxy-tetradeca-2E,4E,6E-trienoic acid - FA 16:4;02 Cy6H,:04K
319.1227  [M+K]+ 0.0443 12S-HHTrE - FA 17:3;,0 Cy7H250:K
399.1305 [M+Na]+ 0.0473 18-o0x0-cortisol - ST 21:4;,06 C,,H,506Na
399.1305  [M+K]+ 0.0263 Aldosterone - ST 21:4;,05 C1H2505K
4292544  [M+H]+ 0.0296 PG(12:0/0:0) - LPG 12:0 CisH3,05P
429.2544  [M+H]+ 0.0303 1(3)-glyceryl-PGF2alpha 2-glyceryl-PGF2alpha FA 23:3;05 C,3H4007
4292544  [M+H]+ 0.0455 17(20)-Dehydrocryptogenin Bufospirostenin A ST 27:4;,04 Cy7H4004
429.2544  [M+H]+ 0.0455 Fomentarol A Stoloniferone H ST 28:3;04 Cy7H4004
429.2544  [M+Na]+ 0.0296 antiogenin bipindogenin ST 23:3;06 C,3H3,06Na
429.2544 [M+Na]+  0.0067 3-Oxocholic acid - ST 24:2;05 C,4H3505Na
429.2544  [M+Na]+ 0.0431 Homochenodeoxycholic acid - ST 25:1;04 C,sH4,04Na
429.2544  [M+K]+ 0.0142 7-oxolithocholic acid - ST 24:2;04 C,4H350,K
4292544  [M+K]+ 0.0221 Homolithocholic acid - ST 25:1;03 C,sH4,0:K
522.1959  [M+K]+ 0.027 PS(15:0/0:0) - LPS 15:0 C,1H4NOsPK
522.1959  [M+K]+ 0.027  1-(2-methoxy-6Z-tetradecenyl)-sn-glycero-3-phosphoserine - LPS 0-15:1;0  C,H4uNOoPK
615.2955  [M+H]+ 0.0361 1,2-(8R,9R-epoxy-octadec-13Z,15Z-dien-4,6-diynoyl) - TG 35:13;0 CisH4607

-sn-glycerol
6152955 [M+Na]+ 0.0414 PI(18:4(6Z,9Z,127,15Z)/0:0) - LPI18:4 C37H45012PNa
6152955 [M+Na]+ 0.005 OHHdiA-PA - PA 25:3;03 C2sH90,,PNa
6152955  [M+K]+ 0.026 OHOHA-PA - PA 25:3;,02 C,sH4010PK
6152955 [M+K]+  0.0468 PA(12:0/15:1(9Z)) PA(14:1(9Z)/13:0) PA27:1 CsHs,0sPK
7143149 [M+Na]+  0.0076 OKODiA-PS - PS26:4,03  Cs,Hs4NO,;PNa
7143149  [M+K]+ 0.0134 OKOOA-PS - PS 26:4;02 C;,H54NO,,PK
7143149  [M+K]+ 0.023 OKHdiA-PC - PC25:4;,03  C;3HssNOy, PK
7143985  [M+HJ+  0.0356 PS(13:0/18:4(6Z,9Z,12Z,15Z)) - PS31:4 Ca7HeaNO P
7143985 [M+Na]+  0.0032 OHODIA-PC - PC26:3;03 C3HsNO,,PNa
7143985 [M+Na]+ 0.0332 OA-PC - PC27:2;,02  C;35HgNO,oPNa
7143985 [M+Na]+ 0.0332 PS(12:0/17:1(9Z)) - PS29:1 Cs5HgsNO,oPNa
7143985  [M+K]+ 0.0242 OHOOA-PC - PC26:3;02  Cs4He:NO, o PK
7143985  [M+K]+ 0.0242 PKDdiA-PE - PE29:3;02  C33HeNO,PK
7143985  [M+K]+  0.0242 PS(14:1(9Z)/14:1(9Z)) - PS282  CisHeNOPK
7143985  [M+K]+ 0.0122 OON-PC - PC 27:2;0 Cs5HssNOyPK
7143985  [M+K]+  0.0486 PC(10:0/18:1(9Z)) - PC 28:1 CseH,0NOGPK
7143985  [M+K]+ 0.0486 PE(12:0/19:1(92)) - PE31:1 Cs6H70NOsPK
7144822  [M+HJ+  0.0481 PS(13:0/18:4(6Z,9Z,12Z,15Z)) - PS31:4 Ci7HeaNO P
714.4822  [M+H]+ 0.0246 PC(13:0/18:3(62,9Z,12Z)) - PC31:3 Cs39H7,NOgP
7144822 [M+H]+  0.0246 PE(14:0/20:3(8Z,11Z,14Z)) - PE 34:3 CiH,NOGP
714.4822  [M+Na]+ 0.0142 PS(0-16:0/14:1(92)) - PS 0-30:1 Cs6H70NOoPNa
714.4822  [M+Na]+ 0.0222 PC(10:0/19:0) - PC29:0 Cs3;H74NOgPNa
714.4822  [M+Na]+ 0.0222 PE(12:0/20:0) - PE 32:0 Cs7H74NOgPNa
7144822 [M+K]+  0.0351 PC(10:0/18:1(9Z)) - PC 28:1 CseH,0NOsPK
714.4822  [M+K]+ 0.0351 PE(12:0/19:1(92)) - PE 31:1 Cs6H70NOsPK
714.4822  [M+K]+ 0.0012 PC(P-16:0/13:0) - PC 0-29:1 Cs7H7sNO,PK
714.4822  [M+K]+ 0.0012 PE(O-16:0/16:1(9Z)) - PE O-32:1 Cs;H74NO,PK
7145657  [M+H]+  0.0225 PC(0-14:0/18:3(9Z,12Z,15Z)) - PCO-32:3  CyH,eNO,P
714.5657  [M+H]+ 0.0225 PE(P-18:0/17:2(9Z,12Z)) - PE O-35:3 C4oH76NO,P
7145657  [M+H]+ 0.0142 Cerebroside E GlcCer(d14:2(4E,6E)/20:0(20H))  HexCer 34:2;03  Cy4H;5sNOo
714.5657  [M+H]+ 0.0221 GlcCer(d15:1/20:0) - HexCer 35:1;02  C4;H79NOs
7145657 [M+Na]+  0.0249 PC(0-14:0/16:0) - PCO-30:0  CssH;sNO,PNa
714.5657  [M+Na]+ 0.0249 PE(O-16:0/17:0) - PE 0-33:0 CssH7sNO,PNa
714.649 [M+K]+ 0.0329 Cer(d18:1/26:1(17Z)) Cer(d18:2/26:0) Cer 44:2;02 Ca4sHgsNOsK
760.3234  [M+K]+ 0.02 PKDdiA-PS - PS 28:3;,03 C;4HsoNO,5PK
779.3361  [M+K]+ 0.0345 PKODiA-PI - PI24:3;03 C33Hs7016PK
779.4273  [M+H]+ 0.0432 PI(12:0/18:2(9Z,127)) - P130:2 Cs9H71045P
7794273 [M+K]+ 00224  PA(18:4(6Z.9Z,127,152)/22:6(4Z,7Z,10Z,13Z,16Z,19Z)) - PA 40:10 CisHes0sPK
779.4273  [M+K]+ 0.0166 P1(12:0/15:0) - P127:0 Cs6Heo013PK
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779.4273  [M+K]+ 0.0013 PG(14:0/20:5(5Z,8Z,11Z,14Z,17Z)) - PG 34:5 CaoHge010PK
779.4273  [M+K]+ 0.0198 PI(O-16:0/12:0) - PIO-28:0 Cs7H7301,PK
7795179 [M+H]+  0.0474 PI(12:0/18:2(9Z,12Z)) - PI302 CioH,,0,5P
779.5179  [M+H]+ 0.0321 PG(15:1(92)/22:6(42,77,102,137,16Z,197)) - PG 377 Ci3H71010P
7795179 [M+H]+  0.011 PI(P-16:0/15:1(9Z)) - PIO-31:2 CaoHy501,P
779.5179  [M+H]+ 0.0042 PG(P-16:0/22:6(4Z,72,10Z,13Z,16Z,19Z)) - PG 0-38:7 CysH7500P
7795179 [M+H]+  0.0406 PA(20:1(11Z)/22:4(7Z,10Z,13Z,16Z)) - PA 42:5 CasHy505P
779.5179  [M+H]+ 0.0489 MGDG(18:2(9Z,127)/18:2(9Z,127)) - MGDG 36:4 Cy4sH75010
779.5179  [M+Nal]+ 0.0345 PG(13:0/22:4(7Z,10Z,13Z,16Z)) - PG 35:4 C4:H73010PNa
779.5179  [M+Nal+ 0.0018 PG(0-16:0/20:4(5Z,8Z,11Z,14Z)) - PG O-36:4 C42H77,05PNa
7795179 [M+Nal+  0.0382 PA(18:0/22:2(13Z,16Z)) - PA 402 CasHsOsPNa
779.5179  [M+Nal+ 0.0465 MGDG(16:0/18:1(9Z)) - MGDG 34:1 Cy3Hg0010Na
779.5179  [M+Nal+  0.0495 CerPE(d16:2(4E,6E)/24:1(15Z)(20H)) - CerPE40:3,03  CyHyN,O,PNa
779.5179  [M+K]+ 0.0191 PA(17:1(9Z2)/22:2(13Z,16Z)) - PA 39:3 C42H77,05PK
7795179 [M+K]+  0.0172 PA(0-20:0/20:3(8Z,11Z,147)) - PA 0-40:3 C4;HeO,PK
779.5179  [M+K]+ 0.0285 CerPE(d16:2(4E,6E)/24:1(15Z)) - CerPE 40:3;02 C42Hs1N,O6PK
779.5179  [M+K]+  0.0407 TG(12:0/12:0/20:5(5Z,8Z,11Z,147,17Z))[is03] - TG 44:5 CuHsO6K
779.6082  [M+H]+ 0.0497 PA(20:1(11Z7)/22:4(7Z,10Z,13Z,16Z)) - PA 42:5 CysH7908P
779.6082  [M+H]+  0.0414 MGDG(18:2(9Z,122)/18:2(9Z,127)) - MGDG 36:4 CasHr5010
779.6082  [M+H]+ 0.0285 PG(14:0/22:0) - PG 36:0 C42Hs3010P
779.6082  [M+H]+ 0.0078 PG(0-16:0/21:0) - PG 0-37:0 Cy3Hg,0O0P
779.6082  [M+Na]+ 0.0438 MGDG(16:0/18:1(9Z)) - MGDG 34:1 C43Hs0010Na
779.6082 [M+Nal+  0.0408 CerPE(d16:2(4E,6E)/24:1(15Z)(20H)) - CerPE40:3,03  CyHgN,O,PNa
779.6082  [M+Na]+ 0.0045 SM(d16:1/22:1) - SM 38:2;02 C43HssN,O6PNa
779.6082 [M+Nal+  0.0078 TG(12:0/13:0/20:4(5Z,8Z,11Z,14Z))[is06] - TG 45:4 CisHssOeNa
779.6082  [M+K]+ 0.0496 TG(12:0/12:0/20:5(5Z,82,11Z,14Z,17Z))[is03] - TG 44:5 C47Hs006K
781.2772  [M+K]+ 0.04 PHODiA-PI - PI24:2;03 Cs3Hs00,16PK
952.1652 [M+Na]+  0.0291 caffeoyl-CoA - CoA 9:5;02  C30H4,N;0,4P3SNa
116.9841  [M-H]- 0.0352 xi-3-Hydroxy-2-oxobutanoic acid Methylmalonic acid FA 4:1;,02 C4HsO4
131.0248  [M-H]- 0.0262 2-hydroxy-2-butenedioic acid Oxalacetic acid FA 4:2;,03 C4H405
131.0248  [M-H]- 0.0109 2,4,6-Octatriynoic acid - FA 8:6 CsH40,
131.0248  [M-H]- 0.0102 3-hydroxy-3-methyl-2-oxo-butanoic acid Ethylmalonic acid FA 5:1;02 CsHs04
131.0248 [M-H]- 0.0466 L-Isoleucic acid 5-hydroxy caproic acid FA 6:0;0 CeH 1,03
1750215 [M-H]-  0.0033 2-hydroxy-3-oxoadipic acid (48,55)-4,5-dihydroxy-2,6- FA 6:2,04 CeH;0s

dioxohexanoic acid
175.0215  [M-H]- 0.0186 10-hydroxy-2E,8E-Decadiene-4,6-diynoic acid - FA 10:6;0 Ci1oHs0s
175.0215 [M-H]- 0.0397 2,3-dimethyl-3-hydroxy-glutaric acid 2-isopropyl-malic acid FA 7:1;03 C;H,,0s
175.0215  [M+Cl]- 0.0316 2E,7-Octadienoic acid Alepramic acid FA 8:2 CsH;,0,
175.0215  [M+Cl]- 0.0316 2E,4E-Hexadienyl acetate Ethyl sorbate SFE 8:2 CsH1,0,
175.0215  [M+Cl]- 0.0316 Allyl tiglate - WE 8:2 CsH120,
175.0215 [M-H]-  0.0033 3-deoxy-D-glycero-hexo-2,5-diulosonic acid 2-hydroxy-3-oxoadipic acid FA 6:2;04 CsHsOs
175.0215 [M-H]- 0.0186 10-hydroxy-2E,8E-Decadiene-4,6-diynoic acid 10-hydroxy-8E-Decene-2,4,6- FA 10:6;,0 C10Hs03
triynoic acid
175.0215  [M-H]- 0.0397 2,3-dimethyl-3-hydroxy-glutaric acid 3-propylmalic acid FA 7:1;03 C;H1,0s
175.0215  [M+Cl]- 0.0316 2E,7-Octadienoic acid Alepramic acid FA 8:2 CsH1,0,
175.0215  [M+Cl]- 0.0316 2E,4E-Hexadienyl acetate Ethyl sorbate SFE 8:2 CsH1,0,
175.0215 [M+Cl]-  0.0316 Allyl tiglate - WE 8:2 CsH1,0,
175.0215  [M-H]- 0.0033 2-hydroxy-3-oxoadipic acid 3-deoxy-D-glycero-hexo-2,5- FA 6:2;04 CsHsO0s
diulosonic acid
175.0215 [M-H]- 0.0186 10-hydroxy-2E,8E-Decadiene-4,6-diynoic acid - FA 10:6;,0 Cy0Hs03
175.0215  [M-H]- 0.0397 2,3-dimethyl-3-hydroxy-glutaric acid - FA 7:1;03 C;H1,0s5
175.0215  [M+Cl]- 0.0316 2E,7-Octadienoic acid Alepramic acid FA 8:2 CsH1,0,
175.0215 [M+Cl]-  0.0316 2E,4E-Hexadienyl acetate Ethyl sorbate SFE 8:2 CsH1,0,
175.0215  [M+Cl]- 0.0316 Allyl tiglate - WE 8:2 CsH1,0,
175.0215 [M-H]- 0.0033 (48,55)-4,5-dihydroxy-2,6-dioxohexanoic acid 2-hydroxy-3-oxoadipic acid FA 6:2;,04 CeHsO6
175.0215 [M-H]- 0.0186 10-hydroxy-2E,8E-Decadiene-4,6-diynoic acid - FA 10:6;,0 C10Hs03
175.0215  [M-H]- 0.0397 2,3-dimethyl-3-hydroxy-glutaric acid 2-isopropyl-malic acid FA 7:1;03 C;H1,0s5
175.0215  [M+Cl]- 0.0316 2E,7-Octadienoic acid 2-octynoic acid FA 8:2 CsH1,0,
175.0215 [M+Cl]-  0.0316 2E,4E-Hexadienyl acetate Ethyl 2-methyl-3,4-pentadienoate SFE 8:2 CsH1,0,
175.0215  [M+Cl]- 0.0316 Allyl tiglate - WE 8:2 CsH1,0,
175.0215 [M-H]- 0.0033 (48,55)-4,5-dihydroxy-2,6-dioxohexanoic acid 2-hydroxy-3-oxoadipic acid FA 6:2;,04 CeHsO6
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Input mass  Jon Delta Compounds from LipidMaps database Name Formula
175.0215  [M-H]- 0.0186 10-hydroxy-2E,8E-Decadiene-4,6-diynoic acid - FA 10:6;0 C10Hs05
175.0215  [M-H]- 0.0397 2,3-dimethyl-3-hydroxy-glutaric acid 2-isopropyl-malic acid FA 7:1;03 C;H1,05
175.0215  [M+Cl]- 0.0316 2-octynoic acid 2E,7-Octadienoic acid FA 8:2 CsH,,0,
175.0215  [M+Cl]-  0.0316 2E,4E-Hexadienyl acetate Ethyl 2-methyl-3,4-pentadienoate SFE 8:2 CsH1,0,
175.0215  [M+Cl]- 0.0316 Allyl tiglate - WE 8:2 CsH1,0,
175.0215  [M-H]-  0.0033 (4S,58)-4,5-dihydroxy-2,6-dioxohexanoic acid 2-hydroxy-3-oxoadipic acid FA 6:2;04 CeHsOs
175.0215  [M-H]- 0.0186 10-hydroxy-2E,8E-Decadiene-4,6-diynoic acid - FA 10:6;0 C10Hs04
175.0215  [M-H]- 0.0397 2,3-dimethyl-3-hydroxy-glutaric acid 2-isopropyl-malic acid FA 7:1;03 C;H1,05
175.0215  [M+Cl]- 0.0316 2-octynoic acid 2E,7-Octadienoic acid FA 8:2 CsH,,0,
175.0215  [M+Cl]-  0.0316 2E,4E-Hexadienyl acetate Ethyl 2-methyl-3,4-pentadienoate SFE 8:2 CsHi1,0,
175.0215  [M+Cl]- 0.0316 Allyl tiglate - WE 8:2 CsH1,0,
175.0215  [M-H]-  0.0033 (4S,58)-4,5-dihydroxy-2,6-dioxohexanoic acid 2-hydroxy-3-oxoadipic acid FA 6:2;04 CeHsOs
175.0215  [M-H]- 0.0186 10-hydroxy-2E,8E-Decadiene-4,6-diynoic acid - FA 10:6;0 C10Hs04
175.0215  [M-H]- 0.0397 2,3-dimethyl-3-hydroxy-glutaric acid 2-isopropyl-malic acid FA 7:1;03 C;H1,0s
175.0215  [M+Cl]- 0.0316 2-octynoic acid 2E,7-Octadienoic acid FA 8:2 CsH,,0,
175.0215  [M+Cl]-  0.0316 2E,4E-Hexadienyl acetate Ethyl 2-methyl-3,4-pentadienoate SFE 8:2 CsHi1,0,
175.0215  [M+Cl]- 0.0316 Allyl tiglate - WE 8:2 CsH1,0,
175.0215  [M-H]-  0.0033 (4S,58)-4,5-dihydroxy-2,6-dioxohexanoic acid 2-hydroxy-3-oxoadipic acid FA 6:2;04 CeH1004
175.0215  [M-H]- 0.0186 10-hydroxy-2E,8E-Decadiene-4,6-diynoic acid - FA 10:6;0 CeH 1004
175.0215  [M-H]-  0.0397 2,3-dimethyl-3-hydroxy-glutaric acid 2-isopropyl-malic acid FA 7:1;03 C;H1,05
175.0215  [M+Cl]- 0.0316 2-octynoic acid 2E,7-Octadienoic acid FA 8:2 CsH,,0,
175.0215  [M+Cl]-  0.0316 2E,4E-Hexadienyl acetate Ethyl 2-methyl-3,4-pentadienoate SFE 8:2 CsHi1,0,
175.0215  [M+Cl]- 0.0316 prop-2-en-1-yl (2Z)-2-methylbut-2-enoate - ‘WE 8:2 CsH,,0,
180.9788  [M+Cl]-  0.0485 3-hydroxy-3-methyl-2-oxo-pentanoic acid (R)-4-Dehydropantoate FA 6:1;02 CeH1004
180.9788  [M+Cl]- 0.0485 3-hydroxy-3-methyl-2-oxo-pentanoic acid Acetohydroxybutyrate FA 6:1;02 CeH1004
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