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Abstract
Ultra-weak photon emission (UPE) is an established non-invasive probe of aqueous and biological
systems, yet technologically dynamized water (TDW) — produced by a vortex–magnetic field processing
device (Biodynamizer®) — has not been subjected to systematic luminometric characterization. Using a
single photomultiplier tube (PMT) luminometer (Berthold LB9508), we characterized TDW across a
physicochemical arm and a germination bioassay — the latter asking whether the physical signal
difference translates to a detectable biological response. In the physicochemical arm (N = 47 samples,
five water types, four campaigns over six months), TDW emitted 27.5-fold more photons than tap water
(n = 11 per group; p = 8.08×10⁻⁵; Cliff’s δ = 1.0). In the germination bioassay (Medicago sativa, 12
germinators, 6 sessions), seedlings irrigated with TDW emitted 4.3-fold more photons than seedlings
irrigated with unprocessed tap water at Day 6 (g = 6 germinators per group; p = 5.1×10⁻³; Cliff’s δ = 1.0,
days 1–6). Complete stochastic dominance (Cliff’s δ = 1.0, meaning every TDW value exceeded every
control value) thus held across both a physicochemical and a biological measurement context. The
emission mechanism and the coupling pathway from water properties to seed metabolism remain
unidentified; this work establishes the observational baseline for mechanistic inquiry.

Introduction

1.1 Ultra-weak photon emission from biological systems
Spontaneous photon emission from biological systems — termed ultra-weak photon emission (UPE) — is
detectable in the visible range by photomultiplier tube (PMT) luminometry with typical intensities of tens
to several hundred photons per second per square centimetre (photons s⁻¹ cm⁻²)1,2. Multiple molecular
pathways contribute to this emission: triplet-excited carbonyls and singlet oxygen arising from lipid
peroxidation3,4, electron-transfer excited states in the mitochondrial respiratory chain5, and excited-state
intermediates from enzymatic oxidative reactions. The relative contribution of these pathways varies
with substrate composition, physiological state, and measurement conditions; UPE is therefore most
rigorously treated as a measurement descriptor of photon flux rather than as a direct readout of a single
mechanistic pathway1. PMT luminometry provides the necessary noise floor for quantitative photon
counting and is the instrument standard for this measurement class2. Seeds under germination
constitute a canonical biological substrate for UPE: cellular respiration resumes upon rehydration, driving
the oxidative activity that underlies photon emission, and UPE intensity correlates with germination
performance and seed vigour.

Published studies have established UPE as a physiological indicator across the plant kingdom.
Spontaneous chemiluminescence from germinating Arabidopsis thaliana seeds has been characterized
with photon-counting PMT luminometry and shows a distinct temporal profile during imbibition6. UPE
amplitude in Helianthus annuus leaves (N = 206) spans three to four orders of magnitude between
control and stress physiological states7. Biotic and abiotic stressors in maize induce measurable
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changes in spontaneous photon emission8, and UPE from microorganisms responds systematically to
chemical and physical stress agents9. For germinating seeds, a reference protocol for time-resolved UPE

acquisition has been formalised10,11; UPE kinetics track germination performance and seed vigour, and
distinguish chemical stress doses within 24 hours of application12. Seedling UPE further exhibits
chronobiological structure synchronised with the local gravimetric tide13,14, indicating that UPE reflects a
biological state variable beyond acute oxidative load. UPE has further been reported from isolated DNA
preparations15, extending the biological UPE substrate range beyond intact tissue. Both arms of the
present study — physicochemical water characterization and germination bioassay — use the same
Berthold LB9508 PMT luminometer, providing a common instrumental basis for cross-arm comparison.

1.2 Water-mediated effects on seed UPE and germination
UPE intensity from germinating seeds reflects the quality of the irrigation water1. This establishes a
precedent for water-property effects on photon emission in a living biological system. Photon-count
profiles during wheat germination co-vary with irrigation water quality, including wastewater-derived
contaminants16, and chemically stressed seedlings are distinguishable by UPE kinetics within 24
hours12,17. UPE thus functions as a sensitive biological sensor of water-borne physicochemical
perturbations; its mechanistic basis remains open.

Beyond irrigation water quality effects traceable to chemical composition, several distinct classes of
physically or chemically modified water have been shown to affect seed germination and early plant
growth. Plasma-activated water — produced by exposure of water to cold atmospheric plasma discharge
— promotes germination rate and seedling vigour in Erythrina velutina18 and lentil (Lens culinaris)19.
Magnetic water treatment, in which water circulates through a static magnetic field before application,
improves germination indices and early seedling growth in wheat, barley, and cotton20–22. Micro-nano
bubble and ultrafine bubble water — characterized by sub-micrometre gas inclusions with extended
aqueous persistence — increases crop yield and irrigation water use efficiency under field conditions23,24

and promotes seed germination directly25. Across these modalities, the shared observation is that
physical or chemical treatment of water, without altering its gross elemental composition, can produce
measurable biological responses in germinating seeds and developing plants.

1.3 UPE as a physicochemical probe of aqueous matrices
The physical basis of UPE — spontaneous emission from electronically excited chemical intermediates
— is not specific to biological substrates. PMT luminometry has accordingly been applied to abiotic
aqueous matrices26, establishing measurable signals across oxidative reaction systems, including the

sulfite–hydrogen peroxide reaction27 and the crown ether–Fenton reaction28. The emission mechanism
is reaction-specific and depends on the chemical substrate. These results establish a methodological
precedent for the present study: quantitative UPE luminometry as a physicochemical probe of aqueous
matrices.
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An epistemic distinction applies between UPE measurements in biological systems and in abiotic
aqueous matrices. In biological substrates, chemiluminescence from excited-state reactive oxygen
species (ROS) intermediates is the dominant mechanistic framework1. This framework provides a useful
interpretive context for UPE measurements, though it does not determine the specific molecular
contributors, which vary by substrate and physiological state. In abiotic aqueous matrices, the molecular
origin of photon emission is more open: no unified mechanistic framework applies, and emission is
reaction- and substrate-specific. This study therefore applies UPE strictly as a measurement descriptor
— a quantified photon flux — without mechanistic commitment, consistent with the measurement-first
approach in the broader UPE literature1.

1.4 Dynamization: process definition and physicochemical
components
Dynamization, as operationally defined in this study, subjects a liquid simultaneously to three physical
actions: alternating centripetal vortex rotations (clockwise and counterclockwise), hydrodynamic
acceleration-deceleration cycles, and static magnetic field exposure.

Each physical component of dynamization has independent literature support. Static magnetic field
exposure modifies surface tension (2–18%), CaCO₃ crystallisation polymorph, viscosity, and H-bond
geometry, with changes persisting up to two days post-exposure29–34. Vortical flow through constrictors
generates physicochemical effects via hydrodynamic cavitation: hydroxyl radicals (ROS), mechanical
microjets, and local temperatures near 5000 K at bubble collapse35,36, and enhanced dissolved oxygen
concentration through constrained vortex aeration37–39. In turbulent flow under simultaneous magnetic

field exposure, CaCO₃ crystal morphology is further modulated relative to either condition alone40.
Neither the combined dynamization process nor its individual components has been characterized by
ultra-weak photon emission luminometry.

This study follows a geomimetic approach — the designed reproduction of natural abiotic geological
processes in a controlled device41 — by reproducing technologically the hydrodynamic conditions of a
geological turbulent transit.

The Biodynamizer® is the technological implementation of this approach. Tap water processed by the
Biodynamizer® is referred to hereafter as technologically dynamized water (TDW). The cascade de
Vescagne (696 m, Alpes-Maritimes, France) provides the natural geological reference. Water from the
Vescagne waterfall is referred to as geologically dynamized water (GDW). Both TDW and GDW fall under
the parent category dynamized water. Tap water serves as primary control (TW).

1.5 Hypotheses and scope
Against this background, the present study pursued three complementary objectives. First, we
characterized the UPE signature of TDW relative to control waters (TW, mineral bottled water [MBW], and
osmosed water [OW]). Second, we examined whether TDW and GDW follow convergent UPE decay
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kinetics. Third, we tested whether the UPE elevation observed in the physicochemical arm propagates to
a biological response: Medicago sativa seeds watered with TDW were compared with seeds watered with
TW across multiple germination sessions.

This study characterizes signal differences and tests their statistical distinguishability from control. The
mechanism of photon emission in water matrices and the coupling pathway from water properties to
seed metabolic activity remain to be identified; candidate hypotheses are addressed as exploratory
considerations in the Discussion.

Results

2.1 Physicochemical arm – Comparison of net photon flux
density between TDW and TW groups
Technologically dynamized water (TDW), measured immediately after treatment (t₀, no relaxation delay),
emitted significantly more photons than tap water (TW) (p = 8.08 × 10⁻⁵; n = 11 per group; Fig. 1). Cliff’s δ 
= 1.0, a non-parametric effect size (range 0–1), indicates that every TDW value exceeded every TW value.
The net photon flux density — photon emission after normalization and subtraction of the instrument
background, expressed in relative light units per second per cm² (RLU s⁻¹ cm⁻²) — had a median of 440
RLU s⁻¹ cm⁻² (interquartile range [419; 456], range [369; 603]) for TDW versus 16 RLU s⁻¹ cm⁻² (IQR [12;
22], range [6; 43]) for TW, a 27.5-fold difference (95% confidence interval : 17.0–36.9). Signal-to-noise
ratios (SNR) for individual TDW samples ranged from 66 to 108 (median ≈ 79), each exceeding the
detection threshold by at least 13-fold (Supplementary Table S1). Cross-campaign reproducibility of TDW
emission was confirmed by five consecutive preparations measured in April 2026 (coefficient of
variation, CV ≈ 3%).

Over the full dataset of N = 47 samples from four independent measurement campaigns (November
2025 – April 2026), the single fresh GDW (geologically dynamized water; Vescagne waterfall; SNR ≈ 48,
Supplementary Table S1) fell within the dynamized range and above all three control water types (Fig. 2).
The single-sample status of the GDW measurement, combined with the uncontrolled transit time from
collection to measurement (≈ 90–120 min), precludes any inferential or ordinal comparison between
TDW and GDW. The dataset supports only the binary distinction between dynamized water (TDW + GDW)
and control water (TW, MBW, OW).

Within the control waters, mineral bottled water (MBW; 385 ppm total dissolved solids, TDS) and
osmosed water (35 ppm TDS) presented an 11-fold conductivity difference yet differed in net photon flux
density by less than 4% (44.75 vs 46.29 RLU s⁻¹ cm⁻²). Dissolved ion concentration is therefore not a
determinant of baseline photon emission at the levels present in these samples, and cannot account for
the 27.5-fold TDW elevation. This is consistent with the identical source-water TDS of TDW and TW (both
drawn from the Nice municipal supply, § 4.2).
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2.2 Physicochemical arm – Net photon flux density
relaxation kinetics
Net photon flux density in TDW decreased from t₀ toward the tap water baseline over a period of several
days (Fig. 3). Linear regression over the active decay phase revealed an approximately linear decline: two
independent TDW series measured in February 2026 yielded slopes of − 4.14 and − 4.06 RLU s⁻¹ cm⁻² h⁻¹
(R² = 0.98 and 0.96 respectively), differing by less than 2%. One GDW series yielded a decay slope of − 
3.47 RLU s⁻¹ cm⁻² h⁻¹ (R² = 0.95), within 16% of the TDW series range. By the 96 h measurement point, all
three series had reached the TW global baseline (median 16 RLU s⁻¹ cm⁻², standard deviation = 10;
Fig. 3), consistent with linear fit projections of convergence between 95 h and 103 h. These kinetic
results are preliminary (m_TDW = 2 series, m_GDW = 1 series). The sample size precludes formal
comparison of decay rates between water types.

2.3 Germination arm — baseline parity and primary
comparison
At D0 (pre-germination baseline, dry seeds before irrigation water was assigned), both groups produced
an identical net photon flux density: median 222 RLU s⁻¹ cm⁻² with low inter-group variance (CV < 1%).
Pre-treatment equivalence between TDW-assigned and TW-assigned germinators was confirmed.
Subsequent measurement sessions differed only in the irrigation water applied.

At the primary endpoint D6, seeds watered with technologically dynamized water (TDW) emitted
significantly more photons than seeds watered with tap water (TW) (p = 5.1 × 10⁻³, Cliff’s δ = 1.0; g = 6
germinators per group, where g denotes the number of independent germination chambers; Fig. 4). The
TDW group median was 9,107 RLU s⁻¹ cm⁻² versus 2,140 RLU s⁻¹ cm⁻² for TW (ratio 4.3, 95% Confidence
Interval [4.1; 4.4]). δ = 1.0 indicates that every TDW-irrigated germinator exceeded every TW-irrigated
germinator at D6.

2.4 Germination arm — temporal kinetics D1–D6
The net photon flux density difference between TDW-watered and TW-watered germinators was
detectable from the first measurement session (D1) and persisted throughout the germination period
(Table 1; Fig. 5). Cliff’s δ = 1.0 at every session from D1 to D6. Median net photon flux density in the TDW
group increased monotonically from 690 RLU s⁻¹ cm⁻² at D1 to 9,107 RLU s⁻¹ cm⁻² at D6. The TW group
remained within a lower band (256–2,140 RLU s⁻¹ cm⁻²) with no systematic monotone trend. The inter-
group ratio fluctuated across sessions (2.7-fold at D1, 7.5-fold at D2, 4.3-fold at D6). Complete
stochastic dominance was maintained at every time point (Table 1).
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Table 1
Longitudinal evolution of UPE in the germination bioassay (June 2026). Per-session

group medians (background-subtracted RLU s⁻¹ cm⁻²), TDW/TW median ratio, BCa 95%
CI on the ratio (10,000 resamples), Mann-Whitney U, two-sided p, and Cliff’s δ. g = 6 TDW

vs g = 6 TW at each session. D = acquisition day.
Session Median TDW Median TW Ratio BCa 95% CI U p δ

D1 690 256 2.7 [2.5; 2.8] 36 0.0050 1.0

D2 2,655 356 7.5 [7.3; 7.9] 36 0.0050 1.0

D3 2,868 857 3.3 [3.3; 3.4] 36 0.0050 1.0

D4 5,748 858 6.7 [6.6; 6.8] 36 0.0051 1.0

D5 7,806 2,076 3.8 [3.7; 3.8] 36 0.0051 1.0

D6 9,107 2,140 4.3 [4.1; 4.4] 36 0.0051 1.0

2.5 Cross-axis convergence
Both arms yielded complete stochastic dominance — every technologically dynamized water (TDW)
value exceeding every tap water value — in the same direction (Cliff’s δ = 1.0 in both arms). Water arm: n 
= 11 vs n = 11, Mann-Whitney U = 121, p = 8.08 × 10⁻⁵. Germination arm: Cliff’s δ = 1.0 at every session
D1–D6 (g = 6 per group). Primary endpoint D6: U = 36, p = 5.1 × 10⁻³. The two arms differ in substrate
(abiotic aqueous matrix vs germinating seedlings) and measurement timescale (single-session vs
longitudinal), and share no biological material. The interpretation of this cross-arm pattern is addressed
in the Discussion.

Discussion

3.1 Cross-axis convergence and positioning in the UPE
literature
The two arms of this study target distinct levels of description with the same instrument. The water arm
characterizes the net photon flux density of the abiotic aqueous matrix itself; the germination arm
characterizes a biological response of seeds irrigated with that matrix. Both arms returned complete
stochastic dominance in the same direction (§ 2.5). The two arms are operationally independent: the
water samples and the germinated seedlings were neither prepared, watered, nor measured on the same
days, or against the same instrumental baselines. This convergence on two independent modalities is
not attributable to a shared methodological source; it constitutes a coherence between a reproducible
physical characterization of the intervention and a reproducible biological response to it.

The water arm establishes that the abiotic aqueous matrix exhibits a stable net photon flux density (SNR
66–108) under controlled acquisition. The germination arm establishes that seeds irrigated with that
matrix exhibit consistently higher photon emission throughout germination than seeds irrigated with the
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same source water prior to processing, at each of the six measurement sessions. The two arms report
joint behavior under the same directional effect; the molecular species, electronic transitions, and
physiological route that would link them remain to be identified.

This work positions itself relative to three existing strands of the UPE literature. First, the seed UPE /
irrigation-water-quality coupling established in § 1.21 had not, to our knowledge, been accompanied by
an inferential test at adequate sample size on a process-defined dynamized water. The present study
supplies that test in both directions: a physicochemical characterization of the water (n = 11 per group)
and a biological characterization of the seedlings irrigated with it (g = 6 germinators per group, across six
sessions). Second, UPE measured on Helianthus annuus seedlings (N = 206) by PMT-based luminometry7

establishes the biological precedent for the germination arm and the dynamic range expected for green
tissues under identical acquisition conditions. Third, PMT-based luminometry applied to abiotic samples
(N = 5, p < 0.0001)26 establishes the methodological precedent for applying inferential statistics to PMT
counts from non-biological aqueous matrices. Together, these three strands confirm that each element
of the study design is individually precedented in the UPE literature; the present study is the first to
combine all three.

The observation that irrigation water subjected to a physical process — without alteration of gross
elemental composition — promotes germination and early plant metabolism is not unique to dynamized
water. Plasma-activated water has been shown to increase germination rate and seedling vigour in
Erythrina velutina18 and lentil19; magnetically treated water improves germination indices in wheat, barley,
and cotton20,21; ultrafine bubble water promotes germination in direct application25. The present
germination result is therefore consistent with a pattern observed across mechanistically distinct water
modification modalities. What distinguishes this study is the choice of endpoint (photon emission rather
than germination rate, shoot length, or dry mass), the dual-arm design that pairs physical
characterization of the water with the biological response of the seeds, and the use of a process-defined
water in a confirmatory inferential test at adequate sample size. The physical processes underlying
plasma activation (reactive oxygen and nitrogen species, UV photons), static magnetic field treatment
(hydrogen-bond geometry, CaCO₃ polymorph distribution), and turbulent dynamization are sufficiently
distinct that convergence at the biological outcome level does not imply equivalence of mechanism;
each modality constitutes a separate object of study.

Independent physicochemical characterization of TDW and TW performed by CEBEDEAU on a separately
installed device (Supplementary Table S3) confirms that ionic composition cannot account for the
observed net photon flux density differential: conductivity, dissolved calcium, magnesium, and total
hardness were within 2–5% between groups, and metal leaching (Ag, Cu, Zn) from the device was well
below regulatory limits. On-site dissolved O₂ kinetic monitoring (72 h) showed both waters following
identical desorption trajectories, with inter-curve differences within sensor precision throughout; the
absence of a sustained O₂ differential, combined with the 27.5-fold net photon flux density increase in
TDW, argues against a simple dissolved-O₂-mediated emission mechanism. The same analyses
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document an enhanced CaCO₃ precipitation capacity in TDW (marble test, ASTM standard 2330C; ~16
mg CaCO₃ equiv/L), consistent with altered carbonate equilibrium under combined magnetic and
hydrodynamic treatment — an observation developed in the geomimetic framing of § 3.2.

3.2 Geomimetic framing and exploratory mechanistic
context
The observed decay kinetics is consistent with a non-equilibrium relaxation: the dynamized state,
prepared out of equilibrium by turbulent processing, returns toward the equilibrium of the source water,
with photon emission as one dissipative channel among others (thermal, acoustic) detectable by
luminometry above the visible-range background.

Both TDW (Biodynamizer® output) and GDW (Vescagne waterfall) satisfy the operational definition of
dynamization introduced in § 1.3, which justifies a geomimetic framing41: the technological process
reproduces a property demonstrably produced by its geological counterpart.

The kinetic convergence between TDW and GDW provides empirical support for this framing. TDW
exceeds all control waters with complete stochastic dominance (§ 2.1); the single GDW sample falls
within the dynamized range. The single-sample status of GDW precludes any TDW–GDW ordinal
comparison; the demonstration that dynamized waters exceed controls is the only inferential claim the
design supports. The geomimetic argument rests on kinetic similarity, not on amplitude ranking between
TDW and GDW: their decay slopes fall within 16% of each other during the active relaxation phase (R² ≥
0.95, three independent TDW series), a convergence consistent with a shared relaxation trajectory for
two processes satisfying the same operational definition (§ 1.3).

The geomimetic framing applies at the conceptual and design level, not in terms of mechanistic
equivalence with established geomimetic syntheses41,42, which operate in hydrothermal regime (100–
374°C under pressure) through pathways physically distinct from the ambient-temperature turbulent-flow
and magnetic-field processing applied here. Applying this framework to the physical characterization of
a water treatment device extends it beyond its established materials-synthesis domain41,43, a conceptual
contribution distinct from the experimental results.

3.3 Limitations and perspectives
Vortex and magnetic field contributions. The Biodynamizer® applies, by construction, simultaneous
turbulent flow and static magnetic field; both components produce documented physicochemical
effects on water (§ 1.3), and the present design cannot attribute the net photon flux density elevation to
either in isolation. A factorial approach — comparing net photon flux density of water treated by turbulent
flow alone (magnets removed), static field alone (laminar flow), and the complete cycle — would partition
the two contributions and, through systematic variation of flow rate, test whether a monotone process-
signal relationship exists, as expected under the geomimetic framing of § 3.2.
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Replication scope. All measurements rely on one Biodynamizer® unit, one Berthold LB9508 luminometer,
and one laboratory (Enerlab). The kinetic convergence between TDW and GDW argues against an
instrumental artefact — a device-specific signal would not selectively converge two dynamized water
types — but independent replication remains required. A parallel PMT / charge-coupled device (CCD)
acquisition on shared preparations would confirm the net photon flux density measurement across
detector types; replication across several Biodynamizer® units would dissociate the process effect from
device-specific contributions.

Emission mechanism. The study reports a reproducible photon emission difference and a decay
trajectory; the molecular species responsible, the electronic transitions involved, and the dissipation
pathway remain uncharacterized. Throughout this article, UPE denotes the luminometric technique and
signal magnitude — a measurement descriptor rather than a mechanistic claim, consistent with § 1.41.
Hourly sampling over the first 24–48 hours of the active relaxation phase would discriminate between
mono- and multi-exponential decay regimes, a distinction the current four-to-five-point series cannot
resolve and that would directly constrain candidate mechanistic hypotheses.

Microbial contribution. Tap water contains viable microorganisms that are themselves UPE sources;
dynamization might in principle modulate their metabolic activity. Osmosed water — effectively sterile —
emitted in the same low-level range as other control waters, which weakens but does not eliminate this
hypothesis: OW was represented by a single measurement, precluding statistical comparison. Applying
the dynamization protocol to osmosed and distilled water and comparing the resulting net photon flux
density against untreated equivalents would provide a direct test of whether the photonic elevation
requires a living microbial component.

Germination arm scope. The bioassay tested Medicago sativa (alfalfa, organic-certified, ISTA 2021-
compliant) across six sessions (g = 6 per group) against a single comparator (tap water); generalisation
to other species or control waters is not established. Replication on additional species (e.g. Triticum
aestivum, Helianthus annuus7) and against mineral and osmosed water would determine whether the
effect extends across botanical families and water types. Non-destructive continuous imaging would
simultaneously address the destructive-sampling constraint, enabling within-individual longitudinal
tracking unavailable with the current protocol10.

Morphological observations. Supplementary Figs. S1–S3 document visible differences in aerial growth
density, stem height, and root development between groups at D3 and D6; these observations were not
quantified and are presented as supplementary documentation only. Image analysis of standardized
germinator photographs would convert this qualitative signal into a measurable growth differential and
provide a morphological correlate of the net photon flux density difference.

Conclusion
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This study provides, to our knowledge, the first dual-arm UPE characterization — physicochemical and
biological — of a process-defined dynamized water at inferential sample sizes. Both arms yielded
complete stochastic dominance (Cliff δ = 1.0) in the same direction: the physicochemical arm
established a stable photonic signature in the abiotic aqueous matrix itself (§ 2.1), and the germination
arm established that seeds irrigated with that matrix maintained consistently higher photon emission
throughout the full active germination period (§ 2.3–2.4). The coherence of this convergence — across
distinct levels of description, distinct sample populations, and distinct acquisition sessions — is the
central result and the primary descriptive contribution of the study.

This result fills a gap at the intersection of two literature strands not previously combined on a process-
defined dynamized water: the seed UPE / irrigation-water-quality coupling1 and PMT-based luminometry
applied to abiotic aqueous matrices26. A second contribution is conceptual: applying the geomimetic
design principle — established in materials synthesis — to characterize a water treatment device
constitutes, to our knowledge, the first extension of this principle to the technological water treatment
context.

The study is at the descriptive phase; the emission mechanism in water and the coupling pathway to
seed metabolism remain to be identified. The most direct experimental next step is the factorial
decomposition of the turbulent-flow and static-magnetic-field components of the dynamization process
— achievable in a modified configuration of the same device — which would move the characterization
from process-level observation toward mechanism-level identification.

Methods

4.1 Instrument and acquisition parameters
All photon emission measurements in both study arms were performed on a Berthold LUMAT LB9508
single-tube luminometer (Berthold Technologies, Bad Wildbad, Germany). Samples were measured in
borosilicate glass test tubes (3.5 mL volume per sample) in a dark chamber at 20°C. The single-tube
dark-chamber geometry, photomultiplier tube (PMT) positioning, and sample-holder configuration
relevant to the RLU s⁻¹ cm⁻² normalisation are detailed in Supplementary Methods and illustrated in
Supplementary Fig. S4. The instrument firmware normalises raw photon pulse counts by acquisition time
and detector area; output is expressed in RLU s⁻¹ cm⁻² (relative light unit, RLU, per second per cm²),
corresponding to photon flux density. This normalisation enables direct within-instrument comparisons
across sessions. Acquisition was controlled by the ICE software (Integrated Control and Evaluation,
Berthold Technologies). Acquisition parameters were maintained constant across all measurement
campaigns; full parameter specifications are proprietary (Enerlab, Nice, France) and are available from
the corresponding author upon reasonable request. Eleven consecutive acquisitions (k = 11) were
recorded per sample, with an integration time of 10.5 s per acquisition (total sequence duration: 105 s);
their arithmetic mean was taken as the representative RLU s⁻¹ cm⁻² value for that sample.
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Measurements were conducted in a dedicated laboratory room equipped with an exterior-facing window
admitting indirect natural light; the dark-chamber design of the LB9508 isolates the sample from
ambient illumination during acquisition. Mobile phones, wirelessly connected devices, and radio-emitting
equipment were systematically excluded from the measurement area, and no sources of intentional
electromagnetic fields were present near the instrument during any acquisition session. Room layout
and equipment placement were held constant across all measurement campaigns to maximise inter-
session reproducibility.

4.2 Water arm: sample types and collection
Five water types were characterized: technologically dynamized water (TDW), geologically dynamized
water (GDW), tap water (TW), mineral bottled water (MBW), and osmosed water (OW). TDW was
produced by the Biodynamizer® device (Dynamized Technologies SA, Braine-le-Château, Belgium); GDW
was collected at the Vescagne waterfall (696 m, Alpes-Maritimes, France). TDW and TW both originate
from the Nice municipal supply (identical dissolved-solid source), so any UPE difference between these
two groups cannot be attributed to differences in source water composition. Independent chemical
characterization of TDW and TW confirmed ionic equivalence and the absence of metal leaching from
the device (Supplementary Table S3).

All samples were measured within 30 min of collection, except GDW which required a field transit of
approximately 90–120 min from the waterfall; GDW samples were collected and transported in
translucent glass bottles. Light exposure and handling conditions were kept symmetric across all water
types measured at the laboratory (TDW, TW, MBW, OW). For measurement campaigns spanning multiple
days or months, samples were stored between acquisition sessions in the same hermetically sealed
translucent glass flasks, maintained at constant room temperature and protected from light in a closed
metal cabinet between sessions.

A total of N = 47 water samples were collected and measured across four independent measurement
campaigns: November 2025, December 2025, February 2026, and April 2026. The dataset analyzed here
integrates all four measurement campaigns, with the primary statistical comparison involving n = 11
independent TDW (t₀) samples versus n = 11 independent TW samples. Per-session background was
determined from empty test tube measurements conducted in the same session. Per-sample raw
acquisition values (11 replicates per sample) and campaign metadata for the full N = 47 dataset are
provided in Supplementary Table S1.

4.3 Water arm: relaxation kinetics series
To characterize UPE temporal decay in TDW and GDW, serial measurements were performed with
acquisition at multiple time points following preparation or collection. Four independent series were
conducted: two TDW preparation series, one GDW series, and one TW series, each measured once every
24 h over a 7-day period. Between measurement sessions, samples were stored in hermetically sealed
translucent glass flasks at constant room temperature and protected from light in a closed metal
cabinet, consistent with the inter-session storage conditions described in § 4.2.
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Decay curves were modelled by ordinary least squares (OLS) linear regression applied to background-
subtracted net RLU s⁻¹ cm⁻² values as a function of elapsed time (hours). The regression yielded slope
(RLU s⁻¹ cm⁻² h⁻¹), intercept, and coefficient of determination R². OLS was preferred over exponential or
piecewise models given the small number of time points per series, which preclude stable estimation of
additional parameters.

4.4 Germination arm: seed material and watering protocol
Alfalfa seeds (Medicago sativa L.) were germinated in 12 identical germination chambers: six watered
with TDW and six watered with TW. Seeds were sourced from a single commercial batch; each
germinator received 10 g of seeds (~ 5000 seeds at a thousand-seed mass of approximately 2 g) prior to
the campaign start. At each measurement session, 24 seeds or sprouts were extracted from the
designated germinator and transferred to the acquisition tube (see § 4.5). All 12 germinators were
maintained under identical light, temperature (20 ± 2°C, conforming to the ISTA 2021 protocol for
Medicago sativa (International Seed Testing Association, ISTA)44), and humidity conditions throughout
the campaign.

Water exposure followed two distinct steps. Initial imbibition: on the evening preceding D1, seeds in each
germinator were soaked in 1 L of their assigned water for approximately 12 h, until the D1 measurement
session the following morning. This constituted the first differential water exposure between the two
groups; D0 measurements were performed before imbibition and therefore captured pre-treatment
baseline emission on dry seeds. Daily watering: from D1 to D5, 50 mL of assigned water was applied per
germinator after each morning measurement session. TDW was prepared fresh by the Biodynamizer®
and applied within the active UPE emission window (t₀, within 30 min of treatment completion),
consistent with the protocol applied in the water characterization arm. TW was drawn from the same
municipal supply at the time of each TDW preparation.

Measurements were destructive: a germinator assigned to a given session was not reused in
subsequent sessions. Each session therefore involved an independent germinator per condition. Day D0
established the pre-treatment UPE baseline on dry seeds (both groups, before imbibition); D0 used 50
dry seeds per tube (see § 4.5). Days D1 to D6 (D = acquisition day) used 24 sprouts per tube and
constituted the six measurement sessions used for statistical comparison, for a total of 84 individual
measurements (12 germinators × 7 sessions, including D0 baseline). This design follows an established
UPE acquisition framework for germinating seeds10. Per-sample raw acquisition values (11 replicates
per sample) with germinator identifier, day, and condition for the full N = 84 dataset are provided in
Supplementary Table S2.

4.5 Germination arm: UPE acquisition
At each measurement session (D1–D6), 24 sprouts were extracted from the designated germinator,
transferred to a borosilicate glass test tube and placed in the Berthold LB9508 luminometer under the
same dark-chamber conditions as the water arm (k = 11 consecutive acquisitions per tube; the 380–630
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nm spectral response is a characteristic of the instrument’s PMT). The arithmetic mean of the 11
acquisitions was taken as the representative RLU s⁻¹ cm⁻² value for that germinator at that session.
Background was measured from an empty test tube at each session and subtracted from the gross
sample value to obtain the net photon flux density. Session D0 (pre-germination baseline, before
imbibition water was assigned) used 50 dry seeds per tube to ensure a signal above the instrument
noise floor; both groups produced equivalent emission at D0 (median 222 RLU s⁻¹ cm⁻², CV < 1%),
confirming pre-treatment equivalence before irrigation water was applied. Sessions D1 to D6 (24 sprouts
per tube) defined the analysis window.

4.6 Data processing and signal-to-noise ratio
Raw per-sample mean RLU s⁻¹ cm⁻² values were background-corrected by subtracting the empty test-
tube measurement obtained in the same acquisition session (intra-session background subtraction). The
empty-tube background (24–42 RLU s⁻¹ cm⁻²) represents the cumulative instrumental noise floor: PMT
dark current, thermionic emission, detector gain drift, and residual container chemiluminescence1,2.
Inter-session variability reflects the cumulative contribution of these factors over a six-month
measurement period.

Signal-to-noise ratio (SNR) was computed as:

SNR = (µ_signal − µ_background) / σ_background

where µ_signal is the net mean signal for a given sample, µ_background is the session test-tube
background value, and σ_background is the inter-session standard deviation of background values (σ_bg 
= 5.6 RLU s⁻¹ cm⁻²). Published SNR thresholds of ≥ 3 (adequate detection) and ≥ 5 (strong claim) were
applied as quality criteria2. Acquisition parameters were confirmed to be identical for test-tube
background and sample measurements within each session (parameter isomorphism), which is required
for SNR validity. Raw data and processing scripts are openly available in the Zenodo repository45 (see
Data Availability).

4.7 Statistical analysis
Non-parametric tests were selected for both study arms because the group sizes (water arm: n = 11 per
group; germination arm: g = 6 germinators per group) are too small to reliably assess normality: the
Shapiro-Wilk test has low power for n < 20, and the central limit theorem cannot be invoked. Parametric
alternatives (t-test, ANOVA) were therefore not used.

The same non-parametric statistical framework was applied to both study arms. All analyses were
performed in Python 3.13.2 (https://www.python.org) using SciPy 1.16.3 (https://scipy.org) for inferential
tests, NumPy 2.3.5 (https://numpy.org) for numerical operations, pandas 2.3.3
(https://pandas.pydata.org) for tabular data handling, and matplotlib 3.10.7 (https://matplotlib.org) for
figure generation; the bias-corrected and accelerated (BCa) bootstrap confidence intervals were
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computed with a custom implementation released with the analysis code. The significance threshold
was set at α = 0.05.

Mann-Whitney U test. Two-sided Mann-Whitney U tests (scipy.stats.mannwhitneyu,
method=“asymptotic”) compared UPE between treated and control groups within each arm. The
asymptotic normal approximation of U with tie-corrected variance was applied throughout both arms46.
In the water arm, intra-group ties in the control group arise from integer rounding of background-
subtracted values and preclude exact permutation testing; the asymptotic mode yields a conservative p-
value in this situation. In the germination arm, the same asymptotic mode was applied for consistency
and cross-arm comparability, ensuring that p-values from both arms are computed under identical
assumptions.

Multiple comparisons (germination arm). Six Mann-Whitney U tests were conducted on the same set of
germinators (sessions D1–D6). A Bonferroni correction was applied, setting the session-level
significance threshold at α′ = 0.05/6 ≈ 0.0083. All six comparisons remained significant after correction
(all p ≤ 5.1 × 10⁻³ < 0.0083).

Effect size. Cliff’s δ was reported for all pairwise comparisons, computed as δ = (n_c − n_d) / (n₁ × n₂),
where n_c and n_d are the numbers of concordant and discordant pairs across all inter-group
comparisons; δ = 1.0 indicates complete stochastic dominance (every value in one group exceeds every
value in the other).

Confidence intervals (water arm). The ratio of medians (TDW/TW) and absolute median difference were
reported with 95% bias-corrected and accelerated (BCa) bootstrap confidence intervals (N = 10,000
resamples, fixed random seed)47.

Preliminary measurements from the first acquisition session (November 2025, Enerlab, Nice, France)
have been previously reported48. The present study provides the first statistically powered analysis of
this phenomenon, incorporating N = 47 independent samples across five measurement campaigns and
applying formal non-parametric inference and signal-to-noise ratio quantification not performed in the
prior report.

4.8 Large language model use
Large language model (LLM) assistance was used during manuscript preparation for text editing and
structural organization. All scientific content, data analyses, interpretations, and conclusions are the sole
responsibility of the authors.

Declarations
Data Availability
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The datasets generated and analyzed during the current study, together with the Python scripts used for
all statistical analyses, are openly available in the Zenodo repository at
https://doi.org/10.5281/zenodo.2199710045. Source data underlying Figures 1–5 are included in the
repository.
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Figure 1

Technologically dynamized water at t₀ emits 27.5-fold more photons than tap water. Net photon flux
density (RLU/s/cm²) per sample by group (technologically dynamized water at t₀, TDW; tap water, TW).
Violin shapes show where values are most densely concentrated (wider = more observations at that
level); boxes: interquartile range (IQR); horizontal bar: median; whiskers: 1.5 × IQR; points: individual
measurements. TDW at t₀: n = 11 independent preparations across four measurement campaigns
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(November 2025 – April 2026); TW: n = 11. Mann-Whitney U = 121, p = 8.08 × 10⁻⁵; Cliff δ = 1.0; median
ratio 27.5 (BCa 95 % CI [17.0; 36.9]).

Figure 2

Dynamized water emits above all three control water types (tap, mineral bottled, osmosed). Net photon
flux density (RLU s⁻¹ cm⁻²), per sample, sorted within each category. TDW: technologically dynamized
water (Biodynamizer® output, measured at t₀); GDW: geologically dynamized water (Vescagne waterfall,
measured after transportation); TW: tap water (primary control, same municipal source as TDW pre-
processing); MBW: mineral bottled water; OW: osmosed water. TDW (n = 11) and the single GDW
measurement emit above all control water types (TW, MBW, OW) across all four measurement
campaigns; the single GDW measurement precludes any inferential or ordinal comparison between TDW
and GDW.
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Figure 3

TDW and GDW decay toward the tap water baseline at t=96h. Net photon flux density per sample versus
relaxation time (hours), three independent series (two TDW, one GDW). Pink band: TW global baseline
(median ± SD, n= 11; median = 16 RLU/s/cm², SD = 10 RLU/s/cm²) shown across the full time range as
the convergence target. Linear fits restricted to the active decay phase (points reaching the TW global
baseline excluded from the fit, shown as open markers). Slopes: TDW series 1, −4.14 RLU/s/cm²/h (R² =
0.98, n= 5 points); TDW series 2, −4.06 RLU/s/cm²/h (R² = 0.96, n = 5 points); GDW, −3.47 RLU/s/cm²/h
(R² = 0.95, n = 5 points). Maximum slope gap between TDW and GDW: 0.67 RLU/s/cm²/h (~16 % of the
steepest slope). All three series reach the TW global baseline between 95 h (TDW-1) and 103 h (TDW-2),
with GDW at ~101 h.
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Figure 4

At D6, seedlings watered with technologically dynamized water emit 4.3-fold more photons than tap-
water controls. Net photon flux density (group mean, RLU/s/cm²) by acquisition day D1–D6, June 2026
campaign; g = 6 germinators per group (TDW-irrigated and TW-irrigated, Medicago sativa). D = acquisition
day (D1 = first day post-imbibition, D6 = sixth day). The TDW group exhibits an elevated UPE signal from
D1 (690 vs 256 RLU/s/cm²) that increases monotonically through D6 (9,107 vs 2,140 RLU/s/cm²). The
TW group remains at low, stable levels throughout. Complete stochastic dominance (Cliff δ = 1.0) holds
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at every session from D1 to D6; primary endpoint D6: Mann-Whitney U = 36, p = 5.1 × 10⁻³ (asymptotic,
tie-corrected).

Figure 5

TDW-watered seedlings show monotone UPE growth from D1 to D6 while tap-water controls remain
stable. Net photon flux density (group mean, RLU/s/cm²) by acquisition day D1–D6, June 2026
campaign; g = 6 germinators per group (TDW: technologically dynamized water; TW: tap water). D =
acquisition day. The TDW group shows monotone growth of the UPE signal from D1 to D6 (690 → 9,107
RLU/s/cm²). The TW group remains within the 256–2,140 RLU/s/cm² band with no systematic trend.
Inter-group separation increases overall from D1 to D6, with transient narrowing at D3 (ratio 3.3 vs 7.5 at
D2; see Table 1).
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