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Table S1. Commonly reported isotope ratios for selected bio elements and the reference scales/materials typically used for δ-reporting. *
* Compiled from the IUPAC Technical Report on international reference materials for isotope-ratio analysis[1].

	Element
	Commonly reported ratio(s)
	Reference scale / widely used reference material(s)
	Short metrological note
 (why it matters)

	Carbon (C)
	13C/12C → δ13C
	VPDB scale; two-point normalization commonly uses NBS 19 and LSVEC
	Report VPDB (not “PDB”); explicit scale anchoring avoids inter-lab offsets.

	Nitrogen (N)
	15N/14N → δ15N
	Air-N2 (zero-delta scale); common anchors include IAEA nitrogen RMs (e.g., IAEA-N-1)
	Scale definition is simple, but routine anchoring is essential for comparability.

	Oxygen (O)
	18O/16O → δ18O (and 17O/16O when needed)
	VSMOW scale for water; normalization with SLAP; carbonates often reported vs VPDB (with carbonate anchors such as NBS 19)
	Always declare scale (VSMOW/VPDB) and normalization approach; mixing conventions creates hidden offsets.

	Sulfur (S)
	34S/32S → δ34S
	VCDT scale; key IAEA sulfur RMs include IAEA-S-1 (scale anchor), plus IAEA-S-2 / IAEA-S-3
	VCDT replaces CDT; specifying the exact anchors used is mandatory for inter-study comparability.

	Calcium (Ca)
	δ44/40Ca (sometimes δ44/42Ca)
	NIST SRM 915a historically widely used
	Practical ratio choice can be method-dependent (e.g., ^40Ar interference at m/z 40 in ICP); report ratio definition clearly.

	Copper (Cu)
	65Cu/63Cu → δ65Cu
	NIST SRM 976 (widely used; supply issues noted; alternatives exist)
	The chosen Cu RM defines the realized δ-scale; switching RMs without proper linking can shift results.

	Iron (Fe)
	δ56/54Fe (also δ57/54Fe in some studies)
	IRMM-014 widely used (availability issues noted)
	Fe isotope work is sensitive to scale anchoring and consistent reporting of ratios and conventions.

	Zinc (Zn)
	δ66/64Zn and δ68/64Zn
	IRMM-3702 (established anchor; replaces older “JMC Lyon” usage)
	Small natural variations demand tight inter-lab harmonization; always state the anchor and ratio.




[bookmark: _Ref219468522]Table S2. Stable Isotope Approaches to Elemental Metabolism and Disease
	Isotope
	Pathology
	Platform (bulk / SSIR / LA)
	Reported u(R)
	Reference

	C (δ¹³C in CO₂, ¹³C-UBT)
	Helicobacter pylori (adult dyspeptic patients)
	Bulk — GC/MS ¹³CO₂/¹²CO₂ (validated vs. GC-IRMS)
	NR
	[2]
	¹⁸O KIE (via ¹³C/¹²C readout)
	None — NTP hydrolysis assay
	Bulk — LC/IRMS (internal-competition)
	NR
	[3]
	C (δ¹³C in fatty acids)
	Earthworm feeding behavior — no disease model
	SSIR — GC/C-IRMS
	NR
	[4]
	C ([U-¹³C₆]glucose enrichment)
	Human plasma glucose metabolism — no disease model
	SSIR — LC/IRMS (compound-specific), vs. GC/MS & GC/C-IRMS
	NR
	[5]
	¹⁵N (nitrate in urine)
	Human — endogenous NO production (no disease model)
	SSIR — GC-C-IRMS of urinary nitrate
	NR
	[6]
	²H (DNA deoxyribose from ²H₂O)
	CLL — B-cell proliferation in vivo
	Bulk — GC/P/IRMS after B-cell isolation, DNA hydrolysis
	NR
	[7]
	¹³C/¹⁵N (Arg→Cit)
	Murine endotoxemia (NO production marker)
	Bulk — LC/MS (LTQ) with derivatization
	NR
	[8]
	C (δ¹³C in urinary estrogens)
	Human — exogenous vs. endogenous estrogen discrimination
	SSIR — GC/C-IRMS (estradiol/estrone δ¹³C)
	NR
	[9]
	C (δ¹³C of alanine in RBCs)
	Human diet — SSB intake biomarker (no disease model)
	SSIR — GC/C-IRMS (alanine)
	NR
	[10]
	¹³C (U-¹³C-glucose → metabolites)
	Mitochondrial dysfunction in C. elegans
	SSIR — GC/MS isotopologue tracing (MFA)
	NR
	[11]
	Fe (⁵⁸Fe tracer; ⁵⁸Fe/⁵⁶Fe, ⁵⁸Fe/⁵⁴Fe)
	Healthy males — iron uptake from SBR759
	Bulk — MC-ICP-MS (ferrokinetics)
	NR
	[12]
	Fe (δ⁵⁶Fe, δ⁵⁷Fe)
	Healthy adult males — erythrocytes vs plasma (no disease model)
	Bulk — MC-ICP-MS after Fe purification
	NR (δ precision ~0.06–0.15 ‰)
	[13]
	Cu (δ⁶⁵Cu)
	Breast & colorectal cancer — human serum
	Bulk — MC-ICP-MS
	NR (δ precision ~0.04–0.06 ‰)
	[14]
	C (δ¹³C of amino acids in hair)
	Forensic/biometric — human hair (provenance/diet), no disease model
	SSIR — GC/C-IRMS (compound-specific)
	NR
	[15]
	C, N (δ¹³C, δ¹⁵N of BZP/TFMPP)
	Forensic — seized tablets (no disease model)
	SSIR — GC/C-IRMS (compound-specific)
	NR
	[16]
	C (δ¹³C of urinary steroids)
	Doping control — detection of endogenous AAS misuse (no disease model)
	SSIR — GC/C-IRMS (compound-specific δ¹³C of steroid metabolites)
	NR
	[17]
	Cu (δ⁶⁵Cu)
	Liver cirrhosis — human serum
	Bulk — MC-ICP-MS
	NR
	[18]
	C (δ¹³C of urinary steroids)
	Doping control — testosterone administration; UGT2B17 deletion polymorphism (no disease model)
	SSIR — GC/C-IRMS (compound-specific δ¹³C of steroids)
	NR
	[19]
	Cu, Zn, Ca, S (review)
	Cancer (general; e.g., breast, colorectal, HCC)
	Summary of prior work — mainly Bulk (MC-ICP-MS); some SSIR/LA in tissue
	NR
	[20]
	C (δ¹³C of urinary steroid metabolites) — also ²H used with deuterated T
	Doping control — genotype-dependent metabolism of exogenous testosterone (UGT2B17 del/del vs. ins/ins)
	SSIR — GC/C-IRMS (CIR confirmation); plus H-isotope ratios with HRMS
	NR
	[21]
	N (δ¹⁵N of amino acids) — esp. threonine
	Trophic discrimination / biochemical mechanism (no disease model)
	SSIR — GC/C-IRMS (compound-specific AA δ¹⁵N)
	NR
	[22]
	Mg (²⁶Mg-enriched tracer; δ²⁶Mg)
	Rat femoral implant degradation (no disease model)
	Bulk MC-ICP-MS (²⁶Mg/²⁴Mg) + LA (LA/ICP-QMS imaging with IPD)
	MC-ICP-MS ≈ 0.02 % (k=2); LA ≈ 0.2 % (k=2)
	[23]
	Fe (δ⁵⁶Fe, δ⁵⁷Fe)
	Anemia of chronic kidney disease (CKD) — human serum; differentiation of iron-deficiency (ID) vs EPO-related anemia
	Bulk — MC-ICP-MS after Fe purification
	NR
	[24]
	C (δ¹³C of urinary steroids)
	Doping control — musk administration (no disease model)
	SSIR — GC/C-IRMS (compound-specific δ¹³C of steroid metabolites)
	NR
	[25]

	C (δ¹³C of fatty acids; bulk lipids)
	Authentication of Ophiocordyceps sinensis origin — no disease model
	SSIR — GC/C-IRMS (fatty acids) + Bulk — EA-IRMS (total lipids)
	NR
	[26]

	C (δ¹³C of urinary steroids) — steroid isotopic standards
	Doping control (no disease model)
	SSIR — GC/C-IRMS (working standards for WADA labs)
	NR
	[27]
	²H (D₂O incorporation into intact lipids)
	Pathogen growth during infections — method development (no patient cohort)
	SSIR — isotopologue-resolved LC/MS of intact lipids (D₂O-labeling lipidomics)
	NR
	[28]
	Cu (δ⁶⁵Cu) — bulk serum vs EXCH+UF fraction
	Alcoholic liver cirrhosis — human serum
	Bulk — MC-ICP-MS (measured on total serum and ultrafiltrable/exchangeable fraction)
	NR
	[29]
	¹³C (IROA® internal standards; isotopologue ratios)
	Murine liver metabolomics — no disease model
	SSIR — LC/HRMS (Isotope Ratio Outlier Analysis workflow)
	NR
	[30]
	C (¹³C/¹²C of DSPC-palmitic acid in BAL)
	Surfactant lung delivery in surfactant-depleted rabbits (RDS model; no patient cohort)
	Bulk — GC/IRMS on BAL DSPC-PA
	NR
	[31]
	Fe (58Fe/54Fe via 58Fe tracer)
	Iron-related disorders — patients vs controls after oral 58Fe
	Bulk — INAA and MC-ICP-MS comparison
	NR
	[32]
	C (¹³C from HCO₃⁻ into amino acids)
	Porcine lung pathogen Actinobacillus pleuropneumoniae — heterotrophic C fixation (no patient cohort)
	SSIR — GC/C-IRMS (aspartate, lysine); nanoSIMS used for single-cell confirmation
	NR
	[33]

	C (δ¹³C of essential amino acids) in dried blood spots
	None — landlocked Arctic char (ecotox; Hg exposure + carbon source fingerprinting)
	SSIR — GC/C-IRMS (compound-specific AA δ¹³C)
	NR
	[34]

	C (¹³C-labeled OA, LA, DHA)
	Maternal obesity — altered materno-fetal PUFA transfer (human, cesarean cohort)
	SSIR — GC/C-IRMS (compound-specific enrichment in maternal/cord plasma & placenta)
	NR
	[35]
	Mo (δ⁹⁸/⁹⁵Mo) in urine
	Healthy adults — exploratory urinalysis (no disease model)
	Bulk — MC-ICP-MS after BPHA extraction; double-spike correction
	External precision ≤ 0.08 ‰ (2SD) on δ⁹⁸/⁹⁵Mo
	[36]
	¹³C (U-¹³C-stearic & U-¹³C-oleic acids)
	Postmenopausal women — postprandial FA metabolism (no disease model)
	SSIR — LC/ToF-MS for enrichment; Bulk IRMS for expired ¹³CO₂ oxidation
	NR
	[37]
	Cu, Fe, Zn (δ⁶⁵Cu, δ⁵⁶Fe, δ⁶⁶Zn)
	Obesity — bariatric surgery (Roux-en-Y), human serum & whole blood
	Bulk — MC-ICP-MS
	NR
	[38]
	Cu (δ⁶⁵Cu)
	Age-related macular degeneration (AMD) — human serum
	Bulk — MC-ICP-MS
	NR
	[39]
	²H (D₂O → myofibrillar alanine)
	Healthy resistance-trained men — whey vs control (no disease model)
	SSIR — GC-pyrolysis/IRMS of alanine (body water D₂O bolus)
	NR
	[40]
	C (δ¹³C of serum amino acids) — esp. alanine
	Added sugar/SSB intake biomarker in postmenopausal women (no disease model)
	SSIR — GC/C-IRMS (compound-specific δ¹³C of AAs)
	NR
	[41]
	Cu (δ⁶⁵Cu) ± Cu/Zn ratio
	Papillary thyroid carcinoma (PTC) — human plasma & tumor tissue
	Bulk — MC-ICP-MS (δ⁶⁵Cu in plasma & biopsies); (Cu, Zn by TXRF)
	NR
	[42]
	²H (δ²H of high-MW lipids: TGs, GDGTs)
	No disease model — method for large, polar lipids
	SSIR — HTGC–GC/P-IRMS (high-temperature GC with pyrolysis IRMS)
	NR
	[43]
	C (δ¹³C of serum androgens; steroid sulfates)
	Doping control — testosterone supplementation in women (no disease model)
	SSIR — GC/C-IRMS on serum steroids
	NR
	[44]
	C (δ¹³C of breath CH₄)
	Immune response / vaccination effects on breath methane (no disease model)
	SSIR — GC/C-IRMS on CH₄ (with GC-FID concentrations)
	NR
	[45]
	Cu (δ⁶⁵Cu)
	Autism spectrum disorder (ASD) — pediatric serum & RBCs
	Bulk — MC-ICP-MS (natural-abundance δ⁶⁵Cu)
	NR
	[46]
	C (¹³C in breath CO₂/CH₄)
	Healthy adults — gut fermentation after ¹³C-labeled wheat bran (no disease model)
	SSIR — GC/IRMS for ¹³CO₂/¹³CH₄ (GC for H₂/CH₄)
	NR
	[47]
	Cu (δ⁶⁵Cu)
	Aging — murine brain (healthy mice, 3–12 months)
	Bulk — MC-ICP-MS after Cu purification
	NR
	[48]
	C (δ¹³C of free fatty acids from TAGs)
	None — method development (short-/medium-chain FAs)
	SSIR — GC/C-IRMS (compound-specific δ¹³C) with simultaneous FA profiling
	NR
	[49]
	S (³⁴S/³²S in protein)
	None — proof-of-concept on albumin
	SSIR — CE/MC-ICP-MS (online species-specific S isotope ratios)
	NR
	[50]
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