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Abstract

INTRODUCTION. Under conditions of increasing exposure to chemical factors that predispose individuals
to the development of pathology, the processes of hard-tooth-tissue destruction undergo modification not
only in terms of their kinetics but also through the direct incorporation of exogenous chemical agents. These
circumstances inevitably affect the macro- and microelement composition of enamel, as well as dentin and
cementum in cases of disease progression. Obtaining reliable information on elemental composition is cru-
cial for choosing appropriate treatment strategies and substantiating preventive measures.

AIM. To perform X-ray fluorescence analysis of teeth from employees of chemical enterprises, assessing
qualitative and quantitative changes in elemental composition associated with pathological processes.
MATERIALS AND METHODS. The dental status of 100 workers and engineering personnel involved in the
production of biologically active substances, paint-and-coating materials, and metal products, all of whom
had direct contact with inorganic and organic reagents, was assessed. The control group included teeth
from 50 individuals working at the same enterprises but not exposed to occupational hazards. The chemical
composition of tooth hard-tissue samples was determined using an M4 TORNADO (Bruker) X-ray fluores-
cence spectrometer. The MultiPoint mode was used. The software provides the content of each element
relative to the total amount of detected elements, considering the entire spectrum as 100%. A relatively
constant Ca/P ratio served as an additional reference point for discussing deviations from normal values.
RESULTS. The identified diseases in the affected zones were accompanied by atypical accumulations
of trace elements detected via XRF spectra. In several employees of a metallurgical plant, high titanium
content — up to 1.14 wi% of total elemental content — was found in areas of dental erosion. Titanium
levels in adjacent intact enamel were significantly reduced, although trace amounts were still present.
In patients with long-term employment at a paint, coating, and anti-corrosion materials enterprise, po-
tassium content in deep carious lesions reached 12.64%, and most individuals also showed substantial
levels of zinc, barium, iron, sulfur, chlorine, manganese, and copper. Among workers of an agrobiological
enterprise without hot workshops or industrial dust — due to multistage air purification and sterilization -
caries prevailed. In employees of a chemical-pharmaceutical production facility, no cases of caries were
detected; only non-inflammatory conditions such as increased tooth wear and wedge-shaped defects
were diagnosed.

CONCLUSIONS. XRF analysis demonstrated that enamel demineralization processes in workers of chemical
industries are accompanied by qualitative and quantitative changes in trace-element profiles within patho-
logical zones. Environmental exposure results in the isomorphic and isoinic incorporation of elements into
apatite structures of hard tooth tissues and disrupts the natural kinetics of mineralization and demineraliza-
tion. The intensity of trace-element accumulation in tooth tissues is directly related to the degree of industrial
air purification. Treatment and prevention of dental disorders in these workers must account for industry-
specific occupational factors.
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Pe3iomMe

BBEOEHWE. B ycnoBuax ycuneHus BANSAHUS XUMUYECKOro dakTopa, npeapacnonarawero K BO3HUKHO-
BEHWIO NATONOrNK, MPONCXOANT MoamnduKaLmnsa NPOLLECCOB AECTPYKLUUN TBEPAbIX TKaHEN 3y60OB 1 B NiaHe
U3MEHEHUNSA NX KMHETUKN, N NMPSMOro BKIOYEHUS B HUX SK30MEHHbIX XMMUYECKMX areHToB. 3T 06CcTo4-
TeNbCTBA HE MOTYT HE BINATb HA MaKpPO- U MUKPO3JIEMEHTHbIN COCTaB HE TOJIbKO 3Masn, HO U AEHTUHA,
M ueMeHTa B criyyae ycyrybneHusa 3abonesaHnus. lNonyvyeHne ooctoBepHoOm nHidopmaumm No cocTaBy ane-
MEHTOB MMEET CYLLEeCTBEHHOEe 3Ha4YeHne s Bbibopa npaBuiibHOM TakTUKN iedeHns 1 060CHOBaHUS Npo-
dunakTn4ecKnx mep.

LLENb. MpoBecTn peHTreHO}YyOPECLIEHTHbIN aHannu3 TBEpPAblX TKaHelh 3yOOB COTPYAHWUKOB XUMUYECKUX
npeanpuaTUii, C OLEHKON Ka4eCTBEHHbIX N KONIMYECTBEHHbBIX UBMEHEHNI 3IEMEHTHOrO COCTaBa, CONpPOBO-
XOaloLWmMx pa3smTne Nnatonornu.

MATEPUAJbI N METOAbI. Bbin onpeneneH ctomatonoruyecknin ctatyc 100 paboumx 1 MHXEHEPHO-TEXHN-
Yyecknx paboTHMKOB, 3aHATLIX B MPON3BOACTBE OMONOrMYECKN akTUBHbIX BELLLECTB, TAKOKPACO4YHbIX MaTepu-
anoB, MeTannonpoayKuum, MMeEBLUUX HENOCPEACTBEHHbBIN KOHTAKT C HEOPraHN4YECKUMN N OpPraHnyYecKumm
peareHTamun. KOHTpOnbHyIO rpynny coctasmnm 3yobl 50 yenosek, paboTaBLUMX HA 3TUX NPEANPUATUSX B yC-
JNIOBUSIX OTCYTCTBUSA NPOPECCMOHANbHBIX BDEAHOCTEN. XMMMYECKNin cocTaB 06pa3LoB TBEPALIX TKaHel 3yba
onpeaensanu Ha peHTreHodnyopecueHTHOM cnekTpomeTpe M4 TORNADO (Bruker). B xoae paboTbl UCnosb-
3oBanu pexum MultiPoint. Nporpamma nokasbiBaeT cogepXaHne aHHOro 31IEMEHTa OTHOCUTENIbHO CYMMbI
BCEX OnpenensieMblx 3/;IeMEHTOB, NMPUHUMAas BECb NoJsly4eHHbIn cnekTp 3a 100%. OpueHTupom ans o6cyx-
neHust HabngaeMbIX OTKJIOHEHWIA COAEePXKaHUS 3/IEMEHTOB OT HOPMbI CJTy>XWJ1a, B TOM YMCI1e, OTHOCUTESIbHO
noCcTosiHHas BenndmHa nHaekca Ca/P.

PE3YJIbTATbI. O6HapyXeHHble 3aboneBaHns B 30Hax NopaxeHus 3y60B COMPOBOXAAITCSH HETUMUYHBIMU
HaKOMJEHNS MU MUKPO3/IEMEHTOB, KOTOPbIE 3aperncTpupoBaHsbl cnektpamu POA. Y psaa coTpyaHUKOB Me-
Tannyprmyeckoro 3aBoaa, B 06nactu apo3um 3y6oB 0TMEYEHO BbICOKOE coaepxaHue Tutana, go 1,14 % no
Macce OT obLero cogepxaHus aneMeHToB. B cocTaBe MHTAKTHOM 3amanu, pacrnofioXeHHOM psaoM ¢ 3po-
3nen, coaepxaHme TMTaHa Pe3ko CHUXEHO, HO BCE XE OH NPUCYTCTBYET. Y NauneHToB, ANUTENIbHOE BPeMS
npopaboTaBLWnX Ha NPeANPUATUN, NPOM3BOASLLEM NTAKOKPACOYHbIE M aHTUKOPPO3NOHHbIE MaTepmansbl, Co-
nepXxaHue Kanusa B 30He rnybokoro kapmeca coctaBuio o 12,64 %, a takxe y 60blLIMHCTBA NaUMEHTOB
nokKasaHO AOBOJIBHO CYLLECTBEHHOE NMPUCYTCTBME LMHKA, Bapus, xenesa, cepbl, Xxa0pa, MapraHua, Meau.
Y o6cnepoBaHHbIX paboTHMKOB arpobroIorMyeckoro NPeanpuaTns, Ha KOTOPOM OTCYTCTBYIOT Fops4me uexa
M B SIBHOM BUAE NPOMBbILLSIEHHASA Mblflb, NOCKOJIbKY BO34YyX B MPOM30HE NOABEPraeTCcs MHOrOCTYyNeH4YaTomn
O4YUCTKE U cTepuamnaaunu, B bonblueli cteneHn npeobnanaet kapuec. Cpean ob6cnenoBaHHONO nepcoHana
XUMUKO-dapMaLeBTUYECKOro NPOnU3BOACTBA NPAKTUYECKN HE BbIIBIEHO Cly4YaeB kapueca, ANarHoCTMpoO-
BaHbl 3a00NeBaHNsi HEBOCNAINTENIbHOIrO XapakTepa, B OCHOBHOM MOBbLILLEHHAs CTUPAEMOCTb U KJIMHOBU[-
Hble nedekTbl 3yO60oB.

BbIBOAbl. MeTonom P®MA ycTaHOBNEHO, YTO Y COTPYAHUKOB XMMUYECKMX MPOU3BOACTB NPOLECChl AEMUHE-
panusauun amanu 3y60B CONPOBOXAAIOTCH Ka4ECTBEHHBIM 1 KOJIMYECTBEHHBIM U3SMEHEHMEM HOMEHKNATY-
pbl MMKPO3NIEMEHTOB B 30HE natonoruv. Bo3gencTeme 3nemMeHTOB M3 OKpyXatoLwen cpeabl COCTOUT B UX
M30MOP®HOHOM U M3OMHHOM BHEAPEHUN B anaTuTHbIE CTPYKTYpPbl 3y6OB U HapyLLUEHUM eCTECTBEHHON KNHe-
TUKN NPOLLECCOB MUHEpanM3auum U gemuHepanu3auuun. VIHTEHCMBHOCTb HaKOMIEHUS MUKPOSJIEMEHTOB
B TBEPAbIX TKaHAX 3y6OB HEMOCPEACTBEHHO CBSI3aHa CO CTEMEHbIO OYMCTKM NPOMBILLIIEHHOrO BO3ayxa. Te-
panus n npodunnakTnka CToMaToNormiyeckux Npodaem AONXHa y4mMTbiBaTb cneumndunky Npon3BOACTBEHHON
nesTeNbHOCTN PaBOTHMKOB NPeanpuUaTUii.

Knwuesblie cnoBa: xvmmyeckmne npeanpuaTms, BpeaHoin GakTop, peHTreHodNyopecUEeHTHbI aHanus, nH-
nekc Ca/P, npodeccuroHanbHas a3po3uns 3yboB, MUHepasbHas CTPyKTypa 3yba

UHdopmauumna o ctatbe: noctynuna — 01.11.2025; ncnpasnena — 24.12.2025; npuHarta — 15.01.2026
KoHdAuKT nutepecos: ABTOPbI COOOLLAIOT 06 OTCYTCTBUN KOHDMKTA UHTEPECOB.
BnaropgapHocTu: drHaHCUPOBAHME 1 NHAMBMAYaSIbHbIE 61arofapHOCTY ANs AeKNapUPOBaHUS OTCYTCTBYIOT.

Ana umtnpoBanua: MutpoHuH A.B., dynosa A.M., MeaHbkoB W.A., IxasaxaH M.A., NMpokonos A.A. Oco-
6EHHOCTV MexaHM3MOB NaToNornm 3yO60B Yy COTPYAHUKOB XUMUYECKNX NPeanpuaTuin. SHaoaoHTus Today.
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INTRODUCTION

In numerous publications of recent years, the chemi-
cal, biochemical, and physical aspects of various dental
diseases have been comprehensively addressed un-
der both in vitro and in vivo conditions. These studies
describe fundamentally different mechanisms of hard
dental tissue destruction occurring as a result of micro-
bial activity (dental caries) as well as widely prevalent
non-carious dental disorders that are non-inflammatory
in nature, primarily including dental erosion, wedge-
shaped defects, and increased tooth wear [1-5].

Anincreased research focus has been placed on the
clinical manifestations of dental diseases among wor-
kers exposed to hazardous occupational conditions, par-
ticularly those employed in chemical industries [6; 7], as
they are subject to a significantly higherrisk. Itis evident
that under conditions of enhanced chemical exposure
predisposing to the development of pathology, the pro-
cesses of hard dental tissue destruction are modified
not only in terms of their kinetics but also through the di-
rect involvement of exogenous chemical agents. These
factors inevitably affect the macro- and microelemental
composition not only of enamel but also of dentin and
cementum in cases of disease progression.

Obtaining reliable information on elemental compo-
sition is of critical importance for the selection of ap-
propriate therapeutic strategies and for substantiating
preventive measures aimed at reducing the risk of den-
tal damage among personnel involved in chemical raw
material processing, organic or inorganic synthesis, or
related analytical activities.

As has been repeatedly demonstrated [2; 4], the
acquisition of accurate and statistically significant data
on elemental content in hard dental tissues is optimally
achieved using modern X-ray fluorescence spectro-
meters designed for direct analysis of solid surfaces.
One of the key advantages of X-ray fluorescence ana-
lysis (XRF) is that the analyzed samples do not require
complex sample preparation.

AIM

To perform X-ray fluorescence analysis of the hard
dental tissues of employees of chemical enterprises,
with an assessment of qualitative and quantitative
changes in elemental composition accompanying the
development of pathology.

MATERIALS AND METHODS

The study was conducted at the Departments of
Therapeutic Dentistry and Endodontics, as well as Gene-
ral and Bioorganic Chemistry of the Russian University
of Medicine (Ministry of Health of the Russian Federa-
tion), and in the laboratories of the N.S. Kurnakov Insti-
tute of General and Inorganic Chemistry of the Russian
Academy of Sciences.

The dental status of 100 workers and engineering-
technical personnel involved in the production of bio-
logically active substances, paints and coatings, and
metal products, who had direct contact with inorganic
and organic reagents, was assessed. The control group
consisted of teeth obtained from 50 individuals em-

dHdodoHmus
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ployed at the same enterprises under conditions with-
out occupational hazards.

Teeth subjected to X-ray fluorescence analysis were,
in all cases, extracted for periodontal or orthodontic in-
dications. Only intact teeth without signs of prior dental
treatment were used. The samples were cleaned of soft
tissues, disinfected, and stored in distilled water at 4°C.

The chemical composition of hard dental tissue sam-
ples was determined using an M4 TORNADO X-ray fluo-
rescence spectrometer (Bruker), a micro-XRF analyzer
designed for non-destructive qualitative and quantita-
tive material analysis. The method is based on the inte-
raction of elements present in the sample with high-
energy X-ray radiation, resulting in the emission of de-
tectable secondary X-ray radiation (X-ray fluorescence)
characteristic of each atomic species. The operating
unit of the instrument is a rhodium fine-focus X-ray tube
(maximum excitation voltage 50 kV, power 30 W, current
600 pA). Measurements were performed in the Multi-
Point mode, allowing analysis at several points within
a selected area of the enamel surface.

During the analysis, the X-ray beam was directed
at a predetermined point on the sample surface, and
elemental composition was determined for a spot with
a diameter of 20 um. The computer integrated into the
instrument processed the data using specialized soft-
ware and provided measurement results for the selec-
ted point as an average value over 100 pulses, presen-
ted as a spectrum of detected elements. The resulting
spectrum was subsequently converted into a table of
mass percentage ratios of the constituent elements in
the analyzed area. The software reports the content of
each element relative to the total sum of all detected
elements, considering the entire spectrum as 100%.
As is well known, X-ray fluorescence analysis does not
allow sufficiently accurate determination of elements
from the first two periods of the Periodic Table or so-
dium; however, this limitation did not impede the
achievement of the study objectives.

The instrument was calibrated using a standard
sample of calcium dihydrogen phosphate, Ca(H2PO,),,
with respect to calcium and phosphorus content. The
measurement accuracy was 0.01%. Statistical analysis
of the obtained data was performed using a personal
computer and the software package Statistica 9.0.

In discussing deviations of elemental content from
normal values, reference was made, among other pa-
rameters, to the relatively constant Ca/P ratio. Accord-
ing to the literature, this ratio for enamel resistant to acid
exposure ranges from 1.6 to 2.1 by mass. In the present
study, the Ca/P ratio for enamel samples of healthy
teeth from the control group ranged from 1.9 to 2.2.

RESULTS

The detected diseases in the affected areas were ac-
companied by atypical accumulations of trace elements,
as evidenced by X-ray fluorescence (XRF) spectra. With-
out addressing the pathways by which these elements
enter the hard dental tissues (potentially via industrial
air), which constitutes the subject of a separate investi-
gation, it can be stated that an association was observed
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between elevated concentrations of specific elements or
groups of elements and the type of dental pathology.
For example, in a number of employees of a metallur-
gical plant that utilizes zinc-, aluminum-, and other non-
ferrous metal-containing alloys in its core operations,
a high titanium content was detected in areas of dental
erosion, reaching up to 1.14 wt% of the total elemental
content registered in the spectrum. These observations
were made in patients whose oral cavities contained no
metallic restorations or prosthetic structures. As an il-
lustration, Fig. 1 presents a fragment of one such tooth
(Patient No. 1), together with the corresponding X-ray

S

fluorescence spectrum and the numerical values of the
relative elemental contents at the analyzed points.

Similarly elevated titanium concentrations were
identified in erosion zones of teeth in a number of other
patients from this enterprise. In Patient No. 2, multiple
cervical non-carious lesions were diagnosed, including
concurrent erosions and wedge-shaped defects, with
a titanium mass fraction of 1.06%.

Of particular interest is the observation that in the in-
tact enamel adjacent to the erosion (Patient No. 1), the
titanium content was markedly reduced, yet still detec-
table, as evidenced by the data presented in Fig. 2.

Mass percent (%)

Spectrum P S Cl K Ca Ti Fe Zn
610 550 0.26 040 0.96 9167 062 0.22 0.37
69 561 013 0.27 0.85 91.09 159 015 0.32
68 584 015 0.47 065 9054 193 0.05 0.36
67 6.54 017 046 0.69 89.89 184 0.20 0.22
66 6.11  0.21 0.38 1.07 8952 206 0.22 0.44
65 6.86 0.28 0.50 0.72 89.56 1.63 0.13 0.31
64 6.74 011 0.24 0.51 90.91 0.98 0.13 0.38
63 6.09 0.16 0.33 052 9217 0.12 0.31 0.29
62 6.26 0.15 0.30 0.73 9196 0.04 0.23 0.33
61 6.49 0.29 048 058 9119 0.57 012 0.28
Meanvalue: 6.21 0.19 0.38 0.73 90.85 1.14 0.18 0.33
Sigma: 0.46 0.06 0.09 018 096 0.76 0.07 0.06
Sigmamean: 0.15 0.02 0.03 0.06 0.30 0.24 0.02 0.02
cps/eV
50 ps/
40 —
30 —
i
[P|S]|CI]
20 —
10 —
0 II i | +| II
0 2 4 6 8 10 12 14
keV

Fig. 1. Data on the analysis of the tooth erosion site of patient No. 1 (XRF, MultiPoint mode)
Puc. 1. laHHble nNo aHanu3y ydactka apo3un 3yba naumneHTkm N2 1, (PDA, pexum MultiPoint)
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Notably, a high potassium content, reaching up to
1.86% in the affected areas, was observed; in some
cases, though not consistently, this was associated with
elevated titanium levels. Data reported by researchers
from different laboratories regarding potassium content
in healthy enamel are contradictory, although potas-
sium is consistently regarded as a trace element. Our
previous results obtained using laser mass spectro-
metry [8] demonstrated that the potassium mass
fraction in intact enamel does not exceed 0.1% and
is usually considerably lower.

In Patient No. 3, who had been employed for an
extended period at an enterprise producing paints,
coatings, and anticorrosive materials, the potassium
content in the area of deep caries reached 12.64%,
as shown in Fig. 3. In the same region, a substantial
presence of zinc, barium, iron, sulfur, chlorine, manga-
nese, and copper was also detected. Manganese ac-
companied by a similar spectrum of associated trace
elements was identified in another employee of the
same enterprise, who presented not with caries but
with dental erosion.

Mass percent (%)

Spectrum P Ca Ti Zn Sr
510 8.30 90.86 0.26 0.13 0.46
59 773 91.73 0.16 0.13 0.25
58 8.19 91.14 0.26 0.10 0.31
57 7.81 91.42 0.31 0.14 0.32
56 8.08 91.44 0.06 0.10 0.31
55 8.39 90.91 0.25 0.10 0.35
54 8.36 90.94 0.20 0.1 0.39
53 8.30 90.67 0.52 0.13 0.38
52 8.79 90.45 0.30 0.15 0.32
51 8.03 91.29 0.27 0.12 0.29
Mean value: 8.20 91.09 0.26 0.12 0.34
Sigma: 0.31 0.39 0.12 0.02 0.06
Sigma mean: 0.10 0.12 0.04 0.01 0.02
cps/eV
45 ]
40
35 —
30
25
20 - Srlp] Zn
]
15
10
bl IM - 1 1 1 I 1 1 I
2 4 6 8 10 12 14

keV

Fig. 2. Data on the analysis of an intact enamel area near the erosion of tooth in patient No. 1,

(XRF, MultiPoint mode)

Puc. 2. [JJaHHble N0 aHanNn3y y4acTka UHTaKTHOM aManu psaaom ¢ apo3unei 3yba naumeHTkn N2 1,

(PPA, pexxum MultiPoint)
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Mass percent (%)

Spectrum P S Cl K Ca Ti Mn Fe Cu Zn Sr Ba
620 4.07 1.36 1.89 11.86 75.61 0.01 0.25 0.85 0.43 2.22 0.56 0.88
619 3.91 1.16 1.93 12.06 76.61 0.00 0.25 0.77 0.45 1.68 0.37 0.80
618 3.99 1.42 1.95 9.96 78.92 0.00 0.25 0.74 0.39 1.55 0.37 0.45
617 4.21 1.57 219 11.52 74.23 0.00 0.28 0.72 0.35 1.75 0.75 2.49
616 4.57 1.57 2.18 12.55 74.50 0.00 0.31 0.71 0.50 1.70 0.53 0.88
615 5.05 1.73 2.65 14.27 71.71 0.00 0.38 0.93 0.47 1.75 0.44 0.67
614 5.69 1.97 3.80 18.52 65.10 0.00 0.36 1.03 0.57 219 0.49 0.28
613 4.97 1.77 2.52 12.61 73.61 0.00 0.34 0.82 0.48 2.09 0.49 0.28
612 4.46 1.53 212 13.58 74.33 0.00 0.21 0.75 0.41 1.85 0.43 0.33
6 11 4.43 1.41 2.02 11.28 76.78 0.00 0.28 0.83 0.43 1.87 0.37 0.30
610 4.40 1.24 1.81 10.83 77.82 0.00 0.26 0.70 0.41 1.73 0.28 0.54
Mean value: 4.52 1.52 2.28 12.64 74.47 0.00 0.28 0.80 0.44 1.85 0.46 0.72
Sigma: 0.58 0.24 0.57 2.29 3.72 0.00 0.05 0.10 0.06 0.22 0.12 0.63
Sigmamean:  0.16 0.07 0.17 0.69 112 0.00 0.01 0.03 0.02 0.07 0.04 0.19

cps/eV
10—
8—]
6_
4
2
oL
0 2 4 6 8 10 12 14 16

keV
Fig. 3. Data on the analysis of the deep caries area of tooth No. 3, (XRF, MultiPoint mode)

Puc. 3. JaHHble No aHannay yyacTka rnybokoro kapmeca 3yba naumeHnta N2 3, (PDA, pexum MultiPoint)
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The nature of predominant negative changes in the
oral cavity among the patient sample appears to be, to
some extent, specific to each enterprise engaged in
chemical production. Among the workers examined at
an agrobiological facility — where there are no hot work-
shops and industrial dust is not present due to multi-
stage air purification and sterilization in the production
area — dental caries was the most prevalent condition.
For example, Patient No. 4 exhibited pronounced light-
brown pigmentation, with the corresponding spectral
data presented in Fig. 4. The production processes at
this enterprise involve various biological objects, nutri-
ent media, and pharmacologically active compounds,
which may explain the presence of a wide range of ele-
mentsin the inflammatory focus, including chlorine, zinc,
strontium, potassium, titanium, barium, iron, and sulfur.

By contrast, a more technologically advanced faci-
lity is the chemical-pharmaceutical plant operating un-
der GMP requirements, which has implemented tech-
nical and technological solutions to purify workshop
air and create clean zones where the accumulation of
production dust, solvent vapors, and other volatile sub-
stances is minimized. Among the personnel examined
at this facility, no cases of dental caries were detected;
only non-inflammatory conditions were diagnosed,
primarily increased tooth wear and wedge-shaped de-
fects. Moreover, as shown in Fig. 5, Patient No. 5, em-
ployed at this enterprise, exhibited a relatively limited
spectrum of detectable trace elements at low concen-
trations (iron, nickel, zinc), while the content of other
elements was, apparently, below the instrument’s de-
tection threshold.

Mass percent (%)

Spectrum P S Cl K Ca Ti Fe Zn Sr Ba
79 313 090 0.84 175 9199 0.01 048 0.51 019 0.20
78 3.20 073 0.80 170 9212 010 0.51 049 0.15 0.20
77 375 0.65 068 151 9195 0.17 044 043 0.16 0.27
76 3.64 047 059 138 9276 0.5 0.35 042 013 0.11
75 3.47 059 065 135 9271 0.15 0.26 049 0.14 0.417
74 1.31 1.01 110 223 9236 0.11 050 0.74 0.29 0.36
73 1.06 137 146 282 9059 0.31 079 0.78 0.28 0.53
72 1.36 128 157 291 89.57 0.98 0.81 080 0.27 0.46
71 174 128 142 274 89.33 090 065 0.76 0.33 0.85
Meanvalue: 2.52 092 1.01 204 9149 032 0.53 0.60 0.21 0.35
Sigma: 112 033 038 064 132 0.36 019 0.6 0.08 0.23
Sigmamean: 0.37 0.1 013 0.21 044 0.2 0.06 0.05 0.03 0.08
cps/eV

35—

30—

25—

20—

% o PIsICIMK] WiBa

ML\—,.U_LIFH LI B N T ||‘ | I — 1
2 4 6 8 10 12 14 16 18
keV

Fig. 4. Data on the analysis of the caries site of the pigmented tooth of patient No. 4, (XRF, MultiPoint mode)
Puc. 4. laHHble No aHannady ydyactka kapueca nurMeHTMpoBaHHoro 3yba naumeHta N2 4, (PPA, pexum MultiPoint)
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Mass percent (%)

Spectrum P Ca Fe Ni Zn
198 7.44 91.85 0.13 0.18 0.39
197 7.06 92.47 0.09 0.12 0.27
196 8.01 91.72 0.04 0.08 0.15
195 9.15 90.45 0.08 0.11 0.21
194 7.91 91.61 0.07 0.11 0.31
193 7.83 91.65 0.10 0.10 0.33
192 9.00 90.52 0.12 0.09 0.27
191 7.99 91.54 0.12 0.06 0.29
Mean value: 8.05 91.48 0.09 0.10 0.28
Sigma: 0.71 0.68 0.08 0.03 0.07
Sigma mean: 0.25 0.24 0.01 0.01 0.08
cps/eV

50—

40—

30—

20 jiCal P | Ni|

10—

0 I I I I | I I - | A‘% I I | I I I | I I I | I I I | I I I | I I I

0 2 4 6 8 10 12 14 16 18 20

keV

Fig. 5. Data on the analysis of the wedge-shaped tooth defect in patient No. 5 (XRF, MultiPoint mode)
Puc. 5. JaHHble N0 aHanM3y yyacTka KnMHoBuaHoro aedekta 3yba naumeHta N2 5, (POA, pexum MultiPoint)

DISCUSSION

The findings obtained in this study logically inte-
grate into the broader body of knowledge generated
by numerous investigations aimed at identifying the
characteristics of dental disease progression in wo-
rkers involved in chemical production [9-12]. Harm-
ful occupational factors shift the dental status of indi-
viduals toward pathology, with exogenous intoxication
clearly affecting the macro- and microelement com-
position not only in the lesion area but also in adjacent
regions where clinical signs of disease are absent, yet
the elemental composition of the tooth surface already
differs from normal both qualitatively and quantitatively.

The elevated titanium content observed in erosion
zones of teeth among several employees of a metal-
lurgical enterprise is of particular concern for occupa-
tional health services, which would likely identify the
source of this trace element exposure. Titanium itself
is known to be one of the most biocompatible metals,
widely used in medicine, including orthopedic and den-
tal implants. However, first, the examined patients had
no metallic restorations in the oral cavity, and second,
titanium in the hard dental tissues was present in oxi-
dized forms rather than as the pure metal. Whereas ti-
tanium was once considered biologically inert, recent
studies increasingly highlight its potential toxicity: tita-
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nium particles and ions can accumulate in tissues and
induce inflammatory responses [13].

Regarding the concurrent elevation of potassium
and titanium in the pathological zones, such an asso-
ciation requires further investigation, as these elements
perform distinct biological functions and are not direct-
ly linked in biochemical pathways. It should be noted
that among employees of the metallurgical plant, non-
carious lesions predominated, and the Ca/P ratio, ex-
ceeding the normal range and reaching 3.27, indicates
a canonical pattern of enamel demineralization charac-
terized by more rapid dephosphorylation relative to de-
calcification. Notably, XRF spectra from intact enamel
adjacent to erosion returned the Ca/P ratio to 2.19, ef-
fectively restoring it too normal.

In workers at the enterprise producing paints and
anticorrosive materials, the elemental composition
within carious lesions — including essential elements —
exhibited considerable diversity and significant quanti-
tative deviations from normal, particularly for iron, sul-
fur, chlorine, zinc, and barium. The presence of these
elements, incorporated as cations and anions into the
lesion, suggests their direct or indirect involvement in
mineralization processes, whereby their isomorphic
or isoelectronic integration into apatite-like structures
alters the usual kinetics of the opposing demineraliza-
tion process. While classical caries progression typi-
cally reduces the Ca/P ratio from the normal range of
1.9-2.1 [14], in this patient group it increased up to 3.24,
indicating intensified dephosphorylation relative to de-
calcification. This effect may be linked to the simultane-
ous presence in the lesion and saliva of salts comprising
cations of strong bases (strontium, potassium, barium)
and anions of weak acids (sulfides, sulfites), whose hy-
drolysis produces an alkaline environment that reduces
the concentration of hydronium ions responsible for
calcium substitution in hydroxyapatite [15-17].

At the agrobiological enterprise, the number of ca-
ries cases among examined workers was more than
twice that of recorded increased tooth wear, potentially
reflecting variations in work across different production
areas. XRF spectra from carious lesions demonstrated
not only a wide range of trace elements, as in previous
examples, but also similar deviations of the Ca/P ratio
above normal, reaching 5.92 in one patient. In contrast,
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