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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Allergic contact dermatitis is a common
inflammatory skin condition triggered by exposure to specific
allergens on metallurgy.

Objectives: To describe ten cases of occupational contact
dermatitis in metalworkers, focusing on clinical presentation,
latency, allergen identification, and patch test results.

Methodology: Ten workers (seven men and three women),
primarily mechanics, welders, and foundry workers, presented
with dermatitis mainly affecting their hands, forearms, neck,
and face were studied.

Results: Patch testing demonstrated a high prevalence
of sensitization to metals, particularly cobalt chloride and
nickel sulphate, often with severe reactions and frequent co-
sensitization. Other metals, such as vanadium and potassium
dichromate, were less common but clinically relevant in specific
occupational contexts. In several cases, additional sensitization
to additives in cutting oils was identified, indicating exposure
to multiple allergens in industrial settings. Latency periods
varied considerably, from a few months to several decades, with
shorter latencies observed in individuals with a history of contact
allergy. Complete remission was achieved primarily after a job
change, while partial improvement was observed with the use of
personal protective equipment and medical monitoring.

Conclusions: These findings underscore the crucial role of
occupational exposure to metals and industrial fluids in the
development of contact dermatitis and emphasize that effective
allergen avoidance, including job modification, when necessary,
remains the most effective strategy for managing the condition
in affected workers.

Key words. Occupational dermatitis contact, metalworkers,
metals, cutting oils.

Introduction.

Metallurgy is the industry of manufacturing useful objects
based on the shaping and processing of metals. It includes
cutting, joining, and forming processes, and encompasses
a wide variety of work activities, such as welding, forging,
machining, assembly, etc. Metalworkers have an increased
risk of occupational contact dermatitis, primarily on their
hands, due to repeated exposure to allergens and skin irritants
in the workplace [1,2]. The most common exposures involve
oils, greases, metals, leather gloves, rubber materials, and
metalworking fluids (MMFs). MMFs and their components have
been extensively studied and are considered one of the most
common causes of allergic contact dermatitis in metalworkers,
especially those who work with metals, such as lathe operators,
machinists, milling machine operators, etc. [3,4].

Allergic contact dermatitis (ACD) is a common inflammatory
skin condition triggered by exposure to specific allergens. It is
also the most common cause of occupational dermatitis [5,6].
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Cobalt is used in the aluminium-nickel-cobalt alloy for the
manufacture of magnets.

The production of non-magnetic cobalt-based alloys accounts
for approximately 50% of the world's cobalt mining production
each year. These alloys are suitable for extreme working
conditions because they combine toughness, strength, hardness,
and corrosion resistance. Therefore, they are commonly used in
steels resistant to heat, corrosion, or wear from friction.

Their range of applications includes tools of all kinds, steel
wires for resistance bands in radial tires, and discs for cutting
and polishing metals, as well as minor uses in alloys for the
manufacture of prostheses.

The mixture of cobalt and tungsten carbide is especially hard
(90 to 95% of the hardness of diamond). It is used for cutting
parts of metal saws, drills, and drill bits.

Nickel stands out as one of the most prevalent allergens, both
in occupational and non-occupational settings [7,8].

The widespread use of this metal in a broad range of consumer
products, from jewelry and clothing to electronic devices,
food, medical devices, and industrial components, significantly
increases the risk of exposure, sensitization, and the development
of these dermatoses, making it difficult to interpret and identify
the underlying cause of the allergic reaction at the time of
patient observation [5,8].

Hexavalent chromium compounds are widely used in industry
for their anti-corrosive properties, hardness, and durability, and
are found primarily in the chromite processing, electroplating,
paint, pigment, soldering, ferroalloy, fungicide, and corrosion
inhibitor industries [9,10]. Vanadium is a soft, ductile metal
used in some alloys.

Sensitivity to this metal has been linked, in some cases, to
loosening of dentures, as patients have reported eczema or
pruritus near the metal-to-metal junction, a finding supported
by positive results from in vivo studies [11-13]. Cases have also
been described in workers who handled steel [14].

Skin contact allergies in metalworkers are primarily due to
metals and additives in cutting and drilling oils, such as biocides
and other substances. The aim of this study was to describe ten
cases of allergic contact dermatitis in metalworking industry
workers.

Materials and Methods.

We performed a descriptive study about ten cases of contact
dermatitis in metalworkers including variables such as sex,
age, job position, seniority, allergic history, clinical location
of dermatitis and latency period. To determine whether this
dermatitis was irritant or allergic, skin tests were performed
using the standard test battery following the guidelines of the
Spanish Research Group on Contact Dermatitis and Cutaneous
Allergy (GEIDAC) of the Spanish Academy of Dermatology
(Table 1), which is based on the epidemiology and case mix of
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Table 1. Patch-testing application the criteria of GEIDAC.

Allergen battery of cutting and drilling oils
Abietic acid 10%.

Cetylstearyl alcohol (Lanette N) 20%.
Amerchol L101 50%.

p-Aminoazobenzene (Solvent Yellow 1, CI
11000) 1%.

Chloroxylenol 1%.

Chlorocresol 1%.

Chloroacetamide 0.2%.
Dichlorophene 0.5%.
Phenoxyethanol 1%.

Tricresyl phosphate 5%.

Hydrazine sulfate 1%.

Bioban CS 1135 1%.

Bioban CS 1246 1%.

Bioban P 1487 1%.
Benzoisothiazolinone (Proxel) 0.1%.
Benzotriazole 1%.

Propylene Glycol 20%.

Triclosan 2%.

Triethanolamine (Trolamine) 2.5%.

Bronopol (2-Bromo-2-nitropropane-1,3-
diol) 0.5%.

Dibromomethylglutaronitrile (MDBGN)
0.1%.

Trichlorocarbanilide 1%.

Coconut diethanolamide (Cocamide DEA)
0.5%.

Isopropyl myristate 10%.
Dipentene (d-Limonellum) 2%.

Monoethanolamine 2%).
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Metal battery

Copper oxide 5%.

Cobalt chloride 1%.

Potassium dichromate 0.5%.

Zinc 2.5%.
Ammoniacal mercury
chloride (Mercury
chloramide) 1%.
Nickel sulfate 5%.
Cadmium 1%.
Mercury chloride 0.1%.
Palladium chloride 1%.
Sodium thiosulfate 2%.

Silver nitrate 1%.

Ammonium
tetrachloroplatinate 0.25%.

Copper sulfate 0.25%.
Copper sulfate 1%.
Titanium 1%.
Titanium 5%.
Vanadium 0.1%.
Vanadium 1%.
Vanadium 2.5%.
Niobium 0.5%.
Aluminium chloride 2%.
Iron chloride 2%.
Molybdenum 0.5%.
Manganese 1%.

Aluminium chloride.

Anti-oxidant battery

BHA 2%.

BHT 2%.

Tert Butylhydroquinone 1%.
Dodecyl gallate 0.3%.

Octyl gallate 0.3%.

Propyl gallate 0.5%.

Sodium metabisulfite 1%).

Other allergens

Isothiazolone preservatives (Kathon
CG 100 ppm, Benzoisothiazolone
0.1%,

Octylisothiazolone 0.025%).

dyes and pigments:
p-aminoazobenzene.

p-aminophenol.

Disperse Blue 3 (C.1.61505).
Disperse Orange 1 (CI 11080).
Disperse Orange 3 (CI 11005).
Disperse Red 1 (CI 11110).
Disperse Yellow 3 (CI11855).
Disperse Yellow 9 (CI10375).
Eosin.

Bright.

lack 0.1%.

Amaranth 0.1%.

Blue patent.

Bismarck Brown R 0.50%.
rubber additives (PPD mixture) 1%.
PPDA 1%.

Thiuram mixture 1%.
Mercapto mixture 2%.
Mercaptobenzotriazole 2%.

thioureas (dibutyl, diethyl, diphenyl,
ethylenethiourea) 1%.

diphenylguanidine 1%.
diaminodiphenylmethane 0.5%.
ethylenediamine 1%.

ethenamine 1%.



Table 2. Reading criteria of the ICDRG [16].

Symbol Morphology Assessment

_ No reaction Negative reaction

2+ Faint erythema only Doubtful reaction

+ Erythema, infiltration, possibly papules Weak positive reaction
++ Erythema, infiltration, papules, vesicles Strong positive reaction
4+ Intense erythema, infiltrate, coalescing vesicles Extreme positive reaction
IR Various morphologies Irritant reaction

Table 3. Description of the then cases of allergic dermatitis to metals in metallurgical industry workers.

i o . Clinical location of .
Case Sex Age Job position Seniority (years) Allergy history dermatitis Latency period
1 F 24 | Automotive worker 3 None Dermatitis on neck and face. 30 months.
2 F 42 | Automotive industry mechanic 1 Contact cezema from ltching and rash on face, 6 months.
costume jewellery. neck, arms and hands.
3 F 40  Metal coatings (galvanising) 2 Contact eczema from Dermatitis and oedema on 3 months.
costume jewellery hands.
4 M 57 | Automotive maintenance 40 None Eoei*l)natltls on hands (Figure 35 years.
5 M 46 Steel foundry ) Dermatitis on hands due Derrnatlt}s and (o)edema on 5 nths.
to cement. hands (Figure n° 2)
Itching and rash on arms,
6 M 60 Steel foundry 10 None runk and body. 10 years
7 M 54  Automotive industry mechanic 14 None Dermatitis on hands 11 years
8 M 41  Welder and metal polisher 22 None Dermatits on neck and face. 20 years
9 M 57 |Steel welder 40 None Dermatitis on forearms. 39 years
10 M 44  Automotive industry mechanic 5 None Dermatitis on hands. 4 years

Table 4. Results of Epicutaneous tests with allergens from the patients' work environment (readings at 48 and 96 hours) and the evolution of the
patients after diagnosis.

Positive results for additives in cutting
and drilling oils in patch tests (48 and 96  Evolution
hours)

Positive results for metals in patch tests

S (48 and 96 hours)

Cobalt chloride +++ . . .
1 Nickel sulphate ++ Negative Remission after change of job.

Cobalt chloride ++ . o .
2 Nickel sulphate ++ Negative Remission after change of job.

Cobalt chloride +++

3 Nickel sulphate ++ Negative Improvement with PPE and medical control.
Vanadium ++
4 Vanadium ++ Negative Improvement with PPE and medical control

Nickel sulphate +++
Potassium dichromate +++

5 Vanadium + Negative Change of job position.
Iron chloride +
ide +
6 Cobalt chloride Negative Change of job position

Nickel sulphate +

. Aminoazobenzene +.

Cobalt chloride +++ . ..
+

7 Potassium dichromate -+t MDBGN Change of job position.

Propylene glycol +
8 Cobalt chloride + Aminoazobenzene +. Change of job position
Cobalt chloride + Negative Improvement with PPE and medical control
-Cetylstearyl alcohol +++
-Aminoazobenzene +++
Cobalt chloride ++ -Benzotriazole +++ . .
10 Nickel sulphate ++ ~Abietic acid ++ Change of job position
-Propylene glycol ++

-Benzoisothiazolinone +++
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Figure 1. Dermatitis on both hands in an automotive industry
maintenance worker.

Figure 2. Dermatitis and oedema of both hands in a steel foundry
worker.

our environment [15]. Their guidelines are similar to those of the
International Contact Dermatitis Research Group (ICDRG).9).
The evaluation of the effects according to the results obtained
from the patch tests at 48 and 96 hours (D2, D4) is described
in Table 2 [16]. Patch tests readings with allergens from the
patients' work environment and other substances of occupational
origin, as well as the evolution of the patients, were taken at 48
hours (D2) and 96 hours (D4).

Results.

The characteristics of the workers based on the information
collected and patch tests are shown in Tables 3 and 4.

Characteristics of workers studied:

The characteristics of the workers based on the information
collected are shown in Table 3. The cases predominantly
affected male workers (7 men and three women) and the age
range was broad (24-60 years). Ten workers were analysed
(seven men and three women). Primarily mechanics, welders,
and foundry workers, presented with dermatitis mainly affecting
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their hands, forearms, neck, and face. Three workers presented
allergic history and latency periods varied considerably,
from a few months to several decades, with shorter latencies
observed in individuals with a history of contact allergy clinical
location of dermatitis, latency period, positive results for
metals from patch tests with allergens from the patients' work
environment (readings at 48 and 96 hours) and other substances
of occupational origin, as well as the evolution of the patients.

Most worked in occupations related to the automotive or
metal processing industries, including mechanics, welders,
foundry workers, and electroplating personnel, all with frequent
exposure to metals, chemicals, oils, and cement. The hands,
forearms, neck, and face were the most affected areas, consistent
with areas of direct occupational exposure.

A history of contact allergy to costume jewellery was reported
in two female cases, both with short latency periods (3—6
months), suggesting that prior sensitization to metals may
accelerate the onset of occupational dermatitis. In contrast, most
workers without a known allergy history had longer latency
periods, ranging from several years to decades. The latency
period varied considerably, from 3 months to 39 years, and
appeared to be influenced by both allergy history and duration
of exposure.

Clinically, hand dermatitis was the most frequent presentation.
More generalized or extensive involvement (arms, trunk, and
body) was observed in cases with longer exposures.

Patch tests results:

The patch tests results with allergens from the patients' work
environment (readings at 48 and 96 hours) and the evolution of
the patients are described in Table 4.

A high frequency of metal sensitization was observed through
patch testing in this case series, particularly cobalt chloride and
nickel sulphate, often with severe reactions and frequent co-
sensitization. Other metals, such as vanadium and potassium
dichromate, were less common but clinically relevant in specific
occupational contexts.

In several cases, additional sensitization to additives in cutting
and drilling oils was identified, indicating exposure to multiple
allergens in industrial settings. Complete remission was
achieved primarily after a job change, while partial improvement
was observed with the use of personal protective equipment and
medical monitoring.

Patch tests revealed metal sensitization with high frequency
in this case series, particularly to cobalt chloride and nickel
sulfate, which were the most frequently positive allergens.
Cobalt sensitization was observed in most cases, often with
intense reactions (++ to +++), either alone or in combination
with nickel.

Nickel sulfate was also commonly positive, especially in
cases with intense reactions (+++), reinforcing its recognized
importance as an occupational and non-occupational contact
allergen. Vanadium and potassium dichromate were detected
less frequently but showed significant clinical relevance in
certain cases, especially in workers exposed to metal alloys,
where dichromate reactions were intense (+++).

Sensitivity to ferrous chloride was infrequent and weak,
suggesting a minor contributing role. Only in case 5 is a weakly



positive response to iron chloride observed, both in D2 (+) and
in D4 (+).

Conversely, potassium dichromate was associated with severe
reactions and required job modification, consistent with its
known high allergenic potential in industrial settings.

Patch testing for non-metallic allergens was negative in most
cases; however, several workers showed positive reactions to
components of cutting oils, such as aminoazobenzene, MDBGN,
benzotriazole, benzoisothiazolinone, propylene glycol, and
abietic acid. These findings indicate multiple sensitization in
some workers, particularly those with prolonged exposure to
industrial fluids.

Regarding clinical outcomes, the results were closely related
to exposure control.

Complete remission was primarily achieved after a job change,
indicating that avoiding contact with allergens was crucial
for disease resolution. Partial improvement was observed in
cases where exposure was reduced through the use of personal
protective equipment (PPE) and medical surveillance, suggesting
that while protective measures may mitigate symptoms, they
may be insufficient in the presence of intense sensitization.

Discussion.

The development of allergic contact dermatitis (ACD) in the
metallurgical industry is a complex process where the work
environment acts as a catalyst for sensitization. The skin barrier
in metalworkers is frequently compromised by repetitive micro-
trauma, abrasions, and the chronic use of aggressive industrial
soaps and degreasers that strip the skin of its natural lipid layer
[17]. The cases predominantly affected male workers (7/10),
reflecting the male predominance in these industries.

Accordingto currentliterature, the role ofthe microenvironment
at the skin surface appears to be critical. Sweat, characterized
by an acidic pH, has been reported to promote the corrosion of
metallic micro-particles deposited on the skin. This chemical
reaction facilitates the release and ionization of metals such
as Ni** and Co?", making them bioavailable for penetration
through the stratum corneum [18]. Once these ions enter the
epidermis, they act as haptens, binding to endogenous proteins
to form full antigens capable of triggering a T-cell-mediated
Type IV delayed hypersensitivity response [19]. This proposed
mechanism from prior studies could explain why areas such as
the neck or arms—where friction and perspiration are frequent—
are affected, even when primary contact occurs on the hands.

This synergistic effect of the industrial environment is
particularly evident in the case of cobalt and nickel. Although
nickel sensitivity is more common than cobalt sensitivity, the
two are frequently associated in metalworkers due to their
simultaneous release from alloys under the corrosive conditions
described above. In this context, Rystedt and Fischer reported
that one-quarter of nickel-sensitive patients developed cobalt
allergy, and patients with simultaneous nickel and cobalt
allergies present with more severe dyshidrotic eczema [20].

Cobaltis found in various materials. Hard metal is manufactured
by a powder metallurgy process in which approximately 90%
tungsten carbide, small amounts of other metal carbides, and
polyethylene glycol are mixed with approximately 10% metallic
cobalt, which is used as a binder. Hard metal manufacturing
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involves pressing, forming, sintering, polishing, and etching or
color marking. Inhalation exposure to cobalt can cause cobalt-
related asthma. Hard metalworkers may experience coughing,
wheezing, and shortness of breath, which typically improve
over weekends and holidays [21]. Localized contact dermatitis
has also been reported due to occupational exposure to cobalt in
the hard metals industry [22-24].

Nickel is the most common cause of allergic contact
dermatitis, predominantly affecting women. It is mainly due to
early contact with jewellery and clothing containing this metal,
or other skin contact with nickel-containing objects. However,
occupational exposure should not be overlooked. In fact, nickel-
related allergic contact dermatitis is one of the most common
occupational dermatoses, affecting workers in various sectors
due to continuous exposure to this allergen in the workplace,
as it is a metal frequently found in industrial and occupational
products [6,8,25].

In the workplace, repeated exposure to nickel can lead to its
deposition in the skin, which can cause chronic eczema and
allergic contact dermatitis [7,26]. According to some published
studies, the prevalence of occupational nickel dermatitis can
reach up to 12% of all cases of occupational contact dermatitis
[27].

The carcinogenic effects of nickel compounds are well known,
affecting the lungs and nasal passages [28].

The hexavalent chromium compounds are sensitizers of skin
and lung [29].

Chronic exposure to hexavalent chromium compounds can
cause ulcerations and perforations of the nasal septum. In a
study of 2,869 shipyard welders in Korea, found eleven cases
of nasal septum perforation with no previous history of trauma,
surgery, diseases or medication use which could explain these
perforations [30].

Chronic exposure can also cause respiratory disorders,
which may take the form of bronchitis, pneumonia, decreased
pulmonary function or pneumoconiosis [31-33]. Furthermore,
hexavalent chromium is an occupational carcinogen associated
with lung cancer and sinus and nasal cancer. The International
Agency for Research on Cancer (IARC) has concluded that there
is sufficient evidence in humans to confirm the carcinogenicity
of hexavalent chromium compounds as encountered in chromate
production, chromate pigment production and chromium plating
industries [34,35].

Vanadium is present in the alloys used in medical devices
(dental implants, prostheses, etc.). Other sources of exposure,
such as jewellery, tattoos, and metal tools, should also be
considered.

Garcia-Nunez et al. [14] reported a case of allergic contact
dermatitis caused by vanadium in a steel manufacturing worker.

Iron is a typical component of industrial products containing
metals, particularly steel alloys. Furthermore, iron oxide
pigments are components of tattoo inks and permanent makeup.
Cases of occupational allergic contact dermatitis to iron have
been reported among enamellers, toolmakers, and steel welders
[36].

The persistence of these dermatoses across different metallic
exposures despite the use of personal protective equipment
(PPE) warrants careful analysis. Based on evidence reported



in the literature, this phenomenon may result from direct and
unintended effects of the protective equipment itself. Previous
studies have demonstrated that, although gloves serve as the
primary defensive barrier, their improper use can lead to the
so-called “occlusive effect.” If metallic particles (such as nickel,
cobalt, chromium, or vanadium) or industrial fluids contaminate
the inner surface of gloves, the resulting occlusion increases
skin temperature and perspiration. These conditions maintain
the acidic pH that facilitates metal ionization [18] and enhance
the permeability of the stratum corneum, thereby potentially
increasing allergen penetration. This mechanism, described in
prior studies, may explain why some workers in our series showed
only partial improvement despite the use of standard PPE.

Metalworkers use cutting oils whose components,
such as aminoazobenzene, propylene glycol,
dibromomethylglutaronitrile, and isothiazolones, among other
substances, are responsible for a wide range of dermatological
contact allergies [2,3,38-40], in addition to the metals already
mentioned, such as cobalt, chromium, nickel, and vanadium,
among others. Therefore, the main efforts should be focused on
controlling exposure to these substances.

Conclusion.

This case series highlights that allergic contact dermatitis
remains a significant occupational health problem in the
metalworking industry, primarily due to exposure to metals and
metallurgical fluids. Cobalt chloride and nickel sulphate were
found to be the most frequent and clinically relevant allergens,
often producing strong patch test reactions and, in several
cases, co-sensitization. Vanadium and potassium dichromate,
although less prevalent, showed clear relevance in specific work
environments and were associated with severe or persistent
dermatitis.

According to current evidence, the development of these
dermatoses results not exclusively from direct contact but
from a complex interplay between the industrial environment
and the worker’s skin biology. Theoretical models proposed
in the literature suggest that disruption of the skin barrier by
aggressive industrial cleansers and micro-trauma, together with
the corrosive effect of acidic sweat on metal particles, may
create a high-risk scenario for ion penetration and subsequent
sensitization. This mechanism could account for the clinical
observation that dermatitis often extends beyond the hands to
areas such as the neck and face, where friction and perspiration
are more pronounced.

The wide variability in latency periods, ranging from a
few months to several decades, suggests that both prior
sensitization and cumulative exposure play a significant role
in the development of the disease. Workers with pre-existing
metal allergies tended to develop occupational dermatitis
more rapidly, while prolonged exposure over many years was
associated with chronic and, in some cases, more extensive
clinical presentations.

The components of cutting oils contributed to multiple
sensitizations in some workers, underscoring the multifactorial
nature of occupational dermatitis in metalworking environments.
This reinforces the need to evaluate not only metals but also
auxiliary substances such as biocides, preservatives, and
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additives in metalworking fluids during patch testing.

From a clinical and preventative perspective, avoiding
the causative allergen was the most effective intervention.
Complete remission was primarily achieved after a job change,
while partial improvement was observed with reduced exposure
through the use of personal protective equipment and medical
monitoring. These findings emphasize that in cases of severe
sensitization, protective measures alone may be insufficient,
probably related to the paradoxical “occlusive effect” of gloves
reported in the literature—where sweat and trapped metallic
particles can actually accelerate ionization and skin penetration,
potentially hindering full recovery.

Early identification of sensitization, strict control of exposure,
specific health surveillance and, when necessary, reinforce the
use of personal protective equipment or job modification are key
strategies for preventing chronic diseases, reducing morbidity,
and improving long-term outcomes for metalworkers.

REFERENCES

1.Goon AT, Goh CL. Epidemiology of occupational skin disease
in Singapore 1989-1998. Contact Dermatitis. 2000;43:133-136.
2. Alinaghi F, Havmose M, Thyssen JP, et al. Contact allergy to
metals in metalworkers: A systematic review and meta-analysis.
Contact Dermatitis. 2023;88:1-9.

3. Grattan CEH, English JSC, Foulds IS, et al. Cutting fluid
dermatitis. Contact Dermatitis. 1989;20:372-376.

4. Schubert S, Brans R, Reich A, et al. Contact sensitization
in metalworkers: data from the information network of
departments of dermatology (IVDK), 2010-2018. Contact
Dermatitis. 2020;83:487-496.

5. Li Y, Li L. Contact Dermatitis: Classifications and
Management. Clinical reviews in allergy & immunology.
2021;61:245-281.

6. Diepgen TL, Ofenloch RF, Bruze M, et al. Prevalence of
contact allergy in the general population in different European
regions. Br J Dermatol. 2016;174:319-329.

7. Ahlstrom MG, Thyssen JP, Wennervaldt M, et al. Nickel
allergy and allergic contact dermatitis: A clinical review of
immunology, epidemiology, exposure, and treatment. Contact
dermatitis. 2019;81:227-241.

8. Ahlstrom MG, Thyssen JP, Menné T, et al. Prevalence of
nickel allergy in Europe following the EU Nickel Directive - a
review. Contact dermatitis. 2017;77:193-200.

9. Centres for Disease Control and Prevention. NIOSH.
Criteria for a Recommended Standard. Occupational Exposure
to Hexavalent Chromium. 2013 USA. www.cdc.gov/niosh/
docs/2013-128/default.htlm

10. National Institute for Occupational Safety and Health
(NIOSH). Manual of Analytical Methods (NMAM) Fourth
Edition. Chromium, Hexavalent: Method 7605, 2003. www.
cdc.gov/niosh/docs/2003-154/pdfs/7605.pdf

11. Asemota E, Scheman AJ, Brod BA. Hypersensitivity
reactions to metallic implants containing vanadium. Dermatitis.
2016;27:387-388.

12. Engelhart S, Segal RJ. Allergic reaction to vanadium causes
a diffuse eczematous eruption and titanium alloy orthopedic
implant failure. Cutis. 2017;99:245-249.



13. Granchi D, Cenni E, Tigani D, et al. Sensitivity to implant
materials in patients with total knee arthroplasties. Biomaterials.
2008;29:1494-1500.

14. Garcia-Nunez I, Algaba-Marmol M-A, Suarez-Vergara
M, et al. Vanadium contact dermatitis: Case report and studies
performed. Contact Dermatitis. 2019;80:127-128.

15. Hervella-Garcés M, Garcia-Gavin J, Silvestre-Salvador
JF. Actualizacion de la serie estandar espafiola de pruebas
alérgicas de contacto por el Grupo Espaiiol de Investigacion en
Dermatitis de Contacto Alergia Cutanea (GEIDAC) para 2016.
Actas Dermosifiliogr. 2016;107:559-566.

16. Johansen JD, Aalto-Korte K, Agner T, et al. European
Society of Contact Dermatitis guideline for diagnostic patch
testing - recommendations on best practice. Contact Dermatitis.
2015;73:195-221.

17. Wolf R, Parish LC. Effect of soaps and detergents
on epidermal barrier function. Clinics in Dermatology.
2012;30:297-305.

18. Midander K, Pan J, Wallinder 1.0, et al. Nickel release
from nickel particles in artificial sweat. Contact Dermatitis.
2007;56:325-330.

19. Martin S.F. Contact dermatitis: from pathomechanisms to
immunotoxicology. Experimental Dermatology. 2012;21:382-
389.

20. Rystedt I, Fischer T. Relationship between nickel and
cobalt sensitization in hard metal workers. Contact Dermatitis.
1983;9:195-200.

21. Stuckert J, Nedorost S. Low-cobalt diet for dyshidrotic
eczema patients. Contact Dermatitis. 2008;59:361-365.

22. Schwartz L, Peck SM, Blair KE, et al. Allergic dermatitis
due to metallic cobalt. Journal of Allergy. 1945;16:51-53.

23. Skog E. Skin affections caused by hard metal dust. Industrial
Medicine & Surgery. 1963;32:266-268.

24. Asano Y, Makino T, Norisugi O, et al. Occupational cobalt
induced systemic contact dermatitis. European Journal of
Dermatology. 2009;19:166-168.

25.Rui F, Bovenzi M, Prodi A, et al. Nickel, cobalt and chromate
sensitization and occupation. Contact Dermatitis. 2010;62:225-
231.

26. Lidén C, Skare L, Nise G, et al. Deposition of nickel,
chromium, and cobalt on the skin in some occupations assessment
by acid wipe sampling. Contact Dermatitis. 2008;58:347-354.
27. Shum KW, Meyer JD, Chen Y, et al. Occupational contact
dermatitis to nickel: experience of the British dermatologists
(EPIDERM) and occupational physicians (OPRA) surveillance
schemes. Occup EnvironMed. 2003;60:954-957.

249

28. SCOEL. Recommendation from the Scientific Committee
on Occupational Exposure Limits for nickel and inorganic
nickel compounds SCOEL/SUM/85 June 2011. https://www.
ser.nl/api/Mfiles/DownloadFirstDocument?Id=bc7c4a92-81el-
430a-b7bf-784ba8178bal

29. Barceloux DG, Barceloux D. Chromium, Journal of
Toxicology: Clinical Toxicology. 1999;37:173-194.

30. Lee CR, Yoo CI, Lee JH, et al. Nasal Septum Perforation of
Welders. Ind Health. 2002;40:286-289.

31. Agency for Toxic Substances and Disease Registry
(ATSDR) (2012). Toxicological profile for chromium. Atlanta,
GA: US Department of Health and Human Services, Public
Health Service, Agency for Toxic Substances and Disease
Registry. http://atsdr.cdc.gov/toxprofiles/tp7.pdf

32. Gibb HJ, Lees PSJ, Pinsky PF, et al. Lung cancer among
workers in chromium chemical production. Am J Ind Med.
2000;38:115-126.

33. Calvo-Cerrada B, Sanz-Gallen P, Marti-Amengual G, et al.
Increased urine chromium concentrations in a worker exposed
to lead chromate due to medicinal herb intake. International
Journal of Occupational and Environmental Safety. 2021;5:16-
24,

34. International Agency for Research on Cancer (IARC).
IARC monographs on the evaluation of the carcinogenic risk
of chemicals to man: chromium, nickel, and welding. Lyon,
France: World Health Organization, International Agency for
Research on Cancer. 1990;49:249-256.

35. Costa M, Klein CB. Toxicity and carcinogenicity of
chromium compounds in humans. Critical Reviews in
Toxicology. 2006;36:155-163.

36. Oppel E, Kapp F, Bohm A-S, et al. Contact sensitization to
iron: A potentially underestimated metal allergen and elicitor
of complications in patients with metal implants. Contact
Dermatitis. 2022;86:531-538.

37. Lessmann H, Schnuch A, Geier J, et al. Skin-sensitizing
and irritant properties of propylene glycol. Contact Dermatitis.
2005;53:247-259.

38. Sanz-Gallen P, Barrot C, Herrera-Mozo I, et al. Occupational
contact dermatitis due to organic bromine compounds. Current
Allergy & Clinical Immunology. 2024;37:98-101.

39. Uter W, Werfer T, Lepoittevin J-P, et al. Contact Allergy—
Emerging Allergens and Public Health Impact. Int. J. Environ.
Res. Public Health. 2020;17:2404.

40. Warshaw EM, Hagen SL, Sasseville D, et al. Occupational
Contact Dermatitis in Mechanics and Repairers Referred for
Patch Testing: Retrospective Analysis from the North American.
Dermatitis. 2017;28:47-57.



	Title

