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Department of Dermatovenerology SZU We performed a retrospective analysis of the etiology of the occupation-
Roosevelt Hospital al dermatoses caused by metalworking fluids in three regions of Cen-
Nam. L. Svobodu 1 tral Slovakia (population of approximately 2 million) between 2000 and

2012. The primary aim was the analysis of metalworking fluid-induced
dermatoses, which involved determining the particular disease type (al-
surbancek@nspbb.sk lergic or irritant), its regional distribution, and the specific chemical caus-
ing the disease. The secondary aim of the study was to assess the level of
knowledge and competence among dermatologists in performing patch
testing for allergens contained in metalworking fluids using a study-spe-
cific questionnaire.

Of the total number of 422 dermatoses during the analyzed period, 64
(41 in men and 23 in women) were caused by metalworking fluids. The
implicated fluids were all aqueous, synthetic MWFs. 39 patients devel-
oped an allergic and 25 an irritant-induced contact dermatitis. 51 pa-
tients were tested using a special Trolab® metalworking battery (Almirall
Hermal GmbH, Reinbek, Germany). The test identified a positive reaction
to one of the following chemicals: methylchoroisothiazolinone/methy-
lisothiazolinone (MCI/MI), formaldehyde, 1,2-benzisothiazoline-3-one,
abietic acid, chloroxylenol, triclosan, amerchol L101, dichlorophene,
propylenglycol, metylene (bis-methyl oxazolidine), monoethanolamine,
and diethanolamine. The questionnaire showed that a large majority of
Slovak dermatologists have no experiences with testing of MWFs.
Metalworking fluids were found to be the most frequent cause of occu-
pational contact dermatitis. They also are the second largest group of all
occupational dermotoses. Their incidence corresponded with the pres-
ence of machine industry in the region. Several unresolved problems
include detection of specific allergens and standardization of patch test
performance among individual dermatologists. Low levels of experience
in testing of MWFs revealed need to educate both dermatologists and
residents.
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INTRODUCTION

The metal-working compounds (MWFs) (syn-
onyms include cooling emulsions, technical lubrica-
tion liquids) are one of the most frequent causes of
occupational dermatoses worldwide. Their toxic and
allergic effects are exacerbated by the following fac-
tors: cumulative exposure, maceration by humidity
and synthetic soaps, micro-traumatization by metal
particles, alkaline pH, use of aggressive detergents,
and failure to use protective gloves. Currently, the use
of emulsifiable compounds with a higher irritation
and allergenic potential is prevalent (1) Additionally,
chemicals used in metalworking may cause both skin
and respiratory allergies (2). The risk of occupational
eczemas caused by cutting fluids developing into the
state of chronicity is significant. Pryce et al. state that
in 7% of metal workers the symptoms persisted for 2
years after being switched to another job (3). We ana-
lyzed the occurrence of occupational eczemas and
dermatoses in the region of Central Slovakia caused
by cutting fluids over the course of 2000 to 2012.

METHODS

We performed a retrospective analysis of inci-
dence and etiology of occupational dermatoses in
three counties — Banska Bystrica, Zilina, and Trencin
(30 districts, population of approximately 2 million),
evaluated at the Regional Occupational Skin Diseases
Referral Center. All patients were assessed by regional
dermatologists. Allergic contact dermatitis was linked
by positive patch test to either MWFs or their compo-
nents. Diagnosis of irritant dermatitis was based on
personal and work history and an elimination/exposi-
tion test. The analysis of metalworking fluid-induced
dermatoses involved determining i) the particular
disease type (allergic or irritant), ii) its regional dis-
tribution, and iii) the specific chemical causing the
disease.

The assessment of specific chemicals was per-
formed in a subgroup of 51 patients tested using a
special test battery for metalworking compounds,
Trolab® (Almirall Hermal GmbH, Reinbek, Germany).

Causative clinical relevance of positive tests was also
evaluated.

The secondary aim of the study was to assess the
level of knowledge and competence among derma-
tologists in performing patch testing for allergens
contained in metalworking fluids. This was done us-
ing a study-specific questionnaire that was sent to 46
private dermatologists.

RESULTS

From a total of 422 cases of occupational skin dis-
eases, 64 were dermatoses caused by metalworking
compounds (41 in men and 23 in women, average
age of 38.5 years). Metalworking fluids were found
to be the second most frequent cause of all occupa-
tional dermatoses and the most frequent form of oc-
cupational contact dermatitis (Table 2).

The regional occurrence of dermatitis induced by
metalworking compounds corresponded to the den-
sity of the engineering industry. The highest number
of cases of occupational dermatitis and eczema was
recorded in districts in Northern Slovakia (Figure 1).

Toxic/irritant dermatitis was diagnosed in 25 pa-
tients (Figure 2), and allergic contact eczema in 39.
In 38 patients the symptoms were localized to the
hands; in 26 both the hands and forearms were af-
fected.

The following fluids were the most frequent
causes of the disease: Cimstar MB 604 (8 patients),
Castrol Sintolin EBD and Castrol Honillo 981 (5 pa-
tients), Ecocool 68 CF2 (4 patients), Castrol DC 282
and Macron Shell (3 patients) (Table 3). 54 of the 64
cases (84.3%) of dermatitis were caused by synthetic
MWFs.

Specific allergens were identified in 23 patients. A
positive reaction to (MCI/MI) was identified in 5 cases,
formaldehyde in 4, sodium salt of the 1,2-benziso-
thiazoline-3-one in 4, triclosan in 2, abietic acid in
2, and methylene-bis-(methyl-oxazolidine), propyl-
ene glycol, amerchol L101, chloroxylenol, diethanol-
amine, and monoethanolamine in 1 case each (Table

Table 1. Questionnaire used to evaluate the level of knowledge on the methodology of performing patch

tests for potential allergens in metalworking fluids

1. Do you use patch testing with metalworking fluids as a part of | yes No
your clinical practice? (continue) (do not continue)
2. | test metalworking fluids As is In serial dilutions
3. Do you use the different dilutions for pure and dirty fluids? Yes No
4. Do you test the control group? Yes No
5. Do you consider the pH of the fluid? Yes No
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Figure 1. Occurrence of occupational metalwork-
ing compounds-induced dermatitis in the regions of
Central Slovakia. The highest incidence in the north-
wern regions of Central Slovakia correlates with the
highest number of engineering factories .

4).The clear clinical relevance was proven only in two
patients: allergy to formaldehyde in the first and to
MCI/Ml in the second.

The study-specific questionnaire was filled out by
46 dermatologists in private practices. It showed that
40 of the 46 do not test for individual metalworking
fluids from the patient’s workplace. The technique
used for patch testing differed among the 6 physi-
cians who reported testing the patients.

Table 2. Occurrence and causes of occupational
dermatoses in the region of Central Slovakia be-
tween 2000 and 2012

Cause No. cases
Trichophytia 100
Metalworking fluids 64
Scabies 62
Metals (Ni, Cr, Co) 49
Rubber 43
Plastics and glues 29
Orf 18
Disinfectants 10
Colophony 6
Alkalies 5
Hair dyes + cosmetics 5
Textile and leather dyes 5
Erysipeloid 4
Medicaments 3
Industrial vaselines 3
Others 16
Total 422

Figure 2. Irritant contact dermatitis from metalwork-
ing fluid on the hands and forearms in a female pa-
tient

DISCUSSION

Working with metals involved several procedures
for shapening raw prefabricated metal into the final
product, such as tools and engineering components.
The main function of metalworking fluids is cool-
ing, lubrication, and flushing. Despite automation
or semi-automation, which significantly reduces di-
rect contact with the material, the working process
still requires some direct contact. The most exposed
parts of the body are the hands and forearms (4). The
use of work gloves is limited by the fact that it makes
performing fine tasks more difficult and risks a glove
getting stuck in the machine.

Metalworking compounds are divided into pure
oils, which usually have anticorrosive qualities and
lubrication capabilities under a heavy mechanical
burden, and soluble oils, which are mostly used for
cooling and lubrication. The soluble oils are further
divided into emulsifiable (containing 40-60% mineral
oil), semi-synthetic (10-50% mineral oil) and synthetic
(without any mineral oil) (5,6). In our patient popula-
tion, all cases of occupational dermatoses were found
to be the result of skin contact with soluble oils. All of
those oils except for 5 were found to be the cause of
dermatoses in the patients.

A wide variety of additives are used to improve
the physical qualities of the individual fluids. These
include emulsifiers, stabilizers/antioxidants, high-
pressure additives, anti-foam additives, corrosion
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Table 3. Sources of professional contact dermati-
tis from metalworking fluids (MWFs) (N=64)*

Source T‘n’m;’f ACD |ICD | Total
Cimstar MB604 S 6 2 8
Castrol Sintolin EBD S 4 1 5
Castrol Honillo 981 NO 5 0 5
Ecocool 68 CF2 S 4 0 4
Castrol DC 282 S 1 2 3
Shell Macron 221CM NO 2 1 3
Concor S 0 2 2
Castrol Syntilo 2000 S 2 0 2
Hosmac S 928.9 S 1 1 2
Sulnite UP S 2 0 2
Aralux RP S 0 1 1
Imexim TS S 1 0 1
Trim C270 S 1 0 1
Cut-Max 570 S 1 0 1
Petropal ? 0 1 1
Wiolan HS NO 1 0 1
Manpower ? 1 0 1
Hosmac AL 120 S 1 0 1
Hosmac S 558 S 0 1 1
Fluid H NO 1 0 1
Mobil DTE 25 S 1 0 1
Shell Adrana D 208 S 1 0 1
Mobilcut 232 S 0 1 1
Castrol Rustilo DWX 30 NO 1 0 1
Shell Metalina E3203 S 1 0 1
Aral Resilan LD S 0 1 1
SG 1650 2C ? 1 0 1
NS ? 0 11 11
Total 39 | 25| 64

* ACD = allergic contact dermatitis, ICD = irritant
contact dermatitis, NO = neat oil, S = synthetic/semi-
synthetic, NS = not specified, ? = unknown

inhibitors, and perfume components. In terms of
dermato-allergology the most significant allergens
include preservatives. Some of them release formal-
dehyde, colophony (emulsifier), epoxides, and mer-
captobenzothiazol (corrosion inhibitors) (4).

Our understanding of occupational sensitization
caused by micro particles of metals during working is
inconclusive. EU regulations regard alloys as sensitiz-
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ers if they contain at least 1% of an allergenic metal.
The most frequent contact allergen in engineering is
chromium followed by nickel and cobalt. (7)

In this study, the most frequent allergens were
found to be formaldehyde releasers - MCI/MI, 1,2-
benzisothiazoline-3-one, and formaldehyde. Clear
clinical relevance was proven only in two patients (in
1 for formaldehyde and in 1 for MCI/MI). This num-
ber is surprisingly low. This fact could be explained as
follows: an important issue related to testing metal-
working compounds is identifying their composition.
Fluid composition is often a trade secret. Material
safety data sheets include only general information.
As a consequence, confirmation of presence of posi-
tive tested allergen in MFW is sometimes difficult. As
a result, the dermatologist is often unable to judge
the clinical relevance of a positive test.

Nevertheless, our results correspond with those of
Grattan English and Foulds, who tested 174 patients
with dermatitis caused by cutting fluids. Biocides,
formaldehyde-releasing and non-releasing, were the
most frequent cause of dermatitis among their pa-
tient population (8). In the Finnish study metalwork-
ing fluids were the most common source of sensitiza-
tion to formaldehyde and formaldehyde releasers (9).
In our study, only compounds of cutting fluids were
analyzed, whereas nickel and other metals were not
included in our analysis. Brinkmeier et al. performed
review of 408 metalworkers and obtained a positive
patch test for Biobans P 1487, CS 1246, and CS 1135
in 13 patients (3.4%). Most of the reactions were a
weak positive and could be reproduced on re-testing
in only 2 out of 10 patients (10). In another study 160
metalworkers were investigated from 1999 to 2001.
Sensitization to monoethanolamine, collophonium/
abietic acid, and fragrance mixes was most frequent-
ly observed. Diethanolamine, formaldehyde, and
formaldehyde releasers have also been identified as
important allergens (11). Another German study (12)
found that among the current MWF allergens, mono-
ethanolamine ranked the 1%, with 11.6% positive
reactions. Diethanolamine (3.0%), triethanolamine
(1.1%), and diglycolamine (1.9%) elicited positive
reactions far less frequently. Allergic reactions to p-
aminoazobenzene were frequently observed (6.0%),
but the relevance of these reactions is still obscure.
Aside from traditional allergens, some new allergens
appeared during the past decade, including diglyco-
lamine (13), imazalil (14), and sodium pyrithione (15).

The occurrence of occupational dermatoses
caused by metalworking compounds varies. De Boer
puts the occurrence of dermatitis at 27% of 286 met-
alworkers in the Netherlands. By far the most cases
were of irritant origin; in only 2.8% was a contact sen-
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Table 4. Identified allergens (N=51)

Allergen I\::;:\n “ll‘l°°n-1|:n Total reclleiC:\c:cle
MCI/MI 4 1 5 1
Formaldehyde 4 0 4 1
1,2-Benzisothiazoline-3-one, sodium salt 4 0 4 0
Triclosan 2 0 2 0
Abietic acid 1 1 2 0
Methylene-bis-(methyl-oxazolidine) 1 0 1 0
Propylene glycol 1 0 1 0
Amerchol L101 1 0 1 0
Chloroxylenol 1 0 1 0
Monoethanolamine 1 0 1 0
Diethanolamine 1 0 1 0
Total 21 2 23 2

sitization established (5,6). Alomar et al. and Key et al.
state that 80% cases of dermatoses are caused by ir-
ritation and only 20% by allergies (4,16). Grattan et al.
tested 174 patients with suspected allergy to cutting
fluids and documented allergic reactions in as many
as 43% of the cases (5). In our group, 2/3 of the reac-
tions were allergic (17). Since we documented a lack of
standardization in testing of individual metalworking
compounds, the question remains whether all posi-
tive reactions to metalworking fluids constitute proof
of the allergy. The testing of fluids varies depending
on the practices of a particular workplace. This may
be the cause of false positive or negative reactions.
This fact was confirmed by a short questionnaire ad-
dressed to 46 dermatologists in private practices. 40
of 46 responders do not test metalworking fluids at
all. This outcome was surprising. A large majority of
Slovak dermatologists has no experience with testing
MWFs. This indicates the need for education of der-
matologists and residents in this field.

The exact algorithm of patch testing is not uni-
form. Geier, Uter and Lessmann tested 141 metal
workers with their MWFs as is and diluted. They con-
cluded that testing with the actual undiluted fluid is

Table 5. Questionnaire results (N=46)

preferred. Irritation is rare, and many reactions were
missed if the fluids were diluted (18). Procedures ap-
plied by different authors are summarized in table 6
(19-22).

As mentioned previously, detailed fluid composi-
tion is not indicated in safety data sheets. As a result,
the dermatologist is often unable to judge the clini-
cal relevance of positively tested specific allergens.
Our findings correspond with a recently published
article by de Groot (23), where there was a lack of re-
liable data on the clinical relevance of formaldehyde
releasers in MWFs for contact allergies. Most studies
provided no data on the relevance, and in those that
did relevance was often found only for a (very small)
minority of the reactions.

The last issue is testing of a metalworking com-
pound on healthy volunteers (controls). Testing of
colleagues from the workplace is recommended. Here
we encounter an ethical-legal issue, because such an
action requires signing of an informed consent, and
also the issue time. Administering and reading the
test after 48 and 72 hours means being absent from
work 3 times, which can be met with unwillingness
on the part of the potential participant.

1. Do you use patc‘h 'testlng W.Ith metalworking fluids as a Yes (continue) 6 | No (do not continue) 40
part of you your clinical practice?

2.1 am testing metalworking fluids Asis 1| In serial dilutions 5
3. I?o you use the different dilutions for pure and dirty Yes 11No 5
fluids?

4. Do you test the control group? Yes 2 (No 4
5. Do you consider the pH of fluid? Yes 2 (No 4
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Table 6. Patch testing with individual metalworking fluids according to various authors (19, 20, 21, 22)

Author Neat oils Synthetic fluids
pure dirty pure | dirty
Fisher (1979) (3) 25% / oil 25% / ol
Asis Asis Asis Asis
Mardesicova (2000) (7) | 50% / oil 50% / oil 50% / oil 50% / oil
10% / oil 10% / oil
Asis Do not test Asis Do not test
Foulds (2000) (4) 50% / oil (false positivity) 50% / oil (false positivity)
10% / oil 10% / oil
Barbaud (personal 10% (oil) 10% (oil)
communication)
10% and as is—semi-open test 10% and as is—semi-open test
pH 6-7: pH8-8.5 pH9 pH 10
Dastychova (personal Asis 50% / oil 10% / oil 1% / oil
communication) 50% / oil 10% / oil 1% / oil 0.% oil
10% / oil 1% / oil 0,1% / oil
The relatively high incidence of occupational der- References

matoses caused by metal-working fluids indicates
primary and secondary prevention is needed. Rec-
ommended measures include thorough screening of
new employees during their initial check-up, use of
protective tools, and education. Preventive measures
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stances, using an appropriate concentration, and reg-
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CONCLUSION

The results of this study confirmed the role of met-
alworking compounds as the most frequent cause of
occupational dermatitis and eczemas. Emulsifiable
fluids were the most harmful. We have pointed out the
problems related to testing this group of substances.
The high number of cases of this type of occupational
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creased preventive measures and standardized patch
test performance among individual dermatologists is
needed.
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