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ABSTRACT
Formaldehyde is a ubiquitous chemical agent, a part

of our outdoor and indoor working and residential
environment. Healthcare workers in difficult occupations are
among the most affected by formaldehyde exposure.
Formaldehyde is an ingredient of some dental materials.
Formaldehyde is well-known mucous membrane irritant and
a primary skin sensitizing agent associated with both contact
dermatitis (Type IV allergy), and immediate, anaphylactic
reactions (Type I allergy). Inhalation exposure to
formaldehyde was identified as a potential cause of asthma.
Quite a few investigations are available concerning health
issues for dental students following formaldehyde exposure.
Such studies would be beneficial for early diagnosis of
hypersensitivity, adequate prophylactic, risk assessment and
management of their work.

Key words:  formaldehyde, allergic contact
dermatitis, occupational exposure, dental materials,
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Formaldehyde CAS No. 50-00-0
Formaldehyde is a ubiquitous chemical agent, a part

of our general outdoor environment, as well as in our indoor
working and residential environment. It is believed that
exposed to formaldehyde is the whole civilized population.

Properties
Formaldehyde is the simplest aldehyde. It exists at

room temperature as a nearly colorless gas with a pungent,
suffocating odor (43). Commercially, formaldehyde is most
often available as 30% to 50% (by weight) aqueous solutions
of the hydrated form, which is commonly referred to as
formalin. In the absence of stabilizers, formaldehyde in
solution oxidizes slowly to form formic acid and
polymerizes to form oligomers, including paraformaldehyde,
a polymer with 8 to 100 units of formaldehyde (44).

Environmental exposure
Because of its high water solubility formaldehyde is

contained in rain water, surface and ground waters, and
consequently, in soil and foods (63). The main sources being

atmospheric air, tobacco smoke, use of cosmetic products
and detergents, and in less extend – water and food
consumption (11, 81). It is released into the atmosphere
through fumes from automobile exhausts without catalytic
convertors and by manufacturing facilities that burn fossil
fuels in usual concentration about 1-10 ppb. Uncontrolled
forest fires and the open burning of waste also give off
formaldehyde. It is believed that the daily exposure from
atmospheric air is up to 0.1 mg (35, 43, 44).

According to the WHO industrial emissions could
appear at each step of production, use, transportation, or
deposition of formaldehyde-containing products.
Formaldehyde emissions are detected from various
industries – energy industry, wood and paper product
industries, textile production and finishing, chemical
industry, incinerators etc. (83).

Use and occupational exposure
One of the most important applications of

formaldehyde is in production of formaldehyde-containing
resins – melamine formaldehyde, urea-formaldehyde, phenol
formaldehyde, carbamide formaldehyde etc. Over 60 percent
of urea- formaldehyde resin is used as a binder in plywood
and particleboard production (79). The textile industry uses
formaldehyde-containing resins for fire retardation,
increased water repellency, stiffness, and wrinkle-resistance
in fabric finishing. Paper products treated with formaldehyde
include paper bags, waxed paper, paper towels, and
disposable sanitary products and are widely used in our
living and working environment. It is also used in foundries,
dye and ink producing industries and many other chemical-
based industries. When formaldehyde is present in
disinfectants, preservatives, and embalming fluid, worker
exposure can occur. Laboratories hospitals, dental facilities,
and veterinary settings may make use of formaldehyde.
Hospitals use it as a disinfectant and deodorizer.
Formaldehyde is an ingredient of dental materials - root-
canal-filling materials, formocresol, sealers and cements,
polymers etc. In dental practice common is the concomitant
exposure with glutaraldehyde. Highest incidence of
occupational exposure is documented in the listed above
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industries (15, 21, 22, 32, 37, 39, 52, 71).
Adsorption, distribution, and metabolism
Exogenous formaldehyde enters the body through

inhalation, ingestion and skin absorption. Because
formaldehyde is so soluble it is being quickly absorbed by
the respiratory and the gastrointestinal tracts. Near 100%
absorption of formaldehyde vapour from the nasal mucosa,
trachea and bronchi is likely in humans. Dermal contact is one
of the major routes of exposure to formaldehyde, but it is
poorly absorbed following dermal application. Nevertheless,
a number of factors affect skin absorption of formaldehyde -
existing dermatitis or acne and/or if the skin is broken or
irritated, absorption is increased. High humidity of the air and
the area of skin exposed also affect skin absorption of
formaldehyde (63).  Absorption appears to be limited to cell
layers immediately adjacent to the point of contact. Evidence
for toxic effects at distant sites is less consistent.

Formaldehyde is rapidly metabolized at the initial site
of contact to formate by the enzyme formaldehyde
dehydrogenase. Due to rapid metabolism, very little
formaldehyde enters the blood stream of humans or animals
exposed to formaldehyde as an intact molecule. The
distribution of the intact formaldehyde molecule to other more
distant organs is not likely, except from exposure to high
concentrations.

Inhalation of formaldehyde leads to the formation of
DNA–protein cross-links, DNA single-strand breaks,
chromosomal aberrations, sister chromatid exchange and gene
mutation in human cells in vitro. This is probably the
mechanism of the carcinogenic, mutagenic and sensitizing
action of formaldehyde (31, 40, 63).

Importantly, each tissue has an endogenous rate of
formaldehyde production due to various pathways involved
in single carbon metabolism. Formaldehyde is an essential by-
product in the synthesis of purines, thymidine and some amino
acids. Also, it is a metabolite product of some amino acids,
drugs, food additives, chemical agents etc. (44). The
concentration of endogenous formaldehyde in human blood
is about 2-3 mg/L; similar concentrations are found in the
blood of monkeys and rats (16, 40).

Toxic and immunotoxic effects
Studies indicate that tissue damage and immunotoxic

effects following formaldehyde exposure occurs primarily at
the portals-of-entry – mainly upper respiratory tract.
Consequently, the most likely proximal targets of
formaldehyde immunotoxic action are the immune cells in the
bronchial and nasal associated lymphoid tissue (BALT and
NALT).  Most BALT and NALT cells belong to the arm of
the immune system referred to as the innate immune system
and play a significant role as a first line defense protecting
the host in case of tissue damage, from biological agents,
apoptotic cells and the harmful effects of environmental
insults. The interactions between different BALT and NALT
cell populations are complex and complicated, mediated

through cytokines, chemokines, growth factors, interactions
with endothelial adhesion molecules, etc. The mediators listed
above regulate the traffic and recruitment of innate,
“nonspecific” and the highly “specific”, adaptive immune
cells. Due to the migration of these cells through the
bloodstream to lymph nodes, spleen, liver and other immune
structures, a systematic manifestation of adverse health effects
in exposure to toxic agents is possible (20 a.).

The most important adverse health effects resulting
from formaldehyde exposure include respiratory tract
irritation and increased incidence of infectious diseases,
sensitization, mutagenic and carcinogenic action (10).

Well documented is the irritant action of formaldehyde
on eyes (watery, itchy eyes), upper respiratory tract (itchy,
runny, or stuffy nose, sinus fullness, dry or sore throat) and
skin (irritation and dermatitis) (1, 27, 56, 58, 77, 78, 84). Its
toxic effects on the respiratory tract include inflammation,
alteration of mucociliary clearance (6, 41), hyperplastic and
methaplastic <5B0?;0AB8G=8 alterations (7, 12, 68).

On the basis of the listed morphological and functional
alterations of nasal and upper respiratory tract mucosa and
increased susceptibility to upper respiratory tract infections
a suppression of neutrophil respiratory burst activity (NRBA)
was suggested. This is discussed as one of the possible
immunotoxic effects of formaldehyde.

Krzyzanowski et al. (1990) established a correlation
between indoor formaldehyde exposure (in concentration
above 60 ppb) and increased incidence of chronic bronchitis
among children as well as among elderly inhabitants (55).

In a previous study we observed a statistically
significant predominance of subjective symptoms and
objective clinical findings of chronic upper respiratory tract
inflammation, as well as decreased resistance to infections
within the group of workers occupationally exposed to
formaldehyde if compared with unexposed control group, as
well as significantly lower spontaneous NRBA in the group
of exposed workers with history and clinical findings for
frequent and long lasting relapses of upper respiratory tract
chronic inflammation if compared with the healthy controls
as well as if compared with the group of exposed workers with
rare and short acute inflammations of the upper respiratory
tract or without any inflammations.

The observed decrease of spontaneous NRBA could
be due to formaldehyde exposure and individual susceptibility.
The obtained results suggest that functional changes in
polymorphonuclear neutrophil granulocytes could serve as an
early indicator of an impact of formaldehyde on NRBA. (59).

Alterations of pulmonary function include decrease in
pulmonary ventilation and forced vital capacity values,
obstruction in the small airways (8). Epidemiological studies
carried out among children and occupationally unexposed to
formaldehyde population established a relationship between
environmental exposure to formaldehyde and clinical
manifestation of asthma and sensitization to common allergens
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(17, 18, 24, 25, 84). No significant data were available to
confirm relationship between formaldehyde exposure and IgE-
mediated sensitization (26, 64). Results from our previous
studies also does not support the role of Ig – mediated
sensitization in occupational exposure to low concentration
of formaldehyde (2). Also, we established a significantly
increased serum IgA levels among the group of occupationally
exposed to formaldehyde with history and clinical findings
for chronic inflammatory disorders of upper respiratory tract
– chronic rhino-pharyngitis and bronchitis. We suggest that
the increased IgA levels reflects a compensatory response of
mucosal immune system (3).

Haemoxic effects of formaldehyde have been
discussed in some studies. In our study a statistically
significant negative correlation between the duration of
occupational exposure to formaldehyde and erythrocyte count
and hematocrite level was established. The results could
suggest toxic action of formaldehyde on bone marrow
haematopoesis (59).

Also, we established a statistically significant relative
risk for manifestation of subjective cardiac symptoms and
gastrointestinal tract diseases among occupationally exposed
to formaldehyde people ( 2).

Skin sensitizing action
Formaldehyde is a common cause of contact allergy.

Formaldehyde or formaldehyde-releasers (agents that release
formaldehyde under usage conditions) may be found in many
cosmetics, toiletries, household products such as washing and
cleaning agents and in a great number of industrial
applications including adhesives, paints, lacquers and
metalworking fluids. Skin contact is the most important route
of exposure for sensitization (23, 33, 47, 60, 67, 69, 84).

In Europe, 2–3% of patients suspected of contact
dermatitis have positive patch test reactions, and in the USA
prevalence rates of sensitization of 8–9% are reported in this
selected group of patients (23, 56). A possible explanation of
data above is the fact that exposure to formaldehyde in the
EU is subject to restrictions. The maximum allowed
concentration in finished products is 0.2% (Annex VI of
Cosmetics Directive 76/768/EC).

Dose-response studies aiming patch test
standardization indicate that skin allergic reactions in
formaldehyde concentration below 0.025–0.05% are rare (61).

Skin contact occurs in a variety of workplaces.
Occupational allergic contact dermatitis is seen among
workers from many different industrial branches. Numerous
studies report appearance of occupational allergic contact
dermatitis from urea-formaldehyde, melamine-formaldehyde,
phenol-formaldehyde resin-2 in medium-density fiberboard
(MDF) (9, 29, 32, 65).

According to Kie-SwierczyDska (1993) the most
important products causing occupational allergic contact
dermatitis are disinfectants, coolants and cutting oils, textile
finishers and plastics (46).

Numerous studies report about cases of occupational
contact dermatitis among machinists working in the
fabrication of metal products and exposed to formaldehyde-
containing metalworking fluids. Suuronen K. et al. (2007)
analyzed data from the Finnish Register of Occupational
Diseases during 1992-2001 and calculated incidence rates for
skin and respiratory diseases of machinists compared to the
total working population. Skin diseases accounted for 27%
of all occupational diseases, while the incidence of respiratory
diseases was lower. Authors calculated a 3-fold risk for getting
an occupational skin disease for this group of workers
compared to the total working population. The number of
allergic contact dermatitis increased 3-fold during the study
period. The most common causes of allergic contact dermatitis
were metalworking fluids and their ingredients such as
formaldehyde, ethanolamines and colophony (76).

Geier J. et al. (2006) performed patch testing to
investigate sensitization to 10 frequently used metalworking
fluids components in 144 metalworkers with suspected
occupational dermatitis due to metalworking D;C840. Seven
patients reacted positively to the formaldehyde releaser 4,4'-
methylenebis morpholine, and 6 of these patients also reacted
to formaldehyde and/or other formaldehyde releasers (38).

Aalto-Korte K. et al. (2008) screened the patch test
files for allergic reactions to formaldehyde and 12
formaldehyde-releasing compounds for the period of time
between January 2001 and May 2007 and reviewed the
records of all patients with contact allergy to any of the
substances. The authors had patch- tested 81 patients with
formaldehyde allergy and 18 with independent allergy to some
formaldehyde releaser. Of the formaldehyde allergies, 25 were
considered to be occupational. According to the authors,
occupational formaldehyde allergy was common and occurred
in metalworkers, hairdressers, masseurs, and workers using
protective creams, detergents, and liquid soaps. The most
common source of occupational sensitization was
metalworking fluids followed by creams and related products.
Exposure to formaldehyde-releasing preservatives in liquid
soaps and other rinse-off products was common in both
occupational and non-occupational cases. Reactions to
formaldehyde-releasing compounds were seen in 79% of the
formaldehyde-allergic patients. When compared with studies
on general dermatological patients, contact allergy to
formaldehyde releasers without formaldehyde allergy was
rare. (4, 5).

The importance of formaldehyde and formaldehyde
releasers as occupation-associated allergens in the cleaning
industry was shown in a recent study of Liskowsky J. et al.
(2011). The authors analysed the patch test data concerning
803 female cleaners, who were evaluated for occupational
contact dermatitis from 1996 to 2009.  The authors concluded
that formaldehyde and rubber additives are occupationally
relevant allergens in female cleaners. Prevention strategies are
needed to address the problem (57).
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Cases of occupational allergic contact dermatitis from
formaldehyde textile finish resins were described (19, 34, 69).
Cases of non-occupational allergic contact dermatitis caused
by formaldehyde-releasers in clothes - durable press chemical
finishes, were also reported  (23, 62, 75).

Studies report cases of occupational contact dermatitis
from colophony and formaldehyde in banknote paper (53),
of allergic contact dermatitis from formaldehyde and
quaternium-15 in photocopier toner (85), of ccupational
dermatitis due to formaldehyde in newspaper (72), of
melamine-formaldehyde contact dermatitis in orthopaedic
practice (70), and occupational contact dermatitis among
funeral service workers and farmers, exposed to formaldehyde
(42, 50).

Our previous study also described cases of
occupational contact dermatitis from formaldehyde among
workers in plywood industry and medical personnel who use
formaldehyde in pathology laboratories and morgues (1).

Takahashi S. et al. (2007) performed a prospective
study of clinical symptoms and skin test reactions in medical
students exposed to formaldehyde gas during a human
anatomy laboratory course. At the end of the anatomy course
3.3% of the students tested by patch test became positive to
1% formaldehyde  (77).

Contact dermatitis from formaldehyde among
healthcare professionals

Formaldehyde has been found numerous applications
in medical science and practice, no matter the reduction of
its use in disinfection procedures by other chemical
substances from the group of aldehydes - glutaraldehyde and
glyoxal).

Schnuch A. et al (1998) analyzed the sensitization
pattern and patch-test results of more than 30 000 healthcare
workers in difficult occupations (nurses, dental nurses,
dental technicians, dentists, physicians, masseurs etc.
Significantly increased sensitization rates common to the
healthcare sector as a whole were found for the vaccine
preservative thiomersal, as well as for glutaraldehyde,
formaldehyde and glyoxal. The list of different occupations
at risk for occupational skin diseases in healthcare sector
includes mainly nurses, physicians, masseurs, dental
technicians. A significantly increased risk for occupational
contact sensitization from glutaraldehyde and glyoxal among
nurses was reported (73). In this aspect of practical
importance is to evaluate appearance of concomitant
sensitization to glutardialdehyde and formaldehyde,
respectively (54). In a 5-year study at the University of
Kansas, 468 patients were patch tested to glutaraldehyde.
A higher than expected co-reactivity between glutaraldehyde
and formaldehyde was noted among healthcare workers,
which cannot fully be explained by concomitant exposure
(74).

Kie-SwierczyDska M. et al. (1998) examined the
incidence of allergy to aldehydes (formaldehyde,

glutaraldehyde, glyoxal) was in 280 health care workers
suffering from skin lesions. Allergic contact dermatitis was
diagnosed in 22.8% of patients, the majority of them
(85.9%) being sensitive only to 1 aldehyde. Formaldehyde
caused allergy slightly more frequently (13.9%) than
glutaraldehyde (12.4%). Only 1.9% of patients were
sensitive to glyoxal. The authors confirmed the sensitizing
activity of aldehydes also in guinea pigs. Formaldehyde
showed the strongest and most persistent reactions.
Significantly higher eosinophil and basophil counts were
found in the blood samples of the sensitized guinea pigs
(49). These results were also confirmed in a subsequent
study (48), when the authors examined 223 nurses because
of suspected occupational dermatoses. The diagnosis contact
allergy was based on the positive results of patch tests, and
immediate allergy to common allergens and latex on the
results of prick tests, as well as on the determinations of
specific IgE antibodies. Contact allergy was diagnosed in
66.4% of nurses. Sensitization to formaldehyde was
diagnosed in 20.6% of patients, to glutaraldehyde – in
10.8%,

The authors concluded that the contact with
disinfectants was causative for occupational skin
sensitization of 40.8% of allergic nurses,

In another paper the same authors (Kie-SwierczyDska
M., Krecisz B. - 2000) performed an analysis about the
causes of occupational allergy in dental nurses based on the
summarization of data for a period 4 years. Contact
sensitisation (at least one positive epidermal test) was found
in 66.7% of the examined nurses. Among the aldehydes,
occupational allergic dermatitis was induced induced most
frequently by glutaraldehyde (7 positive patch tests),
formaldehyde (4), and glyoxal (3). The present components
of disinfectants (aldehydes) are the major etiologic agents
that induce occupational allergy (45).

Gawkrodger D.J. (2005) included formaldehyde in
the list of agents, causing most often contact allergy in dental
staff. According to the author occupational irritant problems
causing hand dermatitis are probably more common in dental
personnel than is dermatitis caused by contact allergy (36).

Ravis S. M. et al. (2003) performed patch-testing to
investigate the incidence of glutaraldehyde-induced and
formaldehyde-induced allergic contact dermatitis among 101
dental hygienists and assistants (68). The obtained results
are in contrast with previous findings – no significantly
increased incidence of occupational sensitization from
formaldehyde was found in dental personnel (significantly
higher was the incidence of sensitization from
glutaraldehyde). No co-reactivity between glutaraldehyde
and formaldehyde was established.

Sensitizing action of formaldehyde as an
ingredient in dental materials

No matter the trend for limitations formaldehyde is
still used in dental practice – as an ingredient in dental
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materials, especially root-canal-filling materials used in
contemporary endodontic therapy. Hauman C. H. J. 8 Love
R. M. (2003) in a review paper describe the content and
biocompatibility of root-canal-filling materials. A large
group of sealer/cements, including the commonly used
Endomethasone, Riebler’s paste, N2, AH26, several
composite resins, etc. contain substantial amounts of
paraformaldehyde and are able to liberate formaldehyde into
water in amounts sufficient to cause local allergic reactions
(39).

Cohen et al. (1998), Koch (1997, 1999) evaluated the
release of formaldehyde from some endodontic materials –
root canal filling sealers, and demonstrated that all materials
showed the highest release of formaldehyde in the freshly
mixed samples. The release of formaldehyde decreased after
setting for 48 h. No further decrease was seen after storage
for 2 weeks in the case of N2, while AH26 released only
insignificant amounts after 2 weeks (20, 52, 53).

Intriguing data are available concerning allergic
reactions to formaldehyde in a dental root canal compound,
during and after endodontic treatment. Cases of contact
urticaria from formaldehyde in a root-canal dental paste (28,
30),  as well as cases of anaphylactic reactions to
formaldehyde in root canal sealant (four cases of
anaphylactic shock and three of generalized urticaria, with
positive skin tests and high levels of anti-formaldehyde IgE)
were described (13, 14).

According to Tas E. et al. (2002), in the literature 28
patients with immediate symptoms to formaldehyde
containing root canal compounds have been described. The
authors presented a patient who had suffered twice from an
acute urticaria after treatment with two different dental root
canal compounds (RCC). Skin prick tests with the single
components and formaldehyde 1%aq. were positive to
formaldehyde 1%aq., but irritant with formaldehyde RCC.
Specific IgE to formaldehyde were positive. Patch tests were
positive to formaldehyde RCC only (80).

In a recent study Kijima A. et al. (2007) reported two
cases of generalized urticaria after the dental treatment. The
authors diagnosed them as type I allergy due to
formaldehyde - these cases had clearly positive RAST to
formaldehyde, whereas skin prick testings were negative.
Also, previous reports of immediate allergy to formaldehyde
in dental treatment were reviewed and its characteristics
were summarized. First, it tends to represent severe symptom
like anaphylaxis, second, the symptom often appears a few
hours later than usual cases of anaphylaxis. Allergen tests
show highly positive ratio to formaldehyde RAST, whereas
skin prick test often shows false negative. The conclusion
of the author is that assessment of specific IgE to
formaldehyde is a useful and a diagnostic measurement, and
is recommended in patients at risk (51).

Carcinogenity
In 2004 the international agency for research on

cancer (IARC) classified formaldehyde as carcinogenic to
humans (group 1), based on sufficient evidence in humans
and sufficient evidence in experimental animals. Based on
the information available, this classification is higher than
those of previous IARC evaluations (IARC
1982, 1987, 1995) (44). On June 10, 2011 U.S. Department
of Health and Human Services released the 12th Report on
Carcinogens. The listing status of formaldehyde was
changed to known to be a human carcinogen (63). The
criterion for listing as known to be a human carcinogen is
“sufficient evidence of carcinogenicity from studies in
humans, which indicates a causal relationship between
exposure to the agent, substance, or mixture, and human
cancer”. Studies in humans have shown that formaldehyde
causes nasopharyngeal cancer, sinonasal cancer, and myeloid
leukemia (63).

Summarization of the toxic, immunotoxic and
sensitizing effects associated with  exposure to formaldehyde
in both residential and occupational settings

1. The most common effect includes irritation at the
point of contact upper respiratory tract and eyes, (mouth and
gastrointestinal tract, skin and eyes.

2. Due to the specificity of the metabolism of
formaldehyde most of all the direct effects occur at the point
of entry in the upper respiratory tract. Immune cells in the
bronchial and nasal associated lymphoid tissue (BALT and
NALT) are most likely proximal targets of formaldehyde.
Adverse effects of formaldehyde on BALT and NALT may
be manifested systemically because these cells migrate to the
lymph nodes, spleen, liver, peripheral blood, and other
immune tissues.

3. The most common effects on the upper respiratory
tract mucosa are inflammation, rhinitis, altered mucociliary
action, hyperplasia, squamous metaplasia, and mild
dysplasia; formaldehyde affects multiple gene expression
pathways, including those involved in DNA synthesis and
repair, regulation of cell proliferation, and apoptosis.

4. Formaldehyde exposure is associated with lung
function decrements peak expiratory flow and forced
expiratory volume in 1 second) and bronchial hyper
reactivity.

5. Inhalation exposure to formaldehyde has also been
identified as a potential cause of asthma or asthma-like
symptoms, especially in children.

6. Formaldehyde is a primary skin sensitizing agent
and has been associated with both contact dermatitis (Type
IV allergy), and immediate, anaphylactic reactions (Type I
allergy). Inhalation exposure could contribute foe
manifestation of allergic contact dermatitis. Co-reactivity
between glutaraldehyde and formaldehyde was reported,
which cannot fully be explained by concomitant exposure

7. Formaldehyde-specific IgE antibodies were
detected in some studies, but their presence is transitional,
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and a T helper type 2-skewed immune response was not
promoted.

CONCLUSION
Formaldehyde is a ubiquitous chemical agent of our

general outdoor environment, as well as in our indoor
working and residential environment.  Healthcare workers
in difficult occupations are among the most affected by
formaldehyde exposure. Quite a few investigations are
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