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The dissection of human cadavers is an irreplaceable practice in general training of medical students and doctors in specialist training, in conducting a research on fundamental anatomical and pathological phenomena, and in the improvement of diagnostic and therapeutic methods. Cadavers in anatomy laboratories are usually preserved by using formalin, an embalming fluid which contains formaldehyde as a principal component. Formaldehyde (FA) is a colourless, water-soluble gas with a pungent odour, ubiquitous in the environment and naturally generated by processes that involve the combustion of organic materials. Levels reported in workplace air often exceed permissible exposure limits and preventive measures are often insufficient, which causes a problem in occupational health. Occupational exposure to FA occurs in a wide variety of occupations and industries, however the highest level of human exposure to FA occurs in occupational settings in anatomy and pathology laboratories. The main purpose of this paper was to point to the dangers of inhalation exposure to formaldehyde of students, teaching and non-teaching staff that resides on the premises of the Anatomy Department. Experimental measurements in this paper were carried out at the premises of the Department of Anatomy. The air sampling has been conducted by using PRO EKOS 401-x air sampler. The samples have been analyzed by using the UV/VIS spectrophotometer DR 5000 HACH LANGE. The formaldehyde concentration levels detected during campaign of measurements have very often exceeded the values recommended by international expert organizations, primely the threshold limit value–ceiling of 0.3 ppm set by the ACGIH and the time weighted average concentration of 0.75 ppm set by the Occupational Safety and Health Administration (OSHA). Concentrations of FA in this research were in range from 0.03 to 19.80 ppm. 
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INTRODUCTION
Formaldehyde (FA), is a colorless, flammable chemical that is highly soluble in water. FA is colorless at room temperature and has an irritating, pungent smell. It is extensively used in the chemical, adhesive, paint, plastic, construction, textile, paper, and cosmetic industries. FA is also formed during the burning of organic materials and is found in tobacco smoke [1]. 
Personnel that using formaldehyde for sterilization of apparatus for dialysis and other equipment can also be exposed to the exposed to the influence of formaldehyde [2]. Formaldehyde (FA) is usually used in the form of an aqueous solution named “formalin”. Formalin contains 20-50% of formaldehyde, and 5- 15% methanol [3]. Employees commonly come in contact with the FA in anatomical, pathological and histological laboratories where the formalin is used for tissue fixation. A cadavers in anatomy laboratory are embalmed via the infusion of chemicals that include formalin (which contains formaldehyde), alcohol, glycerin, carbolic acid, and dye [3]. Those substances  have  specific  roles  in embalming process (e.g.,  preservation, denaturalization, solidification of tissue protein disinfection) [4]. Thus anatomists, technicians in biological science laboratories, and anatomy students during their dissection course are continually exposed to formaldehyde and other hazardous chemicals. The level of exposure to that agents depends on the duration of time spent in the anatomy laboratory, the working conditions, and the type of embalming performed. Dissection and prosection are, however, essential parts of an education in anatomy. During anatomy dissection, exposure to formaldehyde vapors and contact with formalin can cause adverse effects. 
Excessive formaldehyde vapor in the anatomy laboratory can be caused by the spillage of formalin, poor condition of anatomical specimens which causes embalming fluid to leak, poor ventilation in the dissection rooms; lack of strict and appropriate guidelines for handling embalmed cadavers and prosected specimens; or ignorance of consequences of formalin exposure.
Formaldehyde irritates tissues when it comes into direct contact with them. Some people are more sensitive to the effects of formaldehyde than others. The most common symptoms include irritations of the eyes, nose, and throat, along with increased tearing, which occurs at air concentrations of about 0.1–1 parts per million (ppm) [5].

Inhalation
The acute effects of exposure can be caused by inhalation of formaldehyde vapors, which irritate the respiratory tract and eyes and cause lacrimation, burning of the nose and throat, dyspnea,  and  headache  and  can  result  in pulmonary edema and pneumonitis [6].
Long-term exposure to elevated levels of formaldehyde in the occupational setting results in upper and lower airway irritation; eye irritation; and degenerative, inflammatory and hyperplastic changes of the nasal mucosa in humans [7]. 
Due to proven pathological effect of formaldehyde on the respiratory system, the anatomical laboratory or dissection tables must be equipped with a ventilation system that is able to reduce the concentration of FA below the value from 0.03-0.09 ppm. Inhalation of FA has an extremely detrimental effect primarily to the upper respiratory tract [8]. The impact of substance with a concentration below 10 ppm can cause strong irritation of mucous membrane and show little impact on the lungs of a healthy person [5]. At higher levels of exposure it may cause diseases such as bronchitis, chemical pneumonia and pulmonary edema. Among the people who suffering from bronchial asthma, bronchospasm and respiratory irritation may occur at levels lower than 0.03 ppm. 

Direct contact
Allergic reactions to the influence of FA are common occurrence. Dermal contact or inhalation of the FA can cause hives, allergic contact dermatitis and occupational bronchial asthma. Formalin can cause white discoloration of the skin as well as burning, drying, cracking, blistering, and scaling of the skin. Exposure to liquid formalin or formaldehyde vapor can provoke skin reactions in sensitized individuals, even when airborne concentrations of formaldehyde are below 1 ppm [9]. The modification of tissue proteins by formaldehyde causes local toxicity and initiates allergic reactions, and repeated contact with formaldehyde can produce eczematous dermatitis.
Formaldehyde is corrosive to the eyes. Formaldehyde solutions that splash into the eye can cause injuries ranging from brief discomfort to corneal clouding and loss of vision. If ocular exposure to corrosive agents occurs during a laboratory session, the injured eye(s) should be held open and immediately irrigated with a gentle stream of large volumes of clean water [10].

Ingestion
Ingestion of FA is unusual because of its unpleasant odor and irritant effect, but such exposure has been documented in accidental incidents and suicide attempts [11]. Formaldehyde ingestion by anatomy students or instructors is unlikely. The ingestion of formaldehyde can cause death even in doses as little as 30 mL of a 37% solution. Alimentary toxicity after ingestion is most severe in the stomach and causes nausea, vomiting, and severe abdominal pain. Extensive damage to other organs including the liver, kidneys, spleen,pancreas, and brain as well as the central nervous system can occur from the ingestion of formaldehyde [12].

Carcinogenic effects
There is no much evidence of a carcinogenic effect on humans in comparison with the evidence in experiments conducted on experimental animals. Several epidemiological studies and meta-analyses have been conducted in order to assess the risk of cancer. Different types of diseases occur in two different examined groups. The first group consists of medical staff that includes paramedical workers, such as pathologists, anatomists, embalmers, while a second group consists of industrial workers employed in the production of formaldehyde resins and products containing FA such as particleboard, plywood, and clothing. For workers in direct contact with the FA there was a high risk of leukemia, brain cancer and colon cancer. Mentioned types of cancer were not observed at industrial workers, but the increase of risk of lung cancer has been noted [13,14].

Regulations
The US Occupational Safety and Health Administration (OSHA) has established limits for the amount of formaldehyde that workers can be exposed to at their place of work. At present, the limit is at 0.75 ppm on average over an 8 hour workday. The highest concentration that a worker can be exposed to is 2 ppm, and that can only occur over 15 minutes (STEL). While the United Kingdom stands at 2 ppm for both TWA and STEL, the American Conference of Government Industrial Hygienists (ACGIH) has set a threshold limit value – ceiling (TLV-C) of 0.3 ppm [3].
MATERIALS AND METHODS
This paper presents the results of monitoring of concentration levels of formaldehyde in the working premises of the Department of Anatomy at the Medical Faculty. The Department of Anatomy is located on the ground floor of the Medical Faculty. The practical classes are conducted in two classrooms with 10 tables for dissection of anatomical specimens in each room. Anatomical specimens are stored in a separate room. Three days prior to each block of exercises the specimens are taken out of the formalin and rinsed in the preparation room. A technical assistant takes specimens out of the formalin, and at the given moment he wears a gas mask because of the exposure to extremely high concentration levels of formaldehyde. For the duration of the training, students work with dry and wet preparations.


Experimental

The measurements of concentration levels of formaldehyde were conducted at five locations inside the Department in order to assess the FA exposure level of students and employees of the institution. Air sampling was conducted in two classrooms, storage room, preparation room and brake room in which the employees, professors and support technical staff reside during their breaks in the process of conducting classes. 
In this study, formaldehyde has been continuously sampled during 8 hours by using the air sampler PRO EKOS 401-x. The device was mounted at a height equivalent to the breathing zone, approximately 1.50m above the floor.
RESULTS AND DISCUSSION
The campaign of measurements was conducted in May 2013. The campaign was conducted at the same time as the extraction of the largest number of anatomical specimens from formalin, within the pre-examination practical training, the final preparation for the final exam. The results of the measurements carried out within the measurement campaign are shown in Table 1 and in Figure 1.

Table 1. The results of measurement campaign.
	Sampling site
	Classroom 1
	Classroom 2
	Preparation room
	Storage room
	Brake room

	Statistical descriptor
	
	
	
	
	

	Mean Concentration (ppm)
	1.43
	0.99
	12.01
	7.07
	0.42

	Standard Error
	0.31
	0.12
	0.98
	0.52
	0.06

	Median
	0.94
	0.92
	11.79
	7.33
	0.37

	Standard Deviation
	1.40
	0.53
	4.37
	2.33
	0.25

	Sample Variance
	1.97
	0.28
	19.06
	5.42
	0.06

	Minimum
	0.03
	0.04
	3.60
	3.12
	0.09

	Maximum
	4.17
	1.87
	19.80
	14.30
	0.92

	Count
	20
	20
	20
	20
	20




Fig. 1. Concentration levels of formaldehyde during measuring campaign.


During measuring campaign, extremely high average concentrations of FA are were recorded in preparation and storage rooms, 12.01 ppm and 7.07 ppm, respectively. The highest concentration of FA during the campaign of 19.80 ppm was detected in the preparation room. High average concentrations of FA were also recorded in the classrooms, as a result of the presence of a large number of wet anatomical specimens. The lowest concentration of FA (0.03 ppm), during the measuring campaign, was detected in the Classroom 1, as a result of more efficient airing in comparison with the other premises.

CONCLUSIONS AND RECOMMENDATIONS

Despite the well-known and proven toxicity and carcinogenicity of formaldehyde, anatomists and others show little enthusiasm for the reduction of formaldehyde in the process of preparation and preservation of anatomical specimens and finding equally effective replacement chemicals. Regardless of its toxic effects, formaldehyde remains a popular choice of tissue fixative because of its effectiveness, low cost, and consistent results. Because of the toxic effects of that agent, identifying a cost-effective, environmentally friendly alternative is essential and far preferable to decreasing hours spent learning or working in the anatomy laboratory.
Recommendations for minimizing of formaldehyde exposure under present conditions in anatomy laboratory:
· Students and instructors should beaware of the potential health hazards of formaldehyde exposure.
· The anatomy laboratory should have a standard ventilation system. It is recommended that the Department ensure that a ventilation system is in place and is effective at maintaining exposure levels below the recommended exposure standard of 0.75 ppm (TWA) and 2 ppm (STEL).
· Protective garments and equipment (a laboratory coat, protective glases, and gloves)should be worn or used to prevent direct skin contact with formaldehyde.
· Employers of anatomy laboratory should consider replacing high concentration formalin products with low concentrations or less hazardous or formaldehyde-free products.
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