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ABSTRACT 	 ii 

The aim of this study was to increase knowledge about risks, and preventive measures, when 
handling amalgam and polymer materials in dental clinics. 

To collect information on handling of amalgam, two questionnaires were sent to all dental 
teams in  Norrbotten.  (A dental team is dentist and chair assistant). Information regarding 
mercury exposure, such as; years in practice, number of amalgam handled per day, and 
number of amalgam fillings in teeth, was obtained from the survey. Additional information 
was gathered on ventilation problems, use of personnel protective devices, classification and 
handling of amalgam contaminated waste products, maintenance of amalgam separators and 
cleaning of waste pipes in clinic. Inquire was also made for interest in measurement of 
mercury level in their clinic and trying new protective equipment to mercury vapour. 

Also the self-reported frequencies of seven symptoms; muscular fatigue, headache, tremor, 
insomnia, irritation, impaired memory and depression, were collected. A similar 
questionnaire, excluding work environmental exposure to mercury, was sent to a control group 
consisting of physicians and nurses, in the same geographic area. A case control study was 
designed, and the relative risk for the selected symptoms in dental personnel, with different 
mercury exposures was calculated. 

To obtain information on handling of dental polymers, dental teams, working in northern part 
of Sweden, were followed a whole working day. The clinics were selected, because they had 
initiated exposure control practices and procedures. The selection was done by the County 
Council in  Norrbotten.  A theoretical model of exposure to dental polymer materials was 
developed. In this model type of material, time of exposure and use of protective devices was 
studied and recorded. A checklist was used to follow the procedures for handling of dental 
polymers from storage/mixing, treatment in patient, to cleaning/waste disposal. Identified was 
also procedures where the dentist and dental nurse were involved. Time of exposure was 
defined as the time from opening the non-reacted polymer product, or time when grinding 
started, to the time when material was cured in the teeth, or grinding finished. Both risk-
taking behaviour and various measures taken by the personnel to prevent exposure to dental 
polymers were identified and recorded. 

A method called Ergonomic Check Points were used to present the result of the study. Based 
on information from the study and information from material safety data sheets, four check 
points for handling of polymer materials in dental clinics was developed. 

Study result shows that there is a great concern about mercury and polymer materials handled 
in dental clinics but, it is obvious that information to dental personnel, on classification and 
handling of waste products, contaminated by amalgam or dental polymer materials, is 
inadequate. So is also information on preventive measures, and use of personal protective 
equipment. Routines and knowledge on maintenance of amalgam separator in clinics, need to 
be improved as well. There is a need for ergonomically designed check points even for 
handling of amalgam, similar to those developed for dental polymer materials. All dental 
personnel must have access to appropriate personal protective devices or engineering controls 
(e.g., adequate ventilation) that do not disturb nor disrupt work performance. 
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INTRODUCTION  

Lidforss Strömgren  (1927) has described that, 3 700 BC, dental problems were treated by 
chewing equal portions of cow milk, fresh dates and Uah-corn, nine times. Another tooth  
medicin  was made by 8 different herbs (mentioned by name), incense, union and water. A 
tooth paste made of green lead (a mixture of lead phosphate and lead chloride), honey and flint 
was used for rubbing on the affected tooth but, early dental care mainly consisted of removal 
of decayed or aching teeth. The first physician known to practice preservative dentistry was 
Galenos, born 129 AD. He used a technique of filling decayed tooth with veratrum mixed 
with honey. More sophisticated pioneer dental treatment was replacement of lost teeth with 
gold, animal or human teeth. For example, George Washington, the first American President, 
had false teeth made of ivory. The first drill was developed in about 1870 however, more 
adventurous preparation of teeth was not possible to make until the discovery of anaesthetic 
in 1884. Since these innovations, conservative dentistry has grown rapidly and the 20th 
century has been called the time of tooth preservation. An increasing number of new 
restorative materials have been developed, from silver white amalgam that was introduced in 
1818, to aesthetic restorative dental polymer materials; first introduced in 1950. 

The use of amalgam, as a dental restorative material, has been a controversial subject since 
introduction. The concern has been the high content of mercury and adverse health effects 
due to the mercury content. Debate has been so strong and diverse that it has been called "the 
three wars". When first introduced in USA, amalgam was banned, and dentists who still used 
it, were excluded from the American Dental Association. First after some improvements, 
amalgam became accepted as a dental restorative material. Stock, a German chemist, started 
the next debate in 1926. He published about 50 papers, stating that amalgam fillings release 
mercury vapor that may cause different symptoms, but his research was forgotten when the 
Second World War started. During 1970s, the debate started again, now in Scandinavia, 
Canada, Germany and USA. Focus was first "oral galvanism", currents that can be measured 
between different metals in the oral cavity. Although high level could be shown, it was not 
possible to correlate them with any specific symptoms. Then the mercury release from 
amalgam fillings, became a burning question again. Researchers calculated the release of 
mercury from amalgam filling to 8 ps/day, with four or less fillings, and to 29 tg/day with 12 
or more fillings, (Vimy & Lorscheider 1985). 

Dental personnel are exposed to mercury, not only from their own amalgam fillings, but also 
in their work environment Several studies have shown a higher level of mercury in blood, 
urine, hair, nails, and accumulated in brain and kidneys in dental personnel than controls, 
(Lenihan et al 1973, Naleway et al 1985, Nilsson & Nilsson 1986 1,11, Jokstad 1990,  Skare  et 
al 1990, Nylander et al 1989) One study have shown dentists performing significantly worse 
than controls in neurobehaviour tests, even at an average exposure to mercury vapor at 14 
lig/m3  that is far below threshold limit value, (Ngim et al 1992). 

With the development of dental polymer materials around 1950, a restorative dental filling 
material with god aesthetic (compared to silver-white amalgam), also cheap and easy to 
handle, (compared to gold and porcelain) was introduced. The use of dental polymers is 
essential in modern dental practice and use is increasing with a decreased use of amalgam. 
Dental use of polymer products, differ from industrial applications. Generally, the latter do 
not require manual handling of monomer containing products. With the increasing use of 
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dental polymers, attention now start to focus on adverse health effects, mainly allergic 
problems, reported by dental personnel after handling of dental polymer materials. 

Requirements of dental restorative materials 

Manufacturers have been invited by NIOM  (Nordisk institutt  for  odontologisk  
materialprovning  - Scandinavian Institute of Dental Materials), to enter their products in a 
test program based on a standard or acceptance program for types of dental materials. 
Products that meet certification standards are published in NIOM's dated list as "Certified 
products". International standards (ISO) set exact specifications with regard to information in 
instructions for use and marking of packaging as well as physical/chemical requirements for 
strength, dimensional stability, solubility, water absorption and purity of ingredients. Some 
ISO standards require an evaluation of biological properties. The products for which 
information on biological properties has been provided are marked * in NIOM's lists. 

From 94-01-01, in Sweden, (because of joining the European Union) the NIOM testing and 
certification program was replaced by a new and expanded program based on the European 
Union  (EU)  Council Directive concerning medical devices. At least for the time being, MOM 
will continue, using  EU  standards, to conduct the testing and certification. The new 
certification program is applicable to all new dental restorative materials from 95-01-01 and to 
all other dental material from 98-06-01. The new program includes requirements for biological 
and clinical testing. The products are classified by the manufacturer according to risk for 
patient and user in four classes; 1 (10w risk), Ha,  Hb  or III (high risk). Most dental material 
will be classified in Ha. To be "CE marked", the material must fulfil the requirements for the 
class approved (after testing by MOM to verify that the manufacturer's assertions as to 
product performance and composition are valid) (NIOM 1994-95). 

Properties and use of mercury in dentistry 

Mercury  (Hg),  is the only metal that is liquid at room temperature. Mercury releases an 
odourless, invisible, vapour. The threshold limit value (TWL) for mercury vapour in Swedish 
dental clinics is 30 µg/m3,  (AFS  1993). Mercury occurs in inorganic and organic forms. 
Inorganic mercury has three oxidation stages; elemental or metallic (H0), mercurous (Hg22+), 

and mercuric (Hg2+) mercury. 

Two types of amalgam is used in dentistry, conventional amalgam and non-gamma 2 amalgam 
Conventional dental amalgam is made by mixing liquid metallic mercury (ratio approximately 
1:1) with an alloy powder containing about 70% silver, 25% tin, and a small amount of 
copper and zinc. In non-gamma 2 amalgam, the amount of copper is increased to about 25%, 
and the amount of silver decreased. In 1988, dental clinics used between 17-25% (3-5 tons) of 
the total amount of mercury consumed in Sweden. 

Mercury vapour is emitted from many sources in dental clinics, such as; accidental spills, 
squeezing out of excess mercury from freshly mixed amalgam, polishing of amalgam fillings, 
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cleaning and sterilizing of amalgam contaminated instruments, storage of mercury and amalgam 
scrap, removal of old amalgam fillings, cleaning of amalgam filters or particle traps, changing of 
amalgam collecting containers. 

Properties and use of polymer materials in dentistry 

Dental polymers are based on either methyl methacrylate and its polymers, or 
polyelectrolytes (e.g. polyacrylic acids). Methyl methacrylate (MMA), chemical name; 
CH2=C(CH3)COOCH3, is a clear, colourless, flammable liquid with an unpleasant strong 
acrid odour, (Patty 1981, Scolnick & Collins 1986). The threshold limit value for methyl 
methacrylate in room air is 50  ppm  in Sweden  (AFS  1993) 

The chemical properties are defined by its very reactive double binding. The monomer is 
readily polymerised by light, (UV or visible light), heat, oxygen, ionizing radiation, or by 
catalysts, e.g. mixing two components, such as liquid methyl methacrylate (MMA) and 
prepolymerized polymethyl methacrylate (PMMA). To improve mechanical properties, 
especially cracking, cross-linking agents such as ethylglycol dimethacrylate (EGDMA) or 
buthanediol dimethacrylate (BUDMA) are added to the monomer liquid, (Ruyter &  Svendsen  
1980, Ruyter & Øysced 1982). In the polymerization process, some non reacted monomers 
remain, (Øyseed et al 1988, Inoue & Hayashi 1982, Ruyter &  Svendsen  1977). 

Methyl methacrylate, and its polymers, are the basic components in denture bases, crowns 
and bridges, artificial teeth, orthodontic appliances, bonding agents, pit and fissure sealants, 
orthodontic adhesives, and in dental composite material. Polyelectrolytes are the basic 
components in dental restorative glass-ionomer cements, silicone, polyether, polysulphide 
impression materials and epimine resin, (Ruyter & Øysced 1988). 

Composition of dental composite materials, bonding agents, pit and fissure sealants, and 
orthodontic adhesives is similar, except for the amount of filler particles. They consist of; 

1. A monomer system of one or more oligo- or polyfunctional methacrylate or acrylate 
monomers. 
2. An initiator system for polymerisation under ambient conditions, such as benzoyl 
peroxidas (BPO) and tertiary aromatic amines, trialkyl-substituted barbituric acids and 
copper ions, chloride ions, oxygen or a diacyl peroxide, benzoin methyl ether, diketon and 
camphoroquinone and N,N-dimethylarninoethylmethacrylate. 
3. Inhibitors such as; p-hydroquinone, monomethylated p-hydroquinone. 
4. Antioxidants; e.g. 2,6-di-tertiary-butyl-4-methylphenol [butylated hydroxytoluene 
(BHT)] to improve stability and colour during storage. For UV light photostabilization, 
compounds such as 2-hydroxy-4-methoxybenzophenone are used. 
5. Fillers of glass, quartz, amorphous silica, or other particles. 
6. A coupling agent on the filler particles, such as 3-
methacryloyloxypropyltrimethoxysilane, (Ruyter & Øysced 1988). 

Restorative dental polymers are cured by mixing two components or by light. Both methods 
require manual handling of monomer containing products. Dental personnel are exposed to 
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monomers during opening of bottles and jars, mixing of components, bonding, cavity filling, 
light curing, application of adhesives, pit and fissure sealings, grinding of dentures, mouth 
pieces and orthodontic appliances, storage of non-reacted and partly reacted dental polymers 
and cleaning of instruments. 

Environmental aspects of mercury 

Mercury and methyl mercury are naturally occurring substances. The earth's crust contains 
approximately 50 ng/g, mainly as sulphide, (L froth 1973). Extraction of mercury started in 
Spain 300 BC. Because of its properties, mercury has been used in many different areas such 
as in;  chlor-alkali industry, metal production, production of electrical and electronic 
equipment (e.g. AC-DC converters, pressure gauges, lamps, batteries), hospitals, chemical 
laboratories, paint applications, pulp and paper industry, as seed fungicide in agriculture, and 
in dentistry. 

Organic mercury, e.g. methyl mercury, can be formed from mercuric mercury. When mercuric 
mercury is released in waste water e.g. from dental clinics, and reach bottom mud of lakes, 
highly toxic methyl mercury can be formed by micro organisms in anaerobic ecosystems, 
(Wood et al 1968, Jensen & Jernelöv 1969). Methyl mercury is taken up by plankton that 
are eaten by fish and thus methyl mercury reaches human. The most serious aspect of the 
mercury problem in Sweden, is the human health risks associated with high consumption of 
fish from Swedish lakes. High mercury concentrations were also found in fish. In late 1980, 
examination of fish from 10.000 Swedish lakes showed mercury levels exceeding 1 mg/kg pike, 
the blacklisting limit,  (Lindqvist  et al 1984,  Håkansson  et al 1988  b).  

Between 1953-1960 in Mianmata, Japan, more than hundred persons were killed or disabled 
after having eaten fish and shellfish, poisoned by methyl mercury, discharged in waste water. 
In early 1960s in Sweden, it was shown that seed treated with mercury compounds, caused a 
drastic decline of wild bird population. 

As fish was the source in Miarunata, authorities decided that amount of mercury released to 
environment must be reduced. From 1966, threatening of seed with alkyl mercury is banned. 
Better emission control legislation, improved technology, and reduction of polluting industrial 
production have reduced emission of mercury to the atmosphere dramatically in Sweden, lint 
levels of mercury in fish have only decreased in lakes and coastal waters, not in remote forest 
lakes, (Håkcmsson et al 1984). 

The annual emissions of mercury to air from point sources in Sweden, have decreased from 
20-30 ton/year in 1960 to 3.5 ton/year in 1990,  (Lindqvist  et al 1991). With decreased use of 
mercury in many areas, dentistry accounts to a larger extent of the total amount of mercury 
used, as shown in table 1. Because of environmental concern, the Swedish Parliament decided 
in 1994 to discontinue the use of amalgam during a five year period. The current Swedish goal 
is to reduce the level of mercury in fish to 0.5 mg /kg fish. 
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Table 1. Estimated Swedish yearly emissions of mercury, to air from point sources  

Process 1960 1987 

kg kg  

Chlor-alkali plants 10 000 400 
Mining 4 000 50 
Waste incerations 2500 1000 
Sulphide ore smelting 2000 300 
Steel production 1000 700 
Crematoria 1000 250 
Cement kilns 700 500 
Coal and peat combusting 400 300 
Dentist, hospitals, laboratories ? 800 

Even if no more amalgam fillings will be produced, removal of amalgam will continue for many 
more years, as 84% of the adult Swedish population have amalgam fillings in their teeth,  
(SIFO  1995). The Swedish National Board on Health and Safety has estimated that in waste 
water from dental clinics (only from removal of old amalgam fillings) about 300 kg mercury 
per year is discharged, if 70% of amalgam particles are collected in the amalgam separators,  
(Socialdepartementet  1992). But, tests on amalgam separators show that separators that meet 
the Swedish standard collects 95% of amalgam particles bigger than 350 gm, while particles 

finer than 100 gm, which are the main part (80%), pass into the ecosystem,  (Testreport  
1992). Another important factor, is cleaning and maintenance of amalgam separators and 
waste pipes. According to personnel information, proper maintenance of separator can 
reduce out-let of mercury from clinics by 50%, (Sweden Recycling 1995). Studies have shown 
that mercury accumulated in waste pipes of dental clinics causes high mercury content and 
wide variation of mercury in waste water from dental clinics, (Arenholt-Bindeslev & Larsen 
1991, Gahnberg et al 1993). 

Environmental aspects of dental polymers 

Production of polymer materials (usually from organic compounds), were discovered and 
developed about 70 years ago. They became popular in most areas such as, clothing, building 
materials, household appliances, electronic equipment and in dentistry. 
No study has dealt with environmental pollution of polymer products from dental clinics, 
only from few industries or unknown sources. In USA, methyl methacrylate (MMA), has 
been detected in drinking water in low concentrations, <1 mg/I, (USEPA 1975), in plant 
sewers, waste water, (NTP 1987) and in river water. Total emission of MMA to the ambient 
air in USA was in 1974 estimated to be 3600 metric ton, (IARC 1979). In one European 
study, MMA were estimated to range from 20-81 mg/m3  in air exhausts stacks of paint 
plants, (IARC 1979). 
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General toxicity of dental restorative materials 

Absorption, distribution and excretion of mercury 

At least 75-80% of inhaled mercury vapour (V), i.e. elemental mercury, is absorbed across 
the pulmonary epithelium into the blood, (Nielsen Kudsk 1965). Physically dissolved, it 
diffuses into various tissues and also penetrates the placental barrier, (Clarkson et al 1972, 
Vimy et al 1990) and the blood-brain barrier,  (Nordberg  & Serenius 1969). 1.11 the blood, 
mercury vapour is rapidly oxidised to Hg2+ by hydrogen peroxidas and catalas in blood and 
other tissues, (Halbach & Clarkson 1987,  Magos  et al 1978). Mercury vapour might also 
enter the brain by using a direct nose-brain pathway, through the mucous membranes in the 
upper region of the nasal cavity. If using direct nose-brain pathways, the oxidation process in 
bloodstream and liver is bypassed, (Störtebecker 1989). Absorption of ingested metallic 
mercury was earlier considered to be low, but new research shows that it could be relative 
large,  (Skare  & Engqvist 1992). 

Once mercury vapour is oxidized to Hg2+, it is no longer lipid soluble and can not diffuse 
through membranes and escape from tissues. It is trapped in various organs, e.g. in the brain, 
(Berlin 1992). The largest amounts are accumulated in the kidneys, but also in the lungs, 
spleen, heart, liver, thyroid gland, adrenal gland, pancreas, brain and pituitary gland, (Weiner 
et al 1990). The retention time varies among different organs. Brain, kidneys and testicles 
have the longest retention times. The biological half-life for the brain may exceed several 
years, (Nylander et al 1989, Hargreaves et al 1988). Alcohol consumption diminishes 
retainment of mercury vapour in the brain as ethanol is a catalas inhibitor, (Nylander et al 
1987). Mercury vapour absorbed in the blood, is distributed to both red blood cells and 
plasma in comparable concentrations, (Lundgren et al 1967, Suzuki et al 1986). Mercury 
vapour, as well as the highly toxic methyl mercury, has a strong affinity for protein functional 
groups e.g., sulphydryl groups, (Clarkson 1983). This inhibition may partly explain the 
toxicity of mercury, (Lofroth 1970,  Grundt  et al 1982, Domanska-Janik & Bourre 1987, 
Inoue et al 1988). Other systems that are affected by mercury compounds are cell 
membranes, (Ribarov & Benov 1981, Nakada et al 1983). Mercury compounds, especially 
inorganic mercury, have been demonstrated to cause disrupted membrane functions with 
increased membrane permeability and changes in active membrane transport, (Nakada et al 
1983, Walum & Marchner 1983, Rajcama & Hobson 1985, Ballatori et al 1988). 

After oxidation, mercury vapour is mainly excreted as mercuric mercury in faeces and urine. 
Exhalation of small quantities of mercury vapour have been shown in animals, (Clarkson & 
Rothstein 1964) and humans (Hursch et al 1976). The relationship between levels of mercury 
in atmosphere, urine, blood, faeces, sweat, saliva, and exhaled air, is still very poorly 
understood, (Enwomvu 1987). There are high individual variations and marked daily 
fluctuations, but there seems to exist a fairly linear correlation between time-weighted 
atmospheric air concentrations and average urinary levels of mercury, on a group basis, 
(Wallis & Barber 1982, Clarkson 1983a). 
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Absorption, distribution and excretion ofpolymers 

Dermal absorption has been demonstrated to occur in animals, (Verkkala et al 1983) and also 
in humans, (Rajaniemi et al 1989). Methyl methacrylate is distributed rapidly in the body, 
and the majority is excreted within 24 hr, (Borchard 1981). Methyl methacrylate metabolizes 
first into methacrylic acid and methanol. Further methacrylic acid is metabolised into 
methylacrylic-CoA that degrades and is taken up in the citric acid cycle. The half-life time of 
formation of methacrylic acid from methyl methacrylate was 20-40 min in vitro, (Corkill et al 
1976) and in vivo 47-55 min, (Svartling et al 1986). From animal studies, it has been shown 
that 88% of a single exposure dose was expired as CO2 within 10 days, half of the remainder 
is excreted in urine and the rest retained in body tissues,  (Bratt  & Hathway 1977). 

Adverse effects upon human health 

Adverse health effects attributed to mercury 

The lung is the organ most seriously effected if exposed to a high level of mercury vapour. At 
high levels exceeding 1 000 1g/m3  in more than one hour, symptoms, such as coughing, chest 
pain, dyspnea, bronchitis and pneumonia may occur, (Sittig 1985). At low levels, mercury 
vapour has been reported to cause micromercurialism with weakness, fatigue, anorexia, loss of 
weight, and disturbance of GI functions,  (Friberg  &  Nordberg  1972). Chronic exposure to 
mercury vapour, mercurialism, is documented among workers who were occupationally 
exposed. There are three typical symptoms for mercurialism; oral cavity disorders (stomatitis 
and gingivitis), tremor, and mental symptoms (mainly erethism). Other symptoms associated 
with the nervous system are fatigue, insomnia, poor short-term memory, inability to 
concentrate, and also symptoms from the peripheral nervous system, (Weiner et al 1990). 

Renal disturbances such as glomerulonephritis with deposits of immunoglobulines, have been 
reported in men after exposure to inorganic mercury, (Bigazzi 1985, Filastre 1988). The organ 
most effected is the kidney, but deposits of immunoglobulins have also been found in other 
organs. Renal effects demonstrated are, for example, increased activity of lysosomal enzymes 
and increased excretion of proteins and high-molecular-weight proteins in the urine,  (Buchet  et 
al 1980,  Roels  et al 1985, Barregård et al 1988). 

Exposure to mercury vapour may cause symptoms in other organs including a metallic taste in 
the mouth, weight loss,  gastro-intestinal disturbances, abdominal pain, pain in the joints and 
limbs, electrocardographic changes including signs of left ventricular hypertrophy, 
disturbances in cardiac rhythm and also increased susceptibility to infections, (Shapiro et al 
1982, Weiner et al 1990). 

An increased risk of intracranial gliomas is found from Swedish register studies. The risk was 
approximately two-fold for dentists, dental nurses, and two other groups occupationally 
exposed to mercury, (Ahlbom et al 1986, McLaughlin et al 1987). An increased risk of brain 
tumours, three-fold but non- significant have also been shown in a small group of  chlor-alkali 
workers, (Barregård 1990). 
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Mercury vapour and the highly toxic methyl mercury effect the same critical organ (brain), 
but the signs and symptoms of toxicity, with the exception of tremor, are different for both 
physiochemical forms of mercury,  (Magos  1975). The earliest clinical symptoms of methyl 
mercury toxicity are parasthesia of the limbs and lips, (EPA 1984). The earliest clinical 
symptom of intoxication due to chronic exposure to mercury vapour is considered to be 
tremors, (MAC 1969,  Magos  1975). 

Allergic dermatitis, caused by skin and mucous exposure to mercuric compounds, have been 
reported, (Nakayama et al 1983). In Sweden, allergy to mercury is the only oficially 
acknowledged health effect from amalgam fillings in teeth. Those with mercury amalgam 
fillings who can medically demonstrate allergy to mercury are eligible for without cost 
replacement of their amalgam fillings,  (Furhoff  &  Håkansson  1991). 

The debate has mainly focused on the effects in patients from having amalgam fillings in their 
teeth. Dental personnel are exposed to mercury, not only from their own amalgam fillings, 
but also in their work environment Several studies have shown a higher level of mercury in 
blood, urine, hair, nails, and accumulated in brain and kidneys in dental personnel than 
controls, but not correlated to any specific symptoms, (Lenihan et al 1973, Naleway et al 
1985, Nilsson & Nilsson 1986 1,11, Jokstad 1990,  Skare  et al 1990, Nylander et al 1989). 
Neurobehaviour tests have shown dentists performing significantly worse than controls, and 
having a more aggressive mood but, clinical examinations did not show any overt neurological 
and behaviour signs or symptoms. Neither did they complain of difficulty to perform their 
job, (Ngim et al 1992). 

Adverse health effects attributed to dental polymers 

Methyl methacrylate, is a well-known irritant to skin, eyes or mucous membranes. Humans 
are more sensitive to methyl methacrylates than animal species tested. The first reports 
about hypersensitivity to methyl methacrylate came in 1941, (Stevenson 1941, Moody 1941). 
Early on, handling of methyl methacrylate was demonstrated to cause hand eczema in dental 
technicians, (Stoy 1952). Several cases of allergic contact dermatitis caused by methyl 
methacrylate, and its polymer, have been reported since then. Repeated contact with methyl 
methacrylate, frequent hand washing and frequent exposure has been reported to enhance skin 
reactions, (Jacobsen & Hensten-Pettersen 1989, Kanerva et al 1989, Munksgaard & Knudsen 
1990, Hensten-Pettersen & Jacobsen 1991, Kanerva et al 1993, May). A limited number of 
reports about the allergic effects of dental polymers on the oral mucous membranes are being 
published, (Lind 1988). 

Apart from contact sensitization, handling of acrylates have been reported to cause 
respiratory symptoms, mainly asthma, in many studies, (Lozewicz et al 1985, Kopp et al 
1985, Pickering et al 1986, Roy et al 1989, Nakazawa 1990,  Basker  & Hunter 1990, De Zotti  
dr  Larese 1990,  Reynaud  et al 1990, Kanerva et al 1992, Savonius 1993). 

Even many additives are shown to cause hypersensitivities and allergies such as; N,N-
dimethy1-4-toluidine  (Tosti  et al 1990, Vershueren & Bruynzee11991), 4-tolyl-diethanolamine 
(Farli et al. 1990), hydroquinone, (Van Ketel 1984, Torres et al 1992), benzotriazoles (Arisu 
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et al 1992), and benzophenones, (Cronin 1980, Kcmerva et al 1993). Even impurities may 
cause tissue reactions, (A/tuna & Freeman 1985, Altuna & Freeman 1987, Niinimäki et al 
1983). Light-cured acrylics are more potent sensitizators than methyl methacrylate, 
(Kanerva et al 1993). 

Other adverse effects to the nervous system, reported after exposure to methyl methacrylate, 
were headaches, pain in the extremities, nausea, loss of appetite, fatigue, sleep disturbances, 
irritability and loss of memory; (Innes & Tansy 1981, DFG 1984, Froines & Garabrant 1986, 
Pagniano, et al 1986, NTP 1987). Other symptoms described are changes in blood 
parameters and in lipid, hormone and iodine metabolism, (DFG 1984). 

Local neurotoxicity with reduced nerve conduction velocity, coldness and numbness in the 
extremities dermally exposed, has been demonstrated after dermal contact to methyl 
methacrylate, (Seppeikimen & Rajcoziemi 1984, Rajaniemi 1986). 

Preventive measures 

For mercury, prevention consists of three steps; appropriate choice of materials and working 
methods, adequate measures to prevent diffusion of mercury vapour and particles, and proper 
handling to minimize exposure, (Gerdardsson & Brune 1989). Choosing dental amalgam in 
capsule, minimize diffusion of mercury vapour to work environment, as well as exposure for 
dental personnel, compared to manual mixing of liquid mercury and alloy powder. During 
removal of old amalgam restorations, local exhaust combined with water spray decrease 
exposure to mercury vapour, (MacDonald 1984). To minimize diffusion of mercury vapour, 
ultrasonic amalgam condensers should be avoided, (Rao et al 1982). High-risk amalgam 
contaminated wastes, such as amalgam remains, collected sludge and extracted teeth, should be 
kept in a tightly sealed container under liquid and later sent to deposit. Low-risk wastes viz.; 
cotton reels, amalgam cloths, cofferdams, gloves, suction pipes and amalgam capsules should 
be kept separately and not mixed with other waste products,  (Sveriges  Tandläkarförbund  
1995). Mercury contaminated materials should not be heated or placed in heat sterilizes. 
Spills of mercury should be properly cleaned up. Personnel protective devices should be 
worn to avoid contact to mercury, and inhalation of mercury vapour. Contaminated air 
should be filtered especially for particles below 5 gm. Exposure to mercury vapour will also 
be reduced if a local exhaust is used as close to the source of emission as possible during 
setting, removal and polishing of amalgam restorations. Installing of selenium filters in the 
clinic bind mercury vapour. One of the most important factors to reduce mercury vapor in 
dental clinics is good general ventilation. 

Based on environmental concern, an agreement was signed in 1985, between the National 
Environmental Protection Board, Dental Association, Dental Trade Association and County 
Council, requiring that all dental units must be connected to an amalgam separator. Amalgam 
separators, approved in Sweden, must meet the standard collecting 95% of amalgam particles 
in waste water from spittoon bowl and suction system. Swedish tests estimate that 75% of 
particles are bigger than 350 gm, which is correct when removing amalgam with low speed 
drill. But, when using high speed drill, only 16% of amalgam particles are bigger than 500 gm, 
and 80% are finer than 100 gm, (Dun-  Dental 1992). Thus, amalgam separators that meet the 
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Swedish standard collect 95% of bigger particles, while finer particles, which are the main 
part, pass through purifying plants (where mercury is not collected) into the ecosystem. 
Amalgam separators can also be approved according to Danish or German standards, both 
based on finer particles. Danish tests estimate 80% of particles to be finer than 125 gm, and 
German tests estimate 80% of particles to be finer than 100 gm. Danish tests use a maximum 
water flow of 5 litres per minute, and German tests 12 litres per minute,  (Testreport  1992). 

There are different types of amalgam separators, viz. separation through sedimentation, 
centrifugal force or a combination of both. All have limitations e.g. particle size of amalgam 
particles to be collected. In separators based on centrifugal force, particles smaller than 6-8 
gm will not be collected efficiently, and particles bigger than 3 mm can cause disturbances in 
the system, (Al/hammar 1987,  Bautechnik  1994). Also that container must be changed before 
it is full, otherwise, amalgam particles will be released into waste water. To prevent this, 
separator should be provided with an automatic stop or signal, indicating when full. In 
separators based on sedimentation, amalgam particles collected by the filter, act as a fine-
meshed filter, and increase efficiency of separation for even smaller particles. One amalgam 
separator can serve one dental unit or several. When serving many units, a filter or particle 
trap, near each unit collects bigger particles. The filter, or particle trap, is emptied and cleaned 
daily, in most clinics by the dental assistant. According to recommendations, separators 
should be provided with a record telling when amalgam collecting container was changed, and 
by whom. 

There is no universal handling practices and procedures to follow when handling dental 
polymer products. Material safety data sheets on dental polymer products do not always 
give table of content, or amount of each ingredient. Also different products, containing the 
same dental polymer, give different information on health effects, precautions and preventive 
measures. 

One very common used polymer is methyl methacrylate (MMA). According to Material 
Safety Data Sheet, the preventive measures when using  Prisma  Universal Bond, containing 
MMA are; good general ventilation, avoid skin contact and access to rinsing eyes. Use safety 
glasses and respiratory protection. Health hazards reported are; dangerous to inhale, skin 
contact and ingestion may cause allergy. The vapour irritate eyes and respiratory tract. 
Inhalation may cause smarting pain in nose and throat and coughing. High doses may cause 
dizziness, vomiting and difficulty in breathing. Long time inhalation may cause headache, 
fatigue, loss of appetite, pain in arms and legs and loss of memory. Skin contact may cause 
burning and flushing sensation. May penetrate the skin. Risk of developing allergic eczema 
upon repeated or prolonged contact. High levels of vapour or drops in eyes cause strong 
burning sensation and increased flow of tears that might remain for several days. Digesting 
may cause burning sensation in mouth and throat, feeling sick, vomiting and symptoms as 
with inhalation. 

According to another Material Safety Data Sheet, preventive measures when using Saga 
Sealent Universal, also contain MMA are; good general ventilation, work close to ventilation 
outlet, use safety glasses and gloves. Health hazards reported for that product are; Irritating 
to eyes, skin and respiratory tract. May cause allergy. Very danger of fire. Concentrations 
over 150 mg/m3  may effect the central nervous system. Do not wash down the drain. 
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All gloves used today are penetrated by dental polymers. It has been shown that 2-
hydroxyethyl dimethacrylate (HEMA) and triethyleneglycol dimethacrylate (TEGDMA) 
penetrate vinyl gloves in 1-3 minutes and latex gloves in 5-8 minutes. Bisphenol A 
diglycidylether dimethacylate (BIS-GMA) and urethane dimethacrylate (UEDMA) penetrate 
vinyl gloves in 20 minutes and latex gloves in 80 minutes. Monomethyl methacrylate 
(M/v1A) can even penetrate latex gloves in 1-2.5 minutes because of small molecule size, 
(Munksgaard 1992, Waegemaekers et al 1983). Using a face mask retain less than 42% of 
respirable particles, (Collard et al 1991). Considering the small molecule size of dental 
polymers, it can be assumed that face masks more tardy than they prevent inhalation. 

In dentistry, glasses and visors have been used to prevent eyes from particles but, preventing 
eyes from vapour, require another type of safety glasses. With the scanty knowledge, dental 
polymer products must be handled with great care. Apart from good general ventilation and 
good working routines, use of personnel protective devices such as; safety glasses, face mask 
and gloves are recommended during all handling of polymer products in dental clinic. 

PURPOSE OF THE STUDIES 

The aim of the studies was; 

•To increase knowledge about risks associated with handling of mercury and polymer 
material in dental clinics. 

•To gather knowledge on preventive measures for handling amalgam and polymer materials 
in dental clinics. 
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MATERIAL AND METHODS 

Study Ll. Handling of amalgam 

To collect information on handling of mercury in dental clinics, a questionnaire was designed 
and sent to all dental teams working in  Norrbotten,  the northern part of Sweden. (A dental 
team is dentist and a chair assistant). See Appendix 1. A list of dentists was obtained from 
Social Insurance Office and County Council in  Norrbotten.  The questionnaire was pre-tested 
by a dental team. After minor revision, questionnaires were mailed to those on the list and 
results were returned in an attached postage paid envelope. A short notice in County 
Council's staff magazine was the only reminder. The response rate was 45%. Information 
regarding mercury exposure was obtained from the survey. Additional information was 
gathered on ventilation problems, self-estimated exposures and protective devices. Inquiry 
was also made as to interest in measurement of mercury level and trying of new protective 
equipment. 

The validated data came from 94 dentists, 60 dental nurses and 22 dental hygienists (including 
4 trained as nurses and hygienists), a total of 178 persons. Thirty-nine of the dentists 
(41.5%) as well as all nurses and hygienists were women. The 22 dental hygienists were 
included in the group called "assistants," together with the dental nurses. Among the 
respondents, 70% of the male dentists, 89% of the female dentists, 71% of the hygienists, and 
92% of the dental nurses work at the public dental care. The mean age distribution was 42.6 
years (SD 7.8), ranging from 26 to 62 years. The mean years in practice was 17.7 years (SD 
8.3) ranging from 1 to 38 years. The mean working hours per week was for male 39.9 hours 
(SD 4.7), and for female 34.3 (SD 6.7), ranging from 20 to 65 hours. 

One part of the questionnaire gathered information on self-reported frequencies of seven 
symptoms; muscular pain, headache, tremor, insomnia, irritation, impaired memory and 
depression. Another questionnaire, excluding questions on handling of amalgam in the clinics, 
was sent to all physicians and assisting nurse in the same geographic area. The response rate 
was 43%. A case-control study was designed with dentists and dental nurses as cases, and 
physicians and nurses, working in the same geographical area, as controls. It was assumed 
that, apart from work environmental exposure to mercury, the working conditions, work load, 
organisation, distribution of age and sex, and number of amalgam in teeth, were equivalent in 
dental care and controls. 

The controls were 88 physicians, 61 male and 27 women, and 75 nurses, a total of 163 
persons. The mean age for male was 43.5 (SD 6.6), and for female 44.7 (SD 8.0). The mean 
working hours per week (ranging between 20 to 80 hours) was for male 45.3 hours (SD 9.2), 
and for female 38.2 (SD 7.5). 

Reported symptoms when exposed to different mercury exposure was calculated as Odds 
Ratio. An Odds Ratio =1 shows that there is no difference between the exposed and 
unexposed group (controls). An Odds Ratio above 1 shows that the relative risk is higher for 
the exposed groups relative to controls and a result below 1, means that the relative risk is 
lower for the exposed groups. The confidence interval was set at 95% level. 
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From the self reported frequency of each symptom, the relative risk of symptoms in dental 
care, compared to controls was calculated. The relative risks in males, dentists, relative to 
controls (physicians), and in females, dentists + assistants, relative to controls (physicians + 
nurses) were also calculated. Further, the relative risk of symptoms in female dentists, 
relative to controls (physicians) and dental assistants, relative to controls (nurses) were 
likewise calculated. 

exposure 1. Amalgam dental fillings and symptoms.  Dental fillings were divided into three 
groups, "<4 amalgams," "4-12 amalgams," and ">12 amalgams." The relative risk for 
symptoms, was calculated in each group in dental care. The relative risk for symptoms in 
those with ">12 amalgams" compared to those with "<4 amalgams" was calculated. 

Exposure 2. Years in practice and symptoms:  Years in practice were divided into three 
groups, "10 years," "20 years," and "30 years." The relative risk of symptoms was calculated 
in each group in dental care. Then the relative risk for symptoms in those working "30 years" 
in practice compared to those working "10 years" in practice was calculated. 

Exposure 3 Insufficient ventilation and symptoms:  The data were divided into two groups; 
those who found "the ventilation as insufficient" and those with "no complaint." The relative 
risk of symptoms in each group in dental care was calculated. Subsequently, the relative risk 
of symptoms in those with "insufficient ventilation", related to those with "no complaint" 
was also calculated. 

Exposure 4. Handling of amalgam and symptoms.  The total number of amalgams removed, 
produced and polished per day, was divided into three groups, "0-7 amalgam," "8-15 
amalgam," and "16-65 amalgam." The relative risk of symptoms in each group was calculated. 
The risk of those handling "16-65 amalgam" compared to those handling "0-8 amalgam" was 
also calculated. 

Data on dental personnel was also analyzed for correlation between the different symptoms, 
age, profession, and years in practice. 
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Study IL Handling of dental polymers 

To obtain information on handling of dental polymers, dental teams working in four public 
dental clinics in the northern part of Sweden, were selected by the County Council to 
participate in a study. The selected clinics had initiated exposure control practices and 
procedures, after reporting adverse health effects attributed to dental polymers. A theoretic 
model of exposure to polymers in dental clinics was developed (Figure 1). In this model the 
choice of material, time of exposure, and use of protective devices, was studied. 

Figure 1. A theoretical model of exposure to polymers in dental clinics. 

A checklist was used to follow the procedures for handling of dental polymers from 
storage/mixing, treatment of the patient, to cleaning/waste disposal. Also identified was the 
type of polymer handling in which dentist and nurse were involved. Time of exposure was 
defined as the time from opening the non- reacted polymer product, or the time when grinding 
started, to the time when material was cured in the teeth, or grinding was finished. Both risk-
taking behaviour and various measures taken by the personnel to prevent exposure to dental 
polymers were identified and recorded. 

A method called Ergonomic Check Points, was used to present the result of the study. The 
method was developed in 1996, through joint effort of ILO (International Labour Office) and 
LEA (International Ergonomic Association) to identify simple, practical and inexpensive 
solutions to work environmental problems. Based on this study, and information from 
manufacturers, four Check Points for handling of polymer materials in dental clinics was 
developed. 

Nineteen dentists, (7 men and 12 women), and 20 dental nurses were included in this study. 
They were working in four clinics of different sizes; one orthodontic clinic with 5 dental 
teams and three general dental clinics with 1, 3, and 10 dental teams. The average "number of 
years in practice" for male dentists was 26 years, ranging from 13-35 years. (SD 7), for female 
dentists 16 years, ranging from 9-31 years (SD 6.6), and for nurses 18 years, ranging from 12-
28 years. (SD 6). 
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RESULTS 

Study I. Handling of amalgam 

Amalgam handled in dental clinics. 

Eighty-nine percent (89%) of the subjects reported using amalgam in capsules, with 1% 
mixing amalgam manually. Four percent (4%) reported using both methods. Only 2 % were 
not using amalgam at all. Amount of mercury exposure to dental personnel depends on 
number of amalgam removed, polished and produced per day in clinics. The dentists 
reported, on average, 7 removed and 4 produced amalgam fillings per day, while dental 
assistants reported 5 removed and 3 produced amalgam fillings per day. In table 2, reported 
number of removed, polished and produced amalgam per day is shown. 

Table 2. Number of amalgam removed, polished and produced per day 

	

Dentists (n=94) 	 Dental assistants (n=82) 
Response 	 Response  
Rate (%) Mean 	SD 	Range Rate (A) Mean SD 	Range 

Removed (93) 7 7.3 0-30 (68) 5 3.7 0-15 
Produced (89) 4 5.0 0-30 (63) 3 3.6 0-20 
Polished (88) 3 3.4 0-10 (78) 2 2.2 0-10 

High-risk and low-risk wastes, classification and handling 

The classification of amalgam contaminated products as high-risk wastes or low-risk wastes, 
is important as wastes should be handled in different ways. High-risk waste products should 
be collected and later sent to deposit, while low-risk wastes should be kept separately from 
other waste products, and later sent to deposit, or burnt as refuse, depending on local 
regulations. When comparing the information, given by dentists and dental assistants, no 
difference in classification was found between the groups, neither in information on handling 
of the different waste products. Thus, information about classification and handling of waste 
products, as well as maintenance of amalgam separators, clinics and waste pipes, is given for 
all dental personnel as a group. Table 3 shows that classification on what is high-risk or low-
risk wastes differed, and also occurrence of erroneous classifications. This is serious when 
high-risk wastes are classified as low-risk wastes and later burnt, leading to emissions of 
mercury to environment. 
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Table 3. Classification of amalgam contaminated wastes as high-risk or low-risk (n=176)  

High-risk Low-risk Do not use or No answer 

83 6 11 
34 53 13 
43 43 14 

8 85 7 
64 10 26 
9 69 22 
4 89 7 
3 89 8 
77 9 14 

High-risk wastes; 
amalgam remains 
extracted teeth 
collected sludge 

Low-risk wastes; 
cotton reels 
amalgam cloths 
cofferdams 
gloves 
suction pipes 
amalgam capsules 

According to recommendation, high-risk wastes should be kept tightly sealed and moist. Even 
if not kept moist, most people kept products, classified as high-risk products, tightly sealed. 
Unnecessary, amalgam capsules and amalgam cloths were also kept as high-risk wastes as 
table 4 shows. Handling of products, by a majority classified as high-risk waste products, is 
shown in table 4. 

Table 4. Different ways of handling products classified as "high-risk wastes",  (n=176) 

Tightly sealed 	Tightly sealed 	Tightly sealed 
High-risk 	In liquid 	 Dry 

amalgam remains 
collected sludge 
amalgam capsules 
amalgam cloths 

45 11 27 
27 7 9 
50 3 24 
38 3 23 

Two products, (extracted teeth and collected sludge), was erroneous classified as low-risk 
wastes by many respondents. The handling of extracted teeth and collected sludge, differed 
widely as well. Extracted teeth were saved in a tin and given to dental schools by 2% of 
respondents. Another 2% treated them as biodegradable. A majority threw extracted teeth in 
waste basket. Collected sludge was thrown in waste basket by most respondents, some 
sucked it up. One respondent reported that it was washed down the drain. 

As table 5 shows, most products, classified as low-risk wastes, are thrown in waste basket. 
Some of the respondents reported just low-risk wastes, without further indicating what that 
term meant. Few persons even stored low-risk wastes in a storage compartment, under the 
floor, in the operating room. 
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Table 5. Different ways of handling products classified as "low-risk wastes", (n=176)  

low 
risk  

waste 
basket 

save recycle 
% 

wash 
down 

% 

suck  
up 
% 

bio- 
degradeble 

cotton reels 2 83 
cofferdams 9 59.5 0.5 * 
gloves 7 81.5 0.5 * 
suction pipes 7 78.5 0.5 * 3 
extracted teeth 3 46 2 2 
collected sludge 4 35 1 3 

* 0,5% of the subjects reported that they saved contaminated cofferdam, gloves 
and suction pipes in a store space in the room. 

Maintenance of amalgam separators 

Proper maintenance of the separator, is shown to be the most important factor to reduce out-
let of mercury from dental clinics. Proper maintenance requires certain basic knowledge, viz. 
where separator is placed, if it is provided with signal, or automatic stop, indicating when 
collecting container is full, how often collecting container is changed, how many units that are 
connected to the same separator. 
When comparing information from dentists and dental assistants, it is assumed that dental 
assistants, who are responsible for maintenance of separators in clinics, would have a higher 
level of knowledge. However, no difference in knowledge could be found between 
professionals but, rather between individuals. This might reflect a difference in routines 
between clinics. 

More than half of the respondents (56%), did not know name of their amalgam separator, 
even though 28% reported it to be placed near their dental unit. Those who did not know 
name of their separator, were more often not familiar with other factors regarding maintenance 
of the separator either, as table 6 shows. 

Table 6. Knowledge of amalgam separator in their clinic, reported "Do not know" by dental 
personnel (n=178)  

DO NOT KNOW 
Know name of 
separator (n=79) 

Do not know 
name of separator (n=99) 

Age of amalgam separator (Year) 6 57 
Number of units connected with the same amalgam separator 10 26 
Location of amalgam separator 3 13 
Indicator for amalgam collecting container 4 69 
Changing of amalgam collecting container 
(number of changes per year) 

16 58 
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Clinics and waste pipes 

Mercury is known to accumulate in waste pipes from dental clinics. This accumulation 
causes high mercury content and wide variations of mercury in waste water from dental 
clinics. Mercury content in waste water can be reduced considerably, by cleaning of waste 
pipes. Also age of clinic, influence amount of mercury accumulated in waste pipes, and thus 
amount of mercury in waste water. Table 7 shows clinic age and condition of waste pipes, 
reported by dental personnel. A majority, 85% were working in clinics older than 10 years, 
some even 20-30 yeas old. More than half of the respondents (54%) reported neither cleaning 
nor changing of waste pipes in their clinic, and 37% did not know. 

Table 7. Age of clinic and condition of waste pipes, reported by dental personnel, (n=178) 

Age of clinics 
	

Condition of waste pipes 
0-5 years 	6-10 years 	> 10 years 	new pipes 	cleared pipes 	nothing done 

4 	 11 	 85 	 3 	 6 	 54 

Use of protective equipment against mercury vapour 

Seventy-eight percent (78%) of men and 90% of women working in the dental clinics, were 
interested in trying new equipment to protect from mercury vapor, but only 17% reported to 
have access to protective equipment for mercury vapor. When handling amalgam, 30% of the 
dentists and 21% of dental assistants, reported that they never used gloves when handling 
amalgam. The use of the different protective devices against mercury vapour, reported by the 
respondents, is shown in table 8. 

Table 8. Protective equipment used when handling amalgam, reported by dental personnel 
(dentists n=94, assistants  n=  82)  

Protective equipment to mercury vapor Dentists Assistants 

Gloves 80 80 
Clean up (a nozzle) 6 1 
Merconvap (a mercury bonding solution in the waste container) 4 10 
Local exhaust 1 1 
Selenium filter (to confine mercury vapor from the air) 1 1 
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Ventilation 

One of the most important factors when working with mercury is proper ventilation to reduce 
diffusion of mercury vapour into room air. Also room temperature is a important factor, 
since more vapour will be released, the higher the room temperature becomes. The most 
common complaint by dental personnel was "too warm", reported by 50% of women and 
36% of men in the dental clinics. Other problems of interest when working with mercury 
were "ventilation often out of function" and "stuffy air." Almost 90% of the women and 56% 
of the men wanted to get mercury levels in their clines measured, showing a great concern on 
work environment. 

Exposure to mercury and symptoms in dental personnel 

Data on dental personnel was analyzed regarding correlation between the different symptoms 
and age, sex, profession, and year in practice. A correlation was found between "year in 
practice", "irritation" and "depression" (0.679) and "year in practice", "impaired memory", 
and "depression" (0.639). A correlation was also found between "year in practice" and 
"muscle fatigue", with "irritation" (0.537), "impaired memory" (0.539) and "depression" 
(0.562). 

When calculating OR, it was shown that the relative risk was significantly higher for muscular 
fatigue (p=0.037), and tremor  (p=  0.007) in female dental personnel. The risk for muscular 
fatigue was even higher in dental assistants (p=0.018). On the other hand, a significant lower 
relative risk for depression, was shown in male (p=0.019) and female (p=0.007) dental 
personnel, and for irritation in female (p=0.023) and dental assistants (p=0.005), relative to 
controls. 

A clear picture of the relative risk for selected symptoms in dental personnel, exposed to 
different mercury exposure levels, was not possible to find. What could be shown was, a 
group of symptoms, reported by both male and female, increasing with increased level of 
exposure (not significant) but, related to different exposures, as figure 2 and 3 shows. What 
also could be shown was, a significant higher relative risk for muscular fatigue, headache, 
tremor, irritation, impaired memory, and depression, in female who were disturbed by 
insufficient ventilation, as figure 4 shows. None in the group "not disturbed by insufficient 
ventilation", reported tremor. 
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Figure 2. Self-reported symptoms in 
	

Figure 3. Self-reported symptoms in male 
female dental care with amalgam fillings 

	
dental care handling "0-7", "8-15" and 

in teeth. 	 "16-65" amalgam per day. 

0 No complaint (n=23) 	0 Insufficent ventilation (n=96) 

Figure 4. Ventilation and self-reported symptoms, female dental care subjects. 
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Study  H.  Handling of dental polymers 

Handling of polymers in dental clinics 

The different dental polymers, used by the dentists in this study, are all listed in table 9. 
Type of polymers in the material used, is according to information from product information 
lists. The polymers listed and described in this study represent only a small number of those 
in use today. 

Table 9. Composition of polymers used in the clinics studied, from safety data sheets  

COMMONLY USED DENTAL POLYMERS 
OTHER 	Composition 

PRODUCT NAME 
	

MMA HEMA TEGDMA UEDMA BIS-GMA POLYMER information given 

All Bond primer A  B 	 X 	 100 
All Bond bonding 	X 	 X 	 100 
Ana Norm anterior 	 X 	X 	X 	X 	 100 
Ana Norm bonding 	X 	 X 	 X 	X 	 100 
Ana Norm posterior 	 X 	X 	X 	X 	 100 
Aquacem 	 X 	10-30 * 
Dylact 	 X 	 10-30 
Dyract-PS prime/adhesive  X 	 X 	 100 
Fuji II 	 X 	5-10 * 
Fuji II LC 	 X 	0*, 30-100 ** 
Light-Bond 	 X 	X 	No amount given  
Prisma  Univ Bond/primer 	X 	 100 
PrismaUniversal Bond 	X 	 30-100 
Protemp 	 X 	 10-30 
Saga Sealent Universal 	X 	 No amount given 

Scotchbond MultiPurpose  X 	X 	 X 	X 	 54 
System 1+ 	 X 	 X 	X 	 21 
Vitremer 	 X 	 X 	 100 
Viatmer primer 	 X 	 X 	 100 

* = powder ** = liquid 

Treatments involving exposure to dental polymers in the clinics 

The amount of exposure to dental polymers, depends on frequency and time of contact with 
polymer products. According to observations, dental nurses were involved in storage/mixing, 
treatments and cleaning/waste disposal, while dentists mainly were involved in treatments. 
One female dentist cleaned instruments and deposited material occasionally. 

A total of 84 treatments involving handling of dental polymers were identified. These were, 
cavity fillings, bonding of orthodontic appliances and grindings, (after removal of orthodontic 
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appliances, when correcting dentures or mouth-pieces). Frequency, (number of treatments 
involving handling of dental polymers) differed widely between dentists and also between 
days, ranging from 1-10 treatments per day. Even the time for each treatment differed as table 
10 shows. 

Table 10. Time (in minutes) of exposure, for cavity fillings, bondings 
and grindings  (n  total =84) 

cavity fillings 
(n=52) 

bonding 
(n=25) 

grinding 
(r .7) 

Average time 7 6 7 
Min time 1 1 4 
Max. time 20 16 15 

Use of personal protective equipment 

None of the dental teams in the study, had access to safety glasses. Visors, which do not 
protect against vapors, were available. In all clinics studied, vinyl and latex gloves were 
available. Both dentists and dental nurses used vinyl gloves more often than latex gloves. 
One dentists used cotton gloves under operating gloves due to hand eczema, and another used 
both latex and vinyl gloves together. During more than half of all treatments, dental nurses 
removed gloves before cleaning/waste disposal. Without being aware of it, both dentists and 
nurses were wearing, or pulling down the face mask to under the nose or chin. Table  Il  
shows use of personnel protective devices by dental nurses during mixing, treatment and 
cleaning/waste disposal and by dentists during treatments. 

Table 11. Personnel protective devices, used by dental nurses, during 
mixing, treatment and cleaning/disposal, and by dentists during treatment 

Dental nurse 	mixing (n=84) 
treatment (n=84) 
cleaning (n=81) 

Dentists 
Male 	treatment (n=42) 
Female 	treatment (n=42) 

Gloves Face mask Safety glasses 

82 51 0 
75 39 0 
38 28 0 

97 48 0 
98 67 0 



23 

Storage of denial polymer material and polymer contaminated waste products 

Storage of dental polymer materials, near or far from the operating chair, and open or sealed 
was observed. Also location of waste container in relation to operating chair and if polymer 
contaminated products were thrown in a covered or uncovered container. On several 
occasions, contaminated products were thrown in different containers, one placed near and 
one far from operating chair. As shown in table 12, in most cases studied, waste products 
were thrown in an uncovered container that was placed near the operating chair. Also dental 
polymer materials was usually stored near operating chair, on a tray, on a shelf. In all rooms 
studied, a shelf is placed over the radiator, both are below the window. 

Table 12. Different ways dental polymers and polymer contaminated products 
were stored in the clinics, and distance to operating chair, near or far. (n=84)  

Dental polymer products Container for polymer contaminated 
waste products 

In reference to the Opened Sealed Uncovered 	Covered 
operating chair % % % % 

Near 11 75 95 5 

Far 0 14 0 7 

Risk taking behaviours and interventions taken by dental personnel to reduce exposure to 
dental polymers. 

Dental personnel were concerned about health risks from exposure to polymers. More than 
70% of the personnel studied, commented that they found ventilation insufficient. Some 
followed safe practices such as using suction equipment to remove vapours/particles, pipettes 
to draw limited amounts of reactive agents for immediate application, fans to remove vapours 
and curing excess materials. However, use of safe practices and procedures was not uniform 
between treatments or among all personnel studied. For example, when light curing the 
material, dentists exposed their fingers to non-reacted material that could be avoided by using 
ergonomically designed equipment. Some dentists, as an apparent convenience during the 
filling process, wiped excess filling material on their fingers. The dental nurses are generally 
not aware of their extent of cumulative polymer exposure during their part of the work in 
mixing, treatment and disposal. 
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Ergonomic Check Points 

The study in dental clinics has resulted in developing of few checkpoints. The 
recommendations, called "Reflect upon when handling polymers" comprises the following 
four check points; 

1. Use gloves 

WHY 
• Skin contact may cause burning and flushing sensation. 
• May penetrate the skin. Risk of developing allergic eczema upon repeated or prolonged 

contact. 
HOW 
• Use gloves the whole procedure, from opening the non-reacted product, or the time when 

grinding starts, during mixing and treatment of the patient, to cleaning/waste disposal. 
SOME HINTS 
• Read information from manufacturer on each product used. Are gloves made of special 

material recommended? Use recommended type of gloves. 
REMEMBER 
• Gloves protect only a limited time, change at least between every patient. 
• If gloves are removed e.g. for answering the telephone, or make an appointment, don't 

forget to use new gloves before proceeding. 

2. Use face mask 

WHY 
• Inhalation of polymer vapour may cause burning sensation in nose and pharynx including 

coughing. High level of exposure may cause dizziness, vomiting, and difficulties in 
breathing. Long time exposure may cause headache, fatigue, loss of appetite, pain in arms 
and legs, and also loss of memory. 

• Particles inhaled may cause respiratory symptoms and lung disease. Face masks retain 
about 40% of respirable particles. 

HOW 
• Use face mask during the whole procedure. 
• Use face mask over both nose and mouth. 
SOME HINTS 
• Use pipettes to draw limited amounts of e.g. bonding, primer, from bottles for immediate 

application. 
• Suction equipment is used by dental nurse to remove particles/vapours during bonding, 

primer, grinding. 
• Install a hold for suction equipment close to breathing zone. To use when nurse cannot 

assist. 
• A fan close to operating chair will reduce amount of vapour in breathing zone, and increase 

comfort. 
• Use sleeve when grinding dentures, mouth pieces and orthodontic appliances. 
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3. Use safety glasses or eye protection devices 

WHY 
• High levels of vapour or drops in the eyes cause strong burning sensation and increased 

flow of tears that might remain for several days. 
HOW 
• Read information from manufacturer. What is recommended? Use that. 
• Use the protection during the whole procedure 
SOME HINTS 
• Using a visor when grinding protect eyes from particles. 
REMEMBER 
• Ordinary glasses do not protect eyes from vapour. 
• If drops of polymer reaches the eyes, wash immediately with water for several minutes. 

Contact a physician. 

4. Store polymer material and waste products closed, cool and far from operating chair. 

WHY 
• The amount of polymer vapour emitted into the work environment is reduced. 
• The risk of getting eyes and respiratory tract irritated by polymer vapour is reduced. 
HOW 
• Keep polymer waste products in a sealed container. 
• Keep material and waste products cool. 
• Store material and waste products far from operating chair. 
SOME HINTS 
• Cure remain material before throwing it away. 
• Polymer waste products can be kept in a plastic bag in an empty tin, change plastic bag 

daily. 
REMEMBER 
• Do not store material on a shelf placed over a radiator. Neither in front of a window on 

the sunny side. 
• Every time waste container is opened, vapour will emit into the room. 
• Even gloves, cotton reels, and napkins, may contain small amounts of polymer material. 
• If polymer waste products are thrown in an open waste basket, small amounts of vapour 

will emit into the room. 

DISCUSSION 

Even if use of dental restorative amalgam is decreasing and, due to environmental concern and 
legislation, will stop completely, dental personnel will be handling amalgam contaminated 
products when old amalgams are removed. Most of the Swedish adult population (84%), 
have amalgam fillings in their teeth,  (SIFO  1993). The Swedish National Board on Health and 
Safety (1992) estimated mercury in waste water from dental clinics based on average 1.3 
removed amalgam per day and dentist. That is much lower than result from this study with 
an average of 7 removed amalgam per day and dentist. The wide range from 1 to 30 removed 
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and 1-30 produced amalgam per day and dentist, (including high SD) shows that single 
individuals have a high exposure to mercury vapor per day, others none. One dentist reported 
removing 30 and producing 30 amalgam fillings per day: 

Using amalgam in capsule leads to lower exposure to mercury vapor for dental personnel, than 
manual mixing of liquid mercury and alloy powder. Surprisingly, 4% of the dentists in this 
study reported still mixing amalgam manually. 

Classification of amalgam contaminated waste products as high-risk or low-risk waste is of 
vital importance as it determines procedures for handling waste products, and potential 
environmental impact. The Swedish Dental Association has published recommendations for 
dentists, for the proper handling of amalgam and other hazardous waste products,  (Sveriges  
Tandläkarförbund  1995). Dental nurses, hygienists and dentists not belonging to the 
association, do not receive the material. This study shows that information to dental 
personnel on classification and handling of amalgam contaminated products, is far from 
sufficient. Dental assistants are responsible for these tasks in clinics, but their level of 
knowledge was not higher than the knowledge among dentists. There was no difference in 
knowledge between professions rather, between individuals. This could reflect a difference in 
routines between clinics. If amalgam contaminated high-risk waste products erroneous are 
classified as low-risk wastes and later burnt as refuse, mercury vapour will emit into the 
atmosphere. Even throwing high-risk products in an open waste container, often placed just 
behind the operating chair, will increase mercury vapour in the room and further exposing 
dental personnel working there. 

According to personnel information from manufacturer, proper maintenance of the separator 
can reduce out-let of mercury in waste water with 50%. More than half of the respondents in 
this study, did not know important factors regarding their amalgam separator. Sixty-nine 
percent (69%) could not answer if the separator was provided with a signal or automatic stop, 
indicating when it was full, 13% did not even know where separator was placed, and 28% did 
not know how many times per year the collecting container was changed. Dental nurses are in 
most clinics, responsible for these tasks. More surprisingly was that, the level of knowledge 
was low even among the nurses. 

Mercury is known to accumulate in waste pipes of clinics, and thus the pipes require cleaning 
regularly. A majority (85%) of dental personnel in this study were working in clinics older 
than 10 years, some even 20-30 years old. Only 3% of the personnel were working in clinics 
where waste pipes had been changed, and 6% where they had been cleaned. 

Proper ventilation is an important factor to limit the amount of mercury vapor and particles in 
the air. Also the temperature is important as more mercury vapour will be released the higher 
the temperature is. Half of the women and 36% of the men in the questionnaire study, 
reported room temperature to be too high, compared to 70% in the clinics visited. Some 
reported "ventilation out of function" and "stuffy air", all of the problems are serious when 
handling mercury containing products in a working area. More than half of the men and 
almost 90% of the women, expressed interest in getting the level of mercury measured in their 
clinic, by sending in their names and addresses. 
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Even though some felt protected by using paper mask, visor or ordinary glasses, they did not 
have access to proper protection to mercury vapor. Only one dentists and nurse, reported to 
have access to local exhaust and selenium filter. About 90% of all dental personnel in this 
study, were interested in trying new protective equipment to mercury vapor, expressing a 
great concern about health hazards when working with amalgam. 

This study shows a significant higher relative risk for muscular fatigue and tremor, in female 
dental personnel, relative to controls but, this can be explained by static load and repetitive 
tasks in clinic, and possibly at home. It was not possible to find a clear association between 
symptoms and any exposure level to mercury, probably due to the small samples in each 
exposure level. But it was interesting to note the increased prevalence (but not significant) of 
muscular fatigue, headache, irritation, impaired memory and depression, with increased 
number of ainalgam handled per day, reported by male dentists. The same symptoms, except 
irritation, were also reported by females, but associated with the number of amalgam fillings in 
teeth. This might reflect a gender difference resulting from gender-role norms, (Eagly 1987, 
Eagly & Wood 1991), rather than biological difference between genders. The same symptoms 
were reported by female dental personnel in association with insufficent ventilation 
(significant). 

In this study, an average of 4.7 treatments/day involving handling of dental polymer materials 
were performed. But there was a wide difference between dentists and, also between days. 
Some dentists, did only handle dental polymer materials one time, the day observed, while 
others handled it up to six times. Also time for treatments differed, from one minute for e.g. 
bonding a single bracket or producing a small filling, to about 20 minutes when many fillings 
were produced, in the same patient. One category observed, did regularly handle polymer 
materials 7-10 times/day, and that was the orthodontists. 

A polymer product is often based on several different polymers. Both vinyl gloves and latex 
gloves can easily be penetrated by dental polymers. Only the time for penetration differ, 
with longer penetration time for latex gloves. One exception is MMA, that penetrates even 
latex gloves in 1-2.5 minutes because of small molecule size.  Bondings,  sealants and primers, 
the most common material used by orthodontists, are often based on MMA. If choosing latex 
gloves, that gives the best protection to dental polymers, another problem is allergy to latex. 
According to Wrangsjö (1993), dental personnel constitute an important allergy risk because 
of frequent use of gloves and are thus recommended to use gloves made of PVC and surgical 
gloves made of the synthetic polymers styrolbutadiene or polystyrene-polyethylene-
butylene. 

Dental nurses are generally not aware of their extent of cumulative exposure to dental 
polymers when involved in the whole procedure from opening bottles and tubes, mixing 
polymer materials, assisting during treatment in patients and afterwards, cleaning of 
instruments and taking care of waste products. They often removed gloves when treatment in 
patient was ended, e.g. to make new appointment with patient, or answering the phone. 
Without being aware of it, face mask was pulled down under the nose or chin. Many 
expressed that they found face mask warm and disturbing especially, when combined with 
glasses, the glasses became misty. 
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Only 5% throw contaminated polymer products in a closed container, most throw them in an 
open waste basket placed just behind operating chair, thus exposing themselves to vapour 
from non reacted materials. Dental polymer materials should, be stored in a cool dry place. 
In most rooms, the material was stored on a tray, on a shelf placed over a radiator below the 
window. 

Study result shows that there is a great concern about mercury and polymer materials handled 
in dental clinics but, it became obvious that, information to dental personnel, on classification 
and handling of waste products, contaminated by amalgam or dental polymer materials, is 
inadequate. So is also information on preventive measures, and use of personal protective 
equipment, for protection against these materials. Routines and knowledge on maintenance of 
amalgam separator in clinics, need to be improved. There is also a need for ergonomically 
designed check points even for handling of amalgam, similar to those developed for dental 
polymer materials, in order to provide dental personnel with an easy to use information on 
handling of amalgam in a safe and healthy manner. 

CONCLUSIONS 

It can be concluded that information on how to avoid exposure to hazardous dental restorative 
material, was inadequate for the respondents. Although some literature has been provided to 
dentists, it appears that there remains the need for a detailed program for all dental personnel 
on how to sort and treat amalgam contaminated waste. Information should also be provided 
to all individuals working in dental clincs about how they can contribute to the reduction of 
mercury burden to environment. All dental personnel expressed interest in learning how to 
handle dental polymers in a safe and healthy manner but, there are currently no standards to 
follow. Manufacturer data on polymers, needs to be comprehensive so that any universal 
handling practices and procedures may be correctly followed. From June 1998, all dental 
restorative material must be provided with a complete list of content as well as risk 
classification for patient and dental personnel, based on clinical and biological testing. It does 
appear that the inadequacy of existing information on dental polymer protection measures 
means that, there is a need for additional public health education measures such as; literature 
and training programs, including an ergonomically designed "universal precaution" protocols 
for dental polymers and amalgam. Also personnel must have access to appropriate personal 
protective devices or engineering controls (e.g., adequate ventilation) that do not disturb nor 
disrupt work performance. 
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APPENDICES 



TANDVÅRDSPERSONALENS EXPONERING FÖR 
KVICKSILVERÅNGA, OLIKA SKYDDSÅTGÄRDER. 

- ENKÄT TILL TANDVÄRDSTEAM 



Tandvårdspersonalens exponering för kvicksilverånga-
olika skyddsåtgärder. 

Tandvårdspersonalen exponeras för kvicksilverånga i sitt arbete i 
samband med hanteringen av  amalgam.  Trots att antalet nytillverkade  
amalgam  minskar, så gjordes det över  2  miljoner nya  amalgam 1991.  

Inte bara vid nytillverkning och puts, utan även vid bortborrning av  
amalgam,  kan personalen exponeras för  halter  av kvicksilverånga mer 
än  50  gånger över det tolererade gränsvärdet.  84%  av Sveriges 
befolkning  har  amalgamfyllningar och  30% (1.950.000)  funderar på, 
eller  har  påbörjat, utbyte av sina  amalgam.  

Kvicksilvers toxiska effekt beror på i vilken  grad  kvicksilverånga 
frisätts. Kvicksilverånga är luktfri och osynlig och kan endast påvisas 
med speciella mätinstrument. 

Tandvårdspersonal  har  visat sig  ha  högre  halter  av kvicksilver i blod, 
urin, avföring, hår och naglar  samt  inlagrat i hjärna och njurar än 
j ämförgrupper. 

Ett ökat utbud av nya produkter för att minska exponering erbjuds t.ex. 
kvicksilverabsorberande lösningar,  filtermasker,  selenfilter och  extra  
sugar, från enkla billiga lösningar till mycket dyr avancerad utrustning.  
En  utvärdering av produkterna saknas, både vad gäller pris, effektivitet 
och användbarhet. 

Vi vill samla  in den  erfarenhet som finns hos olika  team  och på olika 
kliniker i Norrbotten, för att få  en  helhetsbild över vilka olika lösningar  
man har  valt för att minska exponeringen för kvicksilverånga. 
Därefter skall vi utvärdera  de  olika lösningarna för att  se  om det med 
enkla åtgärder, utan stora kostnader, går att skydda sig mot exponering 
för kvicksilverånga,  men  också finna nya lösningar och sprida  den  
erfarenhet som finns. 

Tacksam om  du  vill ta  dig  tid att svara på frågorna i medföljande enkät.  
Du  kan vara  anonym.  Vill  du  medverka i undersökningen, eller ta  del  
av resultatet, fyll i bifogade extrablad och sänd det  separat. Har du  
frågor eller synpunkter var vänlig kontakta undertecknad.  
VAR  VÄNLIG ÅTERSÄND IFYLLT FRÅGEFORMULÄR 
SENAST  DEN 20  AUGUSTI  1993!  

Tdl.  Christina  Lönnroth 
Avd. för Industriell Ergonomi, Inst. för Arbetsvetenskap 
Högskolan I Luleå  95187  LULEÅ tel  0920-72168  



EXTRABLAD  

O Jag  är intresserad av att prova nya produkter för att minska 

exponeringen för kvicksilverånga.  

O Jag  är intresserad av att få mätningar gjorda på halten 

kvicksilverånga på kliniken:  

O Jag  vill ta  del  av undersökningsresultatet: 

Namn 	  

Adress 	  

Tel 	  

Skickas  in separat  till: 

Tdl  Christina  Lönnroth 
Inst. för Arbetsvetenskap 
Högskolan i Luleå  
95187  Luleå 
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Markera med ett X det eller  de alternativ du  väljer!  

A.  Ånga från kvicksilver, kloroform och olika plastmaterial 
förekommer i luften på tandläkarkliniken.  Den  mängd personalen 
exponeras för beror  bland  annat på hur  effektiv  klinikens  ventilation  är.  

A.1.  Vilken typ av  ventilation  är  din  klinik utrustad med?  

a. central 	 13  

b. fönster 	 1:1  

c.kombination  central  och fönster 	El  

d. ingen 	 0  

e. annat 	 0 	  

A.2.  Besväras  du  i ditt arbete av otillräcklig  ventilation? 

Ja  i hög  grad 0 	Ja,  i någon mån  0 	Nej  0  

Om JA,  är  det  

För varmt  El  

För kallt  0  

För torrt  0  

Dragigt  0  

Annat  1:1 

B. För att minska utsläppet av kvicksilver i avloppsvattnet är alla 
kliniker i  Sverige  utrustade med  en  amalgamavskiljare.  Den  kan vara 
ansluten direkt till uniten i behandlingsrummet, eller placerad centralt 
ansluten till flera  unitar. 

B.1.  Vilken typ(märke) av amalgamavskiljare är  din  behandlingsunit 
ansluten till? 

Vet  ej  1:1 

8.2.  Ungefär hur gammal är  den? 	år 	Vet ej  0  
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B.3.  Hur många  unitar  är anslutna till samma amalgamavskiljare? 
Vet ej  0 

B.4  Var är amalgamavskiljaren placerad? 

Vid, eller i närheten av behandlingsstolen  1:1 

Under  diskbänken  0  

Utanför behandlingsrummet  0  

Vet ej  

B.5. Har amalgamavskiljaren ett överfyllningsslcydd? 

Ja  med  signal 0 Ja  utan  signal 0 	Nej  0 
	

Vet  ej  0  

B.6. När töms amalgamavskiljaren? 

Med jämna intervall?  0 	Hur ofta? 	gånger  per  år 

När  den  är full? 

Vet ej  

B.7. Markera  de  antal år kliniken  har  varit i befintlig byggnad?  

mindre  än lår 

mellan  1-5  år 

mellan  5-10  år  El  

över  10  år  

B.8. Har  avloppsledningen  under de 2  senaste åren 

rengjorts  Ja 0 	 Nej  0 	Vet ej  0  

bytts ut 	Ja 0 	 Nej  0 	Vet ej  0  
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C. Det finns i marknaden personlig skyddsutrustning mot 
kvicksilverånga, t.ex.  extra  sug, speciella sugmunstycke  (clean  up)  
ansiktsmask och selenfilter. Från Tyskland introduceras  nu  också  en  
lcvicksilverabsorberande lösning verksam genom bakterier, för inlägg i 
avfallsburken och för tvätt av kontaminerade ytor.  

C.1. Finns  det någon utrustning för att nedbringa exponeringen för 
kvicksilver på  din  arbetplats?  

JA 13 	 NEJ 1:1  Vet  ej  0 
Om JA,  vilken? 	  

C.2. Använder  du  någon personlig skyddsutrustning eller något annat 
för att minska  din  exponering för kvicksilverångor?  

Ja,  alltid  0 
	

Ja,  ibland  0 	 Nej  El 

Om Ja vad? 

C.3. Har du  några  problem  vid användningen av utrustningen?  

Ja,  för jämnan  13 
	

Ja,  ibland  0 	Nej  0 

Om JA  vilka  problem?  Skriv på baksidan om inte utrymmet räcker! 

Typ av utrustning 	 Problembeskrivning 

D. Hanteringen av kvicksilver och  amalgam.  Personalen exponeras för 
kvicksilverånga både vid hanteringen av  amalgam  och från spill som 
samlas i springor och svåråtkomliga ytor. 
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D.1.  Vilken typ av  amalgam  använder  du? 

Kapselamalgam  

Blandar själv till  amalgam 	1:1  

Båda typerna  

D.2  När  du  hanterar  amalgam,  använder  du  då handskar?  

ja,  alltid 	0 

ja,  ibland 

nej  

D.3. Beräkna hur många amalgamfyllningar 
avlägsnar  per  dag _____  
du  gör  per  dag 
putsar  per  dag  

D.4. Vad tycker  du  är bästa lösningen för att få arbetsplatsen fri frän 
kvicksilverånga vid amalgamarbeten? Berätta om dina egna  tips  eller  
din  egen erfarenhet!  Om  utrymmet inte räcker till, fortsätt på baksidan. 

E Använda produkter och avfall brukar sorteras som högriskavfall eller 
lågriskavfall. Vissa förvaras i slutna kärl torrt eller i vätska,  en del  
kastas i papperskorgen och annat sugs upp. 

E. Hur sorterar  du  följande amalgam-kontaminerade produkter? 

bomullsrullar 	  
amalgamdukar 	  
amalgamrester 	  
kofferdam 	  
handskar 	  
sugar 	  
uppsamlat avfall från avfallskoppen 	  
tömda amalgamkapslar 	  
extraherade tänder med amalgarnfyllningar 	  
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F.  Hälsotillstånd.  

F.1. Har du  känt svaghet och trötthet i musklerna  de  senaste  6  
månaderna?  

Ja,  för jämnan 	El 

Ja,  ofta 	El 

Ja,  ibland 	El 

Ja,  då och då 	13  

Nej, aldrig 	0 

F.2. Har du haft  huvudvärk  de  senaste  6  månaderna?  

Ja,  för jämnan 	0 

Ja,  ofta 	0 

Ja,  ibland 	0 

Ja,  då och clå 	El  

Nej, aldrig 	El 

F.3. Har du  besvärats av darrningar i händer, armar,  ben  eller ansikte  
de  senaste  6  månaderna?  

Ja,  för jämnan 	El 

Ja,  ofta 	El 

Ja,  ibland 	El 

Ja,  då och då 	0  

Nej, aldrig 	El 

F.4. Har du haft  sömnproblem  de  senaste  6  månaderna?  

Ja,  för jämnan 	0 

Ja,  ofta 	El 

Ja,  ibland 	El 

Ja,  då och clå 	1:1  

Nej, aldrig 	0  
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F3. Har du  känt  dig  lättretad och  aggressiv de  senaste  6  månaderna?  

Ja,  för jämnan 	0 
Ja,  ofta 	0 
Ja,  ibland  

Ja,  då och då 

Nej, aldrig  

F.6. Har du  märkt av försämrat minne  de  senaste  6  månaderna?  

Ja,  för jämnan  

Ja,  ofta  

Ja,  ibland  

Ja,  då och då 	0  
Nej, aldrig  

F.7. Har du  känt oro eller  depression de  senaste  6  månaderna?  

Ja,  för jämnan  

Ja,  ofta  

Ja,  ibland 	0  
Ja,dåochdå 

Nej, aldrig 	0 

F.8. Har du  andra symtom eller sjukdomar som  du  tror beror på ditt 
arbete? 
Nej  0 	Ja 0  Beskriv nedan.  

Om  utrymmet inte räcker till, fortsätt på baksidan 
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G. Allmän bakgrund  

G.1. Kön: 	manD 	kvinna  0 

G.2. Yrke Tandläkare 

Tandhygienist 

Tandsköterska 	0 

G.3. Ålder. Vilket år är  du  född? 	19 

G.4. Antal år sammanlagt i yrket  

G.5. Hur många timmar  per  vecka arbetar  du nu? 

G.6. Har din  arbetstid ändrats  de  senaste  2  åren? Ja.0 	Nej  0 
Om Ja,  hur? 	  

G.7.  Var arbetar  du? 
	

privat 0 	inom landstinget  0 

G.8. Egen tandstatus. Antal tänder försedda med olika typer av 
fyllningar: 

Antal tänder: färre än  4 4-12  fler än  12  
Plastfyllningar  0 0 0  
Amalgamfyllningar  0 0 0  
Guld eller porslin  0 0 0  
Rotfyllda tänder  0 0 0  
Antal egna tänder  

H.1. Är  du  intresserad av att prova nya produkter för att minska 
exponeringen för kvicksilver?  
Ja  gärna  0 	Ja,  kanske  0 	Nej  0 

H.2. Är  du  intresserad av att få mätningar gjorda på halten 
kvicksilverånga i luft och vatten i ditt behandlingsrum?  
Ja  gärna  0 	Ja,  kanske  0 	Nej  

Tack  för  din  medverkan! 
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Team datum TDLM K EXP-UUU 

Material: 
D Kemiskt härdande D Ljushärdande 

11B'lköif'a1\lhffittllir&fflif@Måit'clwng I 
Förvaring material D nära unit D tättslutet 

D långt från unit D öppet 
1. Arbetsuppgifter
Tar fram materialet
Blandar/tillreder

D Tandläkaren 
D Tandläkaren 

2. Använder skyddsutrustning:
Tandläkaren Handskar D1a 

Munskydd D1a 

Sköterskan Handskar DJa 
Munskydd DJa 

Annan utrustning? 

Använder skyddsutrustning 
under hela momenten? D1a 

OmNEJ 

Märke handskar? Tandläkaren 
Sköterskan 

Märke munsk:ydd? Tandläkaren 
Sköterskan 

3. Riskbedömning
Tandläkaren hud.kontakt D1a 

inandning D1a 

Sköterskan hud.kontakt D1a 
inandning 01a 

0 Sköterskan 
0 Sköterskan 

DNej 
ONej 

0Nej 
ONej 

0Nej 

ONej 
ONej 

ONej 
ONej 

,��-��A°"2�ffi1iiiflfilhg�f1�·:i�! 
1. Arbetsuppgifter
lnsererar/appliserar materialet
Håller med fingrarna under härdning
Lyser med lampan

Inserering, härdning, puts 
Tid inserering, härdning, 

D Tandläkaren 
D Tandläkaren 
D Tandläkaren 

D Sköterskan 
D Sköterskan 
D Sköterskan 

pu�?�����������������������-

2. Använder skyddsutrustning:
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Tandläkaren Handskar Ja 0 Nej 
Munskydd Ja 0 Nej 

Sköterskan Handskar Ja o Nej 
Munskydd  D Ja Nej  

Annan utrustning? 

Använder skyddsutrustning  
under  hela momenten? D Ja ONej 

Om NEJ 

3.  Riskbedömning 
Tandläkaren hudkontakt 

fingrarna belyses 
inandning 

▪ Ja 
0 Ja 
El Ja 

Sköterskan hudkontakt 
fingrarna belyses 
inandning  

A3.  Avfall, rengöring  
1. Arbetsuppgifter 
Rengör  instrument 	El  Tandläkaren 
Tar bort avfall 	 D Tandläkaren  

2. Använder skyddsutrustning vid: 

D Sköterskan 
D Sköterskan  

Rengöring Handskar  0 Ja  Ei  Nej 
Munskydd  El Ja  Nej 

Bortförsel avfall Handskar  El Ja  D Nej 
Munskydd O la 0 Nej 

Använder skyddsutrustning  
under  hela momenten?  El Ja  D Nej 

Om NEJ 
3. Förvaring avfall 	 El  nära  unit 	0  tättslutet  

längt  från  unit 	0  öppet 

Ja 
Ja 
Ja  

D Nej 
D Nej 
El Nej 

Nej 
ID Nej 

Nej 



TEAM  NR 	 ANTAL OBS. 	YRKE 	KÖN 
TYP HANDSKAR 	 TYP MUNSKYDD  

TOTAL  EXPONERINGSTID  PER DAG  

EXPONERING VID HANTERING  AV A 1:  

INGEN EXPONERING 	EXPONERING  
0 

INGEN EXPONERING 
ALLTID SKYDDSUTR. 

3  

EXPONERING 
ALLTID SKYDDSUTR.  

1 

INGEN EXPONERING 
IBLAND SKYDDSUTR. 

4  

EXPONERING 
IBLAND SKYDDSUTR.  

2 

INGEN EXPONERING 
ALDRIG SKYDDSUTR. 

5  

EXPONERING 
ALDRIG SKYDDUTR. 

HUDKONTAKT 

Ingen  risk  

0 	1 	2 	3 	4 	5 

FINGRAR BELYSES  

Ingen  risk 	 Stor risk  

0 	1 	2 	3 	4 	5  

INANDNING  

Ingen  risk 	 Stor risk  

0 	1  2  3  4  5  

ÖGON  

Ingen  risk 	 Stor risk  

0 	1 	2 	3 	4 	5  

BRA ÅTGÄRDER: 

RISKATTITYD: 

Stor  risk 

ALLTID 
SKYDDSUTRUSTNING 

IBLAND 
SKYDDSUTRUSTNING 

ALDRIG 
SKYDDSUTRUSTNING 



FÖRVARING  Al.  

SLUTET 
	

ÖPPET  
0 

SLUTET 
ALLTID SKYDDSUTR. 

3  

ÖPPET 
ALLTID SKYDDSUTR.  

1 

SLUTET 
IBLAND SKYDDSUTR. 

4  

ÖPPET 
IBLAND SKYDDSUTR.  

2 

SLUTET 
ALDRIG SKYDDSUTR. 

5  

ÖPPET 
ALDRIG SKYDDUTR. 

ALLTID 
SKYDDSUTRUSTNING 

IBLAND 
SKYDDSUTRUSTNING 

ALDRIG 
SKYDDSUTRUSTNING 

INA  NDNING 

Ingen  risk  Stor  risk 

0 	1  

ÖGON  

Ingen  risk  

2  	3  	4 	 5  

Stor  risk  

0 	1 

AVLÄGSET 

	 2  	3 4 

NÄ RA  

5  

0 

AVLÄGSET 
ALLTID SKYDDSUTR. 

3  

NÄRA 
ALLTID SKYDDSUTR.  

1 

AVLÄGSET 
LAND  SKYDDSUTR. 

4  

NÄRA  
IBLAND SKYDDSUTR.  

2 

AVLÄGSET 
ALDRIG SKYDDSUTR. 

5  

NÄRA 
ALDRIG SKYDDUTR. 

ALLTID 
SKYDDSUTRUSTNING 

IBLAND 
SKYDDSUTRUSTNING 

ALDRIG 
SKYDDSUTRUSTNING 

INANDNING  

Ingen  risk 
	

Stor  risk  

ÖGON 

Ingen  risk  

0  	 1 2  	3  	4  	5  

Stor  risk 
0 	 1  	2  	3  	4  	5 

BRA ÅTGÄRDER: 



TEAM  NR 	ANTAL OBSERVATIONER 
YRKE 
KÖN 
TYP HANDSKAR 
TYP MUNSKYDD  
TOTAL  EXPONERINGSTID  PER DAG  

EXPONERING:  A2.  Inserering/ applisering, håller till stelning, belysning av 
fingrar, puts. 

INGEN EXPONERING 
	

EXPONERING  
0 

INGEN EXPONERING 
ALLTID SKYDDSUTR.  

3  

EXPONERING 
ALL=  SKYDDSUTR.  

1 

INGEN EXPONERING 
IBLAND SKYDDSUTR. 

4  

EXPONERING 
IBLAND SKYDDSUTR.  

2 

INGEN EXPONERING 
ALDRIG SKYDDSUTR. 

5  

EXPONERING 
ALDRIG SKYDDUTR. 

HUDKONTAKT 

Ingen  risk  

0- 	1 	2 	3 	4- 	5 

FINGRAR BELYSES  

Ingen  risk 	 Stor risk  

0 	1 	2 	3 	4 	5  

INANDNING  

Ingen  risk 	 Stor risk  

0 	1 	2 	3 	4 	5  

ÖGON  

Ingen  risk 	 Stor risk  

0 	1 	2 	3 	4- 	5  

BRA ÅTGÄRDER: 
RISKATTITYD: 

Stor  risk 

ALLTID 
SKYDDSUTRUSTNING 

IBLAND 
SKYDDSUTRUSTNING 

ALDRIG 
SKYDDSUTRUSTNING 



TEAM  NR 	ANTAL OBSERVATIONER 
YRKE 
KÖN 
TYP HANDSKAR 
TYP MUNSKYDD  
TOTAL  EXPONERINGSTID  PER DAG  

EXPONERING:  A2.  Inserering/ applisering, håller till stelning, belysning av 
fuigrar, puts. 

INGEN EXPONERING 
	

EXPONERING  
0 

INGEN EXPONERING 
ALLTID SKYDDSUTR. 

3  

EXPONERING 
ALLTID SKYDDSUTR.  

1 

INGEN EXPONERING 
IBLAND SKYDDSUTR. 

4  

EXPONERING 
IBLAND SKYDDSUTR.  

2 

INGEN EXPONERING 
ALDRIG SKYDDSUTR. 

5  

EXPONERING 
ALDRIG SICYDDUTR. 

HUDKONTAKT 

Ingen  risk  

0- 	1-----2 	3- 	4- 	5 

FINGRAR BELYSES  

	

Ingen  risk 	 Stor risk  

	

0- 	l-----2 	3- 	4--- --5  

INANDNING  

	

Ingen  risk 	 Stor risk  

0 	1 	2 	3 	4- 	5  

ÖGON  

	

Ingen  risk 	 Stor risk  

0 	1 	2 	3 	4- 	5  

BRA ÅTGÄRDER: 
RISKATTITYD: 

Stor  risk 

ALLTID 
SKYDDSUTRUSTNING  

ISLAND  
SKYDDSUTRUSTNING 

ALDRIG 
SKYDDSUTRUSTNING 



TEAM  NR 	 ANTAL OBS. 	YRKE 	KÖN 
TYP HANDSKAR 	 TYP MUNSKYDD  

TOTAL  EXPONERINGSTID  PER DAG  

EXPONERING VID HANTERING  AV A 3:  

INGEN EXPONERING 	EXPONERING  
0 

INGEN EXPONERING 
ALLTID SKYDDSUTR. 

3  

EXPONERING 
ALLTID SKYDDSUTR.  

1 

INGEN EXPONERING 
IBLAND SKYDDSUTR. 

4  

EXPONERING 
IBLAND SKYDDSUTR.  

2 

INGEN EXPONERING 
ALDRIG SKYDDSUTR. 

5  

EXPONERING 
ALDRIG SKYDDUTR. 

HUDKONTAKT 

Ingen  risk  

0- 	1 	2 	3 	4------5 

FINGRAR BELYSES  

	

Ingen  risk 	 Stor risk  

	

0- 	1 	2 	3 	4- 	5  

INANDNING  

	

Ingen  risk 	 Stor risk  

	

0- 	1 	2 	3 	4- 	5  

ÖGON  

	

Ingen  risk 	 Stor risk  

0 	1 	2 	3 	4- 	5  

BRA ÅTGÄRDER: 

RISKATTITYD: 

Stor  risk 

ALLTID 
SKYDDSUTRUSTNING 

IBLAND 
SKYDDSUTRUSTNING 

ALDRIG 
SKYDDSUTRUSTNING 



FÖRVARING  A3.  

SLUTET 
	

ÖPPET  
0 3  

ÖPPET 
ALLTID SKYDDSUTR.  

SLUTET 
ALLTID SKYDDSUTR. 
1 

SLUTET 
IBLAND SKYDDSUTR. 

4  

ÖPPET 
IBLAND SKYDDSUTR.  

2 

SLUTET 
ALDRIG SKYDDSUTR. 

5  

ÖPPET 
ALDRIG SKYDDUTR. 

INANDNING  

ALLTID 
SKYDDSUTRUSTNING 

IBLAND 
SKYDDSUTRUSTNING 

ALDRIG 
SKYDDSUTRUSTNING 

Ingen  risk 
	

Stor  risk  

0-----1-----2------3------4-----5  

ÖGON  

Ingen  risk 
	

Stor  risk 

AVLÄGSET 
	

NÄRA  
0 

AVLÄGSET 
ALLTID SKYDDSUTR. 

3  

NÄRA 
ALLTID SKYDDSUTR.  

1 

AVLÄGSET 
LAND  SKYDDSUTR. 

4  

NÄRA  
IBLAND SKYDDSUTR.  

2 

AVLÄGSET 
ALDRIG SKYDDSUTR. 

5  

NÄRA 
ALDRIG SKYDDUTR. 

INANDNING  

	

Ingen  risk 
	

Stor  risk 

	

0- 	1 	2- —3 	4-----5  

ÖGON  

	

Ingen  risk 	 Stor risk  
0 	1 	2 	3 	4- 	5  

BRA ÅTGÄRDER: 

RISKATTITYD: 

ALLTID 
SKYDDSUTRUSTNING 

IBLAND 
SKYDDSUTRUSTNING 

ALDRIG 
SKYDDSUTRUSTNING 
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Amalgam in dentistry 
A survey of methods used at dental clinics in  Norrbotten  to decrease 

exposure to mercury vapour  

EMMA-CHRISM  LÖNNROTH  AND HOUS1L&NG SHAHNAVAZ 
Division of Industrial Ergonomics, Department of Human Work Sciences,  

Luleå  University, 97187  Luleå,  Sweden. 
Tel: +46 (0)920 72168 Fax: +46 (0)920 91030  E.  mail:  E-C.  Lonnroth@arbluth.se  

Key words: Amalgam, mercury vapour, work environment, preventive measures. 

ABSTRACT 

A survey was conducted on the possible factors influencing exposure to mercury vapour 
during the handling of amalgam and amalgam contaminated products at dental clinics in  
Norrbotten,  the northern part of Sweden, as well as the current methods being used to 
minimize, if not prevent such exposures. Increased room temperature, a serious problem 
when working with amalgam, was the most common complaint from the dental personnel 
reflecting the observation that ventilation in most clinics was far from being satisfactory. 
However, methods of treating amalgam-contaminated waste products as well as the 
classification of products as high- or low-risk wastes also differed a lot. The results further 
showed that although majority of the dental personnel showed concern on the possible 
hazards of mercury vapour exposure and were interested in having the level of mercury 
vapour measured in their clinics, very few had access to any protective equipment against it. 
And among the few who had some forms of protective wear, most found the equipment 
disturbing and disruptive of work performance.  

SAMMANFATTNING 

I  en  studie kartlades vilka åtgärder  man  vidtagit på tandklinikerna i Norrbotten  for  att minska 
personalens exponering för kvicksilverånga vid hantering av  amalgam  och 
amalgamkontaminerade produkter. Resultatet visade att ventilationen i  de  flesta kliniker är 
långt från acceptabel. För hög inomhustemperatur var personalens vanligaste klagomål. 
Hantering och klassificering av amalgamkontaminerade produkter som högrisk- och 
lågriskavfall skilde sig mycket ät. Trots att  en  majoritet av tandvårdspersonalen var orolig för 
kvicksilverångan och ville ra uppmätt halten kvicksilverånga i  sin  klinik, så hade ra tillgång 
till någon skyddsutrustning mot kvicksilverånga.  De  ra som hade någon skyddsutrustning, 
fann  den  hindrande och störande för arbetet  

INTRODUCTION 

Dental personnel are constantly exposed 
not only to mercury from their own 
amalgam fillings, but also to the mercury 
vapour in their work environment. In  

1992, the Swedish Parliament proposed to 
discontinue the use of amalgam during a 
five year period. However, exposure to 
mercury vapour for dental personnel will 
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not abruptly stop in the future as eighty-
four percent (84%) of the Swedish 
population have amalgam restorations. 

The toxicological effects of mercury 
depend largely on the amount of mercury 
vapour being released. Mercury releases 
an invisible and odorless vapour, making it 
difficult to detect without the use of 
special equipment. The vapour is released 
at room temperature. The higher the 
temperature, the more mercury vapour is 
released. 

The threshold limit value for mercury 
vapour in dental clinics in Sweden is 30 
pg  Hg  per m3. Studies show that in some 
clinics, this threshold value is exceeded by 
as much as three times. It is believed that 
mercury spills, together with bad 
ventilation, are the main sources of 
exposure (Rickards & Warren 1985, 
Nilsson & Nilsson 1986 1, Haikel, et al 
1990, Nilsson, et al 1990) 

It has also been found that dental 
personnel have higher levels of mercury in 
blood, urine, hair and nails, than the 
control group, (Lenihan et al 1973, 
Naleway et al 1985, Nilsson & Nilsson 
1986 1,11, Jokstacl 1990,  Skare  et al 1990) 
Pathologic studies likewise revealed that 
they had higher mercuric accumulations in 
the brain and in the kidneys, (Nylander et 
al 1992). 

Nevertheless,  neuro-behavioural tests 
have shown dentists performing 
significantly worse than controls even at 
an average exposure far below threshold 
limit value (Ngim et al. 1992). 

The half-life of retained mercury in the 
body differs widely among individuals. 
Women tend to show higher mercury 
levels and longer half-life in the body than 
men. These findings are indeed very 
relevant in the dental profession since 
majority of the dental personnel are 
women (Akesson et al 1990, Jokstad 1990, 
Nilsson et al 1990,  Skare  & Engqvist 
1990). In fact, women involved in dental 
practice have also more work-related 
illnesses compared with women working  

in other professions,  (Tandvårdens 
kvicksilverutsläpp  1993). 

A restriction against extensive dental 
treatment during pregnancy has been 
recommended because of this issue on 
exposure to mercury vapour among 
women  (Socialstyrelsen  1987, WHO 
1991). Ironically though, there is no 
similar restriction for pregnant dental 
personnel. 

According to Gerhardsson and Brune 
(1989), measures to prevent exposure to 
mercury vapour consist of three steps. 
These are: 1.) Appropriate choice of 
material and working methods; 2.) 
Prevention of diffusion of mercury vapour; 
and 3.) Actions to avoid exposure. 

Among the various preventive 
measures, ventilation plays an important 
role. Proper ventilation reduces diffusion 
of mercury vapour and dilutes 
contaminated air. The frequency of air 
changes per hour determines the amount of 
mercury in the air. The Swedish Building 
Standard recommends 0,5 air changes per 
hour in a block of flats. Many dental 
clinics, mostly private clincs, are located 
in such blocks. The ventilation system in 
these blocks are not adjusted to the special 
needs of a dental clinic. Studies however 
show that the new technology has reduced 
the number of air changes in such houses 
in order to save energy  (Lide 'n  1993). 

In order to prevent smaller respirable 
particles in reaching the deepest recesses 
of the lung, contaminated air should also 
be filtered, especially for particles below 
5p.m. There are different types of filter for 
specific demands. These are cloth filters, 
electric filters, and selenium filters to 
mention a few. Ideally, general ventilation 
should also be complemented by a local 
exhaust system that collects the vapour as 
close to the source of the emission as 
possible, (Gerhardsson & Brune 1989). 

In view of the above, this study aims 
to conduct a survey on the current 
preventive methods being practised with 
regards to amalgam handling in the dental 
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clinics in  Norrbotten.  Specifically, the 
investigation has focused on the dental 
personnel and their work environment. 

METHODS 

A questionnaire was designed and sent to 
all dental teams and dental hygienists 
working in  Norrbotten,  during the months 
of August - September 1993. A dental 
team refers to the dentist and clinic 
assistant nurse. A list of the dentists and 
hygienists was obtained from the Social 
Insurance Office and the County Council 
in  Norrbotten.  The questionnaire was pre-
tested by a dental team. After some minor 
improvements, the questionnaires were 
sent out and the results collected, using a 
short notice in the County Council's staff 
magazine as the only reminder. A special 
requirement was enclosed in the 
questionnaire asking the respondents to 
leave their names and addresses, if they 
were interested in trying-out new 
protective devices for mercury vapour, or 
if they wanted the level of mercury vapour 
in their clinics to be measured. 

A total of 400 dental teams and 
hygienists were contacted. Of these, 178 
(45%) responded. Upon receipt of the 
answered questionnaires, two of them 
were excluded due to incomplete answers. 

STUDY SAMPLE 

The validated data came from 94 dentists, 
60 dental nurses and 22 dental hygienists 
(including 4 trained as nurses and 
hygienists). Thirty-nine of the dentists 
(41.5%) as well as all nurses and 
hygienists were women. The 22 dental 
hygienists were included in the group 
called "assistants," together with the 
dental nurses. 

Among the respondents, 70% of the 
male dentists, 89% of the female dentists, 
71% of the hygienists, and 92% of the 
dental nurses work at the Public Dental 
Care. 

The mean age distribution was 42.6 
years (SD 7.8), ranging from 26 to 62 
years. 

The mean years in practice was 17.7 
years (SD 8.3) ranging from 1 to 38 years. 
The mean working hour per week was 
35.7 hours ( 6.7) ranging from 20 to 65 
hours per week. 

PROCEDURE 

A number of information regarding 
mercury exposure was obtained from the 
survey. Data on handling of amalgam and 
amalgam-contaminated products, were 
compiled then compared between dentists 
and assistants. Information was also 
gathered on ventilation problems, self-
estimated exposures, protective devices, 
and measurement of the mercury level in 
the clinic. 

RESULTS 

WORK-EXPOSURE TO AMALGAM 

Eighty-nine percent (89%) of the subjects 
reported using amalgam in capsules, with 
1% mixing amalgam manually. Doing 
both ways was reported at 4%. Only 2 % 
were noted as not using amalgam at all. 

To obtain the amount of work-
exposure, the amount of amalgam 
removed, polished and settled per day was 
estimated and recorded by the dental 
personnel. The information from dentists 
and assistants, together with the response 
rate for the different questions and 
professions, are shown on Table 1. 

Based on Table 1, the response 
rates were higher for dentists than 
assistants. The dentists likewise reported 
more removed, polished and produced 
amalgam than the assistants. The 
variability of given values were also larger 
for the dentist group. 
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Table 1. Number of amalgam removed, polished 
and produced per day. 

Response 	Mean of 
Rate 	Removed () Range 

Dentists 
Assistants 

(93%) 
(68%) 

7.02 
5.09 

(7.3) 
(3.7) 

0-30 
0-15 

Response 
Rate 

Mean of 
Polished 0 Range 

Dentists 
Assistants 

(88%) 
(78%) 

3 
2.04 

(3.4) 
(2.2) 

0-10 
0-10 

Response 	Mean of 
—Rate 	Produced (SD) Range 

Dentists 
Assistants 

(89%) 
(63%) 

4 
3 

(5.0) 
(3.6) 

0-30 
0-20 

HANDLING OF AMALGAM CONTAMINATED 
PRODUCTS 

Amalgam remains, collected amalgam 
sludge and amalgam-contaminated 
products used in dentistry when removing, 
polishing or setting amalgam were 
classified either as "high-risk wastes" or 
"low-risk wastes" and thus treated in 
different ways. Current recommendations 
state that mercury should be handled with 
care and stored tightly-sealed. The 
amalgam scraps (high-risk waste) must be 
even tightly sealed in liquid. Amalgam-
contaminated products should not be 
heated up. 

Classification and handling of 
amalgam-contaminated products were also 
investigated. Table 2. shows the 
percentage of subjects classifying the 
different amalgam-contaminated waste 
products as high-risk or low-risk wastes. 

Table 2 shows the wide difference in 
risk classification for various products 
known to contain mercury. Amalgam 
cloths, remains, and capsules were 
classified as high-risk by most 
respondents. Cotton reel, cofferdam, 
gloves, and suction pipes were however 
classified as low-risk wastes by majority 
of the respondents. 

One product could not be classified 
as high- or low- risk waste. This was the 

Table 2. Classification of different cont2minated 
Products as lush-risk or low-risk (11761 

High- 
risk 

Low- 
risk 

Do not use or 
No answer 

cotton reel 8% 85% 7% 
amalgam cloths 64% 10% 26% 
amalgam 83% 6% 11% 
remains 
cofferdam 9°4 69% 22% 
gloves 4% 89.4 7% 
suction pipes 3% 8904 8% 
collected 43% 43% 14% 
sludge 
amalgam 7704, 9% 14% 
capsules 
extracted teeth 34% 53% 13% 

collected amalgam sludge. The percentage 
distribution was equal. Even the 
classification of extracted teeth. was 
relatively close between those who 
classified it as either high- or low-risk. The 
information given by the dentists and the 
assistants were also compared and seemed 
to be vary little. 

The methods of treating the different 
waste groups as high-risk and low-risk 
wastes are shown on Tables 3 and 4. The 
information on Tables 3 and 4 represents 
the whole group, as the information given 
by dentists and assistants was almost 
equal. However, some of the respondents 
reported items as "high-risk tightly sealed" 
without mentioning if these were kept in 
liquid or dry forms. Table 3 also shows 
that very few respondents keep high-risk 
wastes in liquid. 

Table 3. Different methods of handling 
high-risk waste. (n=176)  

Tightly Tightly Tightly 
sealed sealed sealed 
High-risk in liquid dry 

Amalgam cloths 38% 3% 23% 
Amalgam remains 45% 11% 27% 
Amalgam sludge Try. 7% 9% 
Amalgam capsules 50% 3% 24% 



low risk waste basket save 
(*I) 

recycle 

cotton reel 2% 83% 
coffer 
dam 9% 59.5% 0.5%' 
gloves 7% 81.5% 0.5%* 
suction pipes 7% 78.5% 0.5%* 3% 
extract 
teeth 3% 46% 2% 
collect sludge 4% 35% 

wash suck up 	bio- 
down 
	

degradeble- 

2% 
1% 	3% 
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Table 4. Different ways of handling low-risk waste (n=176) 

*1  0,5% of the subjects reported that they saved contaminated cofferdam, gloves and suction pipes in a store 
space in the room. 

Table 4 shows the different ways that low-
risk wastes were handled. 

Regarding the different ways of 
handling low-risk wastes, some of the 
subjects only said "low-risk" without 
further indicating what that term meant. 
Extracted teeth are saved in a tin and given 
to dental schools by 2% of the 
respondents. Another 2% treat them as 
biodegradable. But the majority throws 
extracted teeth in the waste basket. One 
person reported as packing and heating 
them up in the autoclave. Most people who 
classified collected amalgam sludge as 
low-risk waste throw it in the waste 
basket, but some suck it up while a single 
person even washes it down the drain. 

AMBIENT AIR CONDITION 
(VENTILATION) 

As mentioned previously, one of the most 
important factors when working with 
mercury is proper ventilation to reduce the 
diffusion of mercury vapour and dilute 
mercury vapour in the air. Since mercury 
vapour is released at room temperature, 
more vapour will be released the higher 
the temperature becomes. Room 
temperature is therefore of prime 
importance. The various problems related 
to insufficent ventilation reported by the 
respondents (males vs. females) as 
affecting their work performance are 
shown on  Figl.  

II women 
n=122 

men n= 54 

50 

45 

40 
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Fig. 1. The different problems reported as related 
to insuflicent ventilation (males and females). 

It can be seen that women reported 
more problems with inefficient ventilation 
than men. The most common complaint 
was "too warm," followed by "too cold," 
and "too dry." Other problems of interest 
when working with mercury were 
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"ventilation often out of function" and 
"stuffy air." 

PROTECTIVE DEVICES 

To avoid mercury vapour, exposure, 
protective equipment must be used. 
Different protective devices against 
mercury vapour were available at the 
clinics involved in the study. 

However, only 17 % of the 
respondents reported to have had access to 
protective equipment for mercury vapour. 
Different equipment mentioned were 
gloves, mask, capsule amalgam, visor, 
local exhaust, disposable mask, Clean up 
(a nozzle), selenium filters to confine 
mercury vapour from the air, and 
Merconvap (a mercury absorbing solution) 
in the waste container. 

The self-estimation regarding the use 
of gloves and protective equipment is 
shown on Table 5. 

Table 5. Frequency in using protective equipment 
and gloves when handling amalgam, (dentists 
n=94. assistants  n=  82).  

Gloves 	Protective Devices 
'Dent Assist Dent Assist 

Always 69% 67% 12% 18% 
Sometimes 11% 13% 5% 1% 
No 20% 13% 80% 71% 
No answer 7% 3% 10% 

Analysis of the answers of the respondents 
revealed that only 1 dentist and 1 nurse 
had access to local exhaust and selenium 
filter as special protective equipment to 
mercury vapour. The nozzle called "Clean 
up" was used by 6 dentists and 1 nurse. 
Merconvap, was used by 4 dentists and 8 
assistants. Gloves are available at all 
clinics but only 30% never or sometimes 
use gloves when handling amalgam. 

PROPOSALS ON HOW TO MAKE THE 
WORKING AREA FREE FROM MERCURY 
VAPOUR 

Only 20 % of the people had some ideas 
on how to get the working area free from 
mercury vapour. Table 6 shows the  

common ideas by dentists and assistants 
on how to make their work areas mercury 
vapour-free. 

Table 6. Percentage of persons proposing different 
actions (dentists n=94. assistants n=82) 

Dentists Assistants 
Effective sucking 
equipment 

21% 16% 

Proper merctuy hygiene 14% 2% 
Effective ventilation 13% 1% 
Wet cutting 10% 1% 
Stop the use of amalgam 9% 9% 

INTERESTS ON PREVENTION AGAINST 
MERCURY VAPOUR AND MEASUREMENT 
OF THE LEVEL OF MERCURY IN THE CLINIC 

To determine the interest among the dental 
personnel in using protective equipment 
against mercury vapour as well as their 
concern for the work environment, the 
respondents were asked to leave name and 
address on an enclosed form in the 
questionnaire. 

The percentage who answered 
positive to the questions are shown on Fig 
2. and Fig 3. Male dentists are separated 
accordingly as either working in Private or 
Public Dentistry. Since very few women 
work in Private Dentistry a comparison 
could not be made for them. 

Based on Fig 2, most people working 
in dentistry are interested in trying new 
protective equipment to mercury vapour. 
Women are more interested than men. 
Male dentists working in Public Dental 
Care are more interested than male dentists 
working in Private Dental Care. 

Fig 3 shows that the interest in 
getting the mercury level measured in the 
clinic as also high. Even here, women tend 
to be more interested than men. Men 
working in Private Dental Care are more 
interested than men working in Public 
Dental Care. 



90 

80 

70 

60 

50 

b. 40 
43) 0. 

30 

20 

10 

• dentists 
men 
n=55 

El men 
Public 
n=37 

El men 
Private 
n= 18 

.1 dentists 
women 
n=39 

o assist. 
women 
n=82 

7 

dentist 
men 
n=55 

men 
Public 

n=37 

men 

Private 
n=18 

1111 dentists 
women 

n=39 

El assist. 
women 
n=82 

Fig 2. The percentage of respondents, in different 
groups, interested in trying new protective devices to 
mercury vapour. 

DISCUSSION 

The low response rate (45%) is probably 
due to that the subject is somehow 
controversial in Sweden and that people 
who have not answered the questionnaire 
may have firm ideas that mercury is not a 
work environmental problem. This can be 
justified by the high rate of interest for the 
subject among the respondents. Further, 
the fact that no follow up letter was sent 
has contributed to the low response rate. 

The use of amalgam capsules causes 
lesser mercury vapour exposure for the 
dental personnel compared to the earlier 
method of manually preparing liquid 
mercury and alloy powder. In spite of this 
fact, there are still some dentists using the 
old method, exposing themselves and 
others to mercury vapour unnecessarily. 

The number of removed, produced 

and polished amalgams differ between the 

different professions. 

Fig 3. The percentage of respondents, in different 
groups, interested in having the level of mercury vapour 
in their clinics measured. 

Many assistants reported less amalgam 
than the dentists. Although they reported 
lesser values, the question remains 
whether they are aware of being exposed 
to mercury vapour even as assistants. 

One way to prevent diffusion of 
mercury vapour is to handle amalgam and 
contaminated products with care. What is 
classified as contaminated or not, differ 
widely. The differences also exist on how 
to treat contaminated products as high-
risk or low-risk waste. Collected sludge 
and extracted teeth are classified as high 
risk by some and as low risk by others. 

It is also notable that many throw 
contaminated products in the waste basket. 
Mercury vapour will release in the 
working room and afterwards, when burnt 
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as refuses, mercury vapour evaporates to 
the environment. 

To classify extracted teeth as biologic 
refuse is less suitable. as well. Neither 
does autoclaving them. Another 
questionable way of handling is to keep 
low-risk wastes in storage space inside a 
room. This increases mercury vapour in 
the room and further exposing the dental 
personnel working there. 

Thus, it is essential that amalgam and 
amalgam-contaminated wastes be properly 
classified and properly disposed of 
according to such classification. For 
instance, Gerhardsson and Brune (1989), 
recommended that high-risk waste should 
be kept tightly sealed in liquid. This study 
showed that few are keeping it in liquid, 
although they have kept it tightly sealed. 

To prevent environmental exposure, 
all dental clinics in Sweden must have 
amalgam separators that collect amalgam 
particles from the waste water in 
collecting containers. These containers 
must be emptied regularly. Old separators 
do not have a signal which indicates when 
the container is full. If amalgam scrap is 
sucked up, the separator is full in advance 
and the particles pass through the separator 
and out with the waste water to the 
environment. If the collected sludge is 
washed down, the separator will be useless 
protecting the environment from mercury. 

It is surprising to note that so many 
dental persons think that they have 
protection to mercury vapour by merely 
using gloves, ordinary paper masks and 
visors. Gloves do protect against skin 
contact, but a paper mask or visor does not 
protect one from mercury vapour. Only 1 
out of 94 dentists in this study had access 
to proper equipment for protection against 
exposure to mercury vapour. 

Many also pointed out that they only 
remove amalgam and do not produce any 
new amalgam fillings. This was the reason 
given why they felt no need for special 
protective equipment against mercury 
vapour. Some said that wet cutting 
decreases exposure to mercury vapour. 

Previous studies have shown that mercury 
vapour exposure occurs during all the 
procedures: removing, polishing and 
setting amalgam. There is little influence if 
wet cutting is done or not. However, the 
size of the amalgam filling influences the 
exposure. The larger the size of the 
amalgam, the higher the exposure. In all, 
These show that protective equipment is 
needed during all procedures. 

Visibility problems, as well as 
disruption and disturbance of work 
procedures have been reported from the 
few who used protective devices. For 
instance, the combination of cofferdam-
mask-local exhaust causes lots of water 
flowing down the patient's neck and 
flashing back to the dentist. When using a 
visor, it must be dried continuously to 
maintain good visibility. Even the "Clean 
up" nozzle disturbs the job by easy 
dividing. The use protective devices were 
observed to be time-consuming as well. 
The reason is mainly due to lack of 
practice in the beginning causing more 
interruptions when using the equipment. 
This becomes a very important factor, 
when working at piece rate, of which 
dentistry is today. 

Only a few have proposed ideas to 
reduce exposure to mercury vapour in 
dental clinics. The use of an effective 
sucking equipment is the most common 
proposal from 21% of the dentists and 16 
% of the assistants. Good ventilation and 
proper routines when handling amalgam 
are suggested by 13% of the dentists, 
while 9% of the dentists and 9% of 
assistants believe that the only solution is 
to reduce or stop the use of amalgam. 
Since exposure is the same when removing 
amalgam, a stop of using amalgam won't 
solve this problem. A majority (84%) of 
the population in Sweden have amalgam 
fillings in their teeth that sooner or later 
need to be removed. And it will take a 
considerably long time before all these 
fillings are removed. 

The question must be more on why so 
few ideas were generated. An assumption 



can be thus made that the information to 
dental personnel may have not been 
sufficient or adequate. Although majority 
of the dental personnel are interested in 
trying new protective products, there are 
few who have access to proper protective 
equipment when so desired. Surprisingly 
still, many are also interested in measuring 
the level of mercury in their clinics, which 
may indicate a degree of concern for the 
working environment. 

Lastly, one of the most important 
measures to avoid exposure to mercury 
vapour is general ventilation. This study 
shows that ventilation in many clinics is 
far from sufficient. An increased room 
temperature, the most common complaint 
from the dental personnel, causes more 
mercury vapour to evaporate from 
amalgam. In addition, stagnant and stuffy 
air also leads to an increased exposure to 
mercury vapour in the clinic. Thus, this is 
indeed a serious problem when ventilation 
is far from ideal. 
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ABSTRACT 

To estimate the environmental burden of mercury from dental clinics, a survey was 

conducted in 1993 at dental clinics in northern part of Sweden. Factors regarding 

amalgam separators, separator maintenance, disposal of collected sludge, age of clinics, 

cleaning of waste pipes and sorting, handling of amalgam contaminated products were 

gathered. The results showed that many were not familiar with maintenance of amalgam 

separators in their clinics. A majority, 86%, were working in clinics older than 10 years, 

but only 9% reported that waste pipes had been cleaned or changed. Classification of 

amalgam contaminated products as high-risk or low-risk waste and handling of waste 

products differed significantly. The study findings demonstrate that there is need for 

more information and attention, to all individuals working in dental care, on how to 

reduce the environmental burden of mercury from dental clinics.  

SAMMANFATTNING 

För att  få en  uppfattning  om  milj öpåverkan genom hanteringen  av amalgam på 

tandkliniker, gjordes under 1993 en  enkätstudie  pä  klinikerna i norra  Sverige. Faktorer  

rörande amalgamavskiljaren, dess skötsel och tömning, klinikens ålder, rengöring  av  

avloppsrör,  samt sortering  och hantering  av  amalgamkontaminerade  produkter  

studerades.  Resultatet  visade att många inte  hade  kännedom  om  klinikens 

amalgamavslciljare.  En majoritet, 86%,  arbetade i  kliniker  äldre än  10 år, men  endast  9%  

rapporterade att avloppsrören blivit rengjorda  eller  utbytta. Klassifiseringen  av  

amalgamavfall skiljde  sig  mycket åt, likaså hanteringen  av  avfallsprodukter. Reultatet 

visar att  det  behövs  en  ökad uppmärksamhet och  mer information,  till alla  som  arbetar  

pä  tandvårdskliniker,  om  hur  miljöpåverkan  av  kvicksilver från tandkliniken  kan  

reduceras.  

1. INTRODUCTION 

Mercury first attracted attention, as 

an environmental problem when more  

than hundred persons were killed or 

disabled in Japan between 1953-1960 

The cause was consumption of fish and 
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shellfish poisened by methyl mercury 

discharged through industrial waste 

water, (Kurland. Faro &  Siedler,  1960). 

At a conference in 1965 it was shown 

that seeds, treated with methyl mercury 

compounds, caused a drastic decrease in 

Swedish wildfowl populations, 

(Anonymous, 1965). During 1964-65 it 

became evident that even fresh and 

coastal fish contained elevated methyl 

mercury concentrations, mainly caused 

by mercury contaminated industrial 

waste water, (Löfroth 1969). It has also 

been demonstrated that highly toxic 

methyl mercury can be formed from 

metallic mercury by micro organisms in 

anaerobic ecosystems, (Jensen & 

Jarnlöv 1967). 

The most serious aspect of mercury 

problem in Sweden, is the increasing 

level of mercury in fish. Based on 

mercury content of shellfish in Japan, 

the Swedish National Institute of Public 

Health proposed in 1967, a temporary 

limit of 1 mg  Hg  per Kg fish, (Berglund 

& Wretlind, 1967). This limit became 

widely criticised, and was later 

supplemented with a recommendation 

to restrict consumption of fish to one 

meal per week. The values from Japan, 

were given in relation to dry weight, 

while the Swedish values were given in 

relation to wet weigh. As shellfish have 

high content of water, equivalent value 

should thus be 0.2-0.4 mg Hg/kg fish, 

(Kurland, Faro &  Siedler,  1960 and 

Löfroth, 1968). In late 1980, 

examination of fish from 10.000  

Swedish lakes showed mercury levels 

exceeding 1 mg  Hg  per Kg fish and thus 

the fish were regarded as not suitable 

for human consumption, (Ackerfors. 

Löfroth &  Rosén,  1970). The current 

Swedish goal is to reduce the level of 

mercury in fish to 0.5 mg  Hg  per Kg 

fish. To reach this goal, out-let of 

mercury to the environment must be 

reduced 	by 	7 5 - 9 0 % ,  

(Socialdepartementet  1992). 

On the basis of environmental concern 

an agreement was signed in 1985, 

between the National Environmental 

Protection Board, Dental Association, 

Dental Trade Association and County 

Council, requiring that all dental units 

must be connected to an amalgam 

separator. 

There are different type of amalgam 

separators viz, separation through 

sedimentation, centrifugal force or a 

combination of both. Each has some 

limitation. One is particle size. In 

separators based on sedimentation, 

efficiency depends on filter size. In 

separators based on centrifugal force, 
particles smaller that 6-8 gm will not be 

collected efficiently, and panicles bigger 

than 3 mm can cause disturbances in the 

system, (Allhammar,  G.  1987,  

Bautechnik  1994). 

Separators used in Sweden must meet 

the standard of able to collect 95% of 

amalgam particles in waste water from 

spittoon bowl and suctions system,  

(Socialdepartementet  1992). Swedish 

tests estimate that 75% of amalgam 
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particles are bigger than 350 gm. This is 

the size when removing amalgam with a 

low speed drill. In contrast a high speed 

drill, causes only 16% of particles to be 

bigger than 500 gm and 80% are finer 

than 100 gm,  (Dürr  Dental 1992). This 

means that currently used amalgam 

separators that meet the Swedish 

Standard collect 95% of bigger particles. 

Finer particles, which are main part, 

pass through purifying plants (where 

mercury is not collected) into the 

ecosystem. 

After finding high levels of mercury in 

purifying plants, some municipalities 

now reject the Swedish Standard and 

demand separators that match German 

or Danish Standards. German tests 

calculate 80% of particles to be finer 

than 100 gm, and test with a maximum 

water flow of 12 litres per minute. 

Danish tests estimate 80% of particles 

to be finer than 125 gm, but test with 

maximum water flow of 5 litres per 

minute,  (Testreport  1992). 

Dental clinics used between 17-25% 

(3-5 ton) of the total amount of 

mercury used in Sweden in 1988. 

Restrictions and legislation, on the use 

of mercury has decreased consumption 

in many processes. In dentistry use 

decreased to about 1.7 ton of mercury 

in 1991. Amount of mercury discharged 

in waste water from dental clinics, 

(from removal of old amalgam fillings) is 

estimated to be 325 kg  Hg  per year, 

when 70% of particles are retained in 

separators,  (Socialdepartementet  1992).  

Amount of mercury to air by burning of 

high-risk waste, viz, extracted teeth 

with amalgam fillings or funeral 

cremation, is estimated to be 330-440 

Kg mercury per year,  

(Socialdepartementet  1992). 

Mercury is also shown to accumulate 

in waste pipes of dental clinics. This 

accumulation causes high mercury 

content and wide variations of mercury 

in waste water from dental clinics, 

(Arenholt-Bindeslev & Larsen 1991, 

Gahnberg et al 1993). Mercury content 

in waste water can be reduced 

considerably by cleaning the waste 

pipes, (Gahnberg et al 1993). 

Mercury contaminated products in 

dental clinics, should be sorted 

separately as high-risk and low-risk 

waste. High-risk waste should be kept 

tightly sealed, moistened, and sent to 

deposit as polluting waste. Amount of 

low-risk waste should be reduced by 

proper technique and sorting, 

(Arbetarskyddsstyrelsen 	1989). 

According to Swedish Dental 

Association, dentists are responsible for 

knowing local regulations and must be 

able to verify disposal of polluting 

waste,  (Sveriges  Tandläkarförbund  

1995). 

AIM OF  na  STUDY 

In  Norrbotten,  the northern part of 

Sweden, (266, 469 inhabitants in June 

1993), approximately 200 dentists are 

working in 118 dental clinics. Forty-

eight percent (48%) of clinics are small, 
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with one dentist and assistants, and 

34% of them are private. Most small 

clinics are located in ordinary block of 

flats. 

In view of above, the aim of this 

study was to conduct a survey, 

estimating environmental burden due to 

handling of mercury in dental clinics in 

Northern Sweden. 

METHODS 

A questionnaire was designed and 

sent to all dental teams working in  

Norrbotten  during August - September 

1993. (A dental team is dentist and a 

chair assistant). A list of dentists was 

obtained from Social Insurance Office 

and County Council in  Norrbotten.  The 

questionnaire was pre-tested by a 

dental team. After minor revision, 

questionnaires were mailed to those on 

the list and results were returned in an 

attached postage paid envelope. A short 

notice in County Council's staff 

magazine was used as the only 

reminder. 

A total of 400 dental teams were 

contacted. Of these, 178 (45%) returned 

completed. Two were excluded due to 

incomplete answers. 

STUDY SAMPLE 

Validated data came from 94 dentists, 

60 dental nurses and 22 dental 

hygienists (including 4 trained as nurses 

and hygienists). Thifty—nine of dentists 

(41.5%) as well as all nurses and 

hygienists were women. The 22 dental  

hygienists were included in group called 

"assistants," together with dental 

nurses. 

Among respondents, 70% of male 

dentists, 89% of female dentists, 71% 

of hygienists, and 92% of dental nurses 

work at public dental care. Mean age 

distribution was 42.6 years (SD 7.8) 

ranging from 26 to 62 years. Mean 

years in practice was 17.7 years (SD 

8.3) ranging from 1 to 38 years. Mean 

working hour per week was 35.7 hours 

(SD 6.7) ranging from 20 to 65 hours 

per week. 

PROCEDURE 

The questionnaire was designed to 

provide information regarding amalgam 

separators such as; type, age, location, 

number of units connected to same 

separator, indicator telling when 

collecting container is full as well as the 

number of times collecting containers 

are changed per year. Information was 

also gathered on age of clinics, cleaning 

or renewing of waste pipes and sorting 

of amalgam contaminated products. 

Data was compiled and classified by 

dentists and assistants, because we 

expected that there would be a 

difference in knowledge due to different 

tasks. 

RESULTS 
AMALGAM HANDLING AT 
CLIMCS 

Eighty-nine percent (89%) of 

respondents reported using amalgam in 
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capsules, with 1% mixing amalgam 

manually. Doing both ways was 

reported at 4%. Only 2 % were noted 

as not using amalgam at all. 

To obtain data on the amount of 

amalgam handled in clinics, number of 

amalgam fillings removed, polished and 

produced per day, dental personnel 

were asked to estimate use. Table 1 

shows information from dentists and 

assistants, together with the response 

rate for different questions. 

Table 1. Number of amalgam fillings 

removed, polished and produced / day.  

Response 	Removed 

Rate 	Mean SD Range 

Dentist n=87 93% 7.0 7.3 0-30 

Assistant n=60 68% 5.1 3.7 0-15 

Response 	Polished 

Rate  Mean SD Range • 

Dentist 	n=83 88% 3.0 3.4 0-10 

Assistant n=64 78% 2.0 2.2 0-10 

Response 	Produced 

Rate 
	Mean SD Range 

Dentist 	n=88 89% 4.0 5.0 0-30 

Assistant n=52 63% 3.0 3.6 0-20 

As shown in Table 1, response rates 

were higher for dentists than for 

assistants. Dentists likewise reported 

that they removed, polished and 

produced more amalgam fillings than the 

assistants. The variability of given 

values were also larger for dentists.  

HIGH-RISK AND LOW-RISK 
WASTE, CLASSIFICATION AND 

HANDLING. 
Amalgam contaminated products are 

sorted according to high-risk waste and 

low-risk waste. Opinion regarding what 

is high-risk and low-risk waste differed 

widely between individuals, but not 

between dentists and assistants as 

groups. Classification of three high-risk 

products is shown in fig. 1. 

Fig 1. Classification of three high-risk 

waste products as reported by dental 

personnel (n--178) 
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High-risk waste products, should be 

kept tightly sealed and moistened yet, 

responses for classifying and handling 

differed widely. Extracted teeth were 

saved in a tin and given to dental 

schools by 2% of respondents. Another 

1 
8 
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2% treated them as biodegradable. A 

majority threw extracted teeth in waste 

basket. One person reported packing 

and heating them in the autoclave. Most 

people who classified collected amalgam 

sludge as low-risk waste threw it in the 

waste basket, some sucked it up. One 

respondent reported that it was washed 

down the drain. 

Fig 2. Classification of six low-risk 

waste products as reported by dental 

personnel (n=178) 
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As shown in Fig. 2, answers differed, 

and some waste products were handled 

with more care than recommended for 

low risk waste. The answer "do not 

use", is difficult to explain because even 

if not producing new amalgam fillings, 

most dentists still remove old ones, as a 

majority of the Swedish population 

have amalgam fillings. Regarding 

different ways of handling low-risk 

wastes, some respondents said "low-

risk" without describing how the waste 

was handled. 

AMALGAM SEPARATORS 

One separator can serve one dental 

unit or several. When serving many 

units, a filter, or particle trap, near each 

unit collects bigger particles. To get a 

comprehension of load to amalgam 

separators, data one the number of units 

connected to a separator was gathered. 

Other information such as; type, age, 

location, indicator signal and number of 

changes of collecting container per year 

was also obtained Information from 

dental personnel regarding their 

amalgam separator is shown in table 2. 
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Table 2.  Characteristics of amalgam separators used in dental clinics. (n=178) 

Amalgam separators used in  Norrbotten  
clinics. SRAB 

Mercury 
Master Mal 

Aquarinse, 
Rash 
Collector 

Do not 
know name 
of 
separator 

Number of each amalgam separator number(%) n=54 n=15 n=6 n=4 n=99 
(30%) (8.4%) (3%) (2%) (56%) 

Age of amalgam separator (Year) 
mean (SD) 4.3 (4.4) 7.6(3) 6.7 (2.9) 6.8 (5.8) 5.5 (4.3) 

Range 0 to 15 3 to 10 4 to 10 0.5 to 10 0 to 15 

Do not know age of the separator 33% 57% 

Number of dental units connected with the 
same amalgam separator 
Mean (SD) 8.4 (7.5) 8.8 (3) 1.2 (0.4) 1(1) 9.3 (7.1) 

Range 1 to 30 I to 15 1 to 2 1 to 6 0 to 26 

Do not know number of units connected 20% 26% 

Location of amalgam separator 
Near unit 11% 40% 100% 100% 28% 
Outside room 85% 60% 59% 

Do not know location of separator 4% 13% 

Indicator for amalgam collecting container 
Separator with alarm signal 17% 1% 

Separator with automatic stop, no alarm signal 63% 73% 50% 20% 21% 

Separator without automatic stop, no signal 33% 20% 33% 80% 8% 

Do not know if separator has indicator 4% 7% 69% 

Changing of amalgam collecting container 
(number of changes per year) 
Mean (SD) 1.8 (4) 1.5 (1.7) 3.5 (2.6) 1.8 (1.1) 20.7 (59.7) 
Range 1 to 30 1 to 7 1 to 6 1 to 3 1 to 200 
Do not know number of changing per year 4% 20% 20% 58% 

According to table 2, many dental 

personnel are not familiar with 

characteristics of their amalgam 

separator. In most clinics, the assistant 

are responsible for cleaning and 

maintenance of amalgam separators. We 

expected that knowledge would differ 

between dentists and assistants. 

Answers "Do not know" were therefore 

analysed separately for dentists and 

assistants, and also for personnel in 

private and public dental care. Answer 

"Do not know" for each question is 

shown in table 3.  

Table 3. Knowledge of amalgam 

separator, reported "Do not know" by 

dental personnel (n=178) 

Do not know Dentists 	Assistants 

Dental Care Private Public Private Public 
^, 

(n=21) (n=76) (n=8) 	(n=77) 

Separator's name 24% 60% 38% 64% 

Separator's age 5% 42% 25% 42% 

Number of units 10% 39% 38% 39% 

Location 0% 4% 13% 5% 

Indicator signal 19% 47% 38% 38% 

Changing 29% 35% 25% 37% 
Container 

Three dentists and one assistant were 

working in both private and public 
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dental care. Based on table 3, many 

dentists do not know if their amalgam 

separator is provided with an indicator, 

which indicates if it is full, nor how 

often the collecting container is changed. 

Assistant knowledge was at same level. 

A few respondents even reported that 

collector was "changed when full" yet, 

at the same time, they said that 

separator did not have any indicator 

signal. 5% of dentists reported that the 

amalgam collecting container was 

changed daily, probably mixing it up 

with cleaning of the filter. 

CLINIC AND WASTE PIPES 

Mercury accumulates in waste pipes 

of dental clinics. This accumulation of 

mercury, is believed to cause variations 

of mercury let-out from clinics. Amount 

of accumulated mercury depends on 

number of years a clinic has been used. 

Fig. 3 shows age of the clinics. 

Fig. 3. Age of dental clinics reported by 

dental personnel. (n=178) 

0-5 	6-10 

years years 

4% 11% 

>10 

years 

85% 

A majority, (85%) of dental 

personnel, worked in clinics that were 

older than 10 years, and only 1% were  

working in new clinics. Some clinics 

were more than 20 years old and one 

more than 30 years old. 

Cleaning of waste pipes is shown to 

reduce the amount of mercury in waste 

water considerably. Information on 

cleaning or changing of waste pipes for 

the last two years was gathered and is 

shown in fig. 4. 

Fig. 4 Condition of waste pipes 

reported by dental personnel (n=178) 

Ckanec New  

PiPespipes 
6% 3% 

Do not 

know 
37% 

Nothing 

done 
54% 

As Fig. 4 shows, 6% reported that 

waste pipes have been cleaned during 

the last two years and 3% indicated that 

pipes have been changed. Of 9% with 

cleaned or changed waste pipes, 6% 

were working in private dental care and 

3% were working in public dental care. 

As 86% reported the clinic to be older 

than 10 years, some even as old as 20-

30 years, the accumulated amount of 

mercury in their waste pipes is 

probably a heavy mercury burden to 

environment. Especially those clinics 

being 20 - 30 years old without cleaned 

or changed waste pipes. 
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DISCUSSION 
The low response rate (45%) is 

probably because the subject of 

mercury is somewhat controversial in 

Sweden. People who have not answered 

the questionnaire may have firm ideas 

that mercury is not an environmental 

problem. The decision to stop using 

amalgam in dentistry might also be a 

factor that reduces interest in answering 

a questionnaire about amalgam. The non 

responders may find amalgam a closed 

topic not worth an investment of their 

time. This can be justified by the high 

rate of interest for the subject among 

respondents. Further that no follow up 

letter was sent (because the 

questionnaire was anonymous) has 

contributed to the low response rate. 

Amount of mercury in dental clinic 

waste water, depends on amount of 

amalgam fillings produced, removed and 

polished in clinics. Using figures given 

by the Swedish National Board on 

Health and Safety (1992) that 50% of 

all fillings produced are replacements of 

old amalgam, gives an average of 1.3 

removed amalgam fillings per dentist 

per day in 1991. This is much lower 

than the mean of 7.0 removed amalgam 

fillings per day found in this study. The 

variation is wide between dentists; 

ranging from 0-30 removed and 0-30 

produced amalgams per day. 

Classification of mercury 

contaminated products is important 

because it determines procedures for 

handling of waste product, and  

potential environmental impact. Study 

result indicate that classification of 

waste products did not differ between 

dentists and assistants rather, between 

individuals and this could reflect a 

difference in routines between clinics. 

This is the opposite result from the 

local governmental environmental office, 

(Gustaysson  B.  1995). Their 

information was based on results from a 

questionnaire to 20 clinics, all in the 

same town. This study is based on 

individual questionnaires to 178 

dentists and assistants, in the whole 

region of  Norrbotten.  As it is 

individuals who perform tasks in 

clinics, their knowledge would better 

reflect real state of routines. 

About half of respondents, classified 

extracted teeth and collected sludge as 

low-risk waste that are mainly thrown 

in waste basket. Mercury vapour will 

release in working rooms and afterwards 

when burnt as refuses; mercury vapour 

evaporates to the environment. Sucking 

up collected sludge from separators was 

performed by several individuals. This 

activity is difficult to understand as the 

sludge was already collected once by 

the suction system. It will probably be 

collected again in the filter, or in the 

amalgam container. This could cause a 

filled filter or container, even discharge 

to waste water. 

Even if separators have some 

limitations, according to personal 

information, proper maintenance is 

shown to be the most important factor 
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to reduce out-let of mercury from 

clinics by 50%, (Sweden Recycling 

1995). Proper maintenance requires 

certain basic knowledge, viz, where a 

separator is placed and where an 

indicator signal is located. If an amalgam 

collecting container is full and amalgam 

it is not provided with an indicator 

signal or automatic stop, all amalgam 

particles will be discharged in waste 

water. Knowledge about separators was 

low among both dentists and assistants, 

thus could not be explained by different 

tasks in clinics. Having the separator 

located outside the operating room, (e.g. 

in the cellar which a majority of dental 

personnel in this study reported) might 

explain why dental personnel, who do 

not know name of their separator, have 

significant lower (p<0.0001) knowledge 

about all factors concerning their 

amalgam separator. 

Mercury filters and instruments are 

cleaned over wash basins. No clinic in  

Norrbotten  is known to have wash 

basins connected to amalgam 

separators. If not connected, all 

amalgam particles in waste water from 

wash basins are discharged into the 

ecosystem. No information is available 

on the amount of mercury let-out from 

this source. 

Among a majority of clinics older than 

10 years, very few had cleaned or 

changed their waste pipes. This can be 

seen as another mercury burden not 

addressed. 

Even if production of new amalgam 

fillings stops, dental clinics will 

continue to remove amalgam as 84% of 

the adult Swedish population have 

amalgam fillings in their teeth. 

Discussion is going on about an ISO 

Standard for amalgam separators. In the 

mean time, the local governmental 

environmental office plans to visit all 

dental clinics in one year, and then 

regularly every 5 years. 

If municipalities in  Norrbotten,  also 

demand separators that meet German or 

Danish Standards, many clinics will face 

a high equipment replacement cost. 

The most effective way to reduce 

mercury let-out, is proper maintenance 

of separators. This could be achieved 

by keeping a service record and better 

procedures for handling amalgam and 

amalgam contaminated products. 

CONCLUSION 

To reduce the mercury burden to the 

environment from dental clinics in  

Norrbotten,  better procedures for 

handling of amalgam and amalgam 

contaminated products, as well as 

maintenance of amalgam separators are 

seen as crucial. Another consideration is 

connect wash basins to amalgam 

separators. Cleaning or changing of 

waste pipes in clinics is a third 

important measure. Information should 

also be provided to all individuals 

working in dental clinics about how 

they can contribute to the reduction of 

the mercury burden to the environment. 



11 

ACKNOWLEDGEMENT 

Dental personnel who participated in 

this study by answering the 

questionnaire are gratefully 

acknowledged. 

REFERENCES 

Ackerfors  H.  Löfroth  G.  & Rosin  C-G.  
1970. A survey of the mercury pollution 
problem in Sweden with special reference to 
fish. Oceanogr. Mar.  Biol.  Ann. Rev. 8, pp 
203-224. Harold Barnes, Ed. Publ. George 
Allen and Unwin Ltd, London. 

Allhammar G.  1987.  Stoftavskiljning. 
Miljökonsulterna PM/MKS-87/98B.  

Anonymous 1965.  Kvicksilverfrågan i  Sverige. 
In: Ackerfors,  H.  Löfroth,  G.  & Rosin,  C-G.  
1970. A survey of the mercury pollution 
problem in Sweden with special reference to 
fish. Oceanogr. Mar.  Biol.  Ann. Rev. 8, pp 
203-224. Harold Barnes, Ed. Publ. George 
Allen and Unwin Ltd, London. 

Arbetarskyddsstyrelsen  1989.  Riskavfall. 
Arbetarskyddsstyrelsens författningssamling 
AFS  1989:2.  Liber  Distribution. Stockholm.  

Arenholt-Bindeslev  D.  & Larsen A. 1991. 
Mercury Levels in Waste Water from Dental 
Clinics. I Dent Res. 70(4):837.  

Bautechnik  Institute 1994. Test 
Amalgamabscheicier  typ  Dürr  7800(7801 

Berglund F. & Wretlind A., 1967.  Vår  föda.  
In: Ackerfors,  H.  Löfroth,  G.  & Rosin,  C-G.  
1970. A survey of the mercury pollution 
problem in Sweden with special reference to 
fish. Oceanogr. Mar.  Biol.  Ann. Rev. 8, pp 
203-224. Harold Barnes, Ed. Publ. George 
Allen and Unwin Ltd, London.  

Dürr  Dental 1992.  Korngrößen-Verteilung 
VERGLEICH.  Particle  Size Distribution  
COMPARISON. German  &  Swedish  Standard,  
Dürr  Dental  GmbH  u.  Co.  KG.  Bietigheim-
Bissingen,  Germany.  

Gahnberg  L.,  Lindvall  A.,  Kinigalakis  G.,  
Anundi  H.  & Edling  C. 1993.  Tandvärdens  

kvicksilverutsläpp - arbetsmiljö och yttre miljö.  
Rapport  i FOU-rådets serie.  Uppsala.  

Gustafsson B.  1995.  Miljötillsyn av 
tandvärden-en  förstudie.  Rapport 1995:6 

Jensen S. 44c Jarnlöv A. 1968. In: Ackerfors,  
H.  Ldfroth,  G.  & Rosen,  C-G.  1970. A survey 
of the mercury pollution problem in Sweden 
with special reference to fish. Oceanogr. Mar.  
Biol.  Ann. Rev. 8, pp 203-224. Harold Barnes, 
Ed. Publ. George Allen and Unwin Ltd, 
London. 

Kurland L., Faro S. &  Siedler  H.,  1960. In: 
Ackerfors,  H.  Laroth,  G.  & Rosen,  C-G.  1970. 
A survey of the mercury pollution problem in 
Sweden with special reference to fish. Oceanogr. 
Mar.  Biol.  Ann. Rev. 8, pp 203-224. Harold 
Barnes, Ed. Publ. George Allen and Unwin 
Ltd, London. 

Löfroth  G.  1969. Methyl mercury. A review of 
health hazards and side effects associated with 
the emission of mecury compounds into natural 
systems. Ecological Research committee. 
Bullentin no 4. (2nd. edition). 

Löfroth  G.  1968. Report on Methyl-mercury, 
prepared on request from the World Health 
Organisation. In: Ackerfors,  H.  Löfroth,  G.  & 
Rosin,  C-G.  1970. A survey of the mercury 
pollution problem in Sweden with special 
reference to fish. Oceanogr. Mar.  Biol.  Ann. 
Rev. 8, pp 203-224. Harold Barnes, Ed. Publ. 
George Allen and Unwin Ltd, London.  

Socialdepartementet  1992.  Möjligheter att 
avveckla  amalgam  som  tandfyllnadsmaterial.  
Expertgrupp från  Socialdepartementet med 
anledning av  särskilt regeringsuppdrag.  Ds 
1992:95  

Sveriges Tandläkarförbund  1995.  Att tänka 
på när det gäller hantering av amalgamavfall och 
andra miljöfarliga avfall i det praktiskt-kliniska 
arbetet - ett  led  i kvalitetsarbete inom 
tandvärden. Sveriges Tandläkarförbunds 
rekommendationer, maj  1995. Stockholm  

Sweden Recycling 1995. Telephone contact  

Testreport  1992. Clinical Test Amalgam 
Separator. Odontologiska  Institutet,  
Tandlægeskolan, Aarhus  Universitet, Århus,  
Denmark. 



PAPER III



1 
Amalgam in Dentistry 

A Health Hazard for Dental Personnel? 

Emma-Christin  Lönnroth  •Sr Houshang Shahnavaz 

Division of Industrial Ergonomics, Department of Human Work Sciences,  

Luleå  University, 97187  Luleå,  Sweden. 

Tel: +46 (0)920 72168 Fax: +46(0)920 91030  E.  mail:  E-C.  Lonnroth@arb.luth.se  

Key words: Dental care, amalgam, work environment, symptoms 

ABSTRACT 

In a case control study done in 1993 among dental personnel in  Norrbotten,  the northern part 

of Sweden, self-reported frequencies of muscular pain, headache, tremor, insomnia, irritation, 

impaired memory and depression , as well as information regarding mercury exposure were 

collected. Mercury exposure was determined based on the following: "the number of 

amalgams in teeth", "year in practice", "insufficent ventilation in dental clinics", and "the 

total amalgam removed, produced and polished per day." The relative risk of symptoms, 

when exposed to different mercury exposures, was calculated as Odds Ratio. The significant 

higher relative risks of muscular fatigue and tremor, shown in female dental personnel, can 

be explained by static load and repetive tasks. The significant higher relative risk, for some of 

the selected symptom in dental personnel, can not be explained by mercury exposures. 

Muscular fatigue, headache, irritation, impaired memory and depression were noted to 

increase as exposure to mercury also increases (but not significant). Males in dental care 

associated these symptoms with increased handling of amalgam in the clinic, while the 

females associated them with the number of amalgams in teeth and insufficient ventilation. 

INTRODUCTION 

The classical symptoms related to constant occupational exposure to "high doses" of 

inorganic mercury are tremor, erethism, and oral cavity disorders. Symptoms associated with 

the nervous system are fatigue, insomnia, poor short-term memory, inability to concentrate as 

well as symptoms affecting the peripheral nervous system (Joselow et al 1972, Shapiro et al 

1982). Symptoms from "long-term low doses" due to inorganic mercury (as in exposure in 

dental clinics) are in contrast, more debatable. Nilsson it Nilsson (198611) found that fatigue, 

anxiety, insomnia, loss of appetite, tremor and short-term memory were more frequently 

reported by dental personnel than controls. The greatest number of symptoms were found 

among female dentists in public dental care. No statistically significant influence could be 

found on the prevalence of symptoms from age, working hours and time spent with amalgam 

therapy per week, lenght of employment, level of mercury in urine, smoking or  alkohol  
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consumption, except in dental nurses in which subjects with symptoms were older than those 

without. In another study on members of the Swedish Dental Patient Organization, 

surprisingly many reported impaired short term memory (89%), muscular and articular pain 

(83%), headache (82%), irritation (81%), insomnia (73%), tremor (69%) and depression 

(65%). The study consisted of 91% women, most of them dental personnel, and no controls 

were used, (Molius & Nilsson 1992). 

Dental personnel are exposed to mercury not only from their own amalgam fillings, but also 

through their working environment. The exposure from amalgam fillings is calculated to be 8  
Hg  per day among those having four or less amalgam fillings, and 29  µg Hg  per day for 

those with more than twelve amalgam fillings, (Vimy & Lorscheider 1985). 

There are many problems when estimating mercury levels in the body. It is still not possible 

to measure the accumulated mercury in the living body. Dental personnel are known to have 

higher levels of mercury in their blood, urine, faeces, hair and nails, (Jokstad 1990,  Skare  & 
Engquist 1990, Naleway 1987, Nilsson et al 1990). They also have higher levels of 

accumulated mercury in the brain and kidneys than controls (Nylander et al 1989). Women 

are known to have higher levels of mercury than men, and the half-time for retained mercury 

in the body is also longer for women, (Jokstad 1990, Akesson et al. 1991, Nilsson et al 1990,  
Skare  & Engquist 1990). Female dental personnel reported a higher level of work-related 

diseases compared to women in other professions  (Tandvårdens kvicksilverutsläpp  1993). 

The question is whether these higher levels of mercury are related to certain symptoms 

prevalent among the dental personnel? 

In a study by Ngim et al (1992), human performance in a neurobehavioural test was shown to 

be lower for dentists than controls even when the average level of mercury vapour in the 
clinic was 14 µg/m3, that is far below the threshold limit value. The performance was also 

shown to decrease with increase of mercury level in clinics. However, clinical examinations 

did not show any overt neurologic and behavioural signs among the dentists, neither did they 

complain of difficulty in performing their jobs. 

The objective of this study was to see if persons working in dental care had significantly 

higher relative risks of the following seven symptoms; muscular pain, headache, tremor, 

insomnia, irritation, impaired memory, and depression than controls. It was also of interest to 

see if different exposure to mercury, such as; dental amalgam fillings, years in practice (and 

age), insufficent ventilation, and handling of amalgam in dental clinic, could cause an 

increased relative risk of the investigated symptoms. 
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METHODS 

The study was designed as a case-control study. Cases, here designated dental care, were 

dentists, dental nurses and hygienists working in  Norrbotten.  The dental hygienists were 

included in the group called "assistants," together with the dental nurses. Physicians and 

nurses working in  Norrbotten  were selected as controls. It was assumed that, apart from work 

environmental exposure to mercury, the two groups were as similar as possible viz, working 

conditions, work load, work organisation, distribution of age and sex. 

A questionnaire was designed and sent to all dentists, dental hygienists and physicians 

working in  Norrbotten  during the autumn of 1993 to spring of 1994. A list of dentists, 

hygienists and physicians was obtained from the Social Insurance Office and the County 

Council in  Norrbotten.  The questionnaire was pre-tested by a dental team. After some minor 

improvements, the questionnaires were sent out by mail and the results collected. Two 

questionnaires were sent to each dentist and physician. One of them was for the 

dentist/physician and one for the assisting nurse. The questionnaires were anonymous and no 

pre-coding was done. A short notice in the County Council's staff magazine was the only 

reminder. A total of 400 persons working in dental care and 380 persons working in medical 

care were contacted. Of these, 178 (45%) in dental care and 163 (43%) in medical care have 

responded. Upon receipt of the filled questionnaires, six of them were excluded due to 

incomplete answers. 

PROCEDURE 
A number of information regarding mercury exposure was obtained from the survey. 

Mercury exposure was based on "the number of amalgam fillings in teeth," "year in (dental) 

practice," "insufficent ventilation" in the (dental) clinic, and "the total amalgam removed, 

produced and polished per day." Information was also gathered on self-reported frequencies 

of seven selected symptoms; muscular pain, headache, tremor, insomnia, irritation, impaired 

memory, and depression. The dental personnel were asked to leave their name and  adress  on 

an enclosed form in the questionnaire, and return it separately. In the form they were asked 

for their interest in trying new protective equipment to mercury vapour, and also if they 

wanted to get the mercury level measured in their clinic. 

Risks of symptoms when exposed to different mercury exposures were calculated using Odds 

Ratios. An Odds Ratio of 1 shows that there is no difference in risk between the exposed and 

unexposed group. An Odds Ratio above 1 shows that the risk is higher for the exposed group 

relative to the unexposed, and a result of below 1, means that the risk is lower for the 

exposed group. The confidence interval was set at 95% level. The proportions and means 

were also compared for the seven symptoms between dental care and controls. 
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From the self reported frequency of each symptom, the relative risk of symptoms in dental 

care compared to controls was calculated. The relative risks in males (dentists) compared to 

controls (physicians), of females (dentists + assistants) compared to controls (physicians + 

nurses) were also calculated. Further, the relative risk of symptoms for female dentists 

compared to controls (physicians) and dental assistants compared to controls (nurses) were 

likewise calculated. 

Exposure 1. Amalgam dental fillings and symptoms. Dental fillings in respondents, were 

divided into three groups, "<4 amalgams," "4-12 amalgams," and ">12 amalgams." From the 

self-reported frequency of each symptom, the relative risk was calculated for each group in 

dental care. The relative risk in those with ">12 amalgams" compared to those with "<4 

amalgams" was calculated. 

Exposure 2. Handling of amalgam and symptoms. The total number of amalgams 

removed, produced and polished per day was divided into three groups, "0-7 amalgam," "8-

15 amalgam," and "16-65 amalgam." Again, based on the self-reported frequency of each 

symptom, the relative risk was calculated for each group in dental care. The relative risk in 

those handling "16-65 amalgam" compared to those handling "0-8 amalgam" was also 

calculated. 

Exposure 3. Years in practice and symptoms. Years in practice were divided into three 

groups, "10 years," "20 years," and "30 years." From the self-reported frequency of each 

symptom, the relative risk was calculated for each group in dental care. Then the relative risk 

in those working "30 years" in practice compared to those working "10 years" in practice was 

calculated. 

Exposure 4. Insufficient ventilation in clinics, and symptoms. The data were divided into 

two groups; those who found "the ventilation as insufficient" and those with "no complaint." 

From the self-reported frequency of each symptom, the relative risk was calculated for each 

group in dental care. Subsequently, the risk in those with "insufficient ventilation" compared 

to those with "no complaint" was also calculated. 

RESULTS 

When asked about their interest in trying new protective devices to mercury vapour, 78% of 

the male dentists, 90% of the female dentists and 90% of the assistants responded positively.  

Asked if they wanted to get the mercury vapour measured in their clinics, 55% of the male 

dentists, 85% of the female dentists and 89% of the assistants responded positively. 
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Table 1. Details of dental care personnel and controls with respect to mercury from dental 
amalgam fillings and work environment. 

DENTAL CARE 
	

CONTROLS 

VARIABLES 
	

(o=179) 
	

(n..163) 

MALE FEMALE MALE FEMALE 

Sex Number (/0) 55 (30.7) 124 (69.3) 61 (37.4) 102 (62.6) 

Age Mean (SD) 44.7 (8.3) 41.7 (7.1) 43.5 (6.6) 44.7 (8.0) 

Working hour per week Mean (SD) 39.9 (4.7) 34.3 (6.7) 45.3 (9.2) 38.2 (7.5) 

1. Amalgam fillings 

<4 amalgam Number (%) 

4-12 amalgam Number (%) 

>12 amalgam Number (%) 

2. Years in practice 

Mean (SD) 

7 (12.7) 

27 (49.1) 

21 (38.2) 

17.2 (8.9) 

12 (10.1) 

72 (60.5) 

35 (29.4) 

18.0 (8.2) 

5(8.2) 

37 (60.7) 

19 (31.1) 

14.2 (7.2) 

6(5.8) 

37 (35.9) 

60 (58.3) 

18.0 (8.6) 

10 years Number (%) 17 (30.1) 24 (19.4) 21 (34.4) 19 (18.6) 

20 years Number (%) 22 (40) 53 (42.7) 29 (47.5) 44(43) 

30 years Number (%) 16(29) 44 (35.5) 11(18) 39 (38.3) 

3. Ventilation 

Insufficent Number (%) 33 (60) 95 (80.5) 22 (36) 59 (56.7) 

No Complaint Number (%) 22 (40) 23 (19.5) 23 (64) 45 (43.3) 

4. Amalgam handling 

(per day) 	 Mean (SD) 15.8(12.1) 10.5 (8.2) 

0-8 amalgam Number (%) 19 (36.5) 51 (39.8) 

9-15 amalgam Number (%) 13(25) 27(21) 

16-65 amalgam Number (%) 20 (38.5) 50 (39.1) 

The age distributions among dental care subjects and controls were similar except that the 

female dentists were slightly younger than the female physicians (controls). Dental care and 

controls had nearly equal proportions of male and female. Working hours per week were 

shorter for dental care than controls. More persons in dental care reported insufficient and 

disturbing ventilation. The difference was significant both for male(p=0.003) and female 

(p<0.00 1 ) subjects. 

The significant higher relative risk of symptoms in dental personnel, related to different 

exposure to mercury is shown in table 2, and the significant lower relative risk, in table 3. 
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Table 2. The significant higher relative risk of symptoms, when working in dental care, and 

with different mercury exposure. 

VARIABLES SUBJECT (n/n) SYMPTOM OR 

95% confidence  

interval 

P  

VALUE 

dental care / controls female (124/102) 	muscular fatigue 1.84 1.04 to 3.28 0.037 

dental care / controls female (124/102) 	tremor 2.75 1.15 to 6.77 0.007 

dental care / controls assistants (95t75) 	tremor 3.00 1.09 to 8.55 0.018 

4-12 amalgam fillings 

dental care / controls all 	(99/74) 	muscular fatigue 1.95 0.94 to 4.05 0.052 

dental care / controls all 	(99/74) 	insomnia 2.53 1.17 to 5.57 0.012 

dental care / controls female 	(72/37) muscular fatigue 3.03 1.18 to 7.9 0.018 

dental care / controls female 	(72/37) 	tremor 8.69 1.1 to 68.93 0.018 

>12-amalgam-filings 

dental care / controls female 	(35/60) impaired memory 3.41 1.42 to 8.2 0.008 

dental care / controls female 	(35/60) 	headache 1.38 X2= 18.83 <0.001 

>12 amalgam 1<4 amalgam 

dental care + controls all 	(135/30) 	headache 2.88 1.32 to 6.31 0.004 

dental care + controls all 	(135/30) 	impaired memory 3.01 1.39 to 6.59 0.002 

20 years in practise 

dental care /controls male 	(22/29) impaired memory 4.00 0.94 to 17.63 0.036 

30 years in practise 

dental care / controls female 	(44/39) 	muscular fatigue 2.38 1.0210 5.58 0.045 

30 years /10 years 

dental care / dental care female 	(44/24) impaired memory 3.26 1.08 to 9.86 0.040 

dental care/dental care female 	(44/24) depression 1.65 0.57 to 4.64 0.036 

Insufficent ventilation 

dental care / controls female 	(95/59) 	tremor 5.97 1.71 to 20.83 0.002 

Insufficent / No complaint 

dental care / dental care female 	(95/23) 	muscular fatigue 4.49 1.76 to 11.46 <0.001 

dental care / dental care female 	(95/23) 	headache 2.71 1.03 to 7.15 0.039 

dental care / dental care female 	(95/23) 	irritation 7.29 2.72 to 19.58 <0.001 

dental care / dental care female 	(95/23) 	impaired memory 4.08 1.53 to 10.87 0.003 

dental case/dental care female 	(95/23) 	depression 3.84 1.44 to 10.21 0.005 
*
Fisher' two-tailed  p-value 
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Table 3. The significant lower relative risk of symptoms when working in dental care, and 

with different mercury exposure.  

VARIABLES SUBJECT (n/n) SYMPTOM P  VALUE 

dental care / controls female (124/102) irritation 0.023 

dental care / controls female (124/102) depression 0.007 

dental care/controls male (55/61) depression 0.019 

dental care / controls assistants (95775) irritation 0.005 

<4 amalgam fillings 

dental care / controls all (19/11) insomnia 0.002* 

dental care / controls all (19/11) depression 0.011* 

dental care / controls all (19/11) muscular fatigue 0.057* 

dental care / controls all (19/11) irritation  0.057* 

>12 amalgam fillings 

dental care / controls all (56779) trevanor  <0.001 

dental care / controls all (56/79) irritation 0.012 

dental care /controls male (21/19) depression  0.021 

>12 amalgam 1<4 amalgam 

controls male (19/5) muscular fatigue 0.014 

controls male (19/5) headache 0.053 

controls male (19/5) tremor 0.042 

10 years in practise 

dental care / controls male (17/21) depression 0.043 

dental care / controls female (24/19) muscular fatigue 0.039 

30 years in practise 

dental care / controls female (44/39) irritation 0.023 

dental care / controls male (16/11) headache 0.005 

dental care / controls male (16/11) irritation 0.023 

30 years / 10 years 

dental care/dental care male (16/17) headache 0.011 

Insufficent ventilation 

dental care / controls female (95/59) irritation 0.048 

dental care / controls male (33/22) irritation 0.002 

dental care / controls male (33/22) depression 0.022 

No complaint on ventilation 

dental care / controls female (23/45) irritation  <0.001 

* Fisher' two-tailed  p-value 
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The relative risk of symptoms in dental personnel. Table 2 shows a significant higher 

relative risk of "muscular fatigue" and "tremor", for females dentists, and assistants in dental 

care, relative to controls. On the other hand, table 3 shows that relative risk was significantly 

lower for "irritation" and "depression" in dental care. The relative risk for "depression" was 

lower in males in dental care, and for "irritation" in dental assistants, relative to controls. Fig. 

1 and 2 show the prevalence of symptoms in male and female dental care personnel and 

controls. 

60 

50 

§ 40 

30  
e  
be 20 

10  

El Dentists n=55 RI Controls n=61  
El Dental Care El Controls 

1118 	rm104 

Figure 1. Self - reported symptoms in 	Fig. 2. Self-reported symptoms among 

female dental care and controls. 	 male dental care and controls. 
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The significant higher relative risk for symptoms in dental care, relative to controls, is shown 

in table 2, and the significant lower risk in table 3, for the following exposures to mercury. 

Exposure 1. Amalgam dental fillings. Since very few had <4 amalgams, Fisher's exact test 

was used for calculating the two-tailed  p  value. Relative risk was significantly lower for 

"insomnia", "depression", "muscular fatigue", and "irritation", in dental personnel who had 

<4 amalgam in teeth. 

For those with 4-12 amalgams, the relative risk was significantly higher for "muscular 

fatigue" and "insomnia" in dental personnel, and for "muscular fatigue" and "tremor" in 

female dental personnel. 

In the group with >12 amalgams, the relative risk for "impaired memory"and "headache" was 

significantly higher in female dental personnel, and lower for "tremor" and "irritation" in 

dental personnel. Relative risk was also lower for "depression" in male dental personnel. 

The relative risk was significantly higher for "headache" and "impaired memory", in those 

respondents having >12amalgams, relative to those having < 4amalgam fillings. But, in male 

controls, the relative risk was significantly lower for "muscular fatigue", "headache", and 

"tremor", in those having >12 amalgams, relative to those with <4 amalgams. 

The  prevalens  of five symptoms increased (not significant), as the number of amalgam 

fillings in teeth among female dental care providers increased (Fig 3). Four of the five 

symptoms reported by female, were reported higher by male as well but, with increased 

amount of amalgam handled in clinic. (Fig 4). 

Exposure 2. Handling of amalgam. The relative risk was not higher for any symptoms in 

those handling "16-65 amalgam per day" compared to those handling "0-7 amalgam per day". 

The relative risk was even lower for "headache" with increased handling of amalgam for 

female dental personnel (p=0.005). What is interesting is the increased prevalence of five 

symptoms (not significant) with increased number of amalgam handled per day, reported by 

male dentists. 
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Figure 3. Self-reported symptoms in 

female dental care with amalgam fillings 
in teeth. 

Figure 4. Self-reported symptoms in male 

dental care handling "0-7", "8-15" and 
"16-65" amalgam per day. 

Exposure 3. Years in practice. After 10 years in practice, the relative risk was significantly 

lower for "depression" in male dentists, and for "muscular fatigue" in female dental 
personnel. 

After 20 years in practise, the risk was significantly higher for "impaired memory" in male 

dental care, relative to controls. 

After 30 years in practise, female dental personnel reported a significant higher relative risk 

for "muscular fatigue", but also a lower relative risk for "irritation". The relative risk for 
"headache" was lower in male dentists, and "irritation" was significantly lower in both female 
and male dental personnel, relative to controls. 

"After 30 years in practice", the relative risk was significantly higher for "impaired memory" 
and "depression" in female dental care, compared to "after 10 years ", but the risk of 

"headache" was significantly lower in male dental care subjects. 
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Exposure 4. Insufficient ventilation. Among those who found the ventilation insufficient, 

the relative risk for "tremor", was higher in females working in dental care. However, the risk 

of "irritation" was significantly lower in both male and female working in dental care, 

relative to controls. Also a lower relative risk for "depression", was shown in male dentists. 

Among those with no complaint on ventilation, the relative risk was significantly lower for 

"irritation" in female dental personnel. None in the group "no complaint" reported "tremor". 

When analyzing the answers from those who found the ventilation insufficient, and those 

without complaint, the relative risk was significantly higher for "muscular fatigue", 

"headache", "irritation", "impaired memory", and "depression", in female dental personnel 

who where disturbed by insufficient ventilation (Fig 5). 

EI  No complaint (n=23) 	 Insufficent ventilation (n=96) 

Figure 5. Ventilation and self-reported symptoms, female dental care subjects. 

Data on dental personnel was also analyzed regarding correlation between the different 

symptoms and age, sex, profession, and year in practice. A correlation was found between 

"year in practice", "irritation" and "depression" (0.679) and "year in practice", "impaired 

memory", and "depression" (0.639). A correlation was also found between "year in practice" 

and "muscle fatigue", with "irritation" (0.537), "impaired memory" (0.539) and "depression" 

(0.562). 
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DISCUSSION 

Because mercury is a somewhat controversial subject in Sweden, the questionnaires were 

anonymous and no reminder was sent. The low response rate (45%) is probably due to that 

fact and also that people, who have not answered the questionnaire may already have firm 

ideas that mercury is not a health problem. This can be justified by the high rate of interest 

among the respondents. Almost 90% of the respondents, returned the enclosed form, leaving 

their name and  adress,  expressing interest for trying new protective equipment when handling 

mercury. Also 87% of females and 55% of males wanted to get the mercury level measured 

in their clinics, which shows a great concern for work environment. Some of the respondents, 

in both dental care and controls, mentioned that they had substituted all their amalgam 

fillings with other materials. Thus, the domain of this study is probably personnel, working in 

dental and medical care, who have a great interest, and are concerned about amalgam. The 

result might thus reflect the opinions of this group. 

By choosing physicians and nurses as controls, it was assumed that cases and controls were 

as similar as possible in all respect, apart from working exposure to mercury. When 

comparing the symptoms for different exposure to mercury, it was not possible to get a clear 

picture. The relative risk was significantly higher in dental personnel, for some symptoms, 

and for some mercury exposure but, on the other hand, the relative risk was also significantly 

lower in dental personnel, for several other symptoms, and for several mercury exposures. 

The higher relative risk of muscular fatigue and tremor, in female dental personnel can be 

explained by static load of muscles and repetitive tasks in the clinic, and possibly at home. 

Headache was the only symptom female dental personnel reported at the same level (80%) as 

earlier reported by Molius and Nilsson (1992) but, the prevalence was not higher for dental 

personnel than for controls. 

It was likewise interesting to note the increased prevalence (but not significant) of muscular 

fatigue, headache, irritation, impaired memory and depression, with increased number of 

amalgam handled per day. The same symptoms were reported by females in association with 

insufficent ventilation (significant). The same symptoms, except irritation, were also reported 

by females, associated with the number of amalgam fillings in teeth (not significant). 

One limitation of this study, was the relatively few number of subjects in some of the 

exposure levels. It was thus not possible to find out if any kind of mercury exposure, at any 

level ,was a higher risk factor to the symptoms studied. The results nonetheless reflect the 

opinion among females that amalgam dental fillings and insufficient ventilation are 

associated to certain symptoms. And among males the same symptoms are associated to the 

number of amalgams handled per day in the clinic. It is also interesting to note that the same 
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symptoms are chosen by both males and females in dental care, but prevalent under different 

levels of exposure to mercury. This might reflect a gender difference, resulting from gender-

role norms, (Eagly 1987, Eagly & Wood 1991), rather than biological difference between 

genders. 

CONCLUSION 

This study reveals a significant higher relative risk for muscular fatigue and tremor, in female 

dental personnel, relative to controls, but this can be explained by static load and repetive 

tasks. Female dental personnel associated the symptoms they have experienced, or reported, 

with exposure to amalgam filling, and insufficient ventilation. While male in dental care 

associated the same symptoms (except one) with amalgam handling. Nonetheless, it was not 

possible to find a clear association between symptoms and any exposure level to mercury, 

probably due to the small samples in each exposure level. Further studies with a bigger 

sample population are recommended, to get a clearer picture regarding the effect exposure to 

mercury in the occurrrence of the mentioned symptoms. 
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ABSTRACT 

Dentistry uses a variety of different polymers. The Dental Polymers are based on 
methacrylate or its polymers, or polyelectrolytes. The setting is initiated chemically by 
mixing two components or by light. In both cases, polymerisation is incomplete and 
components, not reacted, release. Studies have documented that polymers may cause a wide 
range of adverse health effects such as irritation to skin, eyes or mucous membranes, allergic 
dermatitis, asthma, parenthesise in the fingers, and disturbances from central nervous system 
such as; headache, pain in the extremities, nausea, loss of appetite, fatigue, sleep 
disturbances, irritability, loss of memory and changes in blood parameters. Dental personnel 
are occupationally exposed when handling the non reacted polymers. The use of gloves do 
not give enough protection as monomers, released from the material, easily penetrate all 
gloves used in dentistry. Face masks do not prevent inhalation of polymers. The result from 
this study demonstrate the need for the development of ergonomic procedures and practices 
for safe handling of such materials.  

SAMMANFATTNING 

Inom tandvården används  en  mängd olika  polymerer.  Dentala  polymerer  baseras på 
metylmetakrylat och dess  polymerer,  eller polyelelctrolyter. Polymerisering sker kemiskt, 
genom att två ämnen blandas, eller med hjälp av ljus. I båda  fallen  blir  polymeriseringen  
ofullständig och oreagerade ämnen kvarstår.  Studier har  visat att  polymerer  kan irritera hud, 
ögon och slemhinnor, ge allergiskt hudeksem, astma, känslobortfall i fingrar,  men  också  
symptom  från nervsystemet i  form  av huvudvärk, värk i extremiteterna, illamående, 
aptitlöshet, trötthet, sömnlöshet,  irritation,  minnesförlust och förändring i blodparametrama. 
Tandvårdspersonal är yrkesmässigt exponerad eftersom  de  manuellt hanterar oreagerade  
polymerer.  Användning av handskar ger ej fullgott skydd eftersom  monomerer  lätt kan tränga 
igenom handskarna.  De  munskydd som används, kan ej hindra inhalering av  polymerer.  
Resultatet från denna studien visar att det finns ett behov av att utveckla ergonomiska regler 
och rutiner för  en  säker hantering av polymera material.  

INTRODUCTION 

Essential elements in modern dental 
practice are dental polymers. Use is 
increasing as the main substitute for 
amalgam as a cavity filling material. Dental  

polymers are either based on 
polyelectrolytes, such as polyacrylic 
acids, or methyl methacrylate (MMA) 
and its polymer. Polyacrylic acids are 
basic components of dental restorative 
glass-ionomer cement, epimine resin, 
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silicone, polyether and polysulfide 
elastomeric impression material. Methyl 
methacrylate and its polymer are 
components of denture bases, artificial 
teeth, crowns and bridges, orthodontic 
appliances, adhesives and dental coloured 
cavity filling materials. To improve 
mechanical properties, cross-linking 
agents, polymers of dimethacrylates, are 
added, (Ruyter & Oysæd (1988). 
Polymerisation is initiated chemically, by 
mixing two components, or by light, 
(visible- or UV-light). To trigger the 
polymerisation, initiators and accelerators 
are added. Inhibitors and antioxidants are 
used to improve stability during storing. 
Apart from additives, many polymers 
contain, fillers consisting of glass, quartz, 
amorphous silica or other fillers, coated by 
a coupling agent. Polymerisation is not 
complete, non reacted components always 
remain, (Ruyter & Sjervik 1981). 

Methyl methacrylate, is a well-known 
irritant to skin, eyes or mucous 
membranes. The first reports about 
hypersensitivity to methyl methacrylate 
came in 1941, (Stevenson 1941, Moody 
1941). In 1952 Stoy demonstrated that 
dental technicians develop hand eczema 
through handling of methyl methacrylate, 
(Stoy 1952). Several cases of allergic 
contact dermatitis caused by methyl 
methacrylate, and its polymer, have been 
reported, (Jacobsen Hensten & Pettersen 
1989, Kanerva, Estlander & Julanki 1989, 
Munksgaard & Knudsen 1990, Hensten & 
Jacobsen 1991, Kanerva et al (May) 
1993). 

Apart from contact sensitisation, acrylates 
have been reported to cause respiratory 
symptoms, mainly  astma,  in many 
studies, (Lozewicz et al 1985, Kopp et al 
1985, Pickering et al 1986, Roy et al 1989, 
Nakazawa 1990,  Basker  & Hunter 1990, 
De Zotti & Larese 1990,  Reynaud  et al 
1990, Kanerva et al 1992, Savonius 1993)  

Many additives are shown to cause 
allergies such as; N,N-dimethyl-4-
toluidine  (Tosti  et al 1990, Vershueren & 
Bruynzeel 1991), 4-tolyl-diethanolamine 
(Farli et al. 1990), Hydroquinone, (Van 
Ketel 1984, Torres et al 1992), 
Benzotriazoles (Arisu et al 1992), 
Benzophenones, (Cronin 1980, Kanerva et 
al 1993). Even impurities may cause tissue 
reactions, (Altuna & Freeman 1985, 
Altuna & Freeman 1987, Niinimälci et al 
1983). Light-cured acrylics are more 
potent sensitizators than methyl 
methacrylate, (Kanerva et al 1993). 

Dermal exposure to methyl methacrylate 
may cause local neurotoxicity with 
reduced nerve conduction velocity, 
coldness and numbness, (Seppäläinen & 
Rajaniemi 1984, Rajaniemi 1986). Other 
adverse effects to nervous system, 
reported after exposure to methyl 
methacrylate were; headache, pain in the 
extremities, nausea, loss of appetite, 
fatigue, sleep disturbances, irritability and 
loss of memory; (Innes & Tansy 1981, 
DFG 1984, Froines & Garabrant 1986, 
Pagniano, et al 1986, NTP 1987). 

The use of gloves does not give enough 
protection as monomers, can easily 
penetrate all gloves used in dentistry. 
(Pegum & Medhurst 1971, Fries et al 
1975, Rietschuld et al 1984). 
Triethylenglycol 	dimethacrylate 
(TEGDMA) and 2-hydroxiethyl 
dimethacrylate (HEMA) penetrate vinyl 
gloves after 1-3 minutes and latex gloves 
after 20 minutes. Urethane dimethacrylate 
(UEDMA) and 2,2-bis(4(2-hydroxy-
3methacryloxypropoxy)phenyl)  propan  
(Bis-GMA) penetrate vinyl gloves after 
20 minutes and latex gloves after 80 
minutes, (Munksgaard 1992). The 
smallest polymer, methyl methacrylate 
(MMA), penetrate surgeon gloves after 1-
2,5 minutes, (Waegemaekers et al 1983). 
Respirable dental resin particles are 
released when grinding polymers with 
high-speed dental hand pieces. Using 
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dental face masks give clinicians a false 
sense of protection as typically worn 
masks retain less than 42% of respirable 
particles, (Collard et al. 1991). 

The increasing use of polymers in 
dentistry, is a cause of great concern 
among dental personnel, because they are 
handling the non reacted polymer 
products manually and are therefore at 
risk. 

AINI  

The objective of this study was to 
increase knowledge about risks associated 
with handling of dental polymers and to 
gather knowledge on preventative 
measures for handling dental polymers. 

POPULATION STUDIED 

Nineteen dentists, (7 men and 12 women), 
and 20 dental nurses were included in this 
study. They were working in four clinics 
of different sizes; one orthodontic clinic 
with 5 dental teams and three general 
dental clinics with 1, 3, and 10 dental 
teams. The average "number of year in 
practice" for male dentists was 26 years, 
ranging from 13-35 years. (SD 7), for 
female dentist 16 years, ranging from 9-31 
years (SD 6.6), and for nurses 18 years, 
ranging from 12-28 years. (SD 6). 

METHODS 

Dental teams (dentist and chair assistant) 
working in four public dental clinics in 
northern part of Sweden, were selected by 
the County Council to participate in the 
study. The selected clinics had initiated 
exposure control practices and procedures, 
after reported adverse health attributed to 
dental polymers. A theoretic model of 
exposure to polymers in dental clinics was 
developed. In this model the choice of 
material, time of exposure, and use of 
protective devices, was studied. A 
checklist was used to follow the  

procedures for handling of dental 
polymers from storage/mixing, treatment 
of the patient, to cleaning/waste disposal. 
Also identified was the type of polymer 
handling in which dentist and nurse were 
involved. Time of exposure was defined as 
the time from opening the non reacted 
polymer product, or the time when 
grinding started, to the time when material 
was cured in the teeth, or grinding was 
finished. Both risk taking behaviour and 
various measures taken by the personnel 
to prevent exposure to dental polymers 
were identified and recorded. 

RESULTS 

Storage and mixture 

Typical written product information 
about dental polymers, available from 
manufactures, specifies that non reacted 
material should be kept closed and stored 
in cool dry places. In 85% of the clinics 
observed, polymer materials were kept on 
a tray on bench, just behind the operating 
chair. In all operating rooms studied, a 
bench is placed over the electric element in 
front of the window. Only 15% of the 
work areas studied, stored the material as 
recommended. According to observations, 
dental nurses were involved in 
storage/mixing, treatments and 
cleaning/waste disposal, while dentists 
mainly were involved in treatments. One 
female dentist cleaned instruments and 
deposited material. 

Treatments involving exposure to dental 
polymers in the clinics. 

A total of 84 treatments involving 
handling of dental polymers were 
identified; cavity fillings, bonding of 
orthodontic appliances and grindings, 
(after removal of orthodontic appliances, 
when correcting dentures or mouth-
pieces). The times of exposure for 52 
cavity fillings, 25 bondings, and 7 
grindings were recorded. The times of 
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exposure during different treatments are 
shown in figure 1. 

As figure 2 shows, no dental nurses use 
safety glasses, and during more than half 
of all treatments, gloves were removed 
before cleaning/waste disposal. Without 
being aware of it, many were wearing, or 
pulling down the face mask under the nose 
or chin. 
As dentists mainly are involved only in 
treatments, the personal protective 
devices used by dentists during treatments 
are shown in figure 3. 

AVERAGE MIN MAX 

o Cavity 
	

Bonding • Grinding 
Filling 	(n=25) 	(n=7) 
(n=52) 

Figure 1. Time of exposure, for cav'ty 
fillings, bondings and grindings. 

Personal protective devices used by dental 
nurses during mixing, treatment and 
cleaning/waste disposal are shown in 
figure 2. 

Figure 3. Personnel protective devices 
used by the dentists. 

Gloves Face Safety 
Mask Glasses 

o Mixing 	•Treatment • Cleaning 
(n=84) 	(n=84) 	(n=81) 

Figure 2. Personnel protective devices 
used by dental nurses during mixing, 
treatment and cleaning/disposal. 

According to figure 3, no dentists used 
safety glasses and very few used a visor 
during grindings. Most dentists studied 
wear ordinary glasses for vision. As well 
as dental nurses, many dentists wore face 
mask under the nose or chin. Different 
type of gloves used by dental personnel 
studied, is shown in figure 4. 
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• Dental El Dentist 	Dentist 
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Figure 4. Different type of gloves used 
by dentists and dental nurses in clinics  
studie  

Figure 4. Different type of gloves used by 
dentists and dental nurses in clinics 
studied. 

According to figure 4, vinyl gloves are 
used more often than latex gloves. Two 
dentists used double gloves. One dentist 
had cotton gloves under the operating 
gloves due to hand eczema. Another used 
both latex and vinyl gloves. 

As noted earlier, written material on dental 
polymers are available from manufacturer.  
Information such as composition and 
recommendations on which protective 
equipment to be used are given. The 
written information on dental polymers 
used by dental teams in this study are 
shown in Table I and 2. 

8 0 % 
7 0 % 
60% 
50% 
40% 
30% 
2 0 % 
10% 

0% 

Table 1. Composition of polymers used in the clinics studied, from manufacturer's 
product literature  

COMMONLY USED DENTAL 
POLYMERS  

BIS-  OTHER Composition 
PRODUCT NAME 	MMA HEMA TEGDMA UEDMA GMA POLYMER information given (%) 

All Bond bonding 	X  
All Bond primer A &  B  
Ana Norm anterior 
Ana Norm bonding 	X  
Ana Norm posterior 
Aquacem 
Dyract 	 X  
Dyract-PSA prime/adhesive  X  
Fuji II 
Fuji II LC 
Light-Bond  
Prisma  Univ. Bond primer  
Prisma  Universal Bond 	X  
Protemp 
Saga Sealent Universal 	X  
Scotchbond Multi Purpose  X  
System 1+ 
Vitremer 
Vitremer primer  

X 	100%  
X 	100%  

X 	X 	X 	X 	100%  
X 	 X 	X 	100%  
X 	X 	X 	X 	100%  

X 	10-30%* 
10-30%  

X 	 100%  
X 	5-10%*  
X 	0°/0* 30.100%**  

X 	X 	No amount given  
X 	 100% 

30-100%  
X 	 10-30% 

No amount given  

X 	 X 	X 	 54%  
X 	 X 	X 	 21%  

X 	 X 	100%  
X 	 X 	100% 

* = powder ** = liquid 
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Table 2. Precautionary notes from sheets about dental polymers that were used in 
clinics studied. 

- Respiratory Tract 	Eyes 

Product 	Avoid Use Avoid Use Eye 
Name 	inhalation Mask contact Protective 

_ Devices  

Skin 	 Othe.r .  
Precautions' 

Use Avoid Use Specific Proper 
Safely: contact Gloves 	Gloves 	Ventilation' 
glasses 

All Bond 
Ana Norm 
Aquacem 
DYract 
Fuji II 
Fuji II LC 
Light-Bond  
Prisma  Bond 
Protemp 
Saga Sealent 
Scotchbond 
System 1+ 
Vitremer  

x 	 x 
x 	 x 

x 	 x 
x 	 x x 

x 	x 
x 	x 

x 	 x 
x 	x x x 

x 	 x 
x 	x 

x 	x 	 x x x 
x x x 
x 	x 

x* 

X ** 

* = Use gloves made of Nitrile rubber 
** ---- Use gloves made of Polyvinyl alcohol, Neoprene, Butyl rubber or Nitrile rubber 

According to Table 1. many of the 
products do not declare all contents and 
some products are composed by more 
than one dental polymer, thus require 
special attention. When it comes to 
recommendations on protective devices, 
all except one product used in the clinics, 
recommend use of safety glasses or eye 
protective devices. None of the dental 
teams in the study, had access to safety 
glasses or eye protective devices. Most 
dentists wear ordinary glasses that give no 
protection to vapour from dental polymer. 
Two products, even recommend gloves 
made of special material. For several 
products it was also pointed out that 
"proper ventilation" is needed when 
handling the material. More than 70% of 
the personnel studied, commented that 
they found ventilation insufficient. 

Cleaning and waste disposal 

The dental nurse cleaned instruments and 
disposed waste materials. In 67% of the 
rooms, wastes were thrown into an 
uncovered container, which in most cases 
(95%), was placed near the operating 
chair. In 5% of the rooms, dental nurse 
used a closed plastic can for remaining 
polymers and products contaminated by 
polymers. 

Risky behaviours and interventions 

Dental personnel were concerned about 
health risks from exposure to polymers 
and some followed safe practices such as 
using suction equipment to remove 
vapours/particles, pipettes to draw limited 
amounts of reactive agents for immediate 
application, fans to remove vapours and 
curing excess materials. However, use of 
safe practices and procedures was not 
uniform between treatments or among all 
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personnel studied. For example, when 
light curing the material, dentists exposed 
their fingers to non reacted material that 
should be avoided by using ergonomically 
designed equipment. 

DISCUSSION 

The dental nurses are probably not aware 
of their extent of cumulative polymer 
exposure during their part of the work in 
mixing, treatment and disposal. This might 
explain why more than 80% used gloves 
when opening the non-reacted polymer 
product and mixing the materials, but only 
about 40% used gloves during cleaning and 
waste disposal. Another factor observed 
was that, when answering the telephone, 
giving the patient a new appointment, or 
writing, many nurses removed gloves, and 
forgot to put on new ones, before 
cleaning/waste disposal. Only two 
dentists were not using gloves at all, 
explaining that it made them working more 
proper without gloves. One of them was 
seen using the  tumb  to hold polymer 
material during curing. Surprisingly many, 
both dental nurses and dentists, were not 
aware of wearing face mask under the nose 
or chin. A majority of the polymer 
products used in this study, recommend 
use of safety glasses. None of the dental 
teams in this study had access to safety 
glasses but, most dentists wear ordinary 
glasses, thus having no protection to 
vapour from polymer products. 

All dental personnel expressed interest in 
learning how to handle dental polymers in 
a safe and healthy manner but, there are 
currently no standards to follow. This 
points out the need for ergonomically 
designed "universal precaution" protocols 
as have been developed for the handling of 
biological hazards. Manufacturer data on 
polymers, needs to be comprehensive so 
that any universal handling practices and 
procedures may be correctly followed. 
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dental polymers; monomer exposure; protective equipment; preventive measures. 

Dentists use a variety of dental polymers. The polymers are based on methacrylate 
components or polyether. The setting is initiated chemically by mixing two 
components or by light. In both cases polymerisation is incomplete and components 
non reacted are released. Studies have documented that these components cause a 
wide range of adverse health effects. The use of gloves do not give enough protection 
as monomers, released from the material, easily penetrate all gloves used in dentistry. 
The results from this study demonstrate the need for the development of ergonomic 
procedures and practices for safe handling of such materials. 

INTRODUCTION 
Essential elements in modem Dental Practice are Dental polymers and use is increasing as the 
main substitute for amalgam as a cavity filling material. Dental Polymers are either based on 
polyether or methyl methacrylate (MMA) and its polymer. To improve the mechanical 
properties, stability during storing and to trigger polymerisation; cross-linking agents, inhibitors, 
antioxidants, initiators, accelerators etc. are added. The Polymerisation is initiated chemically, by 
mixing two components, or by light curing (visible- or UV-light). Components not reacted 
remain. 

Methyl methacrylate, the major component, is a well-known irritant to the skin, eyes or mucous 
membranes. The first reports about hypersensitivity to methyl methacrylate came in 1941, 
(Stewenson 1941, Moody 1941) In 1952 Stoy demonstrated that dental technicians develop 
hand eczema through handling of methyl methacrylate, (Stoy 1952). Several cases of allergic 
contact dermatitis caused by methyl methacrylate, and its polymer, have been reported, 
(Munksgaard &  Knutsen  1990, Kanerva et al. 1993). 

Apart from contact sensitisation, respiratory symptoms caused by acrylates have been reported 
in many studies, (Kanerva et al 1992, Savonius 1993). Many additives are shown to cause 
allergies such as; N,N-dimethy1-4-toluidine, (Vershueren & Bruynzeel 1991), 4-tolyl-
diethanolamine, (Farli et al. 1990), Hydroquinone, (Torres 1992), Benzotriazoles, (Arisu 1992), 
Benzophenones, (Kanerva 1993). Even impurities, may cause tissue reactions, (Altuna 1987). 
Light-cured acrylics are more potent acrylic sensitisers than methyl methacrylate, (Kanerva et al 
1993). 

Dermal exposure to methyl methacrylate causes local neurotoxicity with reduced nerve 
conduction velocity that may cause coldness and numbness, (Rajaniemi 1986). Other adverse 
effects to the nervous system are; headache, pain in the extremities, nausea, loss of appetite, 
fatigue, sleep disturbances, irritability and loss of memory, (Pagniani et al. 1986) 
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The use of gloves does not give enough protection as monomers, released from the material, can 
easily penetrate all gloves used in dentistry, (Munksgaard 1991). Latex gloves have been shown 
to cause allergies, (Estlander et al. 1986). Using Dental Face masks gives clinicians a false sense 
of protection according to Collard. The face masks used, do not protect against inhalation of 
Dental Polymers, as all the typically worn masks retain less than 42% of the particles, (Collard 
et al. (1991). The increasing use of Polymers in dentistry, is a cause of great concern among 
dental personnel, because they are handling the non reacted polymer products manually and are 
therefore at risk. 

AINI 
The objective of this study was to increase the knowledge about the risks and the ways of 
handling dental polymers in dental clinics and to gather knowledge on preventative measures 
when handling dental polymers. Development of Ergonomic practices, procedures and designed 
equipment is an additional goal of this study. 

METHODS 
Dental teams (dentist and chair assistant) working in four Public Dental Clinics in northern part 
of Sweden, were selected by the County Council to participate in the study. Nineteen dentists 
(7 men and 12 women), and 20 dental nurses were included in this study. They were working in 
four clinics of different size; one orthodontic clinic with 5 dental teams and three general dental 
clinics with 1, 3, 3, and 10 dental teams. The average "number of year in practice" for male 
dentists was 26 years, ranging from 13-35 years. (SD 7), for female dentist 16 years, ranging 
from 9-31 years (SD 6.6), and for nurses 18 years, ranging from 12-28 years. (SD 6). 

A theoretic model of exposure to polymers in dental clinics was developed. In this model the 
choice of material, time of exposure, and use of protective devices, was studied. A checklist was 
used to follow the procedures for handling of dental polymers from storage/mixing, treatment of 
the patient to cleaning/waste disposal. Also identified was the type of activity in which dentist 
and nurse were involved. The time of exposure was defined as the time from opening the 
unreacted polymer product, or the time when grinding started, to the time when material was 
cured in the teeth, or grinding was finished. Both risk taking behaviour and various measures 
taken by the personnel to prevent exposure to dental polymers were identified and recorded 

RESULTS. 
Storage and Mixtures  
The typical material safety data sheet (MSDS) specifies that non reacted material should be kept 
closed and stored in cool dry places. In 85% of the clinics that were observed, the polymer 
materials were kept on a tray on the bench, just behind the operating chair. In all the operating 
rooms, the bench is placed over the electric element in front of the window. Only 17% stored the 
material separately. According to the observations, the Dental Nurses were involved in 
storage/mixing, treatments and cleaning/waste disposal, while the Dentists mainly were involved 
in treatments. One Dentist cleaned instruments and deposited waste materials one time. 

Treatments Involving Exposure to Dental Polymers in the Clinics,. 
A total of 84 different treatments involving handling of Dental Polymers were identified; cavity 
fillings, bonding of orthodontic appliances and grindings, (after removal of orthodontic 
appliances, when correcting dentures or mouth-pieces). The times of exposure for 52 cavity 
fillings, 25 bondings, and 7 grindings were recorded. The time of exposure during different 
treatments is shown in fig 1 and the Personal Protective Equipment used by the Dental nurses 
during mixing, treatment and cleaning/waste disposal are shown in Fig. 2. 
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Fig. 2. The Personnel Protective Devices 
Fig. 1. The time of exposure, for cavity 	used by the Dental Nurses (n=20) during 
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20 

15rl   

1 0 

5 

0 

1 0 0 % 

8 0 % 

6 0 % 

4 0 % 

2 0 % 

0% 

 

Gloves Face Safety 
Mask Glasses 

 

AVERAGE MIN MAX 

 

o Cavity 	II! Bonding • Grinding 
Filling 	(n=25) 	(IP7) 
(n=52) 

o mixing 	U Treamient U Clequing 
(184) 	(n414) 	(1 7.11) 

 

According to Fig. 2, no Dental Nurses used safety glasses, and during more than half of the 
treatments, the gloves were removed before cleaning/waste disposal. Without being aware of it, 
many were wearing, or pulling down the face mask under the nose or chin. As Dentists mainly 
are involved only in treatments, the Personal Protective Devices used during treatments are 
shown in Fig. 3. Male and female Dentists were compared to see if there was a difference in 
using Protective Devices. 

Fig. 3. Protective Devices Used 
	

Fig. 4. Different type of gloves Used by 
by Male and Female Dentists. 	 Dentists and Dental Nurses 

CI Male 	 a Female 
(42TreatrnenLs) 	(42Treatments) 

El Latex • Vinyl UNone 
Gloves 	Gloves 

As shown in fig 3, no Dentists used safety glasses, very few used a visor during grindings, but 
most Dentists wore ordinary glasses for vision. Both Dentists and Dental Nurses wore the face 
mask under the nose or under the chin. Latex Gloves are known to give better protection against 
penetration by Dental Polymers than Vinyl Gloves. However, the latter were used more often. 
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Cleaning and Waste Disposal 
The Dental Nurse cleaned instruments and disposed of waste materials. In 67% of the rooms, 
wastes were thrown into an uncovered container, which in most cases (95%), was placed near 
the operating chair. 

Risky Behaviours, 
Dental personnel were concerned about health risks from exposure to polymers and some 
followed safe practices such as using suction equipment to remove vapours/particles, pipettes to 
draw limited amounts of reactive agents for immediate application, fans to remove vapours and 
curing of excess materials. However, use of safe practices and procedures was not uniform 
between treatments or among all personnel studied. For example, when light curing material, 
dentists exposed their fingers to non reacted material this could be avoided by using 
ergonomically designed equipment. The Dental Nurses are generally not aware of their extent of 
cumulative polymer exposure during their part of the work in mixing, treatment and disposal. 

DISCUSSION 
All dental personnel express interest in learning how to handle dental polymers in a safe and 
healthy manner but, have no standards to follow. This points out the need for ergonomically 
designed "universal precaution" protocols as have been developed for the handling of biological 
hazards. Manufacturer data on polymers, such as in an "MSDS", needs to be comprehensive so 
that any universal handling practices and procedures may be correctly followed. 
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A11'  TÄNKA  PÄ  VID  ARBETE  MED  POLYMERA MATERIAL  

Emma-Christin  Lönnroth och Houshang Shahnavaz 

Allt fler tandläkare och assisterande  personal  rapporterar om 
överkänslighet och allergier orsakade av dentala polymera material.  Den  
personliga skyddsutrustningen som finns tillgänglig på klinikerna, som 
handskar, munskydd, glasögon och visir, skyddar ej mot  polymerer. En  
frekvent användning av latexhandskar innebär dessutom  en  ökad risk att 
utveckla allergi mot gummiprodukter. För att få  en  uppfattning om 
riskerna vid hanteringen av  polymerer,  gjordes  en  observationsstudie på 
några kliniker i Norrbotten. Både riskbeteende och förebyggande 
åtgärder identifierades. Resultatet mynnade ut i fyra "chechpoints" att 
tänka på vid arbete med polymera material inom tandvården. 

Dentala  polymerer  är antingen 
baserade  pä  metylmetakrylat  eller  
polyelektrolyter, t.ex. polyakrylsyra. 
Polyakrylsyra är basmaterial i 
glassjonomerer, epiminresin, silikon, 
polyeter 	och 	elastomera 
polysulfidmaterial. Metylmetakrylat 
och dess  polymerer  är basmaterial i 
protesbaser, proteständer, kronor och 
broar,  ortodonti  ska  apparaturer,  
adhesiver och i tandfärgade 
fyllningsmaterial. 

Förutom basmaterialet, är 
ytterliggare ämnen tillsatta, t.ex. 
tvärbindande  polymerer  (för att öka 
hållfastheten), initiatorer och additativ 
(för att  polymerisationen  skall kunna 
starta),  inhibitorer  och antioxidanter 
(för att öka  stabiliteten under  
förvaring) och dessutom 
fyllningspartiklar täckta  av  ett 
bindningsmedel.  

Polymerisationen sker  antingen 
kemiskt, genom att två  komponenter  
blandas samman,  eller under  inverkan  
av  ljus,  (synligt eller  UV-Ijus). I båda  
fallen  blir  polymerisationen  
ofullständig och oreagerade  
komponenter  kvarstår. 

Metylmetakrylat är  sedan  länge känt 
för att kunna irritera hud, ögon och 
luftvägar.  De  första rapporterna kom  

redan  1941 (1, 2). 1952  visade Stoy att 
tandtekniker utvecklat handeksem 
genom hanteringen av metylmetakrylat 
i sitt arbete  (3). Sedan  dess  har  ett 
flertal rapporter kommit om personer 
som fått kontaktdermatit efter att  ha  
hanterat metylmetakrylat, eller dess  
polymerer,  i arbetet  (4, 5).  

Många vanligt förekommande 
tillsatsämnen  har  också visat sig kunna 
ge 	allergier,  t. ex  N,N-dimety1-4- 
toluidin  (6),  4-tolyl-dietanolamin  (7),  
hydrolcinon  (8),  bensotriasol  (9)  och 
bensofenon  (5).  Även orenheter i 
materialet kan ge allergiska 
vävnadsreaktioner  (10).  Ljushärdande 
akrylater  har  också visat sig vara mer 
sensibiliserande än metylmetakrylat  
(5).  

Förutom  kontaktsensibilisering, har  
det i mänga  studier  påvisats att 
akrylater även kan ge  symptom  frän 
luftvägama, främst astma  (11-16).  

Hudkontakt med metakrylater kan 
även orsaka lokala nerveffekter med 
känsla av kyla, domning  samt  fördröjd 
nervledningshastghet  (17-18).  

Exponering för höga doser 
metylmetalkrylat kan också ge andra  
symptom  från nervsystemet, t.ex; 
huvudvärk, smärta i extremiteterna, 
illamående, aptitlöshet, trötthet, 
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sömnproblem,  irritation  och dåligt 
minne  (19-21).  

Handskar ger inget fullgott skydda  di 
polymerer  lätt kan tränga igenom alla 
typer av handskar som idag används 
inom tandvården  (22).  Personer med 
atopi 	eller 	handdermatit 
rekommenderas att undvika 
latexhandskar, eftersom frekvent 
användning av latexhandskar kan 
utveckla allergi mot gummiprodukter  
(23). De  munskydd som vanligen 
används inom tandvärden, kan 
förhindra  mindre  än  42%  av 
inandningasbara partiklar att inandas 
vid slipning av kompositer. För att 
förhindra silikos, rekommenderas 
tandvårdspersonal att använda  en 
mask  som är designad speciellt för att 
förhindra inandning av silikatpartiklar  
(24).  

Syfte och  mid  
Syftet  med studien var  att fl  en  ökad 
kunskap  om  riskerna  vid  hanteringen  
av  polymera material inom tandvärden. 
Likaså vilka olika förebyggande 
åtgärder personalen vidtagit för att 
minska exponeringen.  Målet var  att  
komma med  ett hanteringsförslag  vid  
arbete  med  polymera material inom 
tandvården.  

Metoden 
Norrbottens Landsting valde ut fyra 
tandkliniker som hade  haft  
hälsoproblem  bland  personalen pga. 
hanteringen av  polymerer.  Nitton 
tandläkare  (7  män och  12  kvinnor) och  
20  tandsköterskor ingick i studien.  
Den  genomsnittsliga yrkesverksamma 
tiden var  26  år för manliga tandläkare, 
(mellan  13-35  är),  16  år för kvinnliga 
tandläkare, (mellan  9-31  år) och  18  år 
för sköterskor, (mellan  12-28  år).  

En  teoretisk exponeringsmodell för  
polymerer  utvecklades. I denna modell 
studerades val av material, 
exponeringstid  samt  val av  

skyddsutrustning.  En  checklista 
användes för att följa  de  olika 
procedurerna  vid  hanteringen  av 
polymerer,  frän ursprungsmaterialet 
och 	blandningsfasen, 	till 
polymeriseringsfasen  pä  patient  och 
slutligen till rengöring och 
avfallshantering.  De faser av  
hanteringen där tandläkaren och 
tandsköterskan  var  involverade i 
identifierades. Exponeringstiden 
definierades  som den tid  från  det  
polymerprodukten öppnades,  eller  
slipning påbörjades, tills ämnet stelnat 
i  tanden, eller  slipningen ayslutades.  
Både  riskattityder och olika 
förebyggande åtgärder identifierades.  

Med  utgångspunkt från  resultatet  
från observationerna, utvaldes fyra  
"Ergonomic  chechpoints"  enligt en  
metod  som  visat  sig  vara mycket 
användbar  vid  förbättringar  av  
arbetsmiljön  (25). 

Resultat 
Vid  hanteringen  av  dentala polymera 
material, skall  hud-  och ögonkontakt 
undvikas, likaså inandning  av  ångorna.  
De  flesta  fabrikanter  rekommenderar 
användning  av  handskar, ibland  av  
särskilt material,  samt  användning  av  
skyddsglasögon mot polymerångorna. 
Ett  flertal  rekommenderar även 
användning  av  munskydd.  Collard  (24)  
rekommenderar till och  med  att särskilt 
designade munskydd skall användas, 
för att hindra  inhalation av  partiklar  
vid  slipning  av  kompositer, pga 
silikosrisk.  Med  utgångspunkt från 
dessa rekommendationer och  resultatet  
från  studien,  konstruerades fyra  
"checkpoints"  att tänka  på vid  arbete  
med polymerer  (plastmaterial).  Texten  
har  i orginalversionen försetts  med 
bilder på  handskar, munskydd och 
skyddsglasögon bredvid  respektive 
punkt.  
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1.  Använd handskar 

VARFÖR 
• Hudkontakt med  polymerer  kan ge 

klåda, sveda, rodnad, svullnad och 
blåsbildning. 

• Polymerer  kan tränga igenom huden. 
Vid upprepad kontakt risk för 
allergiskt eksem med bestående 
känslobortfall. 

HUR 
• Använd handskar  under  hela 

momenten, både när material tas 
fram,  under  patientbehandling  samt  
vid rengöring av  instrument  och 
avfallshantering. 

NÅGRA  TIPS  
• Läs varuinformationsbladen. 

Rekommenderas handskar av 
speciellt material?  Se  till att rätt 
typ av handskar används. 

KOM IHÅG 
• Handskarna skyddar bara  en  

begränsad tid, byt minst mellan 
varje  patient.  

• Om  handskarna tas av t.ex. för att 
svara i telefonen, ge patienten tid, 
etc.  tag  på nya handskar innan 
arbetet fortsätter.  

2.  Använd ögonskydd eller 
skyddsglasögon. 

VARFÖR 
• Polymerångorna kan verka irriterande 

på ögonen. Höga  halter  ånga eller 
stänk i ögonen orsakar  stark  sveda 
och tårflöde, som kan kvarstå i 
flera dygn. 

HUR 
• Läs varuinformationsbladen. Vad 

rekommenderas?  Se  till att  Du  
använder rätt typ av ögonskydd. 

• Använd skyddet  under  hela 
momentet. 

NÅGRA  TIPS  
• Visir vid slipning och puts hindrar 

partiklar att komma i ögonen. 

KOM IHÅG 
• Vanliga glasögon kan inte förhindra 

ångor att komma i ögonen. 
• Om  stänk av polymera material 

kommer i ögonen, skölj genast med 
vatten i flera minuter. Kontakta 
läkare. 
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3.  Använd munskydd. 

VARFÖR 
• Polymerångorna verkar irriterande på 

luftvägar. Inandning kan ge sveda i 
näsa och svalg  samt  hosta. Höga  
halter polymerer  kan orsaka yrsel, 
kräkningar och andnings 
-svårigheter. Längre tids inandning 
kan orsaka huvudvärk, trötthet, 
aptitlöshet, värk i armar och  ben.  

• Partiklar som andas  in  kan ge 
luftvägsbesvär och lungsjukdomar.  
Ca  40%  av inandningsbara 
partiklar samlas upp av 
munskyddet. 

HUR 
• Använd munskydd  under  hela 

momenten. 
• Välj ett tjockt munskydd. 
• Använd munskyddet över både näsa 

och mun. 

NÅGRA  TIPS  
• Använd plastpipett (t.ex. quickstick) 

för att dra upp  bonding,  primer  
etc.  ur  flaskorna. 

• Låt sköterskan suga  vid  bonding,  
slipning etc. för att minska  halten  
partiklar och ångor i andningszon. 

• Montera ett fäste för  sugen under  
arbetsbänken. Häller  sugen vid  
slipning  av  protes, bettskena, 
tandställning etc. 

• Sätt  en  fläkt  pä  arbetsbänken bakom  
behandlingsstolen.  ökar  komforten 
samt  minskar  halten  ångor  vid  
andningszonen. 

• Använd plastmuff  vid  grovslipning  
av  protes, bettskena, tandställning.  

KOM IHÅG 
• Vilket  sorts  munskydd som helst är 

bättre än att inte använda något 
munskydd alls. 

• Om  munskyddet dras ner  under  
näsan eller hakan t.ex. för att tala i 
telefonen eller med patienten, dra 
upp munskyddet över näsan innan 
arbetet fortsätter.  

4.  Förvara polymera  material  och 
avfall slutet,  svalt  och  längt  frän  
behandlingsstolen.  

VARFÖR 
• Halten ångor i arbetsmiljön blir lägre. 

Risken för  irritation  och besvär 
från ögonen och luftvägar minskar. 

HUR 
• Förvara polymeravfall i tät behållare  

t. ex. en tom plastdunk.  
• Förvara material och avfall svalt. 
• Förvara material och avfall långt frän 

behandlingsstolen. 

NÅGRA  TIPS  
• Härda restmaterialet innan det kastas 

bort. 
• Polymeravfall kan också förvaras i  en  

amalgamburk med plastpåse i, som 
byts dagligen. 

KOM  HUG  
• Förvara inte polymera material på  en  

arbetsbänk placerad över  element  
eller framför fönster på solsidan. 

• Varje gäng avfallsbehållaren öppnas, 
kommer polymerångor ut i 
rummet. 

• Även servetter, handskar, 
bomullsrullar o.dy. kan innehålla 
små mängder  polymerer.  

• Från  en  öppen papperskorg med 
polymera  rester  kommer små 
mängder ånga ut i rummet. 
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Sammanfattning 
Resultatet visade tandsköterskorna var  
den  mest utsatta gruppen när det gäller 
exponering för polymera material, 
eftersom  de  var involverade i alla  
moment,  från det produkten 
öppnades/blandades till rengöring av  
instrument  och avfallshantering.  De  
flesta tandläkare var bara involverade i 
behandlingen på patienten. Hälften av 
sköterskorna  tog  dessutom av sig 
handskarna innan rengöring/ 
avfallshantering, ofta för att svara i 
telefon, ge patienten ny tid eller skriva. 
Utan att vara medvetna om det, 
använde många munskyddet  under  
näsa eller hakan. 
Personalen hade med olika metoder 
försökt att minska exponeringen vid 
hanteringen av polymera produkter, 
vilket framgår  under  rubriken "några  
tips",  vid  de  olika punkterna. Tyvärr 
hade goda interventioner inte nått  de  
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