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Abstract: Gram-negative bacteria concentration in water effluent from a dental unit,
and in dental aerosol forming during the work of a dental handpiece, was assessed. The
study was conducted on 25 dental units before and after a 2-week period of using a
disinfecntant for water in dental units waterlines (DUWL). The contamination of water
with Gram-negative bacteria before disinfection was 18-398%<fidml, and after
disinfection, bacteria were not found. The concentration of Gram-negative bacteria in
the air before disinfection was 0-23 x'iffu/nt, and after disinfection - 0-8 x 10
cfu/m®. Simultaneously, the water and air were sampled to determine bacterial
endotoxin. The statistical analysis did not show correlation between endotoxin
concentration and Gram-negative bacteria concentration for the water before
disinfection, and for the air before and after disinfection of DUWL water. Because the
number of bacteria in the water after disinfection dropped to zero, statistical methods
could not be used. The performed analysis suggests that bacterial endotoxin
concentration is not indicative of Gram-negative bacteria contamination. Thus, bacterial
endotoxin determination is not recommended as a method of monitoring the
microbiological quality of DUWL water and dental aerosols.
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Endotoxins are biologically-active lipopolysaccharidepowerful mediators of inflammation and septic shock that
(LPS) which occur in the external layer of the Gramaccompanies endotoxin toxemia. 2) Activation of the
negative bacterial cell wall. Toxicity is associated witttomplement cascade C3a and C5a cause histamine release
the lipid component (Lipid A) and immunogenicity is(leading to vasodilation) and effect neutrophil chemotaxis
associated with the polysaccharide components. Thed accumulation. The result is inflammation. 3)
release of LPS from bacteria takes place after death afxctivation of the coagulation cascade. The net effect is to
lysis of the cells. Endotoxins play an important role in thimduce inflammation, intravascular coagulation, hemorrhage
course of infections with Gram-negative bacteria. land shock. Typical clinical symptoms caused by
monocytes and macrophages 3 types of events amedotoxin include: fever and shock, typical diseases -
triggered during their interaction with LPS: 1) Productiorsepticaemia and endotoxin shock. This is closely related
of cytokines, including IL-1, IL-6, IL-8, tumour necrosisto the biological characteristics of endotoxins [20]. It is
factor (TNF), and platelet-activating factor. These aralso known that endotoxin might act as a co-allergen
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facilitating sensitization to other allergens [10], or it magolonies were counted and differentiated, and the data
increase the severity of allergic disease [9]. reported as cfu per 1 ml of water (cfu/ml). Bacterial
Bacterial endotoxins belong to the group of biologicakolates were identified with microscopic and biochemical
harmful agents to which, along with prions, bacterianethods, as recommended in Bergy’s Manual [6, 13, 22].
fungi and other bacterial substances, a dental team Additionally, the selected isolates were identified with
exposed at their workplace. Aerosols and droplets whichicrotests: API System 20E and NE (bioMérieux, Marcy
are produced during many dental procedures constitutd'Etoile, France).
significant source of biological hazards; they are
transmitted via air-dust or air-droplet routes, enter the Microbiological examination of the air. To determine
organism through skin, mucous membranes, and lesscrobiological composition of the air, Biotest Air
frequently - to the respiratory or digestive systems. Bampler RCS Plus, with ready-to-use culture media on
should be stressed that in the case of dentists, the d#liexible strips (Biotest AG, Dreieich, Germany), was
droplet route includes both the saliva-droplet routeysed. The tested air was sampled in the space between a
because they work in the operative field of the oral cavitpatient and a dentist during conservative treatment with a
in the presence of saliva and tissue fluids, and the watéigh-speed handpiece of a dental unit. The volume of air
droplet route relates to the presence of water in dentdmples taken was 100 litres. The strips were incubated
units waterlines (DUWL) [1, 5, 11, 14, 15, 17,18, 19]. for 2 days at the temperature of 32+2.5°C. After
The aim of the study was to measure concentrations iotubation, the same procedure as in microbiological
Gram-negative bacteria in water effluent from dental unédssessment of water was followed to isolate and identify
waterlines and in dental aerosol during conservativ@pecies of cultured microorganisms. The concentration of
treatment. The intention was to assess correlationscroorganisms (cfu) in a cu m was calculated according
between endotoxin concentration and Gram-negative the following formula: cfu/rh= cfu counted on an agar
bacteria concentration in order to use the level daftrip/sample volume (litre) x 1000 (litres).
endotoxin concentration as a possible marker of
microbiological contamination of water and air at a Statistical analysis. Statistical calculations were

dentist’s workplace. performed with software package Statistica 6.0 for
Windows. Since most data were not normally distributed,
MATERIAL AND METHODS Spearman rank correlation was used.
The study included 25 dental units located in public RESULTS AND DISCUSSION

dental clinics. All studied units were retrofitted with self-
contained reservoirs filled with distilled water. At each Gram-negative bacteria concentration in water effluent
operative site, water and air were collected: the watéhom DUWL ranged before disinfection from 18-398 x
effluents from a high-speed handpiece of a dental urii©® cfu/ml, with the mean value 143,600.4 cfu/ml. After
prepared for a new patient, and the air during conservatidesinfection, Gram-negative bacteria were not detectable
treatment of a patient with the use of the same handpig@ab. 1). Gram-negative bacteria concentration in the air
of a dental unit. Water and air samples were collectednged from 0-23 x f@fu/n? with the mean value 52.0
twice: before application of a DUWL chemicalcfu/m® before disinfection, and after disinfection from 0-8
disinfection (KaVo OXYGENAL 6) and after a 2-weekx 10" cfu/nT, with the mean value 12.8 cfulrfTab. 1).
period of disinfection procedure. The method of testing Bacterial endotoxin concentration in the examined
water and air to determine bacterial endotoxin and resultgéter and air samples before and after using a disinfectant
were presented in a previous paper [16]. The water and wias the subject-matter of a previous paper [16]. In the
for both analyses - of endotoxin level and of Gramwater before disinfection it amounted to 15.625-3,125.00
negative bacteria concentration - were samplgdg/ml, with the mean value 620.0 pg/ml, and after
simultaneously. disinfection - 0.0078-0.78 pg/ml, with the mean value
0.3295 pg/ml. In the air, it was 0-0.0625 py/mith the
Microbiological examination of the water. 1 ml mean value 0.0218 pgfbefore DUWL disinfection, and
samples of water effluent from a high-speed handpiece after disinfection - 0-0.0625 pgimwith the mean value
a dental unit were taken aseptically. To determine ti01988 ug/m The above given values of endotoxin
concentration and species composition of Gram-negatieencentration refer to the same samples of water and air,
bacteria in the water samples, the plate dilution methathich were tested for Gram-negative bacteria concen-
was applied. The 0.1 ml aliquots of each dilution wergation, and were taken simultaneously.
spread on duplicate sets of blood agar. The blood agarThe statistical analysis did not show significant
medium was chosen because it ensures much betterrelation between bacterial endotoxin level and Gram-
isolation of Pseudomonadaceastrains from DUWL negative bacteria concentration in water flowing from a
water than specific media for recovery of Gram-negativenit before DUWL disinfection. Because the quantity of
bacteria (as the eosin methylene blue agar). Blood adscteria after using a disinfectant dropped to zero at all
plates were incubated for 1 day at 37°C. The growwperative sites, and no value changes occurred, it was
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Table 1. Concentration of Gram-negative bacteria in water (cfu/mlfable 2. Analysis of the correlation of endotoxin level and Gram-
from high-speed handpiece of a dental unit and in air (Gfuuring  negative bacteria level in water flowing from a dental unit and in air
conservative dental treatment before and after disinfection of DUWL. before and after disinfection of water in DUWL.

Unit No. Gram-negative bacteria  Gram-negative bacteria

. Lo Spearman t p
in water (cfu/ml) in air (cfu/nt) correlation
before after before after coefficient
disinfection disinfection disinfection disinfection
1 77,000 0 30 o Water before DUWL disinfection 0.09 0.43 0.6713
2 47,000 0 130 0 water after DUWL disinfection - — -
3 58,000 0 50 0
4 61,000 0 40 o air before DUWL disinfection 0.10 0.48 0.6364
5 76,000 0 60 80 4ir after DUWL disinfection -0.11 -0.55 0.5870
6 122,000 0 20 20
7 112,000 0 90 50
8 69,000 0 20 20 Nevertheless, further research is required to test the effect
9 328,000 0 30 80 of disinfection on other kinds of bacteria and
10 135,000 0 30 10 microorganisms. Despite the fact that after disinfection
1 156,000 0 230 20 Gram-negative bacteria were not found in the water,
12 295,000 0 0 0 endotoxin was present in the water at all workplaces,
13 79,000 0 90 0 although its level was significantly reduced. The water
14 79,000 0 0 0 free of Gram-negative bacteria after disinfection is still
15 18,000 0 0 0 harmful, as it contaminates air with bacterial endotoxins.
16 90,000 0 0 20 DUWL water disinfection improves the microbiological
17 103,000 0 80 0 quality of the water, reducing its infectivity, but the risk
18 93,000 0 20 O factor in the form of bacterial endotoxin remains present.
19 199,000 0 0 O |t should be noted that the use of the device applied in
5(1) 3252"888 g 11% % this stut_jy for air quality_ testing, yvith_;trips containing
' appropriate media, considerably simplifies the procedure
;g 222'888 8 ;g g of air sampling and cul_ture. Sampling air in t_he space
o4 141’000 0 20 0 betwaen dentist and patient during treatment with the use
e 91:010 0 80 20 of. thl§ apparatus, aII_ows_ the assessmant of agtual
—an 123.600.4 5 50 128mlc;roblologlcal contamination of a dentist's breathing

" space. In the case of the dentist's workplaces tested in this
study, the amount of Gram-negative bacteria in the air
impossible to use statistical methods. No significarwas significantly lower, especially after DUWL water
statistical relation between bacterial endotoxin level ardisinfection, in comparison to the occupational hazard
Gram-negative bacteria concentration in the air wahreshold value for Gram-negative bacteria in air
found, neither before nor after DUWL water disinfectioraccording to Malmrost al, which is 1.0 x 18cfu/n?[8].
(Tab. 2). According to the list of standards and proposed
It seems that the absence of the analysed correlatioormative (referential) values for bacterial endotoxins
indicates that endotoxin concentration cannot be used aprasent in the air, compiled by Gérny on the basis of
marker of Gram-negative bacteria concentration in watéterature, these values range from 1.0 ¥ @/n-5.0 x
and air at a dentist's operative site, which has also be#&?® ug/m®[3].
shown in other studies [2, 12]. The proposal for residential limit value (RLV) for
Culture on media still remains the method to evaluatdwellings and communal premises for bacterial endotoxin
microbiological quality of water and air in a dentalconcentration is 5 ngf(50 EU/m). The proposed value
surgery. Microbiological tests showed that in all studietbr occupational exposure limit (OEL) for industrial
units, the concentration of Gram-negative bacteria in tisettings contaminated with organic dust is 200 Ag/m
water was high, several times higher than the limit fq2000 EU/n) [4]. In this study, in several samples of the
output water from DUWL for all dental proceduresair before disinfection, endotoxin was not found, and in
suggested by ADA - bacterial loads200 cfu/ml and in  the great majority of samples where it was found, the
the EU — of less than 100 cfu/ml [21]. level was 12.5-625.0 EUfwith the mean value 218.0
It is well known that Gram-negative bacteria are only EU/n?; also after DUWL disinfection, in several samples,
part of bacterial flora in DUWL water. It is positive, endotoxin was not found, and in the majority of samples
however, that application of a disinfection procedurahere it was present its level was 3.125-625.0 EU/m
allowed - in a 2-week period - the reduction ofwith the mean value 198.8 EUim
contamination with Gram-negative bacteria to zero level There are no internationally recognized criteria for
at all workplaces, which confirms the effectiveness of thaessessing exposure to biological factors in air, among
used disinfectant with respect to Gram-negative bacteristhers - at the dentist's workplace. Clinical activity,
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because it produces bacterial aerosols, has a negativé. Gorny LR, Dutkiewicz J: Bacterial and fungal aerosols in indoor

; ; ; ; ; ; 1 environment in Central and Eastern European countfes. Agric
influence on microbiological quality of air, and with Environ Med2002.9. 17-23.

every treated patient, the air pollution changes dependings, arrel Sk, Molinari J: Aerosols and splatter in dentistry: a brief
on different factors [7]. review of the literature and infection control implicatiodsAm Dent
In the study of Puttaiah and Cederberg [12] meaf®soc2004,135 429-437.

; ; ; 6. Krieg NR, Holt JG (Eds):Bergey’'s Manual of Systematic
endotoxin level in dental u.mt effluent water was 80'EacteriologyVol. 1. Williams &Wilkins. Baltimore 1984.
EU/ml. In the study by Putniret al. [11], the mean LPS 7| oqgat PA, Kedjarune U: Bacterial aerosols in dental clinic: a

levels in water samples collected from high-speed linesview.International Dent 2001,51, 39-44.
and air/water lines was 480 EU/ml and 1,008 EU/mI, 8. Levin J, Bang FB: The role of endotoxin in the extracellular

: ; _ coagulation of Limulus bloodull Johns Hos[1964,115 265-274.
respectlvely, and in Fulforct al. StUdy [2] free 9. Malmros P Sigsgaard T, Bach B: Occupational health problems

endotoxin ranged from 25-600 EU/ml. In this_ Studyye to garbage sortinyaste Manag ReE992,10, 227-234.
mean endotoxin level in water before disinfection was 10.Michel O, Kips J, Duchateau J, Vertongen F, Robert L, Collet H,
6,200,000 EU/mI and after disinfection - 3,295.0 EU/mIPauwels R, Sergysel R: Severity of asthma is related to endotoxin in

: ; ; ; ; house dustAm J Respir Crit Care Metl996,154, 1641-1646.
it showed a very poor mlcorblologlcal qua“ty of DUWL 11.Ormstad H, Groeng EC, Duffort O, Lovik M: The effect of

water. endotoxin on the production of IgE, IgG1 and IgG2a antibodies against
the cat allergen Fel d 1 in micEoxicology2003,188 309-318.
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