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Synthèse 

La désinfection des mains avant d'effectuer des soins est un acte indispensable en 
médecine clinique pour limiter le risque de transmission de germes. Après utilisation des 
produits désinfectants mis à disposition dans les services de soins, il se dégage une 
odeur alcoolique f01ie et désagréable, liée directement aux alcools antimicrobiens des 
solutions. Une étude a montré qu'une exposition aiguë et brève aux vapeurs d'éthanol et 
isopropanol chez des enfants prématurés pouvait être mise en relation avec des 
changements hémodynamiques au niveau de la zone olfactive orbita-frontale [ 1]. 
Aucune norme réglementant les concentrations de vapeurs d'éthanol ou isopropanol 
auxquelles les nouveau-nés peuvent être exposés n'existe. 
Cette thèse avait pour but d'étudier l'exposition des nouveaux nés soignés dans des 
incubateurs à des vapeurs d'alcool (éthanol et isopropanol). Elle était composée de 2 
parties qui ont été publiées dans 2 articles différents et qui représentent le travail de 
doctorat [2-3]. 

La 1 ère partie était une étude observationnelle d'une série de cas [2]. Des mesures des 
concentrations des vapeurs d'alcool ont été effectuées auprès de 9 nouveau-nés soignés 
dans des incubateurs de même modèle au sein de l'unité de néonatalogie du Centre 
Hospitalier Universitaire Vaudois à Lausanne. Sur 4 heures, les concentrations 
instantanées et moyennes ont été mesurées par deux techniques (photoionisation et 
respectivement chromatographie après absorption sur charbon actif). 

Onze analyses ont été effectuées en 2004-2005. Elles ont révélé des taux très variables 
d'éthanol et d'isopropanol dans les incubateurs (avec des valeurs maximales de 1982 
ppm pour l'isopropanol et 906 ppm pour l'éthanol) correspondant aux introduction de 
mains fraichement désinfectées dans les isolettes. Les concentrations moyennes 
variaient entre 9.8 ppm et plus de 61 ppm pour l'éthanol et < 0.01 ppm et 119 ppm pour 
l'isopropanol. 

La 2e patiie a été réalisée en collaboration avec le PD Dr D. Vernez de l'Institut 
Universitaire Romand de Santé au Travail [3]. Un modèle théorique prédictif des 
concentrations alcooliques dans des incubateurs pour nouveau-nés a été développé. Des 
séries de mesures standardisées des variations des concentrations alcooliques dans un 
incubateur sans patient ont été effectuées en changeant trois variables: 1) le 
renouvellement de l'air dans l'incubateur en variant le nombre de portes ouvertes, 2) la 
quantité de solution alcoolique versée sur les mains avant de les introduire dans 
l'incubateur 3) le temps de séchage des mains après désinfection et avant de les 
introduire dans l'incubateur. La modélisation a permis de décrire la cinétique des 
concentrations d'alcool dans les incubateurs et d'évaluer les pistes potentielles pour 
diminuer les risques d'exposition des nouveau-nés à ces vapeurs dans leurs incubateurs. 

En conclusion, la 1 ère partie a mis en évidence, pour la première fois, que des nouveau­
nés soignés en incubateurs peuvent être exposés à des vapeurs d'alcool. Comme il n y a 
aucune norme d'exposition pour cette population et que les seules limites d'exposition 



existantes sont destinées à des travailleurs adultes, aucune conclusion précise ne peut 
être avancée sur les risques toxicologiques. L'exposition à des vapeurs polluantes d'un 
nouveau-né à terme ou prématuré, en plein développement neuro-sensoriel, devrait 
toutefois, à priori, être évitée. 

La 2ème partie permet de proposer des pistes pratiques pour diminuer les concentrations 
des vapeurs d'alcool dans les incubateurs: respecter le temps de séchage des mains après 
leur désinfection et avant de les introduire dans les isolettes et/ou préférer un 
désinfectant alcoolique à faible temps d'évaporation. 

Ces travaux ont été les premiers à mettre en évidence une problématique potentiellement 
importante. Alors que la sensorialité des nouveau-nés est de plus en plus discutée, à ce 
jour seuls les sens auditifs, visuels et tactiles ont été abordés dans la littérature 
néonatale. La Dresse A. Borghini (SUPEA, CHUV), en collaboration avec les Prof B. 
Schaal, de l'Institut des Sciences Biologiques (Centre Européen des Sciences du Goût, 
Université de Dijon) et A. Moessinger (DMCP, CHUV), va d'ailleurs poursuivre la 
réflexion sur la mémoire à long terme d'une expérience olfactive chez des enfants 
prématurés dans le cadre d'un projet d'une étude longitudinale soutenue par le FNS. 
L'odeur cible sera un désinfectant alcoolique composé d'isopropanol dont l'odeur est 
associée aux soins donnés à l'enfant. 

[1] Bartocci M, Winberg J, Papendieck G, Mustica T, Sera G, Lagercrantz H. Cerebral 
hemodynamic response to unpleasant odors in the preterm newborn measured by near­
infrared spectroscopy. Pedialr Res 2001,·50:324-30. 
[2] Paccaud C, Vernez D, Berode M, Charrière N, Moessinger A, Laubscher B. Hand­
disinfectant alcoholic vapors in incubators. Journal of Neonatal-Perinatal A1edicine 
2011;4:15-19. 
[3] Vernez D, Paccaud C, Berode M, Hopf N, Charrière N, Laubscher B. Solvent 
vapours in incubators : a source of exposure among neonates ?. Gefahrstoffe -
Reinhaltung des Luft 2011 ;71 :209-14. 
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Abstract. Objective: To analyzc the atmosphere inside îndobi\tws rcgarding alcoholic sol vent such as isopropanol or ethanol 
which are commonly used in hand disinfccting solutio1i$?'·"'.!;:~:,_ ., · 

Design: Observatlonal. ;';' -t 
Setting: The third level neonatal unit of the Centr~ J-füspiJ11liffr Universitaire Vaudois, Lausanne, Switzerland. 
Patients: Nine neonaLes with median (range) gestatl~!!l!i~~f29 417 (25 sn-39017) weeks and birih weightof960(550--3050) 

grams. Ail neonate.s wcre insidc incubators. ~· _;p' -~y 
Jnten•entions: Alcoholic vapors inside incugatÔrs~w.~re directly and cumulatively measured by photoionisation and gas 

chromàtography respectively after absorption@:!!. charcoal sampling tube. 
Rewlts: Eleven studies (mean study time: ijo ~?1'9,JJünutes) were performed. Highly variable isopropanol/cthanol concen­

trations profiles werc found inside incubatofs~;fü:_ak value for isopropanol was 1982 part per million and for ethanol was 906 
part per million. ""1', 

èonci11sio11s: lncubators' inner atmosphëre3arvbe highly polluted by alcohol vapors. To reduce them staff should respect 
·n'..:.c:· 

long evaporation lime between hands di~ifilllS!ioil and manipulations inside incubators. The use of an ethanol-based disinfecting 
solution, because of ils short evaporatiort·:~~fc'J'ùJd be favorcd. As alcohol vapor toxicity for nconate remains largely unknown, 
further sttidies could be welcome. '-~V 

Kcywords: Nconate, isopropanol, ethanol, incubator 

1. Introduction 

Current best practices for hand hygiene in neonatal 
units include hand rubbing with an alcoholic solution 
whose main compounds are isopropanol and ethanol. 
Alcohol solutions are currently favored since they have 
a broad spectrum antimicrobial activity, develop their 

'Corresponding au.thor: Bernard Laubscher, Departmenl of Pedi­
atrics, Centre Hospilalier Universitaire Vaudois, 101 l Lausanne, 
Switzcrland. Tel.: +4 l 32 913 44 J 6; Fax: +41 32 713 58 27; E-mail: 
bcrnard.laubscher@chuv.ch. 

full antiseptic activity within J 5 to 30 seconds, have 
been shqwn to significantly improve compliance with 
hand hygiene and are well tolerated by heàlth care 
workers' skin ( lJ. 

However, introduction of alcoholic vapors inside 
incubators after routine hand deansing can occur 
if insufficient time for complete evaporation is not 
respected before introduction of the hand inside the 
incubator. 

CutTent neonatal unit practices seek to optimize 
the physical environrnent of neonates by minimiz­
ing potentially noxious stimuli such as aggressive 

1934-57981111$27.50 © 20 l 1 - IOS Press and the authors. Ali rights reserved 
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light, noise, and scents [2]. Evaporating alcohol from with CS2 and analyzed through gas chromatography 
freshly disinfected hands can be very "smelly" and (Capillary column CPSIL SB 60Pm, Chrompack, 
thus represent a potentially deleterious stimulus to Middelburg, Germany) with a detection limit of 
neonates in incubators. Only one study analyzed the 1 microgram/tube (NIOSH/400 alcohols 1). Direct 
effect of an acute, brief, intense inhalation of an isopropanol and ethanol measurements were per-
ethanol/îsopropanol solution in preterm newboms: ît formed during the study period every 4th second 
showed cortical hemodynamic modifications whose usin!La pocket photoionisation dètector (Toxi Rae®, 
consequences however are unknown [3). There are no R~,~,~:Y§J~ms Inc., Sunnyvale, Califomia, USA) with 
published environmental exposure limits for alcoholic a~<:!,etectiori li mit of 3 ppm. Ali air sampling were 
solvents in neonates or even children. Furthermore, no. ,!t;îi!zed close to the infant's head where both probes 
data exist on the potential hazards of a chronic expo- ~w~~ introduced at study time ==0. 
sure to such vapors at a crucial stage of neurological ,.- '~-,,,.Ste'nllium® producer recommends to "rub your 
development such as the neonatal period. .~: dry1tiands with at least 3 ml alcoholic solutions for 

The aim of this preliminary study was to determine 'ié;_ ~3.0iecônds". No specific recommendations were given 
if ethanol or isopropanol vapors were found aroun_çl''" ~Jo staff members or parents about the accurate amount 
neonates înside their incubators after routine ha1*J 'bf disinfecting solution to be used or the duration of 
cleansing by professional staff (nurses and do~tors)'}:,,,,r~-'1hands rubbing. Ali interventions (defined as incuba­
and parents. tor doors opening with hand introduction inside it) 

2. Matcrial and mcthod 
. --

The measurements were performed in th~;n,e,o,~alal 
unit of the Centre Hospitalier Universitili~S~ùdois 
(CHUV). Alcoholic solutions in use w~re S(erlmum® 
(isopropanol based) and Sterillium Vir:ÜgMd~(ethanol 
based) (Bode, Beiersdorf AG, Münch~nstein, Switzer-
Jand). '"'"' ·-,,.".,_,~, 

The study was based on a convefüe)Jpe sample. It 
was descriptive in nature and i~J~iated]~as a quality 
improvement initiative. · -1 ·:.-;:/' 

The overall clinicat workloââdeterrnined when the 
primary author could perform bl~-df~ite measurements. 
No systernatic criteria were chosen to select which 
infant was to be studied. A study duration of approx­
imately 4 hours was arbitrarily chosen as it was the 
longest period to fit easily in the first author's work 
schedule. 

Only Driiger IC 8000 incubators with an inter­
nai volume of 157 liters (Carbarned, Liebefeld, Bern, 
Switzerland) were used. 

To determine the average concentration of both 
isopropanol and ethanol over each study period, cumu­
lative measurement was perforrned on a charcoal 
absorption tube (Anasorb CSC 226-01, SKC inc., 
Eighty Four, PA, USA), air being sampled al a 
1 OO ml/min flow with a pump (SKC pockel pump, 
Blanc-Labo, Tolochenaz, Switzerland) located outside 
the incubator. Charcoal sampling tubes were desorbed 

were recorded concomitantly to the vapors measure­
ments. Average time between each intervention as.well 
as hand disinfecting ratio (proportion of interventions 
with disinfected hands) were thus computed. 

To prevent any change in hand disinfection practices, 
staff and parents of a neonate inside a studied incubator 
were informed orally and with a short written protocol 
that "the air quality" inside the incubator was to be 
analyzed. No formai informed written parental consent 
was required as the study was considered as a quality 
control (persona! communication, M. Burnier, head of 
the CHUV Ethics Commission). · 

3. Results 

Ni ne neonates (median (range) gestational age/birth 
weight of 29 417 weeks (25 517-39 017), respectively 
960 grams (550--3050)) were evaluated. Eleven stud­
ies were realized (mean study time 230 ± 19 minutes). 
Only nurses introduced their hands in the incubators 
during all recordings. The table shows average alcohol 
concentrations and peak values measured inside incu­
bators. Wide range of exposure concentrations were 
seen within the same unit or with the sarne type of 
disinfecting solution. Peak concentrations could reach 
high values (case 4, 1982 ppm). The highesl aver­
age concelltration over 4 hours was 119 ppm (case 7). 
A typical exposure profile is shown in Fig. 1(Tahle1-
case 7). Each peak represents alcohol introduction in 
the incubator, as solvent residues on nurse's hands or 
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on disinfection swabs. Numbered arrows are given for centration kinetics since a direct contact or a very 
some examples. close proxirnity between the probe and the disinfected 

High exposure coricentrations could be observed han.ds can influence the peak concentrations. 3) Air 
during short periods. In case 4, isopropanol concen- renewal conditions during and after each manipulation 
tration overshot 400ppm during 5 minutes. In case 7, can affect the pollutant kinetics. For instance, rapid 
ethanol concentrations were greater than 200 ppm dur- concentration decreases were observed during manip-
ing two 20 minutes periods. ulations réquiring the opening of several incubator's 

Studies 7 and 11 revealed the presence of both apertures .oÔ:wide arms' movements inside the incu-
ethanol and isopropanol although only ethanol contain- bators .. ,.4rn1~'1-ntervention frequency can affect the 
ing Sterillium Virugard® was in use at that time. The overalfc~centration profiles (peak concentration fre-
former was due to nurses hand disinfection. The lat- quen1lly,),,_~nd can heavily weigh on average exposure 
ter to the infant's skin disinfection with an isopropanol coocentra'fi'ôns. 5) Various alcohol containing products 
solution. cifu inHÙénce solvent vapors levels in incubators: hand 

"' !<; 
Although ail rneasurements were performed in the ?l4n.~i9!fsolution, disinfecting swabs or any alcoholic 

same department, the concentration profiles exhib- _,_;prodµcts to clean incubators inner walls. 
ited considerable discrepancies. While the neonatal { Coben et al. analyzed staff and visitors' interven-
special care unit (NSCU) profiles showed a score or :;tions:·close to and within NICU incubators. Their 
well identifiable peaks followed by an exponentfal -;:o, interventions definition differed slightly frorn ours but, 
decrease, frequent increases and irregular decrease_s'- \:;using their data, average time interval between their 
were observed on the neonatal intensive care unfo" interventions within an incubator was computed to be 
(NICU) profiles. .f"c' .,. '2.7 min (922 interventions over 41.6 hours), a much 

The average time between two interventioQ,S in .'., shorter interval than the 9.9 min. we found in our 
the NSCU and in the NICU were 21.9 min (n ff_,5.6, "/ NICU. They also found that 38% of their interven­
SD = 23. !), respectively 9.9 min (n ::::63, SD ~lü.-~Ir''" tions were preceded by correct hand hygiene practice, 
Hands were disinfected prior to interventiory,;_ing'ÎO%" a similar ratio to what we observed in our NICU, using 
of cases in the NSCU and in 38% of cases':'fh,,t))e different hand hygiene practice though [ 4). 
NICU. __ (~"L -, Intervention frequency can affect alcohol introduc-

. ·':;,-, tion inside incubators; the more interventions, the 

4. Discussion 

The purpose of this brief corrifutiajc:ation is to 
illustrate, using reliable measuremerit~(>ols, the con­
centration of alcoholic vapors within"'(ân inhabited 
neonatal incubator over lime. This work, for the first 
time, presents actual measurements of alcoholic vapor 
concentration inside incubators and should therefore 
be taken into consideration as illustrations of recog­
nized potentially deleterious practices [2]. 

The concentration profiles observed insidc incuba­
tors were highly variable, This variability was partly 
due to the lack of uniform patient selection criteria. 
The variability is also explained by the small incuba­
tor's volume as well as other factors: 1) the amount 
of sol vent (and thus the maximal concentration) intro­
duced at each manipulation is strongly influenced by 
the quantity of used hand disinfectant, the drying 
time before hands introduction and the manipulation 
duration. 2) The measuring site can determine the con-

higher risks of exposure to alcohol. Neonates need­
ing frequent manipulation (like Cohen et al.'s patients) 
could be exposed to even higher alcohol vapors than 
the NICU patients we studied. 

Our study has a few limitations. First, it was based 
on a convenience sample and cannot thus be gener­
alised to ail neonatal patients or similar neonatal units. 
Second, although recorded prospectively, nurse hand 
disinfection before intervention inside an incubators 
could have gone unnoticed, especially during high 
workload periods with unstable sick neonates. We were 
effectively surprised and disappointed by the low 38% 
hand disinfection ratio in our NICU especially since 
we use the currently recommended best practices for 
hand hygiene which have been shown Io significantly 
irnprove compliance with hand disinfection [ 1]. Third, 
little is known on the health hazards of neonatal expo­
sure to isopropirnol or ethanol vapors; literature reveals 
only u few acute intoxication case reports (5-9) but 
no data on their potentia! chronic/repetitive influences 
on the neonatal well being or developing olfaction, 
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.,;i?:--~i:·~,> ~ 
Fig. 1. Ethanol concentration over lime in an incubal.\if'with'iiJ day old nèonate (gestational age 38 weeks 317, birth weight 3050g) in the 
NlCU. x-axis: timc in minutes; y-axis: concentrationf~n part Pei million (ppm). Arrow 1: ethanol rise in the i'ncubator when introducing the 
solvent detector with dry but freshly disinfected ha[lds'?A.rr9.W.8'2: multiple ethanol peaks during various procedures (umbilicnl artcry catheter 
insertion, X-ra y, blood sampling). Arrows 3: closc'to'tp~_éûdy end, plateau elcvation of ethanol at about 300 ppm for 50 minutes because of 
multiple manipulations with disinfecte.d hands and in~ùC!ion of disinfection swabs. 

"·'.'0'~ 

brain and other organs. Olfaction se~fus to lfê''of high 
significance in the cnvironrnent of,b.ofh:,h.qalthy and 
high-risk infants and the use of s~~I odors could 
have long-term consequences on neurar{l)ld behavioral 
development [ 10, 11). Referen~e'.<-Vi!llJ.~~ for exposi­
tion to alcohol vapors exist Qlll.X,U,tij):e field of adult 
occupational he~ùth. Briefty, ''bççjlpàtional exposurc 
lirnits (OEL) have been defined f'àrôshort (15 minutes 

Table 1 

(OELs)) and long (8-hours time-weighted average 
(OELL)) term exposures. ln Switzerland, OELs and 
OELL for isopropyl alcohol and ethanol have been set 
at 400 ppm respectively 200 and 1000 ppm respcctively 
500 ppm [ 12]. lt must be pointed out that OEL are 
established for healthy adults in chronic exposure con­
ditions (workers). TI1erefore, they are not appropriate 
for neonates in incubators. We thus cannot evalu-

Average solvcnt çonçentrations and peak values obtained inside incubators 

Time of Disinfoctanl Average concentration Peak value Unit 

analysis lsoropanol Ethanol (ppm) 
[min] (ppm) [ppm) 

238 s 66.8 388 NICU 
2 200 s 23.8 669 NSCU 
3 246 s 13.8 545 NSCU 
4 225 s 71.4 1982 NSCU 
5 240 SV 1.3 26.3 273 NSCU 
6 246 SV <0.01 20.1 599 NSCU 
7' 241 SV 119 >61 .. 906 NICU 
8 193 SV 1.5 9.8 265 NJCU 
9 239 SV 0.13 15.5 n.r. NSCU 
10 245 SV 0.03 26.6 504 NSCU 
11 218 SV 69.5 >33"' 546 NICU 

S = Sterilliurn®, SV= Sterillium Virugard®, NICU = neonatal intensive care unit, NSCU = neonatal special care unit, •see 
figure, .. absorption tube saturate<l, n.r.: not reported. 
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ate our patients' risks on that basis although some 
were exposed to high concentrations for short periods 
(case 4). 

We conclude that sick neonates in incubators can 
be exposed to alcohol vapors whose potential risks are. 
largely unknown. Further study is encouraged. In the 
meantime, hand disinfection procedures at the incu­
bators'side have to be analyzed: 1) sLifficient time 
for complete alcohol evaporation has to be respected 
and 2) the use of an ethanol-based disinfecting solu­
tion, because of its shorter evaporation time, could be 
favored. 
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Ex osition 

solvent vapours in incubators: 
a source of exposure among neonates? 
o. Vernez, C. Paccaud, M. Berode, N. Hopf, N. Charrière, B. Laubscher 

Abstract Hygiene practices in neonatal units require the use of dis­

infecting solutions containing ethanol or isopropanol. Newly disinfected 

hands or soaked swabs introduced inside the incubators may emit 

vapours leading to alcohol exposures to the neonates. Alcohol emissions 

from hands and other occasional sources (e.g. soaked disinfecting swabs) 

lead to measurable levels of vapours inside incubators. Average isopro­

panol and ethanol concentrations ranging from 33.1 to 171.4 mg/m3 

(13.8 to 71.4 ppm) and from 23.5 to more than 146 mg/m3 (9.8 to 

> 6 ppm) respectively were measured inside occupied incubators (n = 11, 

measurement lime about 230 min) in a neonatal unit of the Centre Hos­

pitalier Universitaire Vaudois in Lausanne during regular activity. Expo­

sure concentrations in a wide range of possible situations were then 

investigated by modeling using the one-box dispersion mode!. Theo­

retical modeling suggested typical isopropanol peaks and average con­

centrations ranging between 102 and 103 mg/m 3 (4 · 101 to 4·102 ppm), 

and 101 to 102 mg/m3 (4to4·101 ppm), respectively. Based on our 

results we suggest several preventive measures to reduce the neonates' 

exposures to solvent vapours. 

Lôsungsmitteldampfe in lnkubatoren: 
Eine Belastungsquelle für Neugeborene? 

Zusammenfassung Hygienemaflnahmen in Frühgeburtenabteilungen 

erfordern den Gebrauch von Desinfektionsmitteln, die Ethanol oder 

lsopropanol enthalten. Frisch desinfizierte Hande und andere Quellen 

(z. B. Tupfer) kêinnen in lnkubatoren messbare Dampfe freisetzen, die zu 

Alkoholbelastung bei Neugeborenen führen. ln besetzten lnkubatoren 

(n = 11) einer Frühgeburtenabteilung des Universitatskrankenhauses in 

Lausanne reichen die durchschnittlichen lsopropanol- und Ethanol­

konzentrationen wahrend eines normalen Arbeitstages von 33, 1 bis 

171.4 mg/m3 (13,8 bis 71.4 ppm) beziehungsweise von 25,5 bis zu mehr 

ais 146 mg/m-1 (9,8 zu > 61 ppm). Expositionskonzentrationen vieler 

mêiglicher Situationen wu rd en mit einem "One-box dispersion model" 

modclliert. Die Resultate legen typische lsopropanol-Hiichst- und Durch­

schnittswerte nahe, die zwischen 102 und 103 mg/m3 (4·101 bis 4·102 

ppm), bzw. 101 und 102 mg/m3 (4 bis 4· 101 ppm) variieren. Aufgrund 

unserer Ergebnisse schlagen wir einige Praventivmaf\nahmen vor, um bei 

Frühgeborenen die Belastung mit Liisungsmitteldampfen zu verringern. 

1 Introduction 

lncubators are widcly userl in neonatology to maintain suil­
able cnvironmental conditions for neonates. The incubator 
is a small volume chamher enclosecl by a boltom shell and a 
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Figure 1. lncubator used in neonatology (front doors open and forearms inside). 

t.ransparcnt lop casing. The ventilation systcrn for this cham­
ber regulatcs the air 11ow and is equipped with a hurnidil'ier. 
To mainlain constant humidily, air flow and tempcraturc, the 
nurses/doctors introduce only his/her hands and forearms 
inside the incubator, using small apertmcs in the top casing 
(see Figure 1). 
Part of the hygicne practice used by the workers in neonatal 
unils requires disinfecling the bands by rubbing them with 
alcoholic solutions cithcr based on cthanol or isopropanol 
[1; 2j. The user is reconuncndecl to wait (about one minute) 
for complete alcohol evaporalion hefore intrmlucing his/her 
hands inlo the incuhators. In praclice, the workcrs happen to 
inscrt their hands into the incubators probably heforc com­
plete evaporalion due to a high workloacl or Lo the neonates' 
urgent needs. This practice couic! lcad to an increase in or­
ganic solvenl vapours insicle the inc11hators. 
Availablc~ data on neonatcs' exposure to alcoholic vapottrs is 
scarcc. Until now no stucly has investigatecl the nconates' cx­
posure while in incubators. Cortical hernoclynamic modifi­
cations in the oll'actory region or the brains of prcterm in­
fants have been round aller exposurc to odorous su Ils lances 
routinely used in the neonatal intensive care [3]. An acciden­
tai cleath of a neonate (1,500 g, 37 week gestation), following 
an acute exposure, clue to isopropanol exposures bas also 
been reportecl [4•\. 
The aim of our study was to assess neonates' exposures to 
ethanol and isopropanol concentrations inside the incuba­
tors using both field rncasurements and theorclical modcl­
ing. The results werc expected to refine current recommen­
clalions regarcling the use of hancl disinfectants by neonalal 
11 u rses/ cloctors/parents. 

2 Material and methods 

2.1 Study population 
This stucly was performec\ al the Neonatal Unit al the Centre 
llospilalicr l.lnivc~rsilaire Vaudois. Hand disinfeclants in 
clinical use al the time of the stucly werc Sterilliurn® (4.5'Yo 

Gefahrstotfe - Reinhaltung der Luft 

209 



10 

2-propanol and 30'X, 1-propanol) and Sterillium Virngard@ 
(95'Yo elhanol) (Bode, Beiersdorf AG, Münchenstein, 
Svvitzerland). The manufacturer rcco1n111e11ds to "rub :rour 
dry hands wilh at leasl 3 ml alcoholic solutions.for 30 sec". 

2.2 Field measurements 
Eleven l'ield rneasurements vvere pcrformed in both neo­
natal intensive and special care unils (NICU resp. NSCU). 
Convenience sampling vvas used because of restricted ac­
cess and possible interf'erenccs wilh intensive or continuous 
care activities in the neonatal units. Isopropanol and ethanol 
concentrations vvere measurcd inside incubators using a 
clirect-reading instrument; a photoioniSation delector (Toxi 
Rae@, Rae Systems Inc., Snnnyvale, California, USA), and cu­
mulative air concentration (230 ± 19 min) using charcoal ab­
sorption tubes (Anasorb CSC 226-01, SKC inc., J•;ighty Four, 
PA, USA) and pocket pumps (1 OO ml/min, SKC pocket pump, 
Blanc-Labo, Tolochenaz, Switzerland). The pholoionisalion 
cletecl.or vvas calibraled vvith 2-propanol (for Sterillium@) or 
ethanol (Stt:rillium VirugarcJ@) before each measurement. 
Ambient uir concentrations outside the incubators were 
measured using the smne methorl as described for air con­
centrations inside the incubators. 
Staff's hands disinfection as vvell as the opcning and closing 
ol'the incubator's apertures al'(~ referred to as interventions. 
Hands clisinl'cctions, incnbator manipulations ( e.g. opening/ 
closing apertures), and introduction of hands in Lhe incu!Ja­
tors were recorded by a pedialric resirlent concomil.antly lo 
the measnremcnts. 
The charcoal tubes were analyzed by desorplion with CS2, 

and qnantified using a gas cl1ronrnlography (Capillary co­
lurnn CPSIL SB, 60111, Chrompack, Middelburg, Gennany) 
vvith a FID detector. The detection limil vvas of 1 11g/tuhe 
(NIOSH J,11·00 alcohols 1). 

2.3 Exposure modeling 
The alcohol air concentrations inside the incuhators are 
inlluenced by numerous parameters. Il is 1.herefore not 
praclieal to investigate the range of possible s.ituations in an 
(~xpel'imental vvay. Due to the convenience sampling used 
(n = 11), lhe numbcr ol'fïeld measurements available was not 
rcpresentative and an alternative to experimental measure­
menl.s was necessary. Exposure rnodeling vvas lhereforc 
used to estimate isopropanol exposures in a vvide range of 
input parameters and to invcstigate parameters' influence 
on exposure. Hesults obtainecl from simulation can easily be 
extrapolated to similar exposure situations (e.g. different 
chemicals). 
The one box mode!, also callecl Well-Mixed Box (WMB) 
!V!odel, has been used in this paper [5]. The key ltypothcsis of 
the mode! is that an ideal rnixing occurs in the room (or 1.he 
volume considered). In practice, ideal mixing is selclorn 
achievecl, parlicularly in large or complex volumes because 
of dead-spaces 01' short-circuits. ln om· study, the volume 
considered is small (157 1) and hence, this limitation of the 
mode! would be low. Moreover, experimental measure­
rnents indicatcd lhat the isopropanol decrease insicle the in­
cubator followed an exponenlial kinctic (linear clccrease of 
the polluiant concentration logarithm over lime), as ex­
pectcd from an ideal-rnixing. In the WMB mode!, sinking 
(adsorption) is neglected, and the relalionships hetwecn the 
pollutant concentration G'; in rng/rn'I, the ventilation llow Qin 
111'1/s, the cmission rate E in mg/s, and the comparlrne11l 
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volume Vin m 3 are exprcssed by a differential mass balance 
over tirne: 

f/. c~~~i =E(t)-Q,(Ci(t)-G\0 ) (1) 

Introducing air renewal R in time- 1 (R = Q/f/), and assnrning 
a clean incoming air (C';0 = 0) gives: 

f/,dC; =R(/)-R·V'Ci(t) 
dl 

(2) 

Where E(t) is a constant, this eq ualion can be integrated au cl 
has an analytical solution. In our case however, emission 
varies over lime as it occurs when nevvly disinf'ccted hands 
are introduccd inside the incu1Jato1·s. E(t) can be expressed 
as a fi.met.ion of the follovving pararneters: the lime lag (TL) 
bctvveen two interventions (the t.ime duration betwce11 two 
interventions insicle the incubai.or), the clisinfection ratio 
(DIO (the avernge number of interventions precedecl by 
hand disinl'ection divicled by the total number of interven­
tion) and the amounl of alcohol cmitted during a specilïc in-
1.crvenlion e (i heing tl1C total number of'inlcrvenlions during 
the sinrnlated pcdod) 

(3) 

The arnount ol' alcohol cmilted (e) inside the incubator 
during a specilïc intervention clcpencls on the amounl ol' dis­
infcctanl solution used (!v!d) and the lime lapse (referred in 
this paper as "waiting tirne al'ter use of disinfeclanl" or TfT) 
bct.ween the disinfeclion of the hands and their introduction 
into the incubator. Only Md and /'f/7' parameters were in­
cluded in our stucly. Aclclitional parameters that rnay affect 
cvaporation such as hand surface, skin tempcrature, and 
local ventilation conditions during disinfcction were not ex­
plicitly consiclcrcd. 

The one box theoretical mode] (2) was irnplementcd using 
simulation soli.ware (Ithink, version 7.0, isee systems inc., 
Lebanon, New llarnpshire, USA). Numeric simulations were 
concluctefl for a Vlricle range of input pararneters in orcler lo 
generatc typical concentration profiles and to assess the in­
Jluence of sorne exposure deterrninanls. 

2.3.1 Assessing mode/ parameters 
Ail the incubators inc:lucled in tllis stucly werc of lllc same 
mode! (Drnger IC 8000, Draeger Medical AG & Co. KG, 
Lübeck, Gennany). Their inner air volume (fi) vvas 157 1. 
Il (air renewal) was obtained experimentally using an ernp­
ty incubator set at 32.5 °C and 50% humidity. lsopropanol 
(1 OO ml) was injectcd inside the incubai.or through a front 
aperture with a syringe. The concentration decrease aller in­
jection \vus mcasurecl by photoionisation and nsed ln assess 
air renewal according to the one box mode! analytical solu­
tion [5]. 
Thrce air renewal situations were considerecl: 
(1) ail ape1'l.nres close cl, vvllid1 is expectcd when no vvork 
was rcquired; (2) two front apertures open, which is cx­
pectecl shortly bef'ore and aller interventions; and (3) fore­
arms and hands inside incubai.ors (through the open aper­
tures), vvhich is expcctecl cluring intervention. Each experi­
ment. was repeatcd three t.imes. The repeat averages were 

71 (2011) NL 5 - Mai 



used in the mode!. '/ï, (lime lag) and DR (disinfection ratio) 
wcrc obtainecl by observation while performing the measu­
rcmenls. TL and DR vvere 2UJ min (n = 56, SD = 23.l; SU= 
standard deviation) and 70%, respectively, in the contirmous 
carc unit, and D.9 min (n = ()3, SIJ = 10.3) and 38'Y<,, respccti­
vely, in the intensive care unit. The latter re11ectecl higller 
workloads and lime constraints. Il should be noted lhat lhe 
disinfection ratios wcre witllin the range of hand hygiene 
compliancc levels observecl in previous st.udies IGJ. 
!11d was assessed experimentally. Ifand disinfcctions were 
performed repeatedly by the same pecliatric resident who 
was askcd to use "smaller than usual" (n = U; 0.322 g, SD = 

0.035), "usual" (n = ~J; 0.668 g, SD = 0.063), and "larger than 
usual" (n = JO; 1.3tl8 g, SJJ = O. 194) amounts of St.crillium®. 
The bottlc of disinfeclant was vveighed be fore and after each 
use, using a Mettler Pl 63 balance (Mcttler !ne AG, Zürich, 
Switzerlan cl). 
Three WTduralions were considercd: regular hand cleaning 
practicc (J min), an unintentional tmderestimate of the WT 
(30 s), and a situation requiring innnediate attention (Hl s), 
vvhe1·e the regular hancl cleaning pract.ice was 11otrespecled. 
Thrcc alcohol ernission (Ej) scenat'ios were considered 
using the J11d and TFTvalues previously olitained: a "small" 
(srnallcr tlrnn usual Md, WT 30 s), "fair" (usual Md, TFT30 s), 
and "large" emission scenario (larger th an nsual Md, J!fiT 10 
seconds). Ail thrce scenat'ios were performed by the peclia­
tric resident. Isopropanol concentrations insirle the incuha­
tor were meas11rcd concomitantly IJy direct-rearling. Each 
cxpel'imcnt was rcpealed three limes. EJ was th en calculated 
using the mass-balance rclalionship (2) and the isopropanol 
concentrations ( correspomlinr; to Ci in the mode!). 

3 Results 

3.1 Field measurements 
Our field rcsults indicate Urnl neonales in incubators werc 
exposr~rl to rneasurable etlianol and isopropanol concentra­
tions J'rorn disinfectants, cspecially peak exposures. Average 
isopropanol and ethanol concentrations found inside the in­
cubators through sampling were, respectively 83.6 mg/m3 

8/J 103.3 lllg/m3 and 45.7 mg/111° SD 27.5 mg/m3 (air renevvaJ 
range vvas 7.1 to 19.6 li- 1). Lower levels of isopropanol and 
cthanol, 12.6 and 1l·A mg/m3, respectively, were cletecterl in 
the ambient air (outside the incubators). 
Typical exposure profiles rncasured inside incubat.ors are 
shovvn in Fig·ure 2. High exposure concentrations up to 
3 g/m' were observcd during short lime periocls. 
Allhough al! measurements were pcrformecl in the samc 
unit the concentrations proJïles were of clifferent shape. The 
neonatal special carc unit (NSCU) profiles obtained through 
direct reacling rncasurements (Figure 2a) showccl several 
well-iclentilïablc pcaks followed by an exponential dccrease 
while irregular increascs and decreases were observed on 
the NICU profiles (Figure 2b). This clifference rel1cctecl the 
more cornplcx tasks requirecl in intensive care (longer inter­
ventions, successive opening/closing, more hanc!Jing insiclc 
incubator) cornpared to special care. 

3. 2 Exposure modeling 
Air renewal rates vvith apertures closecl, two front apertures 
open, and lürcarms and hands inside incubators were found 
to be 7.1, 10.8, and 19.6 )l-1, respectively. A constant supply of 
fresh air is maintained, even in closcd-aperture condil.ions, 
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Figure 2. Temporal profile of isopropanol concentrations as measured in 
NICU (a) and NSCU (b) incubators. 
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Figure 3. Measured isopropanol concentrations following the introduction of 
hands according to: (a) the "small" emisson scenario, (b) the "fair" emission 
scenario and (c) the "large" emission scenario. 

in orcler to main tain adequatC hygromel.riC ancJ temperatll!'C 
conditions vvithin the incubator. The "clearance" of the sol­
venl. vapours in dosecl-aperture conditions is neverthelcss 
lower than in open-apertures condition duc to the lowcr air 
rcnewal. 
lsopropanol concentrations inside lhe incubators f'ollowing 
hancls introduction for the three considered scenarios arc 
presentecl in Figure 3. The maximum isopropanol concen­
tration (above 1,000 rng/m3) was obtained for the "large" 
emission scenario. The corresponcling isopropanol amounts 
emittecl inside incubator for "small", "fair", and "large" 
emission scenarios were 8.9, 16.3, and 230 mg, respeclively. 
An example of' a typical rnodelecl exposure profile, in "fair" 
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Figure 4. Example of a computerized exposure profile. 

Simulation parameters used to compare scenarios. 

Scenario Air renewal, 
R in h-1 

a (large emission, apertures closed) 7.1 

b (large emission, apertures open) 19.6 

c (fair emission, apertures closed) 7.1 

d (small emission, apertures closed) 7.1 

e (fair emission, apertures open) 19.6 

f (small emission apertures open) 19.6 

400 450 500 

Amount emitted 
per intervention, 
e1 in mg 

230 

230 

16.3 

8.9 

16.3 

8.9 

Lion vvas higher than vvhaL was reached with a 
single pcak cmission. 
VVe comparecl the simulation !'esults ohlainccl 
from various exposure conditions, assuming 
constant time lags in each rnn. The simulation 
parametcrs usecl are summarizecl in the 
Table. Althoug!J lhcorctical, this apprnach 
allows assessing the influence of' simulation 
pararneters on potenlial exposurc. The mean 
concentrations obtainecl for various lime lags, 
ernission scenarios, and air renewal scenarios 
(apertures open or closecl) are shown in Figu­
re 5. 
Dcnerally, the mean isoprnpanol concentra­
Lion was strongly affccted by simulation para­
meters values and three ordcrs or magnitmles 

Waiting time, Time Lag, TL 
WT in s in min 

10 3 to 60 

10 3 to 60 

30 3 to 60 

301 3 to 60 

30 3 to 60 

301 3 to 60 
1 A WT of 1 min did not produce measurable amounts of alcohol inside the incubators and was thus not considered. A WT of the 30 s 

rather than 1 min was therefore considcred in this scenario 

ernission conditions (usual disinfect.ant amount, l!f!T30 s), in 
a NlCU obtained through simulation is present.ed in Figure 
4. In orcler to reflect the variability or the work, lognorrnal 
distrilrntions were used l'or lime lag (TL) and amount. 
cmittecl per intervention (e;). Peak concentrations reached 
600 mg/m3 and Ica cl Lo me an eoncenlrations ol' 64 .. 8 rng/m3 in 
lhis simulation profile. lntereslingly, Lhe highest concentra­
tions reachecl wcre vvhcn the lime lag bet.ween t.vvo "peaks" 
was short, typically below t.en minutes. If an acklitional pollu­
tant was inlroduced into the incullatm· while the previous 
"peak" hacl not. clearecl, the resulting cumulai.ive concentra-
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Figure 5. Sensitivity analysis: mean .isopropanol co~~entrations for various 
emission scenarios, time lags and air renewal cond1t1ons. 

were round bctwecn the lowest (3 rng/1113, 
scenario a, Tl,= 3 min) and highest ( 4,000 mg/m', sccnario f, 
TL= (30 min) preclicted values. When other simulation para­
rneters remain unchangecl, the air renewal conditions affect 
average isopropanol concentrations sirnilarly and isopropa­
nol concentrations obtained for closed apertures were 2.7 
limes higher than l'or open apertures. The "large'' ernission 
scenarios (scenario a and h) lead to average concentrations 
nrnging bctween 70 and 3,HOO mg/m0 • Thesc values are 14 
tirnes higher tllan Lhe results obtaincd for "l'air" emissions 
uncler similar conditions (scenarios c and e). The situation is 
si1nilar for the Lirnc lag parameter for which a clramatic 
incrcasc in average alcohol concentration can be oi>servcd 
below 10 min. 
Disinfecting solutions based on ethanol or isopropanol will 
leacl Lo different simulation results in Lerms or absolu I.e con­
centration levels; however, the pollutant dynamic behaviour 
(kinetics) and its sensitivity to the simulation parameter ( e.g. 
air renewal rate) were indepenclent of' the chemical con­
siclerecl. Sirnilar bchaviour may theref'orc lie round for other 
disinfeclant usecl in neonalal carc units. 

4 Discussion 

Vapours !'rom alcoholic clisinfecting solutions (etilanol and 
isopropanol) were found in measurable concentrations in 
neonatal incubalors. Consiclering that lower lcvels or etha­
nol and isoprnpanol concentrations were found in ambienl 
air, the alcohol concentrations measurecl insicle the iucuba­
tors ca11 he allributcd to the introcluclion of' vapour-emitting 
clisinf'ectant within the incubai.or. Newly disinfectecl hands 
were the rnost comrnon so11rce of peak cxposures olJscrvccl. 



Disinf'ecting svvabs, soakccl with isopropanol, may also be 
unintentionally forgotten after a procedure, leading to a 
longer-lasting elevalecl level of alcoholic vapoms. Once for 
instance, the pholoionisation deteclor reactecl slrongly Lo the 
presence of a rnother's perfumecl scarf, vvhich vvas lovingly 
left: next Lo her baby's heacl. There is no vvay to know whcthcr 
the perfmne vapours were clclrimcnlal 01· unpleasant to the 
baby. Solvent emitling objcc:ts should neverlheless be avoi­
ded in a gencral scnse due to the limilcd volume of incltba­
tors. In aclclition, various anatomical, clinical and even near 
infrarecl speclroscopy stuclies have shown that the olfactory 
system is incleccl functional by 28 weeks or gestation [7], and 
perfurne or other vapour emilting rnaterials rnay affect the 
baby's vvell-bcing or dcvelopment.. Heducing the cmission of 
alcoholic vapours inside incullatot'S may contribute Lo the 
vvell-bcing of ncwborns in neonatal uuils. 
Little is known w:ith regard Lo possible health effects in neo­
nates rrnm cxposurcs t.o isopropanol or cthanol vapours. For 
inhalation, only one neonatal case of accidentai alc:ohol in­
hala lion has bccn rcported [4]. Prctcrm neonate have an im­
matnrc skin and a high body surface to weight ratio 
making thern pronc to skin absorption. In a rabbit mode!, 
Martinez et al. have shown that transdermal isopropanol ab­
sorption can be signific:anl 18]. However, no data on neo­
natal human sldn absorptivc propertics t~xisl. Percut.aneous 
systemic ethanol and isopropanol intoxications in prelerm 
and terrn neonates have been described but were always due 
to intense direct contact between skin and liquid etllanol or 
isopropyl alcohol 19 to 121. For nconates supportecl by assist­
ed ventilation, cxposure to alcohol vapours inside incnbators 
coule! be less than expectecl. A percutaneous absorption of 
alcohol vapours seems improbable although both ethanol 
and isopropanol arc known to be absorbed by the neonatal 
sil.in whe11 in direct contact vvith the liquicl form. 
Expowre pl'ediclion Lhrough rnodeling indicaLell lhat t.ime­
relatcd pal'ameters (waiting time aller use or disinfectanl 
and lime lag between two interventions) were key raclors l'or 
exposure concenLration levels. Peaks or exposure, cilhcr due 
Lo emissions from Lhc hands or Lo the curnulative cffecls or 
repelitive interventions, WCl'e irnportant. sources ol' incrcase 
in the predicted average exposmc. 
Direct-reacling measurements indicatcd that isopropanol 
,,pcak" cxpostu'es up to several thousand mg/111° may occur 
in incuhators. The simulation or a w:ide range of' possiblt~ 
situations through rnocleling procluced concomitant results 
and also suggest.ecl Lhat, in adverse conditions, average expo­
surc concentrations of several humlred mg/111 5 may occur. 
Consiclering that there is no publishcd environrnenLal cxpo­
sure limits l'or isopropanol in nconates or even chilclren 1l, it 
would be Jll'llclcnt Lo implemcnl preventive measures to clc­
c:reasc neonales' exposurcs to solvenl vapours. 
Acting on air rencwal conditions ( e.g. favouring bigger in­
cuba tors, keeping apertmes open aflcr inlervenlions) vvill 
contri!Jute Lo reducing the overall exposurcs lllll rnay impair 
the cnvironrnental control funetion of the incubalor. The 
mosl c!Tcclivc prevention is to reduce emissions f'rom the 
hands. vVc recommcrnl several prevention measures: 
•A 1-minulc vvaiting lime afler use of disinfectant appears 
sufficienl Lo avoid signilïcanl emissions vvithin incubators 

1i Only Occupational Exposurc Limits (OELs) dcfined for healthy working aclulls 
arc known ta the authors (500 mg/m' for a 8 hrs-averagc cxposure in 
Switzerland). 
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Ex osition 

ancl should thercforc be respcclecl. A shortcr vvaiting time 
aller use of clisinfectanl, which may be sufficient for rnost 
hand-ruhhing situai.ions, appears inappropriate when per­
forming duties on nconates in incubators. Measurablc levels 
or alcoholic sol vents have been found for vvaiting Urnes less 
lha11 or equal Lo 30 seconds. Organir.ational nwasurcs, sucli 
as increasing avvareness or alcohol vapour cxposures to neo­
nates whcn using clisinfect.ants, should be implementcd. 
El In gcneral, a disinfecting solution con Lainer limiling the 
amount of producl used (e.g. containers with push buttons) 
is ravourcd. This mensure woulcl prcvent. Lhe inadvcrlenl use 
of excer:;sive amounts or solution (requil'i11g longer cvapora­
tion Limes). IL is i11leresting Lo note lhat, in the spccilïc case of 
Sterilliurn®, the 3 ml amounL t'ecomrnendecl by the proclucet' 
is highcr Lhan the "larger th an usual" amount of product con­
siclercd in this slucly. 
o Currcntly, the bcsL band disinfeclion solutions are still 
IJascd on alcohol 13]. There are tlms no good altt~rnatives to 
be consiclered l'or the care or neonates in incubators. A dis­
infccting alcohol with a very short evaporatio11 lime ( c.g. 
ct.hanol) couic\ clecrease potcntial cxposure of neonates Lo 
solvenls. 
œThe ust~ orelectrical hand-clryers Lo rccluce the cvaporation 
time aller hand rubbing should be investigalccl. Fast hand­
drying may be or particular intcrcst when situations requi­
ring immediale allenlion occm regulal'ly (e.g. intensive carc 
u11ils). 
This paper highlights exposme situations resulting from 
Jumel disinfcction practiccs in neonatal units. The small 
inner volurne of' the incubators focilit.ates lemperalure and 
humidity control, but il may also Jead Lo concentration lcvels 
in pollutant h:ighcr than in ambient air vvhen emission 
sources arc present. Prevenlive measmes should be imple­
rnent.ed Lo avoicl unnecessary exposures in thcse micro­
enviromnents, while maintaining a high-level of hygicrn~. 
Care must \Je taken vvhen irnplernenting prevent.ivc rneas­
ures in orcle1· to presel'VC both incubalor air quality re­
quircrnents and band hygicne rcquiremenl. 
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Technik und Recht 

TRGS 800 ,,Brandschutzma13nahmen" 

Die THGS 800 gilt fiir Tiitigkeiten mit brcnnbarcn oder oxi­
dicrcnden Gef'ahrstoffon, bei dl~nen Brandgef'ührdungen 
entstchcn kèinnen. Sie cnthiilt Hinweise :Mir Errnittlung, Be­
urteilung und Festlegung von MaDnahrne11. 
lm Hahrnen der Gefiihnhmgsbemteilung müssen allc für die 
Entstehung, Ausbreitung und Ausvv.irlumg cines Branclcll 
relevanLen Faktoren berücksichtigt wcrden. Insbesonclerc 
zu beachten sind Gefohrdungen clurch Rauch, andere (toxi­
sche) Brandfolgeproduktc, Wiirme sowie das Versagen von 
Bauteilen. 
Zm Beurteilung der Braudgel1ihl'dllng muss ermil.lell wer­
den, an welchen Ort.e11, in vvelchen .Me11gcn und in welchcm 
Zustarnl brennbare ode1· oxidierencle Gcl'ahrstoffe vorhan­
clen sind oder· entslehcn kt\rmen. Dabci sine! insbesondere zu 
berücksiehtigen: 
1. vorhandenc Gef'ahrstoffe und deren gefii.hrliche J•:igen­
schaflen, die Branclausbrcilung in der Anfangsphase, die 
auf'lrclendcn Brandfolgeprodukle, z. B. Partikcl, Hauchgase 
sowic Brandrückstiincle, 
2. eingesctzle Arbeilsmittel einschliel.llich Anlagcn, 
3. Betl'iebsvveise von Anlagen, 
,J,, Arbeitsverfahren mit offencr Flamme oder l!obcn Tcm­

pcrat.uren, 
5. IJauliche, èirtliche une! betriebliche Gegebenheîten, 
6. Arbeitsbedingungen, -organisation und -umgebung und 
7. mogliche Wecl1selwirkungen. 
Bei der Beurteilung sind die verschiedenen Betriebszustan­
cle zu berücksichligen. Betriebszustiinde wie beispielsweise 
Instandhaltung (Wartung, Inspektion, Instandselzung, Ver­
besserung) sovvie die In- und Aul3erbetricbnahme von 
Sicherheitseinrichtungen, dit~ gesondcrl.e MafJnahmen er­
forderlich rnacl1en, sind stets gesonclert zu beurleile11. 
Ferner sind Inforrnationc~n liber die relevanlen physikalisch­
chemischen Eigcnschallen der vorilandenen brennbaren 
oder oxiclierenclen Gefahrst.offe und deren Beurteilung hin­
sichllich der Brandgeführclung zu bescltaffen sowie die rele­
vanten Zünclquellen (Einwirkung von Wiirmccnergie, elek­
trischer, mechanischer und chernischer Energie) zu ermit­
teln. 
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Die durchzulührenden Mal3nahmen sind davon abhiingig, in 
welche der folgenclen Gefiihnlungskategorien der Arbeils­
bereich aufgrund der Gefiihrdungsbeurteilung cingeorclnct 
wird: 
e Normale Brandgefiihrdung 
Diese licgt var, wcnn eingestuftc llrenn!Jare oder oxidieren­
de Gcl'ahrsloffe in 1111r geringer Menge vorltanden si11d, clic 
VVahrscheinlichkeiL ciner Brandcntstehung, clk Ceschwin­
digkeit cl<~r Branda11sbreil.ung und die clam il vcrlrnrnlenc Ge­
fii.hrcltmg von Bcschi.ifliglen und anclercn Personcn dmch 
Hauch oder Wiil'!ne vergleichbar gering sine!, wie z. B. bei 
einer Bü.ron11tzung. 
o Erhèihte Branrlge!'iih rel ung 
Diese liegt clam1 vor, wenn dn Krit.erium der normalcn 
Brandgefiilmlung nicht erfüllt ist oder nicltl aile I\ritcrien fü r 
die hohe Brandgefi:ihrclung erfüllt sincl. 
• 1 lohe Branclgefiihrdung 
Diese Jiegt vor, vvenn die Menge der brennharen ode1· oxiclic­
renclc11 Gefahrstoffe die ,,geringe Menge" der Genihrclnngs­
katcgorie ,,normale Branclgefiihrdung" überschreilct, mil 
hober Wahrnchcinlichkeit rnit ciner Brandentstchung zu 
rechnen ist und eine schnellc und unlrnntrollierhare Brand­
auslireit.uug ocler eine groDe Hanch- oder Wiirmefreisetzung 
zu erwarten ist. Eine beispiclhafte Liste von entspr·echenclen 
Arbeits!Jereiehen wird in der TH.GS 800 gcrwnnt. 
Beispicle für zu treffencle SdrntzmaUnahmcn werden unter­
leilt in die clrei Gcfiihrdungskategorien in der Tabelle 1 der 
Tcclmischen Hegel genannt. Die A11lage 3 zur THGS 800 cnl­
hült einc Checkliste für die Überprüf'ung der Schutzma/J11ah­
men. Die Fragen clienen einer struktnrierten Oberpriifung 
auf PlausilJilitiil von Schutzrnatlnahmen bei einer erhühtcn 
oder hohen Brandgefii.hrclung. 
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