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ABSTRACT 

In this study we evaluated the diffusion of nitrous oxide in a few operating rooms, using 
spatial data modelling techniques, in order to assess hospital staff exposure and to promote 
risk management. Indoor air sampling was carried out, during routine operating activity, by 
means of transportable infrared spectrometer, with geostatistical techniques. We detected high 
average concentrations of nitrous oxide (from 8 ppm to 445 ppm, with a peak of 1345 ppm). 
Linear geostatistical iso-value maps of the anaesthetic gas expected values showed an evident 
nitrous oxide-rising trend near the anaesthetic machines, near walls and doors, near HV AC 
opening, etc. Operators' attention to maintenance procedures of the anaesthetic machines, and 
to hazard management of the operating room, can reduce health risks of the hospital staff 
exposed. To conclude, we have to underline that an assessment performed only on "mean" 
samples and calculated through descriptive statistics, would not allow any inferences in the 
complex spatial structure and physical kinetics evidenced by geostatistical methods. 
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INTRODUCTION 

Hospitals differ from commercial and residential buildings and they are, in many ways, 
unique environments [l].The technological progress recently occurred in the biomedical field 
has determined not only a therapeutic improvement, but also a change in the concept of 
"hospital". Innovations in medical technology have improved hospital services, but have also 
determined some previously unrecognised potential risk factors[2]. Furthermore, while 
continuos modernisation and updating of hospital equipment and instruments has occurred, 
structure and maintenance of hospital facilities has changed very little. Due to the necessity of 
night-and-day continuos activity, hospitals rarely shut down for cleaning, repairs and 
renovations, and maintenance is therefore more difficult. So, quality of indoor air inside 
hospital buildings is an important factor considering its health relevance affecting patients' 
well-being, working performance of hospital workers (for whom exposure is an undesired 
consequence of their working environment), and safety of visitors [3]. More specifically, 
workers in hospital environment, such as operating theatres, have potential exposure to 
numerous chemical hazards [4]. Many epidemiological surveys have shown, even if not in a 
conclusive way, a relationship between occupational exposure of operating theatre personnel 
to anaesthetics (such as, among others, nitrous oxide) and onset of toxic symptoms or 
increased mutagenic risk due to headache, loss of attention and concentration [5], depression, 
and malignant diseases [ 6]. In addition, epidemiological data suggest an association between 
nitrous oxide exposure and adverse pregnancy outcome [7 ,8]. The Italian Ministry of Health 
recommends that exposure to nitrous oxide (N20) be limited to a time-weighted average air 
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concentration (TL V-TW A) of, 100 and 50 ppi;n, for a�reagy e](ist1ng anq. f9,r-:i1ewly cqnstructed 
or renovated operating rooms,respectively [9]... , . , · . . . . ; : , ·. ( ' 1 1' 
The purpose of the study is tc_) .�nalyse �µ� ev,a

lil�i� th� 
.
distr!but�on of ni-trqµs O.)\ide i:ndoqr·' ·. i <. 

pollution in the operating roo�s of a� ,Italian, ho;spit�l, !n o.rde.r t<;> assess �,x:posm:e·he;:tlth .r:isk 
for hospital s�.aff. To best characterisi;:jJhe inyestjgate� ph�nC?,1'l�na, we.p.roppsed to·view it.as 
spatial proc�s's, expecting the �i:tr,rmaFive1 Fon ten�, of m,11asurnm�nt �ocatio.n· tq be helpful in 11,,, 
identify�ng .�he possible sources ?hq�,nitrous oxide. .·:.\ '. ' :  ., ,:1 . , 11 :r 

METHODS '1 ,�. 

1111 I I I 

The study was carried outTn the'operatfo,ftheatres of a hospital ofabouf400 beds, following-� 
Hospital Management's Tetjuest to del:ehnine the gaseous anaesthetic risk in operating room 
environment. The concentration of N20 has lheen mea ured, during routine operating .activity, I ' .. _ -· , ·.,-

by means of a transportable infrared1 spectrometer based on "photoacoustk" measurement of 
infrared absorption and coriiirmed by an tl)er infrared spectrometer and gak-

,- ! 
chromatograpliy/mass-spectlo�netry s}i�tein ) !OJ.The pr9bes, during sampling, were 
simultaneouslf Joca.red <!-r b'reathing ��1:ght above floorleyel (l.5 m). Data were taken at 1 
minute internal avdrage ir�te'rval · and N20-:qbncentratiuns are expressed as TWA in ppm. 
Jn this stutly, da rrwere ruiaJ se'd usfr\g1 .r:dlna.ry descriptive statistics and, at the same time, 
spatial st tictu.re of estirfiated N'iiJ levels *a .1 tudi�d modelling the spatial variability, 
following' g�osgi, 'stJcafanaiysis principl�s1'[ 1]. Often, environmental sampling data are ) 
tuilitti u ·i g unly de ·1.;fivtive stat.i '·liU::;, as "tt eragc:::" valm.:::s, willl.\'1f,l:·�.11aiytiBgsJJ.�H�tai1u: ... ,; 
temporal data 'istribution. G'ebstatistical te'chniq11es, by modelling spatial phenomena, reducel 
the nuinbe11 oftlie 1llicess�ry sanipl�rs Tit1 'per.Qli� t9 esti,mate ,y.n�fro9j l�e�tall �'»FP��P.� yal"'�s I' 1 
in places 1Wfl�fe-it-i� 'difficult OT impossible put a sampler. • I 

. 
< I ; I ' I 1•" I ·� f. I If I. ''� 1J � ... l. 'I " 

Geostatistics, in fact, offer a'variety of methods to model such processe as real1sat10n of 
random functions [12]; and geostatistical methods analyse the behaviour of variable� �nd th9ir 
spatial correlations, and model the spatial structure of their variability, in order to estfrnate" · · · ·  

values (biolog.ical, physical or chemical) in a differel"!t '!l�qix (ai�, w�t�r �r sC?il) not directly,, 
measuredr o.r r n order to exp fa f .�ute le'vel of itid'oo· )�-. Uit�lm�' [ '3 ].' · 

. . 
·. .J 1' • 1,. , 1. 

, 
• ' 

The mosq:iopular geost.1tistica1 t chnl:ques'1iil·e 'ow'Einear 1Ge'6strli'stid atiti Statiot\ary , ·
. . · ·  

Geostatistic, but when i t  is  necessary to estimate dfrectional trend of values i t  is  us_ef\Jl to , 1 •• 

adopt Non Stati911ary �1: N?� Linear1 �eostatif i_8s: 1���o·r�n�, �? 1 hes,e t,hyori�,_s,1 �,I}. ��a.�·Jr� ... , 
�ap be int�rprete�d'. as an �le 'i6ry functi9_n. lt �s i�P_?rtant to rem�f k th�t likelihood · . I mterpretat10n of the spatrnl·p 1enomena11s no�·an 1mage of phy cs-reahty. In the spaual . , j • fJ, 
co1Telation.of v'f"iabl� (spatial variabi ity or "var,stgram,funcf q�':) the value of the chemical 
substance measured, d u ring- samnling, in one site, allow the estimation of values of the same-· 9 rJ I f I •1 
substance in nearby sites.· ' - - -
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Direct!ilonal variograms Wefo compu'tetl·acco;ding to the results of the sampling technique 
called "Croix de Sandage" (Figure 1) and variqgram models were proposed as structures for 
spatial variability of ·N:iO [14]� 1'Croix de S:dhCiag'e''_;, ih this study, was carried out by placing 
samplers -itt! r�gulfu; distances i'rl brder. to fonfr'al�ros's 'qti a corner of the whole sampling site. 
After this fitst,Safuplirtg, a regular griCI (Spatial Geostatpjtics - FAik Kriging) was planned, 
putti'I\g sampler� 'pr6bes (16 satfiplirtg;&i'tes)1ar the same freiglitis far Croix de son;aa�e 
sampling and at the distance showed by the variogram (i:tbbili 120 centimetres; this:choice 
was made in order to guarantee the most prudential predictability of the estimate of measured 
values, as well as the most accurate.) (Figure 2) [15]. 

A::.-:======:::;:::=-,, --.-. -------..:::--i Su,ch model parameters consist in the, 
i •• ) oil • • 'diSt.'an. ce. bey'()nd which the measured D · 0 ��· '' i • .f.-f ' -1 

.,. 1 , r. !.! 1; i . , N' yalues ,.shQuld be considered independent 
1fm ',0111 1� •

. ,.�. k\ic.i : � .�Cjl!lea;,"range")8-nd the varian_ce between 
D @ · 1ri, n:. . it • mfJr.pend�ntS�l'\l]), �(called 11Slll11). 

, . 'I�· . . HI; ) . , , "111 ; • ·I· : ( , _ 1 ! · .. , ; �,t.y:tJ1,e · mor�1 �he .structure of �patial 
. . : · , .. ""' ,.'6, A " <''''t"',·uJ.Y'}fi.�P, - N:>:,which differs geometricallyis 

· . Galled "ani.<:ntron 'c." [16]. 

if liJ: ,,11 •. 1 ;: , . j,,.j11,•;· ·; , : ,,.,0 ,11 ,f!<:J1W��iYF)f1S;gf IN"f.O sa�pU.f;\g, fqr each one 
D ' . ' [ •. f· D 1:· 'r:J':1 Jil .... '.;!I:: �II I 1, 11i\'.1. l' 11 ) ,.., " •rr-7. il , . I;', ; , 

0 · • '''a i , , ,,-",;i b',:.ri, 1�h , : ·,. · qgqqt.�AAr.ati11tp·9 tps �en1s�ied out 
•11 ir·•·;. 

0 
• • ian. _�, th. , .�.resuJts,wer�.�najM�G.9.by_lllifans, of �-;'fj) 1;' ,;jl,;illi ' �  hlfJjjl:f -- 17.: - l , . . ... /., ;.'d�s��ipti)'J� statisticr�J.17]. Finally, exgyc;ted 

Or Jx;1 ,LH'..11.1.ow:>r:q :L:iJ,;�f'' Jr: : ' '..JtJ! Jl:..�:3h.les,at;the[g()��s pf a,regµ!llf:zi:i�:f;were , 
. . - x. calc ulated to plot contonr and, 1so�:v- Jue 1 

Figat�'i.'K11�Wdrtll�1B�jdp�rkiting Rhd�, ,:r� _· 1.1,
· ITtaps,pf. esdq;i.at�d·_�hOl�� i�'.i11 B 

. 

Squar�� ,?c.����1�te sam�H�9, �,i.�e.L_ � : 1 i: ·(:; : •• �fH�pf ting R�9m [15].. • •·. · 
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The calculated variogram,sh0"':'s th�t there is an �lderly-variabililjY for a·dist'<lilee betweeh the 
samplers of abot�. l�P .. s�nti1}�tres, wherea� for a

.
�s��oe_ ?.f· �bo t 200 cent01e !:1'es the : phenomena have no correl atii;>hs arid beCOil\'f!S ta·honary . The presence of a httle'. b·end was 

uitable to estimate as' fio-stabJhnar� the pheriotnena obsefved andko utilise FAi-*. methdd � . . \ 
modelling geostati�e·va.:iiogr-a:n:i aljld iso-'v-4Jui{m"aps� �sµ exru11y\e\of geostatistic · 

modelling, we have,illustratecf.the geostatistic?J s . plinglof N20 (on ly B)Operating Theatre) 
during: ·· ·-- 1 

J.. . 1 -·�-' 

• anaesthesia inducfioti''tiJ3bati0n) ' ...l 

• desired surgical·plane of _�es�esia ;�:� ·; 1 . 
• end of the operation 111 ' 
Parameter� i�. pi�de1,�_qf ih,e1�2q' s ,spatial str�ct�riY appeared not to be e(()nstant1 as shoW;n in 
Table 2. ' · ' ;:�.' ,�i· ·. �1.,: 1�,u _ .-·.__ ·::.;.-,; .. __ __ _ -·· --·-· __ 

, 
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Table 2. Vario gram modelling: the parameters iresulted for each modeLof>tN'iO anae�thesiai i l; ·, 

N20 . ·Sill 1 1Ahisotiropy: .ModaH Ranger1 1Nugget; IGF-.;· 
anaesthesia induction 2.07138•; 1c2�4 '. , 1 Gaussian -· . 409.5rl �ilil73838 J ' 0.0667 
surgical p1a_f!_e of anaesthesia .. 1.4.31D6 ·- 11.0 Gaussia�- 311.� __ 4.,Q608 ... _Q,0289 
end of the operation 

-
225 .96 '· '1.0 Gaussian 412.9 244.04 0.1020.: 

Notice that the main structure of the spatial vahability model is the same for all measurements 
and that range and anisotropy, values proposed show little different variability, whereas the silli 
yalues appear to be more dispersed. Moreover, th� Indicative doodrtess of Fit (IGF), which : 
gives a measure of how well the model adjusts the directional variograms, lies· in almost all 
models in proximity of its target value zero, in agreement with the hypotheses of a well .' . I 
characterised and constant spatial structure. / 

The directional variograms and variogram clouds (variance) are shown in Figure 3, referred toi 
the N20 measurements during the different phh�es of anaesthesia in the R operntinp; room. 
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Finally, figures 4, 5 and 6 show an example of 2D/3D (Orthonomic-z Axis) contour and iso­
v'!!ue l!l�S of NjO' le��ls :� tifI!�ted val�es obt_����� by valu�' s estimation at the node� of a 
reg�l� g d bas� q11'.t'.he models 'Gf spaual yanabiht)'[_proposed. The dark grey areas, m 
figures, i?dica�_hi��erleve}� of_1_N��, th

] 
e light"grey at�as indicate lower levels of N20. 
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Figure 4. Iso-value map of N10 levels 
estimated in Operating B.Room during 
anaesthesia induction .. ,""'.""·""''" 

Figure 5. !so-value map of N:iO levels 
estimated in ,Operating B. Rdcl'm during 
surgical plane of anaesthesia. 

Figure 6. lso-value map of N20 
levels estimated in Operating B 
Room at the end df the 
anaesthesia and the operation 
(the doofs were ot'len). 
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The indoof'iver�ge"bo�1c'�dt�Jti6�s: ot��O;ra:n�ed' frop1 , $;tR..96m f;..) to 4�S ppm 1(�9oip p)1�' 
(Table 1). jhes�· r�� i� !ri· J�rt/c.�'i4r_,� � riY :sugg�.�t 1ct*� 11es'or �riu '$ j9�1 1r.6�1 ;{l�.a�it��1�� · ':·.· 

k · ·· t tl · l " ! I L] l i.J C . 1 , l '.:.J ·!.R. I ' ' "
d
Jl. , l �,f\ . i n,... : 1 l lJ • Jf th�l ll.u ·illj� - ... . "· • •  ' ( ThrA' ·c' \l'.J ma s, IrOm .n1uous ox1ue ,cy m ers1 or trom rru ure o . e air con\Htlomn� sy tern ,.n,v ii. 

and frpm ·�n:brs 1an�.9�i ��io.n's; ih dddrriii�ed ��i' ii'tfw�iic� �rqbeciti�� f �fh t�r �xii�u�ts -�f.the :· 
a:spiratibn 'system A�t rJ� I�cea, efcJ witho�f sUbn leakage ' iii'� crillc�' factors tor' the 'air' .. 
quality, i,s, fllr. qfficacy )9f .�ht � f i ci9i1}d,\�c;>����· anp -�ltf�f PR. �,�sJ�'F.: :I'hf ·ev�J..la }pn o�. tl}e air 
con�mPArfg�pla t effic�py·��nn� lrelion�:t>n1y- ,'i1Jitll�.fl.as1s-o'.fJ.�-9�mber ofaWexch�nges, 
that does no • �� intq.�£soiint ¢� .riea� ro�!e 9f the, �i,t; Jn th� rop,,fl'.!.. :In fac.t; during the 
opera'tfpn, 1tI1e-N�O i�'h'\�hep��a,r �he_-�ir cWfdi�ion� :s: BP.C:!1i�g-:;-X��e1 F�u�e·s : thqn.�n.the. �,.,.: 
cetm; .-;�· �hetrou�. bO" �e-QtheT(�nd; �µ_:i:�_g-:�aep!�!St� ml.lfG�l �9 -a ·fhe!�P.<l.ofllfe 
oppr:iw� !.'.th� a:ir condi�o$g:p}.��t i��-�.?t"effica·c(Y,\1f9.-de'r ro '�:mttate"a:\\d .. ;clean � t;h��·nqopr1 
environmentl(Figures·-4 and- � :-The·complex-ga s· dymuni:c-and nun·stattmrarylii ttioutiofl - -
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justify the frequent reports of headache, drowsiness and loss of attention among the operating 
theatre staff, in spite of low N20 levels (highest areas are close to anaesthetist, surgeon and 
scrub nurse). In conclusion, in order to assess the health risk for the Operating Theatre Staff 
correlated to indoor exposure to nitrous oxide, we monitored and evaluated the N20 indoor 
using the geostatistical analysis approach. We have to remark, in fact, that an assessment 
performed only on "mean" samples at the centre of the investigated rooms would not allow 
any inference of the complex spatial structure and physical kinetics evidenced by 
gcostatistical methods. Therefore, emphasis must be placed on primary prevention strategies 
in hospital environment. Material replacements, engineering controls, safe work practices, 
HV AC specifically designed for Operating Room environment and use of individual or 
general protective equipment are needed to reduce exposures. 
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