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Effccts of cathon monovide on perlormance in a vigilance 1ask {automobile driving)

R. Cuillerm®, E. Radziszewski®, and J.C. Caille®*

SUMMARY

An experitnent vas carricd out to study carbon monoxide efferts on human vigilance. In order 16 obtain

réatistic results, closed circuit nocturnat autornobitz driving for a duration of & hours wos choten, Driving

precision, vicual reaction time (VAT), EEG. ond cardiac frequency were simultancously registes cd.

Loboratory siudies were first conducted 10 cstoblish a method of mointaining a lovel of 7 and 11 % COHb

jor o period ol 5 hours. Thetesults h\djca\é thatat thesc 2wo lovets of COHb, driving preeision, V.R.T.,

o thythm iret',\icncy ond cardiéc fr_éqn.xcn_c‘\" are not significontly modificd. .

Key wornds © carbon moncxide eXpdture, ecute, carboxyhemoglicbin, vigiiance, car driving precision,

visual reaction tim2, €CG, EEG.-
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. The purpose of the study was 0 determine at which level in the blood carbon monoxide is capobie of

offocting vigitance and brain elrctrogencsis.

As amaticr of fecy, thirc oS 4 3t diserepancy of results reported in the mcramrc To appreciate this,

it Is sutfizient to quote, for example, the work of SCHULTE (19563}, BEARD and GRA!\ DSTAFF (1970)
and that of WRIGHT ct al {1973). These authors have noicd a performance deterioration from 3 COHb
jovel of 3 %3 and up, whereds some other authors such as HANKS {1£70), MIKULKA et at (1970},
STEWART ct al {1973) have observed no suck: deterioration below 12 %.

As for as v\ccl:obiok;gy iz concerncd, only a fow inves estigations have been conducted. HOSKO {1970}
reponted no deterioration of spontancous c‘cctroenccphalogmphnc activity below o COHblevel of 33 %,
wherces b sud 8tee ST EWART ot 2 (1970} d_escribcd chanaes in visual avoked response with COHb
fevels greater than 15% v

We have carricd out an expariment in an attempt to gather acditional information co ncerning the effects

~ o6t COonmzn s parformance end EEG.

‘To avoid 2l fcboratory constramts and the artificial nature of laboratory simulations we s2lecicd as @

vigilahee test noctumal drivingof acarond circuit. This mathod of vigitance snalysis ma.. 03 iz pussible

1o avoid zny raining eoffect and it ensurcs good motivation on the part of the subjects.

MA l’ERlALS AND N‘E THODS

13

An automatic c3r is used (o determine the precls-on of a long dura,uon drive (5 hours} at nightata e

constant p.'cscr':bed spacd (GJ km/h) ond c\cscd circuit® me.-asunng 3.4 km. The driving precision is

detorminsd 133506 OR V2T iations of the cor from a white line drawn on the trd ck center line ; the

6190 $8Z0S

subject hes 10 keep the e cente tine on this whita tine for 5 hours.
A ot of phatediodus 2t tzghed 1o the bumper {Fig.1) makes it possible t0 know, at evety moment,
the positicn of the car conter tino with rarpect to the white line as follows : the light emitted by small

god laniges Sitashed betviion photodiodss is raficgiad Ly the white a2 and cncrgizes the correspondin3

photeicds.
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Fig. § ¢ View ol tlie back of Uie car vwiith theset of phb!odiedes

Ar sutomnatic ceding system installed within the car makes it possible to quantify the deviations and

thus to cstimate the driving quality obicctivet{f. This technioue has been described by CAILLE and

3ASSANO {1976). e

To complete this system the simulauon of obstacles on the road is used 10 determine the visual recponse

tane (VRT) of the subjects. This simutation {s carricd out by meoans of a light that conies on randomly
on the car bonniet and that the driver must switch off as quickly as possible by depressing @ pedal which

{s ncar tha clutch pcda! o .

o -

Concurtently, the EEG ‘data, which ar3 know.: 10 tdlect th2 activity lovel of. somc brain areas relating

1o vigitance and ECG are continousty recorded.

The four f»aramctets \hus mcasured {driving precision, VRT, ECG and EEG) are transmitted Ty telemcetry

ard recorded ina control tower, on Papey and on magactic tape for subscquent processing. The

cXperimentalere are in the conur ol tower and can thus constantly monhor tho variations of the different

parameters guring the test.
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The experiment is carricd out with 8 non-smoking subjects. Eacn sub;»ct'has 10 drive the car {or five
hours during low pon-cunsecutive nights 0 arranged a3 to dvoid possublo cﬂccts of tircdncss, repetition
end cxomrw.t A condl' ions.

The cxpt nmmt..! candmons inclida one mgh( of habituation 1 the cimﬁt. one referenct night and

1o nichts with COMbiovels sct and kopi 2t 7 and 11 S5 respectively.

——vne s -
'

s O | i Al S R e .

et et —— 2

© it e ——




-

i LI PR
h

5

PRI

e m A A W RO wrr et

e ir i

e

COHbis detarmined with'd pure-oxygen rebreathing system based on that of SJOSTRAND (193E) and
developed by GUILLERM et atin 1959 : partial pressures of oxygen and COin the alveolar air are
moasurcd white they dre in cquitibrium with the blood {within about 6 minutes) ; this method 15 s
reprodacible and accurdte 2§ COHL dctcrm!naiion in blocd sampies.

Befors the test, the ragid adjustment of ilicCOHD level to the above r;\cmioncd values is carried cut
within 10 minutes dccording t0 @ labora\orv developed rebreathing technigue. in order to compantate

forthe dctoxkat&on the COMNblcve! ls kept at the ad;usled value during driving through inhatotion, at

D

regular intcrvals, of o mixture of sir and CO; the mixture is so designed as 10 require short periods of “orhiiia

inhalation : & or 10 minutes ; to disturb the subjecs as littlc a3 possible this reagjustement is coreicd
out only every haur by means of a light and low resistance mouth respirator {Fig. 2) connacted 10
the bottle containing the mixture of oir andCO which is located on the back seat of the car.

Orders Lre given to the subject by vadiotelephone,

Fig.2 :Exw’,imcma!'condiﬁcns Suting acjustmeat of the COHb fevel -+ - -
A 30 - minuie bieak wes made ofter threc driving hours o atlow the subjects to relax and, if need be,

to go to the lavatory;we took advantage of this break to check COHD levels.

.

RESULTS

The COHbL vatues obtained ofter 'a'diu'slt:mmn,'dming the In cak and ahct the 5 hour test are pccscmcd

in tabic 1L Fleeelts indicng that the COMblecats on the whole are satisfactory throuzhout tie ph. uod

of five houts.
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Duriied tnftial Cont:o! Finat
COHL tovel atter 3 hours tovel
7% 8.2% 7.23% 7.30%
) (£ 0.19 (1 0.20) {£0.20)
N% 1215% NA% 11.03%
e {¢ 0.61) Ry {£ 0.38) {#0.34)

Table 1~ Resuits of the obitained COHL Tevels slter ad‘;us\mem (mun of B subjects $ €S}

Driving prevision (Fig. 3)

The values (arbiteery units) shown on the graph correspond to

. thc time history of the dri jving performances is the

hour followed by & gratual deterio

simitar but they cceur in » much shorter tima. Such variati

It bccomes ewdcnt and this is proved statistically, &

ngmnw.t changes in the criving prccnsion. '

- e e cmes

same ©

ration ; af:er the relaxation broak, the perf

va s ams e esmuimmnes & o @ ——— -

cleviations from the mean. in any case

there is an improvernent during the first

ormance vanat 'ons are
ons clearly denocte an effect of tircduess.

that the COHD levels of 7 and 11 % couse nO
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Visual reaction time & (Fig. 4)

————

Chianjes dre relatively i on the whole end VRT is not significontly of fected by COHb jeveis ol 7 and
_\\ %. .
in cny case, alter a rolative stabitity during the ficet hour, there is a dlight increase inthe VAT which

revests 3 gracual puilding up of tiredness.

o 30
¢ Freok |.u(.u "
. . VRY s - ) ‘ ‘ * "u‘,. ..
oo b -
. 100 k . ‘ \
. " ‘ L.
(13 N ' . . . :
P . oo
*° .~..-.". a.‘ v '."':_
e .
e} .
! b
i
,;_..L.L-J_.J_.J TS S B P
» e ] T oo oy
Fig.4 : Variation vith time of visux reaction time Cuting a five hour cer iide
. (mean of 8 subjects = £S)

A smali and non-significent doterioration of tha cortical activity is observed during driving, independent
of erperimental conditionssnch a deterioration rosults in 8 synchronization of the & vvaves the

irequency of which is reduced by less than 0.5 hertz. {TABLE N).

-

- o . ] o
\ o Waves Before During Alter
coHb frequency . : s
1 iovel & hour car vide.
0 9.710.1 95 01 03¢ 0.1
7% 9.520.1 93¢ 0.1 92= 0.1 ‘é
— - @
"% 9.7 +0.1 9.4% 0.1 06+ 0.9 v
- 2
N
e

TACLE 112 cvawe h_ttgum'cy (mean of B y-biccts = £5) betore duting.3ad alter 5 howr exf side.
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/ Heart me (Fig. &) .
how 3 significant decrease in heart rate {10 beats/min. ; p. 001) during tho tive hours of

Ti.edatas
experimental situation § this decroase denotes gradual buildirg up of ;

driving independently of the

tircdness probably combines with the circadian chythm.

T he presence of carbon monoxide in the blcod causes RO signif icont changes In heart sate, ot most a
L]

sight mcccasc with COHb levels of 7 and ‘H % during the sccond part of the test. ;
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Fig. 5 Varietion with time cf heart vate duunga‘m hour cet sice

(mean o( § subjccts 1 €8) .‘

DlSCUSSION

1°) This study attempted to answer the question of whcxhor there are CO effects on performance inman.

abscnv of c"ccts of subacute carbon monoxide intake at CClid

¢ ¢ 2 —t ——

The analysis of our rcs .ahs suggests the

upon the psychoscnsoriel performances. These results conflict with saveral other

nee decxemmts with COHb ievels bdow 5% (BEARD and

{evelsof 7 and 116

stud:cs \\hnch rcpo1cd performa
WERTHEIN, 1937 ; « WRIGHT ct al 1973). Howevér it can be said that other research groups and § %
in particulor STEWART ct al (1973) studying the sam.0 parometers failed to find any decrements E ;
selow 12 % and that ¢BEARD was vnable to reproduce his origina! finding vhen using 2 double § i
btind procedurc: {cited by STEWART, 1975). .

o ~ Finally RAY and ROCKWELL (1970} have showr- a decrement in driving peeformance with COHb

tove's up to 8 %, but they used only 3 subjects which wa consider insufficient. For this reason we
uscd § subjcisto porferm berter sm-mc.-l amiyscs on the data. Our tesvlts agree well with 1hos2

S

y 10 grivenotor vehicules

of Mc FARLN\_D {1973) who did not obsuvc ony dcucmom of the sbilit

with COHb fevels of 5, 14 ond 17 %5 . .
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2%} W is kvown Ll CO &ffccts anl fts toxicity are the rezault of tissue hypoxia causud by the inability

ang effccts on psychosensorics

j)
/ of the Llood to carry sulficient oxyyen. The absence of signitic
performances and EEG ot fevels of 7 and 11 % suggests that hypoxia is not sufticient to induce
varlations of neuronal mctaboh,m This is consistent with the case of hypobaric hypoxia where
E * more inportant oxyhcn\oglob%n desaturation is r'cquircd 1o affcct vigilance ond brain elccliogenasis.
Finolly, itis possible that during acutc and subacute carbon monoxide cxposures, there isan
. ctlicient rw:hankm of compensation of the deercase in oxygen transport capacity of the Slood

ow (Mac MILLAN, 1075).
deterioration’of the operational b

hnich cleariy shows 1o .

by an increase of cerebral blood {1
a1 conditions, wa observe 3 gradual
pradual building up of tireuness v/
e measwcd parameters.

y CAILLE and

chaviour

3%) Under all experiment

ond of the cortical activity ; this denotes a
s well os the functional value of
ohtaincd with the same s techniquo b
s of tobacco, These results

i .
’ + realistic espect of the test 3

raust bo compared with the results
e effccts of dcpnvmg regular smoker
d subjccts (selected for their well mo

These rosults
RASSANO (1976) when studying th

dcprwation of tobacco in extraverte
the opcrational behaviour and ind synclirenieat icr of !
i

eturn to the ncrmal feve! of brain ;

‘ have shown that the dulated

braln activity) results in @ dctcnorauon of

cortical structures. Smok‘ng one cigarcue makos it possible tor
cxpcrm‘cm carried out in the laborator

oWn that the ctfccta of inhaling nicotine alone {by inhatation

gctivity. To explain these variations @ wb:cquen: y with
-s deprived 1or 24 hours has sh

{ buanrale) in cqual quantity to tha

smoke

of acrosols in thc form o
the most port simitar 10 thoso <f the entire cigarette {internz1 _repon, not published).

* .

Ail our results {eflact of carbon monoxido — eilect of depriving smokers of tobacco — ctfeat of Inhsling
picoting) show that tha cffect of nicotine contained in the smoke seems to be more important than

that of CO.
t .
ificant pratical importance cspocially 25 regards the bends ficial cifect of smokmo

This conclusion is cf signil

on rviny 6l 50::\\..\(‘3& in M'm'lt smolnrs witha COl 1L fovel not g cater thm 1%,

$290 SOzos

Qs sl P CAILLE for his tad! hnizat sasisoncel).

t contained ln ons cil-arette arc for -




e s Ll

.
.

Psychologic Médicale, 8,631-638.

.- monoxxde in Annals of the New-York Academy of Sclences, Bnoiogical aifocts of cerbon mornoxide,

HOSKN M.J (1970) The effect of carben monoxido on the visual cvoked response in man. Archive §

o  New-York : the Acadesmy.

REFERENCES
REALD R.R, GRANDSY AFFE N. (1970) Carbon monoxide sxposure and cerebral function in Annals

of the New-York Agadcmy of Sclences, Guo'oglca! ef lects ol carbon monoxide, cd. Coburn, Vol. 174,
pp 305-205. New-York : The Academy. '

B"ARD R.R, WERTHEIM G, A (1967) Beha noral ir;wpahmcm associated with small doses of carbon
momxidc ‘ American Joumai of Pubhc Hcahh 57 .2632-2022. ' '

CAILLE EJ, BASSANO J.L (1976) l.a c.garcttc d,ans Io cl'.amp cefebral Psychologie Médicale, 8, 893-908.

CAILLE E.J, BASSANO J.L (1976). Le gesto du fumehr dans une tacho de vigilance monotone.

GUILLERM R, BADRER,, DUPOUX J., PORSIN M., COLIN B. (1959). Sur unc méthode d'évaluation
de Foxycarbonimic 3 partir des concentrations d'oxyde de czrtone mesurées dans Vair alvéolaire. Revue

de Médeeing Navale, 14, 237-259.

HI\M’S T.7 (1970) Human performance of a psychomotor test as @ {unction of exposure to carbon

ed. Coburn, Vol. 174, pp 421-424 - New-York : thc Academy

of Environmentat Health, 21, 174:180.

Mac MILLAN V1197 5} Regiviial cercbral biood flow of tha 12t inacute carbon monoxide intoxicztion.

9290 S8T05

Canzdian Jour ol of Physiology ar)d Pharmazology, 53, 644-GZ0.

MIKULKA P. (1€70) The offect of carbon monoxide on human performance in Annals of the New- York

Accdumy of Sciences, Ciologicat cffccts of ca:boii monoxide, ed. Coburn, Vol. 174, pp 402-420.

Mc FARLAND R.A {1973 Low level wposm 210 cafbon monoxide and drivin) per formarce. Archize$

of Lavicenmentat B shih, 72, 335225,




- UNIEE - .
A .'\ -0“ B . N - C By s
.
.

RAY AM, ROCKWELL T.H (' 970} An cxplomtory study of automobslo driving bcr!o:manco under - .

/ 1he Influcnce of low tevels of car

Civlogicol elfccts of cathon monoxide,

boxy hemoglobin in Annals of Ncw-York Academy of Sciences,

ed. Coburn, Vol. 174, pp 326-408. Now-York : the Acodemy.

Enviconmental

l . SCHULTE J.H (1063) Effccts of mild carbon monoxide intoxication, Archivis of
! Health, 7,524830. AT o .
obin concen{@;iénsby o S

method for the Hotermination of carboxy: -haemog!

P

SJOQTRAND T.{1948) A
ysiologica Scandinavica, 16, 201-210.

amlysis of the Alveolar Air. Acta Ph

ACHAND R.T, HOSKO M.J (1970} Experimental

ST EWART R.D, PETERSON J. E, BARETTAE.D, B
ntal Health, 21, 154-134.

human exposure to catbon monoxide. Archive/of Environme

eet of carbon monoxide

d ¢ NTIS.

£, HOSKO W.J, PETERSON J.E (1973) The off

STEWART R.D, NEWT ON P.E,
ontime pe:ce:;tion. PB 232-544, Rep. CRC APRAC-CAPM 368, pp 1-50.Springfiet

STEWART R.D (1975) The ¢ffect of carbon monoxide on humans. Annual review of Pharmacology,

15, 402423,

and driving skﬂls. Afct*ii'cfo!

. WRIGHT G, RANDELL ?, SHEPHARD R.J (1973) Carbon monoxide

Eqwironmental Hea!th, 27 349 354,

-

tZ90 sszos




	C:\temp\PDFZkmde\502850617.TIF
	C:\temp\PDFZkmde\502850618.TIF
	C:\temp\PDFZkmde\502850619.TIF
	C:\temp\PDFZkmde\502850620.TIF
	C:\temp\PDFZkmde\502850621.TIF
	C:\temp\PDFZkmde\502850622.TIF
	C:\temp\PDFZkmde\502850623.TIF
	C:\temp\PDFZkmde\502850624.TIF
	C:\temp\PDFZkmde\502850625.TIF
	C:\temp\PDFZkmde\502850626.TIF
	C:\temp\PDFZkmde\502850627.TIF

