ALCOHOL AND FLYING
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Teteaduction

The delaterious effectsol &lcohol (Filn-
nolfElliy] Alcohol) on human task perfor-
mange been extensively studied.
The neuromotor inco-ordination  and
poor reflcetary control induced by 8icohol
resulting inte subnormal responsss have
heen noted by many workers  alcohol 13
known to lower performance in muScular
skill. sensory acuity and dull’s one's eriti-
eal judgement and sense of responsibility,
Errors of judgement g0 unnoticed. Dee-
visual and hearing acuilties

have

resmenl of
have been noted even at barcly estimable

hlaad aleohaol levels,

The problems presented by the con-
sumpiion of alcohol by flyers are among
the most complex in aircrew healthnainte-
rance. Asa sociallv acceptable relaxant
it is not uncommon for the fiyers to con-
gume aleohol.  Since visual and hearing
acuities. muscular so co-ordinationnd so
an, whith are all very important human
faculries neccessary for fiving, get adver-
tisely affeciedd hy alcohol, those aircrew
who fly after consuming alcohol in the
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and are a potential etuse ol ying acei-
dents,  Therefore, evervone interested in
flight safety aprees that drinking and fly-

ing do not mix,

Despite extensive studies that have been
carricd out on the effects of aleohal on
human fucultivs, several problemy related
to aleohol and Mying still persist. Where-
az answer to some of these problems;
though availuble, are not known to many,
there are some oilier problems lor which
no clear cut danswers are asyet fortheom-
1ng.

During last year 1 was associated with
the investigations of two oivil fireraft
accidents  In both cases there were pos-
sihilities of alcohnl being the cause of ac-
cident, During the course of enguiries |
faccd somes problems regarding aleohol
and flying which 1 .am presenting to-day.

in the first nccident the problem was of
interpretation of positive alcohol  fest
whereas in sccond accident the problem
was connected with ingestion of aleohol
by aircrew.
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I will now discuss the cnse histories

of necident, with a wview (o highlight
the problems that arose dorme  the
course of the  enguiries

First Aceident

A Fokker Friendship aireraft while at-
templing Lo land mer with an aceident.
All the oceupants including the pilin were
killed. Autapsy examination on the pilot
was carried oul more than 30 hours luter
andat thi time of autopsy it was observed
that the bady was showing signs of puire-
fection. Due lo conlaminziion, (he hlood
sumples esnld not be submitted to chemi
cil analysis. However, n qualitative ioda-
form Lest [or aleohol on the stomach con
tents vielded a positive result.  Based on
this finding 1he chemical exwminer opined
thut the pilet  had ineested aleohol.
Clonsequently, ingestion of aleohal by
the pilot became o strong possihility as
the cause of the accident  Subseguently
re-apprajsal ol the evidence convincingly
ruled ‘out this possiblity. The paoints
that required carcful reappraisal were, (i)
was the substance detected by Lodoform
Test really aleéshol, ic.. the vabiduy of
analytical method emploved had 10 be es-
fublished and (1) the sour of alcshel.
whether indigenously produced or
bibed, had to be estahlishead,

1m-

Yalidity of Analytical Method

The chemieal test nied in this case was
lodeform Test. A positive result depends
upon the demonsiration of hexagonal Io
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deform grystals microscopically and iden:
tification by a charscterisde smell. In

this case such crvsials were demonstrable,
IHowever, what was ignored in this cuse
was the fact that besides alcoliol maAny
ather substances such as aldehydes; nee-
tone, amyl aleohol, lactic acid ete.. also
give similar results. Furithermore, it is
also known that in a putrefving body such,,
substamess are present.  Therelore, the
chemical test employed in this case could
not establish that the substance detectod
in the stomach contents was really alcohal.

Source of Aleohol :

Wik that  1the

Even if it presumed
chemical test carried out in this cuse
did correctly deteel the presence of
aleohol, then it was necessary to esinh-
lish whether the alcohol had been
produced in the bedy or imbibed. In
Lhis the specimen was collected
over 30 hrs. after death and putrefective
changes in the body had set in. Much
has heen writlen on the swbject of the
production of ethy aleahol in the body
after death. The evidence now is
overwhelmingly in favour of the view
that true ethanol ean be produced in
post-mortem  tissues by the action of
common saprophvtic. fungi and bacteria
including candida, L. Coli pseudomonus,
Alkaligenese faecalis,. proleus and soon.
Blackmore ({1968) in his study on the
hacterial production of ethyl alcohal
has  Teported the: prodoetion of
6 - 1532 megm % of ethyl aleohol within
18 hours.  Similarly  Bonnichesen oL al
(1953 could detect true alcohol

CAJC

levels
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a¢ high as 390 mgm ¥ in stomach
conlents amd 240 mgm in  hlood
within 24hirs. Tt has been stated that

post = morten samples obtained nol more
than 4 hours afler death are probably
fuirly relinbkle. Beeause ol these consideri-
Lins, in this particular case, the canse  of
this accident to be aleohol ingestion by Lhe
pilot could not be established,

The problem  in this accident  arose
because delimte conclusions were drilwn
from the result of chemical test which
WS A crude, qualitanve
test as well as doe imporiance was not
given Lo the prevalant knowledge that
large amounts of ethyl aleohol could be
produced by micro-organisms in the body
alter death.

non-specific,

Needless 1o say that errors of this kind
could huve Serious repercussions. An in-
nogent pilormay be hluimed for causing
an accident by the irresponsible behaviouor
of consuming aicohol before or during fly-
ing. Morenver, by ascribing the cause of
aceident erronecusly to alcohol the real
causc of aceident could easily be missed.

With g view 1o obviate such mistakes
the following seguence of unalysis is re
commendsd to be adopted {Blackmore
1965). Ouly when this 15 ensured <an 7t
be eoncluded that presence of cthyl alco-
hol in: postmortem material 15 due w
ante-mortem ingestion :—

(a} Blood to be analysed for ethyl alco-
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hal should be cultured,  The pre-
sence ol bacterin would render tha
sample unsuilable for analysis.

All wnalysis should be under-taken
only by methods specific Tor ethyl
alecoholsuch as Gaschromatography.

(b)

{e) Urine fram an intact hladderas 1he
Nuid of ¢l oice in the absence of
glycosurgn and proeinnres;  Tie
sumple should be placed in- o glass
concimer with an  gictight lid and
stored at 40°C unil ianalysed. Eth-
vl wleoliol is not likely to be pro-
duced by buctérial conlamination
of Urine.

If uring is not wvailable, bloed
sampling should be [ram lefiand
right side of heart and one other
peripheral source vg, Femoral arle-
rv. The samples should be immae-
diately preserved with 100 migfml
sodiovmfluaride and placed i air-
tight containers. Should the con-
centrtation of ethyl alzohel be: tha
same in all the three samples, the
result could be considered to he
due to ante-moriem ingestiomn

(d)

Second Accident :

An instructor and two  traines pilots
while perfarming single-engine eireuil and
lunding troining exarcise in an AYVRO,
crashed, All the thrée occupants were
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killed,
ried out shortly afier the crash
and tissue were collected, preserved and
ahemically analysed for aleohol by recap-

Pastmoriem examinalion was ciars
Blood

nised quantitative methods,  The vilue of
aleahol estimated in this case wers there-
fore yulid Tor cthyl aleahol,  Tnguiries re-
visaled thar immediately before flight 2l
the three flvers along with a few friends
had comsumed about 7 ar § pegs of whisky
and 8 ar 10 hottles of biwr, The exact
quantity ingested hy each individual could
not be confirmed.

Chemical examiners'report revealed 1he
following blood alcohol levels -—

(1) Capt 1 {imsirucior) 14.4 megm <,

(2) Shri 8 (Siudent) 20 mipm %
{3 Shri R (Student) 94  mam %

During cnquiry the following questions
regarding intérpretation of aleahol levels
had 1o ba settled «—

(1) Determine the amount of aleohol

mmgested by each by back culcula-
tions.

(2] Determine the (ime interval bet-

ween the last drink and onsel of
fiying ?

(3) And what are the permissible hlood
alcohal levels for Aying

Unlike the first accident. where eleur
cut answers were nvailable, the answers 1o
the above guestions were debnrable.

A brief review of Lthe available infor-
maton on the subjeot is therefors aszsen-

tinl 12—

(1) Problem of back calculation :—

When aleobol is consumed, il nnde reoes
u process of disiribution through out the
body which can be ‘influenced by many
fuctors.  Alenhol 15 first absorbed by pas-—
sive  diffusion throygh  Fastro-rntestinal
mucess nto the blood. and re-disiribueed
from the blood to all tissues, coming even-
tually 1o a uniform concentration through
out the body. At the same time some al-
cohel is lost in the water vapour of brealh
in sweel and urine. A larger amount dif-
fuses into liver and other issues in which
enzymalic breskdown of aleohol vecurs.

After absorption is complete and the blood
level bopins to fall alechol dilfuses back
lrom those tissues aond fluids inwhich no
meiabolism occurs, into those in which
metabolism or eXeretion rtakes  place,
The balance hetween absorption, distribu-
tion, metabolism and excretion detarmines
the alcohol level in any given tisstie or
fluid at any given time afier ingestion. In
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addition, with postmortem samples, il is
nlso to be remembered that there s possi-
hility of furthier alteration cesulting from
lacal bio-chemichl activily for varying pe-
riod after death, either by metabolic re

moval of aleahol, or by new formation of
alcohol. Each of these factors create a
problem which makes it very difficult to
answer the questions referred 1o ahove.

Absorption

The passive diffusion of alcohol across
s mucous memb-rane depends Qpon the
concentration grudient between the two
sides of the memb=rane and the pormea-
tility of the memb-rane itself. Therefore,
thespeed of absorplion can be markedly
influenced by anything that affects cither
the memb=tane which

Some of the [wclors

the gradienl, or
must be crossed.
thil may allect abserption are,

(4 Coencentration of the alcohol

{h} TFatly food and milk.

{c) Adrenalin.

fd) Secvere muscular exercise,

) ATl factors reducing gastric motility
(£} Pyloraspasm.

Thus the difticulty, 1o back ecalculats

from #n ohserved blood ‘alcohol level
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the amount of aleohol ingested or the
time when ingested is obviuos,

ayerage ©ase il s
that the peak blood alcohol
level is resched dn L 100 2 howrs and
in wrine whout 20 - 30 minutes after peak
hlgod level,

Howeyer in  an

RO

I¥istribntion :

Fram the hload, the aleohol diffuses
into toe body tissues and  fluids and
ouly when an equillibriem  §s reached

that aleohol i5 distributed in the bady
it a uniform concentration. Being a dy-
namic process  such congentrations 1n
viarious parts of the body.are variable from
time to time. It therefore follows that
a sinple observed wvalue of blood gl
cohol is not adequate for allowing lor
an accprate back caleulation o .qging
the amount of aléohol ingested,

Hate of aleohal metaholism -

There is o general apreement  that Lhe
metabaliam of erthanol proceeds almast
exclusively via the oxidative activity of
atcohol dehydrogenase and that alcohol
asuglly disappears from the body ot a
constant rate independent of s initial
However, it is alse moted that
the rate of alechol oxidatien from one
subjset to another or even within the
sameo subject varies on different occasions
due to nutritional and memholic faolors.
experimentation  have  shown
ppto 13- 20% of the mean

faver.

Anmimed
deviation
value:
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On an average, it has been found
that 90 - 95% of aleohol is metabolised
in the liver@ of about 9 - 15 mifhr that is
@ 100 mgm/Kg/hour. As a rough rule
the rate of metabolism 15 calenlpted as
one peg of whisky in 3 hours. This is,
however, only a very rough guide. To
back calculate from a single alcohol
villue to dan  estimated value several
hours earlier 5 extremely dificulr and
the range of €rror onec might encounter
may be significantly large. Any attempt
to back caleulation in the context of
aleohol ingestion in rolation with flying
should he done with extreme caution.

Time interval between last drink and
onset of fiving :

Since ulecohol has delcterions effects
on flying performance it is universally
recommended that alecohol should not
be consumed by the flver before under-
taking a flight. With this in view rules
liave been framed to forbid fivers from
inposting  alcohol prior to flying  all
over the world. For example;

(a) In UK, there is a restriction on
pilats not to fly for 8§ lies  =ller
Ltaking moderate amount of aleohol
vide Aeronautical Information Cir-
cular No. 32/1972 but what mode-
rate drinking means is nol men-
tioned.

(h) USA - 12 hrs (Federal Aviation
Act)

AND TIYNTNG

(¢} India - 12 hrs. (1937) (Indian
Adrcraft Act)

Furthermore, Farmer (A¢rospace Medi-

cine [972) has recently stated that 16 hrs.
or more is required for all aleshol in the
blood to be metabolished and this has
been suggested as a  reasonable abe
abstinence’ period. The totul quantity
ingested however, influences the time
for metabolism. When  more  than
4 ounce of ulecohol has been ingested,
al least 24 hrs  should elapse  helore
flver returns to fiying.

Thus, the question as to how much
time interval should clapse after in-
gestion of aleohol before fiylng Is under-
taken bya flver is not yet clearly
answered,

3) Permissible blood aleohol level

for flying:

In different countries different blood
alcohol levels #re laid down by law below
which driving of cars after ingestion of
aleohol is legally permitted. Some of
these are,

Morway 30 mgm %
UK and Sweden B0 mgm %
Denmark 100 mgm %

1ISA 150 mgm =%

doAdM S of Indie, Apefl 19740 &T
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However, deteriuration in human fune-
tions in relation o task resembling car
driving has heen reported by some worker
al even ns low levels of blood alcohol as
[O-80 mem % (Prew) 30 mgm % (Loomid
and West) and 40-50 mgm % (Bjerner and
Cioldberz),

In the ease of flying no rules regurding
permissible limits of blood aleahol at pre-
sent exist, Aksnes (1934 )
noted that complicated skill tests such as a
U-track task in a link trainer deteriorated
gt aboutr 30 mem % blood alcohal levels
and also pointed out that one must he
prepﬁrcd for lowered ability to perform a
skilled test with aleohol levels around 20
mem %. Horper & Albers ( 1964 ) have
ginied that flying skills are measurably
decrensed by only oncfourth the amount

However,

af alechol necessarv ro produce. measur

able decrease in driving skills that s at
ahoul 25 - 40 -mgm %. Thes: figures are
further supported by a vory recenl study
by Billing et al (1973) who found serious
decrement! in flying performancs at 40
mgm % biood -alcohol level.  Workers
from West Germany (Krefft 196%9) conci-
der 280 mem % as the vpper blood alcohal
limit over which Mying performance oets
deteriorated.

Thus, answer to the question of permis-
sibla Blood alcohol levels in relation to
Aving 15 not clear,  TLappears that above
40 mem % blood alecohal levels,
definitely dangerons but whether alcohol
levels lower than thisshould bevnsidered

flying is
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dangerous for Aying requires further elari-
fication,

In the case of the second accidenl,
therefore, there was no doubt that one of
the pilots {over 90 mgm %) had a blowd
be interpreted
as poaitively dapgerous far Aying where-as
no definite

aleohol level which vould

in the case of the cother o

opinion could be expressed,

Conclusions .

Extensive-studies have established that
human skills get adversely affected by
aleohol.  Flying being a highly complex
and skilled sk, the adverse effects of
atcohal ahserved  at  relatively low
lovels of Blood aleshel. Asdifferent blood
whizh deterioration in
human performunce oeeurs are found to
he different in warious coundries; it bes
comes extremelylifficull 1o opine whether
a particular blood aleohal level found ina
pilot could be considered dangerous for
faclors in
fusnce absorption, distribuation and metas
balism of aleahol in the body and' hence
i is wery difficutt to caleubie tack e
amount and time of aleohol consumption
from a given blood aleohol level. Recent
studies earricd out on the afect on flying
porfurmance indicite that blood aleohpl
levels of 40 mem 4, and above should ba
considered o be positively dangerous for
Ayvine. Oue must however, be prepired
ﬂ‘r lowered ahility o perform skilled
blood aleohol levels around 20

nre

aleohol levels ot

Hving or mi. Nomber of

tasks L
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levels determincdfrom postmaortcm tssucsf

Fhe interpretation of aleohol
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Company Baliimaore 2od edition {edi-
ted by Randel HW)

Nuids shovld be done with due caution
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