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The Validity of Post Flight Urinary pH Measurement as an Indicator of
Inflight Hyperventilation

EM lyer, NS Baboo, AK Sengupta

The post flight incidence of appearence of aikaline
urine was [nvesligeled In sixty seven pllots after a
medium atress tall chase sortie of 40 min duration. The
plioin were divided inle two groups viz ceoversion
lruinees (Group A, n=17) and fully cperational pilots
{Greup B, n=50). The above group of pilots wore lurthier
divided inte two groups Le, pllots with mare than 1000 hes
ol Rying expedence (Group C, n=34) and the pilols with
lass than 1000 hrs of llying experience (Group 0, n=33).
Taking post Might wrinary pH of 8.1 and sbove as the
crileria for the apperance of aikaline urine, the study
Indlcated that such an incidence was higher in Group "A'
(59%) and Group ‘D' (67%) s sgeins! those ebsorved in
Group 'B' (44%) and Group "Cs [35%). This study
damonsirates that the wrinery pH, on account of its
nonlvesive nature, can be used for massuring the post
flight incidence of wppesrsnce of aikoline wrine, the
probable cause of which appears to be hyperventilation,
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The investigation ol hyperventilation in
aviation has proceeded along two main avenues.
The first and simpler approach Is to make
relrospeclive diagnosis of hyperventilation, either
from history or from special lests to idenlily cases;
the second appma::h i5 o measure respiratory
variables inflight"

Gibson® tried to develop a simple field test
tor hyperventilation based on single estimate of
mixed venous pCO2 {P"-fco:::} made soon after
landing. Ellis and Wells* correlated acidfbase
companents in the blood and urine of pilols belore
and after flight with alveclar COZ (PAcoz)
oblained during the same flight. The
measurement of PVcoz and PAcoz would nol be
useful urﬂess it is made immediately afler
landing'. The alernative approach to ine
investigation of hyperventilation in ﬂ'u"!ailﬂt'! is to
measure respiratory variables in fnght This has
the disadvantages that the expenmenial
technique often interferes with the primary task of
flying and 'alse thal the eguipment available is
neither sufficiently small nor has adeguate
electronic slability in the flight envirenment. The
measurement of urinary pH and Hydrogen ion
{H") concentration before and alter fiight has been
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indicated as one of the meathods for investigating
hyperventilation, although the details of such
findings are not available®®, This study reports
the findings of the preflight to post Hlight changes
in urinary pH and H* cancentration on 67 pilots.

Material and Methods

Sulbjects : Tha investigation was carried oul
on 67 pilots. They were dvided inlo four groups -

Group ‘A’ (n = 17) : The subjocts of this
group were undergoing conversion to  high
perdormance aircraft. These subjects after passing
oul from Air Force Academy report al conversion
unit. Syllabus to become fully operational is lor
one year. consisting, lirst six months training in
basic’s and last six months of advanced lraining.
At the time of this experniment, they were at the
end of advanced phase

Group 'B' (n=50) : The subjects of this
group were (ully operalional pilots.

The subjects belonging to group A and B
were further divided into group ‘'C" @nd 'D".

Group ‘C’ (n = 34) : These subjects had
mare than 1000 hrs of flying experience.

Group ‘D" (n=33) : The subjects of this
group were having a flying experience of less than
1000 hours

Details of Flight Profile : A medium stress
tail chase soriie profile of 40 min duration was
flown by all the subjects. Aircraft used was elther
Kiran or Mig-21. The dstails of fight profile were
as follows:-

Pilot Mo 1 heading pilot Mo 2 following take
off, 10 seconds stagger, climb to 5 km, exercise
hard turn and reversal through 180, two wings
overs, three loops in succession, two barrel loops
in succassion. Pilot No 2, takes the lead and the
same exercise repedled, rejoining and landing,
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Preflight and post flight urine collection,
measurement of urinary pH and H' concentration:

{a) Urine Collection : Control urine samples
were oblained just prior to flight. For collection ol
control urine samples, subjects were asked to
empty their bladder completely and were given
250 ml of water. They were asked lo sil
comfortably for a period of 40 min, and were then
agaln asked to empty their bladder completely in
a clean uring collecting jar. For the collection of
post flight urine samples, subjects were asked lo
empty their bladder completely just prior 1o flight
and were given 250 mi of water. Post flight urine
samples were oblained 15 1o 30 min afler
cessation of 1light,

(b} Urine pH measurement . Measurement
ol urine pH was made on the freshly voided pre
and posl flight urine samples. Urinary pH was
measured by means of closed glass electrodes
{Systronic Digial pH Meter ,Model 335) and was
read directly from the scale of a pH Meter. Since
the piH meter may drifl, it was standardized with
three butlers of known pH immediately prior to
use. After standardisation, electrodes were
sprayed wilh distilled water, cleaned and dried
with lissue paper. Eleclrodes were immersed in
the urine sample. The pH of the urine was
reported at the temperature of measurement.

The pre light 1o post gt changes in the
H* concentration in the Groups A, B, C and D
were made by Students 't test.

Resuits

Table | shows the pre to post flight variation
in hydrogen ion conceniration in the subjects

- belonging to Group A, B, C and D. No significant

varialion in H" concentralion was observed in the
subjects belonging to thesa groups.

Table 1l shows the pre to post flight
variation in hydragen fon concentration in those
subjects who had a post flight urinary pH of 6.1
and above. A significant reduction in the H'
concentration was observed In these subjects ol
Group A, B and D.

Discussion

The pH of the urine is a rétlection of the
ability of kidney 1o maintain normal H'
concentration In plasma and extra cellular fluid®”
The average adull on normal diet excreles aboul
50 to 100 meq of hydrogen ion Lo produce urine ol
about 6 pH®’. In health, urine pH may vary
between 4.6 to 8%7. In the present study, when
the average pre flight H' concentration of the
subjacis belonging to Groups AB, C and D were
converled Lo their respeclive pH value, the valugs
of pH were within the above range. Also no
significant difference was observed when the pre
fhight H' conceniration values of dilferent groups
were compared with their respective post flight H*
concentration values (Table 1),

Greenhill et aP in their studies have
devised a method by which an approximation of
HCOs  reabsorption  threshold can  be
accomplished by giving increasing doses of oral
HC Qs and measuring urinary pH. Normally, when
urinary pH is below 6.1, no HCOa is present in the
urine. Bicarbonate siarts appearing in the urine
when the urinary pH is 6.1 and above. Although
no theoretical explanalion has been accounted for

Table-! Preflight and postflight values of urinary pH and H' concentration

Urinary H concontration (nanomotire) Urinary pH
Group Prefighl Postiight Btaszn DT o Prefight Posiflight Moan diff b
A 1584.95 16rass 530 5.70 010 NS
(=17 +7492.20 + 236957 +5453 N3
B 231838 201830 553 5.70 oM e
{n="50} 4232475 + 247551 3008 NS
G 238403 28T 563 554 0 NS
[n = 34) % 254578 * 262537 8543 NS
] 181282 1621 54 574 570 V005 HS
{n=33} +1713:35 + 237670 49127 NS
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Table-ll Prefiight and postilight values of urinary pH and H' cancentration in the subjects with postilight

urinary pH mare than 6.1

Pesitve Cases Urinary H™ concanmtratan [nancmelt) Unreary pH
Greup Ho W, Profight  Postiight MeanDHt  p Praiignt Postiight Meun diff p
A 10 56 B35 70 260,09 610 654 -0.44 <001
(n=17) L541.410 & 244455 -B45 37 <00
B 22 &4 143318 418 56 584 6,38 054 <0
{n=50) *1374.25 + 217.00 101aT <00
v 12 35 152013 4142658 587 .34 051 NS
in- 34 + 152373 1 207 816 824,677 NS
D 22 67 130653 47547 596 524 -0.28 « 01001
{n = 3% L1164.75 + 238,08 G55 985 .00

this it Is likely that when the urinary pH is 61 and
abova, the activity of carbonic anhydrase present
in the renal cells gels inhibited or the bloed pH is
allered beyond 7.45. This can occur gither when
blood pCO= Is low or when the blood HCOs is
high. These factors might reduce the production
of tha H™ thareby reducing the renal threshold of
absorption of HCO3 ions leading to the
appearence of alkaline uring. In the presenl
study when post flight urinary pH of 6.1 and
above was laken as the criteria of appearance
of alkaline uring, a significant reduction in the
H* concentration was observed in the selected
group of population belonging to Groups 'A’, 0’
and ‘D,

Urine is likely to become alkaline when the
blood pH is greater than 7.45°7. The change of
biood pH to this critical level can either cccur from
decreased PCO2 concentration in bloed termed
as respiratory alkalosis or when there is a loss of
fixed acids or increase in blood akali defined as
metabolic alkalosis ®7. It can also be induced by
diet high in cerain {ruils and vegeiables
eepecially citrus fruits®’. In this study. the
appearance of alkaling urine either due to loss of
fixed acids or due to ingestion of alkali is unlikely.
The possibility of vanous dietary factors leading to
the production of alkaling urine is also ruled out as
the pre-flight meals of the subjects belonging to
the present study were high in prolein which
would normally lead to the production of acidified
urine®. In the present study, the most probable
cause leading to lhe production ol alkaline urine
appears o be respiratory alkalosis.
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In aviation, respiratory alkalosis can result
from lowered pCO2 due o hyperventilation,
Several potential stimuli 1o hyperventilate exist in
the flight environment. These include hypoxia,
vibration, thermal stress, Increased resistance to
breathing with oxygen equipment and pressure
hreaming"a. Hyperventilation  causes  an
exponantial washout of COz trom the body. The
amount of CO2 lost depends upon the level of
pulmonary ventilation, CO2 production and the
time for which the hyperventilation lasts' .
Lowered pCOz causes alkalosis and pH of the
blood increases. A lower pCOgz hinders renal H”
secretion and HCQOa reabsorplion and HCOg3 s
excreted®’.

The incidence ot hyperventilation in
avialors has been reported to vary from
37-44%'29  The presenl observation of
appearance ol alkaline urine and thus inflight
hyparventilation in the fully operational pilots was
about 44% which is consistent wilh thal found by
the other workers. The incidence of appearance
of alkaling urine was found to be higher in
convarsion trainees (59%) as well as in the pilots
having less than 1000 hrs of flying (67%). The
incidence of appearance of alkaline urine was
considerably less in fully operational pilots (44%)
as well as in lhe pilots having a flying experience
of more than 1000 hours (35%). This corroborates
Ihe findings of Murphy and Young'' who reported
that the professional had a lower pulmonary
ventilation inflight than the amateurs.

Gibson et al’? have reviewed the various
experimantal technigues availablae for
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investigaling hyperventilation in military
operational 1light. He suggesied that the
technique must not interfere with the primary
purpose of sorties. This elfeclively eliminates any
invasive measurements. Measuremenl  of
pulmonary venliiation, respiratory lrequency or
mixed expired pCOz is Insuflicient. The
measurement of end lidal pCOz (peCOg), the
most ideal way of investigaling inflighl
hyperventilation, is technically difficull in the air
and unreliable if the ventilation pedusion ratio in
the lung changes as in acceleration. The
diagnosis of hyperventilation by examination of
blood pH and pCOz (mixed venous pCOg) is also
ditticull as the pilols are generally nol available
within fifteen minutes after landing, thereol i
hyparventilation has occured, recevery should
have been well established by the fime
experimenters 1ake the sample. Considering the
shert-coming of various available technigues, the
measurement of urinary pH appears to be ideal
because il is non-invasive in nature and also
gives a fairly good test for the appearance ol
alkaling urine in the post flight urinary sample,
most probable cavse for which appears to be
inflight hyperventilation,
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