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INTRODUCTION

When subjectsmust work while wearing impermeable clothing under hot conditions, mean skin
temperature (Tsk) often approaches rectal temperature (Tre), Pandolf and Goldman reported in 1978that in their
subjects such convergence produced a state of near collapseeven though neither Tre nor heart rate had reached
limiting values; signs and symptoms included headache, dizziness, nausea, vomiting, malaise, inability to keep
pace, hyperventilation, blurred vision and mental sluggishness(1). They concluded that convergence is an accurate
guide to tolerance limits under conditions which minimize evaporativecooling. More recently, Goldman called
convergence"'the best physiological guide to heat timits” for workersin encapsulating garmentsand also states
that a Tsk > 37° C should be cause for cessation of work in the heat (2).

The convergence paper is quoted in the literature in connectionwith widely differing experimental
conditions. For instance, Smolander et al. discuss their results in terms of convergencewhen in fact there was a
Tsk-Tre gradientof »1.0° C (3). Holmér mentions itin connectionwith diving experiments (4). The human use
committee at NIOSH has evidently adopted convergence as a safety cut-off for experiments(s).

Whilethe convergencecollapseconceptis attractive in its simplicity,we cannot find any published
validation of the phenomenonbeyond the original paper, nor does it fit with experience in our laboratory. We
report here on two recent protocols which often produced convergence, despite which subjects usually continued
work until we stopped them at Tre=39° C,

METHODS

Data fram two protocolswere used. Series A: Nine subjectseach participated in eight experiments
wearing heavy, semi-permeable (chemical defense) clothing at Tdb =22-38" C with work loads of 200,350 or
500W. Series B: Nine subjectseach performed four experiments wearing impermeableclothing at Tdb = 29
and 38° C with a work load of 450 W.

Each subject was tested to establish individual readmill VO2max and HRmax, Measurementsduring
experimentsincluded Tsk, Tre, HR, perceived exertion, and weight loss. Convergence was defined as Tsk rising to
within 0.1° C of Tre. Convergence work time (CWT) was measured from the time convergence occurred until
work was discontinuedfor any reason.,

RESULTS

Convergence occurredin eight of the experimental conditions (Tdb = 29-38" C), involving42 of the 60 runs
under those conditions; Tsk rose to 37** C within the first 5-10 min of these experiments. In29 convergence
cases (64%) the subjects continued to work util Tre = 3%° C and/or HR=HRmax with CWT=10-45 min; many
could have continued longer. The remaining 13experimentswere terminated by the subjects at CWT=0-20 min
due to extreme leg fatigue or inability to tolerate the inspiratoryresistance of the full-face mask. No one collapsed
or becameill.

Two examplesof conditionswhich produced convergence are as follows. Series A: In Condition 7
(Tdb=35°, Twh=31°, Thg=40° C, work=200 W}, 7 of the 9 subjectsexperienced convergenceat t=10-45 min and
Tre=37.1-38.2° C, and all worked until Tre=39° C for CWT=1545 min (mean34 min). Series B: When subjects
wore sealed, imparmeable suits (with two levels of insulation} in a chamberat Tdb=38° C; 17 of 18 runs produced
convergenceat t=4-31 min and Tre=37.0-38.1° C, and 5worked until Tre=39° C for C¥T=15-35 min (mean=23
min).
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DISCUSSION

Thermal balance can he mairtaired when Tek=Tze only by means of evaporative cooling. When clothing
asd/or high environmental humidity seppress evaporation, cutaneous circulation reaches very high levels. In
theory this poses the threat that the subject might reach a cardiovascularlimitin ability to meetthe combined
perfusion demands of the skinand the working muscles, but we observed no evidence of such a limitation. It
appears that physiological tolerance was detezminied instead by body heat storage accompanied by inicreases in Tre
and HE. which evenwally reach their physiological limiting values.

Qur results fzil to confirm that convergence of Tsk on Tre has any special significance. Neither did Tsk >
37 C cause any particular problem. Although Sbjects under these conditionswere uncomforizbie, they continued
working until they resched classical physiological limits. Neither convergencenor high Tsk produced a changein
therats of rise in Tre or HR. Inno case did a subjectdisplay the signs or symptoms of **‘imminentcollapse"*
Listed in the 1978paper (1}. It isunclear why Pandlolf and Goldman’s Sibjectsregularly reached symptomatic
end-points al convergencewhen owes did not Although their experimentsinvolved higher ambient temperasres
(Tdb=46-49° C),the work Ioads were lower (about 225 W}, and the rates of rise in Tre and Tsk were similar in the
two studies.

A recent paper unintentionally provides further evidence that convergenceper ss is not limiting (4). Divers
wearing impermeable suits worked in water al Tw=38° C; their Tsk exceeded Tre for the entire 60-min experiment,
which ended only when Tre reached 39" C ormore. The work was repeated at Tw=42° C with similar results
except that Tre reached 39" C sooner (34-42 min). If convergencehad been viewed as a limit, theseexperiments
could not have taken place.

The convergence concept is based on Tre, which is relatively slowin responding to external temperature
changes and varies specificaliy with legwork Under various conditions Tre may under- or over-estimate centrat
venous temperanme SO that convergence of Tsk on Tre does not necessarity mean the absenceof a core-skin
temperainre gradient,

CONCLUSIONS

Our analysisprovides no supportfor the generalization that skin-core temperature convergencecan
accurately predict tolerance time for work in heat or hias any unique effect on stress levels of subjects. The ability
to work despite high skintemperatures appears to be a function of the rate of heat storage and the level of Tre, as
well as subject fitness and motivation. Arbitrary termination of experimentsbased on either'Tsk alone or
convergenceof Tsk on Tre may depriveinvestigators of valuable dataand lead to erronecus generalizatons
regarding human tolerance for work in heatwhile wearing protective clothing.
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