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01 THERMOSEOÜLATION OP TK3 EtSKÄN GRLHEIS^ IJFBIH 

TRAHSPOLAR COW&ITIOKS 

^"olloving Is the translation of en article by K, 
11 Bobpov entitled n0  I'ermorcguly&.tsii v Orgeniaaie 
Clieloveks. v üslovJ.yalch Zepolyar *y&H (English ver- 
siert above} in. <li£iyena i Sanitärlya (Hygiene and 
Sanitation), Vol. 25,  EG. 7,* Moacov, July i960, 
psges 26~3'3„*7 

From the Chair of Kav&l Hygiene of the Mill« 
t&rj-Medieftl Orel er of Lenin Academy imenl S. 

f      The t&£k of the present work was to stud^ the tern.™ 
| perafcure changes of the skin &.nä  the heet flow under the 
| continuous action cf cold on the organism in. dally activi- 
| ty in the T^anspolar region, The solution to this problem,! 
i as veil es the study of basal metabolism ana he#.i produc- j 
! tton, was dictated t>$  the necessity of clarifying tha    j 
| question of therffioregulffitor-;/ changes originating during   j 
! the adaptation of the organism of ths Investigated indlvi- f 
jduals to the low temperatures of the outside air. Studies: 
i conducted previously in the Transpqlar •region were devoted 
jm&inly to the study of the basal metabolism, heat produc- 
j tion and other functions of the organism in individuals 
r who had worked for long periods under the aforementioned 
[ coaditioüs (X. P* B&ychenko, A. D,, Slocilm and associates, 
|V. A* Yö.kovfcnkos  K. I« Eohrov, 1» 3. Ksudr'or,, etc.}* ^os 
I ohsnges talcing place in the physical tJh.eriaoreguls.tGpy acti- 
| vity "in, individuals who had heea continuously subjected to 
I tho cold, were studied principally under laboratory coiidf« 
1 ticoa (K. Ye* Marshak, $'. 1« Bodrov,, B* B» Eöyranskly,, 
| I. M, Bogachev, Kilmer &n.d Shul'tse* etc«)» Considering 
the importance of this problem in the solution of practiced 

> problems connected with increasing the ¥orlc capacity of 
| individuals residing in the Transpolsr region, ve carried 
! out the present study« 
j      Observations were carried out on 130 individuals 

.. UflftaMtatamiMlltHPl1 



who served i.;i verlaus capacities ir fh'3 Tran.3polar region«. 
According to their leapth of tietrUr aider thr-?,e  condi- 
tions, the£.s inditftcua.!•■::. vero civ lotd as icllovss up to 
one yeax» ~- 42, from oa;,* to two f^rs -»~ 3^> over two 
jears -•- 5^ individuals» Thy &g«3 of the men  investigated 
were betve-ea 20 srid &5, All 2p0 individuals were in good 
health, as per pedicel oorolubicü,  la order* to elicit the 
changes in ti?o skin tempera lure avid dent, flow., fill irdi- 

| vidu&ls vere subjected to a functional ccoltnp, test., which 
consisted of « single chillinp of the upper ßrd lot/er ex- 
trem! ties In 3° ^rcer for 3'3 nimriot,, r.i"iie skir tempera- 
ture oa tie coded f-reas of the body van recorded by means 
of thermocouples/ &no the häal flov ^ä« measured 'by msam* 
of the 3- Ya„ JE^rahevskiy caloriurrU r. ^he fund lone 1 
coojing test v&s conducted lu i   specially ßayigred chamber 
vith sä optimum teuporaiure-huciidit^. regime («.ir tempera- 
ture 19 to 20°, relative humidity 50 to 60 percent). 

The dat«? on changes In the skin temperature of the 
upper extremities duriag cooling are sited iu Table 1, 

In e consld^reule number of j&dit/1 duals vith *. 
brief length of service in  the Trans:polar repion ehe skin 
temperature of the upper extrecitl^t decreased uad^r cool- j 
lag six to eight degrees« and in « fev the decrease; v«s   | 
9-11°» From the anamnesis  ve nianaped to ascertain that 10 i 
men vho maalferted only c  slight docraaoe of Bkin.  toapera- j 
ture on the cooled areas hsi worked, puior to their arri- 
val In the Transpal&r reg'crp outdoors j.r. the ncrchvest. 
and northern regions of the Soviet Union In the capacities 
of f:! shermen, lumberjacks., raiiroad-eo-ach couplers,, 
drivers,, etc?,-, for no less thsn. two yea^ß.  Tu the ärajurity 
of individuals vith 8 work record of one to two yefeis In 
the Tr&nspolar region, the skin, temperature of tha cooled 
areas (upper extremities) decreased durirg the s&za?.  period 
of time to 9 to 11°.  in a s;aell nurber of specialists in 
this group, who have been engaged pi inotpsll;«- as machi- 
nists, electricians, or rotom-en, the skir temper«tore of 
the B&tAB  ereaa oecrr&sed toward the end of cooling to six 
to eight degreos „ And, finally, in the (absolute -iie.iorlty 
of individuate vith a work record of ox~&r two year? in the 
Transpolffii-' region, the akin terperaiuro had decreased to- 
vard the era of cooling only to 11-13°»  la fids group 
there were 12 individuals in vhom  the shin temperature of 
the eoolod areas never frll hfulov lt-lt°. They felt no 
cold vdrtever, despite the til; t their hands were im- 
merged in 5° wader- Hove vers there vere & f«v emong these 
individuals in ¥hom the shin teraporsture fell to eight 
degrees tovard the end of cooling. All of them hear the 
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cold poorly, though they nave beer, living In the Far North 
for over two' jears, for th.j.y are working In high--tempera- 
ture quarters (machinists, motornen and corapres^orffien)- 

An analogous picture we.3 observed upon cooling the 
lover extremities, in all individuals» 

Thus, on the baeie of the results obtained ve c&n 
conclude that as the period of work in the Trenspolar 
region lengthens, the constrictions of peripheral vessels 
in response to the effect of cold become less intense. We 
were also Interested in the question of periodic increases 
of temperature of the skin during cooling (the go-called 
Levis wave), 

The results of observation? ere shown in  Table 2.. 
It is seen from Table 2 that in the majority of 

individuals (62  percent) who had worked in the Trenspolar 
region less than a year, no fluctuation wa3 elicited in 
the temperature curve upen cooling of the upper extremi- 
ties . In  a mall  rauiiber of individuals of this group 
(26.5 percent) the fluctuation of the temperature curve 
WES only slightly noticeable.  The amplitude of these 
fluctuations did not exceed 0.5 to 1°. In some represen- 
tatives of this group, vho had worked in the open air, 
mainly es fishermen, prior to arrival in. the Transpolar 
region, the temperature curve fluctuations were clearly 
pronounced. The amplitude of fluctuations in these in-, 
stances reached 2.5 to 3«5°« 

Individuals who had worked in the Transpolar region 
from one to two years shoved incre or le.es marked fluctua- 
tions, reaching 3*S°. In. individuals whose vork is con- 
ducted in high-temperature quarters (boiler and engine 
rooms, etc.)* &o  periodic fluctuations of the lumen of 
peripheral vessels of the upper extremities were observed. 
In individuals with a work record of over two years in 
the Transpolar region there were observed marked fluctua- 
tions, with amplitudes reaching five and even eight de- 
grees. These people never complained of a disagreeable 
sensation of cold. On the contrary, they noted a sensa- 
tion of 8  flow of warmth to the cooled areas of the body. 
In only a few individuals of this group were the fluctua- 
tions in the temperature curve complete!5 absent» In 
these individuals the cooling action produced a rapid vas- 
cular spasm and severe pain in the upper extremities as a 
result of which we had to discontinue our observations 
temporarily» From the data obtained we can conclude that 
with the lengthening of the period of work in the Trans- 
polar region, more frequent and raore intense fluctuations 
of the lumen of peripheral vessels set in, in response to 
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cooling» 
- Following cooling ve  <ob served the rate end COE- 

pieteness of restoration of akin  te&.p6Strafe« 
The results of these observations ere cited In 

, Ihhle 3^ 
\ By complete restoration ve ji>ean restoration of the 
l  Initial tempers tur-e of the skin of fingers, 'wrist or foot 
| vitiiin 10 to 13 minutes, RR6.  "by partial restoration we 
I me;5!! tbfit the skin teaspcrrature did cot reach its initial 
! level vit'bi.o. IS minutes. 
!      it  is »een in Table 3 thfit in the majority of iadl- 
f viiu&ls who had. vohtal In. the Iranspolar- region less th&n 
{& J6ÄT (71,2 percent), th#r-e WP.S inccraplete restoration 
| of the temperature of the skiiu Moreover» ia so?ae of this 
gfoup tiie skin temperature of the flngevB  s.nd hand rose 
only & feF decrees rturia» ths first 2C1-10 minutes folXov- 

i i:og cooling and rsxarsin-sd at this: level for an extended 
I pericö. of time» On the other Mnß.,, ia the majoy-ity of 
| inciividaAls with a work r-eeo:rd ia the Transpolfir region of | 
one to t"?o years, there occurx-ed complete röatorstion of j 
the shin frippe?atui?s to its initial, levels o.a. the cooled | 
areas- of the body. In individuals ¥ith longer vork recc^ch 
in the Transpo3&r region (over two years}# the number Kithj 
complete restoration cf skin tempesttare to initial lewis ( 
was even greater* In the absolute Majority of indiviäuala | 
of this group (86*6 percent) the skin temperature not only [ 
reached but erexi  exceeded the initial temperature b;y     { 
S:8,\'c.JPSl    CJL©fc-Tä60R » I 

On ths lasts of the results obtained, ve  earx con-   i 
elude that ©s the period of -work in. the Trans polar region j 
increases.» there is observed mm-s  rapid and more complete j 
restoration of the vidth of the luiaeii of the peripheral   j 
vessels in the areas of the holy ■which hah 'been exposed to j 
cold« < 

The higher t»kin teEipe^atur-e on cooled ßreas of the ■ 
bcd,y in inäividuels with an extended ¥ork i>eov?ä 
Transpclax1 region uadou'Dtediy results ia greater he? 

i lo-saes fr»c*i the üi-gäßlss» j 
j      Change J» in heet emission during the adaptation of  j 
ihumans to csold m&y  also he detected directly. ¥e employed j 
| for this purpose the 8. Ih» ZerBh&vsklj  (1.949) calorimeter,; 
j which makes it possible to its es sure the volume of .beat    | 
jpassing through the body surface« > 
J      Before carrying out  the observations,, the calori-  j 
iDeter was ettached to the dorsal surface of the wrist or  j 
| foot e.nd ccvepecl 'with, rhbter glove or rubber stocking, and I 
I then, the extremity was exposed to ecild«, The heat flew was j 



iteaeered hp iraeee;   of  id?  eelrrheeh" •■   In ell   hiü  indivMa- 
& .is« 

"Upon iei'eeroioo ox*   the errrsr  or  lover extremities   In 
v&ter at fi-ve degree,   thsre vst  ohB?r?en  in «"^ c^.cf  a 
marked   inoreaso  to   die h.;"f  fiov^   re&ehjnp rue*>!/&£''■■/&In. 

I:a these rio rec5  lived.  In  toe Irae^polor  region, less 
than e -year  the decreeee   in  the  hset  floe proeeeoed fa trip 
eaoidly'alorig e  preoipi te «€•  ijuivt.     Jn  iadividofclQ  viih a 
'work record in the Trrespoler rrgiou. of over  t*'o  w^ru j 
this  oeoroase of too heet floe proceeded r;ore rleuip sloog 

j en inclined curve*     In sosee  iodividuels there  «m noted &   J 
perioc'iedorief  incro^se   of  the  heet  I low. I 

It vs.s  fouei  th&t,   on  the avers pe,,   tovere   the  e«l      I 
of it  30-eainute eoolüop  of  the  upper  ertreeitien   the  volume j 
of heet   flow  we.s  1P'> roßl/eiih/iido.   tu   hri eihd aal e  who  had      i 
lived  la the  Tr&rapoler region less  ihsri t   yser.   If1'  meal/ j 
cüd^4ein„to tboijp with ©  record of one to  eve YOPJ-3,  find  i9d 
rcal/eir-fmin,   ir   thope with &  record of  over  f-vc  years.        j 

Analogous  roonlts rere  obtained   to the  oooltup  of     j 
Slower extremities.     In  individuals  vho nod  ].iv?:0   la  ehe        ! 

"B.V Forth up  to one  year.,   the iieet  flow Prom  doe lover j 
] extremities  at   the  eed of the  oecjliup  period did not  ex-      j 

oeedj   on  the avei-ago,   9o irr a 1/e&d/oh n,   and  la those vho        j 
h&ö  lived there  two yeer-ü &.nd more.»  l^C ncel/n>;r

:'/orIu» j 
The  Inoi^-es3d heat i low  in   the coding of  the &.fore--j 

mentioned lode  areas  in ioh 1 vidu* 1 s  vho hei   lived  for s        j 
long time  I.c   the  Tr'-u^-polor region  if-  ooereä   oy e   relative! 
öeerffeso   tu the eoxreirietion  of the  peripheral  vessels | 
under  the effort   of  cold. j 

Ihe  question or 1 sen  ss  to the  purpose  of  thie j 
physiological  refection,   which ft  fi-wi:   glenoe ttey   seem  to    j 
he  txetaequete 'DOC£JSO  it  lefcds  tc  ao inors«. see?  .losa  of ; 

ideal«     id" P*  Peidov vrote   Jn dtp  course  of leeturee  in S 
physicfjogp;   "The  orserisn eosserse:?  rererel  £hvet lone  anil    I 
general reotrirewentr*.  ana par viced ?*r fractions &r;d require-- 

j ments,    The geuerel requirement of the orients*;: 1 xi frost 
| is  constriction of   the eeesels,  «oxl et   the  same  tie<e  there 
j originate elsD pertioeele^  require merits   --  the need   to varm , 
j up  the eat-,  checks,   i.e.,   to dilute  thole  cetencouo  vea-      j 
Isela..     Ke^e  s   etrogplf   o^ieiee let  hc-'veoj;  tfe p«:ner'd, and   ! 
| perhloular reqoereaients;   ec^etires   it   is eecasnsr;?  to ; 
intervene ccnsotoualy   .i.a this  ocnieRf  -»   to  a  frost we { 
rub  our  ears,   thus  decelerating  the eila+ion of hloud | 
vessels,   etc«H I 

By  employ leg  the  S,   1^.  ^rshevsKiy  G^ioiltteter we    | 
were &ble  to oelcul«ie  the  tota:1   voiviee  of feet  3osyes j 
from tbe entire  eoolef   surface,     11 v&.g  feued that  unoer      I 

3 



i I 

equel eoadltlOTis of cooliag,, beat los»€;S from the lover 
eztrasities 1B. Individuals who l&d served iu. the T?an&- 

—-    —--  — ~-  ..._,,,,»^^„.... .,_ the tec'&t losses in 
local ooo.7-ir.g,  i.e., the  MdwßÄgeK to fcha general reauire- 
we/its of tlie ctffcfinlam,   Is negligible In individuals who 
n&d liv*<* in the T3?anspolar region for <tn extended period 
of time«.    Osi the cthsr hand,  a&tisfaotioa of  "particular 
requiffeaaattts," i.e., pr-oteotioa of cooled firaa's of the 
Gfct;i from Injury,   Is considerably Improved, 

Gonelaßions 

1« !Ciis high level of heat flow &$  veil &s the slov 
decrease iu the skin t.e/apera tuye on. cooled areas of the 
body in Individuals vita & long work record In tha Trans- 
polar region Inälo*tee higher heat losses upon cooling in 
these iadlFiäa&ls th&ii la those whose work record under 
a initial ooMitioas ves bi^.ef» 

2* Restoration of skin temperature folloviiig 
cooling proceedt more rapidly in Individuals .with & 'lorwt 
fcerk i'eaoipd In the ITrenapoIar region« In individuals with 
a brief work record under these conditions the beat resto» 
ration pyocee'is sluggishly and extends for a protmoted 
period of tiai?n 

TUB  öatfe obtained may.be utilised not only as ob- 
jective iMisators in evaluating the adaptation to cold by 
tils population of tlie Transpolar region but SIBO in 
CÄirpyiag out a number of hygienic measures la regard to 
clothing., nutrition ratio» development of parameter's of 
tiia *is? aeßiuss in the Industrial and residential ouflrtere 
in the franspoX&r region,» etc, 
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