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The authors assessed influences exerted on a body by physical environmental factors in autumn, winter,
and spring in Dagestan and Kaliningrad region (the 4th climatic region where such assessments are not regulat-
ed) as per risks of exposure to cold; our assessments focused on Wind Chill Index (WCI), and frostbites of open
body parts as per chilling conditions (CC) parameter under average temperature, average and maximum winds.

In Dagestan heat losses in winter under average winds were higher than optimal in the highest alpine region;
but when winds reached their maximum power, such losses increased 1.35—1.48 times and overcooling was very
much possible in alpine regions (WCI was higher than 1,190.0 kcal/m’ - h). In spring heat loss was higher than its
optimal level in highlands under wind gusts. One could feel real discomfort in autumn at 1,661 meters high.

Body chilling was quite possible in winter in Kaliningrad region when winds blew at their maximum, and
discomfort could occur under wind gusts in spring and autumn.

As per CC parameter, frostbites risk was moderate in Dagestan in winter under average winds, and there
was no such risk in autumn and spring. However, if winds were at maximum, the most critical risks occurred in
Makhachkala district and in Khunsakhskiy district, and in Kaliningrad region as well. Risk was moderate in
Kaspiyskiy district and Akhtyinskiy district. In spring and autumn risk was moderate under maximum winds in
all Dagestan districts, but it was close to being critical in Kaliningrad region.

Nowadays, influences exerted by physical factors are determined as per temperature and wind speed. We
detected that these influences could be adverse under different winds and could even become critical. Chilling
and frostbite can occur even if a person is in winter clothing. However, influence exerted by air humidity is not
taken into account. We can assume that this factor will potentiate influences exerted by temperature and wind,
and it calls for working out a complex assessment of environmental factors in different seasons.

Key words: chill, health risk, Chill Wind Index, integral parameter, body chilling conditions, the fourth cli-
matic region.
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Health risks for workers caused by weather and climatic conditions during a cold season

Cold, or chilling environment, is a
combination of physical factors (air tem-
perature, air humidity, radiation tempera-
ture, and wind speed). This combination
causes chilling of a human body and re-
quires relevant measures to be taken to
prevent heat losses'. Exposure to cold in-
fluences temperature homeostasis and it
leads to emergence of cold-induced im-
mune deficiency and activation of lipid pe-
roxidation and metabolic processes. Shifts
in protein, fat and hydrocarbon metabolism
cause compensatory increase in heat pro-
duction [1-5]; compensatory "cold vasodi-
latation" develops [6]. Cold wind is also
harmful for human thermal physiological
reactions. It results in higher blood pres-
sure and heart rate which act as cardiovas-
cular triggers [7]. When daily temperature
changes occur during a cold season, it
leads to elevated relative risks of non-
accidental death due to respiratory diseases
[8-9]. Nowadays a lot of researchers try to
get better insights into how to predict haz-
ards related to thermal health [10].

According to the RF Federal Law
passed on December 28, 2013 1. No. 426-
FL? microclimate parameters (air tempera-
ture, relative air humidity and air speed)
are to be explored (tested) and measured
when a specific assessment of working
conditions is performed. However, accord-
ing to the Order issued by the Ministry for

Labor and Social Protection on January 24,
2014, No. 33°, experts apply only a proce-
dure for assigning working conditions to a
working  conditions  category  (sub-
category) under influences exerted by heat-
ing or chilling microclimate in workrooms.

Hygienic requirements to a working
regime during a cold season necessarily
regulate an uninterrupted staying of work-
ers outdoors when they are exposed to cold
and a period of time which they can spend
in a heated room in order to normalize their
thermal state. These requirements are
based on criteria which determine a per-
missible degree to which a human body
protected from cold with specific clothing
can be chilled, as well as how fast human
thermal state gets back to normal in a heat-
ed room. And here standards for influences
exerted by exposure to cold are fixed only
for climatic regions which are specific in
terms of temperature parameters and air
speed’.

But still, exposure to cold is well-
known to cause health risks under high
humidity [11, 12]. Military personnel run
especially high risks under such conditions.
Thus, when soldiers take part in military
operations, and unfavorable weather condi-
tions prevent them from proper tending to
their boots, they have to stay in wet foot-
wear, and it causes emergence of cold-
induced damages without frostbites

'"MR 2.2.7.2129-06. Rezhimy truda i otdykha rabotayushchikh v kholodnoe vremya na otkrytoi territorii ili v

neotaplivaemykh pomeshcheniyakh [MG 2.2.7.2129-06. Work and leisure regimes for personnel during cold seasons on open air
or in rooms without any heating]. Federal'naya sluzhba po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya chelove-
ka: ofitsial'nyi sait. Available at: http://rospotrebnadzor.ru/documents/details.php? ELEMENT _[D=4570 (03.03.2018) (in Rus-
sian).

20 spetsial'noi otsenke uslovii truda: Federal'nyi zakon RF Ne 426-FZ ot 28.12.2013 g. [On specific assessment of work-
ing conditions: The RF Federal Law passed on December 28, 2013 1. No. 426-FL]. Konsul'tantPlyus. Available at:
http://www.consultant.ru/document/cons_doc_ LAW_156555/ (03.03.2018) (in Russian).

3 Ob utverzhdenii Metodiki provedeniya spetsial'noi otsenki uslovii truda, Klassifikatora vrednykh i (ili) opasnykh pro-
izvodstvennykh faktorov, formy otcheta o provedenii spetsialnoi otsenki uslovii truda i instruktsii po ee zapolneniyu: Prikaz
Ministerstva truda i sotsial'noi zashchity RF Ne 33n ot 24.01.2014 g. [On Approval of Procedure for conducting a specific as-
sessment of working conditions, Classifier of adverse and (or) hazardous production factors, reporting form on a specific as-
sessment of working conditions and instructions how to fill it in: The Order issued by the RF Ministry for labor and Social Pro-
tection on January 24, 2014 No. 33n]. KODEKS: elektronnyi fond pravovoi i normativno-tekhnicheskoi dokumentatsii. Available
at: http://docs.cntd.ru/document/499072756 (03.03.2018) (in Russian).
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(CIDWEF). For example, when military op-
erations on the Falkland Islands (the Mal-
vinas) took place, average day temperature
was 10° C, and night one dropped up to —4°
C; military personnel had to stay in wet
trenches for a long time, and later 20 % of
hospital patients suffered from CIDWF. A
lot of soldiers who happily avoided hospi-
talization also suffered from symptoms
which were similar to those of the initial
CIDWF stages. When occurring, CIDWF
can put military personnel out of action
and cause a substantial decrease in their
military efficiency [13].

There are some factors which are
considered to cause CIDWF; they are long-
term exposure to cold and (or) wet envi-
ronment, and congestive effects in veins
caused by a long-term staying in the same
posture or by wearing tight boots. CIDWF
emergence can also be stimulated by dehy-
dration, insufficient nutrition, mental stress
during military operations, fatigue, body
weakening due to a concomitant diseases
or a wound. There are several CIDWF
types, namely "trench foot", "immersion
foot", "tropical immersion foot", and "Irish
foot", and it highlights their difference
from frostbites.

"Trench foot" is a syndrome which
results from damages to tissues when they
are long-term exposed to cold under tem-
perature from 15°C to 1°C.

At the initial CIDWF stages, feet get
back to their normal state on the 89 the
day after exposure to cold stops, and here
intense paresthesia occurs. Patients suffer
from piercing and shooting pains and al-
most continuous tingling for 3—4 weeks.

Cold traumas, frostbites in particu-
lar, which occurred in the North Caucasus,
were apparently seasonable (autumn, win-
ter, and spring). Military personnel most
frequently suffered from such traumas
when they were in an ambush or on a pa-
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trol (55.4 %); when scouting, 28.6 %; at
blocks, 7.6 %; on armored troop carriers,
7.1 %; and on guard, 1.3 %. Damages to
lower extremities prevailed (74.0 %).
Damages to elbow joints (2.4 %), knee
joints (2.4 %), and buttocks (1.3 %) most
frequently occurred in case of snipers who
had to lie on snow for a long time. 50.8 %
patients had frostbites of I-II degree; 26.4
%, II-III degree; 21.7 %, II-IV degree.
Overall chilling was detected in 1.1 % pa-
tients [14].

All the above-mentioned motivated
us to choose our research goal which was
to assess influence exerted on workers'
health by physical factors of the environ-
ment in the Republic of Dagestan and Ka-
liningrad region.

To achieve this, we sct the follow-
ing tasks:

- to assess weather and climatic condi-
tions in autumn, winter, and spring;

- to assess influences exerted by a
chilling environment on a human body
when workers had to perform their work
tasks at various heights;

- to assess risks of frostbites of open
body parts when working outdoors.

Data and methods. Parameters of
microclimate underlie preservation of heat
balance between a human body and the en-
vironment thus keeping body optimal or
permissible heat status. Due to that, we ap-
plied methodical procedures and criteria
fixed in the Rospotrebnadzor's methodical
guidelines MG 2.2.7.2129-06 " Work and
leisure regimes for personnel during cold
seasons on open air or in rooms without
any heating". Safety criteria for work
which is performed in a chilling environ-
ment allowing for a duration of exposure to
cold take into account combinations of dif-
ferent negative temperatures and energy
losses borne by workers in the 1st climatic
region (the 4th climatic zone) with the
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most probable wind speed being 1.3 m/sec;
in the 2nd climatic region (the 3rd climatic
zone) with the most probable wind speed
being 3.6 m/sec; and in the 3rd climatic
region (the 1st and the 2nd climatic zones)
with the most probable wind speed being
5.6 m/sec.

We used meteorological data col-
lected over 2012-2016 and obtained from
the Dagestan regional and Kaliningrad re-
gional centers for hydrometeorology and
environmental monitoring. We estimated
average air temperatures, air humidity, and
air speed (average and maximum) during
three seasons: autumn, wind, and spring.
Environmental conditions in Dagestan var-
ied depending on a height above the sea
level; therefore, we performed our assess-
ments at 4 meters height (near Makhachka-
la), at 16 meters height (near Kaspiysk), at
1,040 meters height (Akhtyinskiy district),
and at 1,661 meters height (Khunzakhskiy
district).

We followed recommendations on
hygienic requirements to a working regime
during a cold season on open air' and de-
termined an integral parameter of condi-
tions for body chilling (IPCBC) in scores
as per the formula: 34.654-
0.4664xat+0.6337xv (where at is air tem-
perature, 0C; v is wind speed, m/sec). This
parameter allows to assess risks of frost-
bites of open body parts. Thus, IPCBC <34
scores meant there were no such risks; 34
< IPCBC < 47 meant the risk was moder-
ate; 47< IPCBC < 57, critical; and IPCBC
> 57 meant there was a disastrous risk of
frostbites of open body parts. When the
risk was moderate, the document fixed safe
staying out in the chill to be not longer
than 60 minutes; when the risk was critical,
it was safe to say out for 1 minute only;
and went the risk was disastrous, staying
outdoors shouldn't exceed half a minute.
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Besides, we assessed chilling envi-
ronmental effects as per the Wind Chill In-
dex (WCI) which was equal to
(10Vv+10.45-v)x(33- t), where v was air
speed, m/sec; t° was air temperature °C
[15]. WCI value -equal to 761.6
kcal/(m*xh) corresponded to comfortable
weather conditions. A person in proper
winter clothing gets chilled when WCI
values are equal to 1193.34-1551.3
kecal/(m?xh).

Results and discussion. Dagestan
Republic and Kaliningrad enclave are lo-
cated in the 4th climatic region in which
working regimes on open air during a cold
season have not been standardized yet.

In Dagestan, air temperature on
open air varied from +1.0 to -3.2°C in win-
ter (Table 1). However, negative tempera-
tures could drop to —-14.0+£0.7 — —15.7
+0.9°C in December-February, with their
minimum values being detected at 1,040
and 1,661 meters heights above the sea
level.

In Kaliningrad region, minimal
temperatures also reached -12.5+1.5°C
(the lowest temperature was -24.3°C). It
made body chilling and frostbites of open
body parts quite possible if workers had to
work outdoors during this season.

Heat losses borne by a body which
resulted from influences exerted by envi-
ronmental conditions in Dagestan were
higher than the optimal level only in the
highest mountain region, only in winter,
and when the wind speed was average.
However, when the wind speed was maxi-
mum, heat losses due to convection in-
creased substantially and exceeded their
optimal level 1.35-1.48 times on lowlands,
and as for highlands, body over-chilling
could occur there, even if a person was in
winter clothing (the Wind Chill Index was
equal to or even higher than 1,190.0
kcal/m” xh) (Table 2).
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Table 1

Parameters of physical environmental factors in 2012-2016 during different seasons and under

different conditions of occupational activities, absolute values

Districts where observations took place in Dage-
Parameters stan, Height above the sea level, m Kaliningrad region
16 4 1040 | 1661

Winter
Average air temperature, 0 C 353+0,46| 1,0+23 | -05+1,7 | -3,2+2,8 -0,3+0,8
Relative humidi-ty, % 87,3+0,51| 85,5+3,5 | 68,3+3,3 | 598+33 84,5+0,7
Air speed, m/sec (av./ max.) 3,1£0,72 | 1,7+0,3 1,6 £0,3 1.9+0.4 2.0 £ 0,05
’ 193+22 | 20,7+2,7 | 148+25 | 20,7+3,4 17,3+0,8

Spring
Average air temperature, 0 C 10,6 £ 1,15 11,0£32 | 9,7+2,8 54+1,7 8,2+1,2
Relative humidi-ty, % 80,3+0,62| 76,3+25 | 66,0+3,6 | 66,0+3,5 72,5+0,9
Air speed, m/sec (av./ max.) 2.8+0.51 | 3.3+£0.3 1.8+03 | 2.7+1.1 1.9+ 0,07
’ 20419 | 228+1,1|16,5+23 | 23,0£32 143 +0,5

Autumn
Average air temperature, 0 C 145+1,13| 148+3,5| 10,6 £3,0 | 7,8 +2,8 9,0+ 1,0
Relative humidi-ty, % 80,3+0,81| 79,3+1,7 | 682+3,3 | 65,5+3,9 84,0+ 1,0
Air speed, m/sec (av./ max.) 33+0,68 | 3.6+0.3 1.4+0.3 1.7+0.2 1.5+0.1
’ 212+£25(242+30 | 133+2,1 | 18,8+34 14,7+1,0

Table 2

The WCI parameters in various districts of Dagestan and Kaliningrad region during various sea-
sons at average and maximum wind speed, kcal/m* xh

Districts where observations took place in Dagestan,
Season Height above the sea level, m Kaliningrad region
4 27 1040 1661
Winter 773.8+13.8 7353+2.0 7202 + 14,8 8083+ 15,5 7523+13.5
1127,9+21,8 1033,8+ 11,5 1143,0 + 16,5 1938,5 + 23,6 1611,5+17,1
Sprin 557.0+12.4 5443+1,6 467.5+13.9 667.4+£16.,0 5539+13.2
pring 7788+ 11,1 72,1+ 1.9 805,54 15,2 9773+ 14,9 9378+ 13,4
Autu 469.9 £ 14,1 4682 +7,3 4677+ 12,8 549.1+ 14,6 2340+9.2
utumn 6458+ 16,9 652,8+9,3 753,1+15,5 882,24+ 17,0 920,2+ 8,9
Table 3
IPCBC calculations as per seasons in districts where observations took place, scores
Districts where observations took place in Dagestan,
Season Height above the sea level, m Kaliningrad region
4 16 1040 1661
Winter 342+0,7 3497+0.5 359+1,0 3735+£09 37,1+1,0
4729+ 1,5 4523 +£1,8 4426+ 1,5 49,25+ 1,6 48,05+ 1,7
Sprin 31,61 +£04 3148£0.,6 30,32+0,7 31,26 +£0.9 33.84+09
pring 4396+ 1,1 4262+13 39,19 ++ 1,1 40,57+ 12 46,69 + 1,4
Autumn 30,03+ 04 29.98+0.3 2824 +04 30,6 +0.6 32,09+0.,6
4 43,07+ 1,6 4131+13 39,13+ 1,5 38,13+ 1,4 4291+1,7

74

Health Risk Analysis. 2018. no. 2




Health risks for workers caused by weather and climatic conditions during a cold season

Body heat exchange went down in
spring. However, when wind speed was
maximum, and air humidity was high,
physical environmental factors exerted ra-
ther adverse influence even on lowlands.
Heat losses in highlands exceeded optimal
level under harsh wind gusts.

In autumn, when air humidity was
high, and wind speed was average, weather
conditions could cause overheating in low-
land Dagestan; but when wind gusts oc-
curred, weather conditions probably got
close to being comfortable. In highlands,
when wind speed was average, conditions
for body overheating could also occur; a
person probably felt comfortable under
wind gusts at 1,040 meters height; but a
feeling of discomfort could occur under the
same conditions at 1,661 meters height.

In Kaliningrad region, maximum
winds in winter created adverse conditions
which could cause body chilling. Uncom-
fortable conditions could also occur in au-
tumn and spring under wind gusts.

IPCBC calculations showed that av-
erage winds in winter resulted in moderate
risks of frostbites of open body parts at all
places of observations; in spring and au-
tumn there were no risks under the same
weather conditions. However, when winds
were maximum, it caused critical risks in
Dagestan (near Makhachkala and in Khun-
sakhskiy district), as well as in Kaliningrad
region. Risks of frostbites near Kaspiysk
and in Akhtyinskiy district were moderate
under the same weather conditions. In au-
tumn and spring, risks of frostbites were
moderate under maximum winds in all the
districts where observations took place. In
Kaliningrad region, risks were close to the
upper boundary of being moderate and
were nearly critical; they were more appar-
ent near Makhachkala in spring and au-
tumn (Table 3).
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Our research revealed that climatic
conditions in Dagestan and Kaliningrad
region were rather similar in terms of air
temperature, air speed, and relative air hu-
midity. In Russia, existing conventional
procedures for determining influences ex-
erted on a body by physical environmental
factors in cold seasons take into account
only two basic parameters: air temperature
and wind speed. Our data prove that effects
on a body can be adverse under various
wind speeds, and they can become even
critical. Body chilling and frostbites of
open body parts can occur even if a person
is in winter clothing.

We can assume that elevated humid-
ity can make adverse influences on work-
ers' bodies even worse. Besides, to assess
biological climatic conditions and their in-
fluences on people, we should implement
up-to-date assessment procedures and
technologies which is also proved by re-
sults of foreign research [16, 17].

Conclusions:

1. We should develop scientific jus-
tification for the assessment of working
conditions as per degree of their hazard
and danger which result from outdoor mi-
croclimate parameters in all seasons of the
year, and especially under extreme climatic
conditions in summer and winter time.

2. Regulation of a single time period
which can be spent outdoors during a work
shift in a cold season in various climatic
zones which is accepted in our country is
based on assessments depending on air
temperature and energy losses. It doesn't
take into account influences exerted on a
body by air humidity. It calls for the devel-
opment of new approaches to assessing
complex effects which environmental fac-
tors have on a body.

3. The data obtained in the course of
our research prove it is necessary to assess
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