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An Effect of Cold Environment on Human's Physiological Responses and Task
Performances

Hak-Keun Kut - Hyo—-Yean Kwak*

Abstract : Some worker is occupationally exposed to cold and freezing environment. The
cold stimuli in the working environment impose physiological and psychological loads on
workers to decrease the task performance. The purpose of this study is to investigate
the cold stimuli of cold and freezing stores widely used in Busan can make an effect on
human’s physiological responses and task performance, experimentally and analytically.
In the experiment, 5 workers are selected as subjects, and then their skin temperatures
of hand and ear, heart rates, blood pressure, and ring test performances in cold(3C)
and freezing(-22C) stores were measured for 21 minutes and analyzed by using
statistical method. It is observed that a physiological variation and the task
performance are significantly influenced by an exposure time as well as a strength of
cold stimuli. Also, it is suggested the exposure limiting times for the useful manual
work and the performance predict model of the ring tasks. The result of this study will
be useful for a fundamental data of which design the standard task time of manual
tasks and solve the job placement problem of worker selection and placement in cold
environment

Key words : Physiological responses(### ¥h3), Task performance(#9 #%), Skin
temperature(F5-&5), Exposure limiting times(x=Z 3£ A17H, Performance
predict{FY= 4=)
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& - A YHL:+= Temperature preamplifier
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Fig. 1 Experiment design with data graph system

Table 1 Physical characteristics of subjects

Chest Skinfold
Item | Age |Height| Weight |circum- | thickness(mm)
Subject, |(vear)| (cm) | (kg) |ference| Upper| Infra-
(cm) | arm |scapula
A 21 | 168 59 83.0 | 115 | 125
B 24 | 178 66 88.0 85} 120
C 27 | 179 72 89.0 | 115 | 13.0
D 21 | 170 59 84.0 95 | 105
E 26 | 168 68 915 | 12.0 | 180
22 AlEd
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Table 2 ANOVA of skin temperature for exposure
in cold store

Region | Source | DF SS MS | F P

EF 21 | 632.31 | 30.11 | 3.29 | 0.000
Hand E 838 | 805.18 | 9.15

T 109

EF 21 | 355.54 | 16.93 | 2.53 | 0.001
Ear E 88 | 589.31 | 6.70

T 109

Table 3 ANOVA of skin temperature for exposure
times in freezing store

Region |Source| DF SS MS | F P
EF | 21 | 64093 [30.50|1.93 | 0.018
Hand | E 88 | 1387.93 |15.77
T | 109 | 202838
EF | 21 |1267.12 |60.34|8.97 | 0.000
Ear E 88 | 591.96 | 6.73
T | 109 | 1859.07
Fig. 2¢] A1 4= 7F JeEbd ulel 7ho]
Az & JRLEEE v I 458 EoF
Ag Wgyt AL ol Aol oF 98-AT
A&HAT I8y v& F 10Ro|FRE, 7
FE2EE BF 3 gREH AsE
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Skin Temperature(C)
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Fig. 2 Transitions of skin temperature in cold store

Skin Temperature(C)
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Fig. 3 Transitions of skin temperature in freezing store

7ol W 5

Ypoe —— 0.36z, +26.84
(R*=0.901, P=0.001)

Yoo = 0.287, +23.13
(R*=0.959, P=0.001)

Yy =—0.3272, +17.41
(R*=0.587, P=10.003)

Yoy = 0.203x, +17.54
(R*=0.564, P=0.011)
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Fig. 4 Transitions of heart rate in cold and freezing Table 5 ANOYA of blood pressure for exposure
stores times in cold and freezing stores
N ) Region  |Source|DF| SS |MS | F | P
Table 4= 343 A% dupre] fe=9l EF | 10| 17628 17.630.1010]0.9997
zZrol & #A4 3 Aoty WARARY WEsxAdd Systolic | E | 44 |7683.01|174.61
A AEkeEzE " Frteen olAL AReE Cold T | 54/7859.29
EF | 10| 281.76| 28.18(0.3671]0.9544
SRS waddel YRRt YExdel Diastolic| E | 44 |3377.39| 76.76
Al I #Fol 57181957 dEolth T | 54|3659.15
EF | 10| 652.99| 65.30|04114(0.9338
Systolic | E | 44 [6984.28|158.73
Table 4 ANOVA of hearts rate in cold and freezing . T 54 1763727 30.0110.375410.9508
stores Froezing EF | 10] 30015 79.95
Diastolic| B | 44 (3517.82
Source DF SS MS F P T 54 |3817.97
EF 1 544.16 | 544.16 | 9.8730 | 0.0019
218 11201534 1 55.12 Agd xEH7 A(=EANT 0B)F 7 &4
T | 219 | 1255950 Aol &A% dds v - BN da 3gx
AqME FY27E erdA FRA T B ARl
3.1.3 @¢e] st dde Hol¥ itk I YERANME :F
FAFE, ZE3ANN 5 F AF8Uol YA gLz 527 Y G937 gt
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Table 7 ANOVA of ring test for exposure times

PERT F
NHAT Ve WIHER A7 Vehdch o]@e Region |Source| DF | SS MS F P
o B ) EF 7 | 53.58| 7.65| 2.18 | 0.0631
;;jj A% AR weel FAsA aste) Cold E | 32 {11240| 351
: T | 39 | 16598
EF 7 |109.60 | 15.66 | 3.06 | 0.0140
Table 6 ANOVA of blood pressure in cold and Freezing | E 32 1164.00| 5.13
freezing stores T 39 1273.60
Region |Source| DF SS MS F P
EF 1] 1438.84 11438.8419.95/0.0021 Table 8§ ANOVA of ring test for cold and freezing
Systolic | E | 107 | 15466.07 | 144.54 store
T |108]16904.91
EF | 1] 60657| 606.57|8.71]0.0039 Sowce | DF | S | MS | F P
Diastolic] E |107| 7449.19| 69.62 EF 1 |270.11} 270.11 | 47.52 | 0.0000
T 1108 8055.76 E 78 144337 5.68
T 79 | 713.49
32 &Y ¥z EAT o
3.2.1 &Y AR B4
Table 73 Table 8elAl¢t 2ol AT {FI7 =
SAe] we Y FYPEE fFeHo Ak WA
2004 Hat & ARLEE 22.82TE =& 4
3} W) waked o 2CAel7h WA S U W
ZZM B & IREEE 13.46TE Fad
BAB) R 2wk vlastel FA3) istA) ¢ 3 6 8 R B B2
Biel A A= At B dFe W 3 Time(mn)
0= AL 9 = 9n Fig. 6 Variations of ring test for exposure times
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Table 9 Correlation coefficients between the values
of experiment factors and the ring test
performance

Diastolic
blood
pressure

Systolic
blood
pressure

Hand skin
temperature

Ears skin
temperature

Store| Exposure
type| time

-.686 557 312 -.189

.000 000 005
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