Assessment of Heat
Strain in Workers
Speaker: Dr K.S. Lee
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Heat balance
N1ty

Internal heat generated

Heat removed from work activity

if air is cooler
than skin

-
Heat removed
by sweating

Heat added
if air is hotter
than skin




Heat balance Zi: 27y
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S: Heat storage in body A fg & 2% (W-m™2)
M: Metabolic rate FrfR 2

W: Mechanical work done by body A 9 M EH

C..s: Respiratory convection heat flow IR 355577 2042 #4
Eres Respiratory evaporation heat flow EEIE 7% 222077 HA
K: Conduction heat flow {HZ 21X A

C: Convection heat flow ¥} 205 #A

R: Radiation heat flow BEEZAAT HA

* E: Evaporative heat loss 7& 25 Zd5 26

Sources: EN 12515:1997
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1SO 7243-1989
e Forindoor ENIEIE
WBGT = 0.7NWB + 0.3GT

* For outdoor P/ R
WBGT =0.7NWB + 0.2GT + 0.1DB

« NWB: Nature wet bulb [ 255k B
* GT: Globe bulb BBk B
e DB: Dry bulb BZE{; B &



WBGT work resting cycles
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25 % work — 75 95 resting
B0 % work — 50 % resting
5 % work — 25 % rasting

Continuous work

200 3 400 SO0 600 W

Metabolic rote



How the body cools itself
Hfe e A R E m S

* Humans loose heat primarily in 2 ways Radiation and Evaporation
(vaporization of sweat) A\#c T %21 a8 2 ZRICRE I EE + FR5TA

BT 7KAY253%)

* When the air temperature is 21°C or less, the body releases its heat
by radiation & 43, BAF21°CE L B » B R i R AR 2
=

* As the air temperature rises, heat loss through radiation is greatly
reduced & FIBF Y  EEATAURVER REE A A

* That leaves evaporation as the only way to effectively control body
temperature 7B > ZK LS A XUZEHIASIRAY T4




Heat stress ZRER /7]

* When human thermal environments cause a tendency for arise in
body heat storage, the body is in a state of heat stress. There are
5|x basic factors that can contribute to heat stress ‘&= A fF &G IE 1

&Efﬁgﬁ{n%,mﬂﬁi*“ﬁf B G ERR X BEHREE © B 7 EE
ESAEGE

* Airtemperature Z5R0AE
* Mean radiant temperature “LIgHE S A &

« Humidity j&2/&

e Air velocity ZE 53 18

* Thermal properties of clothing 7% ARV EF M4
e Metabolic rate U<




Routes of heat loss from the body A #&
ENE R HY R

Cres- heat loss by convection from the respiratory tract
E.~ heat loss by evaporation from the respiratory tract

C - heat loss by convection from clothing
£ - heat loss by evaporation from clothing
R - heat loss by radiation from clothing

K - heat loss by conduction from clothing

C - heat loss by convection from skin
£ - heat loss by evaporation from skin
R - heat loss by radiation from skin

K - heat loss by conduction from skin

Sources: BS 7963:2000




Effect of PPE on heat balance {[i A [)53&
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* Metabolic rate can be increased by the weight of the PPE or by the
restrictions it imposes on the movement of the wearer {[i A [jEE2<

by EE = BRG] T (E AE VI EE e R I CEH =R -

 Convection and evaporation in the respiratory tract can be affected
by the temperature and humidity of air breathed, e.g. through
breathing apparatus (BA) or respiratory protective equipment
(RPE) “ﬁ’%ﬁi‘é ST RTUN 2 B 7 1] UK 7 SRR it S MR FEE 2
£ PlanmaatrEe s (BA) TZH?L@EZBEE%E%% (RPE) -




Effect of PPE on heat balance {[i A [)53&
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* Convection from the skin can be affected by the amount of the

body covered by PPE and by its thermal insulation properties. In
general, the greater the proportion of the body which is covered
and the greater the insulation provided by the PPE, the less is the
heat loss by convection 5[5 K7 R HY 437 & B8 A B2 7
=B REIVEE M IRENRG A2 - @ - #iE SN ARGEL
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Effect of PPE on heat balance {[i A [)53&
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 Evaporation from the skin can be affected by the amount of the
body covered by PPE, by its thermal insulation properties, and by

its evaporative resistance {[i A [JFEZSE B =0 7 E mfE - FREL
Mg DU =22 (H 139 e 2 58] FR Y &2

 Evaporation of sweat from the skin is usually the most effective

ngzej’?c;od of cooling the body z&#¢ 7§ FiV TR &S ol Bl mE
X /i

* In general, the more of the body covered and the greater the
thermal insulation and evaporative resistance of the PPE, the less
is the heat loss by evaporation &7 = 7 fE#12% - {# A[fELE
FHPREME R ZE 2 PH TR - RIZEEE R m RV RCR LS
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Analysis of work situations {EZ£ &% 7
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* In any work situation in which it is thoug

nt there coulc

be arisk of

heat strain for workers wearing PPE 1£3
FEEERHIESR L |

A. Thermal environment Z\3&1E

B. Metabolic rate #[fE a2
C. Effect of PPE {[f A[5zE2E M HI/E

AR R PPEZ
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A. Thermal environment ZX

e Air temperature ZE 50 E
* Air velocity R EE

* Humidity ;%

 Radiant tem
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B. Metabolic rate 31 Cal R

* Heat is constantly produced by the body (metabolic heat) A f&-f
ErE e (REHE) -

* The rate of metabolic heat production varies with the physical
activity, and can be measured or estimated (ref EN 28996) 1z ZX

AR E SR SIS - i LUHIEE(EE (235EN
28996 ) -




B. Metabolic rate 7[5
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* Following table gives estimates of metabolic rates for physical
activities typical of those carried out in industry NE45H T1EZEE

g Y B ARG RE

* These values assume that the worker wears a standard working

garment, anc
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are derived from those given in EN 27243 1994 7= L
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Metabolic rate class

Typical metabolic rate

Rate per unit

Total rate of

Examples of typical industrial activities

area of body heat
surface production
(see note 1)
W.m 2 W

() Resting 65 115 Resting

1 Low metabolic rate 100 180 Sitting or standing; inspecting or monitoring hot
processes; walking in easily accessible areas; very
light assembly operations; light control operations
(e.g. buttons, hand-wheels)

2 Moderate metabolic rate | 165 295 Carrying or stacking light items; operating heavy
controls (e.g. opening valves); cleaning or clearing
light debris, spillages ete.; walking in congested
areas (e.g. limited head room); heavy welding

3 High metabolic rate 2530 415 Intense arm and trunk work; pushing or pulling
heavily loaded cages or pallet trucks; heavy manual
handling; clearing heavy debris (e.g. cleaning and
relining reactor vessels)

4 Very high metabolic rate | 290 520 Very intense activities at fast to maximum pace

(e.g. intense shovelling); heavy assembly or building
work; climbing stairs or ladders rapidly.

Work in this category can rarely be sustained for
long periods without a break (see note 2)
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C. Effect of PPE [ A fFEESEHHIAE A

a. Increase in metabolic rate due to wearing PPE ZEZ{[ A [[f7RE4E

S0 TR R
b. The thermal insulation of the material covering the body 7& & #1
SRR
c. The evaporative resistance of the material covering the body 7&
2= MY 2K 2 H T
d. Closure of garments to the body &2 B a1 ik
e. The proportion of the body covered Bfa7& &= HVELH]

f.  Respiratory protective equipment T [ 58 25

\I/




PPE item

oy

Increase in metabolie rate due to wearing PPE

W =
Resting Low metabolic Moderate High metabolic Very high
rate metabolic rate rate metabolic rate
Safety shoes/short boots 0 5] 10 15 20
Safety boots (long) 0 10 20 30 40
Respirator (low/moderate 5 10) 20 30 40
performance, e.g. P1, P2,
see note 2)
Respirator (high performance, 5 20 40 G0 S0
e.g. P34, see note 2)
Self-contained breathing 10 30 60 95 125
apparatus
Light, water vapour permeable 5 10) 20 S0 40
chemical coverall
(e.g. disposable)
Chemical protective water 10 25 5l 80 100
vapour impermeable ensemble
[e.g. polyviny]l chloride (PVC)]
with hood, gloves and boots
Highly insulating, water vapour | 15 35 (5 115 155

semi-permeable ensemble (e.g.
firefighters’ gear consisting of
helmet, tunic, over trousers,
gloves and boots)




The thermal insulation of the material
covering the body 7B Z 1 FEIHY[RZA

* The non-evaporative heat loss (convection, radiation and
conduction) from the parts of the body covered by clothing takes
place from the skin surface through the clothing and trapped air

layers to the outer clothing surface Z{E&ﬁﬁ%%ﬁfﬁ%%ﬁmﬁﬁ’]%;ﬁ
é?? 7—%3{595 (R - %ﬁmErT%DTiﬁr%) FEE 57 5% TH] 22 B K AR 07 (2 22
RIETHEZAKAREYYME

* The resistance to this heat flow is expressed as the thermal

insulation of the clothing, I, measured in clo ¥} i fEZAR AYIE JJ
WH IR Z B, > LA clo Ry ERAL -




The thermal insulation of the material
covering the body Z& Z 1R ZA

* | values for different types of clothing ensembles are given in ISO
9920:1995 & values for typical workwear are given in BS 7963:2000

LA FEIFRAVARZEHY 118 > BS 7963 ¢ 2000

ISO 9920 : 199545 E

A T AT

"ERREY clo{H -

* The standard working garment defined in EN 27243:1994 has a
thermal insulation of 0.6 clo 7£ EN 27243 * 19941 E s | FE4E"
{ERRAVFREME R 0.6 clo -

* Most ensembles incorporating PPE are likely to have a higher /X
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The proportion of the body covered &
Ao 7 2= L]

* The proportion of the body that is covered by PPE affects the heat

strain experienced by the individual ([ A [JGEEZE Y E S L0
s B A\ VB E S

* Following table can be used to determine the proportion of the

body covered by different garments 3% 0] FHiMEE AR EIAX IR E
2 1Y B e EL




The proportion of the body covered &
He 7 2 1 EL A
Z

Helmet/hat JE & /E T

Hood/balaclava/cowl! BE{I/BEE/}5&

Respirator face piece NI 23 A &

Vest B[ 30
Short sleeved top %G _-1X 35
Long sleeved top1ifl 4% 45
Long sleeved top with Hood - #i7EIflE 7K 60
Long sleeved top and trousers (boiler suit) #iiF T /Efik 80
Shorts %5 & 25
Trousers =

Gloves &

Shoes &E




The proportion of the body covered &
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* When multiple garments are worn, they can overlap, for example

when trousers or shorts are worn with a top, the

total coverage is

not the sum of the individual items worn & ZE 2641 iRHF > B

RSB > P40 - BB S _EAXET
FEYmHYAEA

WEERDE

* The overlap between a top and trousers or shorts is approximately
10 %, i.e. the total body coverage of a vest and shorts is

approximately 8o % |- 1% B #1555 i~ [E]HY E

approximately 45 %; and of a long sleeved top and trousers is

2 Fy80% ©

4 F510% >
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Respiratory protective equipment IR
B/%nzflr:(

* Further information on the amount of the body covered by
different clothing ensembles is given in ISO 9920:1995 ISO

9920:1995 K

fthere is a supply of breat
body cooling can be provid
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ning air to a worker wearing PPE, limited
ed by evaporation of water from the
ungs, and by convective heat loss from the surface of the lungs 4[]
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The individual {[& 5/ [RZ=

* The physiological response of an individual to heat stress depends
on a number of factors, such as age, gender, degree of heat
acclimatization, physical fitness, obesity, medical condition and
treatments, previous heat illness, chronic skin disorders (rashes
etc.), habitual alcohol/drug abuse, and minor illnesses. Further
advice, and questionnaires for use in assessing medical fitness and
details of undertaking a medical fitness assessment are given in
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