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Better understanding cf thc hazards in any Industry could be
echieved by getting acquanted with the procese. The attached floW
chart cf the process gives you the suinrnary of rnanufacturing cf the
cloth.

(i) Mixirg D. : Cotton bales are opened and different types of
cf cotton are hlended together for technical reasons. Blended
cotton is coilected in trolleys and brought to Blowroom.

(2) Blowoom : In this process after blending; the impurities
such as dust, c1irt, dry leafparticles, seeds, iron particles
are removed and cotton laps are prepared.

(5) Cerdin : the fibres of cotton during the clearing
process are very much entangled together therefore these fibres
are seperated and made in a “sljver’.

(4) Cobg : In carded siiver there are soroe dibres which
are shorter than reuired lenpth these short fibres are remnved
in the trncess.

(5) Drowing_Fr : Csrded or combed cliver have ail the fibres in
criss—cross manners they are made para]iel to spin gond yarrl.

(6) dFraaes : (Slubbing,flnter/Roving)

In these processes the cliver is reduced into
diarneter and increased in length. This moterial is called Roving.

(7) Spinning : Here the roving is further reduced in diameter

and increased in length = warp and weft yarn are thus finally
produc ed.

(8) Windg : For subsequent process the yarn is to be wound
on higger packages calied “cheese and conesti.

(g) Warg : About 500 ends cf thread from cheese dr cones
are woun on e big beam.

(10) Sizi : Yarn is now impregnated with certain chemicels
and sized mteriai (starch,softners, & Antiseptics) so as to
withstand the strain in wenving process;

(ii) Drawing...in : Hem the design cf the cloth is determined. The
setting cf the design is a highly technical process, hich requires
g1 eye sight. (Manuai pmocess).

(12) Weaving : Weav-ing machine is called lonm cc the department

s deejorated as lom shed. Here the warp (sized beam and weft
yarn(directly from spinning) are interlaced tgether and the
required design o’ the clcth le nroduced.
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(j3) Groy Folni Dt. : Grey cloth received from Wesving is
measurec; inspected for defects. Some cf it sold as Grey cioth
hence &oeS for stamping and baling while remaining goes for
further processing.

(14) 2cessin : (B€achin/Mecerising)

Grey cloth is stithein stitching
sewing rflachine, thereafter the protruding fibres on the cloth
are ut by shearing an cropng ,rocess. Thereaftex thedoth
is passed for singeing, Desizin; Scourin; B1eachin ere in
the cloth is 4ventreatment with cheicals and enZes. Ihis
clcth is later sent for Mercesing which rives the shining and
1ustei to cloth (Its aain a chemie.l process).

(is) : Bleached clcth is dyed on rlyeing machine called
Jiggers or Hot Flue and Dyed eloth gives for further processes
of finishin.

Done by two methods. i) Machine upto 10 colours)
2) Screen Printing

(over 10 colours).

(17) F.nishing : C1th received from Printing and Dyeing department
has toass through the processe nf stenterin (stretching effect
and uniformity).

Calenrering (Ironing effect) & Sanforizing (t.ntishrinkage)

(18) Bleech Folding : Ail cloth received is measured in metres,
inspection for cleftct, handfo11e9 and sent for stamping,
bundiing and baling,

oooo000oooo
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M’ter havin knc’m but the vorious processes cf the Textile
In.’utry we hove corne to knoW thet the important hards are due to

1) I1yin ‘ust in the etrnosere as found in * Midng, Biowroorn Garing,
S.nring, Wini warn- ond Wevin Deoortrnonts

2) Hazerds cf Hunid Atmosphere as found in Mixing, Blowrocm, Caring
Srnnin and Weavin deparnents (Maximum)

3) Hazerds of Noise as foun j; Ioomshed.

4) •
5) Hazards cf wet processin Dyein Tieaching Fnishinp departments

qnd Printing.

e) AecIentai In,jures.

Hazardsuo to Flying i)ust in Àtmosore

i) Miii fever

2) Byssinosis

3) Wye

4) tcute illness occuring amoungst people who handie low grade stained
cotton.

yssinos{s — being the most ±mportant : Ishail discuss it f’irst.

It s a progressive resratory ftncticnel disability resulting in
total disablernent if exoosure to cotton dust continues. It is characterised
by a sensation cf tihtness cf the Ghest and is experienàed principaily on
the first wnrldng d of the weok after the week—ends leave or after periods
of absence from the work spot. It is associated with a significant fafl in the
ventilatory canacity and a progressive increase in airways resistance during
the course cf t,he day. e disease may progres to Emiysema and corpulmons1e
and is usuaily reversible uring its eerly• stages or removal from the dusty
atmosrhere but may net be so after lnn periods of exposure — Predonnant
symntorns are

i) Irritation cf ‘Ihrcat )
). Early symptoms

2) Coiwh )

3) Chest tightness. )
) Later sy!nptoms

4) i3reathlessness )

ÂcCorinr to symptometol’wy it bas been greded to Grade 1,/2, 1,2,3.
Grade 1/2 — cccassionel chest tightness on the first day cf worldng

we ek,

Grade 1 — Reguler chest tie’htness on the first day of wnrldng wek.
(Mondeys Europe and In’i., aturday Arab countries)

Gre 2 — st tjhtness on airst and other dys of wnr1dn week.

Grade 3 — Grade 2 symptoms acccmpained by per anent in capacity frorn
diminished effort intoierence and/or reduced ventilatory
capaci ty.

Prevention is imrtant as the pulrionary changes are rreversible.

... 2



—2—

Mtheoof Prevention

1) Preveptirie the 1ust from errneatng in the general atrnosi±ere

by encl°sing Machinery, Local Eaxhaust.

2) Olling the cotton

3) Dust protectine Equiprnent like Lust respirater, Mask.

________

Olinical exairination, Xray and other investigations as well as

post nortem apprearonces have net dc-monstrated arLy appriciable differeflces

from cases 0f dironic Bronchitis, Lsthma and ryserna 4hether in the textile

or non textile workers. ilaerefore Modical research ouncils coittee has

reccxirnended oach aad Schilhing’s questionnaire for the purpose cf dignosis

ef cause when pilrnonary fmction test facilities are availahie ey eid to

conciude the dia nosis

if

Hjghest incidence la found amongst strinr,er and Grnders; as Lhey

are exposEd to hesvy dust concentration during workin neriod.

1i1l Fever Llmost ail workers suffer from Miii fever and cotton cold,

Arlie •described this condition in 1892 oi-i flax dust. Miii fever djffers froni

Monday fe’. er Monday fever accurs onlv after exposure cf more than eight ytars,

to cotton riust and it la the first stage cf ByssInosis.

Miii fever occurs amon cotton workers o have not been

previously exposed tp_dust. We get this probiem with Trainee workers

when they join the Carding departinent. Toierence is usualiy developed within

few deys although sptoms inay reappear followin absence from wsrk for e

time as short as two te four weeks.

2) Headache

3) Sense of feeiin iii snd sliht rise cf

terrrerature.

4) Sh-rt ry ceuc’h accomnained hy 5fleezjng

5) Urticarial Rash on fore as in wornen emloyees.

Snptoms usually aHse when thev go home; next dey morniw pt. is o.k.

Temnerature again goes un ‘o llcwed hy malaise, nausea, vomittin&, some time

‘oliowed hy Epitxjs.

An acute respiratory illness varyine’ in severity from dry cou

te severL- ashthma have occured in bern shed. Many more tinies it has occured

in eut breaks.

1) Outhreak due te Mildwed yarn (1013 Collis)

2) An outbreak cf weavers cou in Italy (1954)

(In this Case sizei materiai was cern fleur, Locus beam gums, Potato starch.

3) ki outhreak associated with Tamarind seed powder.

(India 1952) whjch was replaced by starch.

Incidne la about 4 te % in airnoat ail the series. The

hiehest incIdence was fnund. in Age greun 51—60 years.

Peak value fe incidence cf yrious grade

Ie for Grade
I, t) t?

t, II t)

1/2 — 21 — 30 years.
1 —31—40 “

2&3 —51—60 I,

Sy m p t o rn s i) Dryness cf throat

(3) Weer C0h (Sj zjriç ami Weaving Departments)

... 3+
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HeatCrarnps : This is conirnon with those who rrofusely and drink large

arnount cf uns1ted watcr. It je prcbably becuuse of chloride bec and water

intoxication. The acute onset suests extracullular sait dilution than depletion.

In either case heat exhustion and crampe some extracellular water will move into

celle en cause their over dilution or water intxication.

There are fow fihrillatnry twitchings cf the muscles, varn from person

to persan and occur owards the en f days work. Mild crampe are passe unnoticed,

or workers dan’t take it as occupetional hazzard hence reporting is very poor Mild

to moderate crampe last for 1/2 minute or 50 anci is relieved by rest and drinldng

salted fond or fluide.

Pain c severe crarnp in excrucitin and patient cries in amnny; muscle is

cnntracted to becorne stony liard. may met even three minutes. Gold water bath

and drinldno cold water stabilises soasm. Such person are advised ta have sait

tnbl°ts with the. ‘Ibis practice je ithdrown nowadays.

Sldn_basai-ne : i) Pric1y ht 2) nhir’.tic exhaustion

1) Pricy heat A crrrrnon entity in tromics whioh is 1ue to persistant

wettjne

of s1dn by un evanoreted sweat.

2) Anhidrotic heat exhaustion : Its heat intolerance affectin men exposed

for severalmonths ta s hot climote, characterised by

nurnurnus TesiClE’S j ±ha sldn mrinly trunk and nroximal

muscles and diminished swestin in affncted arecs

(anhidrosis). There is obstruction to the delivery cf

sweat ta the sldn suface anl its production may also

be diminishe. ‘Ibere is no hormonal or centrai failure

in rroduction nf sweat.

Hazards 0f Noise : Ail rese.arch units in occupotional health have been

workirg on this problem. Dr. natterji and Dr. Harwansingh

of C.L.I. have been doing commewiable work in this field

and the resuits are awaited.

Ibis pnrticular prohlem we have ta face in boom shed

(weavino denartment) ‘Ihe noise in this department je prouced by

i) The shuttie which mayes in the boom with the speed cf about 60 m.p.h.

Its tno and fro movements with this speed and a picidng stick whi propels it

very fast to make the atmo sphere noisy.

2) Vibration cf Wchjne 3) L-.ose fittinc of the Machine 4) Reflection sound

frcm tho walJ 5) Lrose fittin ears or jammed gear wheels to nvcid these factors

c-u1d be of uses

1) W011s ta ha made s-’und proaf
2) F-iundation hase of the boom shouil of ruhber hase

3) Goars shouid b0 of nylon or fibres.

Hazards

1) Air condretion )eaness : It is mot tha usuel occupational injury.

‘Ibis is inveriably the recuit of and explosion or su’len intense noise rother

than sustained invironmental noise. ‘Ihe xptured ear drum usualby feel so that

hcarin je temorcrily afected, uniess the amnunt of tear is unusually

extensive or serinus soconary infection sets in.

) Occunationel )enfness : This hecause of the injuricus ef’ect to the

enlin:!s .af t.he nrn f cortj. If tb vibration reochinr these neies rece-ptors

are to intense two thins occur 1) Reversible faiie enomencn resuitin

in e less_ened, transmission of nerve impuless and 2) and irreversible

destruction of the reeentors of the oreain of corti the ldnd of deafiess

rsuJting from taage to ‘roain af cari is known as nerve deafness. Such

deafness cannot be imprcved by hearing aids. Ibis is eenerally caused by

exoosure tn hjoh noise levai over a 1on period of time — months or years.

Haoring lacs usually anner in the reron of 4000 cycles mer second

(r]il’9 stage) when persan is unaware cf his deafness.

q.. 5
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We have oniy ong observation to say that our weavers have a tendency
to talk 1o dly when thoy go out door. Occupational d eafness has net been
noticed as yet. Real soluntion je serial audiograri of the exposed workers
wherehy we may he eble to get eerly poesitive cases, who could be transferred
to nthr jobs. ieduction of noise levels where unsefe leveis are found je
recoomened.

Strain : is hazerls le cnmmonly found in Drawingin department. Ibis je
skillod job herein th design of cloth le retermineri by adjusting very thread
individually on a heam. Consequently ur!ng course of year thFy evalop
aethennplc svrrntoms. Periodic eye checkup is rrne t’ rule ‘ut such cases.

Hazrds of wet rocessing on nintinp department

Wet nrocessing consiet of dy-ing, hleechirvz, finishing and printing
deprtrnent Wnrkers are reu1arly corning in contact with verinue yes, naints
cuastic, liquor ammoni a an vorinus chemlcals. Mst of the processes are
‘3utnmatic hence hazar]s are necasinnel. Siiice mostly dermatitis is prouced
hy 1n continued intim’te contact with the materiai nersonal cleanliness to
reuce the duratioh of’ cntact je thé mn et important nreventjve programme, Use
of berner cre-axns bas been a bonn for evolljng contacts wlth cherrca1s. Gnod
genera]. hnuse_keeriing cf the plant is equally important in preventing derinatlt .

011 Dermatitis : js foun in fitters, johhers aria chars of various departmnnts.
‘Ibis sldn conitinn recuits frnm contact with eu .tine nils or similer ails. It
starts with irritation of sdn by continunus con; act with ou with formation of
black heads or comme’on°s. This then gets infected to forrn cil nimi.es When
011 ermatjtjs becomes serious it aiways rosuits froni Dirty worenen in ‘irty cil.
Iniviue1s vary in susceptihility but given sufficient exposure and tue any
one viii develop the con’ition.

£theletesfot : ngus infection of foot is fund in Bieaching departrnent
r9ue to continucus wet fret. Funes over the floor anci machine jS tr&sinitted
to the webs of font and gets a chance to grow it if fingers are not dried and
cl eansed.

tLHazare : Table N0 X rf IHO Report 1971 shows the comprative
statement of accj1ents hy causes. Incngst them thé conmonest large group
consiste of i) )ropoino of Stationnry objecte 2) Materiai Haniing ) Knocidng
agninst stotinnrry o.bects. Interestine injurjos are shuttie inurjes end
hohbin cut injuries.

lb ere’ore, in conclusion I have to say that aroper handiing cf the
materials, Wchinery an tbe.ir maintenacne, Educative traininn ta workers, end
reular perin’jc Me’icai chock_up viii re’uce thé dreadful hazards of any
Industry,

V P? 1S G
7.1î.7
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TT SERVICES LIMITED

DERRTMENT 0F INDUSTIUL }IELTH
DUTIE$ 0F N INDUSTalL YSI0IN

Jdm cf 0ccuption1 Health — I.L.0./W.H.0. — “The promotion and maintenancecf the highcst dozrce cf physicai, mental and social well—being cf workers in ailoccupations, the prevention amongst wnrkers of’ diseases coused by their wor1ngconditions; the protection cf wcrkerc in their emp1oent from risks to health,the placing and maintence cf the wcrker in an occupational envircnrnent adaptedta his physiciogical and psycholocical equipment, ond to summarise the adaptationcf wcrk ta mon and ech mon ta his job.”

This aim coula be achioved through the follcwing actities
I curative

t. Itnmeciate treatoent cf meice1 and surical ernergencies occurring atthe place cf employment.
2. Compiete trectment of familles and employees not covered by Empioyees’State Insurance Scheme.

II. Pvetive

1. Pre_emplonent Medicel Examinations.
2. Pecdjc Medical ExaiTijnations _Maintenance cf individual and groupsie1ess records (Medical Record Card).
3 Secjfjc Exarninations cf

(a) Persons returning to wrk ofter long ilineos or injury.(b) Persans who are far transfer or promotion.(e) Persans exposed ta occupational hazards.
4. Follow..up Examinaticns cf : —

(a) Persans suffering from chrome ailments like Tuberculosis, Lepresy,diabetes, heart diseases etc.
(b) Persans rehabiliateci after accidents and injuries.

5 Preventive inoculation — smallpox, choiera, typhoid, tetanus etc.
6. Tc stuy and worldng erwironnient and their ef’fects on heaith of theemployees thrcugh Industrial Hygiene Surveys and Job i.nalysis.
7. Iccident prevention daxnpaign.
8. Canteen : Medical supervision to ensure cleanliness, gncd quality andrihysiological aequocy (calorie value) cf the food.
9. Creche — Medical supervision cf childern with respect to health andnutrition and prcmpt treatment of ail iilness and preventive inoculations.10. Fecnily Flonning Activltie eg. dvice, Exhibitions, Sterilisations.III TrainigandEducatjon

1. Training in “Flrst_aid ta the Injured”2. Hcalth and safety cucation of employees — oersonal hygine, sanitation,ante—natai an post—natal care (ta mothers), family planning, nutrition,etc. by posters, leaflets, talks, health weeks, films etc.3. ivice ta employees on ail heaith matters relating ta their wcrk ondWorking canacity.
4. Mental Fjst dd.

IV• &2X
1, The hyne cf work place — (lighting, ventilation, sanitation, anti—mosquito measures, water supiés, washing facilities, and otheraspects cf worldng environment heat, humidity, noise, vibration,dust, gos, etc.) which may affect the he.alth cf emoyees.

architecturai plans at the blue—print stage should be discussed wlthIndustrie]. Physician.
2. The ganere]. hoalth cf workers — sickness absence statisties.
3. The occurrence and risk cf angeraus hazards — advising on thecontrol cf hazards.

•.. 2
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V. Ljnjon

L

L

4. Icit prevention cainpien — participation in sefety committee,eportm€ntal cornmitteo. — investi eticn an analysi s 0f accic ents andrcomnienaetions te :revent recurrence,

5. StatutDry requirements in relation te he1th, safety and welfare —E.SI,C, Factory cts, Worinen Compensation ct, ‘iaternity Benefit
ct, etc.

6. Rehbi1iaticn. versons returnin after siekness or injury —

work moy be rc end’-d in nccorence wi th the patients’ conditions.

7, Comnittoes — dvise theso cemr’.Ittees vii. ;orks eommittee, safetycornmittee, we1fre and benefit fund committee, cnteen committee etc.or problems pertaining to health, sefety md welfare f the ernoloyees.

Liaison with outsic3e aencies ViZ, Factory Inspection Office,
E.S•IC•, Hesp-itals, Fond doctrs, medicol ossociations.

VI, Rerch

Etnrtronrnentai hygiene — nutrition — ocoupotinnai disorciers — mentalhealth etc.

- 1.8.197
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PRE FAC E

The report e avers the findings 0f the third phase 0f

the survey on the effects of increased air movement under hot—dry

conditions on the comfort level of workers. Earlier twa phasés 0f

the study were carried out at Nagpur. The current studies were con—

fined to an engineering plant in Kanpur during the suinmer 0f 1974.

The resuits revealed no significant changes jn the physiological

responses due ta fored ventilation ai 85 ciiVsec. under the hot—

dry conditions met. In these’studies, unlike in the second phase

at Nagpur, even the subjective sensation 0f discom±’ort was abnt.

With the resuits obtained sa far we may be able to fix the critical

temperature level beyond which high air movement ai the order 0f

180 ta 280 cirVsec. is likely to produce subjctjve discomfort.

Such level seems ta ±‘all between 38.5°C/32% R.H. and 41.7°C/i8% R.H.

However, before drawing such generalised conclusions and working

out guidelines for Managements, it is necessary- to coilect more

infoiation on the subject.

I would like ta record our appreciation ta the Management

cf the factory for providing necessary facilities for the conduct

cf the study. Co—operation 0f th workers who participated in

these studies is. also acknowledged with thanks.

Bombay,
Dec ember, 1974.
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1. INTRODUCTION
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Two studies were earlier carried out by this ‘ganisation in

1972 and 1973 summers in Vidarbha region, to observe the effects cf in—

creased air movement on the physiological functions of the workers and also

on their subjective feeling 0±’ comfort while working in a hot—dry environ—

ment. The present study is the continuation cf the earlier ones, the aims

and objectives being to examine the vaiic1ity cf the earlier findings by

perfoxing the study in the northern region during the surnmer months.

2. MATERIAIJ & METHODS

2 • 1. Subjects 10 workers from the Machine Shop Unit o±’ an

engineering factory in Kampur were studied. The nature 0±’ job for these

wokers rnight be classified as light rnanual work. The workîng posture

was standing upright.

2.2. C1imato1og : Dry Bulb (D.B.) and Wet Bulb (w.B.) tempera—

turés were recorded with thehelp cf a Siing Psychrometer. Air inovement

(A.M.) was measured by Kata Thermorneter (range : 130 to 125°F). These

readings were taken in the immediate neighbourhood cf the individual

workers. The radiant temperature was reccrded with the help c± a Globe

Thermometer kept at the central place o± the shop. The outside environ—

mental conditions were measured at the entrace to the shcp (in the shade).

Plie forced ventilation was prcvided by means o±’ air cir—

culators kept at a distance cf 10 ±‘eet from the workers.

Oorrected Effective Temperature (C.E.T.) values were worked

out from the elimatic values foilowing the basic ecale.

2.3. Physiological findings Ail the plysiological measure—

mentswere taken at every two hours. Pulse rate was measured by manual

ccuntirig cf carotid pulse. Oral temperature was recorded with the help

0±’ a standard clinical thermometer. Skin temperature (forehead) was

measured with the help 0±’ a Hartman-Braun Electrical Thermometer. Sweat

1os during the period was rneasured by recording the difference in body

weighGs at the start and at the end of-that pericd and considering the

weight 0f the flu.id, cf solid food taken and the amount cf urine/±’aeces

eutput

—2—



2.4. Subjective rating cf discomfort : Individuals

opinion regarding the feeling towards the thermal environment was taken

in every two hours. Rating was done in the way shown below

3.1. Physical eharacteristies : Age, length 0f service,height,

body weight and body surface area of the workers are shown in Table 1.

Ail the workers were middle—aged; the length cf service was indicative cf

their expected adaptability to the local clinate.

T T t • t t t

Si•
Sub

T Age
,Length cf

Height
Body Body

No. ‘ • t (Yrs.) service (Cm.) , [eight Surface
(Yrs.) (Kg.) , Area ( M2 )

I t I I t
1 RK , 30 11 , 170 52.9 1.61

2 T PL 36 14 ‘ 164 ‘ 74.6 T 1.80
f T t I T

3 T 34 8 166 54.6 , 1.60

4 32 10 162 T 52.0 1.54
I t T I T

5 1Î(
T 44 8 178 57.5 1.72

6 RG 34 I 175 64.5 1J8
t t T T t

7 GP 34 10 159 47•4 1.46

8 MS 32 10 ‘ 167 745 t 1.84
t t I• t t

9 lA , 32 9 , 166 61.8 1.69

10 T
I 33 12 172 T 85.9 1.98

— t I t I

3.2. Climatic findings : Tables 2 and 3

conditions cf the outsjde and inside environnents

and Relative Humidity (R.H.) values in the outside and inside environment

show a very hot—dry condition except on 7.6.1974, when the D.B. dropped

considerably. In omparison to Vidarbha’s climate*, however, the D.B.

—3—

was less and humidity was higher at the time cf the present study in

Kanpur.

TABLE - 2 CLIMATIC CONDITIONS 0F THE 0UTSE EIVIR0NIŒNT

(Daily average values)

D t D.B. W.B. R.H.
‘

G-.T.
‘

A.M. C.E.T.
a (°c) (°c) (%) (°c) ‘(Cm./Sec.)T (°c)

31.5.74 40.35 23.33 25 42.36 112 28.41

3.6.74 T 3875 24.03 28 ‘ 41.25 107 28.50
T T t I t I

4.6.74 38.61 , 23.03 28 40.00 182 27.65

5.6.74 38.89 24.58 31 4097 235 28.25
T T T I t T

6.6.74 40.07 23.47 27 42.08 302 , 27.98

7.6.74 37.15 23.19 30 39.51 91 t 27.51
T t T T t T

T I t t T I

lilean : 38.97 T 23.75 28 4.03 T 171 28.05

T tperi t T t t
D.B. W.B. R.H. G.T. A.M. C.E.T.

Date
,Subects

‘ mental T()
(°C) :() (°C) (cm./ (oc)1studied

T condition ,sec.)

31.5.74 t 1, 2 t N.V. T3938 ‘2357 T 26 t4035 T 83 28.25
T T T I T t I T

3.6.74 1, 2 F.V. 3B7S 24.33 30 39.58 195 27.79

4.6.74 13,4,5,6 N.V. 38Q5 ‘24.26 ‘ 31 38•75 84 T 28.00
t F.V. T8.22 t2tL.6 t 3 ‘38.61 1 180 T 27.6

,l0 N.V. ,8.82 2 4-O.OO 63 2è.lÔ

7.6.74 ‘7,8,9,10 F.V. t363Q t3•35 T 33 ‘37.29 217 26.21
t T T I T T I I

N.V. = Natural Ventilation
F.V. = Forced Ventilation

It might be seen fror: Table 3 that in the case of the first 6

workers studied pn 3lst May, 5rd, 4th and 5th June, 1974, the D.B.

values were more or leas siujior in the natural and the forced ventilated

conditions, whereas in the case cf other 4 subjects, the D.B. dropped

considerably on the day cf the work with forced ventilation (7th June,

1974). As a result, the comparison of the physiological findings as weil

as the subjective rating with reference to increased air movement will

be Eisleading, unless the effect cf D.B. in dissociated.

-4-

—2—

Comfortable
Warm
Hot
Very hot

.. .. 1

.. .. 2
.. 3
.• 4

3. RESULTS

TABLE — 1 PHYSICAIJ CBARACTERISTICS 0F TBE STIBJECTS

TABLE - 3 : CL]IVIATIC CONDITIONS 0F THE ]JSIDE ENVIR0NLENT

(Daily average values)

show the c liinatic

respectively. The D.B.

* Physiological effects 0f increased air
movement in a hot-.dry environment — Part I.
Physiological effects cf increase air
movement in a hot-dry environnent —Part II.

Studies in an engineering
plant in Vidarbha region,1972

: Further studies in
Vidarbha region, 1973.
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Correlation Coefficient (r) Partial
t Correlation

D. B. 1 A.M. C.E.T. r13

Subjective t t
Discomfort , 0.8903 — 0.713 0.884 — 0.571
Rating p0•OOi t p0.00l p0.001

‘om the physiological uindings observed in the natural

dllmate, it appears that there was no undue strain ainong the workers.

It has been reported earlier that ventilation over a certain value in a

very hot-dry condition bas been found to be detrimental (liind, 1964*).

No thorough studies have, however, been carried out in this direction to

ascertain the particular D.B./R.H. combination at which A.M. over a

certain value causes the extra heat—gain through the convection current

over the heat—loss by aided evaporation. In earlier studies conducted

by this organisation in an engineering factory in Vidarbha region, the

reference cf which was already made on page 2, increased air movements

to a value o±’ 146 te 189 feet per minute (74 to 96 c/sec.) (1972 study)

and to a mean value cf 200 fet per minute (102 ciiVsec.) (1973 study) did

not show any objective signe cf heat stress in comparison with the findings

observed in the natural climate. In 1973 study in Vidarbha region,the

subjective discbmfcrt-was, however, found to increase with greater air

movement and it was concluded that the usual paraneters like cral

temperatiare, sweating rate and pulse rate failed te show this disconfort

which was but happening to the man working in that very hot (D.B.

41.7 ± 1.79°C) and very dry (R.H. : 18 ± 5.3%) environnent. In the

present study, when D.B.was relatively less and R.H. was relatively

*Lind, A.R. (1964) : The Aseessment, Management and Controlof Heat
Stress, in Heat Stress and HeatDisorders by C.S. Leithead and
A.R. liind, pp.36, Casell & Co. Ltd. , Dondon.

higher than that cf the finding Q f 1972 and 1973 i,the greater

air novemeiyt meant sigmficaflt’j 1es discomfort and the air movement,

afterpati40Ut the influenceof D.B. ,shôwed a significant negative

.-.corre1aticr1Wit= subjective discoÏrLfor-t. No significant differences in

the physiological parameters were, however, observed with increased air

movement.

5. SU RY & CONCLUSION

10 workers in an engineering factory in Kanpur were studied

one day under natural climatic condition and the other day with forced

ventilation on the si days cf suinrner when environn&ntal conditions were

very hot and dry.

mean air temperature and relative hunidity were 38.3°C and

30% respeetively. The natural air raovernent was sufficiently high

(7om/sec.Y

The job was light manual work in the standing upright posture.

Th daiiy méan values 0f the pulse rate, oral temperature and

sweat rate indicated that in natural cimate the subjects did not

experièncedue stress. The daily mean values 0f the subjective discomfort

ratiaag for the natural climate were varying in between warm to hot.

Ail the 10 workars were subjected te forced ventilation cf a

magnitude cf about 200 cr/sec. No significant change in the pulse rate,

oral temperature, skin temperature and sweating rate was observed due to

increased air movement.

Subjective discomfort was found te be reduced significantly with

increased air raovement.

It seems, therefore, that in an environmental condition pre—

vailing in the suamer of Kanpur, the increased ir covement was beneficial

towards the feeling 0f confort cf the workers, whereas the same caused

more disconfort in the workers in the svmmier cf Nagpur (1973 study).

In this connection the following coraparison between the findinge cf

these two studies is made (Table 6).

TABIE - 5 : COEPELATION COEFFICIENT (r) .pim PARTIAL

CORBELATION (r12 3) 0F SUBJECTIVE DISCOMFORT

EATflG- WITH D.B.; A.M. M]]D C.E.T.

1 = Subjective discofort rating; 2 = A.ïi.; 3 = D.B.

p
4. DISCUSSION

I
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TABI - 6 C0NPARI0N 0F T FINDIIGS 0F T} PRESENT
STUDY TITH THtT IN NAGPTJR, 1973

- TD. B.

R • H.

Physiologicai
paraJfleters

Nagpu.r study, 1973

t

Kanpur study, 974
38.4°C

32%

Subj ective
Dise omfart

41.7°C

No significant change
with increased air
movement (170 cni/sec.
3%ft/min.)

In most 0f the cases in—
creased air movernent
caused acute discomfort

or

No significant change with
increased air movement
(185 en/sec. or 360 ft/min.)

Diseomfor-b reduced signi—
ficantly with increased
air moveraent

-

It seems logical to conclude fro the above findings that

somewhere in betweenthese two combinations of D.B./R.H. (viz.41.7°0/18%

and 38.5°C/52%), the increased air movement around 80 cnVsee. pro—

duces diseomfort by adding more heat to the body through aided convection

current than what it takes away from the body by aided evaporation.

The critical evaluation 0f that particular combination, however,

requires laboratory study under controlled environniental conditions.

—do—

t

I —

PNS/kvb I



PHYSIOLOGICAL EFFECTS 0F INCREASED AIR MOVEMENT

IN A HOT-DRY ENVIRONMENT

Part II: Further

P. N.

Studies in Vidarbha Region

ISSUED BY:

Central Labour Institute
Sion, Bombay - 400 022.

INDUSTRIAL PHYSIOLOGY DIVISION

REPORT NO. 14

By

SAHA

&

I
P.K. BANERJEE

1973 j



L

I)D. PHY. DIV.

PHYSI0L0GICAI EFFECTS 0F INCREASEID AIR MOllEMENT

IN A HOT-DRY ENVIRONMENT

PART — II : irther Studies in Vidarbha Region

P. N. Saha
Deputy Director

&

(Physiology)

P. K. Banerjee
Research Officer (Physio1or)

With the technica]. assistance

G. G. Naraçyane
&

0f

V. T. Kadan

Issued by

Central labour Institute
Sion, Bombay — 400022

1973



In our earlier study 0f last year, it was noticed that

when workers engaged in light manual activities were exposed to liigh
air movement (102 crn/sec.) under very hot and dry conditions, no

adverse physiological resporises resulted. It was decided to repeat
the studies and also extend to other regions. Accordingly, studies
were initiated inthe saine industry at Nagpur during the sunnier cf

1973 also. In these studies sbjective impressions were also

recorded. The resuits are discussed in the current report.

The recuits show that even when the air movernent was in—
creased te a rnuch higher level of 170 c/sec., physiological res—
ponces indicating heat strain wre nil, However, corne 0f the
subjects were expressing a feeling 0f discomfort. In view cf the
importange of the problem, it is necessary to extend these investi
gations te other hot—dry regions and go in depth to study the
rob1eni.

Our grate±’ul thanks are due to Shri M.LPatankar, Chief

Insector o± Factories, Maharashtra and Shri V.N. Kuikute, Deputy
Ohief Inspecter cf Factcries, Nagpur, for their help du.ring the
ccnduct of the study. Thanks are also due to the Management 0f the
factory for providing the necessary facilîties. The whole—heartd
c—operation by workers who served as subjects in the study is
gratefully acknowledged.

r

Bombay,
December, 1973.

L
(Brig. G. R. CHAINANI)

Director—General
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1. INTRODUCTION

In connection with the draft rules on Ventilation and

Teinperature framed by the Direotorate General Factory Advice Service ê

Ibour Instîtutes in 1969, a study* was carried out in Vidarbha region

during 1972 sunmer to observe the effeots 0f increased air uioveiaent

on the physiological functions of the workers working in a hot

environnent. Observations on the workers revealed no distresa in terris

of objective physiological findings at forced ventilation 0±’ about

60 cm/sec.(160 ft/min.), in the dry ad hot clinati conditions of

Vidarbha. The present study is in continuation of the aforeeaid stidy,

the ains d objectives being to exanine the validity o the ealier

findinga undor identical industrial work situations.

2. MATERIAI & METHODS

2.1. ibjects : Eleven workers from an enger factor

(the sane factory, where the earlier study was arried ôut) in Nagpur,

perforrn.ing light manu1 work, mostly done in sitting, were selected.

Ail the eleven subjecta were firat studied for the whoie da

in terris of their physiological reactions in the natural ciiitate; 0f

them 9 were available for the study with forced venti].ation.A subjectire

opinion study was aiso conducted on 6 workers.

2.2. 0liri.ato1or : Dry Bulb (D.B.),Wet Eulb (w.B.) and àck

Globo Thermorneter (G.T.) readinge were taken at the work place ai also

outaide the shop (in the shade) in each hour cf the shift (8.30 to

16.30 lire ). Air inoveinent (A M.) at the workplace as well as outs2.de

was measured with the help of a Kata Therinoneter (iange 125—130 °F).

Porced ventilation was kept at an average level of 170 czVsec.

(340 ft/min.) at the bearis, with the help o± a blower which was kept at

a distaxce of about 10 ±‘eet from the workers. The Corrected Effective

Temperature (C.E.T.) was worked out frori these clirnatic v1ues using
the basic sosie.

2.3. Physio1ogjca1 Findjngs : Pulse rate and oral temperature

during work were recorded in each hour cf the shift. Pulse rate was

*phjsjologjoaleffects 0f inceased air inovement in a hct—dry environnent,
Part I Studies in an engineering plant in Vidarbha region, 1972.



A.M.
Cm./Sec.

C .E. T.

t
40.96

(s.’rs
42.50)

41.80
,(39.89—

43.33)
22.08

24.33)
t 19.1
(l3—29)

96.6
‘(47.4-
191. 3)
27.91

(r.i—
t 28.16) 28.83)

41.08
(36.94—
43.88)

41.99
(.6ï—
44.88)

t 21.97
t

t 24.33)
t 18.0
t (10—33)

105.1
(36.7—
262.7)

27.85
(6.s—
28.83)

TABIE

7

— 1 : PH(SICAL CHARACTERISTICS 0F TI WORKRS
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measured by counting carotid pulse. Oral temperature was recorded

with the help cf a standard clinical thermonieter iept in the mouth

underthe tongue for at ieast three minutes.

Sweat loss duririg work was measured in each two hours by

recording the differences in body weights and considering the weight.

of the fluid or solid food taken and the weight of urine and stoo].

passed by the workers during the period 0f observation.

2.4. Sub1etive Opinion Study The sub)ective opinion study

was conducted on 6 subjeots. Opinions were taken in each hour against

the following statenient. Rating was done in the way shown below.

For an individual worker average rating for the whole day was obtained.

Increase in the rating means greater discomfort.

Seales Ratin,g

Comfortable 1

Comfortably warm 2

Warm 3

Feeling hot 4

Feeling very hot 5

3. PESOITS

The physica]clàiracteristics and personal data cf the workers

are presented in Table 1. Ail the workers were oberved to be young.

None cf thein were found to be obese and as it is revealed from their

length of service, ail cf theni wcre expected to be acclimitised to the

regional clirnate.

The cimmatic condition 0f the outside environment is shown

in Table 2.

The climatie conditions inside he ±‘actory and the physiological

findings (2—hourly) and also the overail values for the whole sbift

are presented in Table 3. The Inean and standard deviation cf these

values for 9 workers under tt’o differen ventilatory conditions —

natural and forced are shown.

3.1. Clinatic Findings : Dry bulb reading and relative

humidity values show a very dry hot condition, typical f Vidarbhats

extrerae sl1imAr (Table 2).

—3—
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t t t t — t t

---

Iiength

S1. Age 0f Height Weight B.S.A.
• t Sub. Section T t t t

No. t t ,(Trs.), Service t(cm.) t (Kg.) t (M2)

-t t ,(Yrs.)

-
t t

i) ‘ BM ‘Machine 27 ‘ 2 ‘ 163.0 49.5 1.52
V ‘Shop t t

t
t.— t t T t

2) t*- sSS t
TT 26 t 2 151.0 45.5 1.38

3) ‘ IVDD tDevelopt 30 ‘ 2 ‘ 165.5 , 45.5 , 1.45
t tment t .

4). ... AAJ
“

23 ‘ 3 ‘ 167.0 t 41.0 t 1.42

5Y’ VPC ... 24 ‘ 2 163.0 41.5 1.40

6) t MTK ‘Paînt— T 25 T 3 ,169.5 595 1.68
t-; ting t T

7) ‘ EPM t Tt t 22 2 t 163.5 50.0 1.53
V. V. t t -V. V -.

8) t BIR t t 28- T 2 ,-165.O :- 54.0 1.59

9 ORM 24 2 165.5 t 47.5 r 1.51

TkBI - 2 : & RANGE 0F TE CIiflIATIC C01JDITION 0F TI
OUTSIDE ENV)0NMENT V

2-hourly observations TtÀverage 0f
Variables the whole

8•30 1030 - 14.30 — t shift
10.30 hrs 12.30 hrs 16.30 hrs.t

D.B. °C

k—

t 38.99
(6.4—

t 41.28)
G.T. °C t 3.68

t (r.6’r—
41.67)

W.Bw- C ‘ 22.46
(o.—
24.33)

R.H. % 24.1
(i6)

T 112.1
(so.—

t 168.3)

27.31
t (26.89—

12.30 —

14.30 hrs.

42.10

T
43.88)

43.25

t (zi.i—
44.58)

t 21.69
(o.—

t 24.05)

15.3
(ii—)

117.0
(70.4—
262.7)

t 28.07
(27.72—

t 28.83)

42.24
T
(40.56—
43.88)

43.27
(41.00-
44.88)

t 21.59

t 23.78)
t 14.6
T (10—25)

86.9
‘(36.7—
‘130.1)

28.13
,(27.94-—

28.39)

—4—
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The difference in mean G.T. and D.B. value shcvs that thero was

vezy ljttle radiant temperature inside the shade.

The average natural air movement in the workplaces was observed

to be 28.2 cnVsec. and the averagO forced ventilation 170.3 cIr/sec.

While comparin D.B. and W.B. o±’ the two different sets cf

experimental conditions, namely. with arid without forced ventilation, it

was observed that there were di±’ferences, though not statisticaily

significant. But this could perhaps only be avoided in an experiniental

labora0ry condition.

The climatjo conditions cf the inside and outide environment

were a].most sanie, excepting the natural air velocity which was significantly

lower inside the shop.

3.2. Physiological Observations :

3.2.1. Pulse Rate : The overail mean value 0f pulse rate

was 7].. beats/min. and 73 beats/min. respeetive].y in natural and forced

ventij.a.ted conditions. In both the conditions, the diurnal variations

in pulse rate were flot oh. Also, no signifjcant differenwere there

for the values in natural or in forced ventj].ated conditions.

3.2.2. Oral Temperature : The overal]. mean values cf

oral temperature in natural and forced ventilated conditions were 36.87

and 36.78°C respectively, none indicating any heat strain. In naturel

c].imate, there was a graduel increase in the oral temperature since

morning te the period cf 12.30 — 14.30 hrs., afterwards it was stabilised;

the differences were, however, neyer significant. In £orced ventilated

conditions, no suoh clear trend was observed.

No significant differences were found between the mean values

for naturel and artificially ventilated conditions.

3.2.3. Sweat Loss : In naturaJ. climats, the overali

values 0f the sweat loss in the workers correspond to moderate].y heavy

physioogica1 stress. The sweat loss, like oral temperature,increased

since morning tiil 12.30 to 14.30 lus. period. In foroed ventilated

condition, the highest mean value cf sweat loss was observed in the lest

observation (14.30 to 16.30 hrs.).

The overali mean value cf sweat bas was l2igher (669 guV2-.hr.)

in forced ventilated condition than that (599 gnV2—1r.) observed in

natural climats. The difference was flot statisticafly significant.

-4-

TALLE - 3 : FdLN ± STAIWARD DEVIATION FOR THE NINE ]2A.YS’
I

cperi— 2—hourly observations ‘Avee cf

Varia— mental 8 30 10 30 ‘ 1230 14 30
the wb.ole

bles conditions1 10:30 hrs.t 12:30 hrs.’ 14:30 hrs.t 16:3os.:
sh•ft

N.V. 39.32 ± 41.18 ± 4223 ±
1 42,57 ± 41:48 +

D B o 1.23 0.81 0.90 O6l 0.80
. F.V. 39.45 ± 41.57 ± 42.86 ± 43.15 ± 41.71 ÷

1.32 1.17 0.36 1.45 1.19

N.V. 39.93 ± 42.06 ± 43.48 ± I 43.60 ± 42.41 ±
G.T. °C 1.44 0.99 1.02 — 0.83 0.93

F.V. 39.82 ± 42.31 ± 1 43.69 ± 43.89 ± 42.43 ±
1.24 1.23 1.00 1.32 1,15

N.V. 21.63 ± 21.52 ± 21.52 ÷ 21.25 ± 21.52
W.B. O 0.42 0.81 0.43 0.16 0.41

F.V. 22.76 ± 22.65 ± 22.09 ± 21.75 ± 22.30 ±
1.47 1.22. ... 0.93 0.86 1.88

N.V. 19.7± 16.9 ± 14.7 ± 13.2+ 16.0±

R H
2.83 2.96 2.62 1.68 2.45

. • /o
F.V. 24.1± 19.2 ± 15.9 + 14.0+ 18.1±

7.08 5.03
.

4.63 4.69 5.31

A M LV. 35.0+ 25.9 +.. 31.9 ± 24.9 ± 28.2 ±
, 26.7 J 12.3 J 12.3 12.0

C • ec.
F.V. 177.5 ± 174.0 ± 167.0 ± 171.3 ± 170.3+

17.6 21.7 27.4 12.6 . 17.3

N.V. 27.47 ± 28.05 ± 28.37 ± 28.40±. 28.12 -

C.E.T. °C 0.53 0.24 0.14 0.14 0.15

F.V. 27.24 ± 28.05+ 28.24 ÷ 28.15 ± 27.90 ±
0.52 .. 0.43 0.25 0.16 0.30

N.V. 76.1 ± . .69.2 ± 75.8 ± 69.2 ± 71.0 ±
se 10. 8.4 9.8 10.2 9Q

.i-Lcu5
• F.V. 76.3 + 69.9 + 73.3 + 75.2 + 73.0 +

beats/mn.
9.5 — 8.6 — 7.05 — 7.7 — 8.0 —

Oral j N.V. 36.77 ÷ 36.88 + 36.92 + 36.93 + 36.87 ±
Temp. °C 0.42 — 0.40 — 0.42 — 0.2]. 0.34

I F.V. 36.78 ÷ 36.73 ± .36.66 ± 36.81 ± 36.78 ±
0.37 0.34

.

0.44 0.16

N.V. 500.9 ± 571.1 ± 672.4 ± 651.3 ± 599
Sweat 88.3 111.7 145.4 106.5 97.4
loss

gm./2—hrs. F.V. 594.1 ± 671.8 + 646.0 ± 741.1 ± 689.1+

210.0 I 80.3 171.4 156.3 99.0

N.V. = Natural Ventilation ; F.V. Forced Ventilation

—5—
-6-
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3.3. Subjective Opinion Study The overail mean score of

discomfort index for each worker for natural and forced ventilated cli-

mates are shown in Table 4. Observed that 4 out cf 6 workers complained

cf more discomfort with forced venti1ation 2 wcrkers’ opinion went in

±‘avour cf forced ventilation.

TABLE - 4 : SUBJECTIVE oPINION STUDY (Individual’s mean

ratirig for the whole shift hours)

t t — t

t Natural t Forced Increase /
Sub. Ventilation ‘ Ventilation , Decrease in

discomfort

MJJD 2.22 3.11 +

JJ r 2.00 t 2.78 +

MTK : 3.22 3.67 +

EPM t 2.00 t 1.56’ - t —

B}. 1.90 3.89 +

CRM : 2.33 2.il —

4. DISCUSSION

Heart rate, body temperature and sweat loss are the physiological

parametdrs which are most commonly used in evaluating the heat strain.

Observd that in natural cimate (D.B./W.B. : 41.5/21.5°C), these values

were not depicting any strain on the workers. This was due to the faot

that the metabolic load in their jobs was very light and also in a hot—

dry climatie condition the heat losing mechanism by sweating is bighly

favou1ed. The increased ventilation further facilitates evaporation 0f

sweat and thus makes the physiological mechanism of sweating more

effective.

The increased ventilation aiso causes a loss/gain in heat by

the body by convention, if the air temperature la lower/higher

respectiveJ.y than that 0f the skin temperature.

When the air temperature is higher than the kin temperature

(as it is expected in the present case), there in a critical limit of

air movement, above which the heat losing iaechanism hy aided evaporation

cannot compensate for the anount of heat gained from :ie surrounding by

wsy 0f the convection current producd at that air velocity.

‘-7-

This critical limit depends on the air temperature and hun1idity in the

climate. For exainple, for a dry bulb temperature 0f 48.9°C (120°F) at a

relative humidity cf 25 (Wet Bulb Temperature 29.4°C or 85°F), air

movement over 100 ft/min. (5i cm/sec.) has been found to be detrimental

(Ref. Iijnd,].64*). In the present case, the dry bulb temperature was

less than 48.9°C, but relative huinidity was also rauch lower. The detri—

mental effect was thu expected. .And the comparatively greater mean

value cf sweat loss with increased ventilation is indicative cf this

extra heat gain with increased ventilation.

as it is shn in Table , no increase in puise rate and

oral temperature was observed in the workers because 0f this extra heat

gain induced on the workers and also the increase in sweating rate with

forced veni1ation was not slgmfican-b statistically.

Thus, the present findings corroborat with the eariierj

findings that increased ventilation does flot show any sign cf heat strain,
as it was probed with pulse rate, oral temperature and sweat 1o and
this held true even when the forc ed ventilation cf high magnitude, viz.
170 cm,/seo. (340 ft/mi!1.) was maintajried in the presen study.

The subjFctive opinion sttrdy showed tbat in most cf the
cases (4 out 0f 6), the forced ventilation was causing greater subjective
disconfort. Rtrther enquiries revealed that ail these 4 workers wanted
te remove the fan and complajned ci’ headache whil working under forced
ventilation. These workers had the following things in c6rnmon :

V
i) They were a]-most Contlnuou5ly sittingand

V ‘
‘ 2) were workirig in a place directly beaned by the fan.

In the 2 workers in whose case’ the subjective opinion stuy
went in favour 0f forced ventilation, the following things w’ere observed
to be commofi

1) In both the cases, the mean overail air temperature
waa lower in the day cf st-udy with fdrced ventilation

than that in natural o limate.

2) Their job requi.red standing,

3) They were not stationary in a same place and moved

*Ljfld, A.R. (1964) : ‘The Assessment, Manageme and Control 0f Heatstress. In Heat Stress an Heat Disorders by C.s. Leithead andA.R. Lind, pp.36, Caseli & Co. Ltd., London.

—7—



aioud in an area o±’ 5’ x 4! - -

they were net exposed te the direct beam of the discofort was due to the hot wind that they experienced at the skin

itself, which is hardly accounted for by neans cf the parametrs used

in the study. Measurement cf skin temperature rnight have t.hrown corne

5. CONCLUSION light in this regard.

Even in the extreme cf dzr hot sunraer in Vida.rbha, acclirnatised

workerswhiie perforriing a light engineering job did not show any

objective sigu o±’ heat strain, as it was shownin their pulse rate, oral

temperature and sweating rate values duririg work. The forced ventilation

(avg. 170 crn/sec.) increased the sweating rate suggesting an extra heat

gain from the environnent. There was no other sign cf heat strain.

lse rate and oral teuperature values were net different in natural

and forced ventilated conditions. Aise, the increase in sweating rate

with forced ventilation was not cf any significant oleasure.

Subjective feeling cf discomfort at fcrced ventilation was,

however, very prominent in 4 0f the 6 workers studied for the purpose.

Ail these 4 cornplained cf headache and badly wanted to remove the fan.

The other two workers, whose opinion went in favour cf forced ventilation,

were found’ to differ fron the other 4 workers in that they were flot

exposed te the direct bean . the fan, their job requiring a moving

around in an area 0f about 5I x 4’; also in these two cases, on the

day cf study with foreed ventilation the mean anbient temperature was

less than that observed in the day, when they vvere studied in natural

clirnate.

Ail these suggest that in a hot-dxy environnent the increase in

ventilation te a level cf about 170 cra/sec., insteaci cf giving any

beneficial effect produces subjective discornfort which is but hardly

accounted in terms 0f cor’non physiological parameters denoting heat

strain such as pulse rate, oral teiacerature aiid sweating rate. As a

natter cf fact, tho demarcation between disconfort and cornfort, as it

is sometirnes revealed by subjective opinion studies is not aiways

identified by physiological observations. The objective evaluation o

heat strain restricted itself to the measurernent cf pulse rate, body

temperature and sweat loss in the present study. In both the cases,

with and without forced ventilation no heat strainwas observed, as

there was not rnuch heat production due to work. Subjective feeling cf

—9—
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