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THE PHYSIOLOGICAL COST OF WORK 
- AN ERGONOMICS APPROACH - 

A. Vitalis, J. Gaskin, G. Jeffrey 

Two p a p e r s  p r e s e n t e d  d u r i n g  the 1 9 8 4  
L I R A  "Human R e s o u r c e s  i n  L o g g i n g "  
s e m i n a r  R e f .  7 ,  1 5 )  r e f e r r e d  t o  the 
h i g h  w o r k  l o a d i n g s  t h a t  t y p i f y  l o g g i n g  
w o r k .  B o t h  p a p e r s  r e f e r r e d  t o  s t u d i e s  
c o n d u c t e d  o v e r s e a s  a n d  a t  t h i s  s t a g e  no 
w o r k  q u a n t i f y i n g  the w o r k  l o a d  o f  
l o g g e r s  i n  New Z e a l a n d  h a s  been 
u n d e r t a k e n .  

N u m e r o u s  p u b l i s h e d  r e s e a r c h  r e s u l t s  h a v e  
s u g g e s t e d  t h a t  t e c h n i q u e s  d e v e l o p e d  
d u r i n g  a  p r o j e c t  h a v e  s i g n i f i c a n t  
" e r g o n o m i c "  a d v a n t a g e s .  Two e x a m p l e s  o f  
s u c h  c l a i m s  a r e  a s  f o l l o w s .  A s  a  r e s u l t  
o f  the S w e d f o r  C o n s u l t a n c y  i n  1 9 8 0  ( R e f .  
1 3 ) ,  a  s t r o n g  r e c o m m e n d a t i o n  f o r  the  u s e  
o f  l i g h t e r  s a w s  w a s  m a d e .  Two r e a s o n s  
g i v e n  f o r  s u c h  a  r e c o m m e n d a t i o n  w e r e  : 

" t h e  w o r k  i s  s a f e r  
the w o r k  l o a d  i s  l e s s  f a t i g u i n g "  

No s u g g e s t i o n  w a s  m a d e  a s  t o  h o w  the  
s e c o n d  s t a t e m e n t  c o u l d  be q u a n t i f i e d  
other t h a n  s u b j e c t i v e  a s s e s s m e n t  b y  the 
o p e r a t o r .  T h e  s e c o n d  e x a m p l e  ( R e f .  6 )  
involves the u s e  o f  a  p o r t a b l e  w i n c h  t o  
p u l l  s k i d d e r l t r a c t o r  m a i n r o p e  u p  short 
s t e e p  s l o p e s .  Wi th in  the c o n c l u s i o n s  
the a u t h o r  n o t e d  t h a t  : 

" T h e  p o r t a b l e  w i n c h  h a s  the p o t e n t i a l  
t o  e l i m i n a t e  the  p h y s i c a l  d e m a n d s  
i n v o l v e d  i n  m a n u a l  1  y  p u l l  i n g  m a c h i n e  
m a i n r o p e  a n d  s t r o p s  u p h i l l .  T h i s  l o w  
c o s t ,  1 i g h t w e i g h t  e a s i l y  c a r r i e d  u n i t  
c a n  m a k e  the l o g g i n g  o f  short s t e e p  
s l o p e s  ( u p  t o  7 0  m  i n  l e n g t h )  
e c o n o m i c a l  1  y  a n d  e r g o n o m i c a l l  y  
v i a b l e  . " 

While the e c o n o m i e s  c a n  be r e a d i l y  
q u a n t i f i e d ,  we  h a v e  h a d  t o  a g a i n  r e l y  on 
s u b j e c t i v e  a s s e s s m e n t  a s  t o  the  e l i m i -  
n a t i o n  o f  the p h y s i c a l  d e m a n d s .  

INTRODUCTION 

Work Measurement,  as p rac t i ced  by Work 
Study prac t i t ioners ,  is widely used in t h e  
logging industry to-measure  pe r fo rmance  and  
t o  set work standards.  The  Work 
Measurement  approach t o  labour ut i l isat ion i s  
impor t an t  in eva lua t ing  a sys t em,  in s p i t e  of 
i t s  methodological  shor tcomings  (e.g. Ref.  
10)  b u t  is unsuitable f o r  measu res  of  d i r e c t  
per formance .  Work measu remen t  i s  no t  
su i t ab l e  s ince  i t  g ives  "no indicat ion of  t h e  
c o s t  t o  t h e  ope ra to r  of  maintaining t h e  o v e r t  
leve l  of  pe r fo rmance  (Ref.  4). This  c a n  only 
b e  achieved by  measuring t h e  physiological 
capac i ty  of  a worker  t o  c a r r y  o u t  a task ;  and  
involves t h e  use  of me thods  and  techniques  
developed by ergonomis ts  ove r  t h e  l a s t  f o r t y  
years .  

According t o  t h e  New Zealand Ergonomics 
Society,  "Ergonomics i s  a technology t h a t  
s e e k s  t o  improve  m e n t a l  a n d  physical  
well-being by optimising t h e  funct ion  of  
human-machine- envi ronmenta l  systems". 

The  use  of  e rgonomics  is widely used in 
Europe and  mos t  European coun t r i e s  h a v e  
passed legislat ion requir ing organisat ions t o  
u se  ergonomic  principles in t h e  work place.  

This paper  will focus  o n  o n e  a s p e c t  of  
e rgonomics  - t h e  physiological c o s t  of  work .- 
by looking at  t h e  methodology used a n d  t h e  
w a y  t h e  resul t s  a r e  analysed. 

Most s tudies  of m a n  per forming physical  
work involve t h e  measu remen t  of o n e  o r  
m o r e  of t h e  following main  pa rame te r s ;  
oxygen consumption,  h e a r t  r a t e ,  c a r d i a c  
o u t p u t  and  minu te  venti lat ion (Ref .  14). Of 
these ,  t h e  t w o  mos t  extensively used a r e  
oxygen consumption and  h e a r t  r a t e .  

T h e  in t en t ion  o f  t h i s  R e p o r t  i s  t o  
i n t r o d u c e  the c o n c e p t  o f  m e a s u r i n g  w o r k  
1  o a d  . 



OXYGEN CONSUMPTION 

Each person's  capac i ty  f o r  heavy work (such 
as logging) i s  dependent  on  ene rgy  
consumption and ca rd i ac  capac i ty .  Because 
ene rgy  consumption is r e l a t ed  t o  oxygen 
consumed,  t h i s  l a t t e r  quant i ty  i s  used t o  g ive  
a n  indi rec t  measure  of t h e  energy  expended. 

The measu remen t  of oxygen consumption is 
achieved by a t t ach ing  t o  t h e  sub jec t  a mask 
wi th  valves t h a t  d i r e c t  t h e  exhaled  a i r  e i t h e r  
t o  a bag or a gas  meter .  The  oxygen 
consumed i s  t hen  de termined.  This value is 
t h e n  compared  t o  t h e  maximum oxygen 
consumption of t h e  worker and  a n  index is 
thus  obtained. The maximum oxygen 
consumption f o r  a worker  i s  de t e rmined  by 
means  of a s tandard  test using, typical ly,  
e i t h e r  a bicycle e rgonomete r ,  o r  a s t e p  test. 

F i g u r e  1 - E s t a b l i s h i n g  b a s e - l i n e  
p u l s e  r a t e  

T h e  index i s  : 

VO2 x 100 

vo 
2 - m a x  

(V02  = volume of oxygen used doing 
measured  t a sk )  

Most r e sea rche r s  a g r e e  t h a t  t h i s  index should 
b e  in t h e  region of 33% (Ref. 9) al though 
s o m e  h a v e  suggested a value a s  high as 50% 
(Ref .  2). Once  t h e  V 0 2  va lue  f o r  various 
t a sks  h a s  been  e s t a b l ~ s h e d ,  assigning 
personnel  t o  various tasks ,  based on  the i r  
V 0 2  max,  not  only becomes  a 
s t ra ight forward  opera t ion  but ,  above  al l ,  
ensures  e f f e c t i v e  use of ope ra to r s  wi thout  
t h e  danger  of hea l th  and  pe r fo rmance  
de ter iora t ion  d u e  t o  ove r  exert ion.  

HEART RATE 

Measuring oxygen consumption presents  
problems of validity, rel iabi l i ty and  
prac t icabi l i ty  (Ref .  16). Fo r  example ,  t h e  
measu remen t  of oxygen consumption in t h e  
work p lace  involves t h e  use  of  a mask t h a t  
may  impede  t h e  pe r fo rmance  of a t a sk  and  
become  very  uncomfor table  if t h e  work is 
being ca r r i ed  o u t  in h o t  environments.  Also, 
oxygen consumption only measures  ene rgy  
expendi ture  r a t h e r  t han  t o t a l  s t rain.  

In c o n t r a s t  t o  oxygen consumption,  h e a r t  
r a t e  i s  easi ly measured  in t h e  work place.  
Smal l  h e a r t  r a t e  monitors  h a v e  been  
developed t h a t  c a n  monitor  h e a r t  r a t e  fo r  
long periods wi thout  in ter fer ing  wi th  t h e  
sub jec t ' s  work. In addit ion,  a s  long a g o  as 
1957, L e  Blanc (Ref.  8) repor ted  t h a t  t h e  
main  f a c t o r s  in physical work a r e  t h e  supply 
of oxygen t o  t h e  muscles  and  t h e  dissipation 
of h e a t  produced. Both depend on  " the  
abi l i ty of t h e  c i rcu la tory  sys tem t o  a d a p t  
i tself  t o  body requi rements  and  s ince  h e a r t  
r a t e  i s  d i rec t ly  a f f e c t e d  by t h e s e  c i rcu la tory  
changes" t h e  use of h e a r t  r a t e  as a measu re  
of t o t a l  load is t o  b e  prefer red .  More 
recent ly ,  Rodahl  et a1 (Ref. 12) used h e a r t  
r a t e  monitoring continuously and found t h a t  
i t  represented  s t r e s s  in t h e  job b e t t e r  t han  
a n y  o t h e r  p a r a m e t e r  t h a t  involves samples.  



They suggested t h a t  t h i s  was  because  t h e  
n a t u r e  of work i s  i n t e r m i t t e n t  and  t h e r e f o r e  
only continuous recording would r e f l e c t  t h e  
work s i tua t ion  accura te ly .  They conclude  
t h a t  t h i s  approach provides a very  powerfu l  
tool ,  especial ly when i t  is t ied  in t o  d i r e c t  
observations. Rodahl  et a1 also used the i r  
readings t o  obta in  e s t i m a t e s  of oxygen 
uplake.  They found t h e  conversion "adequate  
fo r  a l l  p rac t i ca l  purposes of a f ield 
investigation". 

So h e a r t  r a t e  i s  easi ly measured  in t h e  work 
p lace  and  c a n  b e  used t o  e s t i m a t e  oxygen 
consumption. The  quest ion t h a t  now a r i se s  i s  
w h a t  a r e  t h e  accep tab le  l imi t s  of h e a r t  r a t e  
magnitude? Some re sea rch  workers  conclude  
t h a t  t h e  overa l l  c i rcu la tory  s t r a in ,  a s  
measured  by t o t a l  pulse, should not  exceed  
110 b e a t s  pe r  minu te  (e.g. Ref. 1, 5) while  
o the r s  (e.g. Ref.  3, 11) have  sugges ted  a 
maximum of 130 b e a t s  pe r  minu te  and  
140-150 b e a t s  per  minute  (Ref.  17). T h e  
main  d isadvantage  of  t h i s  approach,  which i s  
s t i l l  used in t h e  Swedish logging industry, i s  
n o t  s o  much t h e  varying values in h e a r t  r a t e s  
given a s  t h e  maximum al lowable,  bu t  t h a t  i t  
does  no t  t a k e  individual d i f fe rences  in to  
considerat ion as f a r  a s  "resting" o r  "sleeping 
pulse" i s  concerned.  

To ove rcome  t h e s e  diff icul t ies ,  a number  of 
indices h a v e  been  developed. Together  wi th  
t h e  index f o r  energy  expenditure,  t h e s e  g ive  
a c l e a r  indicat ion of  t h e  work load of  tasks.  
The  main  ones  a r e  : 

( 1 )  m e a n  r e l a t i v e  h e a r t  r a t e  a t  w o r k  = 

f c w  - f cs  x  1 0 0  
f c m a x  - f c s  

( 2 1  r a t i o  f c w  - 
f c s  

( 3 )  a n d  " t h e  5 0 %  l e v e l "  = 

f c r  + f c m a x  - f c r  

f i t  h a s  been e s t a b l i s h e d  t h a t  a  
w o r k e r ' s  h e a r t  r a t e  d u r i n q  w o r k  
s h o u l d  not  e x c e e d  h i s  5 0 %  l e v e l )  

w h e r e  : 

f c w  = m e a n  h e a r t  r a t e  d u r i n g  w o r k  

f c s  = m e a n  h e a r t  r a t e  d u r i n g  s l e e p  

f c r  = m e a n  h e a r t  r a t e  d u r i n g  rest  

f c m a x  = max imum h e a r t  r a t e  

In addit ion,  by means  of h e a r t  r a t e  
part i t ioning,  t h e  e f f e c t s  of work load and t h e  
t h e r m a l  envi ronment  c a n  b e  eva lua t ed  (Ref.  
16). 

CONCLUSION 

A t  present ,  New Zealand workers  a r e  
genera l ly  assigned t a sks  and  leve ls  of 
ac t iv i ty  based on e i t h e r  o r  both of t h e  
following c r i t e r i a .  First ly,  work loads m a y  b e  
set according  t o  w h a t  t h e  managemen t  may  
impose  on t h e  workforce  (or w h a t  t h e  worker  
(or t r a d e  union) considers  reasonable).  
Secondly, t hey  a r e  based on pe r fo rmance  
s t anda rds  (which m a y  b e  t h e  resu l t  o f  a work 
s tudy investigation). The  s tandards  s o  set a r e  
usually accompanied  by c la ims of dubious 
sc ient i f ic  validity. 

Ergonomists  have  a t t e m p t e d  t o  provide a 
m o r e  ra t ional  basis fo r  t h e  es tab l i shment  of 
work loads. The  exper ience  in o t h e r  count r ies  
sugges ts  t h a t  t h i s  is a valid approach 
resul t ing in a hea l th ier  workforce  (both 
menta l ly  and  physically) and  improved 
ef fec t iveness .  The expendi ture  involved in 
using th i s  approach i s  minimal. 

LIRA, in conjunction wi th  s t a f f  f rom Massey 
Universi ty and  T h e  Disabilities Resource  
C e n t r e  in Pa lmers ton  North,  is cu r r en t ly  
evaluat ing/developing a por table  h e a r t  r a t e  
monitor .  Such equipment  will  enab le  us t o  
r eco rd  loggers h e a r t  r a t e  during work and,  
using techniques  discussed in th is  repor t ,  
de t e rmine  work loadings placed on workers .  

The  in tent ion  of  such d a t a  recording is, for  
example ,  t o  c o m p a r e  t h e  work load imposed 
on  a breakerout  working in heavy slash with 
o n e  working in wood prepared  using t h e  
organised fel l ing technique. It  is also 
envisaged t h a t  t h e  equipment  would b e  used 
t o  c o m p a r e  work loads using d i f f e ren t  s i ze  
cha insaws and  bars. Such research  will  enab le  
m o r e  conf iden t  assessment  of t h e  ergonomic  
bene f i t s  o f  various developed techniques.  
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