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SYNOPSIS 

It is important that both management and workers are 
aware of the human problems associated with power-saw use, 
and that positive steps are taken to minimize the undesirable 
effects. The risk of power-saw accidents plus the symptoms 
associated with power-saw noise, vibration and exhaust fumes 
puts considerable physical and psychological stress on opera
tors. Sound working techniques and improved power-saw de
sign would greatly alleviate these symptoms. Management 
action to date has been to encourage the purchase of quieter, 
smoother running saws, and to redeploy affected operators. 
More positive action has been discouraged by the possibility 
of compensation claims from affected operators, and the 
casual attitude of the work force towards a safe and healthy 
working environment. 

INTRODUCTION 

Over the last twenty years, both the level and the degree 
of mechanization in forestry have greatly increased. This has 
been especially apparent in timber harvesting, where the 
evolution of petrol-driven power saws and harvesting 
machinery has been very rapid. 

The one-man power saw, often said to be the greatest single 
technological advancement in the logging industry, made little 
impact in New Zealand before the early 1950s (Collins, 1956). 
Previously felling, limbing, and cross-cutting were carried out 
by hand saw and axe. Since then, power saws have found in
creasing application in land clearing, thinning to waste, and 
logging. The rapid acceptance and use of power saws over 
recent years is evident from the growth of imports from 
4,237 in 1963 to 12,901 in 1969, and the increase in New Zea
land Forest Service holdings from 871 saws in 1968 to 1,245 
in 1970. 

More recently, there has been a tendency overseas towards 
the use of multifunction harvesting machinery for felling, 
limbing, and cross-cutting. This level of mechanization would 
largely replace the manually operated power saw in harvest
ing operations, but as yet it has not reached New Zealand. 

The pressure on management to mechanize is generated by 
the need to increase labour productivity, to hold or reduce 
costs, and to reduce work effort. However, while these factors 
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are of prime importance, management must also take cog
nisance of the effects mechanization can have on the physical 
and mental welfare of the forest worker. Each level of 
mechanization has its own set of favourable and unfavourable 
features. The favourable features tend to be more readily 
acknowledged than the unfavourable ones such as the effect 
un the labour force of power-saw accidents, vibration, noise, 
and exhaust fumes. This paper documents these aspects in an 
attempt to create awareness of the impact they are having, or 
could have, on the local work force. 

POWER-SAW ACCIDENTS 

lhe forestry sector of New Zealand industry has a poor 
^arecy record and, in terms of accident frequency and severity, 
logging is one of the most dangerous industries in New Zea
land (Fenton and Terlesk, 1971). The frequency of power-saw 
injuries is probably no greater than the frequency of injuries 
caused by axes and hand saws, but the severity of power-saw 
injuries is considerably greater (Carey, 1962). The high risk 
of tree felling as an occupation is further emhpasized by the 
comparison of premiums charged for workers' compensation 
insurance in Table 1. 

TABLE 1: COMPARISON OF WORKERS' COMPENSATION 
INSURANCE PREMIUMS 

Premium 
Occupation per $100 of Wages 

$ 
Underground coal mining 9.50 
Timber felling (indigenous) 6.00 
Timber felling (exotic) 5.501 

Building, bricklaying 2.00 
Silvicultural work (not involving tree felling) .... 1.30 
Farm work (not involving tree felling) 1.30 
Panel beating 0.75 
Clerical work 0.05 

1 In some circumstances the premium is $3.75. 

Power-saw accidents, after falls of various kinds, are one of 
the most significant causes of accidents in New Zealand bush 
undertakings (see Table 2). Thirteen per cent, of all forestry 
accidents can be attributed to power saws, and the compensa
tion paid for these has been about $30,000 over the last two 
years (W. Sexton, pers. comm.). Furthermore, compensation 
payments do not represent the total cost of accidents: con
siderable additional costs through lost production, disruption 
of gang membership and morale, and diversion of managerial 
staff from other work are borne by the industry and the com
munity (Groves and Lyons, 1968). Substantial long-term per
sonal losses are also experienced by disabled forestry workers 
— a predominantly young and fit group in this country. 
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TABLE 2: NUMBER AND PRIME CAUSES OF ACCIDENTS1 IN 
NEW ZEALAND BUSH UNDERTAKINGS2 FOR 1969 AND 1970 

Causes 

Total 
1969 1970 for 1969 

Native Exotic Native Exotic and 1970 

1. Hand tools: 
Axe 
Hammer or wedge 
Others 

2. Power tools: 
Power saw 

Others 
3. Falls of persons: 

On same level 
To different level 
Others 

4. Trees: 
Falling limbs 
Tree being felled 
Others 

5. Logs: 
Rolling 
Hauling 
Loading and unloading 
Others 

6. Flying objects: 
Chips, metal slivers, etc. 

7. Handling of objects: 
Wire ropes 
Chains, blocks, hooks 
Timber 
Others 

8. Gear failure: 
Hauling, rigging, etc 

9. Vehicles: 
Road 
Rail 
Tractor 

10. Explosives/fires 
l l . Machinery: 

Grinding wheels 
Winches 
Prime movers 
Transmission 
Other machines 

12. Miscellaneous 

Totals: 

12 
— 
14 

18 

— 

24 
17 
— 

10 
27 
5 

7 
3 
6 
1 

16 

l l 
1 
1 

10 

1 

6 
— 
4 
1 

— 
2 
1 

— 
1 

l l 

210 

28 
7 

57 

100 

7 

80 
94 
5 

21 
51 
14 

27 
13 
12 
15 

28 

28 
5 

15 
10 

5 

5 
— 
20 
4 

1 
1 
1 

— 
9 

96 

759 

l l 
1 

15 

28 

1 

26 
22 
—. 

ll. 
15 
6 

4 
7 
5 
3 

5 

5 
— 
.—, 

3 

3 

5 
— 

1 
— 

— 
— 

1 
— 

1 
14 

193 

35 
2 

76 

90 

5 

56 
64 
1 

27 
35 
23 

31 
14 
6 
9 

15 

18 
2 

12 
18 

4 

9 
2 

17 
4 

— 
— 

1 
1 

__ 
122 

699 

86 
10 

162 

236 

13 

186 
197 

6 

69 
128 
48 

69 
37 
29 
28 

64 

62 
8 

28 
41 

13 

25 
2 

42 
9 

1 
3 
4 
1 

l l 
243 

1,861 

13.8 

13.4 

20.8 

13.2 

8.8 

3.4 

7.5 

0.7 

3.7 

0.5 

1.1 

13.1 

100.0 

1 Labour Dept, statistics, compiled from compensation claims for men 
who were away from work for more than 48 hours as a result of the 
accident recorded. 

2 "Bush undertakings" means any tree felling or logging operation, and 
includes clearing forested land, pruning and thinning. 
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Many power-saw accidents do not appear in the Labour 
Department statistics shown in Table 2. Estimates from this 
department put the total number of accidents caused by 
power saws over the last two years at more than 1,000. 
Northern hemisphere experience (Frauenfeld, 1969) indicates 
that a high proportion of power saws are owned by self-
employed operators, particularly farmers, who use their saws 
only occasionally. This group has a much higher accident fre
quency than operators in large forestry organizations, because 
of inadequate training and practical experience in the safe use 
of power saws. Local statistics were not available to test 
whether the same accident pattern applies to New Zealand 
operators. 

American statistics (Bromley, 1969) indicate that 80% of all 
power-saw injuries are to the left side of the body, and that 
66% of all injuries are to the left wrist and hand, and the left 
leg below the knee. The parts of an operator's body which re
quire efficient protection are clearly indicated. Nevertheless, 
a feature of New Zealand forestry is the lack of use and 
standardization of protective footwear, gloves, clothing and 
helmets. Furthermore, many manufacturers have designed 
power saws that are awkward for left-handed people to use 
(see Table 3). In New Zealand, 1 person in 12 is left-handed. 
These people would find some makes of saw more hazardous 
to use than would right-handed operators. This could con
tribute to accidents, especially in limbing, where operators 
are often poorly balanced and cutting at awkward angles. 

TABLE 3: COMPARISON OF POWER SAWS AVAILABLE IN ROTORUA1 

Dry Engine Retail Price (approx.) 
Make 

Stihl 
Husqvarna 
Partner 
McCulloch 
Homelite 
Pioneer 
Pioneer 
Pioneer 
Canadien 
Remington 
Dolmar 
Solo 

Model 

041 AV* 
180 S 
R18 
CP 70* 
XL 12* 
1200* 
2200* 
2270* 
340 
—* 
CA 
640* 

Weight2 

Ib 

12.0 
13.0 
12.0 
14.0 
12.0 
13.5 
13.5 
13.5 
13.5 
13.0 
13.0 
12.0 

Size 
CC 

61 
77 
55 
70 
53 
57 
57 
57 
69 
64 
56 
67 

With AV3 

$ 

190 
251 
230 
266 
— 
— 
— 
— 
— 
— 
— 
— • 

Without AV 
$ 

152 
241 
190 
246 
168 
183 
200 
218 
180 
209 
200 
177 

1 This table lists saws only in the most popular range (11-14 Ib dry 
weight). 

'• Excludes Cutter-bar and chain. 
3 AV = Anti-vibration mountings included in the design. 

* = Has disadvantage(s) for left-handed operator because of positioning 
of exhaust, manual oiler or handles. 
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Some writers (e.g., Groves and Lyons, 1968) suggest that 
power saws require less physical strength and stamina than 
hand"tools, and in view of this j:ewer accidents would be ex
pected, as operators should be less fatigued and better able 
to react quickly to emergencies. However, these writers also 
note that available statistics do: not support their hypothesis. 
Others (e.g., Frauenfeld, 1969) take the counter view an^l 
maintain that power saws have not lightened the work when 
consideration is given to the physical stresses of vibration, 
noise, and exhaust gases, plus the comparatively heavy weight 
of the saw itself, and the psychological stress on the operator. 

Fires starting as a result of power-saw use are not uncom
mon in New Zealand. During the 1970-71 fire season the 
hazard was high, and eight fires in State forests were attri
butable to this cause. As yet, there has been surprisingly little 
damage to man or forest as a result of power saw fires, but 
some fierce slash fires have resulted (W. Girling-Butcher, pers. 
comm.). 

VIBRATION DISORDERS - vf ft 
Occupational hazards associated with the vibration of hand

held powered tools were first described by Raynaud in 1862 
(Agate, 1949). Since then the symptoms have been known as 
Raynaud's phenomenon. Other names used for the same dis
order are white fingers, dead fingers, dead hand, air hammer 
disease, traumatic vasopastic disease (T.V.D.) and vasoneuro
sis. 

The onset of the disease is gradual, and results from re
stricted blood flow in vessels of the hands as a result of 
vibration. Usually the top parts of one or two fingers of 
either hand periodically turn white through poor circulation 
with resultant pain, numbness, poor control, cyanosis (blue 
colour due to stagnation of venous blood), and reaction to 
abnormal temperatures. These symptoms usually appear after 
one to five years' continuous exposure to power-saw vibra
tion, and tend to spread to more fingers, although thumbs 
are rarely affected. In progressive forms of the disease, re
curring infection and local gangrene cause increasing pain 
and disablement. Research is continuing to prove or disprove 
the question of reversibility of the symptoms. In mild ca^ta 
the condition is reported to improve slowly, or remain un
changed; but more severe cases seem to worsen, even in the 
absence of continued exposure to vibration. The drug tolazo-
line, normally prescribed for chilblains, can provide some re
lief for sufferers. 

Air temperature plays a significant role in precipitating Ray
naud's phenomenon and the first mild attacks, maybe lasting 
only a few minutes, usually occur in winter, while the opera
tor is actually using a power saw. When the disease has pro
gressed, further attacks can be of several hours' duration, 
and may occur during leisure hours. Infections, physical 
fatigue and nervous exhaustion may subsequently increase the 
frequency and severity of the attacks. Smokers are likely to 
suffer more severely in that nicotine has a constricting effect 
on circulation. 
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Cases of Raynaud's phenomenon among power-saw opera
tors are not systematically recorded in most countries owing 
to the comparatively recent adoption of petrol-driven saws. 
Where the disease has been closely investigated in users, the 
incidence has been high. For example, symptoms were found 
in 49% of a sample of Swedish operators; 85% of a sample of 
200 men in Czechoslovakia, and 90% of a sample of 22 men in 
Tasmania, Australia were affected. The latter group experi
enced first symptoms after an average of three year i ' ex
posure. They were working in a climate very similar to that 
of the Bay of Plenty, and did not clothe themselves especially 
for cold weather. Within New Zealand it is not known what 
proportion of the labour force suffers from vibration dis
orders, but some cases are known in the Kaingaroa Forest 
logging environment. The high labour turnover of local fores
try labour is thought to have reduced the exposure time to 
vibration, and hence the incidence of Raynaud's disease. As 
there has been no systematic survey, no valid statistics are 
available. It is generally recognized that vibration is greater 
when limbing than when felling or cross-cutting. This is be
cause in limbing there is no damping effect, and engine speeds 
are higher. 

Most sufferers from Raynaud's phenomenon have been ex
posed to high frequency, low amplitude vibrations such as 
those found in power-saw handles. Agate and Druett (1947) 
suggest that the speed of working, exertion and grip required 
are also important. Hence, the intense nature of power-saw 
work in forestry almost certainly contributes to the symp
toms. There seems to be no standard international method 
for measuring the intensity of vibrations at the present time. 
Some investigators quantify it by measuring the frequency in 
hertz (Hz), and the amplitude in microns ([JL). Vibration 
frequency is in direct ratio to the number of revolutions 
of crankshaft of the saw's engine and varies between 60 
and 120 Hz. The amplitude of the vibrations depends on 
the weight and arrangement of the various parts of 
the saw, the materials used in its construction, and 
the mechanical condition of the saw. As engine vibration 
is transmitted to the operator through his points of contact 
with the saw, the basic measurements are usually taken at 
the handles. The amplitude of the vibrations in the handles 
of various types of saws varies between 20 and 600 pt. Since 
most types of power saw have a vertical (or almost vertical) 
cylinder, the greatest vibration amplitudes are observed in the 
vertical plane. Exactly what the dangerous frequencies and 
amplitudes are is still a matter of debate. This is not unex
pected because the risk of injury appears to depend not only 
on the intensity of vibration, but also on the duration of ex
posure, recuperation breaks, and aggregate exposure time in 
months or years. A Swedish author, Axelsson (1968), pro
posed a limit of 80 M* of amplitude within the frequency range 
50 to 500 Hz for operators who have more than four hours' 
exposure a day. This is the criterion adopted in Russia, 
Czechoslovakia and the United Kingdom (tentatively) on the 
assumption that operators will plan a 10 min recuperation 
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break after every 45 to 50 min continuous work. Apart from 
some work by Kaingaroa Forest work study unit, there has 
been little effort locally to establish exposure patterns and 
times for the various types of power-saw work. These data are 
essential prerequisites for interpretation of overseas criteria. 

The problem of how to avoid vibration injury is being 
tackled on two broad fronts, the first of which is to improve 
power-saw design. There has been considerable pressure on 
manufacturers to place more emphasis on operator health 
over the last 5 years, but it was not until 1969 that saws with 
anti-vibration features were marketed. Previously the empha
sis in design was purely on low cost running, reliability and a 
high power/weight ratio. Between 1938 and 1966, power-saw 
weights were reduced from 72 to 16 Ib, while the gross horse
power increased from 3 to 8, with a corresponding increase 
in revs per min from 2,800 to 8,000. Hence the problems asso
ciated with vibration have become more severe in recent years 
as power/weight ratios increased. The main design modifica
tions introduced to overcome vibration have been special 
mountings to absorb vibration (McCulloch, Partner, Stihl, 
Husqvarna); heated handles to reduce the effect of low tem
perature on operators' hands (Partner), and the introduc
tion of a safety chain which reduces some vibration (Oregon 
Ltd.). Local (Bay of Plenty) operators have a choice of 10 
makes of saw in the popular l l to 141b dry weight range 
(see Table 3). Four makes isolated the engine from the 
handles with absorbent mountings. Although this is a genuine 
attempt by the manufacturers to provide anti-vibration fea
tures, the amplitude of vibration, especially in rear handles, 
may still exceed the danger levels mentioned earlier. The 
other six makes offer no such protection. Local operators 
would have to pay an extra $10 to $40 for saws featuring anti-
vibration handles. European makes, especially Husqvarna, are 
enjoying a distinct rise in sales in the Bay of Plenty at the 
present time — a reflection of local interest in saws which 
are not only efficient, but also smooth and quiet running. It 
is significant that the U.K. Forestry Commission plans to 
change over completely to anti-vibration saws by the end of 
this year. 

Adoption of working techniques and procedures which mini
mize vibration injury is the second broad sphere of preventive 
activity. Operators should comply with the following basic 
rules: 

(1) Techniques for felling, cross-cutting, and limbing should 
include resting the saw as much as possible on the tree 
or thigh, and gripping the saw as lightly as possible, with
out losing control. 

(2) Power-saw gloves should be worn to spread the grip over 
a larger area of hand (four pairs per man so a dry pair 
can be worn after each break). 

(3) Good blood circulation to arms and hands should be 
maintained by wearing warm clothes and warming up be
fore starting work. 
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(4) Sprockets, guide bars, and chains should be kept in good 
working order. 

(5) When the saw is idling or stopped; rest the arms and 
hands as much as possible. 

(6) Organize other work so that there are as many short 
breaks as possible. 

The question of compensation for sufferers from Raynaud's 
phenomenon is a difficult one, and the possibility of claims 
probably explains the shyness of organizations in this coun
try to investigate the disease in their work force. There does 
not appear to have been any compensation paid in Aus
tralasia, although Grounds (1964) has pointed out that such 
damage is ". . . avoidable, disabling and permanent, and not 
beyond the ambit of workers' compensation laws [in Aus
tralia]". Agate (1949) concluded that, unlike most occupational 
disabilities which vary little from day to day, Raynaud's 
phenomenon is transient, but recurrent and depends upon 
external factors such as season and climate. Moreover, the 
resulting disability can be serious in some occupations and 
not others. In Britain, hardship to individual sufferers has 
been established, and at least one successful legal action has 
been brought against an employer on the grounds that the 
disorder was the result of injuries received in accidents. The 
Court accepted that each vibration was an infinitesimal blow 
to the nerves causing infinitely small damage to their tissues, 
in the end cutting off the flow of blood needed to keep the 
hand in a healthy condition. Agate (1949) concluded — "It 
appears likely that any future claims . . . would be upheld 
But few working men are willing to undertake the consider
able financial risks of legal action." 

DEAFNESS DUE TO NOISE 

Noise (unwanted sound) can have an adverse effect on the 
health and working capacity of power-saw operators. Pro
longed exposure to loud noise induces headaches, irritability, 
fatigue, loss of concentration, and progressive deafness, all of 
which contribute to reduced productivity and accidents. The 
degree of hearing loss suffered depends on the sensitivity of 
the individual ear, the intensity and regularity of the noise, 
and the duration of exposure. 

Noise is measured by its loudness (or intensity) in decibels 
(dB), and its frequency range in hertz (Hz). The noise pro
duced by power saws is in the more damaging frequency 
range (200-3,000 Hz), and may be at a loudness level consider
ably in excess of safe limits. Sound level meters can take a 
single reading which approximates the intensity of sound re
ceived by a human ear — the resultant decibel reading 
(dBA) is described as a dBA result. Power-saw noise can be 
up to 30 dB above the accepted safe level for continuous ex
posure of 90 dBA (J. L. Wilson, pers, comm.), and this dif
ferential rises a,s the engine power and number of revolu
tions per minute are increased (Voronitsin et a/., 1962) Be
cause decibels are logarithmic units, an increase of 10 dB 
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TABLE 4: SOUND PRESSURE LEVELS (INTENSITIES) OF 
COMMON SOUNDS 

Sound Quality 

Pain 

Threshold of pain 

Deafening 

Very loud 

Loud 

Moderate 

Faint 
Very faint 
Threhold of hearing 

Decibels 

140 
130 
120 
110 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

Sound Source 

Shotgun blast at barrel 
Large siren close up 
DC3 engine revving at 20 ft 
Pneumatic hammer 
Boiler factory 
Docking saw 
Heavy traffic 
Noisy office 
Average traffic 
Normal speech 
Quiet residential area 
Private office 
Rustle of leaves 
Whisper 
Sound-proof room 

represents an increase of about 300% in sound intensity. 
Table 4 demonstrates this for some common sounds. 

Various countries have established permissible noise levels 
which, if exceeded, require protection to be provided foi the 
work force exposed to these sounds. The levels differ slightly 
among countries but, in the U.S.A., for example, worker ex
posure to continuous noise levels above 90 dB is limited 
under the Walsh-Healey Public Contracts Act (see Table 5). 
As the relationship between periodic and aggregate exposure 
is complex, care should be exercised in the interpretation 
of these regulations relating to continuous exposure. Power
saw noise is intermittent in nature, and does not fit the 
normally accepted definition of continuous noise. 

In New Zealand, noise as an occupational hazard for power-
saw operators has been more widely recognized and investi
gated than has vibration. Research by the N.Z. Forest Service 
engineering division has been directed towards the deter-

TABLE 5: PERMISSIBLE CONTINUOUS NOISE EXPOSURES 
IN U.S.A.1 

Duration per Day Sound Level 
(hr) (dBA) 

8 ~~ 90~ 
6 92 
4 95 
3 97 
2 100 
1.5 102 
1 105 
0.5 110 

0.25 or less 115 
1 As contained in the Walsh-Healey Public Contracts Act, U.SA. Effec
tive from May 1969 (Lamb, 1971). 
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mination of acceptable operating noise levels for power saws 
within the usage patterns established in industry. This work 
has confirmed that the noise levels being experienced by 
operators are potentially a health hazard (J. L. Wilson, pers. 
comm.). There are no precise national standards for the con
trol of noise, although the Department of Health has set 
guide-lines, and various Acts include some general clauses. 
Officers of the Department of Health have tested some power-
saw operations for noise and classified them a Class II 
hazard. For such hazards the Department of Health recom
mends that operators be issued with ear protectors and be 
given annual nearing tests. 

The problem of preventing impairment of hearing is being 
tackled at both the power saw design level, and the operator 
protection level. The sources of power-saw noise are the ex
haust and the moving components of the saw. To date, most 
effort has been directed at improving the performance of 
silencers. All saws features silencers of some sort, but the 
effectiveness of these varies widely. Some manufacturers 
claim they have made considerable progress towards quieter 
running. McCulloch, for example, claim their reed baffle re
duces overall noise by 50%, and the high-frequency noises by 
75%, but do not say whether this is adequate to safeguard 
operators. The design problem is to reduce the noise level 
without significantly reducing engine power or increasing saw 
weight. A silencer which reduces the noise level by 10 dB can 
cause a power reduction of 25 to 30% (Clippert, 1965). Re
ports of Russian research (Voronitsin et al., 1962) indicate 
that, while some manufacturers have managed to reduce noise 
levels, the results to date are still not effective enough. A re
cent Russian study (Anon., 1970) compared 25 makes of power 
saw from seven countries, and found none passed the Russian 
health standards. The quietest make was Solo, followed by 
Ural and Husqvarna. 

Ear muffs or plugs, if correctly worn, can reduce the effec
tive noise level, and eliminate symptoms of excessive exposure. 
Resistance to the use of ear defenders by local power-saw 
operators has been quite strong on the grounds both of dis
comfort and increased hazard. They maintain that ear de
fenders would stifle the sound of trees creaking before they 
fall, warning shouts from fellow workers, and the sound 
of nearby tractors and machinery. The validity of these claims 
requires some investigation. Research overseas (e.g., Clippert, 
1965) suggests that these objections could be false, at least 
for some brands of protector. Apparently the high noise levels 
of power saws can overload the ear and distort sound. Cor
rectly chosen ^and fitted ear defenders can reduce some of 
this distortion; with a consequent improvement in hearing. 

As intense noise penetrates through the skull, as well as 
the ear, safety helmets can reduce the noise reaching an opera
tor's inner ear by as much as 5 dB (Troup, 1967). However, 
the helmet design is also important. When compared with 
broad-brimmed helmets, brimless helmets can reduce the 
intensity of noise experienced by an operator by up to 18% 
(Kaminsky, 1963). The U.K. Forestry Commission consider 
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ear muffs provide the greatest noise attenuation, and when 
associated with a safety helmet provide the best possible 
form of protection. They have a prototype helmet which in
corporates muffs in the design. The muffs are on a metal clip, 
and can be folded upwards when not required. This alleviates 
the problem of discomfort due to continuous use. Consider
able vibration and noise are transmitted directly to the hear
ing centre through the bones and body tissues when the saw 
is held (I. W. Davey, pers, comm.), and suitable gloves help 
to reduce this. 

There is general agreement that hearing impairment can 
best be minimized by adoption of the combination of quieter 
saws, personal protection, and work methods which reduce 
exposure time. In general, the action taken in New Zealand 
forestry circles has been towards purchasing quieter saws, 
and the redeployment of affected operators. Attempts to syste
matically evaluate ear defenders, measure exposure times, 
and test operators' hearing have tended to be unco-ordinated 
and localized, although there is widespread recognition of the 
need for this work. 

Loss of hearing due to high noise levels at work may be 
compensatable under a new amendment to the Factories Act, 
provided that a claim is supported by medical opinion. Diag
nosis is only possible after a careful evaluation of the worker's 
general medical history, physical condition, hearing tests, and 
occupational history (Anon., 1966). However, there are still 
some difficulties. These include a lack of precise definition of 
acceptable noise levels, varying degrees of individual sus
ceptibility, allocation of liability among present and former 
employers, and the need to make a differential diagnosis of 
noise-induced hearing losses, and those attributable to other 
causes — of importance here are the normal effects of ad
vancing age. Compensation for hearing defects is a sensitive 
area for forest management at present but, while operators 
fail to use equipment provided for their protection, compensa
tion claims are unlikely to succeed. In general, the labour 
force has a casual attitude towards personal health on the 
job, and this, together with the high labour turnover and 
incidence of workers who suffer hearing damage from leisure 
time activity (especially underwater fishing), creates prob
lems for those who wish to study and alleviate occupational 
noise hazards (Dr J. Commons, pers. comm.). With a few ex
ceptions, most New Zealand forestry organizations and logging 
contractors do not test the hearing of individuals when they 
commence work and periodically throughout the course of 
their employment. 

POISONING FROM POLLUTED AIR 
The physically harmful effect of air pollution on the power-

saw operator is considerably less than that of vibration and 
noise. However, dangerous levels of air pollution can some
times arise. Inhalation of large quantities of carbon monoxide 
and petrol fumes causes dizziness, sluggishness, nausea, and 
noise in the ears, all symptoms of poisoning. Usually, a break 
in work of 5 to 10 minutes' duration is sufficient for an opera-
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tor to recover from these symptoms, but they could contribute 
to accidents by slowing down reactions and distorting time/ 
distance/speed interpretations. To date, this aspect has re
ceived scant attention in official publications and power saw 
safety check lists, but some countries (e.g., USSR, Poland, 
Czechoslovakia) have set permissible limits for the concentra
tion of poisonous gases and fumes in the atmosphere of work
ing environments at: 

Carbon monoxide 0.02 rng/l 
Petrol fumes 0.1 rng/l 
Total hydrocarbons in terms of carbon 0.3 rng/l 

Soviet research data (Voronitisin et al, 1962) indicated that 
the level of air pollution in the operator's breathing area does 
not normally exceed these levels, unless power saws are 
operated in low-lying areas on calm, windless days with high 
humidity. In these conditions the concentration of carbon 
monoxide may reach 0.28 rng/l, and that of total hydrocarbons 
1.25 rng/l. Experience in other northern hemisphere countries 
shows that the risk of poisoning is also high where operators 
are working under a dense, continuous low canopy. Poisoning 
has occurred locally in radiata pine production thinning opera
tions where an operator made carburettor adjustments to 
prevent his power saw from stalling (C. J. Terlesk, pers. 
comm.). 

Some makes of saw will almost certainly have greater poten
tial for air pollution because of the relatively high proportion 
of oil recommended in the fuel mixture. For saws with dry 
weights between l l and 141b there is a wide range of recom
mended ratios, and these can vary with the type of oil used, 

e.g., 16:1 Canadien, Pioneer 
25:1 Homelite, Husqvarna, Solo, Stihl, Dolmar 
40:1 McCulloch 

Measures to be observed by the operator if harmful gases 
are to be kept to a minimum are: the silencer on the power 
saw should direct exhaust gases away from the operator's 
face; and the carburettor setting and petrol/oil ratio should 
be optimum. 

The important fact is not that exhaust gases are dangerous 
only in exceptional circumstances, but that exhaust gases are 
contributing to the total physical stress on operators, and 
this necessarily decreases their mental and physical alertness. 

HIGHER LEVELS OF MECHANIZATION 
Trends overseas suggest that, at least in harvesting opera

tions, manually operated power saws may be used much less 
in the future. Highly mechanized harvesting systems are being 
designed where the felling, limbing and cross-cutting opera
tions are controlled by an operator in the cab of a multi
function machine (Spanjer, 1967). If harvesting in New Zea
land became mechanized to this level, the undesirable side-
effects associated with manually operated power saws would 
tend to disappear, and there would be profound changes in 
the working conditions and status of workers concerned with 
logging (Silversides, 1966). Generally, their working environ
ment would become safer, with no vibration problems and 
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reduced carbon monoxide and noise levels. Moreover, the 
machine operator would have a more responsible job than 
the manual worker. The former would need to exercise a 
greater degree of skill, and to accept a more disciplined way 
of life, which might include shift work. His wages would be 
higher, and his employability would depend less on muscular 
strength than technical skills. Thus there would be less empha
sis on youth and physical stamina, and the working life cf a 
bush worker would be extended. Overall, he would have more 
security and status. 

The extent to which manually operated power saws will 
be replaced by more highly mechanized harvesting machinery 
in New Zealand is a matter for conjecture. In northern lati
tudes where the problems of attracting labour and maintain
ing manual operations throughout the year have been acute, 
the incentive to mechanize fully is much greater than in New 
Zealand. Furthermore, constraints within this country on a 
high level of mechanization need to be recognized. These in
clude relatively large-sized trees compared with those felled 
overseas, highly variable and often steep terrain, and com
paratively high capital and operating costs for machinery. 

There are some moves towards higher levels of mechaniza
tion in land clearing in New Zealand, particularly in the 
crushing of material under 12 in. dbh. However, for felling 
large trees, there will always be a need for hand-felling with 
power saws, even if it is a diminishing one (C. G. R. Chavasse, 
pers. comm.). For thinning to waste, there is no evidence that 
the manually operated power saw will be displaced in the 
foreseeable future. Hence, for many years, the manually 
operated power saw will remain a very important tool in New 
Zealand forestry. 

CONCLUSIONS 

Management and workers both should be actively aware of 
the medical problems associated with the use of power saws, 
and should take positive steps to minimize undesirable effects 
which their prolonged use may bring. The action required is 
the introduction of effective legislation to reduce the occupa
tional hazards of excessive noise, vibration and atmospheric 
chemical pollution. Additionally, designers should continue 
their efforts to suppress these nuisances at their source. 
Users and buyers of equipment should favour those makes 
which have the best inbuilt safeguards, and also should de
velop and adopt techniques and safety measures which pro
tect workers from as many of the present shortcomings in 
design as possible. This includes protective clothing and ear 
protectors. Management should take the lead actively in these 
spheres, including the education of users in safe techniques 
and periodic testing of operators to identify problems at an 
early stage. 

Because power saws will be used for certain types of work 
for many years to come, their effeets on users must be mini
mized as far as is possible. This is especially important as 
the labour turnover becomes less, and contract work attracts 
a more skilled and stable forest worker. 
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