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Abstract t 

Thee effect of job rotation on the physical workload was investigated for male employees 

workingg at a refuse collecting department. Before the introduction of job rotation, an 

employeee worked as a street sweeper, as a refuse collector, or as a driver. After the 

introductionn of job rotation, every employee was enabled to alternate between two of the three 

possiblee jobs during the day, i.e. refuse collecting/street sweeping, refuse collecting/driving or 

streett sweeping/driving. 

TwoTwo non-rotation groups (i.e. refuse collectors and street sweepers) and two rotation groups 

(i.e.. refuse collectors/street sweepers and street sweepers/drivers) were mutually compared. 

Thee physical workload was determined by measuring the perceived load, energetic load and 

posturall  load during a full working day. 

Jobb rotation resulted in a significant decrease of the perceived load and energetic load and a 

slightt decrease of the postural load. The results indicate that the total amount of work 

performedd by means of job rotation resulted in an overall reduced physical workload of the 

employeess of the refuse collecting department. 
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5.1.11 Introduction 
Manuall  materials handling is considered to be a major cause of musculoskeletal disorders, 

sickness,, disability and high costs 9'98. A great number of variables (and their interactions) 

influencess the risk of these health hazards. Although there is a general agreement that 

variables,, such as the weight of handled objects or the time during which the tasks are 

performed,, are of primary importance, there is rarely an effort made to establish the 

relationshipp between laboratory and field studies concerning physical workload and the onset 

off  musculoskeletal disorders l7. Therefore, in order to prevent the onset of musculoskeletal 

disorders,, it is probably most effective to try to affect several variables simultaneously. 

Possiblee preventive measures can be divided into five categories: (1) engineering 

modificationss (e.g. workstations), (2) organisation of work (e.g. work/rest schedules), (3) 

personall  protective equipment (e.g. clothing), (4) training (e.g. work methods) and (5) 

administrativee control (e.g. employee selection). The starting point of an ergonomics 

intervention,, to reduce the risk of musculoskeletal disorders, should always be to strive for a 

redesignn of the workplace. There are, however, jobs which do not have a specific workplace 

layout,, e.g. refuse collecting. The redesign is mainly limited by the way the refuse is 

collected.. Recent studies show that the use of mini-containers is less physically demanding 

forr the refuse collectors than the use of polythene bags 28,42. Unfortunately, in a historic city 

suchh as Amsterdam, the use of mini-containers is not possible for a large part of the city due 

too the architectural characteristics and the number of inhabitants per km2. Therefore, to 

reducee the physical workload of collecting polythene bags, it is probably most effective to try 

too change the organisation of the work by introducing job rotation. Job rotation can be 

definedd as 'regular alternating between different jobs within an organisation on basis of a 

schemee or spontaneously on basis of a personal appointment'. 

Althoughh job rotation is often used to enhance skills of employees and to reduce monotony 

inn daily work, it can also be used as a means to alternate between different types of 

mechanicall  loads or alternate between high and low energetic loads of different jobs. 

Especiallyy jobs with a dynamic type of work and great differences in muscular activities 

shouldd be able to benefit from this principle . Although job rotation is often advocated, 

onlyy a few studies report its possible effects. In a study on the physical workload of long-line 

bankk fishing, Rodahl and Vokac l16 found that the crew has resorted to their own job rotation 

system.. Although the study was not designed to evaluate the effect of job rotation, it was 

concludedd that contrary to general belief, bank fishing need not be unsuitable for older 

fishermen,, given that an effective system of job rotation is provided. Henderson 55 developed 

aa rotation scheme for poultry processing. Every job was rated on a scale, ranging from low 

physicall  stress to unacceptably high physical stress. These last jobs were not to be performed 

andd were given a high priority for ergonomie redesign. The guidelines for job rotation 

99 9 



ChapterChapter 5.1 

schemee were that no back-to-back high stress positions were to be performed after each other 

andd that each high-stress job was preceded and followed by a low-stress job. Although no 

precisee data were available, observations indicated that the number of musculoskeletal 

complaintss had decreased. In a study on the design of check-out systems, Hinnen et al. 56 

foundd that job rotation had a very beneficial impact on the prevalence of musculoskeletal 

disorderss in cashier work with scanners. 

Thee objective of this study is to investigate the effect of job rotation on the physical workload 

off  employees working at a refuse collecting department. 
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5.1.22 Method 
5.1.2.15.1.2.1 Job rotation 

Beforee the introduction of job rotation in a refuse collecting department, an employee would 

startt as a street sweeper, after a few years could become a refuse collector, and could 

eventuallyy become a driver of a dustcart or a sweeping machine. After the introduction of job 

rotation,, every employee was enabled to perform all three jobs. 

Jobb rotation was introduced in the following manner. To reduce the physical workload, 

rotationn between jobs during the day was suggested. As most work was performed in the 

morning,, employees rotated between jobs after the first break in the morning and after the 

lunchh break. During the day, employees alternated between two of the three possible rotation 

combinations,, e.g. between refuse collecting and street sweeping, between refuse collecting 

andd driving a vehicle or between street sweeping and driving a vehicle. 

5.1.2.25.1.2.2 Participants 

Thee sample in this study consisted of male employees of a refuse collecting department. 

Sixteenn employees voluntarily participated in this study. To increase the number of 

employeess in each group, four of the six possible jobs were studied. Eight employees worked 

accordingg to a non-rotation scheme. The two most physically demanding jobs were selected: 

fourr men worked as refuse collectors (group RR) and four men worked as street sweepers 

(groupp SS). The other eight employees worked according to a rotation scheme. The most and 

leastt physically demanding jobs were selected: four men worked as refuse collectors/street 

sweeperss (group RS) and four men worked as street sweepers/drivers (group SD). Two 

employeess of each group of four would start the day with one job; the other two employees 

wouldd start the day with the other job e.g. two employees would start the day with refuse 

collecting,, then alternate to street sweeping and finally finish the day with refuse collecting. 

Thee other two employees would start the day with street sweeping, then alternate to refuse 

collectingg and finally finish the day with street sweeping. 

Thee physical workload of the group of employees working according to a non-rotation 

schemee was compared with that of the group working according to a rotation scheme. The 

employeess in each group were matched on age and did not differ in height, body weight, sum 

off  skinfolds, maximum oxygen uptake and difference between maximum heart rate and heart 

ratee during rest. The different variables were determined during a test in a laboratory 69 (table 

1). . 
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TableTable 1. Mean, standard deviation (sd) and range of age, height, body weight, sum of skinfolds, 
maximummaximum oxygen uptake fVC^max̂  and difference between maximum heart rate and 
heartheart rate during rest (HRmax-HRrest) of the refuse collectors (RR), street sweepers (SS), 
refuserefuse collectors/street sweepers (RS) and street sweepers/drivers (SD) 

agee (years) 

sd d 

range e 

heightt (m) 

sd d 

range e 

weightt (kg) 

sd d 

range e 

skinfoldd (cm) 

sd d 

range e 

V02maxx (ml-kg"1-min."1) 

sd d 

range e 

HRmax-HRrestt (beatsmin. 

sd d 

range e 

RR R 

34 4 

6 6 

29-42 2 

1.78 8 

0.02 2 

1.76-1.81 1 

75.5 5 

4.2 2 

72.1-81.6 6 

10.9 9 

1.6 6 

9.7-13.2 2 

44.0 0 

4.0 0 

40.0-49.2 2 

-1)) 109 

13 3 

98-127 7 

SS S 

34 4 

7 7 

28-42 2 

1.73 3 

0.05 5 

1.76-1.87 7 

76.3 3 

13.7 7 

63.7-91.6 6 

9.2 2 

3.8 8 

4.3-12.6 6 

44.2 2 

9.2 2 

36.4-54.3 3 

107 7 

19 9 

89-123 3 

RS S 

33 3 

6 6 

26-40 0 

1.77 7 

0.04 4 

1.68-1.84 4 

76.9 9 

8.0 0 

66.0-85.4 4 

16.7 7 

6.2 2 

10.7-22.0 0 

42.3 3 

9.3 3 

31.5-52.4 4 

116 6 

20 0 

93-134 4 

SD D 

35 5 

15 5 

26-58 8 

1.73 3 

0.03 3 

1.68-1.76 6 

70.9 9 

7.6 6 

65.8-82.0 0 

8.3 3 

3.7 7 

5.7-13.6 6 

49.6 6 

11.4 4 

38.0-59.7 7 

107 7 

17 7 

87-123 3 

significance e 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NSS not significant 

5.1.2.35.1.2.3 Physical workload 

Thee physical workload was determined by measuring the perceived load, energetic load and 

posturall  load during a full working day. 

Perceivedd load was defined as the mean rate of the perceived fatigue and the mean rate of the 

perceivedd exertion during a working day. Every hour, the employee rated the perceived 

fatiguee 15 and the perceived exertion 95. 

Energeticc load was defined as the mean heart rate during the working day, represented as a 

percentagee of the heart rate reserve 8. This was done to prevent possible biases due to age 

differencess between employees. The heart rate was continuously registered by means of a 

smalll  computerised recorder (Sporttester PE 3000; Polar Electro; Finland). 

Posturall  load was defined as the time during which flexion of the trunk was > 45 and 

elevationn of one or two of the upper arm(s) was > 60 . Only two variables and a total of five 

categoriess within variables were observed to increase the validity and reliability of the 

observationss of the posture 29-45*145, The position of the trunk and the upper arms were 
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recordedd by means of TRAC (Task Recording and Analysis on Computer) on a multi-

momentt basis during the tasks of refuse collecting and street sweeping. TRAC was originally 

developedd at the Robens Institute of Health and Safety (University of Surrey, United 

Kingdom)) U3 and adapted by the Coronel Institute and ERGOcare 44. Every 15 s, at an 

audiblee cue, an observation was made and recorded on a pocket computer (Psion Organiser 

II ;; Psion; United Kingdom)145. 

5.1.2.45.1.2.4 Confounding variables 

Measurementss were carried out during the normal daily routine of the employees, thereby 

severall  confounding variables might influence the results. For this reason, a second observer 

performedd a task analysis on a real-time basis. Possible confounding variables, such as the 

durationn of the tasks and the number of objects handled, were registered by means of TRAC 

duringg each full working day. The following variables and categories within variables were 

observed:: task (e.g. refuse collecting, street sweeping or pausing), activity (e.g. walking, 

sweepingg or shovelling), load handled (e.g. polythene bag, broom or shovel) and number of 

bagss lifted per lif t (e.g. 1, 2 or 5) 42. 

5.1.2.55.1.2.5 Data analysis 

Meann perceived load, mean energetic load and mean postural load were calculated for each 

employeee and consecutively for each group over a full working day. The testing of a 

differencee between the groups regarding the physical workload and the confounding 

variabless was done by using an ANOVA and subsequently with a post-hoc F-test. Testing of 

aa difference between two groups was performed with an unpaired t-test. 

Thee effect of the different confounding variables on the physical workload was tested with a 

stepwisee multiple regression analysis. The confounding variables included in the stepwise 

multiplee regression analysis are presented in table 2. 

Statisticall  analysis was performed with the software package StatView SE+G (Abacus Inc.). 

p<0.05p<0.05 was considered statistically significant. 
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TableTable 2. Possible confounding variables included in the stepwise multiple regression analysis 
toto explain the physical workload 

Variables s Categoriess within variables 

Taskk (minutes) 

Activitiess (minutes) 

Objectss handled 

Workloadd during refuse collecting and street sweeping 

refusee collecting, street sweeping, 

driving,, pausing, non-working time, other 

tasks,, length of working day 

carrying,, sweeping 

totall number of bags collected during the 

day,, number of bags collected per min 

duringg refuse collecting 

%% V02max , % HRR 
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5.1.33 Results 
5.1.3.15.1.3.1 Physical workload 

Inn table 3, the results of the four groups are summarised. Job rotation has an effect on the 

perceivedd fatigue (RPF) and the perceived exertion (RPE) during the working day (F=7.48; 

df=3,12;; p-value=0.004, F=9.3; df-3,12; p-value=0.002). The group of refuse collectors rate 

thee perceived fatigue and the perceived exertion higher than the other groups during a 

workingg day. The RPF and RPE of the other three groups do not differ significantly during a 

workingg day. 

TableTable 3. Mean, standard deviation (sd) and range of the rated perceived fatigue (RPF), rated 
perceivedperceived exertion (RPE), percentage of 'heart rate reserve' (HRR), time during which 
flexionflexion of the trunk was > 45 and elevation of one or two of the upper arm(s) was > 60 
ofof the refuse collectors (RR), street sweepers (SS), refuse collectors/street sweepers (RS) 
enen street sweepers/drivers (SD) during a full working day 

RPF F 

sd d 

range e 

RPE E 

sd d 

range e 

%HRR R 

sd d 

range e 

trunk>> 45 (min.) 

sd d 

range e 

arm(s)>600 (min.) 

sd d 

range e 

RR R 

2.0 0 

0.9 9 

1.1-3.0 0 

54.2 2 

22.4 4 

23.8-77.5 5 

36.4 4 

7.5 5 

27.4-43.9 9 

44.6 6 

6.8 8 

38.9-52.5 5 

9.5 5 

3.7 7 

5.0-12.8 8 

SS S 

0.8 8 

0.3 3 

0.6-1.2 2 

27.7 7 

6.0 0 

20.6-33.1 1 

22.6 6 

5.0 0 

16.6-28.9 9 

5.0 0 

6.4 4 

0.5-14.4 4 

24.4 4 

6.8 8 

19.6-34.3 3 

RS S 

0.3 3 

0.1 1 

0.2-0.4 4 

11.1 1 

4.0 0 

5.7-14.4 4 

23.8 8 

4.5 5 

17.9-28.0 0 

22.0 0 

8.3 3 

11.9-30.5 5 

14.4 4 

9.2 2 

5.1-25.9 9 

SD D 

0.6 6 

0.6 6 

0.0-1.4 4 

19.5 5 

7.6 6 

11.3-27.5 11.3-27.5 

15.5 5 

9.2 2 

6.0-28.1 1 

2.6 6 

2.7 7 

0.4-6.4 4 

16.4 4 

7.5 5 

8.8-25.8 8 

significance e 

RR>SS,, RS, SD 

RR>SS,, RS, SD 

RR>SS,, RS, SD 

RR>SS,, RS, SD 

RS>SS,, SD 

NS S 

NSS not significant 

Jobb rotation has an effect on the energetic load (F=6.47; df=3,12; p-value=0.008). The heart 

ratee reserve (%HRR) of the group of refuse collectors is significantly higher than that of the 

otherr groups during a working day, while %HRR of the other three groups do not differ 

significantlyy during a working day. 

Jobb rotation has an effect on the time during which flexion of the trunk is > 45 (F=37.03; 

df=3,12;; p-value=0.0001). Flexion of the trunk of > 45° occurs significantly more often for 

thee group of refuse collectors than for the other three groups. Flexion of the trunk of > 45 
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alsoo occurs more often for the group of refuse collectors/street sweepers than for the groups 

off  street sweepers and street sweepers/drivers. The last two groups do not differ significantly. 

Jobb rotation has no effect on the time during which elevation of an upper arm > 60° . 

5.1.3.25.1.3.2 Confounding variables 

Mean,, standard deviation (SD) and range of the possible confounding variables of the four 

groupss are summarised in table 4 and 5. The group of refuse collectors perform the task 

'refusee collecting' and the activity 'carrying' during a longer time period than the group of 

refusee collectors/street sweepers (t=4.41; p-value = 0.002) (t=3.87; p-value - 0.004). 

Thee group of refuse collectors lif t more than twice the amount of bags during a working day 

thann the group of refuse collectors/street sweepers (t=6.37; p-value < 0.001). Job rotation has 

noo effect on the time during which street sweeping takes place. 

Jobb rotation has an effect on the time that employees drive (¥=1.21; df=3,12; p-value=0.005). 

Thee group of refuse collectors and the group of refuse collectors/street sweepers drive during 

aa shorter period than the group of street sweepers and the group of street sweepers/drivers. 

Jobb rotation has an effect on the non-working time. The time performing non-work related 

taskss is less for the group working according to a non-rotation scheme than for the group 

workingg according to a rotation scheme (F=3.66; df=3,12; p-value=0.047). 

Jobb rotation also has an effect on the length of a working day (¥=1.21; df=3,12; p-

value=0.005).. The working day of the group of refuse collectors is shorter than the working 

dayy of the other three groups. The other confounding variables do not differ significantly 

betweenn the four groups. 

5.1.3.3 Effect5.1.3.3 Effect of confounding variables on the physical workload 

Thee results of the stepwise multiple regression analysis of the physical workload during 

refusee collecting and street sweeping are presented in table 6. 

Thee physical workload during refuse collecting can be explained by only a few variables. 

Thee results show that the rated perceived fatigue and the rated perceived exertion can be 

explainedd for respectively 91% (F=58.5; pO.001) and 87% (F=40.3; pO.001) by the 

variablee 'time carrying bags'. The energetic load during refuse collecting can for 76% be 

explainedd by the variables 'time trunk > 45° ', and 'length of the working day' (F=7.9; 

p<0.05).. The postural load of the trunk during refuse collecting can for 81% be explained by 

thee variable 'number of bags handled' (F=58.5; p<0.05). 

Neitherr the stepwise multiple regression analysis of the postural load of the arm/shoulder nor 

thee stepwise multiple regression analysis of the physical workload during street sweeping 

resultedd in an unambiguous explanation. 
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TableTable 4. Mean, standard deviation (sd) and range of the possible confounding variables used in 

thethe stepwise regression analysis of the perceived load, energetic load and postural load 

refusee collecting (min.) 

sd d 

range e 

streett sweeping (min.) 

sd d 

range e 

drivingg (min.) 

sd d 

range e 

pausingg (min.) 

sd d 

range e 

nonn working time (min.) 

sd d 

range e 

otherr tasks (min.) 

sd d 

range e 

workingg day (min.) 

sd d 

range e 

RR R 

172.6 6 

39.0 0 

127.6-222.8 8 

. . 

90.5 5 

14.1 1 

72.3-106.0 0 

72.1 1 

18.6 6 

50.8-96.3 3 

10.6 6 

10.8 8 

1.2-22.1 1 

18.6 6 

10.3 3 

7.9-31.0 0 

364.5 5 

18.6 6 

341.6-381.3 3 

SS S 

--

153.2 2 

38.3 3 

111.9-204.2 2 

153.1 1 

39.0 0 

121.6-207.1 1 

108.5 5 

39.2 2 

73.9-- 160.2 

41.6 6 

52.7 7 

11.2-120.1 1 

10.1 1 

6.2 2 

5.6-19.2 2 

466.4 4 

8.3 3 

459.7-478.0 0 

RS S 

71.0 0 

24.5 5 

36.5-89.0 0 

88.6 6 

52.6 6 

36.6-155.6 6 

75.8 8 

39.0 0 

34.9-125.5 5 

76.5 5 

34.2 2 

28.7-104.0 0 

113.3 3 

78.2 2 

58.1-228.6 6 

33.7 7 

34.7 7 

1.5-82.4 4 

459.0 0 

13.0 0 

440.3-470.2 2 

SD D 

--

99.2 2 

34.3 3 

68.5-140.6 6 

177.7 7 

44.8 8 

111.5-210.7 7 

95.0 0 

40.6 6 

40.0-134.6 6 

85.6 6 

20.0 0 

63.1-102.6 6 

13.7 7 

6.2 2 

7.1-21.6 6 

471.3 3 

10.4 4 

456.8-479.7 7 

significance e 

RR>RS S 

NS S 

RR<SSS SD 

RS<SSS SD 

NS S 

RR<RSS SD 

NS S 

RR<< SS RS SD 

NSS not significant 
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TableTable 5. Mean, standard deviation (sd) and range of the possible confounding variables used in 
thethe stepwise regression analysis of the perceived load, the energetic load and the postural 
load load 

RRR SS RS SD significance 

RR>RS S 

NS S 

RR>RS S 

NS S 

NS S 

totall number of bags 

sd d 

range e 

numberr of bags per minute 

sd d 

range e 

carryingg (min.) 

sd d 

range e 

sweepingg (min.) 

sd d 

range e 

%% V02max refuse collecting 

sd d 

range e 

%% V02max sweeping 

sd d 

range e 

%% HRR refuse collecting 

sd d 

range e 

%% HRR sweeping 

sd d 

range e 

1556 6 

229 9 

1256-1779 9 

9.2 2 

1.2 2 

7.5-10.3 3 

85.4 4 

22.0 0 

60.2-113.6 6 

--

61.5 5 

11.8 8 

45.1-72.4 4 

--

60.9 9 

12.3 3 

43.4-70.6 6 

--

--

--

--

97.6 6 

21.9 9 

76.4-128.2 2 

--

41.5 5 

13.8 8 

30.3-57.0 0 

--

41.3 3 

20.7 7 

17.6-68.0 0 

572 2 

208 8 

292-783 3 

8.0 0 

0.6 6 

7.4-8.8 8 

37.2 2 

11.7 7 

20.1-46.2 2 

58.3 3 

35.4 4 

25.4-107.4 4 

61.0 0 

13.5 5 

47.8-78.2 2 

38.4 4 

8.5 5 

30.8-47.0 0 

59.3 3 

14.2 2 

43.4-75.4 4 

37.0 0 

6.1 1 

30.3-43.7 7 

--

--

--

56.8 8 

18.4 4 

40.8-77.7 7 

--

35.6 6 

13.6 6 

20.4-51.0 0 

--

33.0 0 

11.8 8 

17.5-45.4 4 

NS S 

NS S 

NS S 

NSS not significant 
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TableTable 6. Explained variance (r^) of the perceived load, energetic load and postural load 
duringduring refuse collecting and street sweeping 

Refusee collecting Streett sweeping 

variable e variable e 

ratedd perceived fatigue 

(RPF) ) 

ratedd perceived exertion 

(RPE) ) 

percentagee heart rate reserve 

(%HRR) ) 

posturall load of the trunk 

(timee trunk> 45 (min.)) 

posturall load of the upper arms 

(timee arm(s)>60  (min.)) 

carrying g 

carrying g 

trunkk > 45

workingg day 

numberr of bags 

--

0.91 1 

0.87 7 

0.76 6 

0.81 1 

--

noo unambiguous explanation 
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5.1.4.. Discussion 
5.1.4.15.1.4.1 Job rotation 

Thee aim of the introduction of job rotation was to divide equally the physically demanding 

workk of refuse collecting among the employees during the day. The results show that this 

targett has not been fully accomplished. For instance, the total number of bags collected by 

thee non-rotation group is more than twice as much as that of the group of refuse 

collectors/streett sweepers. This result is probably not due to a lesser number of bags placed 

onn the street during those days. A more plausible explanation for this finding is the lack of 

finefine tuning between the two groups of refuse collectors/street sweepers. During the 

measurementt period each day, only one employee was observed. The colleague with whom 

hee rotates during the day was not simultaneously observed. The standard deviation and the 

rangee of the variables 'non-working time' and 'total number of bags collected' of the group of 

refusee collectors/street sweepers compared with the group of refuse collectors indicate that 

thee non-observed refuse collectors/street sweepers might have collected more bags than they 

should.. This result hampers the drawing of conclusions. Despite this fact, a few comments 

cann still be made on the effect of job rotation on the physical workload. 

Refusee collecting is the most physically demanding task due to the high energetic and 

posturall  load. Job rotation seems to have no effect on the intensity with which this task is 

performed.. The number of bags collected per minute, the percentage of the heart rate reserve 

andd the percentage of the vo2max during refuse collecting do not differ between the group of 

refusee collectors and the group of refuse collectors/street sweepers. The time during which 

thee bags are collected does differ between the two groups. This is due to job rotation and the 

lesserr number of bags collected by the group of refuse collectors/street sweepers. Therefore, 

itt is not surprising that the physical workload is the highest in the group of refuse collectors. 

However,, one result is very remarkable and points out the positive effect of job rotation on 

diminishingg the physical workload. When comparing the physical workload of the group of 

refusee collectors/street sweepers with the groups of street sweepers and street 

sweepers/drivers,, only the postural load of the trunk differs. The rated perceived fatigue, 

ratedd perceived exertion, energetic load and postural load of the arm/shoulder do not differ 

betweenn these groups. Two possible explanations can be formulated. 

First,, the change in tasks led to different postures and activities and, therefore, a more 

heterogeneouss physical workload. Lifting and throwing of bags is probably more strenuous 

forr the lower back than sweeping with a broom. On the other hand, sweeping might be more 

strenuousstrenuous for the shoulder and upper arm due to the prolonged static workload. Furthermore, 

Vann Dieën and Oude Vrielink 156 showed that job rotation might change more than only the 

temporall  aspects of work. While not changing the (peak) intensity of the work job rotation 

mayy have a positive effect on the energy storage in the segments. Owing to the viscoelastic 
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behaviourr of biological structures, Van Dieën and Oude Vrielink 156 found a decrease in 

energyy storage up to 24%. Therefore, it is not unreasonable to assume that the amount of 

workk performed while working according to a rotation scheme might result in an overall 

lowerr physical workload of the employees compared with the same amount of work 

performedd according to a non-rotation scheme. Moreover, the relationship between work 

outputt and fatigue might not be linear but exponential71. Above a certain amount of work, 

fatiguee rises more quickly. Therefore, job rotation between more and less strenuous work 

mightt result in preventing the crossing of a 'fatigue threshold1, the point where a more or less 

linearr increase of the worktask/workload relationship starts to increase exponentially. 

Secondly,, job rotation results in a more complete job. The employee is enabled to perform a 

largerr part in the process of refuse collecting. Several studies report that the perceived load 

dependss on more than only the physical workload 13. Other relevant factors are 'task aversion' 

andd 'motivation'. The enrichment of the job makes the job less monotonous and therefore 

mightt decrease the task aversion and increase the motivation of the employee. This increase 

off  intrinsic job satisfaction probably results in a reduction of the perceived load. 

5.1.4.25.1.4.2 Guidelines 

Frings-Dresenn et al. 43 have formulated guidelines for the physical workload of refuse 

collectorss in The Netherlands. The guidelines are based on the energetic load and the 

assumptionn that an overall energetic load of < 30% V02max is acceptable for an 8-h working 

day.. The guidelines are formulated in terms of the acceptable duration of the period of refuse 

collectingg and the amount of collected refuse. The most stringent limit is formulated for 

refusee collecting of polythene bags in a city by refuse collectors > 39 years of age. The 

maximall  acceptable period of refuse collecting and the maximal acceptable amount of 

collectedd refuse for 90% (Pi o limit) of the refuse collectors > 39 years are 1.7 h and 4000 kg, 

respectively.. The group working according to a rotation scheme did not exceed this Pio 

limit .. The mean period of refuse collecting and the mean amount of collected refuse were 1.2 

hh and 4004 kg, respectively (an average bag of refuse weighs around 7 kg; ). The group 

workingg according to a non-rotation scheme did exceed the Pio limit. The mean period of 

refusee collecting and the mean amount of collected refuse are respectively 2.8 h and 10892 

kg--
Althoughh these results suggest that no further action is required to reduce the physical 

workloadd in the group working according to a rotation scheme, two remarks have to be made. 

Firstt of all, the guidelines by Frings-Dresen et al. 43 are based on an energetic criterion, 

becausee there is no generally accepted biomechanical criterion for an 8 h working day. De 

Loozee et al. 28 quantified the biomechanical load on the back during the lifting and throwing 

off  polythene bags. Average peak compression forces ranged from 3341 to 5179 N. These 
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compressionn forces exceed the NIOSH criterion for lumbar disc compression of 3400 N '7I. 

Therefore,, manually collecting polythene bags in the conventional way remains a risky 

activity. . 

Secondly,, the energetic acceptable peak load of 50% vo2max for a period of 1 h 69 is 

exceededd by both groups working according to a rotation and a non-rotation scheme. In this 

study,, the mean energetic load during refuse collecting in both groups is about 60% vo2max 

forr > 1 h. A further reduction of the physical workload in Amsterdam can be achieved by 

lookingg for new ways of refuse collecting, e.g. by applying the metro system (Citizens drop 

theirr refuse in dustbins on the street that have large depots under the ground. The refuse from 

thee depots is removed mechanically by special dustcarts). Another possible solution is 

improvingg the present way of working, e.g. by creating refuse collecting points in every 

streett to which citizens bring their polythene bags. By designing these collecting points in 

suchh a manner that the dustcart can approach them easily, and by heightening the collecting 

points,, the period during which bags are carried and when flexion of the trunk occurs, might 

bee reduced and thus reducing the energetic and biomechanical workload. 
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