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Ergonomic Study for Optimum Printing Workstation Using
Factorial Experiment and Response Surface Methodology

Mohammad Igbal, Hartomo Soewardi, Azmi Hassan, Che Hassan Che Haron
Faculty of Engineering, Universiti Kebangsaan Malaysia

Abstract

This paper presents the use of factorial experiments and response surface methodology to determine the
best workstation design configuration of an existing electronic industry. The aim is to find the value of physical
dimensions that gives the best performance for the workstation. Four performance measures are selected; the cycle
time, the metabolic energy expenditure, worker’s posture during the task and lifting limitations. The methodology
used in this study consists of two parts. The first part is based on factorial experiments and handles discrete search
over combinations of factor-levels for improving the initial solution. In the second part, the solution that was obtained
earlier is further refined by changing the continuous factors by using response surface methodology. The result of this
optimization study shows that the optimum value of physical dimensions gives a significant improvement for the
performance measures of the workstation.

Impact on Industry: Demonstrate how the ergonomic optimization study could improve the productivity and working
practices.

Key words: ergonomics, optimization, workstation design, factorial experiment, RSM.

Introduction

This paper presents a case study of an workstation configurations and four performance
ergonomic design of a workstation. The measures are selected for this study. Performance
workstation considered here is a printing measures that are associated with the workstation
workstation of an existing electronic industry in design problem are usually characterized as
Malaysia. Most of the routine tasks of the economical or ergonomic measures. The
electronic industry studied here are fully measures depend both on the work procedures
automated. However, some of the workstations and workstation design. This study deals with the
are manually operated or semi automated where workstation design only. We assume that the
the workers and the automated machine work structure of the task is already given and the aim
together simultaneously. The bottleneck for the to provide the most suitable physical
whole production line is the printing department. environment for doing the job. Accordingly, the
The worker performs the repetitive task of measures that are considered here are those that
working, while staying at the same positions all are affected by the workstation design rather than
day long. Many workers are complaining of the work orders. Measures such as number of
shoulder aches and lower back aches. This repetitions and exposure time to the risk factor
situation explains the need of redesigning the are disregarded in this study. The performance
workstation in order to maximize the throughput measures in this study consist of four factors; (i)
rate and to create suitable ergonomic working the cycle time (economical measure); (ii) the
condition for the workers. metabolic energy consumption (physiological

In order to achieve optimal economic measure); (iii) worker’s posture during the task
and ergonomic results, a comprehensive study of that may indicate risk of injury; and (iv) lifting
the job tasks must be conducted and several limitations (biomechanical).
parameters and constraints have to be In this study, we follow the
considered. There are four parameters of the methodology proposed by Ben-Gal and Bukchin
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(2002). They suggest a systematic design
heuristic based on Factorial Experiments (FE)
and Response Surface Methodology (RSM). FE
is used to generate candidate configurations of a
workstation and to build empirical models
relating design factors to various objective
functions. Based on this model, RSM is utilized
to optimize the design factors with respect to

economic and ergonomic multi-objective
measures.
Methodology

The methodology used in this study is
based on improving an initial workstation
configuration, called the initial solution. The
initial solution was obtained from the existing
workstation. A set of system factors (design
parameters) has to be defined in order to be
modified during the optimization stage. The
heuristic of the methodology consists of two
parts. The first part is based on factorial
experiments and handles discrete search over
combinations of factor-levels for improving the
initial solution. In the second part, the solution
that was obtained earlier is further refined by
changing the continuous factors using RSM.

All of the four performance measures
that are selected and later integrated using a
multi-objective function would be described in
the following section:

Ttask

The printing cycle time (an economical
measure) is a measure for the productivity of
the workstation, and therefore should be
minimized. The task cycle time consists of
m individual operations, where the time to

perform each operation, denoted by #,, i =
1, ..., m, is obtained from MTM table.

m
Ttask t.
i

il

(min/unit) (1)

Eshift

The metabolic energy consumption in a shift
is according to  Garg  guidelines
(physiological measure). It is measured in
Kcal units and has to be minimized. Eshift is
the time weighted average of the energy
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consumption rates multiplied by the
workshift time, ts (minute).

m
Eshift ts ei tl, Ttask (Kcal) (2)

i/

Where, the energy consumption rate per
each individual operation (ei ,i=1,...,m)

is generated using the Garg formula (Garg et
al., 1978).

Ptask

The worker’s posture during task that might
indicate the risk of injury. This measure
considers the worker’s body position during
the printing task according to the OWAS
guidelines (Karhu et al., 1981; Scott and
Lambe, 1996). The objective is to shorten
operations that require inconvenient body
positioning. A good solution requires that
during all operations the body position
remains in category one. This category,
called the natural position, insures that no
damage is caused to the worker. The Ptask is
the time weighted average of the position

categories that are denoted by p;» andi=1,

..., m. Thus,
m
Ptask p. t. [Ttask
. i
il
(posture category) 3)
Wtask

The lifting limitations (a biomechanical
measure) are according to the NIOSH
guideline (Waters et al., 1993). This measure
takes into account the upper weight limits
that the worker is allowed to carry in each
position during the task time. Wtask is the
time weighted average of the weight limits,

denoted for each position by w;,i=1, ...,

m, calculated only for those operations that
involve weights,
m m
Wtask It w, l t.
I A o0
il il

(Kg)

“)
Where,



1 if operation iinvolves a weight lift
i 0 otherwise

®)

The next stage is to use a multiple
objective function in order to compare alternative
design solutions and select the optimal one. In
this study, we follow the multiple-response
procedure suggested by Myers and Montgomery
(2002). They constructed a multiple objective

function for each alternative, denoted by Dk

and called the desirability function. It reflects the
combined desirable grade of the kth solution with
respect to all performance measures.

Assume that the designer has to
evaluate K different configurations. Accordingly,

T T E k> Pk and Wk denote respectively the

Ttask, Eshift, Ptask and Wtask performance
measure values for solution £ = 1, ..., K. Since
many multi-objective functions require the
performance measure values to be between zero
and one, the following normalization procedure
will be applied:

Wi W, LW/I.ZUW L k 1.k
Where UT Ly, UE Ly, UP Lp and

U w Ly are the upper (lower) limits of the
four performance measures respectively and
Unepw Urppw 01Unepw  Lriepw
Lrppw  Loepw  0-1Unppw  Lriepw

The desirability function of solution k is
based on geometric mean of its normalized
performance measures, as follows:

V 1/ ry
rV —
Dk d kv k=1, ..

v 1

Where d k.v denotes the vth performance

measure of solution k; and 7, is the relative

1%
importance that is assigned subjectively and
respectively to each performance measure. In

this study, v = 4, dkl Tk: dk2 Ek,

T u. T /12U L k 1,.,K ~ ~
Nk T k/ r r dp3 P and dj 4 W . Accordingly tlzg)
B Up B [12U, Ly kol K desirability function is the following:
P U, Pk/142UP L, k 1..K
printing
mh, material machine
b %
m :
D
'
(a) A (b)
Fig. 1. The drawing of printing workstation; (a) back view of the worker; (b) right hand view of the

worker
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Where the first two performance measures are
considered to be twice as important as the last
two.

Description of the system

Printing workstation studied here is a
semi-automated workstation where worker and
automated printing machine work together
simultaneously. An aluminum plate (a cashing
part of an electronic equipment) was polished
and printed by the printing machine
automatically. Accordingly, the working table of
the machine consists of two parts, polishing area
and printing area. Two workers perform the task
of this printing operation. The first worker loads
the aluminum plate (material) to the polish area
of the machine, and then removes it to the
printing area. After printing operation finished,
the second worker (stays at the other side of the
machine) unloads the material from the machine
to perform another operation. This study focus
on the ergonomic improvement related to the
first worker.

A drawing of the workstation is
presented in Fig. 1. The worker takes the
material from the material box by his right hand
(Fig. 1.a), delivers it to the polishing area and
then removes it (by using both right and left
hand) to the printing area of the machine. In this
stage, the machine performs printing operation
automatically, and a new cycle begins.

Four design factors (parameters) are
considered. All the factors are locations
(positioning) factors of the workstation. In
particular:

Factor A is the horizontal distance in
millimeters between the edge of the printing
machine and the position of the worker
Factor B is the vertical height in millimeters
of the working table of the printing machine
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Factor C is the wvertical attitude in
millimeters of the lower edge of the material
box

Factor D is the angle in degrees of the slope
of the material box.

A feasible initial configuration of the
printing workstation is presented in Table 1. The
solution is characterized by measures of the four
design factors ( » = 4 ); A, B, C and D
respectively. The initial values of the parameters
(factor level 0) were predicted according to the
position and anthropometrics data of the
workers.

Result and analysis

The desirability function in equation (9)
is applied to the multiple objectives. The
desirability values for each configuration are
listed in Table 2. As can be seen from Table2, no
dominant solution (solution which is superior to
all other solutions in all

Table 1. The initial values and the selected
ranges of the design factors

Factor level

Parameter 0 T 3 Delta
A (mm) 410 380 440 30
B (mm) 1000 970 1030 30
C (mm) 380 350 410 30
D (deg) 15 12 18 3

performance measures) exists; yet, the initial
solution (0000) may be improved. The following
analysis includes examination of each
performance measures separately and evaluation
of the multi objective (desirability) functions for
all measures.

The cycle time per task (Ttask) is
considerably affected by changes in the factors’
values. There is a large difference of about 17.5
% between the best solution (1121 with Ttask =
3.66 seconds) and the worst solution (2212 with
Ttask = 4.30 seconds). In the mass production
environment, such as in this case, this -



Table 2. Results of the alternative design solution

Alter- Exp. Ttask (sec) Eshift(Kcal) Ptask Wtask (kg) Desir-

native (ABCD) Actual Norm. Actual Norm. Actual Norm. Actual Norm. ability
0 0000 3.87 062 799.82 044 1.67 0.21 351 0.40 0.43
1 1111 4.03 045 797.82 048 1.67 0.21 2.86 0.13  0.33
2 2111 3.78 072  799.75 044 1.50 0.75 3.63 045  0.57
3 2211 428 020 79521 0.54 1.55 0.58 3.49 0.61 0.40
4 1211 4.19 029  799.60 0.44 1.67 0.21 2.80 0.11 0.27
5 1221 4.01 0.47 79891 046 1.66 0.25 2.72 0.08  0.31
6 2221 4.12 036  794.11  0.56 1.54 0.62 3.74 039  0.46
7 2121 3.93 0.56  796.54 0.53 1.67 0.21 2.79 0.11 0.36
8 1121 3.66 0.84 796.74  0.51 1.50 0.75 3.61 0.44  0.63
9 1122 3.69 0.81 796.88 0.50 1.47 0.83 3.72 049 0.64
10 2122 3.96 0.53 79491 0.55 1.66 0.25 2.90 0.15  0.38
11 2222 4.14 034 79515 0.54 1.52 0.67 3.58 043  0.46
12 1222 4.08 0.40 798.15 048 1.66 0.25 2.84 0.13 032
13 1212 421 027 799.42 045 1.67 0.21 3.76 050 0.34
14 2212 4.30 0.17  795.04 0.54 1.55 0.58 4.68 0.88 0.4l
15 2112 4.08 040 79727 049 1.68 0.17 2.97 0.18  0.33
16 1112 3.85 0.64 798.62 046 1.50 0.75 3.75 0.50  0.57

Upper limit 4.39 815.82 1.71 4.77

Lower limit 3.59 778.23 1.44 2.73

Table 3. Search region and definition parameters for the multiple desirability method

Name Goal Lower limit ~ Upper limit \];vz‘i);irt \Evjfli)gl:lrt Importance

machine_d (A) 0.8..2.20 0.8 2.2 1 1 -

machine_h (B) 0.8..2.20 0.8 2.2 1 1

matbox_h (C) 0.8..2.20 0.8 22 1 1 -

matbox_angle (D) 0.8..2.20 0.8 2.2 1 1 -

Ttask 3.59 3.59 438 1 1 2

Eshift 778.22 778.22 815.82 1 1 2

Ptask 1.43 1.43 1.71 1 1 1

Wtask 4.77 2.73 4.77 1 1 1

improvement is economically significant. At next stage, the desirability function

The  variation in the  energy of each alternative is evaluated. The performance

consumption during a work shift (Eshift) among
the different solutions is relatively small. That’s
why this measure is further considered in this
study for illustration purposes only, whereas in
reality it would have been eliminated.

Both of the body position category
(Ptask) and the average weight limit (Wtask) are
considerably affected by configuration changes.
Note from Table 2 that factor A has a clear affect
on the Ptask and Wtask value. It is seen that the
best solutions are obtained when factor A is fixed
on its higher level.
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measures are first normalized and the desirability
function is then calculated using the relative
importance values given in Equation (9). It is
seen that the best solution is configuration 1122
with a desirability value of 0.64. The initial
solution is ranked in 7" place with a desirability
value of 0.43. It means that the configurations
ranked from 1% to 6™ place are considered better
for any set of relative importance values.

Finally, The RSM is applied to find the
best solution from configuration 1122. Table 3
presents the initial conditions of both the
performance measure and the design factors that



Table 4. Design solution improvement using the RSM

No. machine d machine h matbox h matbox angle Ttask Eshift Ptask Wtask ?be;]ltr}-/
1 2.20 1.08 2.20 0.80 3.61 796.86 1.44 395 0.688
2 2.17 1.04 2.20 0.80 3.60 79698 146 392 0.683
3 2.20 1.26 2.20 0.95 371 796.11 146 395 0.663
4 2.20 1.28 2.18 0.81 371 796.08 1.46 395 0.662
5 2.15 1.18 2.20 0.80 3.67 79640 1.47 390 0.661
6 2.20 1.23 2.20 1.40 371 79626 1.46 394 0.660
7 2.20 1.24 2.20 1.88 374 79622 1.46 395 0.654
8 2.20 1.29 2.20 1.51 375 796.01 146 395 0.652
9 2.20 1.38 2.20 0.80 377 795.63 147 394 0.652

DBS 1 1 2 2 3.69 796.88 1.47 372 0.64

IS 0 0 0 0 387 799.82 1.67 3.51 043

are used by the optimization procedure. Conclusion

Extrapolation presented in Equation (6) was used

here. That is the four design factors that were In this paper, a case study of an

experimented earlier with level values of one or ergonomic design of a workstation was

two (in coded terms) are now allowed to vary
between 0.8 to 2.2. The reason for such
extrapolation is the assumption that one can
estimate the response functions over a wider
search region by using the responses obtained in
a smaller experimental region (Myers and
Montgomery, 2002).

Table 4 presents nine design solutions
sorted in a decreasing order by their desirability
grades. Convergence is achieved when the
distance moved or objective function change is

less than a 10 © ratio. For comparison purpose,
two solutions from previous steps (as presented
in Table 2) were added to the table: the initial
solution (denoted in the Table by IS), and the
best discrete solution (denoted in the Table by
DBS). The best design solution that is obtained
by the response optimization procedure (design
No.1) achieves a desirability grade of 0.688.

Compare to the best discrete solution,
applying the final solution of this optimization
study gives a significant improvement for the
performance measures of the workstation.
Although the change in the energy consumption
during a work shift (Eshift) is relatively small,
there are significant changes in the cycle time per
task (Ttask) (about 2.2%), the body position
category (Ptask) (about 2.1%) and the average
weight limit (Wtask) (about 5.8%)
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presented. The aim is to increase the throughput
rate (capacity) of the workstation, as well as to
create a suitable and adjustable ergonomic
environment, which could accommodate a large
percentage of the workers population. Factorial
Experiment (FE) and Response Surface
Methodology (RSM) were used in this study. FE
is used to generate candidate configurations of a
workstation and to build empirical models
relating design factors to various objective
functions. Based on this model, RSM is utilized
to optimize the design factors with respect to
economic and ergonomic  multi-objective
measures. Compare to the initial solution, the
final solution of this optimization study gives a
better result for the performance measures of the
workstation.

Finally, this case of study has demonstrated how
the ergonomic optimization study will benefit the
manufacturing industry. Design modification to
the workstation, based on the result of this
optimization study, would improve the
productivity and working practices. This may
also improve the product quality since, if the
workers are more comfortable, the product will
be handled more carefully.
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Occupational Lead Exposure Of Soldering Workers
In An Electronic Factory

Mimala Arasaratnam, Zailina Hashim, Shamsul Bahari Shamsudin
Environmental and Occupational Health Unit, Department of Community Health
Faculty Of Medicine And Health Sciences, University Putra Malaysia

Abstract

A cross-sectional study was conducted on 83 female electronics factory workers. The respondents
comprised 50 exposed workers who use lead alloy solder and 33 unexposed workers. The objective of this study was
to assess the lead exposure of these workers. Breathing zone were sampled using air sampling pumps. Dust samples
were collected by wipe method. Venous blood collected and blood pressure were measured. All lead analyses were
carried out with Graphite Furnace Atomic Absorption Spectrophotometer. The mean air lead for exposed workers (57
0. £0.93 g/m®) was significantly higher than the unexposed workers (0.0067 + 0.0045 g/m?) (p<0.001). The right
side surface area ( 49.10 = 34.19 g/dl) was significantly higher than the left side (8.45 + 9.04 g/cm? ) ( p<0.001).
The mean blood lead for the exposed workers (5.10 = 1.42 g/dl) was not significantly higher than the unexposed
workers ( 5.09 + 0.88 g/dl ) . The mean blood pressure was 121 / 72 mmHg and 117 / 72 mmHg for the exposed
and unexposed workers respectively. No significant difference between the blood lead concentration (p = 0.786),
systolic blood pressure (p = 0.554) and diastolic blood pressure (p = 0.955) between the 2 groups. No significant
correlation found between blood lead with personal air lead (p = 0.447), left side surface area dust lead (p = 0.937),
right side surface area dust lead (p = 0.291), systolic blood pressure (p = 0.201) and diastolic blood pressure (p =
0.485). In conclusion, since the biological indicators showed normal values, the electronic circuit board soldering
workers, are not at high risk of exposure to occupational lead.

Key words: blood lead, blood pressure, personal air lead concentrations, surface dust lead concentrations, electronic
factory worker.

Introduction cause tiredness, mood changes, headaches,
stomach problems and trouble sleeping. Higher
The lead being referred to in this study levels may cause aching, weakness in
is in the form of inorganic lead, usually in the concentration or memory problems (Nurunniza,
form of metallic lead such as lead oxide or lead 2001; Mazrura, 2000; Kovala et al, 1997;
salts. The main routes of exposure to lead in Cooper, 1996).
workers are through inhalation into the This study would aim to create a
respiratory system. (Proctor et al., 1989). The background data on lead exposure of women
process of manufacturing electronic board is workers as well as to create an understanding and
quite lengthy. It begins with wafer fabrication, awareness of the dangers of lead and how to
wafer sawing, die bonding, wire bonding, protect themselves from exposure. The
plating, soldering if necessary, testing and finally objectives of this study are to assess the lead
packaging. Exposure to lead would mainly be exposure of a group of circuit board soldering
from the soldering process as fumes from the workers and a comparative group in an
soldering material is an alloy containing 40% electronics factory by determining their blood
lead and 60%. The chronic exposure to low pressure, blood lead concentrations, the air lead
concentrations of lead over a long period would and surface dust lead concentrations in the work
cause detrimental effects on humans (Nurunniza, areas; to compare the blood lead concentrations,
2001; Mazrura, 1996; Megat, 2000; Kovala et al., blood pressure between the 2 groups of workers;
1997). to find any correlation between blood lead and
Lead exposure increases the risk of high these studied variables in the exposed group.

blood pressure (ATSDR, 1989). Massive doses
of lead can cause cardiac abnormalities. Lead can
cause serious, permanent kidney and brain
damage at high enough levels. Low levels may
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Methodology
Workers' demographic background

This was a cross-sectional study carried
out at an electronics factory in Petaling Jaya,
Selangor. The plant produces various types of
electronic parts and the employees comprise
production operators who are mostly women.
From the name list of all the employees, all the
50 lead soldering operators were selected as
exposed group. Questionnaire interviews were
conducted on the exposed worker to obtain their
background information and from these
information, the unexposed group were selected
and matched according to the background of the
exposed group. From these, 36 non lead
soldering operators were selected purposively as
unexposed group and matching was carried out
in terms of age, gender, smoking and health
status. These workers had also given a written
consent to participate in the study.

Air Lead

The workers' breathing area was
sampled for 8 work hours with Escord Elf air-
sampling pumps and mixed cellulose ester
(MCE) filters with 0.8 m pore size, 37 mm
diameter. The pump was calibrated at a flow rate
of 1.7 L/min. A cyclone was attached to the
pump so that only the respirable lead from the
incoming air was sampled. The filter papers
placed on the cassette holders attached to the
cyclone were digested and analyzed to determine
the concentration of lead by using Graphite
Furnace Atomic Absorption (Hitachi Z-5000
Series Polarized Zeeman). Method of air lead
sampling was adapted from Method No. 7105 —
Lead by GFAAS (NIOSH, 1994).

Dust Lead

For dust lead sampling, 19 respondents
from the 50 exposed group were randomly
sampled. Dust lead from the workstation surface
was collected by taking wipe samples. The tissue
paper used as wipes were first weighed. Two sets
of wipe samples which consist of the left and
right side surface area were taken before they
start work and at the end of the shift before they
clean up the table. The samples were collected,
weighed and digested according to Method No.
9100: Lead in Surface Wipe Samples (NIOSH,
1994). The difference between the Ilead
concentrations in the wipe samples before and
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after work was considered as the lead
concentration that the respondents were exposed
to.

Blood Lead and Blood Pressure

The respondent’s venous blood samples
were collected and preserved (Sinclair and
Dohnt, 1984) . The lead analysis carried out with
the wavelength of 283.3nm according to Hitachi
Method (Hitachi Ltd., 1997) using Hitachi Z-
5000 Series Polarized Zeeman Atomic
Absorption  Spectrometer. Blood  pressure
readings were taken using a digital blood
pressure monitor (MARS Digital Blood Pressure
Monitor) before blood collection.

Quality Control

Quality control and assurance are
procedures that are taken to ensure the quality of
the data produced in this study. The quality
control procedures that were used for this study

include pretest of questionnaire, calibration
maintenance of all instruments, Standard
Operating Procedure (SOP) on sampling,

analytical methods and materials.
Ethics

All respondents were briefed about the
study and were asked to participate in the study
on a voluntary basis. Consent forms were given
to be read and signed. All respondents were
given a choice to continue participating in the
study or to pull out at any time they choose to do
so. In following specifications for an ethical
research, a certified and experienced doctor was
asked to draw blood from the respondents.
Finally all the information about the respondents
and the company that was involved in this
research remains confidential. The study had the
approval of the Faculty of Medicine and Health
Sciences Ethics Committee.

Results

Background information

The respondents who took part in this
study consisted of mainly Malay and a minority
Indian ethnic groups. The total number of
respondents was 83, whereby 50 were in the
exposed group and the remaining 33 were from
the unexposed group (Table 1). As can be seen in
Table 1, there are 22 exposed respondents and 33



unexposed respondents living in the Klang
Valley.

Table 1 : Background information of workers

Study Groups;
Variables Frequency (%)
Exposed Unexposed Total
(n1=50) (n=33) (N=83)
Ethnic groups 45 (90.0) 24 (72.7) 69 (83.1)
-Ma!ay 4 (8.0) 9(27.3) 13 (15.7)
-Indian 1(2.0) - 1(1.2)
-Others
Residential areas
Klang Valley 5, (44.0) 19 (57.6) 41 (49.4)
-Non-Klang 58 (56.0) 14 (42.4) 42 (50.6)
Valley
N =283

Comparisons of Age and Blood Pressure

The mean age of the exposed group was
31.08 years and the unexposed group
respondents were slightly older with a mean age
of 33.78 years. There is no significant difference
in age between the exposed and unexposed group
as shown in Table 2.

Table 2 : Biological profile of workers

Study groups
Variables mean std.dev. t/Z p
value value
Exposed  Unexposed
(n=50) (n=33)
Age 31 63 34 68 -1.820 0.073
(years)
Systolic
biood 121.18 117.58 -0.591 0.554
pressure 18.59 20.00
(mmHg)
Diastolic
blood 72.16 72.27 -0.056 0.955
pressure 12.81 11.83
(mmHg)
N=283

statistic test
statistic Mann Whitney U test

For the exposed group, the mean
systolic blood pressure measurements were
121.18 mmHg and for the unexposed group was
117.58 mmHg. The diastolic blood pressure of
the exposed group had a mean of 72.16 mmHg
and for the unexposed group was 72.27 mmHg
(Table 2). There is no significant difference in
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the systolic blood pressure (p= 0.955) and the
diastolic blood pressure (p = 0.554 ) between the
two groups.

Comparisons in Air Lead

The mean  personal air lead
concentration was 0.5723 ug/m® and 0.0067
png/m? for the exposed and the unexposed group
respectively (Table 3). The distribution of air
lead concentration is significantly different from
a normal distribution curve, therefore non
parametric statistical test was used to determine
the difference between the groups. There is a
significant difference in air lead concentration
between the two groups in which the exposed
group have higher air lead concentrations than
the unexposed group (t=5.307, p <0.001).

Table 3 : Lead exposure variables

Study groups
mean std.dev. 7 p
Variables value value
Exposed  Unexposed
(n=50) (n=33)
Air lead 0.57 0.0067 -5.10 0.001**
concentrations 0.93 0.0045
( gm’)
Blood lead 5.10 5.09 -1.18 0.239
concentrations 1.41 0.88
( g/d))
N =283
Statistic Mann Whitney U test
** Significantatp 0.01
Comparison in Dust Lead
The  distribution of dust lead

concentration was significantly different from a
normal distribution curve. Therefore, non
parametric statistical test was used. For the left
side surface area, the mean lead concentration is
8.45 pg/cm? and the right side surface area has a
mean of 49.10 pg/cm? (Table 4). There is a
significant difference in the mean dust lead
concentration between the left and right side in
which the right side surface area has higher dust
lead concentration than the left side surface area
(t=-7.231,p <0.001).

Comparison of Blood Lead Concentrations
The distribution of blood lead

concentration is also significantly different from
a normal distribution curve, therefore, non



parametric test was again used. The mean blood
lead concentration of the exposed group is 5.10
pg/dl and for the unexposed group is 5.09 pg/dl
(Table 3). There is no significant difference in
mean blood lead concentration between the
exposed and unexposed group. (t =— 0.273, p =
0.786.

Table 4 : Lead dust levels between right and left

hand
Exposed group
mean std.dev.
Variables Z P value
Right Left value
side side
(n=19) (n=19)
Dust lead 49.10 8.45 -3.823 0.001**
concentrations 34.19 9.04
( g/cmz)
N=19

Statistics Mann Whitney U test
** Significantatp 0.01

Correlation between Blood Lead
Concentrations with Studied Variables

The Spearman’s Rho test for correlation
was carried out since most of the data is not
normally distributed. No significant correlation

was found between blood lead concentrations
with air lead concentrations and blood
concentrations for each separate group as well as
when both groups are combined (Table 5).

The same test was carried out to
evaluate the correlation between blood lead
concentrations and dust lead concentrations for
the 19 exposed workers. There is also no
significant correlation between the two variables
for the right side surface area as well as for the
left side (Table 5).

Discussions

From the results it is clear that the
respondents are exposed to very low
concentrations of air lead. Through observations,
the use of central and individual exhaust filter
systems may have contributed to the low air lead
concentrations. Each workstation has an exhaust
suction fan with filter placed directly towards
where the workers do their soldering work.
Therefore, all the fumes from the soldering work
will be sucked to the central exhaust fan through
the individual exhaust fan almost immediately.
There is very little chance for the fumes to
escape unless the workers attempt to solder far
away from the suction range of the exhaust.

Table 5 : Relationship between blood lead and selected variables

Blood lead concentrations ( g/dl)

Variables Exposed Unexposed All
r P value T P value T P value
Air lead concentration ( g/m’) 0.021  0.887 -0.036 0.844 -0.023 0.840
Right hand dust lead level ( g/cm?) ~ 0.255  0.291 - - - -
Left hand dust lead level ( g/cm?) 0.019  0.937 - - - -
Systolic blood pressure (mmHg) -0.078 0.588 -0.146 0.419 -0.142 0.201
Diastolic blood pressure (mmHg) -0.025 0.864 -0.085 0.638 -0.078 0.485

N=283
n=19
Statistic Spearman rho test
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Other factors could also be that the
production rates were quite slow at the time of
sampling. Due to the current economic
downturn, most electronic companies were
producing at rates far below their normal rates.
As such, the respondents were working less
because there was not much production targeted
and working hours were limited to a maximum
of 6 hours a day. Therefore, the air lead
produced was probably be lower than it would
have been if production is at maximum capacity.

The findings of this study were
consistent with a study (Sinclair and Dohnt,
1984) on a group of crafts workers who produce
stained glass. Their air sampling indicated air
lead concentrations ranging between 0.88 to 15

g/m* with a mean of 6.0 g/m? This value is
higher than that obtained from this study. The
PEL for air lead concentration set by the United
States  Occupational Safety and Health
Administration is 50 g/m* whereas Malaysian
standards set by the Factories and Machinery Act
(FMA) is 150 g/m3. All these workers were
exposed to less than 5 g/m? air lead. Therefore,
although there was a difference in concentration
of personal air lead between the exposed and
unexposed groups, their low blood lead
concentrations indicates that inhalation was not
the main route of exposure.

From the statistical results, the lead dust
concentrations for the right side surface area are
significantly higher than the left. This is due to
the fact that the workers hold the soldering iron
on their right side surface area of their work area
and clean the tip of the iron rod on the right side
surface area of the work table. These caused a
lot of dust and pebbles of melted solder wire to
scatter around the right side of the work table.

Some other studies have found varying
levels of dust lead depending on the area in
which they were collected. A study (Kaliamal,
2001) reported dust lead levels in homes to have
a mean of 0.07 ng/g/m*. Whereas another study
(Johnson et al., 2000) among workers working
on a bridge found that although airborne lead
exposure was low, surface contamination was
very high especially on their clothing 4766

g/m?) and vehicles (3600 g/m?). The American
Conference  of  Governmental  Industrial
Hygienists (ACGIH) has set a Housing and
Urban Development (HUD) guideline of 200

g/ft2 for construction work surface lead
concentration.

When compared to the above studies as
well as to the guideline, the values obtained in
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this study were higher. This is obvious due to the
area sampled and the nature of the work that this
study had focused on. Not only were the workers
working with soldering alloy made up of 40%
lead, the area sampled was directly where the
work was being done and would naturally have
an extremely high concentrations of lead.

The WHO has proposed 40 pg/dl as
maximal tolerable individual blood lead
concentrations for adult male workers and 30
pg/dl for women of childbearing age. The
respondents' blood lead which did not exceed 10

g/dl, indicates that lead does not pose any
hazard in their workplace and no significant
difference found in the mean blood lead between
the 2 groups.

Although the soldering workers are
exposed to lead during their work, this exposure
does not seem to have any effect on their blood
lead concentrations. Therefore, this suggests that
whatever blood lead concentrations that the
respondents have are not from their workplace
but from the general environment such as
ambient air, food, water, dust from the streets or
paints and perhaps emission from nearby
industries. Since the blood concentrations are
very low, no adverse health effects are seen in
the respondents.

One of the reasons why correlation
between air lead concentration and blood lead
concentration is often very poor is because even
though the respiratory tract is the main route of
exposure, intake by the oral route such as
consumption of lead contaminated food and
drinking water may be overwhelming that it will
increase total uptake and therefore, sway a direct
correlation between air lead and blood lead
concentrations (Stellman, 1998).

Although there is a significant amount
of contamination of dust lead at the work station,
this contamination has no effect on blood lead
concentrations. This could mean that although
the dust lead was present, the workers are
protected from either inhalation or skin
absorption. This could be explained by the fact
that all the workers use facemasks and glove
when entering the soldering department. They
must also use finger cots when doing soldering
work as well as practice good hygiene such as
hand washing before and after work.

Although the mean blood pressure of
both systolic and diastolic blood pressure for the
exposed workers was slightly higher than the
unexposed workers, this difference was not
significant. The mean blood pressure of the
exposed workers was 121.18 / 72.16 mmHg



whereas the unexposed workers had a mean
blood pressure of 117.58 / 72.27 mmHg. This
result is quite close to the findings in a study of
lead battery manufacturing workers (Wu et al.,
1996) which showed a mean blood pressure of
121.7 /77.9 for the female workers.

There is no correlation between blood
lead concentration and blood pressure since the
blood lead was found to be very low. No
difference in blood pressure was found between
the 2 groups. Hypertension may begin to occur at
blood lead concentrations of 10 g/dl and above
(Kovala et al., 1997). As such, the results of this
study is consistent with (Kovala et al., 1997) that
since the workers’ blood lead concentrations are
below 10 g/dl, the average blood pressure was
normal and not elevated. Occupational lead
exposure and blood pressure which stated that
blood lead does not adversely affect blood
pressure unless at very high exposure. A similar
study (Korrick et al., 1999) also concludes that
there was no association between hypertension
and either blood or tibia lead concentrations.

There are many standards and
regulations set by various government and non-
governmental bodies that are meant to be used as
guidelines  for both environmental and
occupational settings. The Occupational Safety
and Health Administration (OSHA) of United
States have regulated a Permissible Exposure
Limit (PEL) for air lead levels at 50 pg/m’. It
also regulates the removal of a worker from
exposure if his/her blood lead level reaches
60ug/dl or higher. The American Conference of
Governmental Industrial Hygienists (ACGIH)
recommends a TWA of 150 pg/ m® for air lead
and 30 pg/dl for blood lead concentration. The
Centers for Disease Control (CDC) have
recommended that the level of concern for blood
lead for the general population to be 10 pg/dl
From this study, the blood lead concentrations of
these workers conformed to all the regulations
stated above.

Conclusion

There is a significant difference in air
lead concentrations between exposed and
unexposed respondents. Dust lead concentrations
on the right side surface area were significantly
higher than the left side surface area. However,
there is no significant difference in blood lead
concentrations and blood pressure between
exposed and unexposed respondents. Air as well
as dust lead concentrations does not directly
contribute to blood lead concentrations and
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finally, blood lead at a level of below 10 g/dl,
does not cause an increase in blood pressure. In
conclusion, the lead soldering workers in this
electronic factory are not at high risk of exposure
to lead from their workplace.
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Occupational Heat Stress Of Workers In A Plastic Industry, Selangor
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Abstract

A cross sectional study to determine the exposure of heat and its biological effects on the workers in a
plastic factory located in the Shah Alam Industrial Estate, Selangor, Malaysia. Forty five respondents from the
polymer section in the factory were selected as the respondents. Variables measured were the environmental
temperature (WBGTin), air velocity, relative humidity, body temperature, average heart and recovery heart rate.
QUESTEMP®34 Area Heat Stress Monitor was used to measure the environmental temperature in °C (WBGTin) and
relative humidity (%). Velocicheck Model TSI 8830 was used to measure the air velocity in meter per second (m/s)
while the OMRON Blood Pressure Monitor Model T3, was used to measure average heart rate and recovery heart
rate. Body temperature (°C) was measured by the Instant Ear Thermometer-OMRON Gentle Temperature Model
MC509. Interviews using questionnaires were used to determine respondents’ socioeconomic background, previous
risk factors on heat exposure and other information related to heat stress. Results showed that the mean
environmental temperature for the exposed group was 28.75°C, the mean air velocity was 0.15 m/s and the mean
relative humidity was 58.1%. These production workers were exposed occasionally to heat when loading plastic
powder into the molds as well as demolding the finished plastic products from the molds. The average time of
monitoring was 2 hours for intermittent exposure and 8 hours duration for overall exposure. Maximum demand for
work load was measured 1 minute after work activities were stopped at the demolding section. There was a
significant difference between body temperature and average heart rate before work, after 2 hours of work and after 8
hours of work ( p < 0.001). The mean recovery heart rate after 1 min was 88.0  12.0 beat per min. (bpm), indicating
that there is no excessive physiological demand. Body temperature (36.8 0.40 C) and average heart rate after 8
hours (78 12 bpm) indicated a good body control of heat exposure. Five out of six workplaces monitored had
temperatures of greater than 28 C (ACGIH TLV). The workers were exposed to moderate heat stress during the
study period, however, body temperature and average heart rate measurement did not reach unacceptable level of
physiologic strain.

Key words: occupational heat stress, heart rate measurements, blood pressures, plastic industry and physiologic
strain.

Introduction

One of the most overlooked hazards Temperature range from relatively at low 150°C
that encountered in workplaces is heat. Previous to extreme cases of 250°C. Crockford et al.
research has found that excessive exposure to (1981) said the hot environment in these
heat at the workplace will develop heat stress industries has a profound effect on workers’
(NWOSU, 2000; Cullen and Nadel, 1994, Heat comfort, productivity, safety and health.
stress is the aggregate of environmental and This study aims at examining the heat
physical work factors that constitute the total strain and heat stress experienced by workers in
heat load imposed on the body (Alpaugh and a plastic industry.

Hogan, 1992).The bodily response to total heat

stress is called the heat strain (NIOSH, 1986). In Methodology

terms of heat-related illnesses, the mildest form

of heat stress are those which cause workers to This is a cross sectional study conducted
feel uncomfortably warm. Further exposure to in a factory at the Shah Alam Industrial Estate,
hot workplace may result in heat cramps, heat Selangor. Forty five workers from the polymer
exhaustion, heat syncope and heat stroke section were selected as the respondents. This
(Kroemer, 1994). In plastic industries, many of study involved six measurements such as the Wet
the processes generate heat to the workplace. Bulb Globe Indoor Temperature (WBGTin), air
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velocity, relative humidity, body temperature,
average heart rate and recovery heart rate.

The plastic industry is divided into three
distinct sectors. The first sector comprises the raw
material suppliers, which are used to manufacture
polymers and molding compounds. The second
sector is made up of manufacturers, which
convert raw materials into finished products. The
third sector comprises machinery suppliers, which
supply equipment to the manufacturers. Many of
the plastics processing machines operate at very
high temperature of above 200°C.

To evaluate the heat stress experienced
by the workers at the workplace, the
environmental parameters at selected work
locations were measured; metabolic rate for
different activities were estimated and mapping
were made on the amount of time spent at
different work locations in the factory (Logan and
Bernard, 1999). The American Conference of
Governmental Industrial Hygienists method for
estimating metabolic rate was used. The WBGT
has proved to be very successful in monitoring
heat stress (ACGIH, 1999).

Measurements of body temperature and
heart rate were carried out before work, after 2-
hours and after 8-hours of work. Intermittent
exposure should be averaged over 2-hours (US
dept. of Labour, 1999). For overall exposure, the
work period of about 3 to 5-hour could be taken
as a representative (Logan and Bernard, 1999) but
an 8-hour work period would definitely give a
comprehensive  picture. NIOSH (1986)
recommended the recovery heart rate of 1 minute
(HR@:) as the second criteria of indicator for
work demand and work strain. Heart rate
recovery after 1-minute at the end of removing
finished products from molds was recorded.

Four environmental parameters were
also measured which included the ambient
temperature, radiant temperature, air velocity and
relative humidity. Environmental parameters were
recorded for 8 hours daily.

The factory was divided into 6
workplaces namely Rotational (RS) 160, RS 220,
Rock and roll (RR) 1000, RR 2000, metal
fabrication and general site, to facilitate
environmental measurement. The four basic steps
of molding processes were loading, heating (170
to 370°C), cooling and demolding "'?. Time for a
whole cycle takes 60 minutes and average time
for demolding range from 7 to 15 minutes. The
heat ejected from machines and molding
processes can contribute to a heat stress that
requires evaluation (Burges, 1995).
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The molding operations are continuous
process which is carried out by two personnel
with a 12 hours work shift which are made up of
the machine operators and supervisors. The
highest overall exposure to heat stress was
machine operators. The study population was
made up of all the male production lines workers.
Purposive sampling method was carried based on
the inclusion criteria such as: male workers; age
between 20-55 years; work duration of more than
3 months and healthy (non-alcoholic, without
hypertension and not using drugs).

A workplace with temperature of more
than 37°C can influence the body heat exchange
with the environment (Alpaugh and Hogan,
1992). It was concluded that repeat heat exposure
for 9-10 consecutive days, can alter body
temperature. Therapeutic drugs interfere with
thermoregulation and affect heat tolerance
(Deberairdim, 1999). A hypertension patient can
reduce heat transport from the body to skin and
increases the risk of overheating (Havenith,
1995).

QUESTEMP®°34 Area Heat Stress
Monitor was used to measure the WBGTin
environmental temperature (°C) and relative
humidity (%) (Quest Technologies, 1997)
Velocicheck model TSI 8830 measured the air
velocity (m/s) while the OMRON model T3, was
used to measure average heart rate and recovery
heart rate. Body temperatures (°C) were
measured by the Instant Ear Thermometer-Omron
model MC509. Closed ended self-administered
questionnaires were used to determine
respondents’ socioeconomic background, their
history of risk factor in heat exposure and other
information related to heat stress. For quality
control, all instruments were calibrated before
use.

Results
Background information of respondents

More than half of the respondents were
foreign workers from Bangladesh and Indonesia.
Majority had gone through secondary education.
The age range was between 20 to 50 years old
and the majority of the respondents were between
20-30 years old. Sixty percent had a normal BMI
of 18.5 —24.9. Sixty percent had normal Body
Mass Index. All of them had worked for more
than 3 months. Majority of them were machine
operators (Table 1).

The respondents’ health complaints
obtained through questionnaire interview are



tabulated in Table 2. Most frequent health
symptoms experienced were dizziness due to the
radiant heat produced by the machines.

Table 1 : Background Information of

Respondents.
Variables Male Percentage
Race 14 31.1
Malay P 4.4
Chinese 5 4' 4
Indian 16 35.7
Banglad.esh 11 24.4
Indonesia
Job Classifications
Operator 30 66.7
Metal Fabricator 5 11.1
Foreman 5 11.1
Quality Controller 2 4.4
Supervisor 3 6.7
Age group
20 — 30 years 29 64.4
31 —40 years 9 20.0
41 — 50 years 7 15.6
>50 years 0 0
Body Mass Index
<18.5 (Underweight) 6 13.4
18.5 —24.9 (Normal) 27 60.0
25 —29.9 (Overweight) 11 24.4
30 —34.9 (Obese) 0 0
35-39.9 Very obese 1 2.2
>40 Extremely obese 0 0
Education
Primary 2 4.4
Secondary 38 84.5
Tertiary 5 11.1
Duration of work
3 — 12 months 10 222
13 — 24 months 9 20.0
> 25 months 26 57.8
N =45

Table 2: Health Complaints of Respondents

Health complaints Percentage
Dizziness 37.8
Fatigue 222
Nausea 11.1
Muscles spasm 11.1
Uncoordinated movement 8.9
Fainting 2.2

Comparison of body temperature and heart
rate, before and after work.

Comparisons of body temperature before
work, after 2 hours and after 8 hours of work are
as shown in Table 3. The mean body temperature
before work was 36.3  0.55°C, after 2 hours of
work was 36.7 0.36°C and after 8 hours of work
was 36.8  0.40°C. Paired #-test gave a significant
difference of mean body temperatures before
work with after 2 hours work (t = 6.51, p<0.001)
and before work with after 8 hours of work
(t=5.93, p<0.001) respectively. The means and
range of the measured body temperatures are
shown as box plots in Figure 1.

Comparisons of heart rate before work,
after 2 hours, after 8 hour of work and recovery
heart rate at 1 min after loading plastic powder
and removing finished product from the plastic
molds are tabulated in Table 3. The mean heart
rate before work was 71 10 bpm, after 2 hours
of work was 76 11 bpm and after 8 hours of
work was 78 12 bpm. Paired #-test results
showed a significant difference before work, after

Table 3 : Comparison of Body Temperature and
Heart Rate of Respondents According
to Work Duration

Main
Variables

Comparative Variables t p

Body temperature C

Mean std. dev.
Before After 2 hrs work 6.51 <0.001
36.3 0.55 36.7 0.36
Before After 8 hrs work 593 <0.001
36.3 0.55 36.8 0.40
After 2 hrs After 8 hrs work 1.68 0.98
36.7 0.36 36.8 0.40
Heart rate (bpm)
Mean std. dev.
Before After 2 hrs work 541 <0.001
71 10 76 11
Before After 8 hrs work 6.38 <0.001
71 10 78 12
After 2 hrs After 8 hrs work 2.18 0.034
76 11 78 12
Before At 1 min 571  <0.001
71 10 88 12
(Recovery Rate)
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2 hours work and after 8 hours of work
respectively (t 5.41; p<0.001; t 6.38;
p<0.001). The mean recovery heart rate after 8

difference with the mean heart rate before work (t
= 5.71; p<0.001). The means and range of
measured heart rate are showed as box plot in

hours of

work also showed a significant Figure 2.
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Figure 1 : Box plots of respondents’ body temperature
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Figure 2 : Box plots of respondents’ heart rate (bpm)
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Assessment of heat stress

The assessment of heat stress
is based on the Wet Bulb Globe Temperature
(WBGT), which is adjusted to work demand
reflected in metabolic rate (NIOSH, 1986).
Measured Wet Bulb Temperature range from
(25.5 — 29.3°C); Globe Temperature (28.4 —
36.1°C); Relative Humidity (44 — 77%) and Air
Velocity (0.01 — 0.28m/s) at various workplaces
in the production lines. One way ANOVA test
gave a significant value for Natural Wet Bulb
Temperature and Globe temperature at these
work places (F=8,005, p<0.001; F=2.701,
p=0.03). Measurements of Wet Bulb Globe
Indoor Temperature (WBGTin) at these
workplace showed a range of temperature from

26.50 — 30.40 °C. As shown in Table 4, a one
way ANOVA test results showed a significant
difference in the WBGTin at the 6 studied
workplaces (F=4.090, p=0.004).

Table 5 shows estimated metabolic rate
for respondents range from (250 — 300 kcal/hr
with work/rest regimen of 75% work, 25% rest,
each hour. Five out six workplaces were above
the heat exposure threshold of 28°C (ACGIH
TLV). The areas were RS 220, RR 1000, RR
2000, Metal Fabrication site and General site.
However, statistics did not show any significant
correlation between workplaces with body
temperature or heart rate after 8 hours of work
respectively (Table 6).

Table 4 : The Comparisons In Means For Natural Wet Bulb Temperature, Globe Temperature And Wet
Bulb Globe Temperature Indoor Between The 6 Workplaces.

*Variable / Areas Range Mean std. dev. F p
Natural Wet Bulb
Tempgratures (O 255-27.6 270 052
Machine RS 160 255-26.8 262 0.46 8.005 0.001
Machine RS 220 274-293 580 059
Machine RR 1000 26.0 — 28.0 27‘3 0'73
Machine RR 2000 259287 . .
Metal Fabrications 26.5 283 278 0.98
General site 27.6 0.57
Globe.Temperatures (0O 283 -33.0 312 140
Machine R 100 29.1-338 314 1.50 2701 0.03
Machine RS 220 312-33.8 326 090
Machine RR 1000 207 _36.1 33'9 2'14
Machine RR 2000 284345 : .
Metal Fabrications 28.9-33.9 328 215
General site 320 1.82
WBGTin 26.5-28.5 277 0.70
yachine R3 100 26.8-29.0 282 073 4,09 0.004
Machine RS 220 285300 302 050
Machine RR 1000 271-304 5 : 1-1
Machine RR 2000 6.6 —30.3 93 1.10
Metal Fabrications 27'2 - 29'9 292 1.33
General site ’ ’ 289 0.88

Note : N = 8 ( Eight hourly monitoring for each workplace)
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Table 5 : Heat Stress At Various Workplaces

with Moderate Work Task
Workplaces Measured Work
WBGTi regime

Machine RS 160 27.7
Mach}ne RS 220 28.2: 75% work,
Mach%ne RR 1000 29.2* 25% rest,
Machine RR 2000 293 each hour
Metal fabrication 29.2%
General sites 28.9%*

*Measured WBGTi is above the recommended
ACGIH TLV of 28.0.

Table 6 : Correlation between WBGTin with body
temperature and heart rate of

respondents.
Main Co-related
Variable Variables r p
WBGTin  Body temperature  0.143  0.348
(after 8 hrs work)
Heart rate 0.150 0.325
(after 8 hrs work)
Discussions
This study involved only male

respondents. Exposure to excessive heat is
associated with nephrolithiasis (Borghi, 1993)
testicular cancer (Zhang, 1995) and poor semen
quality (Bonde, 1992). A high incidence of uric
acid stones was present in the workers who were
exposed to heat stress (Borghi, 1993). Majority
of the respondents were foreign workers. All the
respondents were in the age group of 20 to 50
years. The overall height of the study
respondents range from 156 — 179 cm, whereas
weight of the respondents range from 43.8 —
121.1 kg. Sixty percent of them had a normal
Body Mass Index (BMI). Age and BMI are
confounders and can influence heat stress. The
length of employment in the factory range from
3 months to 15 years.

Beside rectal temperature as a measure
of body temperature, ear canal temperature can
also be used. It was carried out by inserting a
sensor in the ear canal (NIOSH, 1986). At highly
heated workplace, body temperature would start
to rise depending on the environmental heat. For
this reason, body temperature is good indicator
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for accumulated effects on heat stress. (Nag et
al., 1999).

The box plots represented the body
temperature data collected during the study
period (Kinnear and Gray. 1999). The highest
value of body temperature measured was 37.3 C
and 37.4 C after 2 hours and after 8 hours of
work respectively. There was a significant
difference for body temperature measured at
different work durations. However, body
temperature of below 38.0 C as a threshold
value is considered a safe exposure for the
respondents (ACGIH, 1999).

Logan et al., (1999) found in his study
on 31 aluminum smelters who were exposed to
heat, that 95% of the subjects had oral
temperature below 38.0 C. Azwan and Rampal
(2001) also recorded 96.2% out of 164
respondents selected for a heat stress study at
two major steel plants was 37.5 C (below the
body temperature threshold for a safe exposure).

Heart rate is a measurement of both
work demands and heat stress. Heart rate is a
valuable guide in accessing hazards to health
workers exposed to heat stress (Mirnard, 1973).

There was a significantly difference for
body heart rate at different intervals of work
durations. The highest value of average heart
rate measured was 100 bpm and 103 bpm for
work after 2 hours and work after 8 hours. Zenz
et al., (1994) that daily average heart rate should
be less than 110 bpm for moderate work-load,
could probably result in a significant rise on
body heart rate. Recovery heart rate (HRg,) was
based on the heart rate at 1 minute after work
stop. As interpreted, if was greater than 120
bpm, then work task and heat stress is
considered high (NIOSH, 1986).

Measurements of Natural Wet Bulb
Temperatures (NWBT) showed a range of 25.5 to
29.3°C, the Globe Temperature (GT) had a range
of 283 to 36.1°C and the Wet Bulb Globe
Temperature indoor ( WBGTin) was in the range
of 26.5 to 30.4°C. There was a significant
difference for NWBT, GT and WBGTin in the 6
workplaces. However, there was no significant
correlation between WBGTin with body
temperature or heart rate after 8 hours of work
was found. These could be due to several factors.
The short periods of time required for loading
plastic powder and removing product from the
mould under the intense heat may not affect the
workers as much as that would be predicted from
the WBGTin values (Havenith et al., 1997). The
factory is semi-auto with most of the manual task
handled by hoists and forklifts. These had greatly



reduced the manual lifting activities and
therefore, reduce the heat load on the workers
(Helander, 1991). Majority of the workers in the
polymer section had worked for more than 3
months and thus had acclimatized themselves
well with the environment (Shido et al., 1999).
When exposure to heat takes place over an
extended period in workplace, a process of
physiological adaptation called acclimatization
occurs. It is manifested as a reduction in the heart
rate and internal body temperature at the expense
of increased sweating. Worker acclimatizes to a
specific dry or humid atmosphere and to a
specific workload. Any increase in this load or in
the thermal burden may result in health damage
(Havenith, 1995).

Sixty percent of workers had normal
BMI of 18.5-24.9, giving a better heat tolerance
(Donohue and Bates, 2000) and all of the foreign
workers come from tropical countries with hot
climate. Majority of the workers were also young
and about 64% are between the age group of 20-
30 years old. Havenith et al., (1997) showed in
his study on factory workers that older workers
have less efficient sweat glands. The respondents
are also considered healthy because they have
few health complaints. It was also observed that
the workers have short hourly break in between
the work tasks whereby they were able to drink
water. This also reduced their body dehydration
when their bodily fluid are balance and thus cause
less heat stress.

Conclusion

In summary the findings of this study
suggest that workers in this plastic industry were
exposed to moderate heat stress during the study
period. Even though the measured WBGTi at
various workplaces were slightly above the
recommended ACGIH threshold level, the body
temperature and average heart rate measured did
not reach unacceptable level of physiologic
strain. Furthermore, no significant correlation
was found between the WBGTi with the body
temperature as well as the heart beat. However,
preventive measures to excessive heat exposures
which can cause physiological strain and
eventually lead to poor health outcome of the
workers must be addressed by the management
in order to sustain productive and healthy
workers.
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The Need of Industrial and Organizational Psychologist in Malaysia
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Abstract

Psychology has been well-accepted for application in virtually all aspects of human activities, including
making a living. Thus, the objective of this paper is to introduce the application of psychology at workplaces.
Specifically this paper addresses the importance of the profession of Industrial and Organizational Psychologist in the
increasingly advanced and industrious society of Malaysia. It highlights the areas that the professional cares for, as
well as its roles and positions in the view of the nation’s needs. Besides that, this paper also stresses the essential
issues that Industrial and Organizational Psychologist practicing in Malaysia should consider. In short, this paper
advocates the need of having professionals to look into the well-being of individuals contributing towards making

Malaysia a developed nation.

The Need of Industrial and Organizational
Psychologist in Malaysia

Psychology is a field of study that
focuses on human behaviour and mental
processes. In Psychology, many researches have
been conducted to look at human behaviours and
their mental processes at various settings and
conditions. In its field, principles and concepts of
psychology have been established to understand
and explain the behaviors of human being as they
do in various social settings. In fact, Psychology
is applicable to all aspects of human activities,
including in work settings. An applied field of
Psychology which concentrates on the
behaviours and mental processes of human being
at work is Industrial and Organizational
Psychology.

Greenberg and Baron (2000) refer
Industrial and organizational psychology as a
field that seeks knowledge of behaviour in
organizational  settings by  systematically
studying individuals, group, and organizational
processes. In a specific conception, Brehm and
Kassin  (1996)  defined Industrial and
Organizational Psychology as the study of
human behaviour within business and other
organizational settings. The primary objective of
Industrial and Organizational Psychology is to
maintain the well being of both organization and
its members, particularly when its major focus is
on individuals, groups and organization. In other
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words, Industrial and Organizational Psychology
discusses and explains how the knowledge on
human behaviours and mental processes are
applied to work settings. Practitioner in this area
is known as Industrial and Organizational
Psychologist whose roles are important in
today’s dynamic work organizations
characterized by never-ending changes and
diversified human resources. Besides that, other
job titles such as Occupational Psychologist,
Work Psychologist, Career Psychologists, Career
Professional or Personnel Professional, are also
used interchangeably. The important dimensions
in the field can be categorized into six general
fields, such as those which have been outlined by
Munchinsky (2000), which are

(1) Selection and placement: Industrial and
Organizational Psychologists design
recruitment and selection methods. They
also manage selection processes; and the
placement of workforce in organization.
Their role is important in helping
organization to look for employees who
have person-job fit or person-organization
fit. Their expertise in developing and
administering psychological tests, help
identify individuals’ different needs, values,
interests, and aptitude helps organization to
have employees who suit job demands, and
also assist employees to achieve job
satisfaction. Above and beyond that,



Industrial and organizational psychologists
may also come to the picture of one’s career
even at the outset of his or her career path.
They offer advice on career decision-making
(help individuals to select job) as well as
career development. This is known as career

planning,

which happens at individual

process (Isaacson & Brown, 2000).

2

3)

Training and development: Training can
be referred to as the planned effort to
help employees’ learning, retention, and
transfer of job-related activities (Riggio,
2000). Industrial and organizational
psychologists help organization in
managing  training-related = matters
(conducting training needs analysis,
designing training programs, and
implementing them). With the advanced
technology and complex lifestyles,
workplace also requires employees to
equip themselves with knowledge and
to cope with the sophisticated demands
at work. However, the tasks to equip
them do not lie on their parts per se, but
are also borne by the employers.
Industrial and organizational
psychologists help train employees to
have higher levels of cognitive ability,
increase psychomotor skills, perceptual
speed, and emotional intelligence
through in house programs or attending
training organized by other training
provider.

Performance appraisal: In employing
organizations, performance appraisal
serves as a systematic description of
individual or group’s strengths and
weaknesses  (Cascio, 1998). The
evaluation of employees is important to
know whether they are performing
competently. Performance appraisal
requires comprehensive evaluation of
employees’ work behaviours (input),
performance or outcome (output) and
attitudes. Appraising these aspects are
important for management to decide,
not only employees’ remuneration or
promotion, but also their training needs,
suitability with the job placement,
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degree of job commitment and
satisfaction, or need for transfer. More
importantly, Industrial and

Organizational Psychologist must also
prepare and present the performance
appraisal  feedback to individual
appraisee, or to prepare mechanism to
handle the feedback exercise.

Organization development: Industrial
and Organizational Psychologist helps
organization in becoming a top-notch
organization by  changing  staff
members’ attitude, or behaviors through
various organizational development or
organizational behavior modification,
which ultimately promote -efficiency
among staff members and productivity
of the organization. Armstrong (1984)
refers organizational development as the
effot to plan and implement
programmes designed to enhance the
effectiveness of an organization, so that
it can function and respond to change.
Thus, Industrial and organizational
psychologists are instrumental in
enhancing organization productivity and
harmonizing staff work-related
attitudes. By Dbeing involved in
management decision, they offer ideas
that pertain to employees’ needs and
expectations for consideration by the
management before the implementation
of any work procedures or
administrative systems in an
organization take place. Besides that,
they also help identify worker
motivation, measure job satisfaction,
study consumer needs, and their
satisfactions to products. These are
important because organization will be
moving forward or develop further by
the support of the motivated workers,
and the satisfied employees and
customers.

Quality of Work Life (QWL): Riggio
(2000) refers Quality of Work Life as
the evaluative state of all aspects of
work, which is determined by the
compensation and benefits, opportunity



(6)

to participate in management decision,
promotion in career path, job
specifications, job security,
organizational culture and employee
relation. They are also responsible to
ensure conducive human relation or
camaraderie among employees happen,
and more importantly help ensure the
success of leadership in the organization
by promoting positive organizational
citizenship behavior (OCB) (Baron and
Byrne, 2000). At work, Industrial and
organizational ~ psychologists  help
monitor employees safety, health and
welfare which may be affected by work
or employee behaviours. They organize
stress management programmes,
provide Employee Assistance
Programmes (EAP), help employees
taking precautionary measures to
manage stress, audit hazardous work
behaviors and  unsafe  working
conditions in order to avoid, or reduce
accidents in the workplace. These
efforts to maintain QWL also cover
beyond one’s working hours in the
sense that Industrial and Organizational
psychology also help promote the well
being of employees when they are at
home. Industrial and Organizational
Psychology can help develop high
Tension Discharge Rate (TDR) among
employees so  that they are
psychologically sound before going
back to be with family members. In
other words, despite ensuring quality
work, Industrial and Organizational
Psychologist also work to ensure
employees’ quality off-the-job
activities. In short, Industrial and
Organizational psychologist  help
employees to achieve well-being both at
work and home.

Ergonomic — Literally means work law,
ergonomic is defined by Goetsch (1999)
as ‘the science of conforming the
workplace and all its elements to the
worker’ (pl45). At a workplace,
employees deal with equipments to
expedite their work or to accomplish
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work. Coovert (1995) said that works
nowadays have become increasingly
mobile and electronic. Today, a job has
become more complex or multifaceted,
to the extent that a driver must not only
know how to drive but also to
communicate with customers at the
delivery point, and then advise purchase
order to the headquarters using high-
tech machines. To illustrate further, at
construction sites, or factory shop
floors, employees are exposed to unsafe
conditions and having a high tendency
to be involved in unsafe behaviors when
handling hazardous materials or
machines.  Thus, Industrial and
organizational psychology is needed in
the design of tools, building,
equipments, and machines so that they
give input on human factor in order to
make them user-friendly. In other
words, Industrial and Organizational
Psychologist has indispensable role to
play in  promoting  harmonious
interaction between individuals and
technology. They also help organization
to build and create conducive work
environment which will facilitate the
attainment  of  job  satisfaction,
commitment and  healthy work
activities. Besides that, they also
promote safe human-machine
interaction. Thus, Industrial and
organizational Psychology is sine qua
non in facilitating and maintaining
occupational safety, and health among
employees by having great concerns to
their interaction with machinery objects
that they handle at work.

The need of Industrial and Organizational
Psychology in Malaysia

Historically, Industrial and
Organizational Psychology starts as a specialty
area in 1946 as industrial psychology when the
Division of Industrial Psychology of the
American  Psychological  Association was
established (Munchinsky, 2000). Industrial and
Organizational Psychology was not so labelled
before that, especially in the early years (1900-



1916), although there were scholars who focused
on psychology applied to work. A Psychologist
named W.L. Bryan published a paper about
telegraphers work activities in 1897, which was
presented to the American Psychological
Association in 1903. Another important figure is
Walter Dill Scott who applied psychology to
advertising, personnel selection and management
issues (Schultz and Schultz, 2002). The
development of Industrial and Organizational
Psychology became more rapid in the World
War 1, and kept on becoming more important in
the World War 2 when the Unites States Army
involved psychologists in screening and
classifying millions of recruits for military
services. The Hawthorne studies, Scientific
Management  approach, Human Relation
approach, or Classical Organizational theory are
important milestones in the development of
Industrial and Organizational Psychology field.
In 1965 the American Psychologist described
three core domains of Work and Organizational
Psychologists which are personnel psychology,
human factor psychology, and industrial social
psychology (later known as Organizational
Psychology). The industrial clinical psychology
and marketing psychology were later become the
new domains in the guideline for the training of
Work and Organizational Psychologists (Wolff,
1998). Guion (1965) included engineering
psychology, military psychology, consumer
psychology, personnel psychology and industrial
and organizational psychology in the profession.
Other new domains mentioned in Wolff (1998)
are ergonomics, work and health, stress
management, traffic psychology, managerial
psychology, career guidance, and automation.

In Malaysia, during the early 1980’s,
the role played by Psychology was relatively
minor. In 1983, Ward reported that they were
only 23 Psychologists who were imported to fill
the needs of Malaysia’s growing technological,
educational advances, and industrial
development. For most of the history of
Psychology in Malaysia, focus has been so far
confined to areas such as education and
counselling making psychology as a profession
which is still in its infatuation stage. The
inexhaustible  changes in  human life,
characterized by political, economic,
geographical and social variables give the notion
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that changes in human work-related activities are
also of never-ending phenomena. Right from the
industrialization era to the information
communication technology era, there have been
many demands on efficient management of
behaviours and cognitive processes of employees
at work so as to meet the challenges imposed by
the world of work. Following this line of
development the application of Psychology at
workplaces, or the need for Industrial and
Organizational Psychologist in  Malaysian
workforce is definitely vital. The expertise of
Industrial and Organizational Psychologists’ is
vital in helping the management to tackle various
human behaviours and their cognitive patterns so
as to correspond to the manpower needs at a
particular time or in a particular organization.

The role of a personnel discharging the
duties of Industrial and Organizational
Psychology is definitely very crucial in any
organization as it involves matters pertaining to
the management of human resources, their
welfare, safety and health. However, the
profession as Industrial and Organizational
Psychologist has yet to become an important job
in many countries, or perhaps not even listed as a
post in an organization. In Malaysia, the field of
Industrial and Organizational Psychology is
rather new though it has been long offered in a
few educational institutions in the nation. In this
regard, the inclusion of professionals that handle
such an important matter in the Malaysian
Standard Classification of Occupation (1998)
indicates that Malaysia does need Industrial and
Organizational Psychologists in her rapidly
growing workforces.

In Malaysia, the role of Industrial and
Organizational Psychologist is very crucial in the
sense that they can help Malaysia achieve the
aim to become a developed country in its own
Malaysian model. MASCO has classified the
occupational personnel as Main Group 2, given
the title of professional. The title given to those
involved in managing occupation-related matters
is the Personnel and Career Professional (group
243). The book outlines the functions of the
professional whose specifications befit those of
the areas covered in Industrial and
Organizational Psychology. The functions, which
correspond to the six dimensions, are outlined in
the following table.



The need for Industrial and Organizational
Psychologists in Malaysian Industrial Sectors.

Work in a particular culture must be
viewed according to the culture’s own value. In
this relation, Psychologists practicing in
industrial sectors in a particular country must
take local values into account in their human
resource exercises. In the case of Malaysia, it has
been clearly advocated and agreed that the
country would achieve the status of developed
country in its own shape. Hence, it is of
important concerns that due considerations be
given when thinking of, and recommending
interventions for workforce in Malaysia. The
professionals in charge of workforce must value
human factors in work activities by not
neglecting the cultural dimension of Malaysians
before introducing and implementing any
culturally bound system in Malaysian
workplaces. This is in line with Wolff (1998)
who states that psychologists should be aware of
cultural and social economic background that can
differ from one country to another. The
fundamental cultural dimensions in all societies,
such as have been stated by Hofstede (1984),
which include power distance,
collectivism/individualism, uncertainty
avoidance, and masculinity/femininity can help
them to design intelligible and comprehensible
human resource systems. As for the Malaysian
context, there are two distinct dimensions which
indicate significant attributes of the Malaysian
workforce, power distance and collectivism
(Hoftede, 1991). Among the desired values
among Malaysians are a sense of cooperation,
mutual understanding, and respect for each other.
Besides that, another unique attribute of
Malaysians include the values of budi and
bahasa to mean courtesy, and respect, lending
assistance, support, or compassion to others
(Hamid, 1988). To illustrate, Abdullah, (1996)
describes Malays as polite, non-assertive, and
non-aggressive when forwarding their demands.
They will not be too direct in expressing their
opinion to their superiors for involving in such a
situation may increase the likelihood of having
interpersonal conflict between both parties. For
this reason, the institution of the post of
Industrial and Organizational psychologists is
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imperative in Malaysia, as the professionals have
been equipped to be culturally sensitive, or
having the ability to be alert to the needs and
behaviours of locals; and culturally fluent who,
or the ability to understand people from different
culture, and to work in diverse international
environment (Dubrin, 2001)

On the one hand, it is no doubt that
some human resource managements used in the
West are exceptional, but on the other hand, its
implementation in this nation may not be as
superb as they are in their original culture. To
give reason, the way a foreign human resource
technique functions, and is accepted are different
from the way it works and accepted here for the
different characteristics the managers and
employees in both societies have. Malaysians are
relatively higher in both power distance and
collectivistic dimensions, as opposed to those of
the people in the Western countries.
Nevertheless, since the human resource
techniques practiced in those countries carry
remarkable strengths, therefore, Industrial and
Organizational Psychologists may bring them
here to benefit the locals, prior to which they
must have them cross-validated so that they are
valid and reliable to be used in this country. As a
result, Malaysian workforce will become as
competitive and efficient as the employees in the
West, in addition to the desired local work
values. In short, if a good personnel or
administrative practice which originated from
other culture were to be implemented in
Malaysia, the management must take into
account the nature of the culture of employees in
the organizations in a related note, in the globally
increasing  society; workplaces  encounter
diversity of workforces and customers or
business partners. In Malaysia there are a great
number of foreign owned companies which
provide job opportunities to a huge number of
Malaysians. If these companies import and
exercise human resource management products
from their own cultures without having them
cross-validated, then the employees may
experience cultural shock in their own countries.
This may lead to the feeling of discomfort, or the
change of some desired values mainly
characterised by high collectivistic dimension,



Table 1: Dimensions in the field of Industrial and Organizational Psychology that befit MASCO’s

specification.

Dimension in Industrial and MASCO’s descriptions of personnel in charge of employees or

Organizational Psychology

human resources

1 Selection and placement

2 Training and Development:

3 Performance appraisal

4 Organization development

5 Quality of Worklife

6  Ergonomic

Analysing accomplished jobs in organization, conducting
interviews with employee, supervisors and management, and
writing job specification of posts (Job analysis)

Giving advice, and discharging the recruitment and selection of
personnel; placement of employees.

Conducting training-needs analysis; identifying employees who
require training or retraining; identifying area that need training;
and training new employees; facilitating transfer of training;

Giving advice on career advancement, career decision-making,
opportunity to upgrade knowledge, or advanced training.

Designing and conducting performance appraisal, managing
promotion, and compensation; maintaining personnel records and
human resources database

Determining training needs in organization; giving advice, and
implementing tasks on work-related aspects, which include job
analysis, personnel administration, research and human resource
planning; training or career information and vocational
counseling.

Assessing and giving advice to individuals on career opportunity
and career decision making including career related personal
problems of students, their study problems as well as special
needs

Publishing employee handbook on work procedure, policies (e.g
safety, quality, environment policies). employee-employer
relation

Group number 315 (Unit 3152) in Masco states a profession
featured to care for occupational Safety, Health, and Quality. It
covers machines, building, object handing, and work processes
meet the specified standards.

which may be phased out by individualistic

and Organizational Psychologist is, hence,

dimension among employees. Thus, it is assumed
that the presence of foreign administrative
personnel in Malaysian workforce may create a
number of implications particularly if they were
to adopt the human resources techniques
practiced in their parent organizations. Expatriate
bringing their native management style adapt to
local needs and culture before using them in
local organizations. The expertise of Industrial
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imperative to inculcate cultural sensitivity among
expatriates who are managing local workforces.
In this case, Abdullah (1996) further said that “as
we respond to the demands of global workplace,
some of the new work-related values such as
competitiveness, assertiveness and challenging
existing ways of getting things done may be
initially discomforting for most of us, especially
the Malays, as we have not internalized them at



an early age.” (p.17). It is expected that the
presence of Industrial and Organizational
Psychologist in such organizations help the
expatriate to understand, learn, and practice the
culture of the locals, thus promoting respects
among multicultural employees, which in turn
would enhance the job satisfaction of employees
and their productivity. The end result would be
the high productivity of the organization.

Industrial and organizational psychologist is also
instrumental in making the country having a
competitive workforce, but in an environment of
industrial harmony and social justice so that any
intervention taken would serve their purposes, i.c
bringing benefit to both local employees and the
organization. Undoubtedly, people in different
cultures would have differences in thinking,
feeling, acting and the likes (Hofstede, 1991). In
this relation, being multicultural, multiethnic,
and multi-religious in nature, Malaysian
Industrial and Organizational Psychologist
should help realize the importance of
multicultural integration as it links very strongly
with organizational harmony and, subsequently
enhance workers’ commitment, satisfaction and
motivation. Recategorization of employees from
different ethnic origin is essential in the effort to
make them able to work together for the
betterment of the organization. This would result
in a multicultural organization, in which all
workers will feel free to be themselves (Fine et

al., 1995).
As far as employee personal
developments are concerned, it is highly

expected that Industrial and Organizational
Psychologist would be instrumental in guiding
the former to have healthy lifestyles and socially
acceptable norms. In the expanding industrial
sectors, there are bound to be difficulties in
managing the social conducts of industrial
employees particularly when the majority of the
workforces are youths who join job-markets after
completing their secondary education, or even
lower secondary education. As youngsters, they
are vulnerable to a new culture especially the
negative ones, featured by hedonistic attitude,
which is against the local norms. Their off-the
job activities are very much shaped by the new
environments, at work or residential. Left
unguided, these employees experience cultural
shock and ended up indulging in illegal pleasure-
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seeking activities. Adultery, drug-consumption,
alcohol-abuse, partying, abandonment of babies,
and other immoral activities have been reported
to be rampant among young workforce staying
apart from their family members. On this note,
Industrial and Organizational Psychologist must
be there in workplaces to help guide, educate,
and help the workers to adapt themselves at work
as well as after their working hours. Although
not really specified in the Industrial and
Organizational Psychologist’s role, in the interest
of individuals’ well-being, it would be ennobling
to see this professional to also oversee the
welfare of the employees even after their
working period. Preservation of unique local
culture and controlling the emergence of
undesirable culture are deemed important so as to
avoid any negative impact the foreign values
have on local community, thus upholding the
harmonious nature of the Malaysian workplace.

The author is also of the opinion that
Industrial and Organizational Psychologist is
definitely needed in Malaysia to contend with the
safety and health of employees at work. In this
light, the post of Industrial and Organizational
Psychologist is very important in that it could
look after employees’ safety and health-related
affairs. An important safety issue at work can be
related to sexual and racial harassment at
workplaces. Industrial and  Organizational
Psychologist can create affirmative actions to
maintain a workplace free of sexual as well as
racial harassment and intimidation. Besides that,
unsafe behaviors of employees can also be
professionally managed by this professional for
its occurrence may create hazards to the
employees themselves and in turn implicated the
organization such as when accident takes place.
The consumption of drug at work, for instance,
creates harm to the employees in workplaces and
consequently affects the productivity of the
organization. Hence, the tasks to maintain safety
at workplace, and keep out criminals and
unhealthy individuals would require Industrial
and Organizational Psychologists to come up
with interventions in managing problems at the
workplace or among workers.

Industrial and Organizational
Psychologists may also offer career counseling in
business setting. Osipow (1982) said that their
roles include counseling both the employer and



employee on issue pertaining to (1) assessing
employee work styles, and suggest way to
change ineffective work styles; (2) helping
managers identify the undesirable consequences
of work activities, such as repetitive work, forced
relocation, and job loss; (3) helping employees
identify strains caused by work-related problems
and suggest way to manage them; (4) helping
identify organization identify hazards associated
with stress and work; (6)preparing people for
retirement or retrenchment; (7) helping
management improve the process of performance
appraisal; (7) helping management to identify the
special concerns of professionals such as
surgeons; (8) building effective team work; (9)
designing and implementing substance and
alcohol abuse programs, and treatment programs
for abusers; and (10) designing and
implementing programs to improve employees’
health.

Another major justification for hiring
Industrial and Organizational Psychologist is to
help industrial sectors in increasing their profit.
For this reason, Industrial and Organizational
Psychologists working in corporate context must
have certain desirable mindsets which encompass

identity,  profit  motive, emphasis  on
organizational development, and levels of
evidence acceptable to decision making

(Isaacson & Brown, 2000). It is important,
therefore, for Industrial and Organizational
Psychologist to take on the identity of business
people first and psychologist second because
they are now not only concern with the
employees satisfaction but also operational
quality, and efficiency, customer satisfaction,
market penetration, resource allocation, and
demonstration of impact (Wilbur & Vermilyea,
1982). This will, to some extent, put Industrial
and Organizational Psychologists in a dilemma.
In fact, in order to achieve the aim for profit,
Industrial and Organizational Psychologist must
not only pander to the organization’s interest in
profit but also to tackle the well being of those
working for the organization, by providing
conducive workplaces, which in turn help
workers to enjoy working, and ultimately
increase productivity. This argument is supported
by Drafke & Kossen (2002) who are of the
opinion that social goals should not be
considered as competition for profit but also
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regarded as the overall goals of an organization.
This social accountability approach believes that
profit is nothing if employees are not valued or
treated in the way they deserve. In this case,
Malaysia is in a definite need of Industrial and
Organizational Psychologist whose concern and
focus include the situational variables associated
with adaptation in the business and industrial
settings (Isaacson & Brown, 2000).

The professionals also help the second
part of career development of an individual,
known as career management, which is the
institutional process. The first part is the
individual process of career planning, managed
before the individual join the organization, as
what has been discussed earlier. At the end of the
day, the beneficiaries of the career management
are not only the workers but the organization as
well.

Training of Industrial and Organizational
Psychologist in Malaysia.

As a discipline, psychology was
regarded as a new field in Malaysia. Psychology
was first offered to students in University of
Malaya in the early 60’s in Education and
Sociology programs (Wan Rafaie & Abdul
Halim, 1974 cited in Ward, 1983) and later in
Medicine (Tan & Wagner, 1971 cited in Ward
1983). Obviously, the role played by Psychology
was relatively minor before the 1980°s, as
reflected by the inadequate standards of public
psychological services and facilities (Ward,
1983). The first institution to offer psychology

program in a distinct department is the
Department of Psychology in National
University of  Malaysia  (or  Universiti

Kebangsaan Malaysia) in 1970, followed by
International Islamic University Malaysia in
1990. At the present time both universities and
other new universities are offering Master’s and
Doctoral degrees including the specialization in
Industrial and Organizational Psychology. The
department of Psychology in UKM has been
largely concentrating on applied psychology with
emphasis on industrial behaviors, apart from
counselling and psychometric. In International
Islamic University Malaysia, students may opt to
concentrate on courses related to Industrial and
Organizational Psychology during undergraduate



level. At postgraduate levels the Department
offers a specialization in Industrial and
Organizational Psychology. The Faculty of
Cognitive Science and Human Development in
University of Malaysia in Sarawak offer
industrial and  organizational  psychology
programs at undergraduate level. The programs
offer a choice of specializations which are
cognitive science (which includes human
machine interface), human resource
development, and organizational counselling.
Besides that, the wuniversity also conducts
programs at postgraduate levels. The School of
Psychology and Social Work in University of
Malaysia in Sabah offers a specialization in
Industrial and Organizational Psychology.
University of Northern Malaysia offers industrial
and organizational psychology related courses in
its School of Management, and School of Social
Development. The School of Management offers
an undergraduate program in Human Resource
Managements so does the School of Social

Development.
Though carrying different
nomenclatures, the institutions are actually

preparing their students with psychology-related
courses which fit the scenario of globally rapid
post industrial information era. Indeed the
presence of professional personnel to manage
workers and workplaces in today’s world of
work is imperative in the sense that they would
help serve for the betterment of workforces in
Malaysia.

Conclusion

Lowernberg & Conrad (1998) stated
that Industrial and Organizational Psychologist
must be prepared to deal with almost all
problems involving people in organization. The
dynamic nature of the world of work requires
Psychologist to play more of the roles to predict
what would happen in a rather unstable trend of
employment. In this case, Rafaie (2001) stated
that the changes of industrial era to quaternary
era featured by globalization, diversified
workforces, work teams, emerging employment
relationship, and information technology, have
put high demands on psychologists to help
Malaysians adjust so that there are fit into the
changes that are continuously taking place in job
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market. Being professionals who master the
knowledge of human behavior and cognitive
processes, Industrial and  Organizational
Psychologists can provide great assistance in
providing relevant human resources that suit the
needs of a particular workplace or organization.
In Malaysia, the role of Industrial and
Organizational Psychologist is very crucial in the
sense that they can help Malaysia achieve the
aim to become a developed country in its own
Malaysian model.

Now, with the more rapid growth of
industrialization, and higher rate of employment
as well as employable citizens, Industrial and
Organizational Psychology must become a
critical profession to Malaysia, the same way we
regard health care professionals as critical
personnel. On the premise of enhancing
individual well-being, one must not only concern
the physical or biological well-beings but also on
that of the mind. Mental well-being is somewhat
very crucial in the features of modern developed
Malaysians for only with this quality Malaysians
can move forward to be important players in both
local and international job markets. Thus, the
need of Industrial and Organizational
Psychologist as a profession is deemed necessary
and practical. The training of Industrial and
Organizational Psychologist would ultimately
yield professionals who are equipped with the
ability to promote well being among Malaysians,
in line with the effort of the country to develop
Malaysian who are, not only materially fit, but
psychologically well-judged. Indeed the healthy
lifestyle among Malaysians would be adequately
well taken care of if the nations are supported by
established health services such as the services
by health care provider, and also psychology care
provider which include the service of counsellor,
social worker, and industrial and organizational
psychologist.
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Abstract

Stress is on one of the important hazards faced by nursing staff. Although various intervention methods to
reduce stress have been developed, its effectiveness among Malaysian nurses has yet to be established. This study
involved 185 health nursing staff working at health districts Kemaman and Dungun in Terengganu. Health nursing
staff from Kemaman (n=94) was selected as intervention group whereas those from Dungun (n=91) were chosen as
controls. Members of the intervention group were given stress awareness education. They were taught how to reduce
stress by relaxation methods. Teaching was conducted through lectures, practical training and providing a stress
guidebook. A stress reliever card and letter reminding respondents to practice stress reduction methods were sent
every two weeks. The total intervention period was 6 weeks. The control did not receive any education on stress
reduction or encouragement to practice any stress reduction techniques throughout this period. The effectiveness of
the intervention programme was measured by comparing changes in stress symptoms scores. Stress symptoms were
measured using a modified Personal Stress Inventory questionnaire. The study found significant reduction of stress
symptoms (42.66 + 20.36 to 35.51 + 22.60) in the intervention group after intervention compared to before
intervention. However there was no significant difference in change of mean score of stress symptoms between both
groups. Further studies need to be conducted to establish an intervention programme, which is suitable and effective
in reducing stress among health nursing staff.

Key words: nurses, stress, intervention programme, education, relaxation techniques

Introduction leave service at a relatively young age of 45
(Griffiths 1998).

Work is often a significant stressor to an There are two main approaches to stress

individual. In United Kingdom, stress is the intervention programmes at work. The first
second to work-related musculoskeletal disorders approach focused on the modification of stressor;
as an occupational health problem (Griffith whereas the second approach is to enhance the
1998) and the nursing profession has been rated individual stress coping mechanism (Bellarosa &
as one of the most stressful job (OPRA 2000). In Chen 1997). The modification of stressor
Malaysia, a study among the Kuala Lumpur approach is easily monitored and measured.
Hospital nursing staff discovered the prevalence Among all the established individual stress
of stress was 49.5% (Rokiah, 1994). The management methods, the relaxation technique
prevalence of stress among community nurses in has often shown to be most effective (Lusk 1997,
Kelantan on the other hand was lower at 38.5% Tsai et al. 1993).
(Majdah, 1999). Stress among nursing staff is a In spite of indications of the high
concern because it is associated with medical prevalence of stress among nurses, there have not
negligence and negative behaviour, which leads been any published studies on the effectiveness
to poor quality of health services (Jones et al. of stress management programmes among
1998). It is also a concern because many nursing nursing staff in Malaysia. We decided to
staff perceive that early retirement as the best undertake this study using relaxation technique
solution to overcome stress at work and plan to as the intervention tool.

74



Methodology

This community intervention stress study was
conducted in Terengganu, Malaysia. The study
was designed as in table 1.

A sample size of 96 subjects per group
was suggested based on sample size calculation
using method proposed by Lwanga and
Lameshow (1991). The sample population was
nursing staff at Maternal Child Health Clinic in
Trengganu. The exclusion criteria were those on
study leave and maternity leave. Nursing staff in
Kemaman district was selected to be in the
intervention group whereas those from Dungun
were selected as controls. Consent to participate
in study was taken from all the respondents.
Data was collected during both the pre
intervention period as well as the post
intervention period, which were 6 weeks apart
(table 1).

Upon completing the first phase of data
collection, the intervention group was taught
how to reduce stress which included stress
education, practicals and motivation (Table 2).
The researcher carried out stress education
through lectures based on a stress guidebook.
The content of the lecture included definition of
stress, stressors at work, impact of stress, and
principles of stress management. Practical
training on relaxation techniques followed this.
Two relaxation methods were used namely

Table 1 : Summary of study design

breathing exercise and progressive muscular
relaxation technique (Ministry of Health
Malaysia 2000; Nicole 1999). A stress reliever
card was sent out to participants in week 1, 3,
and 5 to motivate respondents to apply stress
relief techniques they were exposed to.

The effectiveness of the intervention
programme was determined by comparing
changes in stress symptoms score among the
intervention group before and after intervention
and control group before and after intervention.
Stress symptoms were measured using a
modified Personal Stress Inventory (PSI)
(Micheal, et al. 1984). The inventory consists of
52 stress symptoms, which can be categorized
further into 6 physiological subscales and 5
psychological subscales. The PSI was used by
both Rokiah (1994) and Majdah (1999) in their
stress study. Data were analysed using a Stastical
Package for Social Science (SPSS).

Results

There were about 229 nurses employed
in both health districts. Of this, 196 were eligible
for the study of which 97 were from the
intervention group and 99 in control group. The
response rate after six week was 96.9% in the
intervention group and 91.9% in the control
groups (Table 3).

Group Sampling method First phase Intervention programme  Second phase
(6 weeks)
Intervention Universal U, P, U,
Control Universal U, P, U,
Table 2: Stages of stress intervention programme
Stages Activity Methods Duration Number of Frequency
(minutes) participants per
session
1 Stress education Lecture 90 10-15 1
Stress practical Practical 30-60 10-15 1
training
3 Stress motivation Letter - - 3 times (every 2

weeks)
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Table 3: Subject response - pre and post intervention

Group No of nursing staff First Phase (n) Second phase (n)
Intervention 111 97 94
Control 118 99 91

Table 4: Socio-demographic and occupational status of intervention and control groups

Socio-demographic and occupational Intervention group Control group X’ P value
factors (n=94) (n=91)

Age
<30 42 35 2.42 0.299
30-40 24 19
> 40 28 37

Marital status
Married 75 68 0.68 0.411
Single / widower 19 23

Number of children
Nil 28 29 0.64 0.726
1-3 42 36
>4 23 41

Family income (RM)
<1000 19 14 0.85 0.653
1001-2000 33 36
> 2000 42 41

Work category
Staff nurse 37 35 0.55 0.907
Community nurse 33 29
Assistant nurse 14 17
Mid-wife 10 10

Duration of services in Ministry of

Health (year)
<1 15 16 4.09 0.252
1-5 25 19
6-10 14 7
> 10 38 47

Duration of services on the present

unit (year)
<1 34 26 11.77 0.008*
1-5 37 27
6-10 18 13
> 10 7 24

History of work promotion
Yes 15 16 0.09 0.769
No 79 75

There was no significant difference of
socio-demographic and occupational factors
between the intervention and control group
except that those in the control group had been in
service longer than those in the intervention
group (table 4).
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At he beginning of the study, there was
no significant difference in stress symptom
scores between the intervention and control
groups (p > 0.05). After 6 weeks, there was a
significant reduction in stress symptoms score
from 42.65 +20.36 to 35.51 £22.60 (p < 0.05) in



the intervention group. No significant difference
in stress symptoms was seen in control group.
The effectiveness of the programme was then
ascertained by comparing the magnitude of stress
symptom score changes. There was a higher
score reduction in intervention group as
compared to the control group. However these
changes were not statistically significant (p >
0.05) (table 5).

Further analysis using the General
Linear Model (GLM) was done to determine
predictors of changes. The mean difference from
all respondents was — 5.24 + 18.07. Older age,
being a staff nurse and community nurse, and
history of work promotion were the predictors of
score changes (p < 0.05). Participation at the
stress intervention programme was not a
determinant factor (Table 6). The equation
resulted from the GLM analysis was:

Mean difference of stress symptom scores =
24.61 — 0.58 (age) — 11.20 (staff nurse) — 13.58
(community nurse) — 8.15 (history of work
promotion)

A process evaluation of a stress
intervention programme was also conducted. The
majority of respondents perceived that stress
education, guidebook and practical sessions were
good and effective (> 80% respondents).
Motivation to practice the relaxation technique
was also high after receiving the stress reliever
card (table 6)

Discussion

In intervention studies, the response rate
and percentage of respondents retained
throughout the study is important. We managed
to achieve this because the nursing staffs in this
study were confined to their clinics and the study

was conducted over a relatively short period.
Analysis showed similar socio-demographic and
occupational  characteristics  between  the
intervention and control groups. A comparison of
stress levels between both groups prior to
intervention was not statistically significantly.

The effectiveness of stress intervention
programme is measured by comparing the
magnitude of stress score changes. In this study
although the degree of reduction in stress
symptoms score was higher in the intervention
group compared to control group but the change
was not statistically significant. Tsai and
Swanson-Crockett (1999) however were able to
show reduction in stress among nursing staff at
Hospital in Taiwan after 5-week participation in
an intervention programme. Muir (1997) found
significant reduction in depression level among
his study respondent who practiced the relaxation
technique for one-year.

A heterogonous  population and
sampling methodology may explain why our
study did not show any significant stress
reduction. The target population consisted of
different work categories such as staff nurses,
community nurses, assistant nurses and mid-
wives. These individuals are likely to differ in
educational background, attitude and
motivational level. Furthermore the respondent’s
category was based on the type of district not the
stress level. Although the stress levels for both
groups were not statistically different at the
phase 1 of the study but it might impact on the
overall results. Process evaluation of the
intervention programme indicated it was well
designed and executed.

We believe the findings that the
association between stress scores with age,
employment as either a staff nurse or community
nurse and history of work promotion are related

Table 5: Mean difference of stress score symptoms between pre and post intervention

Mean difference pos — pre (sd) p value
Variable Intervention group Control group
(n=94) (n=91)
Stress symptoms score -7.14 (18.78) -3.27 (17.20) 0.15

Statistical analysis: paired t-test (p > 0.05)
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Table 6: Motivation to practice relaxation technique after receiving the stress reliever card (n=94)

Motivation to practice

Yes (%) No (%)
Stress reliever card
1 87 (92.6%) 7 (7.4%)
2 81 (86.2%) 13 (13.8%)
3 83 (88.3%) 11 (11.7%)

to the good coping mechanism, educational
status, working experience and work motivation
which are known) factors influencing stress
(Callan, 1993)

For future studies of stress intervention
programmes, we suggest conducting intervention
sessions for smaller groups per session, utilizing
multi-intervention techniques (McLeroy et al.,
1984) and having a longer intervention and
follow up study period.
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Abstract

A road safety audit is a formal examination of an existing or future road or traffic project, or any project
that interacts with road users, in which independent, qualified examiners look at the projects crash potential and
safety performance. The objectives of road safety audit are to identify potential safety risks for road users and to
ensure that measures to eliminate or reduce the risks are fully considered. Road safety audit works in two ways to
ensure that safety is improved, namely by removing preventable crash producing elements at the design stage and by
mitigating the effects of any remaining risks by the inclusion of suitable crash-reducing elements. The present paper
focuses on providing a preliminary or basic understanding of the Road safety Audit. Later the discussion is preceded
further to the important elements and the various stages in the Road Safety Audit. Finally, the conclusion focuses
briefly on the implementation of the Road Safety Audit, which can only be successful if the members of the Audit
Team possess sufficient specialized professional knowledge and other virtues.

Key words: road safety audit, road accident, road safety

Introduction There are several crucial measurements
taken by our government through Road Branch

According to the World Health of the Public Works Department (PWD),
Organization (WHO) reported road accidents Highway Planning Unit (HPU), and Road
have been projected to be the third highest global Engineering Association of Malaysia (REAM) to
killer by 2020, after heart disease and depression, increase the road safety, hence reduce accident
and road accidents were a major public health and its fatality rate. Among the recommendation
problem in Asia and the Pacific with some 10 given by our Economic Planning Unit to enhance
million people severely injured or killed annually safety measurement was Road Safety Audit.
in Asia. WHO also estimates that if current Road Safety Audit is needed to ensure potential
trends continue, the problem (road accidents) hazards, which are preventable, are not present in
will be the third highest global cause of disease a completed road scheme (HPU, 1998).
or injury by 2020.

Last year, there were 6,282 fatalities Road Safety Audit
due to road accidents in Malaysia with the
highest percentage of deaths involving Road safety issues are rather a complex
motorcyclists (50.4 per cent), Although last engineering and behavioral problem. The
year's death rate had declined from 8.2 per respective problems are affected by numerous
10,000 registered vehicles in 1996 to 4.9 per variables such as human factor, vehicle
10,000, the figure was still high if seen from a performance, road condition and environment.
comparative index of one to two fatalities per Many countries always pay great attentions to
10,000 registered vehicles achieved by road safety issues. Research works are been
developed countries like the United States, carried out assiduously by countries of all level
United Kingdom, Japan and Australia. of development status to address and apprehend
(BERNAMA, 2004) the road safety problems. They pay greater

attention to the both technical measures and road
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safety policies. For improving road safety in the
late 80s, UK developed a systematic road safety
audit procedure. Road safety audit was also
applied in Australia, New Zealand, Sweden and
Malaysia etc. (Guo et al., 2003).

The procedure of road safety audit
(RSA), which originated in Great Britain and is
now being spread in several countries around the
world, can be incorporated in the framework of
designing, constructing, and operating road
infrastructure as a means for preventing
accidents. RSA, which can be applied to both
new and existing road facilities, is typically
carried out by an independent team consisting of
highway engineers and/ or traffic safety experts.

What Is Road Safety Audit?

A Road Safety Audit is a series of
formal checks of road and traffic works, both
existing and future, in relation to their accident
potential and safety performance. Recall the
Australian handbook’s definition of the Road
safety Audit: “ a formal examination of an
existing or future road or traffic project, or any
project which interacts with road users, in which
an independent, qualified examiner reports on the
project’s accident potential and safety
performance (Austroads, 1994).

Road safety audits are concerned with
the safety of all road wusers -motorists,
pedestrians, and bicyclists -- and are sometimes
performed during all stages of a project,
regardless of size or type. The Road Safety Audit
Program (RSAP) is a wuseful device for
identification of potential safety improvement in
street, roads and vehicular thoroughfares.
However, other road safety exist which appear to
accomplish this sane goal of improving road
safety

Elements In Road Safety Audit

According to this concept, all safety
issues should be examined during the life cycle
of the road, which includes the planning, design,
construction, maintenance and operation stages.
The scope of safety audit is usually confined to
an individual road scheme, which may be a new
road or modification to an existing road. The
basis for safety audit is the application of safety
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principles to the design of a new or a modified
road section to prevent future accidents occurring
or to reduce their severity. The procedure is
usually carried out at some or all of five stages in
carrying out a scheme: feasibility study, draft
design, detailed design, pre-opening and a few
months after opening. An essential element of
the process is that it is carried out independently
of the design team. It should be undertaken by a
team of people who have experience and up-to-
date expertise in road safety engineering and
accident investigation.

The Purpose Of Road Safety Audit

The paramount aim or objectives of
RSA is to ensure the existing and new roads and
traffic schemes are safe to operate at any time.
As mentioned earlier in this paper, the safety
concern is fostered throughout the life cycle of
the respective road projects. This means that
safety should be considered throughout the
whole preparation and construction of any
project”" (IHT, 1996). More specific aims are:

To minimize the number and severity of

accidents that will occur on the existing

and new road;

To avoid the possibility of the scheme

giving rise to accidents elsewhere in the

road network; and

To enable all kinds of users of the new

or modified road to perceive clearly

how to use it safely.

Whatever the reason for the scheme, a safety
audit always begins with a road design. An audit
is intended to identify potential road safety
problems by looking at the scheme as if through
the eyes of the potential users of all kinds, and to
make suggestions for solving these problems by
applying the principles of road safety
engineering (AUSTROADS, 1994; Danish Road
Directorate, 1993; IHT, 1996). This means that
an audit goes much farther than just assessing
whether or not the relevant design standards are
properly applied.

By minimizing at the design stage the
risk of accidents during the lifetime of a road
scheme, there is less likelihood of having to take
accident remedial measures later, and the whole-
life cost of the scheme can be reduced.



Stages Of Road Safety Audit

The process of safety audit as applied to an
individual road scheme can be seen as taking
place at up to five stages (Wrisberg and Nilsson,
1996), some of which can be combined for
smaller schemes:

Planning. During this stage, the nature and
extent of the scheme are assessed, and the
starting points for the actual design are
determined, such as route options, the
relevant design standards, the relationship of
the scheme to the existing road network, the
number and type of intersections, and
whether or not any new road is to be open to
all kinds of traffic.
Preliminary design. Horizontal and vertical
alignments and junction layout are broadly
determined. At the completion of this stage,
the design should be well enough established
so that, if necessary, decisions can be made
about land acquisition.

Detailed design. Layout, signing, marking,

lighting, other roadside equipment and

landscaping are determined.

Pre-opening stage. Immediately before the

opening, a new or modified road should be

driven, cycled and walked. It is advisable to
do this under different conditions such as
darkness and bad weather.

Monitoring of the road in use. When a new

or improved road has been in operation for a

few months, it is possible to assess whether

it is being used as intended and whether any

adjustments to the design are required in the

light of the actual behavior of the users.
Checklists have been designed for use during
each stage of auditing. (AUSTROADS, 1994;
IHT, 1996). In practice, these checklists have
proved very useful as reminders for the auditors,
but there is also a risk that they are used too
blindly as recipes without sufficient
consideration for individual situations. What is
required is a combination of judgment, skill and
systematic working.

Conclusion
Road safety audit is an important means

for paying explicit attention to road safety during
the design of road schemes. This explicit
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attention should help everyone involved in
making decisions regarding changes to road
infrastructure to assess the safety implications of
the many choices that arise during the design
process, and thus increase the road safety
awareness of infrastructure planners, designers
and authorities.

The essence of road safety audit is that
it is carried out by auditors who are independent
of the design team, have expertise in both
highway design and road safety, and are properly
trained and experienced in carrying out audits.
This means that not only must they possess
sufficient specialized professional knowledge
and have the required experience, but they must
also possess the communication skills necessary
to present audit results constructively and
encourage a positive response to them from the
design team.

The cost of implementing the accepted
suggestions from RSA (including re-design) may
be relatively low and manageable, inline with the
definition of RSA, which suggestions need to be
compatible and cost-effective relative to the
phase of the projects.
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A Report On Needle Stick Injuries For The Year 2000

Lim Jac Fang
Occupational and Environmental Health Unit, Department of Health, Sabah

Introduction

Workers in the health care industry and
related occupations are at risk of occupational
exposure to blood borne pathogens, including
human immunodeficiency virus (HIV), hepatitis
B virus (HBV), hepatitis C virus (HCV), and
other potentially infectious agents.

The primary route of occupational
exposure to blood borne pathogens is accidental
percutaneous (through the skin) injury. Health
care workers handle sharp devices and
equipment such as hypodermic and suture
needles, intravenous blood collection devices,
phlebotomy devices, and scalpels. Health care
workers with the most involvement in direct
patient care e.g., nursing staff, sustain the highest
proportion of reported NSIs (needle stick
injuries).

Many of these injuries occur after the
device is used and during disposal activities. As
many as one-third of all sharps injuries have
been reported to be related to the disposal
process. The factors most often related to sharps
injuries include the following:

Inadequate design or inappropriate
placement of the sharps disposal
container.
Overfilling  of  sharps  disposal
containers.

Inappropriate sharps disposal practices

by the user during patient care.

The wuse of safer needle-bearing
products, worker education and training, other
measures for preventing sharp injuries, and
compliance with standard precautions for
preventing exposure to blood borne pathogens
should be part of an overall strategy for
preventing NSIs.
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Important elements of an overall prevention
strategy include the following:

Engineering controls (an example is the
use of safer needle-bearing products).
Organizational controls (examples are
the elimination of unnecessary sharps
and training in the use of sharps
disposal containers).

Surveillance of NSIs to assess their
frequency and circumstances.

Methodology

A total of forty seven cases of NSIs
were reported to the occupational health unit and
the majority was from the hospitals. Problems
encountered during the analysis were mainly of
inadequate data entry.

Analysis was made with reference to the
number of time the HCW was injured,
mechanism of injury, knowledge on universal
precautions, categories of staff involved, their
years in service, parts of body injured,
percentage compliant to UICP (universal
infection control precautions), and finally if they
had attended any program on NSI/UICP.

Category of staff

Nursing staff (74.47%) which includes
students, dental assistant etc., form the majority
of those injured. Medical officers (12.77%) were
the next group followed by attendants (6.38%),
medical lab technologists (4.26%), and medical
assistants (2.13%). Attendants were injured as a
result of indiscriminate disposal although they do
not by the nature of their job handle needles and
sharps.



CATEGORIES OF STAFF

no. of cases
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categories of staff

CATEGORIES OF STAFF INJURED

25
20
20 +
15
10 ~ 7
6 5
54 2 3 2
1 1
o [ | | O = m =
MLT MO STU. N SN ATTD DSA JM MA TAN
Years in service experience rather than strict adherence to
standard guidelines. However, being senior does
Junior staff (68.09%) was noted to be not confer protection from NSI. Standard
more prone to NSI than senior staff (31.91%). operating procedures, therefore must be followed
This is most probably due to their lack of at all times for the different work processes.
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cases

< 5yrs

YEARS IN SERVICE

Service

> 5yrs

Knowledge on UICP

A majority of the health staff (46.81%)
was found to have a poor working knowledge on
UICP, 31.91% had an average score, while only
21.28% had a good working knowledge on
UICP. Twice yearly training/refresher programs
on NSI/UICP are recommended for all health
facilities besides induction training for the
various categories of staff.

Frequency of injury

The number of staff injured for the first
time (87.2%) was considerably higher than those
who were injured more than once (12.8%). There
is an urgent need to reduce the frequency of
injury in this category as every time they get an
NSI, the likelihood of being infected with the
various blood- borne infection increases.

cases

Poor average

Knowledge

KNOWLEDGE ON UICP

Good




cases

> 1

FREQUENCY OF INJURIES

Times Injured

1st time

no. of cases

Attended

NUMBER OF STAFF ATTENDED COURSE

staff attended course

Not Attended

Course attended on NSI/UICP

Most of the affected staff (65.96%) had
not attended any training on universal
precautions and/or needle stick injuries whereas
34.04% said they had attended some training.

Training and education remains one of the
effective ways by which the staff can gain new
knowledge, update old ones and refresh forgotten
ones. It is one of the pillars in occupational
health and safety and must remain and on-going
program in all facilities.



Mechanism of injury

Recapping contributed to the highest
number of those injured in 1999. For the year
2000, indiscriminate disposal (44.78%) was the
main mechanism by which the staff was injured.
Needles were left/lost in the linen and not
reported to the supervisor, used needles left in

clean trays were some of the causes of injury to
unsuspecting staff. 23.4% of the cases occurred
while carrying out the various procedures. Strict
adherence to standard operating procedures will
help to reduce such injuries. Recapping
contributed 17.02% of cases while 6.38% was
due to separating needles and 8.51% due to being
jolted/accidental while working.

MECHANISM OF INJURIES
25
21
20
” 15
» 11
3
10 8 8
5 3
0 | |
indiscriminate procedures seperating needle recap accident/jolted
disposal
Mechanism of Injury

Parts of body injured

Working with sharps naturally exposes
the fingers and hands to injury. 80.85% of the
staff was injured on the fingers, 12.77% on the
hand, 4.26% and 2.13% on the foot and forearms
respectively. Many of the respondents stated that
one of the ways to reduce sharps injury was by
using gloves which unfortunately confers no
protection at all. Tt is a false sense of security
depending on gloves.
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Compliance to UICP

All of the facilities where the injury has
occurred were audited for their compliance to
UICP. 46.81% of the place of work of the injured
were found to be non-compliant while 53.19%
were satisfactory. Much more is needed to be
done to reduce the incidence of NSI and
subsequently the risk of infections to the various
blood-borne diseases.




cases

Fingers Foot

PART OF BODY INJURED

Hand Fore arm others

part of body

facility

> 85%

COMPLIANCE TO UICP

< 85%

compliance

Conclusion

A total of 47 cases of NSI was reported
to the occupational health unit compared to 38
cases last year. Although this increase is not
significant, it does signify that more of the staff
are being made aware of the hazards posed by
NSI through the various activities undertaken by

the health facilities and the awareness of the need
to report all cases of injury.

Indiscriminate disposal of sharps by the
staff is due to various factors chief among them
is the placement and availability of sharps
disposal bins. It is interesting to note that while
recapping was the main problem in 1999, it is
third on the list by mechanism of injury this year.
This must surely be due to the effort by the in-
charge of the various facilities in training and




educating their staff. One way to overcome the
problem of indiscriminate disposal is to provide
adequate number, size for the job at hand, and
ease of disposal of sharps into the bin.

Overfilling frequently occurs because
the staff cannot visualize the level in the bin and
this level is denoted by a line outside the bins.
Probably a transparent area at the critical point
can be marked on to the bin, if a wholly
transparent bin cannot be provided. Most of the
staff do not know what is written on the bin nor
understand the symbols. This can lead to misuse
and abuse of the bins that has been provided to
protect them. Training and education again must
be emphasized as one of the effective ways to
deliver safety messages.

Placement of the bins is of utmost
importance because frequently bins are placed
where they are not accessible easily to the staff.
Most of the time bins are placed in a corner of
the room presumably because it is ‘dirty’ or
contaminated. Staff have a problem when bins

are not only placed in a corner, but also have to
dispose sharps into a somewhat narrow opening.
They have to bend every time they want to
dispose of sharps and this can lead to ergonomic
problems when they have to repeatedly do it in
an eight hour working day. In addition, injuries
can occur in an overflowing bin when the hand is
brought to the opening of the bin. Many staff are
also not aware of the method of disposal of the
bins or how they should be collected for
disposal.

One effective method for proper
placement of sharps disposal bin is to place them
at a height so that the contents and hence the
level is visible to the staff. This also reduces the
need to bend down thus reducing ergonomic
problems and a healthier and safer working
environment. A suggested working model is
given below and can be modified to suit the
different working environment. Feedback on this
is most welcome.

Eye level = 55-57cm

15 degrees

v

50-55¢cm

An ideal standing
installation height

for sharps bin
118-120cm
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Emerging Infectious Diseases: Ministry of Health Practice & Planning

Fadzilah Hj. Kamaludin
Infectious Disease Surveillance Section, Ministry of Health Malaysia

There are disturbing trends of emerging
and re-emerging infectious diseases, globally and
locally thus giving it a real cause of concern.
These include diseases by agents hitherto
unknown in human such as Severe Acute
Respiratory Syndrome (SARS) and Ebola; those
that were purely zoonoses but had now affected
man such as bovine spongioform encephalitis
(BSE) in United Kingdom and avian influenza in
Vietnam and Thailand; those that were thought
to be eliminated but reappeared such as plague in
India and those that begun to show reverse trends
such as tuberculosis (TB) and malaria. Malaysia
is no exception. Viral fever EVT71,
Chinkugunya, Conjunctivitis C24 variant or
Nipah encephalitis were local examples of
unknown or exotic infectious diseases occurring
in recent years.

In this age of globalization with
expanding air travel and industrial trade,
Malaysia is vulnerable to a wide array of new
and resurgent infectious diseases. Apart from the
direct health consequences on morbidity,
mortality and its staggering cost, these infections
also have far reaching implications upon
sustainable development, psychosocial,
economic, political and global security.

World Health Organisation (WHO) has
defined the emerging infectious diseases as
‘those due to newly identified and previously
unknown infections which cause public health
problem either locally or internationally’.
Whereas for the reemerging infectious diseases,
the WHO has defined as ‘those due to the
reappearance and increase of infections which
were known, but had formerly fallen to levels so
low that were no longer considered as a public
health problem’.! The Institute of Medicine of the
National Academy of Sciences, U.S.A., has
defined as ‘those diseases whose incidence in
humans has increased within the past two
decades or threatens to increase in the near
future’. We can define ‘emerging’ as infections
that have newly appeared in the population, or
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have existed but are rapidly increasing in
incidence or geographical range *°.

In the last few years, Malaysia had
witnessed the occurrence of several emerging
infectious diseases such as Enterovirus or Hand
Foot and Mouth Disease (HFMD), Nipah
encephalitis and SARS. The Anthrax scare and
Avian Influenza situation in neighbouring
countries have also alerted the Ministry of Health
(MOH) and other relevant agencies to monitor
these diseases at local level.

The Ministry of Health Infectious
Disease Preparedness and Response Plan
addresses these threats by developing a
comprehensive strategy which include public
health and medical responses, laboratory support

and capacity building.
Several existing surveillance systems
functioning in Malaysia were reviewed,

improved and strengthened. Collaborative efforts
from private sectors, universities and other
relevant agencies were established and
strengthened at national, state and district levels.
The zoonotic disease surveillance is a
collaborative  effort with the Veterinary
Department Services (VDS) and the foreign
workers infectious disease surveillance with
FOMEMA Sdn. Bhd.

Taking advantage of the new
technologies in information management,
exchange and dissemination such as geographical
information systems (GIS), the public health
laboratory information system (PHLIS) and the

Internet, strengthening and linking with
established laboratories and  surveillance
facilities were coordinated and enhanced.

Regional coordination were being developed
within ASEAN +3 countries; for example
epidemiological surveillance is coordinated by
Thailand and strengthening laboratory capacity is
coordinated by Malaysia. The purpose is to
detect, promptly investigate and monitor
emerging pathogens, the disease they cause and
the factors influencing their emergence. These



findings are then shared between participating
countries.

Sometimes it is not possible to identify
early any specific outbreaks of emerging and re-
emerging disease until it has reached major
proportions. Although the statutory notifiable
disease surveillance system is well in place, there
is none for the newly emerging infectious
diseases. A newly formed syndromic approach
surveillance system was introduced to overcome
the delay in identifying unknown etiological
agents in outbreaks which may provide an
avenue for early identification of emerging
disease. The syndromic approach is based on the
revised International Health Regulations (IHR)
produced by WHO.

For better management of infectious
disease outbreaks at district, state and national
levels, MOH had developed a Preparedness
Response Plan. This plan would enable the
Ministry to tackle any health crisis including bio
terrorism attacks. The plan envisages the setting
up of Rapid Response Teams (RRT) at district,
state and national level. Standard operating
procedure (SOP) and checklist for outbreak
preparedness were also formalized. The RRT is a
predetermined team based on expertise and
assembled by matching expertise with incident
need. This plan would need competent field

epidemiologist.
Competent public health officials with
field experience and trained in applied

epidemiology, remains the most vital framework
for successfully identifying emerging infectious
diseases. MOH had recently embarked on a

training program namely the Epidemic
Intelligence Program (EIP) to train and
strengthen the capacity and capability in

detection and response to outbreaks for public
health doctors. This program is adapted from the
highly successful training program at CDC
Atlanta, USA for epidemiologist.

To provide maximum utilization of
resources, hospitals and laboratories were
identified as regional and designated hospitals.
The regional hospitals were manned by
Infectious Disease Physicians and equipped with
isolation wards or rooms. Medical services that is
utmost important in infectious disease
management such as respiratory,
gasteroenterology and neurology will be made
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available. The designated hospitals (currently all
state hospitals) will have isolation wards or
rooms and manned by general physicians and
cases referred to regional hospitals when
necessary.

The Sungai Buloh Hospital, which is
currently under construction, will be equipped
with a level 4 containment facilities. One
dedicated wing of the hospital is for the
management of infectious diseases. It 1is
proposed that all states would have a mobile
Decontainment unit for outbreak management at
field site.

The hospital laboratory serves as a key
for surveillance of infectious pathogens. A
laboratory-based surveillance involving all state
hospital microbiologists reporting identified
infectious pathogen to MOH started in 2002.
This surveillance mechanism aims to provide an
early warning system to emerging infectious
diseases from the laboratory.

Some of the agents involved in an
outbreak are highly pathogenic and would
require special high containment facilities for
their processing. The infectious Disease
Research Center (IDRC) has been set up at the
Institute of Medical Research (IMR). This serves
as a primary center for promoting and conducting
quality research and act as a training center on all
aspect of infectious diseases in Malaysia. The
Bio safety level 3 (BSL3) facility at IMR and in
future at the National Public Health Laboratory
(NPHL) will enable diagnostic and research
work on hazardous pathogens to be conducted in
a manner that will protect the safety of the
laboratory workers as well as the environment.

To establish the appropriate
infrastructure to response to a new disease threat,
human resources, facilities for laboratory
capacities and clinical training, communications,
logistic support and organizational structure must
be developed. Other factors such as risk
communication, networking and organizational
management are also important key elements in
combating infectious diseases.

In view of the recent SARS outbreak,
health care workers (HCWs) were constantly
being exposed to infectious disease threats either
directly or indirectly. The Occupational Health
Unit under the Disease Control Division is
constantly reviewing and improving its strategies



and activities to safe guard workers as a whole.
Notification of occupational disease has been
implemented but still much underreported.

Needle stick injury among HCWs is
used as a quality assurance indicator for practice
of universal precaution and also as a proxy for
HIV and Hepatitis B. TB is also an important re-
emerging infectious disease among HCWs and is
a caused for concern.

Conclusion

Emerging infectious diseases are
important and a complex health problem. It has
been shown that weak surveillance system,
insufficient laboratory support, lack of response
and epidemiological expertise and insufficient
funds usually hamper effective response against
emerging infectious diseases. It is hoped that
with the preparedness plan, the Ministry of
Health Malaysia, will be constantly vigilant to
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response to emerging infectious diseases threats.
However political leadership at the highest level
is also needed in order to mobilize the
communities to ensure speedy action and
coordination at district, state and national level.
Networking and collaboration with related
agencies is also crucial for its success.
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