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Introduction: The non-destructive testing field is one of the critical fields supporting 
the oil and gas industry in Saudi Arabia.  Due to the working conditions experienced 
by the employees of this sector, especially radiographers, the conditions of the 
workplace  affect them and cause considerable  job stress. As such, there is a need to 
undertake an in-depth study of    the association between  occupational stress and the 
sources of stress.  The aim of this study was to determine the association between 
workplace stressors, personal stressors, and occupational stress level among 
radiographers in a non-destructive testing company in Saudi Arabia.The 
methodology adopted is  a cross-sectional study   conducted at five non-destructive 
testing companies in Saudi Arabia. A total of 112   employees were selected as the 
sample. A questionnaire was used to determine the socio-demographic and 
occupational backgrounds.The social and psychological characteristics of the 
respondent’s job were determined using the JCQ (Job Content Questionnaire).  
Salivary alpha-amylase assay kit was used to analyse the salivary alpha-amylase 
levels as an indicator of occupational stress.  The results showed that the response 
rate was 100%.   Cronbach’s alpha coefficient for the English version of JCQ was 
acceptable (α = 0.70).  The majority of the respondents were Indians (33.0%), 
followed by Filipinos (24.11%), Saudi Arabians (17.0%), Jordanians (16.1%), 
Pakistanis (6.3%), and others (3.6%).  Most of the respondents were on night shift 
(60.7%) and worked overtime (72.3%). The mean value of salivary alpha amylase 
activity among workers was 72.34±11.39 U/ml during pre-shift and 94.09±15.95 
U/ml post-shift. Paired sample t-test showed the mean exposed group differed 
significantly from the non-exposed group (t=8.48, df= 46, p<0.05; 95% Cl: 15.47 - 
25.10).The prevalence of occupational stress among the exposed group was 88.0% 
and non-exposed group 58.0 %. The group who were exposed to heat stress had high 
prevalence of occupational stress level of 61.4%.This findings of this study showed 
that there was high prevalence of occupational stress among industrial 
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radiographers.Workplace stressors associated with occupational stress among these 
workers suggest that the safety and health precautions of workers performing   
radiography wok   are important and should be addressed. 

Keywords: Occupational stress, work-place stressor, Radiographers, alpha amylase 
activity, JCQ, non-destructive testing. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Master Sains 

FAKTOR RISIKO STRESS PEKERJAAN DALAM 
KALANGANJURURADIOGRAFI UJIAN BUKAN-PEMUSNAH DI SAUDI 

ARABIA 

Oleh 

KHALAF ALSHARAFAT 

Januari 2018 

Pengerusi : Profesor Madya Shamsul Bahri Mohd Tamrin, PhD 
Fakulti : Perubatan dan Sains Kesihatan 

Pengenalan: Bidang ujian bukan-permusnah adalah salah satu bidang kritikal yang 
menyokong industri minyak dan gas di Arab Saudi. Kerana keadaan tempat kerja 
yang dialami oleh pekerja sektor ini, terutama jururadiografi, situasi tempat kerja 
mempengaruhi mereka dan menyebabkan tekanan kerja yang besar. Oleh itu, 
terdapat keperluan untuk menjalankan kajian mendalam mengenai hubungan antara 
tekanan pekerjaan dan penyebab-penyebab tekanan. Tujuan kajian ini adalah untuk 
menentukan kaitan antara penyebab tekanan tempat kerja, penyebab tekanan 
peribadi, dan tahap tekanan dalam kalangan jururadiografi dalam syarikat ujian 
bukan-pemusnah di Arab Saudi. Metodologi yang digunakan adalah kajian keratan 
rentas yang dijalankan di lima syarikat ujian bukan-pemusnah di Arab Saudi. 
Sebanyak 112 pekerja dipilih sebagai sampel. Soal selidik digunakan untuk 
menentukan latar belakang sosio-demografi dan pekerjaan. Ciri sosial dan psikologi 
pekerjaan responden ditentukan dengan menggunakan JCQ (Job Content 
Questionnaire). Kit ujian alfa-amilase air liur digunakan untuk menganalisis paras 
alfa-amilase air liur sebagai penunjuk tekanan pekerjaan. Keputusan menunjukkan 
bahawa kadar tindak balas adalah 100%. Koefisien alpha Cronbach untuk versi 
bahasa Inggeris JCQ boleh diterima (α = 0.70). Majoriti responden adalah orang 
India (33.0%), diikuti oleh orang Filipina (24.11%), Arab Saudi (17.0%), Jordan 
(16.1%), Pakistan (6.3%) dan lain-lain (3.6%). Kebanyakan responden bekerja shif 
malam (60.7%) dan bekerja lebih masa (72.3%). Nilai min aktiviti alfa-amilase air 
liur dalam kalangan pekerja adalah 72.34 ± 11.39 U/ml semasa pra-shift dan 94.09 ± 
15.95 U/ml selepas shift. Ujian t-sampel berpasangan menunjukkan kumpulan 
terdedah berbeza tinggi dengan kumpulan tidak terdedah (t = 8.48, df = 46, p <0.05; 
95% Cl: 15.47 - 25.10). Kekerapan tekanan pekerjaan dalam kalangan kumpulan 
terdedah adalah 88.0% dan kumpulan tidak terdedah 58.0%. Kumpulan yang 
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terdedah kepada keadaan tempat kerja yang panas mempunyai tahap tekanan 
pekerjaan yang tinggi iaitu 61.4%. Penemuan kajian ini menunjukkan terdapatnya 
tekanan kerja yang tinggi dalam kalangan jururadiografi perindustrian. Penyebab 
tekanan tempat kerja yang berkaitan dengan tekanan pekerjaan untuk pekerja 
menunjukkan bahawa langkah berjaga-jaga untuk keselamatan dan kesihatan pekerja 
yang menjalankan kerja-kerja radiografi adalah penting dan perlu ditangani. 

Kata kunci: Tekanan kerja, penyebab tekanan kerja, Jururadiografi, aktiviti alfa-
amilase, JCQ, ujian bukan-pemusnah.  
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CHAPTER I 

1  INTRODUCTION 

1.1 Background of the study    

Non-destructive Test and Evaluation (NDT) is aimed at extracting information on 
the physical, chemical, mechanical or metallurgical state of materials or structures. 
This information is obtained through a process of interaction between the 
information-generating device and the object under test (Prasad et al., 2011). Non-
destructive testing (NDT) plays an important role in the quality control not only of 
the finished products, but also of half finished products as well as the initial raw 
materials. NDT can be used at all stages of the production process (Lavender, 2001). 
The significance of NDT inspection of industrial plants and engineering structures in 
the power plants, petroleum and chemical processing industries, and the transport 
sector cannot be refuted. Using state-of-the-art technology to assess current 
conditions, service suitability, and the remaining life of the equipment. The NDT 
exam provides some insight into data to help develop a strategic plan to extend plant 
life (Gardner et al., 2013). 

The field of Non-Destructive Evaluation (NDE) or Non-Destructive Testing (NDT) 
involves the identification and characterization of damages on the surface and 
interior of materials without cutting apart or otherwise altering the material 
(Lockard, 2015).  

In other words, NDT refers to the evaluation and inspection process of materials or 
components for characterization or finding defects and flaws in comparison with 
some standards without altering the original attributes or harming the object being 
tested (figure 1.1), NDT techniques provide a cost-effective means of testing of a 
sample for individual investigation or may be applied on the whole material for 
checking in a production quality control system (Newswire, 2013). 
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Figure 1.1 : Non-Distractive Test (NDT) 

One of the most techniques used in NDT is Radiography which is based on the 
transmission of X-rays or gamma-rays through an object to produce an image on 
radiographic film (Figure 1.2). This method is used for inspecting several types of 
welded assemblies such as pipe-lines, boilers, pressure vessels etc. Inspected zones 
may present multifarious defects such as porosity, inclusions, cracks, lack of 
penetration, lack of fusion etc , Evaluated by the NDT criteria (Nafaa,2004) . 
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Figure 1. 2 : Radiography Testing Flow Chart 

Occupational stress is considered a vital global problem that received great attention 
in many countries. This is because the negative stress impacts at work may increase 
the physical, physiological, psychosocial factors. Stress at work may lead to poor 
work performance, low productivity and high accident/incident and injury rate (ILO, 
2012).  Hence it is vital to optimize work condition and organization. Lee (2013) 
notes that work-related stress has become a major concern and suggests employers 
recognize that it can lead to health problems. In fact, occupational stress is a 
psychosocial hazard that poses a threat to the health of the organization (NIOSH, 
1999). 
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1.2 Problem Statement 

The importance of assessing occupational stress has emerging almost every job and 
position. In the United States, the cost of stress has been calculated at US$350 
billion (about £220 billion) per year and £25.9 billion in the U.K annually (Azagba 
& Sharaf, 2011).  The job stress is responsible for 19% of absenteeism cost, 40% of 
turnover cost and 60% of workplace accidents (Tangri, 2003).  Most studies have 
focused on health care and education; however, no sufficient attention is given to 
industrial radiographers working in non-destructive testing companies specifically to 
study and investigate the level of occupational stress among the radiographers in 
these companies. The nature of the climate in the Kingdom of Saudi Arabia is very 
special because of the severity and high temperatures and dust storms, the length of 
the distances between work sites all these factors and other factors are considered to 
be reflected on   Physical and psychological abilities of industrial radiographers. 

In Saudi Arabia, the nature of work as a non-destructive radiography technician 
requires physical and psychological training; every site in the oil and gas plants faces 
a lot of risk such as (Chemical, Heat, Noise, Radiation) all of this factors will be as a 
hazard for the workers . Due to the nature of the work, especially the working 
conditions of the work environment and in the field of non-destructive radiography 
technology face a lot factors that are not specifically known yet.  

1.3    Study Justification 

Saudi Arabia has 18% of the world's oil reserves, and is the largest oil exporter. The 
oil and gas sector accounts for about 50 per cent of the gross domestic product, or 85 
per cent of export earnings. Because of the importance of the oil and gas sector in 
Saudi Arabia, there could be those radiologists in occupational stress non-destructive 
testing whom the occupational stress affects their performance and inevitably exert 
an impact on the yield of organization.

It is in view of this that this study attempts to further explore this area that has not 
been reported anywhere in the related literature so far.   The outcome of the study 
will be helpful to the management to allocate more capable workers that are in 
critical situation and also will give clear view to ministry of health on the health of 
these workers and their level of job stress. 
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1.4 Conceptual Framework  

Figure 1.3 shows the conceptual framework that is given the start point of the study 
and guides the researcher to move in the correct direction toward the study target. 

i.  The independent variables in this study are the personal stressor and work 
place stressor. 

ii. The dependent variable is occupational stress. 

COCOCO

UUU

Figure 1.3 : Conceptual frameworks 
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1.5 Research Objectives 

1.5.1 General Objective  

To determine the association between workplace stressors, personal stressor and 
Occupational stress level among radiographers in a non-destructive testing company 
in Saudi Arabia. 

1.5.2 Specific Objectives 

I. To determine the social demographics factors of radiographers in a non-destructive 
Testing company in Saudi Arabia. 

II. To determine the prevalence of occupational stress among radiographic workers 
in a non-destructive testing company in Saudi Arabia. 

III. To determine the cumulative of α-amylase activity (U/ml) for exposed and non - 
exposed groups. 

IV. To compare the prevalence of occupational stress between the exposed and non-
exposed groups. 

V. To determine the association between workplace stressors, personal stressor and 

Occupational stress level (JCQ and Salivary α-amylase activity (U/ml)) among 
radiographers in a non-destructive testing Company in Saudi Arabia. 

VI. To determine the relationship between stress indicators (JCQ and Salivary                       
α- amylase activity) among the occupational stress of radiographers.  

1.6 Research Hypotheses: 

i. There is significant difference in prevalence of the occupational stress between the 
exposed and non- exposed groups. 

ii. There is significant relationship between stress indicators, JCQ with 

Salivary α-amylase activity (U/ml). 

iii. There is significant relationship between stress indicators, (JCQ, Salivary 
α-amylase activity (U/ml)) and the stress factor. 
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1.7 Definition of Variables 

1.7.1 Conceptual definition  

1.7.1.1 Occupational Stress

The national Institute for Occupational safety and Health (NIOSH, 1999) defines 
occupational stress as “harmful physical and emotional reactions that occur when 
work demands do not match the workers' abilities, resources or needs”. Stress in the 
work place can have many origins or a times come from one single event. It can have 
impact on both employees and employers alike (Canadian Centre for Occupational 
Health and Safety, 2008). 

1.7.1.2 Workplace Stressor  

Operating pressure sources are chemical or biological agents, environmental 
conditions, external stimuli or events that stress the organism's pressure source 
(NIOSH, 1999). Work stress can be defined as "prerequisites at work or part of the 
organization that needs an adaptive response" (Chang, 2006). 

1.7.1.3 Alpha amylase  

Salivary alpha-amylase (sAA) is one of the major salivary proteins or enzyme 
(Zakowski, 1985). Recent studies have found alpha-amylase as a digestive enzyme 
and marker of SNS activity. The enzyme digests the starch by hydrolyzing the starch 
linkage and allows the organism to use the stored starch as an energy source 
(Rohleded et al., 2009). Acinar cells release saliva products after neurotransmitter 
stimulation (Behringer et al., 2012).  This enzyme is a biological indicator of stress 
response and has been proposed to indicate stress-responsive physical changes in 
psychophysiological research and clinical practice (Nater, 2006). Evidence indicates 
the relationship between intra-individual changes in sAA and physical and 
psychological stressors (Strahler et al., 2010).

1.7.2 Operational definition 

1.7.2.1 Occupational stress  

Occupational stress measured using JCQ . The JCQ is a self-administered 
standardized instrument designed to measure social and psychological characteristics 
of jobs. The best-known scales are (a) decision latitude, (b) psychological demands, 
and (c) social support—are used to measure the high-demand/low control/ low-
support model of job strain development. The demand / control model first predicts 
the stress-related risks and, secondly, the active-passive behaviour-related work.
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Other aspects of work demands are assessed as well: (d) physical demands and (e) 
job insecurity. The instalment has a recommended length of 49 questions (Karasek et 
al., 1998).

1.7.2.2 Workplace Stressors 

Work place stressor measured by a questionnaire distributed to respondents to 
determine the most important work place stressor they are exposed to in the 
workplace from their perspective such as Heat, Noise, Radiation and Chemical. 

1.7.2.3 Alpha amylase 

The salivary sample were taken from the respondents following the instruction of 
salimentary oral swab, the taken saliva was kept in specific condition of -20 °C at
most for two months using the salimentary storage tube. The samples taken from the 
respondent were analysing using the salivary α–Amylase assay kit according to 
manufacturer’s manual.        

  



© C
O

UPM

  

 
60 

7 REFERENCES 

[1] Akroyd HD, Shewchuk RM.(1990) Factors related to job satisfaction of 
radiographers. Radiologic Technology; 61: 472–77. 

[2] Al-Omar, B. A. (2003). Sources of work-stress among hospital-staff at the 
Saudi MOH. Economics and Administration, 17(1). 

[3] Alosaimi, F. D., Alghamdi, A. H., Aladwani, B. S., Kazim, S. N., & 
Almufleh, A. S. (2015). Work-related stress and stress-coping strategies in 
residents and administrative employees working in a tertiary care hospital 
in Saudi Arabia. Journal of Taibah University Medical Sciences. 

[4] Al-Aameri, A. S. (2003). Source of job stress for nurses in public 
hospitals. Saudi medical journal, 24(11), 1183-1187. 

[5] Alavi, S. S., Dabbagh, S. T., Abbasi, M., & Mehrdad, R. (2016). Radiation 
Protection Knowledge, Attitude and Practice (RP-KAP) as Predictors of 
Job Stress Among Radiation Workers in Tehran Province, Iran. Iranian Red 
Crescent Medical Journal, 18(10). 

[6] Antonov K, Isacson D. (1997),Headache in Sweden: the importance of 
working conditions. Headache; 37: 228–34. 

[7] Ataş, A., & Soutis, C. (2013). Subcritical damage mechanisms of bolted 
joints in CFRP  composite laminates. Composites Part B: Engineering, 
54(0), 20-27. doi: http://dx.doi.org/10.1016/j.compositesb.2013.04.071  

[8] Ashong, G. G. N. A., Rogers, H., Botwe, B. O., & Anim-Sampong, S. 
(2015). Effects of occupational stress and coping mechanisms adopted by 
radiographers in Ghana. Radiography. 

[9] Azagba, S., & Sharaf, M. F. (2011). The effect of job stress on smoking 
and alcohol consumption. Health economics review, 1(1), 15. 

[10] Behringer, V., Deschner,  T ., MAstl, E., Selzer, D., & Hohmann, G.(2012). 
Stress affects salivary alpha-Amylase activity in bonobos. Physiology & 
Behavior 105 (2012) 476–482. 
http://dx.doi.org/10.1016/j.physbeh.2011.09.005 

[11] Bloisi, W., Cook, C.W., & Hunsaker, P. L. (2007) Management and 
Organizational Behaviour. 2th Edition. London. McGraw publication 

[12] Bougea, A., Kleisarchakis, M. K., Spantideas, N., Voskou, P., Thomaides, 
T., Chrousos, G., & Belegri, S. A. (2016). Job stress and burnout in the care 
staff of Leros PIKPA Asylum 25 years after the first Deinstitutionalisation 
and Rehabilitation Greek Project. BJPsych Bull, pb-bp. 

[13] Brennan, J. (2014). An introduction to digital radiography in 
dentistry. Journal of  



© C
O

UPM

  

 
61 

[14] Orthodontics. vol. 29, pp. 66-69, 2002. 

[15] Bugajska, J., Jedryka-Goral, A., Widerszal-Bazyl, M., Orlowska-
Baranowska, E., Sagan, A., Michalak, J. M., . . . Konarska, M. (2011). Job 
strain, overtime, life style, and cardiovascular risk in managers and 
physical workers. Int J Occup Saf Ergon, 17(1), 25-32. 
doi:10.1080/10803548.2011.11076867 

[16] Buja, A., Zampieron, A., Mastrangelo, G., Petean, M., Vinelli, A., Cerne, 
D., & Baldo, V. (2013). Strain and health implications of nurses' shift 
work. Int J Occup Med Environ Health, 26(4), 511-521. 
doi:10.2478/s13382-013-0122-2 

[17] Center For Disease Control And Prevention, (2014). 2014 Health Security 
Report. Retrieved  26 September 2015, from 
http://www.cdc.gov/about/report/index.html 

[18] Chang, E.,Daly, J., Hancock, K., Bidewell, J.,Johnson , A., Lambert, V., 
&Lambert. C.(2006). the relationships amongworkplace stressors, coping 
methods, demographic characteristics, and health in Australian nurses, 
Journal of Professional Nursing, Vol 22, No 1 (January–February), 2006: 
pp 30– 38 

[19] Chiappelli, F., Iribarren, F. J., & Prolo, P. (2006). Salivary biomarkers in 
psychobiological medicine. Bioinformation, 1(8), 331-334.  

[20] Cassanova-Sotolongo P, Lima-Mompo G, Aldana-Vilas L, et al.( 2003) 
Occupational stress as one of the concerns of present-day public health 
services. Rev Neurol. Mar;36(6):565-7. 

[21] Casselden PA.(1988) The personality of radiographers: empathy 
dimensions and the management of occupational problems and stress. 
Radiography; 54: 77–82. 

[22] Cox T. (1988) Stress. Macmillan Education,  London, p. 25. 

[23] Clouser, J. M., Bush, A., Gan, W., & Swanberg, J. (2017). Associations of 
Work Stress, Supervisor Unfairness, and Supervisor Inability to Speak 
Spanish with Occupational Injury among Latino Farmworkers. J Immigr 
Minor Health. doi:10.1007/s10903-017-0617-1 

[24] Davis, F., Bagozzi, R., & Warshaw, P. (1989). User acceptance of 
computer technology: a comparison of two theoretical models. 
Management Science, 35(8), 982-1003. 

[25] Duquette A, Kerouac S, Sandhu BK, Beaudet L.( 1994) Factors related to 
nursing burnout: a review of empirical knowledge. Issues Mental Health 
Nurs; 15: 337–58. 

[26] Dumitrescu, C. (2014). Influence of Psychotherapeutic Interventions on 
Occupational Stress. Procedia-Social and Behavioral Sciences, 127, 696-
701. 



© C
O

UPM

  

 
62 

[27] Eskin D, Ratuloswski J, Akbarzadeh K, Pan S (2011) Modelling asphaltene 
deposition in turbulent pipeline flows. Can J Chem Eng 89:421–441 

[28] Eslick, G. D., & Raj, V. V. (2002). Occupational stress amongst 
radiographers: does working in private or public practice make a 
difference?.Radiography, 8(1), 47-53. 

[29] Fujishiro, K., Lividoti Hibert, E., Schernhammer, E., & Rich-Edwards, J. 
W. (2017). Shift work, job strain and changes in the body mass index 
among women: a prospective study. Occup Environ Med, 74(6), 410-416. 
doi:10.1136/oemed-2016-103747 

[30] Gao, C., Kuklane, K., Ostergren, P. O., & Kjellstrom, T. (2017). 
Occupational heat stress assessment and protective strategies in the context 
of climate change. Int J Biometeorol. doi:10.1007/s00484-017-1352-y 

[31] Gardner, W. E. (Ed.). (2013). Improving the effectiveness and reliability of 
non-destructive testing. Elsevier. 

[32] García-Martín, Javier, Jaime Gómez-Gil, and Ernesto Vázquez-Sánchez. 
"Non-destructive techniques based on eddy current testing." Sensors 11.3 
(2011): 2525-2565. 

[33] Gay, L. R., Mills, G. E., (2006). Educational research: Competencies for 
analysis and application. Upper Saddle River, NJ: Pearson Merrill Prentice 
Hall. 

[34] Garney, G. (2006). Defects found through non-destructive testing methods 
of fibre reinforced polymeric composites. (1438996 M.S.), California State 
University,  

[35] Fullerton, Ann Arbor. Retrieved from http://search.proquest.com/ 
docview/304910161 ?accountid=28930 ProQuest Dissertations & Theses 
Global database. 

[36] Goh, V. H., Tong, T. Y., Lim, C. L., Low, E. C., & Lee, L. K. (2000). 
Circadian disturbances after night-shift work on board a naval ship. Mil 
Med, 165(2), 101-105. 

[37] Gromadzinska, J., Peplonska, B., Sobala, W., Reszka, E., Wasowicz, W., 
Bukowska, A., & Lie, 

[38] J. A. (2013). Relationship between intensity of night shift work and 
antioxidant status in blood of nurses. Int Arch Occup Environ Health, 
86(8), 923-930.doi:10.1007/s00420-012-0828-7 

[39] Halim, S. A., Ibrahim, A., Jayes, M. I., & Manurung, Y. H. (2013, March). 
Weld defect features extraction on digital radiographic image using Chan-
Vese model. In Signal Processing and its Applications (CSPA), 2013 IEEE 
9th International Colloquium on (pp. 67-72). IEEE. 

 



© C
O

UPM

  

 
63 

[40] Halmshaw, R. Nondestructive Testing 2nd edn, Edward Arnold, London 
(2000) . 

[41] Hair, J. F., Anderson, R. E., Tatham, R. L., & Black, W. C. (1998). 
Multivariate data analysis. New York: Macmillion. 

[42] Houdmont, J., Zhou, J., & Hassard, J. (2011). Overtime and psychological 
well-being among Chinese office workers. Occup Med (Lond), 61(4), 270-
273. doi:10.1093/occmed/kqr029 

[43] Hulme, A., Nielsen, R. O., Timpka, T., Verhagen, E., & Finch, C. (2017). 
Risk and Protective Factors for Middle- and Long-Distance Running-
Related Injury. Sports Med, 47(5), 869-886. doi:10.1007/s40279-016-0636-
4 

[44] Hussein, E.M.: Handbook on radiation probing, gauging, imaging and 
analysis, Vol. 1 basics and  techniques. Springer, New York (2003). ISBN 
1402012942. 

[45] Hasan SW, Ghannam MT, Esmail N (2010) Heavy crude oil viscosity 
reduction and rheology for pipeline transportation. Fuel 89:1095–1100 

[46] Hsu C, Robinson P (2006) Practical advances in petroleum processing, vol 
1. Springer, New York, pp 1–5 

[47] Hair, J., Black, W., Babin, B., Anderson, R., & Tatham, R. (2006). 
Multivariate Data Analysis (6th ed.). New Jersey: Pearson Prentice Hall. 

[48] Innes JM.( 1998) A qualitative insight into the experiences of post-graduate 
radiography students: causes of stress and methods of coping. Radiography; 
4: 89–100. 

[49] INTERNATIONAL ATOMIC ENERGY AGENCY, (1987), Training 
Guidelines in Non-destructive Testing Techniques, IAEA-TECDOC-407, 
Vienna . 

[50] INTERNATIONAL ATOMIC ENERGY AGENCY, (2005), Development 
of Protocols for Corrosion and Deposit Evaluation in Pipes by 
Radiography, IAEA-TECDOC-1445, Vienna. 

[51] Janousek, L.; Capova, K.; Yusa, N.; Miya, K. Multiprobe inspection for 
enhancing sizing ability in eddy current nondestructive testing. IEEE Trans. 
Magn. 2008, 44, 1618-1621. 

[52] Jeon, J. Y., Ryu, J. K., & Lee, P. J. (2010). A Quantification Model Of 
Overall Dissatisfaction With Indoor Noise Environment In Residential 
Buildings. Applied Acoustics, 71(10), 914-921. 

[53] Karasek, R., Brisson, C., Kawakami, N., Houtman, I., Bongers, P., & 
Amick, B. (1998). The Job  



© C
O

UPM

  

 
64 

[54] Content Questionnaire (JCQ): an instrument for internationally 
comparative assessments of psychosocial job characteristics.Journal of 
occupational health psychology, 3(4), 322. 

[55] Katunin, A., Danczak, M., & Kostka, P. (2015). Automated identification 
and classification of   

[56] internal defects in composite structures using computed tomography and 
3D wavelet analysis.Archives of Civil and Mechanical Engineering, 15(2), 
436-448 

[57] Ke, D. S. (2012). Overwork, stroke, and karoshi-death from overwork. Acta 
Neurol Taiwan, 21(2),54-59. 

[58] Kobayashi, H., Park, B. J., & Miyazaki, Y. (2012). Normative references of 
heart rate variability and salivary alpha-amylase in a healthy young male 
population. J Physiol Anthropol, 31, 9. doi:10.1186/1880-6805-31-9 

[59] Kupriyanov, R. and Zhadanov, R. (2014) The Eustress Concept: Problems 
and Outlooks. World   Journal of Medical Sciences 11 (2): 179-185, 2014  . 

[60] Kumar, S. (2005). Collaborative Management: Are State Public Agencies 
in Developing Countries Ready for it? LMA Convention, 1(1), 161-172. 

[61] Lockard, C. D. (2015). Anomaly detection in radiographic images of 
composite materials via crosshatch regression. (1586713 M.A.), Mills 
College, Ann Arbor. Retrieved from ProQuest Dissertations & Theses 
Global database  

[62] Lehmann, P., Meystre, N. R., & Mamboury, N. (2015). Factors for lifelong 
job retention among Swiss radiographers. Radiography, 21(2), 181-187. 

[63] Lehmur M, Bentley A.( 1997) Treating work stress: an alternative to 
workers’ compensation. J Occupational Environmental Med; 39: 63–7. 

[64] Lee, S., & Kalos, N. (2015). Bridge inspection practices using non-
destructive testing methods. Journal of Civil Engineering and 
Management,21(5), 654-665. 

[65] Lightfoot J. (1993),Stress – its incidence and effect on radiographers. 
Radiography Today; 59: 670. 

[66] Lindquist TL, Beilin LJ, Knuiman MW.( 1997) Influence of lifestyle, 
coping, and job stress on blood pressure in men and women. Hypertension; 
29 (1 part 1):1–7. 

[67] Jensen C, Borg V, Finsen L, et al.( 1998) Job demands, muscle activity and 
musculoskeletal symptoms in relation to work with the computer mouse. 
Scand J work Environ Health. 24(5):418-24. 

 



© C
O

UPM

  

 
65 

[68] Jones, M. C., Wells, M., Gao, C., Cassidy, B., & Davie, J. (2013). Work 
stress and well-being in oncology settings: a multidisciplinary study of 
health care professionals. Psycho-Oncology, 22(1), 46-53. 

[69] Nasiripour, A., Raeissi, P., & Shabanikiya, H. (2009). Occupational Stress 
among Rural Health Workers in Mashhad District, Northeast Iran. J Res 
Health Sci, 9(1), 21-29. 

[70] Nieman, L. K., Biller, B. M., Findling, J. W., Newell-Price, J., Savage, M. 
O., Stewart, P. M., & Montori, V. M. (2008). The diagnosis of Cushing's 
syndrome: an endocrine society clinical practice guideline. The Journal of 
Clinical Endocrinology & Metabolism, 93(5), 1526-1540. 

[71] Maizura, H., Retneswari, M., Moe, H., Hoe, V. C. W., & Bulgiba, A. 
(2010). Job strain among Malaysian office workers of a multinational 
company. Occupational medicine, kqq001. 

[72] Mason SL.( 2006  ) Radiography Student perception of clinical stressors. 
Radiol technol. 77(6):437-50. 

[73] Ma, C. C., Andrew, M. E., Fekedulegn, D., Gu, J. K., Hartley, T. A., 
Charles, L. E., . . . Burchfiel, C. M. (2015). Shift work and occupational 
stress in police officers. Saf Health Work, 6(1), 25-29. 
doi:10.1016/j.shaw.2014.10.001 

[74] Martos-Sitcha, J. A., Wunderink, Y. S., Straatjes, J., Skrzynska, A. K., 
Mancera, J. M., & Martínez-Rodríguez, G. (2014). Different stressors 
induce differential responses of the CRH-stress system in the gilthead sea 
bream (Sparus aurata). Comparative Biochemistry and Physiology Part A: 
Molecular & Integrative Physiology, 177, 49-61. 

[75] McCarthy, V. J. C., Power, S., & Greiner, B. A. (2010). Perceived 
occupational stress in nurses working in Ireland. Occupational Medicine, 
60(8), 604–610. http://doi.org/10.1093/occmed/kqq148 

[76] Mercier, D.; Lesage, J.; Decoopman, X.; Chicot, D. Eddy currents and 
hardness testing for evaluation of steel decarburizing. NDT E Int. 2006, 39, 
652-660. 

[77] Mohebbi, I., Shateri, K., & Seyedmohammadzad, M. (2012). The 
relationship between working schedule patterns and the markers of the 
metabolic syndrome: comparison of shift workers with day workers. Int J 
Occup Med Environ Health, 25(4), 383-391. doi:10.2478/S13382-012-
0051-5 

[78] Mogbeyiteren, O. M., Olowoyeye, O. O., Irurhe, N. K., Ibitoye, A. Z., & 
Udo, E. O. (2015). Occupational stress among radiographers in Lagos, 
Nigeria.Nigerian quarterly journal of hospital medicine, 22(3), 205-208. 

[79] Montgomery B.( 1990) Successful stress management. The Radiographer; 
37: 68–70. 



© C
O

UPM

  

 
66 

[80] Naeini, R. L., Tamrin, S. B. H. M., Hashim, Z., & Mazraeh, A. A.(2014) 
Environmental Noise and the Association with Occupational Stress among 
Palm Oil Mill Workers. 

[81] Nadaoka T, Kanda H, Oiji A, Morioka Y, Kashiwakura M, Totsuka S.( 
1997) Headache and stress in a group of nurses and government 
administrators in Japan. Headache; 37: 386–91. 

[82] Najimi, A., Goudarzi, A. M., & Sharifirad, G. (2012). Causes of job stress 
in nurses: A cross-sectional study. Iranian Journal of Nursing and 
Midwifery Research, 17(4), 301–5. 

[83] Nater, U., Lamarca, R., Florin, . L., Moses, A., Langghans, Koller,  M., 
&Ehlert, U. ( 2006). Stress-induced changes in human salivary alpha-
amylase activity—associations with adrenergic activity, 
Psychoneuroendocrinology (2006) 31, 49–58. 

[84] Neuman, W. L. (2003). Social research methods: Qualitative and 
quantitative approaches (5th ed.). Boston: Allyn and Bacon. 

[85] Nwadinobi Ahamefule, K., Chukwuka Ugwu, A., & Chigozie Nwobi, I. 
(2008). Radiographers' experiences of stress and methods of coping: a 
content analytic phenomenologic study. 

[86] O’Meara S, Kostas T, Markland F, Previty J. (1994), Perceived academic 
stress in physical therapy students. J Phys-Ther Edu; 8: 71–5. 

[87] Pallant, J. (2007). SPSS Survival Manual: A Step by Step Guide to Data 
Analysis Using SPSS for Windows Version 15 (3 ed.). UK: Open 
University Press. 

[88] Pilgrim, K., Ellenbogen, M. A., & Paquin, K. (2014). The impact of 
attentional training on the salivary cortisol and alpha amylase response to 
psychosocial stress: Importance of attentional 
control. Psychoneuroendocrinology, 44, 88-99. 

[89] Polworth E.( 1982) Occupational stress and the radiographer. Radiologic 
Technology; 51: 91–103. 

[90] Peltzer, K., Shisana, O., Zuma, K., Van Wyk, B., & Zungu-Dirwayi, N. 
(2009). Job stress, job satisfaction and stress-related illnesses among South 
African educators. Stress and Health, 25(3), 247–257. 
http://doi.org/10.1002/smi.1244 

[91] Puthran, S. S., Sudha, K., Rao, G. M., & Shetty, B. V. (2009). Oxidative 
stress and low dose ionizing radiation. Indian J Physiol Pharmacol, 53(2), 
181-184. 

[92] Raj, B., Jayakumar, T., Rao, B.P.C.:Non destructive and evaluation for 
structural integry.adhana   20(1), 5–38 (1995) . 



© C
O

UPM

  

 
67 

[93] Raj VV.( 2006  ) , Occupational stress and Radiography. Radiol 
technol.78(2):113-22.  

[94] Ramesh, A. S., & Madhavi, C. (2009). Occupational stress among farming 
people. Journal of Agricultural Sciences, 4(3). 

[95] Ramey, S. L., Perkhounkova, Y., Moon, M., Budde, L., Tseng, H. C., & 
Clark, M. K. (2012). The effect of work shift and sleep duration on various 
aspects of police officers' health. Workplace Health Saf, 60(5), 215-222. 
doi:10.3928/21650799-20120416-22 

[96] Rincón, M. M., Triana, Y. P., Osorio, J. A., & Ovalle, S. M. (2014). 
Quality of Gamma-and X-Ray Inspections for Low Dimensional 
Parts. Journal of Nondestructive Evaluation, 33(3), 352-357. 

[97] Ramirez AJ, Graham J, Richards MA, Cull A,(1996), Gregory WM. Mental 
health of hospital consultants: the effects of stress and satisfaction at work. 
Lancet.347:724–8. 

[98] Roman-Liu D, Tokarski T, Kaminska J.Assessment of the musculoskeletal 
load of trapezius and deltoid muscle during hand activity. Int J Occup Saf 
Ergon. 2001;7(2):179-93. 

[99] Rohleader, N., & Nater, U (2009). Determinants of salivary a-amylase in 
humans and methodological considerations. Psychoneuroendocrinology 
(2009) 34, 469—485. 

[100] Rothmann, S., van der Colff, J. J., & Rothmann, J. C. (2006). Occupational 
stress of nurses in South Africa. Curationis, 29(2), 22-33. 

[101] Rumbol J. L., Fletcher, D., & Daniels, K. (2012) A Systematic Review of 
Stress Management Interventions With Sport Performers. Sport, Exercise, 
and Performance, 1 (3), 173-193. 

[102] Rutter DR, Lovegrove MJ.( 1995) Stress and job satisfaction in 
mammography radiographers. Work & Stress; 9: 544–7. 

[103] Rutter, D. R., & Lovegrove, M. J. (2008). Occupational stress and its 
predictors in radiographers. Radiography, 14(2), 138-143. 

[104] Pike I, Russo A, Berkowitz J, et al.( 1997) The prevalence of 
musculoskeletal disorders among diagnostic medical sonographers. J Diag 
Medical Sonography. 1997; 13(5):219-27. 

[105] Salam, A., Abu-Helalah, M., Jorissen, S. L., Niaz, K., Mansour, A., & Al 
Qarni, A. (2014). JOB STRESS AND JOB SATISFACTION AMONG 
HEALTH CARE PROFESSIONALS. European Scientific Journal, 10(32). 

[106] Saleh, A. M., Saleh, M. M., & AbuRuz, M. E. (2013). The impact of stress 
on job satisfaction for nurses in King Fahad Specialist Hospital-Dammam-
KSA. Journal of American Science, 9(3), 371-377. 



© C
O

UPM

  

 
68 

[107] Sato, Y., Miyake, H., & Theriault, G. (2009). Overtime work and stress 
response in a group of Japanese workers. Occup Med (Lond), 59(1), 14-19. 
doi:10.1093/occmed/kqn141 

[108] Setterlind S, Larsson G. (1995), Stress Med, 11: 85–92. 

[109] Schwartz JE, Pickering TG, Landsbergis PA.( 1996) Work related stress 
and blood pressure: current theoretical models and considerations from a 
behavioral medicine perspective. J Occupational Health Psychol,; 1: 287–
310. 

[110] Silverstein BA, Fine LJ, Armstrong TJ. (1986)Hand wrist cumulative 
trauma disorder in industry. Br J Ind Med. 1986 Nov;43(11):779-84. 

[111] Sim, A., Vaz, S., Cordier, R., Joosten, A., Parsons, D., Smith, C., & 
Falkmer, T. (2017). Factors associated with stress in families of children 
with autism spectrum disorder. Dev Neurorehabil, 1-11. 
doi:10.1080/17518423.2017.1326185 

[112] Singh, N., Knight, K., Wright, C., Baird, M., Akroyd, D., Adams, R. D., & 
Schneider, M. E. (2017). Occupational burnout among radiographers, 
sonographers and radiologists in Australia and New Zealand: Findings 
from a national survey. J Med Imaging Radiat Oncol, 61(3), 304-310. 
doi:10.1111/1754-9485.12547 

[113] Sharma, S. (2015). Occupational Stress In The Armed Forces: An Indian 
army perspective. IIMB Management Review, 27(3), 185-195. 

[114] Shen, Y. S., Chan, C. M., Chen, W. L., Chen, J. H., Chang, H. Y., & Chu, 
H. (2011). Initial salivary alpha-amylase activity predicts malignant 
ventricular arrhythmias and short-term prognosis after ST-segment 
elevation myocardial infarction. Emerg Med J, 28(12), 1041-1045. 
doi:10.1136/emj.2010.102541 

[115] Sterud, T., Hem, E., Ekeberg, O., & Lau, B. (2008). Occupational stressors 
and its organizational and individual correlates: a nationwide study of 
Norwegian ambulance personnel. BMC Emerg Med, 8, 16. 
doi:10.1186/1471-227X-8-16 

[116] Strahler  J ,. Mueller A,. & Rohleder N ,. (2010). Salivary a-amylase stress 
reactivity across different age groups. Psychophysiology, 47 (2010), 587–
595. Wiley Periodicals, Inc 

[117] Taib, M. F. M., Bahn, S., Yun, M. H., & Taib, M. S. M. (2017). The effects 
of physical and psychosocial factors and ergonomic conditions on the 
prevalence of musculoskeletal disorders among dentists in Malaysia. Work. 
doi:10.3233/WOR-172559 

 

 



© C
O

UPM

  

 
69 

[118] Thebault-Dagher, F., Herba, C. M., Seguin, J. R., Muckle, G., Lupien, S. J., 
Carmant, L. Lippe, S. (2017). Age at first febrile seizure correlates with 
perinatal maternal emotional symptoms. Epilepsy Res, 135, 95-101. 
doi:10.1016/j.eplepsyres.2017.06.001 

[119] Tangri, R. (2003). Stress costs, stress cures. Trafford Publishing. 

[120] Trautmann, S., Muehlhan, M., Kirschbaum, C., Wittchen, H. U., Hofler, 
M., Stalder, T., & Steudte-Schmiedgen, S. (2017). Biological stress 
indicators as risk markers for increased alcohol use following traumatic 
experiences. Addict Biol. doi:10.1111/adb.12487 

[121] Tur, F. C., Toker, I., Sasmaz, C. T., Hacar, S., & Ture, B. (2016). 
Occupational stress experienced by residents and faculty physicians on 
night shifts. Scand J Trauma Resusc Emerg Med, 24, 34. 
doi:10.1186/s13049-016-0225-4 

[122] Margolis W, Kraus JF.( 1987) The prevalence of carpal tunnel syndrome 
symptoms in female supermarket checkers. J Occup Med. 29(12):953-6. 

[123] Ugwu, A. C., Egwu, O. A., Nwobi, I. C., & Oluware, N. F. (2009). 
Occupational stress among radiographers: the impact of sonagraphy 
responsibility. Internet Journal of Medical Update-EJOURNAL, 4(1). 

[124] Van Thanh, L. (2016). Relationship at work as a cause of occupational 
stress: the case of academic women in Vietnam. Int J Ment Health Syst, 10, 
42. doi:10.1186/s13033-016-0078-2 

[125] Vetter, C., Fischer, D., Matera, J. L., & Roenneberg, T. (2015). Aligning 
work and circadian time in shift workers improves sleep and reduces 
circadian disruption. Curr Biol, 25(7), 907-911. 
doi:10.1016/j.cub.2015.01.064 

[126] Yang, X., Ge, C., Hu, B., Chi, T., & Wang, L. (2009). Relationship 
between quality of life and occupational stress among teachers. Public 
Health, 123(11), 750-755ns K, Beaudet MP.( 1998) Work stress and health. 
Health Reports; 10: 47–62. 

[127] Yiengprugsawan, V., Strazdins, L., Lim, L. L., Kelly, M., Seubsman, S. A., 
Sleigh, A. C., & Thai Cohort Study, T. (2015). Physically and 
psychologically hazardous jobs and mental health in Thailand. Health 
Promot Int, 30(3), 531-541. doi:10.1093/heapro/dat080 

[128] Yu IT, Wong TW. (1996) Musculoskeletal problems among VDU workers 
in a Hong Kong Bank. Occup Med (Lond) ,46(4):275-80. 

[129] Zeytinoglu, I. U., Denton, M., Brookman, C., Davies, S., & Sayin, F. K. 
(2017). Health and safety matters! Associations between organizational 
practices and personal support workers' life and work stress in Ontario, 
Canada. BMC Health Serv Res, 17(1), 427. doi:10.1186/s12913-017-2355-
4 



© C
O

UPM

  

 
70 

[130] Zikmund, W. G. (2003). Business Research Methods (7th ed.). Toronto: 
Dryden Press. 

 

 

 




