 



SAMPLE STUDY PROTOCOL





THE NEUROLOGICAL EFFECTS OF OCCUPATIONAL ENVIRONMENTAL MANGANESE EXPOSURE ON WORKERS AT THE SAMANCOR, METALLOYS





1.	Background



The manganese industry has expressed interest and willingness to conduct studies of potential health effects of manganese exposure among its employees.



The particular interests of the industry relate to process of setting occupational environmental exposure standards and innovative biological monitoring and clinical screening mechanisms for the detection of early prelinical evidence of manganese toxicity for use in the routine medical assessment at the workplace.



The ultimate object of interest is understanding health effects that may occur at low levels of exposure to manganese (<0.2 mg/m3).



Previous studies of Mn exposure have mainly indicated effects on the central nervous system and lung.  It appears that the central nervous system is the most sensitive target organ, with symptoms of tremor, slowed reaction time, short-term memory impairment, and hand-eye co-ordination deterioration occurring at levels as low as 1 mg/m3.



Although there is much interest in addressing potential health effects that may occur at the low levels found in the general environment outside the works, initial efforts will be made to characterise any effects that may be occurring within the relatively more exposed occupational setting.  The exposure range of interest in this study will be at the low end of the occupational exposure spectrum.  If effects can be observed within this population and the methods used prove sensitive and specific, then additional studies in the general community might be undertaken.



Specifically it is intended to further characterise manganese health effects, identify characteristics of exposure that may give rise to CNS effects, and to estimate exposure-response relations for CNS outcomes, especially at the lower end of the exposure range.  In this way it is intended to overcome some of the weaknesses in the studies that have been done to date in the characterisation of exposure-response relationships across a gradient of exposures focusing on the lower end of the exposure spectrum.



A précis or short summary of your literature survey should follow an overall introduction here.  This leads naturally to the aims and objectives below.

�2.	Aims and Objectives



Specifically, we propose to:

2.1	enrol approximately 200 employees drawn from notionally high, medium and low

exposure areas of the facility



2.2	explore historical and current sources of information concerning exposure including

personnel records and industrial hygiene data and determine their completeness

for assessing exposure profiles for each employee.



2.3	explore the use of biological indicators of dose (e.g., urinary manganese excretion

and blood levels) in relation to exposure.



2.4	apply a battery of neuropsychological tests specifically aimed at the known effects

of Mn exposure.



2.5	measure potential confounding and effect modifying variables (e.g., alcohol and

substance use, smoking, relevant medical history, head injury dietary iron

deficiency, etc.).



2.6	analyse these data to determine exposure response relationships especially at the

of low end of the exposure spectrum.





3.	Methods



3.1	Study design



This will be a cross-sectional study.



3.2	Subject Selection



Roughly 1000 employees working in the notionally high, medium and low areas of exposure and about 400 in the un-exposed areas.



Workers with one or more of the following characteristics will be excluded:

less than 5 years of exposure to Mn

clinical evidence of vitamin deficiency

encephalopathy of known origin

open or closed head injury resulting in loss of consciousness

long term administration of psychotropic medication

history of in-patient treatment for alcohol/drug dependence

previous injury or other abnormality of the lower limbs



Information relevant to the above selection criteria will be obtained by the use of health questionnaires which will also gather information relevant to the general health status and health care needs of employees.

�3.3	Calculation of sample size



Approximately 200 subjects of those currently working in 3 areas of the plant will be recruited for participation.  The areas will be selected to include

the highest exposure areas of the plant (>1 mg/m3), 

low but significant exposures levels (e.g., <0.05-0.2 mg/m3) and

an area with no significant Mn exposure (e.g., as low as can be 		    found within the facility).



The three groups will be chosen in such as way that demographic (gender, age etc.) characteristics of the individuals in each group will be similar on a group basis.



A series of meetings will be held with management and employee representatives as well as with the general workforce in order to secure cooperation with and participation in the study.  Information will be provided about the study goals and procedures.  Individuals  will have the choice as to whether or not to participate in the study.  Demographic and work history data for participants and non-participants (workers approached who decline) will be obtained to assess potential selection biases.



3.4	Exposure information



3.4.1	Meetings will be held with relevant SAMANCOR personnel involved in the

occupational hygiene and medical surveillance of employees and the occupational

hygiene component of the research team to characterise the exposure status of the

exposure group by:

assessing the adequacy of existing information on occupational hygiene and biological monitoring

developing an exposure monitoring strategy appropriate to the aims and objectives of this study, particularly for low end exposures, including likely costs

developing future exposure monitoring routines



3.4.2	Steps in this process will include:



examination of pertinent industrial hygiene data available from the plant including its recently constructed exposure database will be examined for comprehensiveness, completeness and representativeness.  To the degree that the data support an analysis of exposure levels in each of the departments and jobs in the study, analyses will be undertaken to characterise mean exposure levels in each area over time.  Data limitations will be identified so that the conduct of this study and future monitoring practices may address them.



examination of personnel records for subjects detailing, to the extent available, the length and pattern of service in the company, including departmental and job assignments.  From these records, a summary of each job and department will be produced and used to guide the development of exposure profiles.



A walk-through evaluation of the works areas will be conducted to qualitatively characterise each of the work areas in the subjects' histories, the job duties conducted by workers in each job, potential exposures including generation sources, form of metal or salts, controls in place, and the extent of use of protective equipment.



Bulk and area air samples of deposited dust will be collected if necessary for manganese content, speciation and particle size distribution analyses at the National Centre for Occupational Health (NCOH).



An industrial hygiene sampling strategy will be developed





3.4.3	Manganese Biomarkers



A sub-study will be undertaken to assess the most appropriate biomarker for recent and longer term exposures.  Urinary and blood manganese will be examined.  A sub-group of the subjects (say 10 from each exposure area) will be monitored intensively for 1 week.  Personal air monitoring for manganese exposure at work will be conducted for a full work week.  Spot urine samples or 24 hours samples will be obtained from each subject along with blood levels on Monday prior to the start of the work shift and on Monday, Wednesday and Friday at the end of the work shift.  These data will be analysed using a simple pharmaco-kinetic model to determine the half-time of elimination and the optimal time frame for urinary sampling for a manganese biomarker, and the quantitative relationship between airborne exposure and urinary excretion.



A longer term exposure relationship between current levels of biological markers may also be investigated by using responses to questions about long term exposures and working histories adjusting for recent exposures.



A biological monitoring sampling strategy will be developed.



3.4.4	Prof Noah Seixas will be involved in this process. (See section on research team.)



3.5	Health Measurements



A comprehensive but focused battery of neuropsychological tests embodying the best current knowledge of the neuropsychological effects of manganese will be applied.  This will include the World Health Organisation Neurobehavioural Core Test Battery (WHO-NCTB), and will focus on motor skills that are known from previous research to be related to manganism.



3.5.1	Neurological tests



These will include tests for gross motor abnormalities as well as tests for tremor and inco-ordination which are easy to use on a routine basis for future monitoring.  Peripheral nerve conduction studies are not envisaged.



3.5.2	Potential confounders and effect modifiers for neurological and psychological

effects, including medical history (e.g., diabetes, psychiatric disorders) alcohol

consumption, illicit substance use, medications, cigarette smoking, dietary iron

deficiency, work-rest regimens and other sources of manganese exposure will be ascertained by questionnaire.

3.6	Data Analysis



Three primary exposure indices will be used in initial analyses.  The indices will include:

group membership (notionally high, medium and low exposure

classifications based on a priori exposure areas,

current exposure level (department/job average manganese concentration) for the current job assignment and

cumulative exposure, based on the summation of all job average exposures over time.



Each neuropsychological test result will be used as an independent outcome variable and hypotheses concerning each of the tested effects will be independently tested.



To aid in the interpretation of the neurobehavioral test results, individual tests will be grouped a priori according to likelihood of association with potential manganese related effects.  Correlations between each of the outcome, con-founders and exposure variables will first be described.  Univariate associations between exposure and the outcomes will be explored.  Linear or logistic regression models will be developed to evaluate the association between exposure and outcome variables, while controlling for any potentially confounding or effect modifying variables.



Additionally a new  partial least squares analytic methodology will be employed to examine exposure-response relationships involving blocks of exposure and outcome variables while adjusting for relevant confounding and effect modifying variables.  This method has the advantage that it is able to examine and detect the best linear combinations of both exposure measures and health outcome measures which maximise adjusted exposure-response relationships.  This has relevance for the generation of future occupational hygiene and health monitoring routines, and will lead to optimal risk assessment and medical surveillance strategies.



Compliance and Preventive Effectiveness analyses will be conducted on the performance of individual components of both sets of strategies, and costing of future monitoring strategies will be undertaken in relation to their effectiveness in prevention of over-exposure or adverse health outcomes.





4.	Agreements and contracts



There will be a main research contract between SAMANCOR and the University of Cape Town.  This is a standard contract  which is binding on the Registrar responsible for Research Support Services at the University and the company.  In terms of this contract Project funding is managed by the University research administration and is subject to internal and if desired, external auditing.



This research protocol and memorandum of agreement  will be attached to the above contract as an addendum.



This protocol includes a section on study governance and the relations between the stakeholders and the researchers and between individual researchers on the research team.



4.1	Ethics



4.1.1	Peer review

The protocol will be approved by the Research Ethics Committee of the Health Sciences Faculty of the  University of Cape Town.



4.1.2	Benefits and risks to subjects

The tests proposed are not harmful in any way.  Strict rules of confidentiality will protect workers from potential discrimination.  Workers would benefit by having access to a medical examination, and which may detect early stages of intercurrent disease, as well as evidence of neurotoxicity.  Affected workers would be referred to the NCOH Occupational Medicine Clinic for further investigation if necessary.  The project should lead to greater control of potentially toxic exposures at work.



4.1.3	Informed consent

The purpose of the study will be explained to each subject according to the Declaration of Helsinki as revised in 1975 by the 29th World Medical Assembly in Tokyo.  All subjects participating will sign informed consent forms.



4.1.4	Confidentiality and reporting of results (This aspect of the study is also dealt with in

	the appended contract governing relations between members of the research

	team).



Individual results will be strictly confidential.  Questionnaires will be stored away from the workplace after completion, and will only be available to the researchers.  Computerised data will be protected by security software.



Group results will be available to stakeholders.  Results and their implications for health will also be explained to subjects and stakeholders after analysis in a planned feedback programme.  Individual results will only be made available to subjects and their medical practitioners.



A draft final report will be developed and circulated among all the stakeholders.  The report will detail study methods, findings, interpretations and recommendations, including those  for further research.



The investigators will have the right to publish any findings of interest in the scientific literature respecting confidentiality with respect to the name of the company, and after the company and other stakeholders have had the opportunity to comment on the findings.





5.	Study governance 



5.1	The stakeholders in this study include:



SAMANCOR management

SAMANCOR employees via their trades unions, namely the National Union of Metal Workers of South Africa (NUMSA); the South African Workers’ Union (SAWU); and the Steel Engineering and Allied Workers’ Union (SEAWUSA).



It is the intention that stakeholders will be extensively consulted.  Their participation will be maximised, and results and recommendations will be reported back in an ongoing way.

A	research reference panel is proposed for managing this consultation process and

to provide general guidance and oversight of the research process.  It would

provide a mechanism for stakeholders to be fully informed at all stages, and serve

as a vehicle for stakeholder participation.  Members will include representatives of

stakeholders and the research team.  The panel will be chaired by the principal

scientific investigator.  This composition would ensure independence from any

particular vested interest in the outcome of the research.



The Occupational Hygienist and the Occupational Health Practitioner contracted to the Samancor will be consulted on aspects of the study pertaining to their work and expertise.



5.3	The research team will include:



Jonny Myers,  MB ChB MD, Director of the Occupational and Environmental Health Research Unit and Professor and Head of the Dept. of Community Health of the University of Cape Town as Principal Investigator with overall responsibility.



Aqiel Dalvie, MSc,  Study Coordinator, a fulltime environmental health PhD student.  He will assume to responsibility of permanent liaison with SAMANCOR management and will arrange access to the plant.



Noah Seixas, PhD, Professor, Occupational Hygiene Division, Department of Environmental Health, University of Washington, Seattle, USA will be Principal Investigator for advice and direction relating to the occupational hygiene aspect of the study as well as the development of a US NIH funding proposal.  Should this proposal be successful its further development would be discussed and planned by the research reference panel.



Mary Lou Thompson, PhD, Professor, Department of Biostatistics & Environmental Health, University of Washington, Seattle, USA and Department of Community Health, University of Cape Town.  Biostatistician - study design and analysis.



David Stanton,  PhD, Director , Occupational Hygiene & Toxicology division, National Centre for Occupational Health. Supervision of occupational  hygiene activities.



Lloyd Askham, BSc Hons,  Masters student in Occupational Hygiene and scientific officer, Occupational Hygiene & Toxicology division, National Centre for Occupational Health. Occupational hygiene and biological monitoring.



One or two psychologists and interviewers will be hired to assist in data collection, preparation and analysis.



Representative of the company and the employees  will facilitate on-site data collection activities in liaison with the Study  Coordinator.



The appended research contract  binds all the researchers engaged on the project to agreed procedures for development of the proposal, the execution of the study, data analysis, generation of reports and publications, as well as ethical, confidentiality  and implementation issues arising from the study (See section on Ethics above).





6.	Capacity Development



It is the intention of the project to develop capacity in several ways:



Identification of young, especially black environmental and other scientists and the facilitation of higher qualifications for them



Strengthening of occupational and environmental health scientific and professional expertise in the company, the state agencies with responsibility (NCOH), and academia.





7.	Timetable



In principle agreement to participate in the project obtained form the major trade union representing employees at Meyerton  (obtained August 12, 1997). 



Submission of revised protocol to the SAMANCOR executive early September 1997.



SAMANCOR approval early October 1997.



Finalisation and signing of contracts between Samancor and UCT,  and between all the stakeholder and researchers ( early November, 1997).



Research Reference Panel  and  Co-ordinating Committee (of researchers) established (mid- to late November, 1997) 



Organisation of visit by Noah Seixas as soon as feasible (preferably before the end of 1997).



Occupational hygiene pre- evaluation  as soon as possible (October / November, 1997)

meeting of Deon van Vuuren, Arthur Begley, David Rees, David Stanton and Lloyd Askham to estimate in a preliminary manner the cost of the occupational hygiene and biological monitoring component for budgetary purposes.



It would be optimal if this could happen with the presence of Noah Seixas.  This would provide a crucial epidemiological perspective to the estimates and to the development of an exposure monitoring strategy for the survey.  If not possible a second meeting should be held to develop the exposure monitoring strategy when he is present.



Organisational preparation work for the survey work to begin in January 1998.  Some prior work may be necessary to recruit researchers



Survey work (occupational hygiene and health evaluations) to be done in  the period April - June 1998



Data collation and cleaning - July to December 1998



Validation and reliability substudies - July to December 1998



Data analysis and write up of results - January to December 1999







�

BUDGET



Year 1�COSTS�DIRECT TO SAMANCOR�MANAGED BY UCT��Consumable costs

Travel

Temporary personnel

Biostatistical Consultation

Neuropychological equipment

2 Pentium computers

1 Laserjet printer

Occupational hygiene /

health measurement�    9 500 (1)

  12 000 (2)

222 000 (3)

  21 500 (4)

  10 000 (7.1)

  20 000 (7.2)

    1 800 (7.2)

150 000 (5)����Year 1 sub-total�446 800����Year 2



Study co-ordinators

Biostatistical consultation�



120 000

  10 000(6)����Year 2 sub-total�130 000����Year 3 (write-up)



Study co-ordinators�



120 000����Total over 3 years�696 800����University of Cape Town overheads @ 12%�83 616����GRAND TOTAL�780 416����Managed By UCT



Direct to Samancor��



150 000�630 416��

Motivation to the budget



Operating budget  1998



Consumables:  It is estimated that 9 500 would be required to cover telephone, fax and data transmission charges, printing and stationery, photocopying and othe rmiscellaneous expenses.



Travelling and subsistence:  Travelling between Cape Town and Johannesburg and from Johannesburg to the survey site will incur costs in the vicinity of R12 000.  Accomodation can be supplied by SAMANCOR for out of town people (AD and NS)



Temporary personnel costs amount to R222 000 in total and will include:



Study Coordinators  at R120 000 for the year 

2 Part time interviewers  at R2000 each for 3 months

Psychologist(s) for one year equivalent at R90 000



Biostatistical consulation for study planning and analysis purposes is costed at R21 500.



The cost of Occupational Hygiene and Occupational Health measurements will be covered from the Samancor risk assessment and occupational hygiene and biological monitoring budgets directly together with indirect contributions from the National Centre for Occupational health in the form of Lloyd Askham’s salary and the use of existing capital equipment for analyses.



Biostatistical consultation for study planning and analysis purposes is costed at R10 000.



Capital budget - 1998 only



7.1 Neuropsychological equipment -  R10 000



7.2  Purchase of 2 computers and 1 laser printer 

Two personal computers will be required to administer the computerised neuropsychological tests which measure the principle outcomes of this study.  They will be dedicated to this research project and be in continuous use during the data gathering phase.  These tests will constitute the rate limiting step in data gathering. 
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